


ABSTRACT

Captive carnivores pose a challenge for conservationists and institutions
alike, presenting many problems that range from diseases to poor welfare and
unsuccessful breeding. Available databases of captive populations are rich
sources of information that can help determine which factors can affect
breeding success and the real potential of these populations in conservation
programmes. Some species, such as tigers Panthera tigris, seem to preserve in
captivity the same reproductive parameters seen in wild animals, making
captive individuals extremely useful in the research of reproductive biology,
that can be applied in evolutionary and physiological studies of the order
Carnivora. Specific reproductive characteristics, mainly connected with the
altriciality of the young, can make some species more prone to lose young in
captivity than others, and these factors must be taken into consideration when
developing ex situ conservation programmes. Infant mortality in captivity
seems to be primarily caused by inadequate maternal behaviour, which can be
connected to biological factors as well as to individual characteristics such as
origin and rearing methods. Maternal infanticide, either passive or active, is
also affected by biological and ecological characteristics of the species, and
there may be an effect of the origin of the females, i.e. if they were wild-
caught or captive-born. Housing conditions and individual history affect
infant mortality, with females that suffered transfer between institutions
exhibiting lower breeding success. Also, institutions with thriving research
programmes presented higher infant mortality overall, independently of their
latitude or management system, which can indicate an effect of human
interference. Further research, both in the wild and in captivity, is needed to

fully understand the factors affecting breeding success of captive carnivores.



T'o my dam, Judith.



In loving memory of
My father, Reinaldo, who sired me
My uncle, Elson, who fostered me
And our patriarch, Alfredo, alpha-male

You all left the group while [ was away.

Goodbye.

11



ifi
Acknowledgements.

I would like to thank, first of all, the guidance and support of my supervisors Prof.
Marian Dawkins, Prof. David MacDonald and Prof. Stephen Simpson, without whom this
work would not have been possible. I am also very grateful to my former supervisor, Dr.
Georgia Mason, for opening the door when I knocked.

This work was possible thanks to the generosity and support of Prof. John Gittleman,
sharing his data, knowledge and experience with a novice, and to the endless patience and
sensible advice of Dr. Francis Marriot, Dr. Cynthia Schuck-Paim, Dr. Michael Charleston,
Dr. David G. Kelly, Mr. Mario Recker and Mr. Daniel Winrow, guiding me through a forest
of numbers. Also, many thanks to my colleagues and officemates that engaged in so many
helpful conversations, taught me how to use the technology available and shared my
curiosity in the subject: Dr. Ros Clubb, Dr. Jessica Gimpel, Dr. Sophie Vickery, Mrs. Naomi
Latham, Dr. Harriet Warburton, Dr. Graham Taylor, Dr. Kwang Lee, Mr. James Warbrick-
Smith, Ms. Pilar Alvarado, Dr. Spencer Behmer and Dr. David Maynz.

I would like to express my endless gratitude to all the incredible “zoo peopie” that
helped me collecting data: Sarah Christie, Nick Lindsey, Elspeth Chaplin and Olivia Walter
(Zoological Society of London, UK); Tania Gilbert (Marwell Zoo, UK); Anthony Tropeano
(Colchester Zoo, UK); Mike Woolham (Banham Zoo, UK); Mauvis Gore (Royal Zoological
Society of Scotland, UK); Ute Magiera (Zoo Osnabriick, Germany); Christoph Schwitzer
(Cologne Zoo, Germany); Marianne Spaans (Burgers Zoo, Netherlands); Angela Glatston
(Rotterdam Zoo, Netherlands); Jaap Govers (Artis Zoo, Netherlands); José Kok (Ouwehand
Zoo, Netherlands); Anna Zhamal (Warsaw Zoo, Poland); Sergei Popov, Elena Volodina,
Ilya Volodin and Tatjana Ardjanova (Moscow Zoo, Russia); Anita Oliver, Murray Guy and
Greg Johnston (Adelaide Zoo, Australia); Trueman Falkner (Perth Zoo, Australia); Debbie
Johnson (Brookfield Zoo, USA), Fred Bercovitch (San Diego Zoo, USA); and David Powell
(Washington National Zoological Park, USA). I am especially thankful to Dr. Graham Law,
who came up with the wonderful idea of working with zoo records. Many thanks also to
the animal keepers at London Zoo that gave me the opportunity of being once again, albeit
briefly, a zookeeper.

This research was made possible by the financial support of the Brazilian Ministry of
Education, through the agency CAPES. I am very grateful also to all those who supported
the presentation of the preliminary results in several conferences: Wolfson College, Oxford;
Department of Zoology, University of Oxford; and the Association for the Study of Animal
Behaviour (ASAB).

Thanks for the support given by my college, Wolfson, through its senior tutors, Dr.
Roger Hall and Dr. Martin Francis, and all the staff that made my stay in the UK very
comfortable.

Finally, I cannot forget to mention all the wonderful friends that I have made during
this time. There are too many to mention, and I will inevitably have to ask forgiveness for
those I left out. Special thanks for my best mates Glenn “Skywalker”, Ernesto “Cabeleira”,
“Big Tall” Will, Ghinwa “Persian Princess”, Cathy “Bermudan Muse”, Malcolm
“Malkovich, Malkovich”, Aspasia “Souvlaaaaki”, “Mighty” Mario, Sian “the Welsh from
Bahrain”, Susana “My Heroine”, “Lady” Georgie of Oxford, Flavia “the Confessor”, Angela
“of the Bayou”, Danny “Captain Chaos”, “Astro” Zé, Dirk “Diggler”, Cecilia “The Usual
Suspects”, and all students at Wolfson College that saw themselves proof-reading my thesis
in the bar or common room, and handled patiently my boring enthusiasm over my subject.

Thank you, thank you.



v

Contents.

1. Conservation and management aspects of carnivores in
CAPEIVILY cut teecet e tencee cee e cee e cen e vee sse vanore e sanane sesssnses usesnsenne sannel
AbStract.....cccoiiiieiiiiiiiin s e e e el

1.1, Introduction..........cooiiiiiiiiii 1
1.2.  Conservation status of the Order Carnivora........................... 4
1.2.1. Zoos and conservation.........cccccceiiiiiiiiiiiiiiiiinnna, 6
1.3.  Captive wild carnivores: conservation and husbandry............ 11
1.3.1. General health problems.................c.oo 11
1.3.2. Reproductive physiological problems........................... 14
1.3.3. Reproductive behavioural problems............................. 18
1.3.4. Infanticide.......c..oeeiiiiiiiiii 19
1.3.5. Behavioural problems.....................o 20
1.4.  Thesis structure and hypotheses to be tested........................ 23

1.4.1. Chapter 2: Using databases in the research of infant
mortalityincaptivecarm'vores.......................: ............ 23
1.4.2. Chapter 3: Factors affecting breeding in captive tigers
(Panthera tigris): a studbook research............................ 23
1.4.3. Chapter 4: Biological factors affecting infant survival in

CaptiVe CAITUVOIES. .. ..uiuitiiiii it e 24
1.44. Chapter 5: Causes of mortality in young captive
or=1 o 41T 0) (= PP 25
1.4.5. Chapter 6: Maternal infanticide in captive carnivores....... 25

14.6. Chapter 7: Increasing juvenile survival in captive
carnivores: Practical considerations.............................. 25

1.5, CONCIUSION. ..t 26

2. Using databases in the research of infant mortality in carnivores.....27

1N o 151 1 ¢ Lo SRR/ 1 4
2.1, INtrodUCHON. .ot 27



2.2.

2.3.

24.

Captive population databases..................ooviivi 28
2.2.1. Captive populations of carnivores and their implications for
long term conservation................coiiiiiiiiii e, 31

2.2.2. The International Zoo Yearbooks.................cccooviieiniannn. 33
22.2.1. The International Zoo Yearbooks dataset................ 35
2.2.3. The International Species Information System................ 36
2.2.4. International studbooks.................oo 39
22.41. The Tiger Studbook dataset.....................ooeni 40
2.2.5. Published records...........c.ccooiiiiiiiiiiiiiii 41
2.25.1. The bibliographical dataset.............................. 42
2.2.6. Zoological institution records...............ccocviiii 44
2.2.6.1. Dataset collected through questionnaires............ 45
22.7.Summary of data..........oooiiiiiiii 47
Methods of collection and analysis of zoological records..........49
2.3.1. The bias of data: adjusting the numbers........................ 50
2.3.2. Record research and sex ratio............coceeeieiiiiiinininenin.n 50
2.3.3. Relative indices as dependent variables........................ 52
2.3.4. Testing for phylbgenetic effects......coooiiiiiiiii 53
CONCIUSION. ..ot 56

Factors affecting breeding in captive tigers (Panthera tigris): a

SEUADOOK I@SCATCR ... tt vttt it erncetveneecenaonsennns seeaneonssnsoneansseennennssD?

PN 1] 5 ¢ Lo SRR 17 4

3.1.
3.2.
3.3.
3.4.
3.5.
3.6.

Introduction..........ccooiiiiii 57
Tiger status and conservation in the wild....................... .. 59
Tiger conservation in captivity...........cocoviiiiiiiiiiiini . 61
Hypotheses to be tested...................cocoi i, 65
Methods......ooiiiiii 66
Results.......ooviiiii 68

3.6.1. Description of reproductive parameters in the sample......68



Vi

3.6.1.1.  Births.......ccoooiiiiii 68
3612, Littersize........cocooiiiiiiiiiiiiiiiiiii 70
3.6.1.3. Breedingageofdam...................ooii 71
3.6.1.4. Ageofdeathofyoung...................on 73
3.6.1.5.  Proportion of infant mortality........................... 73
3.6.1.6. Differences in reproductive parameters between
SUDSPECIES. .. ..veiiiieiiii e 74

3.6.2. Factors affecting infant mortality.................c.c.o 75
3.621. Littersize.......ccooviiiiiiiiiiiiiiii 75
3.6.22. Season of reproduction................cooiiiii 76

3.6.3. Factors affecting institutional female breeding success......76

3.6.3.1. Institutional characteristics.......................oo 76

3.6.3.2. Female characteristicS.............cccveivviiiiiiiiiin.n. 78

VA B 1163 § 113 1o ) o F OO 78
3.7.1. Reproductive parameters in captivity and in the wild...... 78

3.7.2. Subspecific differences and implications to captive

breeding..........cooooviiiiii 79
3.7.3. Factors affecting breeding success................................ 80
3.8, ConcluSion..........oooiiiiiiiii 84

Biological factors affecting infant survival in captive carnivores......85

J- 4151 6 =Y o SRR . 1o

47, Introduction...........ccooiiiiiiiiiiiiii 85
4.1.1. Hypotheses to be tested..................c.oocoo L. 87
42, Methods.......coooiiii 90
4.2.1. The dataset: species and variables used ......................... 90
4.2.2. Reproductive biology and infant survival...................... 93
4.2.3. Delayed implantation.....................coc, 93
4.2.4. Captive infant mortality in declining species.................. 94

4.2.5. Photoperiod and latitudes.......................... 94



vii

4.2.6. Nutrition and zonation............c..cceeevviiviiiiiininn 95
4.3, Results........ooooiiiiiiiiiii e 96
4.3.1. Reproductive biology and infant survival...................... 96
4.3.2. Delayed implantation.............cc.cooiiiiiiniiiiieiiiieenen, 97
4.3.3. Captive infant mortality in declining species.................. 97
4.3.4. Photoperiod and latitudes..............c.cooiiiiiiiniiniiennn. 98
4.3.5. Nutrition and zonation..............ccocoveiiiiiiiiiii . 99
4.4, DISCUSSION....c.iiuiiitititiit i 101
4.4.1. Reproductive biology and infant survival..................... 101
4.4.2. Delayed implantation................cooviiiiiiiiinninnnn 102
4.4.3. Captive infant mortality in declining species................. 103
4.4.4. Photoperiod and latitudes.................c.cooi 104
4.4.5. Nutrition and zonation...............cooovviii i 106
4.5, CoNCIUSION......iuiiiiit e 108

Causes of mortality in young captive carnivores..............c...........109

J-N o115 ¢ ol SRR | | .

51. Introduction..............ccoiiiiiiiiiii 109
5.2.  Causes of death of young wild carnivores........................... 110
5.3. Causes of death of young captive carnivores....................... 113
5.3.1. Hypotheses to be tested..........................c 114

54. Methods......coooiiiiii e, 115
55, Results......coooiiiiiii 117
5.5.1. Causes of death and age of young.............................. 117
5.5.2. Ecological factors as predictors of the cause of death of
young captive Carnivores...........ocoooeviiiiiiiiiiiininninn, 119

5.6 DISCUSSION.....tntiiiitiiiiei e, 121
5.7 Conclusion..........o.ooiiiiiiiiiiii 126

Maternal infanticide in captive carnivores.............ccceeveven e 127



viii

A D SETACE. .. ceeevn e cee oot eereveves coeseeasases aes snssasovssen sesssesessnessesnsnneacesl2/

6.1.
6.2.
6.3.

6.4.
6.5.
6.6.

6.7.

6.8.

Introduction.........coooeiiiiiiii 128
The adaptive value of maternal infanticide......................... 132
Maternal infanticide in captivity............oocooiiiiiiiiinienn. 133
6.3.1. Husbandry techniques and maternal infanticide............ 134
6.3.2. The impact of maternal infanticide in conservation
193 €720 €=V 0101 (= TSP 137
Hypotheses to be tested...............coooviii 139
Methods. ..o 140
Results.....oooiiiiiiiii ...142
6.6.1. Biological factors.............ocooviiiiiiiii 142
6.6.2. Individual differences and ecological factors................. 144
DISCUSSION. ...ttt 145

6.7.1. Husbandry requirements and individual differences
affecting maternal infanticide in captive carnivores........ 145
6.7.2. Biological factors affecting maternal infanticide in captive
CAITUVOTES. ..otintittit ettt et e e 148

(@e) gl 1513 (o) o PR 151

Increasing juvenile survival in captive carnivores: Practical

ConsideraﬁOHSDoo 06 G0 600 S0 0 000 0006 080 000 C00 000 900 HOD0 000 008 080 090 500 200 00¢ 00 000 0000.152

A DSETACE. c. v vt tie e et tee ettt ees oee sen sssans sus sve ses sansse sesasesns oveseecessneclD2

7.1.
7.2.
7.3.

74.

7.5.
7.6.

Introduction..........coiviiiiii i 152
Welfare and breeding success in captive carnivores.............. 154
Hand-rearing,  fostering = and  inadequate  maternal
behaviour.......ooooiiii 156
7.3.1. Hypotheses to be tested..............coccciiiiiiiiiiii i, 157
Methods. ....ouininiii 158
RESULES. .. vt 160
DISCUSSION. ..ttt et e 164



7.6.1. Housing conditions............coeeiieiineiiiiiiiiiniee

7.6.2. Individual history..........cocooviiiiiiiiiii

7.7. Conclusion

------------------------------------------------------------------

ReferenCeS... 600 PE 0 0060 000 V60 600 VUG 606 000 6ol 060 000 040000006 600 000 $00F 200 0000880 000 006 000 000 00

7N ] 013 1 Lo DTl T U R TTE TR ST pES

1X



1.1.

2.1.

2.2.

2.3.

3.1.

3.2.

3.3.

34.

3.5.

3.6.

3.7.

List of Figures.

Proportion of species in each family of the order Carnivora that are

unlisted or listed on the 2002 IUCN Red List....c..ooiiiiiiiiiiiiienn s 5

Number of collections and individuals of 35 declining Carnivora

species reported to the International Zoo Yearbooks from 1986 to

Number of collections keeping brown hyaenas (Parahyaena brunnea),
spectacled bears (Tremarctos ornatus), snow leopards (Uncia uncia) and
red dogs (Cuon alpinus), and total number of adult individuals
reported to the International Zoo Yearbooks from 1986 to 19%........... 33
Distribution of institutional members of the International Species

Information System (ISIS) in 2003, from www.isis.Org.................. 37

Absolute frequency of births of tiger litters in 116 Northern
hemisphere institutions over ten years, by month (N=262)..............68
Absolute frequency of zoological institutions present in the
International Tiger Studbook according to the latitude of their
location (N=107)....oeii i 69

Absolute frequencies of litter size on captive tigers from 116 Northern
hemisphere institutions (N=262)...................oce, 70
Absolute frequencies of breeding age of captive female tigers, in
number of litters (N=262)........ccoiiiiiiiiiiiiiii e 72
Absolute frequencies of age of death of tiger litters in captivity
(IN=262). ..o 73
Regression plot for the effect of average litter size on the median
proportion of infant mortality in captive tigers........................ ... 75

Litter size in captive tigers in each season of the year.................... 76



3.8.

4.1.

4.2.

4.3.

44.

4.5.

51

52.

5.3.

54.

5.5.

X1

Breeding success of female tigers kept in institutions with (N=38) and

without (N=45) research groups................cooiiiii 77

Developmental biology data of carnivore species plotted against the
median proportion of infant mortality in captivity ....................... 96
Infant mortality in captivity of non-endangered (N=49) and
endangered (N=49) species of carnivores...................ccoeeveinnne 98
Index of infant survival of captive low distribution carnivores kept in
institutions outside (N=240) and inside (N=572) their natural range of
distribution. .. ..o 99
Median proportion of infant mortality in captive carnivores
according to the type of diet....................o 100
Median proportion of infant mortality in captive carnivores

according to the type of zonation...................co 100

. Absolute frequencies of cause of death in young captive carnivores (N =

364 young of 29 Species).............ocoiiiiii 117
Absolute frequencies of age (in days) of death of young captive
carnivores (N = 364 young of 29 species)................cccooiininin, 118
Age of death of young captive carnivores according to the cause of
death (N = 364 young of 29 species).............ccceovviiiiiiiiiiii... 119
Graph of home range sizes (in km?) versus the occurrence of fatal
infectious diseases in infants of 10 species of carnivores............... 120
Scatterplots of developmental characteristics (WA = weaning age in
weeks; OF = age of opening eyes in days) of 15 species of carnivores

in relation to the occurrence of infant deaths caused by the dam in

CAPEIVIEY ..o 120



6.1.

6.2.

6.3.

7.1.

7.2.

7.3.

7.4.

x11

Regression plot of the effect of specific litter growth rate on the
proportion of infant deaths caused by maternal active infanticide not
followed by cannibalism, in 10 species of carnivores ................. 143
Regression plot of the effect of interbirth interval in the proportion of
infant deaths caused by passive infanticide in 9 species of captive
CAITUIVOTES. ... teuettininiae et e e e et et et e e e e et e et e et eeten e eaenenns 143
Proportion of mortality caused by inadequate maternal behaviour in
wild-caught (N = 60) and captive-born (N = 27) females of 29 species

of carnivores in Captivity..........oooviiiiiiiiniiiiiii 144

Relative proportion of infant mortality in 98 species carnivores
housed in 461 zoological institutions with (N = 151) and without
research facilities (N = 310).....ccccviiiiiiiiiiii e 161
Scatterplot of the median proportion of mortality in 66 litters from 45
females of 9 species of captive carnivores in relation to the distance
travelled by the female................ 162
Scatterplot of the proportion of mortality in 74 litters of 39 females of
9 species of captive carnivores in relation to the relative available area
perfemale. .. ..o 162
Proportion of infant mortality in mother-reared and hand-reared

female captive Carmivores.........c.oceiuiiiiiiiiiinii e 164



1.1.

1.2.

1.3.

1.4.

2.1.

2.2.

2.3.

24.

2.5.

Xiii
List of Tables.

Proportion of endangered species by family of carnivores, proportion
of endangered species that bred at least 5 litters in captivity from

1986 to 1996 and proportion of non-endangered species that bred at

least 5 litters in captivity from 1986 t0 1996.......ccc.cccovveevvvnniinnnnnnn 6
Vaccines commonly used in captive wild carnivores and their
HmMitations. ......oiiiiiii e 12
Occurrence of homosexuality in carnivores................cccevvviinnannn. 19

Events of excessive aggressiveness in some Carnivora species in

CAPTIVIEY ..o e 22

Minimum viable adult population size in the wild (MPVa), minimum
viable adult population size in the wild corrected for 40 generations
(MPVc), generation time in years (T) and population size in captivity
(PC) in 2003 for five species of carnivores..................c.ccceeeeein.... 32
Species, number of litters, number of zoological institutions keeping
the species and number of females summarised from the data
compiled from bibliographical sources.....................ccoviininnn, 43
Summary of the data used in this research, the variables extracted
from each one, the sources of data, the chapters in which they were
used, and the level of duplication found between datasets............. 48
Total number of young born, young of undetermined sex and
proportion of young of undetermined sex in the several datasets used
in this research. ..............o 51
The percentage of variance in the data accounted for at successive
taxonomic levels by each variable used for testing hypotheses. The
results are based on a two-level nested ANOVA with unequal sample

sizes. Apart from the age of young opening their eyes, most variance



3.1.

3.2.

4.1.

4.2,

4.3.

X1v

resides below the level of genus, and the response Proportion of

Infant Mortality in Captivity is mostly specific...................c...... 55

Estimated numbers in the wild and reported captive populations of
tigers Panthera tigris; captive population numbers do not include
individuals of unidentified gender........................ 62
Summary of litter sizes found in wild tiger populations. Sample sizes

are provided when available.................... 71

Conservation programmes involving captive populations of
carnivores. [UCN categories are from version 3.1 (IUCN 2001)........ 89
Summary of the biological, ecological and geographical variables,
and their sources, used in statistical analysis in this chapter............ 90
Species included in the statistical analysis using different groups of
variables collected from published databases (Gittleman 1983, 1986a,
1986b; Mead 1989; Wilson & Reeder 1993)...........c..c.oil. 91

5.1. Juvenile mortality in the wild (Gittleman 1983) and median proportion

of infant mortality in captivity (IZY Vols. 26-35) in 16 species of

=1 8 0 10740 £ <1 T 113

5.2. Species used in the analysis of causes of death of young captive

6.1.
6.2.

carnivores, with number of litters, dams, zoos holding the specics,

young born and young dead. The data was collected from 141

published papers.............cooooiiiiiiiii 116

Classes of infanticide (Hrdy 1979)............ooii 131
Species used in the analysis of the types of maternal infanticide in
captive carnivores, with number of litters, dams, zoos holding the

species, proportion of active infanticide (KBD), proportion of



6.3.

7.1.

7.2.

7.3.

74.

XV

infanticide followed by cannibalism (EBD) and proportion of passive
infanticide (NEG). The data was collected from 141 published
S22 0= 141
Logistic regression results with categorical variables of female
characteristics and specific ecological requirements of captive

o= 1 9 41740 J=) TR 145

Species, number of litters, number of collections keeping the species
and number of females summarised from the data collected through
questionnaires from zoological institutions ...............c....cooooe 159
General linear model (GLM) of the effect of latitude of the zoo (LAT),
presence/absence of researchers (RES) and management regimen of
the institution (MAN) on the institution’s success in breeding
(Wr=) 0 a1 AT 0] (=T PP 161
Correlations and results from the regression analysis of distance
travelled by the dam (DTD), number of dens in the dam’s enclosure
(NAD) and relative available area (AIA) on the proportion of infant
mortality (PIM) in captive carnivores.............ccoeeeiiiiiininenin, 162
Logistic regression results with categorical variables related to

husbandry practices on captive carnivores................................ 163



Chapter 1

Conservation and management aspects of carnivores in

captivity.

Abstract

This chapter is a review of the conservation status of terrestrial carnivores an the
challenges faced by conservation programmes. In average, a proportion of 58.6% of all
families of terrestrial Carnivora are listed by IUCN in some level of threat. Conservation
programmes are running to cover many species, both in the wild and captivity. The role of
zoological institutions in conservation programmes is crucial, especially for those species
with rapidly declining wild populations. Researchers face different challenges in the wild and
captivity. In the wild, these are mostly related to conflicts between human populations and
governments on the use of land assigned for conservation purposes. In captivity, zoologists
face the lack of appropriate housing conditions and biological information on many species,
as well as behavioural and physiological disorders caused by confinement. Conservation
efforts must be interdisciplinary, with a stronger involvement from the human populations
surrounding conservation areas and a direct effort from researchers and zoological
institutions to exchange knowledge and set strict priorities prior to any practical investment.

1.1. Introduction.

Although the Order Carnivoral is not the most endangered
mammalian order, it does contain some of the most charismatic species in
the Animal Kingdom. This appeal has resulted in specimens being kept in
hundreds of zoological institutions all around the globe, and species listed
as threatened or endangered are frequently the subject of conservation and
re-introduction programmes.

Managing predators or long-range foragers in captivity, however, is a

very complex task. Not only are many wild species susceptible to diseases of

1Although it appears that there is no evolutionary reason to exclude the families Phocidae
and Otariidae from the Order Carnivora (e.g. Bininda~Emonds, Gittleman & Purvis 1999), in
this work only terrestrial carnivores were included, due to fundamental differences in the
housing, husbandry and management of aquatic and terrestrial mammals.



their domestic relatives, but also some have very specific environmental
demands, which are, in many cases, close to impossible to recreate in
captivity. The failure to achieve these standards may lead to welfare
problems, such as stereotypies, that can lead to higher juvenile mortality
(Clubb & Mason 2000), and jeopardise conservation programmes.

The role of zoos in conservation programmes is controversial
(Schaller 1996). Nevertheless, many institutions claim that their main
responsibility, when keeping endangered species, is to take part in captive
breeding schemes, usually for subsequent re-introduction in the wild, in
what is known as ex situ conservation (De Boer 1992). Only recently the
World Conservation Union (IUCN) released the guideline policy for ex situ
conservation, in which captive breeding is recommended under strict
circumstances (IUCN 2002a). However, the results of many captive
conservation programmes held by zoological institutions open to visitation
were never scientifically assessed.

In the search for a better understanding of the factors that may affect
breeding in captive mamimals, carnivores can be a very adequate group to
be looked at. The species differ largely in their life histories, including
physical dimensions (Gittleman 1986a), diet (Van Valkenburg 1989), habitat
use (Taylor 1989), geographical distribution (Wilson & Reeder 1993), and
activity pattern (Gittleman 1986a). These factors have such an impact in
husbandry techniques that species-focused guidelines for zoological
institutions were urged since 1990 (Roberts 1990). Reproductive parameters
are also very diverse within the order, from the age of independence of the
young and the age in which the young open their eyes (Gittleman 1986a) to
the general energy output in reproduction (Oftedal & Gittleman 1989), but
most species are very altricial, which can prove to be a problem in captive
conditions. The variety of social systems (Gittleman 1989), parental care
(Baker 1994; Baker, Baker & Thompson 1996) and patterns of social
communication (Peters & Wozencraft 1989; Gorman & Trowbridge 1989)



L)

have to be considered when housing groups, and mistakes can be punished
by the death of a potential founder (e.g. Brocklehurst 1997; von Schmalz
Peixoto 1998).

Another advantage of using carnivores as a model for this type of
research is the relative abundance of institutional records. Apart from
certain institutions dedicated to a single species, most of the zoos and
aquaria of the world keep at least one species of the order (ISIS 2003). The
overall lack of success of captive breeding programmes for carnivores (De
Boer 1992) is an additional incentive to the use of these species for this

research.



1.2. Conservation status of the Order Carnivora.

There are around 240 terrestrial species in 8 families of the Order
Carnivora, and 109 species, or 45.42% of those, were classified as threatened
in the last edition of the Red List from IUCN, making it the fourth most
threatened mammalian order with more than 100 species (IUCN 2002b).
Presenting this proportion as a pooled value, though, can be confounding:
within families, the proportion of species reported as in some level of risk of
extinction in the JUCN Red List ranges from 23.7% for the family
Herpestidae to 75% in the small families of Ursidae and Hyaenidae, with an
average of 58.6%. According to the JUCN Red List Categories and Criteria
version 3.1 (2001), these species are, or will be in the near future, at risk of
extinction if no action is taken place. Species are considered extinct (EX)
when there is no reasonable doubt that the last specimen has died,
confirmed by surveys in the historic range of the species, but when it still
survives in captivity or artificial propagation, it is considered extinct in the
wild (EW). The threatened species are classified as critically endangered
(CR), endangered (EN) or vulnerable (VU) when at high risk of extinction, at
different levels of threat, through loss of habitat or individuals. If the
populational or geographical loss does not meet the statistical criteria for
high risk of extinction, the species is evaluated as near threatened (NT). Data
deficient species (DD) do not have enough support of adequate information
on distribution and abundance to be evaluated safely, even when the species
is well studied and many biological aspects are known. IUCN recognises the
need for more accurate information on DD species and acknowledges that a
threatened status may be appropriate. Widespread, abundant species are
classified as least concern (LC), and some taxa were not evaluated (NE) for
the Red List, once their abundance is evident. In the order Carnivora, the
proportion of species in each category varies greatly between families, but

those containing species with large body size seem to be more affected than






The same situation occurs in zoological institutions around the world.
While, on average, 75.3% of non-threatened carnivore species have bred
more than 5 litters in captivity, worldwide, from 1986 to 1996, only 45.2% of
the threatened species did so (see Chapter 2). Once again, these values vary

among families (Table 1.1).

Table 1.1: Proportion of endangered species by family of carnivores, proportion of
endangered species that bred at least 5 litters in captivity from 1986 to 1996 and
proportion of non-endangered species that bred at least 5 litters in captivity from

1986 to 1996.
Family Endangered species Captive-bred Captive-bred non-
(%) endangered species endangered species
(o) (%)
Canidae 50 50 61.1
Felidae 67.5 64 91.6
Herpestidae 23.7 0 20.7
Hyaenidae 75 66 100
Mustelidae 323 38.1 43.2
Procyonidae 68 15.4 100
Ursidae 75 83.3 100
Viverridae 42.4 0 31.5
Average 58.6 45.2 75.3

The present human-induced extinction crisis, which is developing at a
rate 1000 to 10,000 times faster than the expected rate (Pimm et al. 1995), will
soon claim many of these species, and it is an opportune moment to
consider the actual potential of captive populations in the management of

declining species.

1.2.1. Zoos and conservation.

The value of captive breeding in the conservation of endangered
species has been discussed for several years. As early as 1979, Leyhausen
argued that captive breeding could never be the solution for endangered
species, since conservation efforts should consider the long term process of

evolution, which would be lost in small captive populations. The most



recent guidelines for ex situ management published by IUCN (2002a),
however, points out that the goal of conservation is to maintain “biological
interactions, ecological processes and function”, through the management of
wild populations and habitats, and the development of self-sustainable
captive populations, aiming the production of individuals for
reintroduction, when needed. Gittleman & Gompper (2001) affirm that the
re-colonisation of habitats by declining species is a major goal of
conservation efforts. Jalme (2002) pointed out the various aspects of captive
breeding for conservation of avian species, which can be applied to many
mammalian species: captive populations can replace wild populations in
research and education, may provide genetic reservoirs to reinforce or
found wild populations and can be a last resort for species whose wild
populations cannot be maintained by other means. It is generally agreed,
however, that ex situ conservation depends on high budgets, and must be
used only as a support for ongoing in situ conservation programmes.
Comparing the budget of ex situ and in situ conservation programmes
shows that the costs per capita for a efficient plan in situ are much lower
than in captive breeding programmes, such as those for large mammals
with scarce wild populations (Balmford, Leader-Williams & Green 1995).
For instance, the costs of captive breeding programmes of larger felids are
extremely high because of the species’ requirements for large territories, the
management of a large founder population (due to the higher level of
homozigosity of predators) and the expenses with assisted reproduction
techniques (ARTs), factors present also in other families of the order
Carnivora (Conway 1986). Examining the costs of keeping several taxa, from
invertebrates to vertebrates, it was found that body mass increases the costs,
and the result was the same when examining only mammals; the need for
much larger captive populations for smaller species, due to faster breeding
and quicker loss of genetic variability, seems to eventually level costs

between large and small species (Balmford, Mace & Leader-Williams 1996).



The IUCN warns of the danger of leaving the development of ex situ
techniques until a species is on the verge of extinction, since it may be too
late for the formation of a viable founder population (IUCN 2002a).

The genetic management of captive populations is of great concern in
captive breeding programmes. Although loss of genetic variation through
generations is inevitable, there are ways to minimise it: to select founders
from different wild demes; reduce the time in captivity before re-
introduction; and expand the period between generations if the population
has to be kept in captivity. Also, different captive populations will lose
different sets of alleles, and selecting individuals from different breeding
programmes to start a reintroduced population allows a larger variation
that would otherwise be possible (Mace 1986). Computer databases, such as
ISIS and electronic studbooks, have been used to track genetic information
from captive populations, and can be used to simulate loss of variation
through successive generations, giving background to a safer and more
effective conservation plans (Flesness & Mace 1988). One example of how
effective the use of these new techniques can be is the very successful ex situ
programme on Rodrigues fruit bats (Pteropus rodricencis): the introduced
populations are stable, with a safe genetic variation and continue to
subdivide, occupying new areas (Carroll & Mace 1988).

Some programmes have been less successful, and can reflect the need
for a very careful planning. One example is the black-footed ferret (Mustela
nigripes) that had almost disappeared due the eradication of the prairie dogs
(Cynomis sp.), its main prey, from North American prairies. The last wild
population was discovered in 1981, and a captive breeding programme was
started, as a way to increase wild populations through re-introduction.
Unfortunately, an outbreak of canine distemper, spread probably by the
researchers, wiped out the wild colony. Now, captive propagation is the
only method that can preserve this species. Some valuable lessons have

been learned, such as keeping viable genetic diversity, and increasing and



subdividing the captive population. Re-introduction efforts started in 1991
(Thorne & Oakleaf 1991), and through extensive research, the programme is
starting to obtain positive results (Wolf et al. 2000a).

One particular programme is not achieving good results, even with
the help of a large budget and several Assisted Reproduction Techniques:
the conservation of the giant panda (Ailuropoda melanoleuca). Despite all
efforts, more than half of the cubs born in 10 countries from 1963 to 1998
(226 individuals) died before 30 days after birth, and only 30% of the
surviving cubs lived for 3 years in captivity. The slow breeding biology of
the species and the inadequate behaviour displayed by hand-raised
individuals are thought to be among the causes (Peng, Jiang & Hu 2001).

Conservation programmes should also consider problems of re-
introduction. When re-introducing predators into areas where they have
disappeared, prey populations can be easily affected once they are not
prepared to defend themselves. Naive prey populations were eliminated in
the Pleistocene when faced by the first human hunters (Gittleman &
Gompper 2001). In a study of the impact of re-colonising brown bear (Ursus
arctos) and wolf (Canis lupus) populations on moose (Alces alces) groups in
Europe and North America showed that naive moose, which were unable to
recognise predator cues, suffered higher predation-related mortality than
experienced ones. Offspring predation, however, seems to elicit maternal
hypersensitivity towards predator cues, contributing to subsequent
increased survival rates. This shows that this species is swift in learning and
adapting to changing predator populations, which may not have been true
for the Pleistocene species eradicated by humans (Berger, Swenson &
Persson 2001).

Naiveté can be also a problem for re-introduced predators. In the case
of red wolves (Canis rufus), that were becoming extinct in the 1970s, the US
Fish and Wildlife Service and Point Defiance Zoo started the Red Wolf
Captive Breeding Program in Tacoma, Washington, in 1973. There are about
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125 red wolves in captivity. They released captive-born animals in protected
or rarely used areas, all individuals carrying a radio-collar. Meetings with
neighbour human populations were held to enhance public recognition of
the problem. Thirty-nine wolves were released and 12 died, three hit by cars
and the others of “natural causes”. To avoid further deaths, the population
was tracked by radio, supplementary diet was provided when necessary
and reproduction was, in some cases, assisted by recapturing wolves to pair
and breed within acclimation pens (Moore & Smith 1990). A recent review
of 116 re-introduction programmes showed that only 26% were classified as
successful over time, although these values vary between years and
countries. A series of measures to improve success in these programmes was
suggested, such as identifying and removing the primary cause of decline
and releasing large groups of animals (n>100) containing some wild-caught
individuals (Fischer & Lindenmayer 2000). The release of wild-caught
individuals together with a re-introduced population seems also to enhance
the chances of success in African wild dogs, Lycaon pictus (Woodroffe &
Ginsberg 1997), although some researchers put the blame of failure in re-
introduction of captive-born African wild dogs on the lack of collaboration
between captive breeding centres and nature conservation institutions
(Frantzen, Ferguson & de Villiers 2001).

Conservation strategies have been used by The Jersey Wildlife
Preservation Trust, Wildlife Preservation Trust International and WPT
Canada, together with governmental organisations and zoos to research
captive breeding and try to restore or create habitats to endangered species.
The whole project involves also public education, personnel training and
field research, with funding to captive and zoo-based breeding research and
land purchase (Mallinson 1991).

Since ex situ techniques depend on captive founders, captive stocks
are a fundamental part of any conservation programme. The role of

zoological institutions in conservation programmes, however, goes beyond
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captive breeding. Physiological and behavioural research, fundamental for
the understanding of the biology of species, and public education cannot be
provided by any other source (Smith et al. 2002). Today, the focus is shifting
for a better understanding of the impact of captivity on the welfare of the
individuals, and the scientific community is beginning to recognise the

importance of research with captive populations.
1.3. Captive wild carnivores: conservation and husbandry.

Keeping wild carnivores in captivity poses several challenges, from the
security of big predators to welfare and conservation problems. Research is
fundamental to identifying and overcoming these difficulties. Although
most of physiological problems are now well known and can be avoided
with simple measures, some behavioural dysfunctions are still unclear. This
section is an overview of the most common problems of wild carnivores in

captivity, and which solutions have been proposed to increase the welfare of

these species.
1.3.1. General health problems.

Carnivores are susceptible to a variety of common feline and canine
diseases, but some can be prevented through the use of commercial
vaccines. Nevertheless, a few species can develop vaccine-induced diseases,
and live strains must be avoided (Table 1.2).

Panleucopaenia is a common cause of death of zoo carnivores, and
the presence of feral cats inside zoo facilities can be a permanent danger.
One young male clouded leopard (Neofelis nebulosa) was found dead when 6
months old, victimised by panleucopaenia spread by feral cats during an

epidemic of the disease (Geidel & Gensch 1976). Feline infectious peritonitis
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(caused by calicivirus) and panleucopaenia are responsible respectively for 6
and 4% of captive cheetahs (Acinonyx jubatus) deaths (Marker-Kraus 1997).

Pneumonia affects carnivores from bush dogs (Speothos venaticus)
(Kitchener 1968) to fishing cats (Felis viverrina) (Jayewardene 1975), but can
be treated if detected in early stages. Sand cats (Felis margarita) are highly
sensitive to lung diseases, especially in cages with high humidity levels, but
the most common infection is rhinotracheitis, spread commonly by feral
cats. They are susceptible also to degenerative liver diseases and
myocarditis (Sausman 1997). In felids, kidney diseases cause death of many
individuals. They are the most common death cause in zoo-housed cheetahs
over 6 months of age (Marker-Kraus 1997) and adult black-footed cats (Felis
nigripes) (Olbricht & Sliwa 1997).

Table 1.2: Vaccines commonly used in captive wild carnivores and their limitations (from
Roberts 1975; Scheffel & Hemmer 1975; Hulley 1976; Hinshaw, Amand and

Tinkelman 1996; Deem et al. 2000).

_Family ~  Vaccinesused Problems

Canidae Canine distemper, canine Cape hunting dogs (Lycaon pictus)
infectious hepatitis, leptospirosis, can develop vaccine-induced
parvovirus, rabies. distemper (must be used only chick-

embryo-origin vaccine).

Felidae Feline panleucopaenia (feline Should be used only killed vaccine to
distemper), rhinotracheitis, distemper. There is no vaccine to
calicivirus, rabies. feline coronavirus (infectious

peritonitis). Jaguarondis (Herpailurus
yagouarundi) can develop vaccine -
induced panleucopaenia, and
Geoffroy’s cats (Felis geoffroyi) can

develop feline distemper.
Ursidae Rabies
Procyonidae Canine and feline distemper Kinkajous (Potos flavus) and red
annually. Rabies. pandas (Ailurus fulgens) can develop
vaccine-induced canine distemper
from live vaccine. Red pandas are
sometimes vaccinated against
hepatitis and leptospirosis.
Viverridae Canine and feline distemper
annually.
Mustelidae  Canine and feline distemper Ferrets (Mustela putorius) can develop
annually. vaccine-induced canine distemper.

Susceptible to parvovirus.

Hyaenidae  Rabies and canine distemper
annually.
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Parasitic infections are not, in general, life threatening, and can be
easily controlled through antihelmintic oral solutions or vaccines. In natuie,
however, some species are susceptible to very specialised parasites that can
lead to death. A female wild-caught maned wolf (Chrysocyon brachyurus),
kept on Frankfurt Zoo, died of acute sero-glomerulo-nephritis. Post-mortem
exams revealed that she had one kidney missing. This was caused by
nematodes Dioctophyma renale, common parasites of maned wolves, that
when untreated tends to destroy the kidneys (Faust & Scherpner 1975).

Malnutrition affects a large number of carnivores, due to the common
mistake that feeding them solely with clean meat is sufficient to ensure good
health. Felids feed largely on prey, but they consume not only the flesh, but
also skin, cartilage, small bones and organs, such as liver and spleen. Giving
whole carcasses instead of clean meat can prevent common nutritional
problems like greenstick fractures and bone deformities (Ashton & Jones
1979). Nutritional deficiencies may be the cause of several bone deformities,
but some species have a tendency to develop them. Bush dogs, like small
domestic dogs, can suffer from bilateral patellar luxation, a painful
condition that impeaches normal movement (Kitchener 1968).

Hand-reared animals can develop milk-induced diarrhoea that may
lead to death, especially if the composition of the natural milk is not known,
as in bush dogs (Kitchener 1968).

Other health problems range from hyperparathyroidism and
encephalitis (Hulley 1976) to deaths by abdominal gas distension said to be
caused by a sensitivity reaction, in the lack of a more accurate explanation
(Murphy 1976).

Cancer occurs with some frequency in caged carnivores, and the causes
of it are several. In the last years, however, veterinarians had discovered
that vaccination can cause sarcoma in domestic cats (Esplin et al. 1993; Macy
& Bergman 1995), and may be related to a local dermal inflammation

resultant from the postvaccinal reaction (Macy & Hendrick 1996).
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General health problems are responsible for a large number of deaths,
but with appropriate veterinarian advice, most of these problems can be
avoided or treated. It is important to say, however, that many of the
zoological institutions included in this research do not have a veterinary
doctor in their permanent staff, having an advisor that makes regular visits.
Acute cases are usually treated by any veterinary surgeon available, who is
sometimes not experienced in dealing with wild species. This could be the
cause of the high numbers of deaths caused by these well-known conditions

in some institutions.
1.3.2. Reproductive physiological problems.

Of all causes of poor breeding, low fertility is probably the easiest to
identify. If a sexually mature couple, after obvious and repeated mating
behaviour, fail to produce a pregnancy, infertility is immediately thought to
be the cause. It is more complex, though, to define what is causing infertility
in the first place.

Many factors can influence fertility in animals, apart from some
obvious conditions, such as immaturity, old age, diseases and congenital
abnormalities. In the wild, the three major suppressers of fertility are
environmental factors (especially the variation on climate, day length and
rainfall among seasons), lactation (which inhibits gonadotrophin, and then
ovulation) and social dominance. In common marmosets (Callithrix jacchus),
subordinate females had decreased gonadotrophin levels, and in naked
mole-rats (Heterocephalus glaber), ovulation is suppressed in all females of a
colony, except the “breeding queen”. In both cases, removal of the infertile
female from the presence of other females restores her fertility (Abbott
1988). External factors can also play a role in infertility. Environmental and

industrial chemicals can influence reproductive fitness in animals, which is
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well illustrated by the effects of polychlorinated biphenols in a population
of Baltic ring seals (Halichoerus grypus) (Holloway & Moore 1988).

Mellen (1991) found negative correlations between number of litters
produced by small felids, and number of medical treatments, latitude
distribution of the species, and group size, and a very positive correlation
with husbandry style. In general, small cats kept in groups of more than a
pair (one male and one female) were unlikely to reproduce, but the ones
cared for by caretakers that spent more time talking and interacting with
them produced more litters. Reproductive failure of apparently healthy
individuals may lead to the conclusion that the individuals do not produce
gametes. In research on sperm efficiency in black-footed ferrets (Mustela
nigripes), species in which around 55% of adult males fail to sire offspring
(even when 90% of the females are receptive), it was revealed that the sperm
quality of fertile and “infertile” males was the same; failure was occurring
due to a combination of behavioural (improper mating position, excessive
aggressiveness) and physiological (underdeveloped testes, lack of
ejaculation) factors (Wolf et al. 2000b).

Contrasting with the low fertility problem, some species are excellent
breeders, and contraception becomes the problem. There are many solutions
for excessive breeding. Some zoos used to castrate males or keep female
brown bears (Ursus arctos) alone (Van Keulen-Kromhout 1976), instead of
using other available methods. Lions (Panthera leo) breed so well in captivity
that contraceptive procedures are a common place. Hormonal implants,
injections or even tablets are given to females, but the development of
mammary cancer is a serious drawback to this technique. Vasectomy of
males is a relatively simple surgery, and its risks are much lower (Ashton &
Jones 1979). A recent trend is to find ways of interrupting early pregnancy,

as with the use of antiprogestin in zoo-housed bears (Jewgenow et al. 2001).

It may seem that excessive breeding would be a positive step towards

the conservation of a species. However, it is not only detrimental to the
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health of the females, but the burden of many young may trigger brood-
reducing behaviour in mothers, as it happens in rodents (Labov et al. 1985),
or lead to infanticidal episodes in males. The major problem, though, is the
issue of re-housing the young adults properly. Rare species are always in
high demand, but more common species, usually the ones affected by
excessive breeding, may give rise to serious housing problems. The use of
reversible contraceptive methods is crucial for conservation purposes, and
avoids the need in the future of using drastic “culling” methods, such as
euthanasia (Graham 1996).

One of the most important aspects of reproduction that must be taken
into consideration in a conservation programme is concerned with genetic
variability and inbreeding. Inbreeding increases homozygosity and can
allow expression of deleterious genes. Mortality during first six months after
birth is higher in inbred youngsters of red pandas and leopards (Panthera
pardus) (Carlstead 1996). In leopards, inbreeding seems to increase the
frequency of cub killing (Carlstead 1996). Bred in captivity for over a
century and a half, zoo populations of cheetahs are highly inbred. This
genetic homogeneity seems to be responsible for the high rate of infant
mortality and the low life expectancy of captive-born individuals (Marker-
Kraus 1997), although this could also be an effect of differences in
management practices, for values vary significantly between zoological
institutions (Wielebnowski 1996).

For many species there are studbooks, where each individual of the
captive population is listed, along with all its genetic relatedness to other
individuals. This type of detailed record allows institutions to match
couples from different genetic backgrounds, minimising the effects of
inbreeding. Many rare species, however, have very small captive
populations, and some, like the Sri Lankan rusty-spotted cat (Prionailurus
rubiginosa phillipsi), have their whole captive population originated from one

pair of founders from Frankfurt Zoo (Dmoch 1997). In these cases, it is
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difficult to increase genetic variation, for it would imply in capturing new
founders in the wild to start a conservation programme, that could be, in the
end, unsuccessful. It seems, though, that inbreeding depression does not
affect some species as seriously as it was thought some years ago, as in the
cases of the Mexican wolf (Canis lupus baileyi) and the red wolf (Canis rufus),
and this could be true to many other species (Kalinowski, Hedricks & Miller
1999).

In a captive breeding programme, having a pregnant female is a sign
that only the first problem has been solved. Many gestations do not come to
term, because of the high incidence of miscarriages, premature births and
stillbirths among captive carnivores. For example, in cheetahs (Acinonyx
jubatus), 20% of the cubs are stillborn, mainly because of premature births
(Marker-Kraus 1997). In Okahandja Park, South-West Africa, brown hyaena
(Parahyaena brunnea) pups at were born prematurely and died due the
underdevelopment of lungs (Schulz 1966). In some species, to cross the
threshold of 30 days after birth does not mean that the litter will survive. In
the National Zoo, Washington, DC, USA, all the red panda cubs died before
130 days after birth, the mean age of death being 78.5 days, although the
cause of these deaths were not reported (Roberts 1975).

The breeding biology of many species is not yet completely
understood, and much research is still needed. Without this knowledge, the
physiological causes of many of the problems listed above are mcre
conjecture. Furthermore, individuals demand particular treatments, so each
case has to be minutely analysed. New techniques, such as non-invasive
endocrinological methods, have been yielding valuable reproductive
information, and can be used to survey the breeding status of captive
females (Goodrowe et al. 2000). Maybe only the dynamic interchange of
information between zoologists and veterinary surgeons can lead to a

higher level of successful breeding.
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1.3.3. Reproductive behavioural problems.

Captive breeding can be difficult due to inability of individuals to
perform regular mating behaviour. Alternative patterns of sexual behaviour,
such as masturbation and homosexuality, were recorded in the wild and
cannot be described as abnormal, but their non-reproductive character may
be a drawback for conservation programmes. Homosexuality is largely
found among carnivores (Table 1.3), and masturbation has been recorded in
several species. These behaviours promote sexual satisfaction without
reproduction, but the individuals that perform them are also usually able to
have, as long as a suitable partner is available, also regular reproductive
activity (Bagemihl 1999). In the other hand, inadequate sexual behaviour
may be originated from more complex mechanisms, like imprinting, and
have long-lasting effects on the individuals, that can be unable to reproduce.

Behavioural inadequacies affecting reproductive performance may be
attributed to deficient early rearing environments, the social milieu in which
animals are kept in a long-term basis, or in the way potential mating pairs
are put together (Lindburg & Fitch-Snyder 1994). In the case of the black-
footed ferret described by Wolf et al. (2000b), 25% of unsuccessful breeding
attempts were caused by the failure of males in adopting a proper mating
position with the female. Inadequate mating behaviour is also among the

causes of poor breeding success in captive giant pandas (Peng, Jiang & Hu

2001).
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Table 1.3: Occurrence of homosexuality in carnivores (Bagemihl 1999)

Species Gender “Tvyp'e of behaviour Level of Observed in

. OccurTEnCE

African lion M/F Courtship, sexual, pair- Moderate Wild, semiwild*
bonding and parenting and captivity

Cheetah M/F Courtship, sexual and Moderate Wild, semiwild and
pair-bonding captivity

Red fox M/F Sexual and parenting Incidental Wild and captivity

Wolf M/F Courtship and sexual Incidental Captivity

Bush dog M/F Sexual and parenting Incidental Captivity

Brown bear M/F  Sexual, pair-bonding Moderate wild
and parenting

American M/F Sexual, pair-bonding Moderate wild

black bear and parenting

Spotted F Sexual Moderate Wild and captivity

hyena

*Such as large breeding centres or fenced nature reserves and protection areas.

1.3.4. Infanticide.

Infanticide has evolved as an ultimate mechanism of energy economy,
or a way to minimise the others’ fitness, improving the killer's own chances.
Examples of nonparental infanticide in the wild include the nomadic lions
in Serengeti, which expel and sometimes kill other males and eat their cubs
(Schaller 1972). Killing other individuals’ offspring may increase fitness by
facilitating access to resources or enhancing breeding opportunities, and
some species may have developed counterstrategies to minimise the
occurrence of these events, such as termination of pregnancy, defence
mechanisms against intruders and territoriality (Ebensperger 1998). Parental
infanticide has different causes and benefits. In extreme situations, such as
lack of food or threat of predation, mammals can respond by aborting or
reabsorbing litters, or deserting or eating them if after birth. The benefits of
these strategies may depend on the ability of the parents to produce another
litter in the same season, on the cost of having another litter to the parent’s
reproductive value and on the probability of these youngsters, raised under

adverse conditions, to breed when adults (Clutton-Brock 1991). Infanticide
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also allows the alteration of reproductive patterns at the expense of others,
and parental investment can be suppressed in any stage between conception
and weaning (Hayssen 1984). Different types of infanticide have different
aetiology and adaptive values (Hrdy 1979), but its occurrence in captivity
can be detrimental to the success of breeding programmes. The impact of
infanticide on the breeding success of captive carnivores is not yet well

researched, and will be discussed in detail in Chapter 6.

1.3.5. Behavioural problems.

Individual behaviour can be affected by captivity (Carlstead 1996),
leading to poor welfare (Mench & Kreger 1996). Even daily husbandry
procedures can elevate levels of stress hormones and lead to inappropriate
behaviour (Mendl et al. 2001). For social species, captivity puts the stability
of a group under pressure, as an individual cannot abandon the group if
social interactions become too agonistic, and sometimes has to change its
own behaviour in a way to survive. For example, at Nairobi Zoo, two
deformed pups of a litter of African wild dogs (Lycaon pictus) were killed
when they were four months old. The only survivor had to assume a
permanent submissive posture towards others (Cade 1975). Disputes over
hierarchy are to blame for many fighting episodes and some casualties. In a
group of dholes (Cuon alpinus), disputes over hierarchy led to severe fights
among animals of the same sex (Sosnovskii 1975) that have lived before in
apparent harmony. In a more serious event, the same disputes between a
tamed male ocelot (Leopardus pardalis) and another male led to the death of
the latter (Leyhausen 1966). This could happen because of the change in
status an individual may go through when entering sexual maturity.

Respecting the social structure adopted by a species in the wild can
avoid some problems with zoo-housed groups, and can even help with

captive breeding efforts. For example, cheetahs frequently have poor
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breeding in captivity. Although their behaviour in the wild is not
completely unravelled, two factors are quite clear: 1) during much of
lifetime, females are isolated from other adult conspecifics; 2) males move in
hunting groups. Female isolation period goes from early pregnancy until the
cubs are 16 months old, then again females are approached by males. In
z0os, however, male and females are usually housed together, or at least in
olfactory or visual contact, and this husbandry practice could be affecting
the perception of the individuals of their housing condition (Benzon &
Smith 1974). Other species are naturally solitary, and the attempt to house
them in pairs or groups leads to severe injury of the animals, as it occurs
with least weasels (Mustela nivalis) (Rosenthal 1971).

Whatever is the cause for excessive aggressiveness, there are reports
of it in several species, especially felids. Table 1.4 displays some examples.

The development of stereotypies, a display of repetitive behavioural
patterns with no apparent function (Mason 1991), in captive carnivores,
seems to be related to the median home range size of the species (Clubb &
Mason 2000). In carnivores, stereotypies are usually elicited by feeding, and
pacing is the most common display. Changes in diet and feeding schedule
can reduce pacing in cats (Mellen, Hayes & Shepherdson in press), and
stereotypic pacing in leopard cats (Prionailurus viverrinus) was reduced 50%
when the enclosure was provided with places to hide (Carlstead, Brown &

Seidensticker 1993).



22

Table 1.4: Events of excessive aggressiveness in some Carnivora species in captivity.

Was  Thought cause Reference

Family Species No. of Event
animals the
attacked victim
_ N . . eaten?
Felidae Catopuma 2 A male killed N
temmincki one female
during
introduction
and, later, the
female that was
living with
him.
Felidae Oncifelis 1 A male killed a Y
geoffroyi female.
Felidae Panthera 1 A male preyed Y
onca ona
conspecific.
Felidae Panthera 1 An introduced N
tigris young male
was killed by
an adult male.
Procyonidae Nasua 1 One male was N
narica permanently
under attack of
females.
Procyonidae Nasua 1 One introduced N
nasua female was
killed by 2

males and 7

females of a
established

_group-

Not avaiiéﬁg

The animals
were being fed
live prey on
the occasion.
Not available

Competition
among males.
There were 4
females in the
area.

In the wild,
females expel
adult males
from the
groups.

The group was
stable, and the
new female
was introduced
abruptly.

Brocklehurst
1997.

Scheffel &
Hemmer
1975.

Oliveira

1994.

Yost 1976.

Smith 1980.

Von
Schmalz
Peixoto
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Stereotypic displays can be also elicited by loud noises and cleaning

procedures, as in fennec foxes (Vulpes zerda) (Carlstead 1991). An institution

suffering frequent breeding failures has a good start towards improvement

if it revises its current husbandry techniques, and checks more closely the

relationship between keepers and animals.
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1.4. Thesis structure and hypotheses to be tested.

This research aims to identify the factors affecting breeding success of
captive carnivores, making use of the large amount of data already available
from several sources. In this chapter, I review the conservation status of
terrestrial carnivores, consider the importance of captive breeding, and
present the most common challenges facing the management of captive
carnivores. The subject and relevant questions of the next chapters are

described below.

1.4.1. Chapter 2: Using databases in the research of infant

mortality in captive carnivores.

In this chapter, I describe the available databases for zoo research,
and the datasets on captive carnivores originating from them. I also present
in detail a method of collecting and analysing this type of data, identifying
the possible confounds and ways to overcome some problems. Isuggest the
use of relative indices as dependent variables and present the equations
used in this research. I also test the variables used in multi-species analyses

for possible effects of phylogeny and question the need to correct this issue.

1.4.2. Chapter 3: Factors affecting breeding in captive tigers
(Panthera tigris): a studbook research.

In Chapter 3, I use the tiger studbook as a model to address the
possibility of answering biological questions with record research. I point
out that the tiger is a species with a large latitudinal range, thus excluding
photoperiodic effects in breeding. Considering that there are abundant food
and water in captivity, and that serious institutions have to provide

adequate housing to their animals, it is not expected that biological
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parameters, such as litter size, differ from wild populations. There are
genetic, phenotypic and geographical differences between the two
subspecies in the studbook, so it is expected that the dataset will reflect this
and express the need of subspecies-orientated husbandry protocols. I
hypothesise also that there will be little or no effect of inbreeding levels in
this species for, like several carnivores, it presents high levels of

homozygosity in wild populations.

1.4.3. Chapter 4: Biological factors affecting infant survival in

captive carnivores.

Here I use multiple datasets to predict, through statistical models, the
possible effects of the natural history of the species on infant mortality in
captivity.

If conditions in captivity are providing all the demands of a species,
as it would happen with a wild population during phases of abundant
resources, then the specific proportion of infant mortality in captivity should
be similar or slightly lower to those values for a wild population, because of
the absence of natural phenomena such as fires, flash floods and predation.
Otherwise, it would imply that other factors, rather than resource
availability, are affecting these species’ breeding success in captivity. The
variance in the proportion of infant mortality between species may indicate
that biological parameters have an influence on infant survival. In that case,

it is possible that species with slower development were more prone to lose

infants.
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1.4.4. Chapter 5: Causes of mortality in young captive

carnivores.

The causes of death of young carnivores in captivity are described in
this chapter, and I consider the factors that can make certain species more
prone to particular ailments. Also, I investigate the occurrence of infant
deaths caused by inadequate maternal behaviour. I hypothesise, based on
published reports, that a significant proportion of infant mortality in some
species of carnivores in captivity is caused by the female. If so, most deaths
shall occur in the first few weeks after birth, especially in species in which

the young develop at a faster pace, due to the costs of maternal care.
1.4.5. Chapter 6: Maternal infanticide in captive carnivores.

The impact of inadequate maternal behaviour on infant mortality of
captive carnivores is discussed in Chapter 6, where I also describe the
mechanisms involved in maternal infanticide.

I hypothesise that species with altricial young will present higher
proportion of active infanticide, and that some of the variance of infant
mortality among institutions may be accounted for the history of the females
(e.g., if they were wild-caught or captive-born) and institutional protocols

(such as translocations and male presence during rearing).

1.4.6. Chapter 7: Increasing juvenile survival in captive

carnivores: Practical considerations.

Here I review the techniques of assisted reproduction and the
solutions proposed by institutions to minimise infant mortality, with special

focus on hand-rearing survival rates.
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A high variance in the proportion of infant mortality between
institutions may suggest the influence of local characteristics such as the
origin of the females and the number of translocations they were subjected
to. If inadequate maternal behaviour was responsible for a significant
proportion of infant deaths, and high infant mortality is related to
institutional and individual characteristics, then infant mortality in captive
carnivores can be greatly reduced if certain measures were taken, such as
avoiding female translocations, providing more adequate housing

conditions and respecting photoperiodic needs of breeding individuals.

1.5. Conclusion.

Carnivores are rapidly disappearing from many areas in the wild, and
some species are declining at alarming rates. Captive stocks can help
research and conservation efforts, but a change of priorities is needed,
enhancing the focus on declining species rather than more abundant, but
charismatic, ones. Conservation efforts need to be multidisciplinary,
integrating several areas of science with local populations and governments,
and a realistic approach of objectives and practical issues has to be
addressed prior to any investment on the area.

The maintenance of carnivore species in zoological and research
centres is yet cause of concern, and many techniques are still in their first
attempts. A better communication between researchers around the world
may lead to higher success, and the shifting role of zoos, from entertainment
spaces to educational and research units, lifts the expectations for more

successful integrative conservation programmes.
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Chapter 2

Using databases in the research of infant mortality in
carnivores.

Abstract

For many decades, zoological institutions have been keeping records of their
animal stocks, many times with extreme detail. Main sources of information arc the
International Zoo Yearbooks published by the Zoological Society of London; the International
Species Information System, created in 1978 by the American Association of Zoo and Aquaria;
and Species Studbooks, kept initially as regional records of institutions and now available
for many endangered species worldwide. Institutions keep private records of their
collections and compile, many times, detailed information on individuals, including
medical records and transfers. These data were very seldom used as bases for researching
particular aspects of captive animals, due to the risk of bias and other statistical challenges.
These problems can be overcome with the use of appropriate data collection and statistical
analyses.

2.1. Introduction.

Population records for captive wild species have been kept since 1932,
with the appearance of the first studbook for the European bison (Bison
bonanus) (Glatston 1986), and gained a more standardised approach in 1960,
when the International Zoo Yearbook (IZY) was first published by the
Zoological Society of London (Olney 2003). In the 1970s, researchers at
Minnesota Zoological Parks developed a computer-based questionnaire in
which institutions could load data from their own collections2. This system
gave rise to the International Species Information System (ISIS), and grew

beyond American borders to be used by a large percentage of the Western

zoos (Flesness 2003).

* A collection is the total of individuals of the same species kept by a zoological institution; in
some cases, institutions may keep separate collections for different subspecies, especially
when the subspecies are subject of conservation programmes.
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Meanwhile, curators and keepers with particular interest in one species
or other, started compiling information from their own institutions and
others that kept the same species in studbooks, making the number of
species covered by these records grow exponentially through the decades.
The basic format of the studbooks still follows the guidelines of the first
attempts, but nowadays there is a more accurate account of details such as
inbreeding levels, and electronic communication between institutions
allowed for a better coverage of the captive population (Glatston 1986).

Zoo records have been used as a tool in the research on species
conservation, animal breeding, behaviour and welfare since their
standardisation in the 1980s (Flesness & Mace 1988). New methods of
collection and analysis of data have been used in recent years to overcome
some of the confounding factors found in the first years of data collection,
and the reliability of data is getting higher due to standardised methods and
the use of computer programmes.

In this chapter, I review the sources of information on zoo animals
and their problems, and make use of analytical methods aimed to overcome
these challenges. I describe the collection methods of the datasets used in
the next chapters for statistical modelling, as well as the relative indices
calculated by formulae to overcome statistical confounds. The aim of this
chapter is to demonstrate that the records of captive populations, although
not flawless or complete, can be safely used for statistical modelling as

means of testing biological hypotheses when collected and analysed

carefully.

2.2, Captive population databases.

The population of carnivores kept in zoological institutions and
research or breeding centres is restricted, both in species and individuals.

The number of individuals and collections reported to databases, however,
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has been growing since the beginning of record keeping. One example is the
number of collections and individuals published annually by the
International Zoo Yearbooks: from 1986 to 1996, the number of collections has
grown steadily, although the number of individuals has not followed the
same slow rise throughout the years (figure 2.1). The IZY published the
census of individuals and list of multiple births for the last time in 1996,
when many studbooks and the ISIS were already collecting and organisisng
most of institutional records. In posterior editions, the IZY printed just the
list of studbooks and studbook keepers. The slight decline on the number of
collections and individuals reported when the last full list was published
may reflect the tendency of institutions to send reports directly to
international data systems, such as studbooks or to the ISIS, instead of the
Zoological Society of London, or may indicate the existence of copyright
issues, held by commercial data systems such as ISIS, preventing the full

publication of these lists for free access.

Carnivore captive population 1986-1996
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Figure 2.1: Number of collections and individuals of 35 declining Carnivora species
reported to the International Zoo Yearbooks from 1986 to 1996. Some
institutions keep subspecies in separate collections.
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Nowadays, most individuals are numbered and coded, and the
information from different sources is, in general, either repetitive or
complementary (Glatston 1986). For example, a female in Zoo A, identified
by the number 1234, may have her breeding records in the IZY from 1980 to
1996, and in the international studbook of the species, which also contains
more detailed information of her life history, from 1984 to 2002. The
decision of which repetitive data to be discarded (in this case, from 1984 to
1996) is at the discretion of the researcher. As the identity of the female is
certified, complementary data, such as enclosure size and number of nesting
dens, may be available on published papers and reports, or even in the
institution’s archives. Repetitive data can be used to crosscheck different
data sources. Researchers face some challenges when collecting information,
and those not attached to an institution may find their requests for data
denied or subjected to copyright.

Each one of the available sources (the IZY, the International Tiger
Studbook, zoological records collected through questionnaires and data
published in papers and reports) was collected in slightly different ways,
although most requested the same basic information. Institutional
responses, however, may differ greatly and result in incomplete or scattered
data. Overall, information on individual origins, births, deaths, enclosure
characteristics and collection size will be provided by all databases. More
detailed information, such as cause of death, medical treatments, transport-
related issues (such as quarantine time and relocations) and aspects of
husbandry (diet, number of keepers, use of contraceptives and manipulation
of group size, to mention some), are rarely reported in standardised
databases, but these data can be found in published reports or be requested
directly to the institutions through questionnaires.

Recent efforts to keep an integrated and unique source have been

proven fruitless, especially with the implementation of commercially
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exploited databases, such as the ISIS. The ISIS has been trying to standardise
data collection and treatment, but records are not often retroactive and older
datasets are still incomplete or may be unreliable. Data organised by the ISIS
have restricted access (see Section 2.2.3).

For this research, I made use of three sources or institutional records:
the studbook of tigers (Panthera tigris); the published records on the
International Zoo Yearbooks; and individual reports from 19 collections. Due
to copyright guidelines of the International Species Information System, it
was not possible to access more detailed data, apart from the annual census

published in the World Wide Web (ISIS 2003).

2.2.1. Captive populations of carnivores and their implications

for long term conservation.

In Chapter 1, the role of captive populations in species conservation
was discussed, and some examples of successful programmes that used ex
situ techniques were described. But captive populations are restricted, and
populational researchers frequently question if these small populations are
actually self-sustainable on a long-term basis. One of the possible problems
is the loss of genetic variability that can affect the viability of captive
populations, and therefore compromise breeding programmes.

The minimum viable size of an animal population has been the subject
of great controversy in the last years. Conservation researchers disagree on
the adequate values, especially when comparing research on wild and
captive populations. When considering only captive populations, for
example, researchers may project species persistence, which involves
genetic variability, for the immediate future (e.g. Earhardt et al. 2001), while
researchers in the wild may project species persistence for 40 or 50
generations up to into perpetuity (Reed et al. 2003). Surveys on numbers of

rare species in captivity show that these populations are far from reaching
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adequate numbers calculated for the wild (Table 2.1). In addition, a study on
13 species of carnivores suggested that the loss of genetic variability in
captivity ranges from 3.1% (on the cheetah Acinonyx jubatus) to 22% (on the
African hunting dog Lycaon pictus) over one generation (Earhardt et al. 2001).
Considering that the average generation for these 13 species is 7.27 years, in
only 100 years 13 generations will be produced and genetic variability may

be severely reduced if not closely monitored and controlled.

Table 2.1: Minimum viable adult population size in the wild (MPVa), minimum
viable adult population size in the wild corrected for 40 generations
(MPVc), generation time in years (T) and population size in captivity (}’C)
in 2003 for five species of carnivores (Reed et al. 2003; Earnhardt et al.

2001; ISIS 2003).
Species MVPa MVPc T PC
Actnonyx jubatus 831 4036 5.9 1732
Canis lupus 1403 6332 7.05 896
Lycaon pictus 500 2229 - 476
Panthera leo 1023 5792 6.23 886
Panthera tigris 326 2377 7.5 253

In some species captive populations may recede, once they are not able
to successfully breed in captivity and founders die of old age. For instance,
the studbook keeper for the brown hyaena (Parahyaena brunnea) published a
warning, in the 1970s, that the captive population of this declining species
would disappear in the next decades (Shoemaker 1978; Shoemaker 1983).
The numbers of captive individuals for the species published by the
International Zoo Yearbooks from 1986 to 1996 seem to confirm the decline,
while other large declining carnivores are apparently thriving (figure 2.2).

Captive populations can play a crucial role in conservation efforts, if
genetically and demographically well managed. Institutions, on the other
hand, should provide the most accurate information possible, since
studbook keepers need this information to recommend breeding pairs with

minimal genetic loss.
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worldwide, covering hundreds of species from all taxa, including some
invertebrates. The records are pooled by institution by year, and the census
are restricted to rare species, but it contains the number of young born and
number of young which died before completing 30 days of age.

When the studbooks started covering most of the species presented in
the IZY, the publishing of listings was abolished, and now the IZY publishes
the list of studbook keepers, for those willing to contact them. Being
absolutely free of charge, any institution wishing to add its information to
the database was welcome to do it, and as a result a very large collection of
data is available for the years in question. The IZY also published detailed
information on collaborating institutions, including total number of species
held and annual attendance. According to the Conservation Breeding
Specialist Group from the World Conservation Union, there were over 5,000
zoological institutions registered in several associations of zoos and aquaria
in 1996 (www.cbsg.org), and just over 1,200 reported to the IZY in that year.
Non-English speaking countries report in even lower proportion: from the
120 institutions registered in Brazil in 1996 (www.ibama.gov.br), only nine
contacted the IZY.

The main advantage of the IZY records is the amount of data, covering
most of the captive population of vertebrates and the lack of bias towards
wealthier institutions; its disadvantages include the impossibility of
calculating litter sizes (for the data are pooled by institution and the number
of breeding females is not reported), the possible failure to report stillbirths
and observational mistakes (such as the failure of noticing young that were
eaten by the dam before the litter was observed). Nevertheless, the IZY
information is still the most reliable source for the calculation of the

proportion of infant mortality in zoological institutions.
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2.2.2.1. The International Zoo Yearbooks datasets.

There were two datasets collected for this research from the
International Zoo Yearbooks: the first contains all births and infant deaths
before 30 days of age, from 1986 to 1996, for 98 species of carnivores (see
Appendix 1); the second contains the characteristics of all the 535
institutions (62% of all zoos and aquaria registered in the Zoological Society
of London) that provided information used to calculate the values for
Appendix 1 (see Appendix 2).

The dataset on births contained information on how many young were
born and died before 30 days of age every year in each collection, adding to
a total of more than 9000 reported events. A proportion of mortality was
calculated for each species in each zoo, and from this the median proportion
of mortality was calculated for each species, as seen in Appendix 1. There is
also information on the origin of the collection, if wild-caught or captive-
bred, but as the information is pooled, if a collection has only one wild-
caught individual, it will be listed as captive-bred. The number of breeding
females in each collection was not reported.

As the database from the IZY is not available in electronic format,
and the input of data had to be done manually, only information from the
last 10 years’ published listings was collected. Also, by the end of the 1980s,
most members of international organisations of zoo and aquaria followed
standard husbandry practices, providing a similar diet, preventive medicine
and maintenance routine, and so minimising the effect of these factors in the
difference of results between institutions.

The main problem of this dataset is the impossibility of calculating
the number of young per female, since all births in a given collection are
pooled together, independent of the number of breeding females. Also,
infant deaths are only counted when happened before 30 days after birth.

From this dataset, it was possible to calculate the median proportion of
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infant mortality for each species that was used, together with life history
information on carnivores collected by Gittleman (1983, 1986a, 1986b), to
investigate biological factors that may affect breeding success in captive
carnivores. Using the information presented in Appendix 2, it was possible
to investigate the breeding performance of particular institutions and test
the hypotheses that species from temperate areas may be affected by the
latitude of the institution they are kept (cf. Chapter 4).

2.2.3. The International Species Information System.

The International Species Inventory System (ISIS) was created by
Ulysses Seal and Dale Makey in 1973 as a means of standardising data
collection for their research on comparative endocrinology of wild animals
(Seal, Makey & Murtfeldt 1976). Its user-friendly interface and relative
simplicity of data input quickly made the system interesting to other
institutions, and in 1989, with its name changed to International Species
Information System, it became the first worldwide collection system
specifically designed for zoo records, holding the status of an independent
organisation, with a Board of Trustees (Flesness 2003).

Presently, ISIS has more than 200 institutional members worldwide,
but up to 90% of its members come from North America or Western Europe
(figure 2.3). Its contents, however, are only fully available to its members,
who are charged high prices to join. In 2003 these values range from US$ 955
to US$ 6355 for institutions (depending on the annual attendance) and US$
955 to researchers. Independent conservation researchers (such as members
of Taxon Advisory Groups or Conservation Specialist Groups) and
studbook keepers are granted free access for data concerning only one
species. ISIS and most studbooks are interconnected, and access to

unpublished information may be subjected to the same copyright laws.
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developed specific for veterinary records, studbooks and Species Survival
Plans, and have special features that allow genetic and demographic
analyses (Flesness 2003). SPARKS is provided free for studbook keepers,
and is the only ISIS computer programme that can be purchased by non-
members. SPARKS provides a simple touch-button form which has preset
options for some items, while allowing the input of original data for aspects
such as name of the individual, parental identification or more detailed
medical notes. SPARKS does not cover housing information or husbandry
details.

The great advantage of ISIS is allowing a large amount of data to be
immediately available for its members, and the homogeneity of information
that is collected through its software packaging. Its disadvantage, however,
involves the general bias found in zoological records (Rieger 1979), which
leads institutions to tend to report more successful events than the
unsuccessful ones. For example, an institution may not report the single
stillborn young of a given female in one year, but report the successfully
risen young born to the same female in the following year (Rieger 1979).
This procedure can lead to mistakenly high breeding success levels to both
the female and the institutions. Also, because of the large amount of options
offered by its softwares, such as SPARKS, zoo staff tends to leave some of
these options in their default positions. For example, SPARKS has an option
to describe the cause of death of individuals, which is held in the default
answer “by unknown means”. Analysis of the tiger information from the
studbook kept by Sarah Christie at London Zoo revealed that 88.16% of the
events were described as this category.

The expensive membership fees of ISIS automatically bias its
information as coming from wealthy institutions, hence the majority of
members being located in North America and Western Europe. Traditional
institutions, such as the Zoo Negara in Kuala Lumpur, Malaysia, which

have been sending records for free to the Zoological Society of London,
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cannot spare resources for the fees and is out of the database, even when
they keep and breed successfully some declining species, such as the
Malayan sun bear (Helarctos malayanus) and the Persian lion (Panthera leo
persica), among others.

For this research, ISIS was approached, through London Zoo, to give
permission for the wuse of its records for tigers (Panthera tigris).
Unfortunately, the access was denied because there was no connection
between this research and any official conservation group at the time.
However, the tiger studbook keeper, Ms. Sarah Christie (in 2000), provided
her information for this research. The specific problems of this dataset will

be discussed on section 2.2.4.1.

2.2.4. International studbooks.

The studbook system was created in the end of the 18t century, to keep
breeding records of domestic stock, and started to be applied for wild
species in 1932 (Glatston 1986). For some species of the order Carnivora,
however, studbooks were not created until much later. For example, the first
studbooks for the maned wolf (Chrysocyon brachyurus), bush dog (Speothos
venaticus) and spectacled bear (Tremarctos ornatus) were published
simultaneously in 1975, after their first appearance in the IUCN Red Data
Book of 1972 (Roeben 1975).

Studbooks are primarily used, for captive populations of wild species,
as the source of data for genetic and demographic management, while other
sources, such as ISIS and surveys, are used for regional collection planning.
ISIS data were once considered unsuitable for genetic management due to
significant discrepancies with more detailed studbooks (Earhardt et al. 1995).
The reply stated that studbooks also contained errors, especially on parental
identity, but agreed that the raw data from ISIS needed thorough

examination before analysis (Flesness et al. 1995).
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The obvious suggestion for integrating both studbooks and ISIS in a
single source was first made in 1986 (Glatston 1986) and was recently
reiterated by an appeal to avoid duplication of data collection. The author
points out, however, that before this can happen, ISIS has the challenge of
becoming a more “open” system, allowing wider access to researchers and
facilitating the subscription by the 500 institutions worldwide that are still
not members (Flesness 2003).

In any case, studbooks are very useful tools in animal management,
and the quality of data is improved by the personal involvement of the
studbook keeper with the information. Once one institution sends a record
to a studbook, the keeper will annually remind, sometimes three or four

times, for the institution to keep sending records (Glatston 1986).

2.2.4.1. The Tiger Studbook dataset.

The dataset extracted from the electronic tiger studbook kept by Sarah
Christie at the Zoological Society of London, was collected using the
software SPARKS, from the International Species Information System (ISIS).
It contains all births and infant deaths in 116 institutions mainly in the
Northern hemisphere, during the period from 1986 to 1996. The records
refer to two subspecies: the Sumatran (P. tigris sumatrae) and the amur or
Siberian tiger (P. tigris altaica).

The dataset contains 249 litters born from 126 females (28 Sumatran
and 98 Siberian), and there is additional detailed information for 43 females.
There are data on the number of young born, date of birth, offspring that
died up to 6 months old, date of death, litter size, litter rearing method (if
reared by parents or by hand), inbreeding level and parental identity. There
was no information on enclosure area or housing conditions (see Appendix
3). The cause of death of young is reported in less than 12% of the events.

Studbook information is, as long as possible, checked by the studbook
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keeper. Mrs. Sarah Christie pointed out that older data might present some
problems such as unreported litters, especially stillbirths. The identity of the
female was reassured whenever possible. In any case, the data from the tiger
studbook represent a large sample of the captive population, and the values
calculated from it, such as proportion of infant mortality, litter sizes and
peak of births, were used to investigate reproductive parameters of tigers in
captivity, check subspecific breeding differences and test the hypotheses

that inbreeding levels do not affect breeding success in captive tigers.

2.2.5. Published records.

Since the first publication of the International Zoo Yearbooks, curators of
collections have been publishing small records and notes on the breeding
and rearing of wild animals in captivity. For decades, these reports were
purely descriptive of the events, and usually contain detailed information
on several aspects of husbandry. Many of these reports give details not only
on parental identity, date of birth and cause of death of young, but also on
the housing conditions, diet, cleaning routines and isolation protocols. All
the basic information found in studbooks is usually described, and when the
young were removed for hand-rearing, also the techniques used and results
obtained with the procedure.

Published records were used successfully before to produce a dataset
for the research on stereotypic behaviour in captive carnivores, yielding
significant results (Clubb 2001). The level of detail of the reproductive data
presented in published papers and notes is higher than in the other, more
formal, databases. Nevertheless, it is not possible to use this type of dataset
to produce a general view of the proportion of infant mortality, since there

is a strong bias towards successful reproduction on these records.



42

2.2.5.1. The bibliographical dataset.

Following the methodology described by Clubb (2001), several
bibliographical searches were performed using electronic resources
available at the University of Oxford, such as the Web of Science and the
Oxford Electronic Reference Library (ERL) databases. The results were
scrutinised for descriptions of the births of individual litters. In addition, all
volumes of the International Zoo Yearbooks and the periodical Zoo Biology,
where these reports are common, were examined. Papers that present
pooled values for several litters or that did not clarify parental identity and
date of births were not included in the dataset. This dataset differs from that
compiled by Clubb (2001), which contains papers describing stereotypical
behaviour in captive carnivores rather than breeding events. The dataset
contains information from 141 papers and notes on captive breeding of
carnivores, and presents data on: litter size; date of birth and death of
young; parental age, origin and rearing method; area of enclosure; number
of dens; area of dens (when available); cause of death of young; and
isolation protocol for pregnant females (see Appendix 4). It also contains
data on removal for hand-rearing and the cause for it. The dataset comprises
69 species, and has information on 447 litters born from 212 females between
1961 and 2000. There was no information on female body weight. Table 2.2

summarises the bibliographical data presented in Appendix 4.
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Table 2.2: Species, number of litters, number of zoological institutions keeping the species
and number of females summarised from the data compiled from bibliographical

sources.
Family Species Number of  Number of = Number
litters Z00S of females
Canidae Alopex lagopus 2 1 2
Canidae Canis familiaris 1 1 1
Canidae Canis latrans 2 1 1
Canidae Canis lupus 9 3 3
Canidae Cerdocyon thous 6 2 2
Canidae Chrysocyon brachyurus 20 9 13
Canidae Cuon alpinus 4 2 4
Canidae Dusicyon vetulus 1 1 1
Canidae Lycaon pictus 4 2 2
Canidae Otocyon megalotis 1 1 1
Canidae Speothos venaticus 5 3 3
Canidae Vulpes corsac 5 1 2
Canidae Vulpes zerda 7 3 4
Felidae Acinonyx jubatus 22 13 16
Felidae Caracal caracal 5 3 4
Felidae Catopuma temmincki 22 2 5
Felidae Felis bengalensis 8 2 2
Felidae Felis margarita 10 2 2
Felidae Felis nigripes 8 2 3
Felidae Felis pardalis 1 1 1
Felidae Felis silvestris 29 4 8
Felidae Herpailurus yaguarondi 4 2 2
Felidae Leopardus geoffroyi 15 4 6
Felidae Leopardus tigrinus 7 2 3
Felidae Leopardus wiedii 3 2 2
Felidae Leptailurus serval 2 1 1
Felidae Lynx lynx 10 3 7
Felidae Neofelis nebulosa 15 4 5
Felidae Panthera onca 4 2 3
Felidae Panthera pardus 1 1 1
Felidae Panthera tigris 9 3 3
Felidae Prionailurus viverrinus 4 2 2
Felidae Uncia uncia 11 4 5
Herpestidae = Atilax paludinosus 2 1 1
Herpestidae  Cryptoprocta ferox 1 1 1
Herpestidae  Galidia elegans 3 1 1
Herpestidae  Helogale parvula 14 2 3
Hyaenidae = Crocuta crocuta 4 3 3
Hyaenidae  Parahyaena brunnea 3 1 1
Mustelidae =~ Amblonyx cinerea 11 3 3
Mustelidae  Arctonyx collaris 1 1 1
Mustelidae  Eira barbara 3 ) )
Mustelidae = Enhydra lutris 9 4 5
Mustelidae  Gulo gulo 1 1 1
Mustelidae  Lutra canadensis 3 ) 3
Mustelidae  Lutra lutra 7 2 4
Mustelidae Lutra perspicillata 8 3 7
Mustelidae Meles meles 2 1 1
Mustelidae ~ Mellivora capensis 2 1 2
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Family Species Number of = Numberof  Number
litters Z00S of females
Mustelidae = Mustela nigripes 2 1 1
Mustelidae  Pteronura brasiliensis 12 1 2
Procyonidae Ailurus fulgens 9 3 4
Procyonidae Nasua narica 4 1 4
Procyonidae Nasua nasua 2 1 2
Procyonidae Potos flavus 6 3 3
Ursidae Airulopoda melanoleuca 11 6 7
Ursidae Helarctos malayanus 12 3 5
Ursidae Tremarctos ornatus 11 4 4
Ursidae Ursus arctos 2 2 2
Ursidae Ursus maritimus 11 4 4
Viverridae  Arctictis binturong 13 5 5
Viverridae  Arctogalidia trivirgata 1 1 1
Viverridae Fossa fossa 1 1 1
Viverridae Genetta genetta 1 1 1
Viverridae = Hemigalus derbyanus 1 1 1
Viverridae Paradoxurus hermaphroditus 4 1 1
Viverridae = Prionodon linsang 1 1 1
Viverridae Viverra civetta 9 1 3
Viverridae Viverra zibetha 2 1 1

The main problem with this dataset is the lack of standards in data
collection and presentation. As most of the reports follow the author’s
discretion, some papers will contain more detailed information than others,
and the dataset will not present all variables for all species. Nevertheless,
many of these papers contain data that is not available in any other source,
such as detailed maternal behaviour, cause of death of the young and some
husbandry protocols. The bibliographical dataset was used to investigate
the causes of death of young captive carnivores and test the hypotheses that

some biological factors, such as altriciality, may influence the occurrence of

maternal infanticide.
2.2.6. Zoological institution records.

Zoological institutions keep records for all their specimens, including
breeding notes that are fundamental for the management of collections.
Recent records are usually readily available to the registrars of the
collections, once the notes on many individuals that have been in exhibition

for a long time may be needed for medical purposes. Most institutions,
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nowadays, are transferring the data from record books to computer
programmes such as SPARKS, sometimes to the detriment of some detail of
information.

Traditionally, institutions keep records in a diary format, recording
every single event on the life of the specimen, from vaccinations and
ailments to notes on unusual behaviours (such as stereotypical pacing,
excessive aggressiveness towards the keeper or changes in appetite). Female
oestrous and mating are recorded when observed, as are the births and
deaths of young. The animal keepers have the responsibility of keeping
these records, and standardisation of the data varies greatly among
institutions. Some data are fundamental and can be found, in different
formats, in all institutional records, and provides a more detailed view of

the conditions in which the animals are kept.

2.2.6.1. Dataset collected through questionnaires.

For this present research, 135 zoological institutions worldwide,
corresponding to over 15% of zoos and aquaria registered at the Zoological
Society of London, were contacted and invited to complete an electronic
questionnaire. The questionnaire, a Microsoft Excel Workbook, asked for
information in studbook format, with parental identification, date of birth,
litter size, number of young dead, date and cause of death, and method of
rearing, ie. if the young were mother- or hand-reared (see sample in
Appendix 5). Additional information on enclosure size, number of dens per
enclosure, number of keepers and age, and origin of the breeding
individuals was requested. As required by the institutions prior to sending
the information, the identity of the females and the institutions had to be
preserved and could not be printed in the dataset, being replaced by codes

(Appendix 6).
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To make this dataset congruent with the others in this research, and to
facilitate the collection of data by the collaborating institutions, only the data
from 1986 to 1996 were requested.

This dataset is restricted to nine species: red panda Ailurus fulgens,
meerkat Suricata suricatta, tiger Panthera tigris, snow leopard Uncia uncia,
wolf Canis lupus, oriental small-clawed otter Amblonyx cinereus, brown-
nosed coati Nasua nasua, polar bear Thalarctos maritimus and maned wolf
Chrysocyon brachyurus. The choice of species tried to reflect the diversity of
habits and habitats of the Order Carnivora, and was also based in the
possibility of acquiring information on the largest possible number of
females, which is more probable in species with larger captive populations.

Unfortunately, only 16 institutions, comprising 31 collections,
answered the request for filling the questionnaires, a response rate of less
than 12%. Another 6 institutions agreed to participate but, to this date, did
not return the questionnaires despite occasional reminders. Only two
institutions declined participation due to lack of staff or management
transition.

The dataset from the 31 collections contains 148 litters from 63 females
of nine species. The cause of death of the young was reported in 61.5% of
the cases.

The main drawback in this dataset was the very low level of response
from the institutions, which made this dataset the smallest collected. Also,
the complexity of the data discouraged the appropriate filling of the
questionnaire, due to the need of reading protocol books frequently stored
away in the institutions archives and the high time demand. A larger
dataset, apparently, would need to be collected personally in each
institution. Nevertheless, reliable information on the number of keepers,
cage area, number of dens and distance travelled by the female is available
in this dataset, allowing the hypotheses that husbandry protocols have an

effect on the breeding success of captive carnivores to be tested.
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2.2.7. Summary of data.

To avoid data duplication, the variables extracted from different
sources were not the same, in a way to complement the information
required for analysis. Also, complementary information was taken from
other sources, such as range of latitude (Wilson & Reeder 1993),
conservation level (JUCN 2002b) and biological information (Gittleman
1983, 1986a, 1986b). A summary of the variables extracted from each source
and the level of duplication can be seen on Table 2.3.

For the analysis in Chapters 4, 5 and 6, some variables regarding the
biology of the species were used. From Gittleman (1986a, 1986b), the
variables were: gestation length; weaning age; age when the young open
their eyes; female body weight; species body length; type of zonation (e.g.
terrestrial, arboreal, aquatic); type of vegetation (e.g. open grassland, forest,
desert); and type of diet (e.g. carnivorous, omnivorous, vegetarian). The
data on delayed implantation comes from Mead (1989), and the information
on juvenile mortality in the wild was presented by Gittleman (1983) in his

unpublished doctoral thesis.
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Table 2.3: Summary of the data used in this research, the variables extracted from each one,
the sources of data, the chapters in which they were used, and the level of
duplication found between datasets.

Dataset)

Variables (sources)

Duplication

Chapter

Appendix 1 (98
species)

Appendix 2 (535
zoological
institutions)

Appendix 3 (1
species; 249 litters;
126 females)

Appendix 4 (69
species; 447 litters;
212 females)

Appendix 6 (9
species; 148 litters;
63 females)

Proportion of infant mortality,
number of zoos holding the
species (IZY vols. 26-35);
conservation level (IUCN 2002b);
range of latitude distribution
(Wilson & Reeder 1993)
Number and type of species
held, number of veterinarians
and staff; presence of research
staff; size; annual attendance;
type of management (IZY vols.
30-35); latitude (calculated with
software).

Zoo; date of birth of litters; sire
and dam; place of birth, rearing,
number of transfers and age of
dam; number and sex of young
born and dead; age and cause of
death of young; type of litter
rearing; inbreeding level of the
young

(Mrs. Sarah Christie,
International Tiger Studbook
Keeper)

Zoo; origin, rearing and age of
dam; litter size; number of dead
young; cause and age of death of
young; few present cage area,
number of individuals per cage
and number of dens; presence of
male

(141 papers published in several
scientific journals from 1961 to
2000)

Age of sire; age, origin and
rearing of dam; distance
travelled by the dam:; litter size;
number and age of dead young;
few present cause of death of
young; number of keepers; few
present cage area and number of
dens (electronic questionnaires
sent to institutions)

Basic dataset; encompasses the
largest amount of data.

Complementary to the data on
Appendix 1. The index of zoo
performance (see section 2.3.3)
was calculated using the
proportion of infant mortality
from Appendix 1.

Over 90% of the births reported
in the studbook are also
reported on the IZY, although
the studbook reports litters
separately. From this dataset
was possible to calculate female
breeding success instead of
infant mortality.

Some of the written reports are
accounted for in the IZY and
studbook datasets. The analysis
was done exclusively with
variables from this dataset, and
the proportion of infant
mortality was calculated for
each female.

All the litters were accounted
for in the IZY dataset, but it was
possible to calculate female
breeding success. Bonferroni
corrections were applied when
necessary.

4 &7

4&7

5and 6
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2.3. Methods of collection and analysis of zoological records.

As seen in the previous sections, animal records can present many
discrepancies between different sources. This is understandable since
different databases have information from different groups of collections
(for example, there are 535 institutions in the IZY dataset, but only over 200
in the ISIS census for 2003), although subgroups of data may overlap. They
can provide, nevertheless, large samples of captive populations and can be
crosschecked, in a way of verifying data reliability. For example, the
overlapping information between IZY and the tiger studbook can be
checked for the total of animals born every year or number of animals held.
During the compilation of the datasets used in this research, discrepant
data, comprising less then 1% of the total, were discarded. Also, pooled
reports in the annual IZY Records of Multiple Births (represented by (b), to
signify that a litter of unknown size died immediately after birth and was
consumed by the dam) and incomplete data (e.g. when the number of dead
animals was not printed by mistake) did not enter in the final datasets. This
method of “cleaning” the data helps to minimise errors and is often used
when preparing demographical datasets for human populations (Chatfield
1991). The input of data into electronic datasets must be meticulously made,
and simple sums of columns and rows suffice to avoid typing errors.

There is not a standard way to treat animal records. Frequently these
records are used on the research of inbreeding effects (e.g. Laikre et al. 1996
on brown bears Ursus arctos, and Wielebnowski 1996 on cheetahs Acinonyx
jubatus), but were also used to calculate the effect of housing (Carlstead et al.
1999), individual behaviour (Carlstead, Mellen & Kleiman 1999) and rearing
experience (Ryan et al. 2002) on breeding success, with very significant
results. Care must be taken, however, on the multiple analysis of the
datasets to assure that they represent a significant range of variance on the

populations before any conclusions are made.
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2.3.1. The bias of data: adjusting the numbers.

Zoological records tend to be biased for institutions that perform
research and have breeding pairs, and perhaps even for those who managed
to successfully produce young, once unsuccessful reproductions are,
sometimes, not reported to international record keepers (Rieger 1979). Also,
the cryptic nature of many species, together with the design of some
enclosures, does not allow keepers to be aware of all births. Many females in
captivity are overweight, and pregnancy can pass unnoticed, as it has
happened with the oriental small-clawed otter Amblonyx cinerea (Leslie
1970).

In this way, these samples from animal databases are likely to
represent observed births in wealthy zoos that are successful in breeding
carnivores. The low participation of zoological institutions of poorer
countries, as seen in the case of Brazilian zoos, is an example of this bias.
Still, these institutions have very different characteristics that can be tested

in the search for the factors that affect infant survival in captive carnivores.

2.3.2. Record research and sex ratio.

Zoological databases for captive populations could be excellent sources
for the research on sex ratio of many species. In this research, however, it
was found that this type of data was not reliable in the datasets analysed.

Many birth reports contain young of undetermined sex, which were
observed but could not be handled up to the time of publication.
Researchers discard litters that contain unsexed individuals (Faust &
Thompson 2000), but it has been pointed out that there are occasions where
the mother consumes some young of a large litter right after birth. This
could easily pass unnoticed by keepers, and the reported litter would be

included in the analysis (Rieger 1979; Christie, pers. comm.). In the datasets
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used in this research, the proportion of young of undetermined gender
varies greatly (Table 2.4). Within the dataset collected from the IZY, the
variation is also high between families, being the proportion of unsexed
young higher in the families Procyonidae, Mustelidae and Herpestidae,
which contain small species frequently housed in groups. In species with
communal rearing of the young, common in these families, manipulation of
the young is discouraged and it is difficult to identify the gender before 30
days of age.

Table 2.4: Total number of young born, young of undetermined sex and proportion of
young of undetermined sex in the several datasets used in this research.

T O e s T e LT T IaTLET T —reir O

Dataset Taxa Number of Young of Proportion of
young born undetermined young of
s sex undetermined sex
Bibliographical 69 species 1144 513 44,84%
dataset

Tiger studbook Panthera tigris 670 70 10,44%
Census of Felidae 11595 2282 19,68%
multiple births Ursidae 2083 568 27,26%
from the IZY  Viverridae 788 246 31,22%
vols. 26-35 Canidae 7891 2474 31,35%
Hyaenidae 406 138 33,99%
Procyonidae 3605 1278 35,45%
Mustelidae 4067 1735 42,66 %
Herpestidae 3372 2088 6192%

Although the proportion of unsexed young is relatively low in the tiger
studbook, the studbook keeper, Mrs. Sarah Christie, pointed out that this
data is not reliable and she was still in the process of confirming the gender
of the surviving individuals. The questionnaires sent to the zoological

institutions asked for this information, but only one of the institutions

provided this data.
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2.3.3. Relative indices as dependent variables.

In a zoological institution there are many factors that may have
potential effects on the behavioural and physiological condition of the
animals. Because of this, it is appropriate to calculate relative indices that
consider the possible husbandry differences between institutions, allowing
the effect of other factors to be analysed. The following equations were
developed for this research and are tailored to overcome specific problems
of the datasets collected and analysed here.

The basic measurement on the research of infant survival is the
proportion of young that died before 30 days of age, as published in the
database from IZY. For the species, infant mortality will be the median of
the proportion of mortality of each institution or female (equation 2.1), once

there could be an effect of husbandry techniques or individual differences.

I = median[(6/ B)an.. (0] )a=]

Equation 2.1: Infant mortality in a species (I), where § = total number of young dead ;
B = number of young born in the in the same period of time; and
an...co = each one of the collections or females in the database.

Breeding success can be measured in many different ways. Some
authors calculate breeding success including unsuccessful mating attempts,
in order to assess male energy expenditure (Ilukha, Harri & Rekila 1997),
and others consider infant survival a good measurement of successful
breeding (Durant 1999).

For this research, females of the same collections were not considered
independent, due to husbandry practices. To overcome this problem, an
index of infant survival, or breeding performance, was calculated (equation
2.2). The result balances the possible confounding effect of husbandry when

testing the effect of biological factors.
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B=p-¢
v'e

Equation 2.2: Female breeding performance (B), where B = total number oi youilg
born in a given period of time in an institution; § = total number of
young dead in the same period; y = number of years of the given
period of time and ¢ = number of breeding females in that institution
for the same period of time.

To understand if institutional characteristics are affecting infant
survival, and taking into consideration that species have different I values,
the institutional performance (equation 2.3) will give an overview of how
the institutions are with all species of carnivores, of local range or imported,
independent of the environmental factors, such as photoperiod, that could

affect breeding in foreign species.

Z=0o/¢

Equation 2.3: Institutional performance (Z), where ¢ = Number of species in an
institution with higher infant mortality than the value of I for the
species; and { = total number of Carnivora species held in that
institution.

The use of relative indexes to overcome statistical pitfalls such as

pseudoreplication (Hurlbert 1984) can help focus analytical efforts in

measuring the effect of known factors.

2.3.4 Testing for phylogenetic effects.

One of the major problems when working with several species is the
possibility of phylogenetic effects in the results. Until the end of the 1970s,
researchers usually took a straightforward approach when dealing with traits
of several species, regardless of taxonomic levels, which led to erroneous

generalisations (Harvey & Pagel 1991). A classic example is presented by
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Harvey & Clutton-Brock (1985): a study presented results for mammals when
82% of the species used in the analysis were rodents, which made the results
valid only for this taxon rather than all mammalian species. Ignoring
phylogenetic effects in comparative studies can lead to type I and II errors, and
if the data reflects a structure phylogeny, with little independence, the results
can be misleading (Gittleman & Kot 1990).

To avoid these problems it is paramount to establish the independence of
data and examine which percentage of the variance in the data is accounted for
at different taxonomic levels (Gittleman & Luh 1992). There are several
methods for checking this relation, including nested analysis of variance
(Harvey & Clutton-Brock 1985) and autocorrelation statistics such as Moran's [
(Gittleman & Luh 1992).

In this research, some comparative analysis was used in the search of
whether biological aspects affected reproductive success in captive carnivores.
A problem that rises in the data collected from zoological institutions is that it
is not possible to cover the majority of major taxa, once not all species are kept
in captivity. There are, however, data on other families of Carnivora, although
not as abundant as Felidae. However, analyses of certain aspects of breeding in
close taxa do not imply that these results are unimportant or invalid; care must
be taken not to generalise results in a varied group such as the carnivores, but
these results may point out patterns within families or, in special cases, within
a species.

Table 2.5 presents a nested analysis of variance including the biological
variables used in statistical models in this research. Most of these variables
show independence from the genus level or below, and as phylogenetic
methods reflect a more extreme form of analysis (Gittleman & Luh 1992), it was

decided that a straightforward method would be adequate in this case.
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Table 2.5: The percentage of variance in the data accounted for at successive taxonomic levels
by each variable used for testing hypotheses. The results are based on a two-level
nested ANOVA with unequal sample sizes. Apart from the age of young opening their
eyes, most variance resides below the level of genus, and the response Propartion of
Infant Mortality in Captivity is mostly specific.

T TR ST

_Taxonomiclevel: _ Family Genus Species Genusand below
Variable:

Gestation length 0 79.67 20.33 100
Proportion of infant 0.58 71.97 27.45 99.42
mortality in captivity

Weaning age 30.21 0 69.79 69.79
Female weight 45.35 0 54.65 54.65
Openingeyes = 6703 2744 = 552 =

ATt

32% .

It is important to point out that the results in this research shall not be

generalised for all Carnivora species. For each test, the taxa more likely to

behave as the results point out will be specified.
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2.4. Conclusion

Captive population records have been helping to understand specific
demands for better management practices, that can affect breeding success,
genetic variability and, ultimately, the long term survival of captive
populations. Conservation efforts should, before spending too many
resources in ex situ programmes, consider the actual possibilities of captive
populations with the help of animals databases. Research would benefit,
however, from the creation of a single system of data management,
incorporating records from studbooks, ISIS and detailed information from
the collections, but also from a better, wider access to the databases already
available.

At present, the reliability of the data is still low, but there are
precautions that can be taken to minimise the error and allow relevant
analysis to be performed.

This research is based in a very small sample of the total information
available, for thousands of species, in the databases described in this
chapter. With the technological advancements rapidly being adopted by
institutions all over the world, data quality and quantity will rise. Even
today, these resources must be better explored, because captive populations
can decline within a decade. Conservation efforts involving captive
populations are very recent, and unless the real status of these populations
is known now, some species may not have the genetic backup to start new

populations in the near future.
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Chapter 3

Factors affecting breeding in captive tigers
(Panthera tigris): A studbook research

Abstract

Data from the International Tiger Studbook was analysed, comprising 249 litters born
from 126 females of Siberian (Panthera tigris altaica) and Sumatran tigers (P. tigris sumatrae)
from 116 institutions, mostly of the Northern hemisphere. Births peaked in the month of
May; the average litter size was 2.72 cubs per litter, and the average age of breeding females
was 6.2 years. Female age did not have a statistically significant effect over litter sizes or
proportion of infant mortality. In average, young died before the end of the third week. The
median proportion of infant mortality in this dataset was 68%. There was no significant
difference between Siberian and Sumatran subspecies in the number of litters produced by
each female, in the interbirth interval or in the female’s average number of litters per
reproductive year. Also, there was not a subspecific difference in the proportion of infant
mortality and heterozygosity. Sumatran tigers produced smaller litters and less young in 10
years. Sumatran cubs died significantly earlier than Siberian cubs. In both subspecies, litter
size had an effect on infant mortality, and infant mortality was higher in litters born in the
autumn. Institutions with a history of poor breeding of other Carnivora species also
performed poorly with tiger breeding, but there was no effect of ongoing research on infant
mortality. There were no detectable effects of inbreeding or female origin in infant
mortality, although a larger sample size would be required.

3.1. Introduction.

Tigers (Panthera tigris) comprise the largest captive population of all
declining species of the order Carnivora. Today, with over 1,000 individuals,
including subspecific hybrids, the species is held in more than 400
collections (ISIS 2003). All five persistent subspecies (Siberian or Amur tiger
P. t. altaica, Amoy tiger P. t. amoyensis, Indo-Chinese tiger P. t. corbetti,
Sumatran tiger P. t. sumatrae and Bengal tiger P. t. tigris) are kept in
separated collections and supervised by studbooks (Olney & Fisken 2003).

In this chapter, studbook data from two subspecies of tiger, P. t. altaica

and P. t. sumatrae, were compiled and analysed, so as to compare
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reproduction parameters in the captive population with wild populations.
Also, the effect of certain aspects of the biology of the species and husbandry
conditions in the reproductive success of females was tested through
statistical models (see section 3.4). The results reaffirm the importance of
record research in the management of captive populations and may help the

development of more effective husbandry protocols.
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3.2. Tiger status and conservation in the wild.

According to the World Conservation Union (IUCN), the species as a
whole is endangered, with an observed continuous decline through loss of
habitat and poaching, and do not possess any subpopulation with more
than 250 mature individuals. Three subspecies (Siberian, Amoy and
Sumatran tigers) are singled out as critically endangered, meaning that they
are at extreme risk of extinction. In the case of the Siberian tigers, the
population of mature individuals was estimated at less than 250, and at less
than 50 individuals for the Amoy tiger (IUCN 2002). During the 20t
century, three subspecies became extinct: the Bali tiger Panthera tigris balica
in the 1940s, the Caspian tiger P. t. virgata in the 1970s, and the Javan tiger P.
t. sondaica, as recently as the 1980s (Jackson 1998).

International conservation efforts started in 1994, when the Global
Tiger Forum, a conference from 11 countries where the tiger occurs, took
place in India. However, since the 1970s, smaller regional programmes
started warning about the rapid decline of the species and campaigns were
set up against the use of tiger parts, to try to stop commercial poaching
(Weber & Rabinowitz 1996).

The maintenance of a commercially exploited species in poor
countries faces many problems. For example, the profits of poaching tigers
are very high, especially for the people living in poor conditions and
without an economically viable alternative to support themselves (Saberwal
1996). Poaching activities on tiger populations peaked in the beginning of
the 1990s, when the demand for tiger parts grew due to an increase in the
use of traditional Chinese medicine, and only stopped growing after intense
governmental intervention (Karanth & Madhusudan 1997). In 1995,
researchers predicted, through mathematical models, total extinction of the
species in the wild in just over one decade, if poaching was not drastically

reduced (Kenney et al. 1995).
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Human populations usually surround natural reserves, and cattle are
frequently raised within the range of the tiger population. Cattle predation
by tigers is an economical problem in rural areas in China (Zhang et al.
2002), Bhutan (Dorji & Santiapillai 1989) and India (Veeramani, Jayson &
Easa 1996). Human-tiger conflicts over space due to the growing human
population and the development of lands have been reported in Russia
(Tkachenko 1997) and India, where there are reports of human casualties by
tigers (Sukumar 1994; Veeramani, Jayson & Easa 1996, Saberwal 1996).

It has been suggested that extinction of small populations occurs by
loss of genetic variability and fluctuations in demographic factors, and that
population sizes are the main predictor of population extinction over time
(Lande 1988). However, detailed statistical analysis of published and
unpublished population reports for 10 species of large carnivores suggested
that conflict over space between humans and these species is the main cause
of mortality in wild populations; farmers and settlers at the edges of nature
reserves were responsible, accidentally or not, for the majority of the
mortality in large carnivores. Conservation efforts should thus focus largely
in this aspect, especially in the case of small reserves with wide-ranging
species (Woodroffe & Ginsberg 1998).

The use of land surrounding tiger territories by people can also affect
tiger population over time. For example, cub survival is higher in areas with
few or no roads than in areas with primary and secondary roads. Also,
human disturbance reduces prey consumption and time spent on prey site,
leading the animals to wander even further in their ranges (Kerley et al.
2002).

Humans can also compete with tigers directly for prey. In Nepal, one
tiger lost ten kills to humans in an eight-month period; the tiger was driven

away from the kills by humans, which then removed the carcasses from the

reserve area (Sunquist & Sunquist 1989).
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The effect of human-tiger conflict in tiger conservation is very strong
and should be addressed at the beginning of any conservation programme.
The political implications of this issue were the focus of discussion among
conservation scientists in the end of last decade. In India, local human
populations are generally unsupportive of conservation actions. Tigers are
seen as dangerous animals that kill cattle and villagers, and nature reserves
are often full of resources which the people lack (Saberwal 1996). The Indian
government and conservation groups, working as part of an international
effort, support the creation of a few completely inviolate areas for tiger
conservation, which means relocating people and heavily securing the
protected area to inhibit poaching, before the total disappearance of the
species in the wild (Karanth & Madhusudan 1997). In any case, human-tiger
conflict seems to be leading these carnivores to either total extinction in the
wild within the next two decades, or to their confinement to small isolated
populations that will not persist in the long term.

In the Royal Chitwan National Park, in Nepal, conservation efforts
have been in practice for decades, and have focused frequently in the human
populations surrounding the Park. As a result, tiger density in the park is
the highest of the world, and the carnivore’s presence seems to have also

improved the population of other species in the park (Gittleman et al. 2001).
3.3. Tiger conservation in captivity.

While wild tigers are quickly and inescapably disappearing, the
attention of researchers has been turning to the captive population and its
potential to preserve the species. For two subspecies, the Siberian and the
Amoy tigers, the reported captive population exceeds estimated numbers in
the wild (Table 3.1).

Captive breeding programmes for all tiger subspecies are run in more

than 200 institutions around the world (Olney & Fisken 2003), since the
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viability of the captive population, for some, seems higher than the small,
scattered remnants of wild populations. For instance, the Amoy tiger is the
most critically endangered of these subspecies, with a wild population
estimated as less than 50 individuals scattered in isolated pockets of habitat.
It has been suggested that the subspecies is very close to extinction, and the
captive population, although coming from only 6 wild-caught founders,
may be the only alternative for Amoy tiger survival (Tilson, Traylor-Holzer

& Jiang 1997).

Table 3.1: Estimated numbers in the wild and reported captive populations of
tigers Panthera tigris; captive population numbers do not include
individuals of unidentified gender (Jackson 1998; Olney & Fisken 2003;

ISIS 2003)

Subspecies Estimated wild Captive population Captive

population in in 2000 (studbooks) population in
1998 2003 (IS1S)

P. t. altaica 360 - 406 466 365

P. t. amoyensis 20-30 51 Not available

P. t. corbetti 1227 - 1785 26 88

P. t. sumatrae 400 - 500 162 143

P. t. tigris 3176 - 4556 206 244

Totals 5183 - 7227 911 840

In the case of Sumatran tigers, official efforts started only in 1994,
with the publication of the Indonesian Sumatran Tiger Conservation
Strategy by the Ministry of Forestry of Indonesia. This document gave rise
to a great number of multinational programmes, although researchers have
pointed out how in situ and ex situ programmes must collaborate closely, for
an international effort of this magnitude to be effective (Tilson et al 1997).

One specific problem faced by ex situ programmes is the limitation of
resources, especially related to housing. In a survey of 1990, an estimated
1000 spaces existed in institutions worldwide, for tigers of all subspecies.
Dividing them equally between subspecies would benefit the preservation

of individual subspecies, while allocating more spaces to the subspecies
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with higher genetic variability would help the conservation of the species as
a whole (Maguire & Lacy 1990). The development of assisted reproduction
techniques, such as cryogenic preservation of gametes and embryos, can
help solve the problem by allowing the production of embryos from the
present population; preserved, these could be implanted, when needed, in
surrogate mothers (Donohue et al.1990). Tigers have been intensively
researched in these aspects and the first technical protocols are achieving
positive results (e.g. Byers et al. 1990; Donohue et al. 1992; Donohue et al.
1996; Crichton et al. 2003).

Recently, researchers have discussed new priorities on tiger
conservation. Earlier approaches focused on keeping a viable population for
each of the five tiger subspecies in the wild, but genetic analysis showed that
there is very little difference between the four continental subspecies of
tiger, and only the Sumatran tiger, an island subspecies, has significant
genetic differences from the continental subspecies (Ginsberg 2001).

Conservation ex situ has been the subject of controversy among
researchers. Some view zoological institutions as Noah's Ark (the “Ark
Paradigm”) and believe that all declining species can be preserved through
re-introduction of zoo-bred animals (Gippoliti & Carpaneto 1996); others
sensibly point out the high costs of this type of programme, adding that they
should be used in extremely rare situations and the indiscriminate re-
introduction of captive-bred animals can be responsible for disease
outbreaks in wild populations (Snyder et al. 1996). For a species, such as the
tiger, whose ecological demands of large areas and abundant prey lead to
conflict with human populations, re-introduction programmes have to be
very carefully planned and managed, or the new populations will face the
same pressures of the original ones, and also disappear. As pointed out
recently by researchers, captive breeding and re-introduction programmes
for large carnivores cannot bring about population recovery if the species

has declined because of habitat destruction (Woodroffe 2001).
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A species as high in the trophic chain as the tiger may soon enough be
displaced by its human competitors, and may become exclusive to
zoological institutions and breeding centres. This captive population, if well
managed, can persist for long periods of time with minimum loss of genetic
variability. It is important, though, to understand the biological patterns of
this population for optimal management, especially related to husbandry
techniques.

Studbooks are fundamental for conservation programmes and have
been used as sources of reliable data for the research into several aspects of
captive breeding in carnivores (c.f. Chapter 2), and also can provide data to
the construction of mathematical models and simulations that can be
applied for wild populations (Wildt, Howard and Brown 2001).

The importance of studbooks to the conservation of large carnivores
is exemplified by the management plan for the African lion subspecies in
North American zoos. Of the two subspecies identified in the captive stock,
Panthera leo krugeri and P. . nubicus, only P. l. krugeri had breeding potential
to take part in a future ex situ conservation programme. Furthermore, with
the widespread occurrence of feline immunodeficiency virus (FIV) and
canine distemper in North America, the species survival plan recommended
only tested individuals to be included in breeding loans and programmes, in
an attempt to contain the spread of these diseases (Shoemaker & Pfaff 1997).

Biological information on captive populations may help to understand
the biology of the species in the wild, at least for some species. For example,
one of the most endangered of Carnivora species, the giant panda Ailuropoda
melanoleuca has more than two decades of records in studbooks. In one
study, researchers monitored the breeding biology of six wild female giant
pandas. The results were compared with data from studbooks, in aspects
such as litter size, interbirth interval and reproductive life span and found

no difference between captive and wild counterparts (Zhu et al. 2001).
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3.4. Hypotheses to be tested

I use the tiger studbook as a model to address the possibility of
answering biological questions with record research. I point out that the
tiger is a species with a large latitudinal range (Wilson & Reeder 1993) and
does not seem to be strictly seasonal (Byers et al. 1990; Smith & MacDougal
1991), thus excluding photoperiodic effects in breeding. Considering that
there are abundant food and water in captivity, and that serious institutions
have to provide adequate housing to their animals, it is not expected that
biological parameters, such as litter size, differ from wild populations. There
are genetic, phenotypic and geographical differences between the two
subspecies in the studbook (Ginsberg 2001), so it is expected that the dataset
will reflect these differences on some biological parameters and express the
need of subspecies-orientated husbandry protocols. I hypothesise also that
there will be little or no effect of inbreeding levels in this species for, like
several carnivores, it presents high levels of homozygosity in wild

populations (Shivali, Jayaprakash & Patil 1998).



66

3.5. Methods.

In this research, data from the Tiger International Studbook were
compiled and statistically analysed using the computer programmes
MINITAB v. 13 and SPSS v.11. The dataset extracted from the electronic
tiger studbook kept by Sarah Christie at the Zoological Society of London,
was collected using the software SPARKS, from the International Species
Information System (ISIS). It contains all births and infant deaths in 116
institutions mostly in the Northern hemisphere, during the period from 1986
to 1996. The records refer to two subspecies: the Sumatran (P. tigris sumatrae)
and the amur or Siberian tiger (P. tigris altaica).

The dataset contains 249 litters born from 126 females (28 Sumatran
and 98 Siberian) over 10 years (1986-1996), and there is additional detailed
information for 43 females, such as place and date of birth, parentage and
number of transfers. There are data on the number of young born, date of
birth, offspring that died up to 6 months old, date of death, litter size, litter
rearing method (if reared by parents or by hand), inbreeding level and
parental identity. There was no information on enclosure area or housing
conditions (see Appendix 3). The cause of death of young is reported in less
than 12% of the events. There was no data on female body weight.

Studbook information is, as long as possible, checked by the studbook
keeper. Mrs. Sarah Christie pointed out that older data might present some
problems such as unreported litters, especially stillbirths, and that the data
on the gender of the young may be unreliable, misleading sex ratio
calculations. The identity of the female was reassured whenever possible.
Although the interbirth interval could be calculated for 64 females, many
institutions house animals of different genders separately, only occasionally
gathering them for breeding, while others do not allow females to breed

more than once a year. Housing protocols can therefore influence this result.



67

The dependent variables for regressions were the proportion of infant
mortality for each female (I, calculated by equation 2.1, cf. Chapter 2),
transformed by the arcsine of the square root; female breeding performance
(B, see equation 2.2); the overall breeding success of the institution (Z, see
equation 2.3) and the absolute litter size.

For the statistical tests, litters with uncertain numbers of individuals
were not considered. The discarded data comprised 0.76% of the
information available on the studbook. Young of undetermined gender
comprised 10.44% of the dataset; however, as pointed out by Mrs. Sarah
Christie, this information should not be relied on.

As the tests done in this chapter refer to the same population, it is
necessary to correct for multiple tests. In this work, the method used was
described by Legendre & Legendre (1998), which adjust values for multiple
analyses but still allows lighter effects to be detected. All p-values presented
in this chapter are adjusted. Data used in the analysis of average litter sizes
were calculated separately for each female. Data on breeding age of dam,
age of young at death and breeding season used pooled females.
Institutional characteristics were collected from the International Zoo

Yearbooks and can be found in Appendix 2.
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3.6. Results.
3.6.1. Description of reproductive parameters in the sample.
3.6.1.1. Births.

In the tiger studbook, recorded births occurred mostly during Spring

and Summer, peaking in the month of May (figure 3.1).
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Figure 3.1: Absolute frequency of births of tiger litters in 116 Northern hemisphere
institutions over ten years, by month (N=262).

In a study in Nepal, there was no evidence of breeding seasonality in
wild tigers. The number of new litters appears to peak around the beginning
of Summer and once again, less remarkably, in the beginning of Winter, but
the difference is not statistically significant (Smith & MacDougal 1991). In
the studbook data, the apparent peak during Summer months may be
caused by active management of the institution: as it is known that gestation
length in tigers averages 104.1 days, or approximately three and a half

months (Gittleman 1986b), males and females are kept separated and
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introduced to each other in the end of Winter, enabling litters to be born
during Summer, when the number of visitors is higher.

From the 116 institutions present in this dataset, 107 have known
latitude. Most of them, however, are located between 35 and 55 degrees of
latitude (Figure 3.2). Tigers occur between the latitudes of 62 ° N and 10 ° S
(Wilson & Reeder 1993), so it was decided not to include latitude as a factor

in this analysis, once it is unlikely that results would be significant.
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3.6.1.2. Litter size.

In this dataset, litter sizes ranged from one to seven cubs (average of
2.72 + 1.17 cubs per litter, N=126). Figure 3.3 shows the absolute frequency
of litter size; most of the litters have less than four cubs.

In a wild population in Nepal, litter sizes also ranged from one to
seven cubs, but seldom more than three (Sunquist 1981). In another study in
the same population, litter sizes ranged from two to five cubs, with an
average of 2.98 (Smith & MacDougal 1991). The average litter size in the
wild for the species, calculated from published material, is from 2.5

(Gittleman 1986b) to 3 (Gittleman 1989).
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Figure 3.3: Absolute frequencies of litter size on captive tigers from 116 Northern
hemisphere institutions (N=262).

Table 3.2 summarises this data from the wild providing sample sizes
when available. In studies made previously in zoos, the average litter size

reached 2.8 (Sankhala 1967).
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Table 3.2: Summary of litter sizes found in wild tiger populations. Sample sizes are
provided when available.

Source Place Litter size (N) Sample size
Kerley et al. 2003 Russia 2.410.6 16 litters
Sunquist 1981 Nepal 2.52 22 litters
Smith & MacDougal 1991 | Nepal 2.98 49 litters
Gittleman 1989 Several 3 Not available
Gittleman 1986a Several 25 Not available

3.6.1.3. Breeding age of dam.

On average, the captive female tigers produced more litters when 6.2
years (+ 2.96, N=241), but females bred from 2 to 16 years of age (figure 3.4).
There is very little information on these aspects in wild tiger populations,
but oestrus was once observed in a 30 months old female in Nepal (Sunquist
1981). Other study in the same area revealed a mean age of first
reproduction as 3.4 years (Smith & MacDougal 1991). In zoos, first mating
was observed in females between three and six years old (Sankhala 1967). In
this study, there are few reports of 2 years old females producing young, but
this information is usually based in estimated age of dam and cannot be
relied on. In one event, however, a female with known date of birth bred
before 24 months of age, but this is probably a very rare phenomenon.
Management decisions may affect the distribution of births, because

studbooks keepers tend to take older animals out of the breeding stock

(Christie 2000).
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There was no significant effect of the age of dam over litter sizes

(One-way ANOVA: Fis, 27 = 0.976, p = 0.48) or the proportion of infant
mortality (One-way ANOVA: Fi5, 226 = 1.323, p = 0.18).
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Figure 3.4: Absolute frequencies of breeding age of captive female tigers, in
number of litters (N=262). Females are pooled in the analysis.
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3.6.1.4. Age of death of young.

Most infant deaths in this database occurred in the first week of life
(Figure 3.5), and on average the young died before the end of the third week
(average week of death =2.1 £ 2.1).
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Figure 3.5: Absolute frequencies of age of death of tiger litters in captivity (N=262).

3.6.1.5. Proportion of infant mortality.

In this dataset, the median proportion of infant mortality is higher
than the median proportion calculated from the database from the
International Zoo Yearbooks (section 2.2.2.1, in Chapter 2), which contains
information from 230 institutions. The median infant mortality calculated
from the studbook, for the first 30 days, was 68%, against 37% of the
International Zoo Yearbooks dataset. In the IZY there is no information on the
number of litters and females, and the proportion of mortality was

calculated by collection (i.e. all young born by year independently of
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number of females or litters). In this dataset, the proportion of infant
mortality for each female was calculated, and the median for the sample was
taken.

In Nepal, cub mortality in the wild was recorded as 34% for the first
year (Smith & MacDougal 1991), and 31 - 43% for the first two years
(Sunquist 1981). In India, first year mortality in tiger cubs was calculated
around 38% for the first year, but because of the difficulty of knowing actual

litter sizes in the wild, it could be as high as 50% (Sunquist 1981).

3.6.1.6. Differences in reproductive parameters between

subspecies.

There was no evidence of significant statistical difference between
Sumatran and Siberian tigers in the number of litters produced by each
breeding female (ti24 = -0.748, p = 0.46). Also, no significant differences
between these two subspecies were found in the interval, in years, in which
each female had litters recorded in the studbook between 1986 and 1996 (t112
= 0.208, p = 0.84) or the female’s average number of litters per reproductive
year (ti2 = -0.238, p = 0.81). Both the proportions of infant mortality (tis =
1.471, p = 0.14) and heterozygosity - or inbreeding level - (t;» = 0.721, p=
0.48) did not differ significantly. However, Sumatran tigers appear to
produce smaller litters (tia = -1.705, p = 0.09, 12 = 0.05) and to have
produced fewer cubs in total during these 10 years (ts;4 = -2.778, p = 0.007,
n? = 0.035) than the continental subspecies. Sumatran cubs died significantly
earlier, in average, than Siberian cubs (ti2.9 = -2.770, p = 0.006, n2 = 0.023).
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3.6.2. Factors affecting infant mortality.
3.6.2.1. Litter size.

Litter size had an effect on the median proportion of mortality of
young (transformed by arcsine of the square root), especially when
corrected for females (regression: F 1124= 77.129, p= 0.000). Litter size
explains 37.8% of the variance in the proportion of infant mortality. The
fitted line plot can be seen on Figure 3.6. The relation of litter size and infant

mortality in other species will be discussed in section 3.6.3.
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Figure 3.6: Regression plot for the effect of average litter size for female tiger, on
the median proportion of infant mortality. Each dot represents one
female tiger. The data plotted was not transformed.
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3.6.2.2. Season of reproduction.

The median proportion of infant mortality is higher in litters that are
born in autumn than in other seasons, for autumn litters are smaller than

litters born in any other season, when corrected for the latitude of the

institutions (One-way ANOVA: F 3,258 = 3.95, p= 0.036; see Figure 3.7).
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Figure 3.7: Litter size in captive tigers in each season of the year. Solid circles
represent means, lines represent medians and stars represent outliers.
The data plotted has pooled females.

3.6.3. Factors affecting institutional female breeding success.

3.6.3.1. Institutional characteristics.

Institutions that presented low breeding performance with species of
the Order Carnivora in general (see Chapter 4) also scored poorly for
breeding success in tigers (Regression: F 1,81 = 9.28, p = 0.015), but there was

no statistically significant difference between breeding success in
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institutions that did and did not perform research with their animals, when
the p-value was corrected, as seen overall for the order in Chapter 7 (One-
way ANOVA: F 1,81 =3.74, p = 0.17, see figure 3.8). The higher proportion of
infant mortality in this dataset, when compared to the tiger dataset from the
International Zoo Yearbooks, may reflect the prevalence of institutions with
overall poorer carnivore breeding success in the studbook, and may be
related to institutional husbandry protocols. The studbook dataset also
contained a higher percentage of institutions performing research (45.8%)
when in comparison with the institutions listed in the dataset of the
International Zoo Yearbooks (28.5%). The studbook excludes hybrids
individuals and those of unknown subspecies, and institutions with
researchers are more likely to be able to identify with certainty the

subspecies of their individuals.
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Figure 3.8: Breeding success of female tigers kept in institutions with (N=38) and
without (N=45) research groups.
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Unfortunately, it was not possible to collect information regarding the
institutional experience on tiger reproduction, because breeding efforts are
frequently informal at the beginning at are usually not reported to studbook

keepers until some positive results are obtained (Christie, pers. comm.).
3.6.3.2. Female characteristics.

There is no detectable effect of inbreeding level in individual females’
breeding success, although a larger sample would be needed to increase test
power (Regression: F 140 = 1.24, p = 0.4, R-5q = 3%). There was no evidence
that wild-caught females performed worse than captive-born ones, but it
must be considered that there are only nine wild-caught females in the
sample, against 35 captive-born, and the power of the test is low (One-way
ANOVA: F 14 = 032, p = 0.5, power = 0.07). The dataset did not contain
information on female body size, and there was no sample size large enough
to investigate the effect of the age of dam on breeding success. For the
reasons discussed before, it was not recommendable to perform tests on sex

ratio.
3.7. Discussion.

3.7.1. Reproductive parameters in captivity and in the wild.

The reproductive parameters of gestation length and litter size found
in the tiger studbook data were, in general, congruent with the data
collected in the wild, suggesting that this species preserves much of its
reproductive patterns in captivity.

The peak of births during summer found in this research may reflect
more the husbandry techniques applied by institutions than the actual

existence of a breeding season, and a previous research using data from the
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Siberian tiger studbook for North America, seasonal analysis also showed a
peak of births between April and June (Seal et al. 1985). Although
seasonality is uncertain in tigers as a species (Byers et al. 1990; Smith &
MacDougal 1991), a study on seven captive females indicated that oestrus
and follicular cycles started in late January and ceased in early June,
suggesting that Siberian tigers, at least, may be induced ovulators and
seasonal breeders (Seal et al. 1985). Season did not seem to affect semen
viability in five captive Siberian tigers monitored throughout the year, but
serum concentrations of thyroxin and triiodothyronine were lowest during
summer, and testosterone was higher in autumn and early winter (Byers et
al. 1990). Unfortunately, there are no studies on seasonality on Sumatran
tigers, and further research is needed for the species as a whole, if possible

using larger sample sizes.

3.7.2. Subspecific differences and implications to captive

breeding.

As it was said before, there are few genetic differences among the
four continental subspecies of tigers; continental subspecies, however, differ
greatly from the Sumatran subspecies, and this fact is leading to a change in
conservation priorities for tiger subspecies (Ginsberg 2001). Subspecific
hybrids happen frequently in the captive population (Olney and Fisken
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