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Abstract

Reproductive biology is an important component of any conservation strategy. In the
endangered African wild dogijcaon pictus declining populations are necessitating human
intervention in a number of areas to ensure letggm survival of the species. In this study, the
reproductive biology of wild dogs was investigated to expand the limited existing knowledge.
The overall aims werto determine if wild dogs have similar characteristics to other canids in
reproduction, and to determine how improved knowledge of reproduction can benefit both
captive breeding anih situconservation programs. We used a range of traditional and

moderntechniques, producing endocrine, behavioural and demographic data.

Faecal samples were collected from females in four captive institutions in Europe, and from
males and females at Hluhluw#lfolozi Parkin South Africa, and radioimmunoassayed for
oestradol, progestagens, testosterone and glucocorticoids. Longitudinal hormonal profiles for
captive females showed that wild dogs had similar characteristics of reproduction as other
canid species, such as spontaneous ovulation and oblgsedopregnancyAlmost all adult
females becam@seudopregnantimplying that the mechanism of reproductive suppression in
this species is likely to be behavioural rather than physiological. This was further confirmed by
hormonal and behavioural analysis of individuals éefianging populations, where

differences in age led to some variation in hormone concentrations but not social status

classes for adults.

Adrenal activity in captive and freanging populations was determined by measuring faecal
cortisol metabolites. Cdjve females had higher concentrations overall than fragaging

females. In captivity, individuals within zoos had variable faecal glucocorticoid concentrations
whereas, in freganging populations, faecal glucocorticoids were highest during gestation and
denning period in both males and females. Age in males, was also affected by adrenal activity,
with the highest glucocorticoid concentrations measured in yeas|ibgt no effect of age was

observed in females.

An assessment of reproductive success ptigity using studbook data showed that pup
production and survival differed among captive breeding regions, and was overall lower than
in the wild. Pup production and survival in captivity has remained relatively stable over the

past twenty years, but thee factors are influenced by female age and parity.

This study is the first to provide detailed endocrine profiles from multiple females from several
reproductive states in this species. It is also the first to compare adrenal hormone activity from
both cative and freeranging populations as well as comparisons of studbooks from different
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regions. By extending the previous knowledge of reproductive biology, this study examines
how similar wild dogs are with other canids, explores the benefits of thisfaremproving

captive breeding programs such as in the development of assisted reproductive techniques
and contraception, and shows how reproductive biology can assist management activities like

translocation and reintroduction in freeanging populations.
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General Introduction
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The reproductive biology of the endangered African wild dog remains poorly studied despite
the fact that it can provide valuable information for the management and conservation of
captive and freganging populations. The plight of theri&gn wild dog has become more
universally known since it was found that their numbers have decreased dramatically over the
last century and they are now listed as endangered on the IUCN réuldisiutt et al., 2008

It is now estimated that fewer than 6000 exist in the wWilthdsey ad DaviesMostert, 2009.
Following repeated attempts of extermination over the past century, a result of lack of
understanding of the behaviour and ecology of wild dogs, conservation efforts have been
increased to prevent extinction. There have beenfpumd changes to previously held beliefs
concerning their hunting methods and preferred prey, their complex social structure and the
care they provide for their offspring. However, a great deal more remains unstudied and
reproductive biology is one fundamtal area that can be incorporated into many

management and conservation programs.

| begin this introduction by providing a brief background on the value of reproductive biology
and how it can be utilised in research. | then provide some basic knowtgagaid

reproduction followed by a review of the species | have chosen for study. A comprehensive
review of the literature on endocrine aspects of wild dog reproduction is provided in each data
chapter so is not included here to avoid repetition. Finallyill detail the major objectives of

this thesis.

Reproductivebiology

Sudies ofreproductive biology in both captive and freanging individuals can provide
valuable insightinto factors that may limit or enhana@production Reproductive success

vital for populations of threatened or endangered species and must be considered an essential
part of any conservation strategy. In particular, studies of reproductive hormonesecased

to determine more complex relationships of reproductive eventd population changes. For
example, Bergeet al. (1999 used faecal progestgen concentrations to determine pregnancy
in moose Alces alcésand found that moose pregnancy rates in the Greater Yellowstone
Ecosystem hathllenin the last 30 year€ther case studies have shown how human activities
such as snowmobile usage corr@dtwith stress hormone levels in daily and annual time
scales in elkGervuslaphug andwolves Canis lupus with higher stress detected in

individuals exposed to heavy snowmobile (8eeel et al., 2002 There are numerous
examples of the value of monitoring reproduction and stress in both captive and wild

populations for better species managentend, as this new field of conservation
13



endocrinology(Cockrem, 2005-usani et al., 2003Walker et al., 200bcontinues to grow, so

will the benefits to many wildlife species.

In many programs of wildlife conservation, the application of practical measures for enhancing
or controlling reproduction are oftelimited by a lack of basic reproductive knowledge
(Pukazhenthi and Wildt, 20Q4The sexsteroid hormone, oestrogens and progeaensin

females and testosterone in maldgvebeenfound to be the key endocrine stimulus in

initiating and maintaining sexual behaviour, development of reproductive organs, sexual
maturation, ovulation anghregnancyAsa, 2010pNelson, 2000Short, 1972 Oestrogens can

help determine if a female is experienciogstrouscyclesand progesagens can confirm

ovulation and pregnancy. Similarly, testosterone can be used for determining periods of sexual
activity and differences in social statugdent advances in endocrinology hded to the
development of non-invasve techniques fomeasuring hormones ifaeces urine or saliva

from individual§Hodges et al., 201®alme, D05 Whitten et al., 1998 Measurement of
hormones can be used in a variety op#ipationsfor researchin bothin-situ andexsitu
environments for a range of species, and is both a practical armVative way to address

conservation challengd€ockrem, 2008Monfort, 2003.

Stress and reproduction

Negative effects oneproduction as a consequence of stress have long been recognised

(Nelson,200pp { N’ &aazX RSTAYSR & I 0A2t23A0If NBALRY?
homeostasigMoberg, 2000, can result from many sociecological or anthropogenic factors.

1 OdzGS adGNBaa Aa y20 y2NEkbéifgandEabdittidpreySay G € G2 |y
integral role for some mamnigin stimulating processes such as puberty, pregnancy and

parental cargAsa, 2010p However, chronic stress has far more deletesi@ffects in both

suppressing or inhibiting reproductigMoberg, 1985Rivier and Rivest, 19R1Although there

is a complex array of endocrinesfgonses to stress, the most studied involves the secretion of
glucocorticoids, such as corticosterone and cortisol, from the adrenal gMatteri et al.,

2000 Moberg, 2000. These hormones have been used in a wadtege of studies for

measuring animal stress and determining the causes, leading to benefits for the management

and conservation of a speci@Sockrem, 2008Mlillspaugh and Washburn, 200Mlonfort,

2003.

Canid reproduction
Canids form a family group, the Canidae, consisting of 36 sp@diéhl, 201)ithat show little

sexual dimorphism, most likely a reflection of their mating habits and care of offS{ekpff
14



et al., 198). Social groups areegerally formed by monogamous pairs, but there is a large
degree of flexibility in social organisatiphsa, 1996Asa and Valdespin@999. Canids tend

to breed seasonally and this is most likely driven by photoperiod. Most canids that have been
studied show moneaestrum, a single ovulatory cycle, during the breeding season, which is
unusual in mammals. However, this is offset by Iprggoestrous and oestrus periodésa,

1996). In almost all canids studied, ovulation is spontaneous, gestatiorages two months

and those that do not successfully conceive, show an obligate pseudopregi@organnon

et al., 2M9). Larger body size in canids is positively correlated with size of young, gestation
length and litter siz¢Bekoff etal., 1981 Geffen et al., 1996 Males tend to provide assistance
with rearing of offspring, thus facilitating large litters, and provisioning females while denning
(Asa, 199%

Speciedackground

Description

The wild dog is easily recognised by the black, tan and white colouring of its coat (Fig.1). The
unique patern of each coat allows recognition and identification of each individual by sight
(Maddock and Mills, 1994Wild dogs are not sexually dimorphic with both sexes having
relatively long legs, head and body lehgiveraging 76112 cm and, overall, they have a slim
build weighing 1& 36 kg(Kingdon, 199¥ Wild dogsalso have relatively large rounded ears

unlike many other canids and often quite a distinct odour.

Figure 1.The unique coat pattern enables identification of individual African wild dogs.

15



Taxonomy and phylogeny

Wild dogs are considered a monptg species fairly distantly related to other canids,

separating around 6.7 million years ayfayne et al., 1997 There is sme debate as to their
nearest related species and different studies continue to reveal slightly different relationships.
In general, wild dogs are considered to be most closely related to, but forming a distinct group
from the dhole Cuon alpinusand aCanissubgroup including the wolf and jackal species
(Girman et &, 1993 Wayne et al., 1997 However, recent work bgrzavy and Ricankova

(2003 suggests that the blaclbacked jackalGanismesomelasmay be the wild dogs nearest

relative.

Although there is some regional variation in colouration, habitat and prey preference, wild
dogs are considered a single species. They had been considereditodael dnto two regional
subspecies, southern and eastdfBirman et al., 193), but recent research has shown that
there is apparent gene flow between these groups so the existence of separate subspecies is
no longer considered likelysirman et al., 2001 It still remains possible, however, that
northern, central and western African populations may be more distinct, but these atiqu
are rare, found in very small fragmented groups, and are therefore difficult to gBrayer,
2003 Croeset al., 2012Dutson and SillerZubiri, 200%. Consequently, these populations are
given high conservation priorifyVoodroffe et al., 199) Due to localised differences,
introducing individuals from differg regional areas is not considered a viable option. Nearly
all individuals held in captivity are believed to be of southern African of@jiman et al.,

1993, and this limits conservation strategies such as reintroduction in more critical areas of

eastern, central and western Africa.

Distribution and current threats

Wild dags are found in scattered populations throughout ssdtharan Africa in no more than

14 countries (Fig. 2), but less than half of these countries have viable sustaining popuations
the largest are found in South Africa, Botswana and TanfBaizshawe et al., 1997

Woodroffe et al., 199y
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Figure 2 Current distribution of African wild dogs in Africa. Source: IUCN (International Union

for Conservation of Natureljyww.iucnredlist.org(McNutt et al., 2008

The population declines have largely resulted from human conflict (snaring, poison and road
accidents), disease (canine distemper, anthrax and rabies), habitat fragmentation and inter
specific competitior{Woodroffe et al., 199 Thebiggest cause of adult mortality is human
persecution, whereas pups are more susceptible to natural mortality, primarily predation
(Woodroffe et al., 200¢

Interactions with humans and human activities appear to be a longstanding cause of declining
wild dog numbers. For a long time, attitudes toward wild dogs were negative and the species
was even classed as vermin in some areas. They were considered harmful to antelope numbers
in game reserves and livestock in farming areas, and were exterminated in large numbers
(Childes, 1988Woodroffe et al., 20040 wSOSy (i aGdzRASa KI @S aKz2gy
towards wild dogs have become more posit{kendsey et al., 2005lwith the potential for

ecotourism now playing a rolgindsey et al., 2009aFurthermore, the previously held

position that wild dogs were responsible for a large proportion of livestock deaths has been

refuted (Gusset et al., 20QRasmussen, 1999
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Disease has also been a factor in mortality of wild dega Heerden, 198&an Heerden et

al., 1996 because they can contract disease from the domestic @a@ais lupus famili#s) and

other canidgWoodroffe and Donnelly, 20}1Disease has been known to kill significant

numbers of wild dogs in some populatiofigurrows, 1992Creel et al., 199541ofmeyr et al.,

2004 Kat et al., 199p With no natural immunity to many introduced diseases, the decimation

of wild populations remains a high risk, particularly as most populations are composed of small

numbers and so are prone to extinction.

Many areas that now hold the remaining populatiorissd dogs are no longer connected,
thus limiting dispersal opportunities and increasing contact with hun{BasiesMostert et
al., 2009 Mills et al., 1998 With the everexpanding human population, encroachment into
wild dog and other carnivore habitats has significantly reduced areas within which these
species can survive. This in turn can increas¢acbtetween potential competitors and

predators.

Inter-specific competition and predation by liorBanthera ledp and hyenasGrocutacrocutg

also play a role in limiting wild dog numbers. Lions and, less commonly, hyenas are known to
kill wild dogs, prticularly pupgCreel and Creel, 1998lills and Gorman, 199¥ ucetich and
Creel, 1999Woodroffe et al., 200¥and both lions and hyena are reported to steal prey killed
by wild dogs, a behaviour known as kleptoparasit{€arbone et al., 1997Such negative
interactions generally lead wild dogs to avoid areas where there are high concentrations of
lions both spatially and temporal{iills and Gorman, 199Baleni et al., 200 Vebster etal.,
2012. Furthermore, hyenas in particular, often hunt similar prey to wild d@geel and Creel,
1996). These factors, combined, tend to push wild dogs to live in areas where fewer predator
are found but such areas are also less densely populated with prey. This leads them to range
more widely, often outside reserves, increasing the chances of coming into contact with

humans and humaiased activitie§Creel and Creel, 1996

Ecology and social structure
Wild dogs inhabit a large diversity of habititsm forest to desert, with thicker bush allowing
the highest densities, and their range appears to be limited by human activitgrritht

habitat type(Woodroffe et al., 2004

Wild dogs are an extremely gregaricamecies that display a highly coordinated and cohesive
socialorganisation Group living has become such an important part of their social system that

successful breeding almost never occurs without help from other members of the pack
18



(Malcom and Marten, 1982V oodroffe et al., 2009 and the pack is consickd to be the
reproductive unit in the populatio(MWoodroffe and Ginsberg, 199p#&acks generally form

after a group of singlsex littermates disperse and join up with another group of opposite sex
individuals(Frame and Frame, 197Buller et al., 1992McNutt, 1996. This leads to a pack
structure comprisingtwo separatehierarchies each composed of a set of singlex related
individuals(Creel and Creel, 200Erame et al., 1979Girman et al., 1997 The importance of
such an arrangement can be seen firstly in maintaining strong cohesive ties within packs and
secondly to avoid inbreedin@rame et al., 1979 Pack size, previously believedremgeup to
ahundred individualgEstes and Goddard, 1967ow typically ranges froné - 17 individuals
(Fuller et al., 199). Wild dogs are cursorial predators that prey on both small and large sized
antelopes depending on prey abundance and pack(gigees and Goddard, 1984aywardet

al., 2008.

Reproduction

Wild dogs are social carnivores that breed cooperatively. Although packs may contain just two
members, this is rare as successful hunting and rearing of offspring requires support from

other pack membersA pack is thus moreommonly made up of a single dominant breeding

pair with the remaining subordinate pack members reproductively suppre@ext! et al.,

19979 Frame et al., 197Malcom and Marten, 1982In cases where subordinate females

have bred and conceived, the pups, which are nearly always born after the dominant female

givesdD ANIKEZ | NBE SAGKSNI AyO2N1J2 NI G§S@Ruligrgtal2 GKS R2YA
1992. Mating by subordinate males is perhaps more common with multiple paternity

observed in some litter&Girman et al., 1997/Spiering et al., 2020

Age of first litter can vary considerably between females, depending on the age at which a
female attairs dominance. Age of sexual maturity is not known precisely, but is considered to

be approximately two yeardrame etal., 1979van Heerden and Kuhn, 1985

Like other canids, wild dogs are generally considered to be roestrous and have only one
oestrus per breeding season, but this remains contentious aslfesrthave been known to
become pregnant a second time after early termination or complete loss of the first litter
(Frame et al., 1979 Despitebeing capabl®f conceiingyear round theyare generally
seasonal breederswith the timing of the breedingeason depending on geographic location
(Creel and Creel, 200RIcNutt, 1996 Monfort et al., 1997van Heerden and Kuhn, 1985 he
timing of mating seasonslikely to be a result ofesponses t@whanging pbtoperiod, but

other factorssuch asainfallwhich affects prey abundandeve been identified asxerting an
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influena. Several reports have shown thaiid dogsprefer to breed and produce pups during
the dry seasoriBuettner et al., 200;/Creel and Creel, 200RIcNutt and Silk, 200&omers et
al., 2008, conceivably due to the higher hunting success at this tioe to prey being in
poorer condition, more concentrated near waterholes and experiencing lack of (dilés,
1995

Females give birth in dens, usually those made by other animals such as aardvarks, warthogs
or hyenasReich (198llreported that dens are usually found near watering holes where prey
tends to congregate during the dry season, making hunting easier when lactating fereales
unable to leave the den. Mothers are usually fed by regurgitation of food from other members
of the pack and pups will also accept this from about 3 weeks. Pups also emerge about this
time and are usually fully weaned by 8 weeks, but may continueyubimden for 3 or 4
months(Malcom and Marten, 1982V oodroffe et al., 2004 although movement between

dens is not uncommon. When psifare older, mothers will often join in the hunt and another

pack member may stay behind to babysit the p{dslcom and Marten, 1982

Management and conservation

At present there are a number of programs in place to assist wild dogoat®n, such as
monitoring the status and ecology of wild populations and development of tools to minimise
human and livestock confli¢cNutt et al., 2004Woodroffe et al., 200% In addition, their
population status is regularly assessed and the information is used to coordinate activities to
ensure their survivglLindsey and Davigdostert, 2009 Mills et al., 1998Woodroffe et al.,

1997).

Two important,if contentious, conservation programs are captive reintroduction and the
metapopulation program in South Afric@aptive populationsanprovide an important source
of animals for breedingnaintenance ofjeneticpools and opportunities foeducation and
research(Ralls and Meadows, 200TIribe and Booth, 2003In particular, institutions that
house flagship specigsuch as the wild dogan be used to promote proactive conservation
(Conway, 2008 At present, more than 500 are currently held in zoos or private calest
(McNutt et al., 2008 so collaboration between breeding institutions and conservation
agencies is importanCaptive animals can also provide important opportunities for improving
knowledge of biological systemsch as reproduction, a fundamental element in consdion
(Wildt et al., 2003 Despite the decline iwild dognumbers, this speciedoesbreed
successfully in the wild, butuch less reliably in captivitCade, 1967/Dekker, 1968Frantzen

et al., 2001 Ginsberg, 1994
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Despite the variable success in captive breeding, these programs have played a role in
attempts at reintroduction into protected areas. Most early attempts, however, had limited
success because the captilieed wild dog had limited hunting skills and poor perception of
threats from predator§Woodroffe and Ginsberg, 1999b997). Subsequent attemjgtinvolved
the release of captive and wild caught individuals that were bonded prior to release. They
proved much more successful and were incorporated to some extent into a metapopulation
program designed to enhance and increase the population in SouitafiDaviesMostert et

al., 2009 Gusset et al., 2006

In South Africa, where fewer than 400 wild dogs renfaindsey and Daviddostert, 2009,
individuals are found in a handful of small populations in captivity, and in both protected and
non-protected areas. Freeanging wild dogs are restricted to fragmented habitats which
provide limited opportunity for dispersal and formation of new packs anly Kruger National
Park is considered to hold a viable populatids.a result, a metapopulation management plan
was implemented to create a second viable population by managingalesraaller

populations as one larger one, with normal dispersal and pack formation carried out through
translocation and reintroduction of individual®avesMostert et al., 2009Lines, 2003Mills
etal., 1998.

These packs are artificially created primarily from captive and wild stock, from eithgeKru
National Park or private farmlar{aviesMostert et al., 2003 Integrating founder animals
with wild stock improves the overall hunting skills of the group and therefore success upon
release Quccess islsohighly dependent otthe formation of strong pack bonds before release
(Courchamp and Macdonald, 2003usset et al., 2006The program habeen considered a
successlespite the expensive and intensive management requfaliesMostert et al.,

2009 Gusset et al., 2008A recent analysis has revealed that the two most important factors
that facilitate success are that animals must be socially well integrated, and that release is

made into securely fenced reserviusset et al., 2008

Research questions and structure

This thesis conforms to the University of Westernza G NI f A Q& NBIj dzZA NBY Sy i
a Doctor of Philosophy by Research. The major data chapters are prepared as independent
manuscripts, so there is some overlap in methodology where similar approaches were used

for collection of data and compiien of radicimmunoassays, although this has been

minimised where possible. Reproductive biology is not well understood in African wild dogs,
21
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so the major purpose of the study was to overcome the knowledge deficit, primarily from an
endocrine perspectivevith additional behavioural and demographic data.
The major objectives were:
1. Toimprove the knowledge of African wild dog reproduction and determine if they
share similar characteristics in reproduction with other canids;
2. Improve knowledge that can assisith captive breeding programs;
3. To determine how reproductive biology can assist with management programs for

free-ranging populations.

These objectives were addressed in four chapters with a major emphasis on, but not limited
to, endocrine aspects of peoduction. The study was restricted to field work during the
breeding season to maximise data collection.

1 Chapter 3 begins by exploring basic reproductive biology of female wild dogs during
breeding in captivity. Here, the focus is on monitoring reprotkéchormones during
the oestrous cycle to both identify and compare longitudinal profiles of pregnant,
pseudopregnant and acyclic individuals. A key theme was to determine how similar
wild dogs are to other canids in their oestrous cycles.

1 Chapter 4 attemfs to extend knowledge of basic reproductive biology in freeging
populations. In particular, the chapter aims to understand reproductive suppression
and sexual maturity by comparing endocrine and behavioural data with age classes
and social status ohdividuals.

1 Chapter 5 deals with understanding the causes of stress in populations of captive and
free-ranging wild dogs and how this may affect reproduction. The focus is on factors
that can cause acute and chronic stress, how adrenal hormone pattemsiveng
the breeding season, and whether environmental factors are involved.

1 Chapter 6 explores the reproductive output of captive populations. Here, research
focuses on comparison of captive breeding success among three regional studbooks
for African witl dogs for the last twenty years, and compares output with draeging
populations.

1 Chapter 7 addresses the overall findings from the study and determines how wild dog
reproductive biology fits in with the current knowledge of canid reproduction. It also
discusses how the results can contribute to the management of captive populations, as

well as conservation initiatives for freanging populations.
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Chapter 2

General Methodology
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Study Sites

Captive populations

Research was conducted at five different zoos during the months from June to November
2009. A pilot study was conducted at Perth Zoo during June 2009. During July to November
2009, faecal samples and behavioural data were collected RorhLympne Wild Animal Park

and Duisburg Zoo. In addition, faecal samples were also collected by staff and/or students at
Artis Zoo and West Midland Safari and Leisure Park to add to the data pool. Feeding regimes,
enclosure size and maintenance, and harsiiry practices varied between zoos. In general,
captive wild dogs were fed mainly horse or cow meat 2kg/per dog/per day) and

supplemented with mineral and vitamins in some situations.

PERTH ZOO (PERTH, AUSTRALIA)

Perth Zoo held a total of 17 wild ge separated into male and female groups. The 12 males
were housed on display for the public in an outdoor enclosure with a night enclosure closed
during the day, except during feeding. Five females were held in a smaller enclosure off exhibit
that could ke separated into three areas. Wild dogs were fed once a day and were often
separated in two groups to ensure all members were able to eat. The females consisted of a
dominant female and four offspring from two previous litters in 2005 and 2006. Tneaddl

group consisted of two sibling males and offspring males from the same two litters above. The

group was split into singleex groups to prevent inbreeding.

DUISBURBOQ(DUISBURG, GERMANY)

Duisburg Zoo held five females during the study period, alhgibfrom the same litter born in
2006. The group had esxisted well until March 2009 when a series of aggressive interactions
led keepers to split the group into two (3 and 2 individuals). Each group was then alternately
allowed out into a large outdoagnclosure during the day. Group 1 was outside in the main
enclosure from 9:0@ 15:00 and Group 2 from 15:@018:00. A second smaller outdoor
enclosure was also available for the wild dogs that were not in the main exhibit. Both groups
slept indoors in acent dens overnight. Wild dogs were fed six days a week. Samples were

collected 2- 3 times a week.

PORT LYMPNE WILD ANIMAL PARK (LYMPNE, ENGLAND)
During the study period, the zoo held a total of 9 wild dogs separated in a variety of situations.
There vas a breeding pair, 4 hanridared yearling females, 2 hammdared yearling males from

the same litter as the female group, and a single old adult male that was joined by an older
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female a few months later. This arrangement of several housed groups resuitedhe
breakdown of the pack in the prior year after the previous dominant female died during labour
in 2007. A new breeding female arrived a few months prior to the commencement of the
study. All enclosures are large and of variable size, each cargamumber of shelters that

can be heated during winter. As there are no night enclosures, wild dogs are exposed to
natural photoperiod fluctuations. The groups are fed on alternate days and the quantity of
feed varies to mimic natural conditions. Faegainples were collected on every alternate day,

although samples from all individuals were not always found.

WEST MIDLAND SAFARI AND LEISURE PARK (BEWDLEY, ENGLAND)

A large mixed group of wild dogs (8 males, 3 females) and another pair in an adjacent
endosure (1 male, 1 female) were held during the study period. Two females in which samples
were collected in the previous year and included in analysis, were also held separately in
adjacent enclosures and transferred to a new zoo in early 2009. All patkens were

restricted to the outdoor enclosure during the day and were locked up overnight. The main
enclosure was opened for public viewing from vehicles which could enter the enclosure. Wild
dogs were fed every other day, supplemented by small quantitiesonfeed days. Faecal
samples were collected from the alpha female in the large pack and the female in the second
pack who was undergoing contraceptive treatment (Deslorelin). This female had been injected
with Suprelori®2 x 4.7mg in the previous yean February 18, 2008 and in the current year

of study on Februaruy 24, 2009. Collections of faeces varied in frequency per week.

ARTIS ZOO (AMSTERDAM, NETHERLANDS)

During the study three wild dogs (2 males, 1 female) were held at Artis Zoo. One male had
been castrated several years earlier. The enclosure contained both an indoor and an outdoor
area, with dogs locked up overnight. The dogs were fed daily in the indoor enclosure which
was opened only for feeding time during the day. Samples were colleetgdarly from the

female only during the first part of the breeding season.

Freeranging population

HLUHLUWABMFOLOZPARKKWAZULLNATAL, SOUTH AFRICA)

Research was carried out in the Hluhluildfolozi Park (HiP), South Africa (Fig. 1). The park is

located inthe Kwazulp I G+ f LINE Ay OS 0SHYySSyQf { & dezil KzRISER Hiy 2 Vi
oMeDOMB NnhpQ 9 &dd LG O2 FS NA?ahdyhitial\NBriprisediwol LILINE EA Y|
game reserves, Hluhluwe and Umfolozi (now known as iMfolozi), that ardaravally joined

with an intervening stateowned corridor(\Whateley andPorter, 1983 Whittington-Jones,
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2011). The reserve is made up of a range of habitats including forest, woodland thicket and
grassland, as described Whateley and Porter (1983Temperature and annual rainfall is
highest during summer (OctobemMarch) (Fig. 2), with rainfall ranging from 700 mm in the
southern iMfolozi section to 1000 mm in the northern section of Hluhl@®undja and
Midgley, 2010Kruger et al., 1999
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Figurel. Map of the HluhluweMfolozi Park in KwazulNatal, South Africa. Source: University
of Groningen,

http://www.rug.nl/biologie/onderzoek/onderzoekgroepen/cocon/facilities/southafrica/map?I

ang=en

A large section of the reserve is declared a wilderness zone thatlimaffo most tourism

activities and vehicle access is limited. HiP contains a wide range of prey species and most of
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the large carnivore guild, namely lion, leopaRa(thera pardus cheetah Acinonyx jubatus

and spotted hyena, in addition to wild do@sruger et al., 1999Vhittington-Jones, 20111
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Figure2. Monthly tempeature and rainfall for Hluhluwé@Mfolozi Park. Source: African
protected areas, European Union, WorldClim 50 year average climate data,

http://bioval.jrc.ec.europa.eu/APAAT/pa/116189/

Wild dogs utilised almost all areas of the reserve, but most packs primarily ranged in the
southern region which included the wilderness section. During the study period, a totalof 7
packs of wild dogs were present with population numbers varying betweem83.15
individuals. Each pack was made up of a range of adult males, adult females, siblings and
offspring, and occasionally singdex groups. Pack size ranged frorB3 individuals including
pups. Continuous dynamic patterns of pack formation, disgkbirth and death, caused

continual fluctuations in pack size and composition.

Data Collection

Captive populations

PILOT STUDY

A pilot study was conducted at Perth Zoo with an all female group in June 2009 to determine
the effectiveness of using st nontoxic plastic coloured beads for identification of faecal
samples. Each of the five females was fed a separate colour or combination of coloured beads,
approximately a teaspoon, that was placed into food pieces, approximately twice per week for
one month. Over the following two days, during cleaning of enclosures, faeces were collected
to determine whether beads were present and identification possible. In most cases, beads

were present one day after feeding and, in some cases, two days later stunggthat gut

28


http://bioval.jrc.ec.europa.eu/APAAT/pa/116189/

transit time for this species was approximately 24 h. Therefore, for most faecal collections,
hormones present in the samples would represent concentrations from the day before. This

pilot study showed that plastic beads were a viable optmrfaecal identification.

FAECAL SAMPLING

Breeding is most common in the first half of the year in the southern hemisphere, and the
second half of the year in the northern hemisphere. Regular faecal samples were collected
from 15 females from July todtember 2009 from several captive institutions located in
Europe. In addition, samples that were collected in June to October 2008 from an earlier trial
at West Midland Safari and Leisure Park were also added to the pool. Sampling protocol is

provided in elevant data chapters.

BEHAVIOURAL SAMPLING

Descriptions of behavioural observations are provided in relevant chapters.

Freeranging population

Two field seasons, each of approximately six months duration, were undertaken from February
to July in 2010 ah2011. This is the breeding season for wild dogs in southern Africa with
mating usually taking place between February and April leading to births between May to
June. African wild dogs have been introduced to HiP several times and population size and
packnumbers have fluctuated; for details see Sometral. (2008. Wild dogs hae been

regularly monitored since introductions began and demographic records provide details of
approximate months of birth and likely parents for all individuals. To assist with monitoring, at
least two individuals from each pack were collared so paclkldme tracked using VHF radio
telemetry signals and were followed whenever they were in areas with road access.
Vegetation is very thick in most of the park and this preventedadf] tracking, so visual
monitoring varied substantially during trackingurihg this study, tracking was conducted

twice a day from a vehicle from 5:@QL1:00 and 15:0@ 19:00, when the animals were most
active. Several packs could be located in a single day, but rarely was more than one pack seen
during any one session duetize distance between packs on any given day. When a pack was

observed, the time, place and date were recorded.

FAECAL SAMPLING
Faecal samples were collected when an animal defecated and the individual could be
identified. These collections were opporistic and were commonly made along the roads.

Occasionally, fresh faecal samples from individuals that could not be identified, but for which
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their pack was known, were collected to add to the general pool. Faecal samples were
collected within 5¢ 20 min dter defecation, placed in sealed plastic bags and stored in a

cooler bag with an ice pack until they could be stored frozen and then dried.

BEHAVIOURAL OBSERVATIONS
During daily tracking of packs, all reproductive behaviours and changes in physicaicaymee
interactions between individuals, packs and other species, scent marking behaviour were

recorded. These behaviours are described in more detail in relevant chapters.

ENVIRONMENTAL FACTORS
Environmental data including daily rainfall, minimum andkimaum temperatures, were

collected as measures of factors that may influence wild dog behaviour or hormonal patterns
(Fig. 3).
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Figure 3Monthly environmental data collected at Mpila Camp during the two years of study

in HluhluweiMfolozi Park, Southffica.

PREDATOR INTERACTIONS

For all potential predators or competitors (hyena, lion, cheetah, leopard) that were seen,
location was recorded along with GPS location (Garmin eTrex), number of predators and
approximate distance from wild dog packs. Whenemtial or actual interactions occurred

with wild dogs, the number of dogs visible and their reaction was noted as ignore, watch,
attack, defend or unaware. Subsequent actions, such as whether the wild dogs or predator left

the vicinity, were also noted.
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Hormoneanalysis

Transportation of samples

Samples collected from captive individuals in Europe were stored frozenats / R dzNJA y 3
collection periods and were transported to Australia on dry ice. On arrival, samples were
stored frozen and so were wet for the subsequent extraction. It was not devigdiion to

transport samples from South Africa on dry ice due to cost and limited courier options.
Instead, samples were mixed and subsamples of approximatej\i@0 g were weighed out

and ovendried on low heat. Import restrictions limited individusmples to 20 g, so a portion

of each dried sample was weighed and then stored in resealable plastic bags at room

temperature until transportation to Australia.

Extraction techniques

Extraction methods vary widely in the literature. Two procedures weadled that involved

boiling or no boiling of faecal samples, and ethanol or methanol as solvent. The results varied

but recoveries ofH-labelledprogesteroneand oestradiom i | RRSR G2 al YL S&a 6 S
consistently high (>92%) with the combination of metbband no boiling test. This agrees

with other studiegWasser et al., 200Go0 this simple extraction technique was adopted for

both wet and dry amples. It is described in subsequent chapters.

Choice of assay methodology

There are several methods for measurement of hormone concentrations in faecal extracts,

with the most popular being radioimmunoassay (RIA) and enzimmaunoassay (EIA). In this

study, RIA was chosen as it was lower in cost and a fully equipped RIA laboratory was available
at the university. Severalinouse assays were available and commer&fal][RIAkits were

also used when no thouse assay was available for a particulamhane.

Radioimmunoassay

OESTRADIOGLT W

OestradioimT i ' yR 2SaGNRYyS KI@ZS LINBGA2dzate 0SSy ¥F2dzy
(Monfort et al., 1997 so an irhouse®H-oegradiol-m T-lassaywas used in this study. It was

necessary to trial our extracted samples at several dilutions in gelatin phosphate buffer to

ensure concentrations would be found in the middle of the standard curve. For analysis of wet

samples, dilutionsvere trialled at 1:10, 1:20, 1:50 and 1:100 with results showing that a

dilution factor of 1:10 was best. For dry samples, dilutions were trialled at 1:10, 1:20 and 1:50

and it was found that 1:20 was best. Only a few samples were below the minimum deéecta
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limit and they were not reanalysed. The validity of the assay was tested by using three
samples each diluted 1:5, 1:10, 1:20, 1:40 and 1:80 to determine whether they showed
parallelism with the standard curve. An example of a standard curve witrediBamples is

shown in figure 2.

PROGESTAGEN

A [*°I] RIA progesterone kit (Beckman Coulter) was used for measurement of faecal
metabolites. There is no progesterone in wild dog faeces, but there are significant quantities of
ASOSNI f Ligraxyip 'V SIENEBOR WISyhydoky-p i LINBORWISY eh X mTh
dihydroxyp i LINBOR WISY | ydiRydmaxypregnanolongMonfort et al., 1997. The RIA

kit crossreacteR ¢ A {I- K/ RppFpgnandiones (7.31% and 20.3% respectively) so could be
used to measure progestagen concentrations in our samples. To ensure that the kit was
detecting progestagens and not any other metabolites, several samples were fractionated
using ipidex. The progestagens are eluted at specific volumes and separate before
testosterone, oestrogens and glucocorticoids. We compared glass 10 mL columns with
diameters of 1 cm and 0.5 cm and eluted volumes fromd InL. From several trials, it was

decidad that a 10 mL x 0.5 cm column including 3 glass beads at the base with elutions 1 or 2
mL apart provided the best separatiott-progesterone andH -testosterone diluted in
hexanechloroform (90:10) were passed through the Lipidex columns to determime th

fractions in which they were eluted (Fig. 4). Recovery was 115.9% for progesterone between 3
-6 mL and 80.9% for testosterone between-1@ml. Three randomly selected female

samples were dried down and poissolved in hexanehloroform, added to thecolumns and

during elution 4 aliquots were collected {@, 3-6, 7- 10, 11- 16 ml) and then tested with the
progesterone RIA kit. Combined aliquots from1® mL showed recovery of 97.1%, 93.5% and
80.4% respectively, of total progestagen for eacimgke. These trials confirmed that the RIA

kit was detecting progestagen metabolites.
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Figure4. Beta counts during elution of addéd-labelled progesterone and testosterone

through Lipidex. The first set of peaks contains progesterone and the secotd®esterone.

Dilutions for wet samples were trialled at 1:5 and 1:10 with gelatin phosphate buffer and it
was determined that 1:10 dilution factor was suitable, although a number of samples were still
present in high concentrations at this dilutiorev@ral samples with concentrations that were
below the standard curve were 1@&nalysed at 1.5 dilution, and those with concentrations
greater than the standard curve were diluted 1:20. Dry samples were diluted at 1:50. Where
samples were greater than thearimum detectable limit, they were further diluted at 1:100
(n =3) and 1:500 (n = 1). The assay was validated with three samples diluted at several

volumes to demonstrate parallelism with the standard curve.

TESTOSTERONE

Testosterone has been confirmed present in faeces for this spec{dtonfort et al., 1997.

An inhouse double antibod§H-testosterone assay was used with dilutions trialled at 1:1, 1:10
and 1:20, btionly neat (undiluted) samples provided detectable amounts of the hormone.
Even then, concentrations were too low for reliable assay*# Testosterone RIA kit

(Beckman Coulter) with a lower limit of detection was therefore tested with greatly improve
outcomes, so it was used to analyse dry samples fromtaaging populations. Dilutions in
phosphate buffer were trialled at 1:1, 1:10, 1:20 and 1:10 was found to be the most suitable.
No samples were below the limit of detection, and two samples alleeenaximum limit of

the standard curve were ranalysed after dilution at 1:20. Three samples were tested at

different dilutions to demonstrate parallelism with the standard curve for validation.
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CORTISOL

To determine glucocorticoid concentrations,hest cortisol or corticosterone assays are
commonly used, depending on the species, as there are spspesfic differences in the

primary glucocorticoid secrete@lillspaugh and Washburn, 20p4Neither of these hormones

are present in wild dog faecé®lonfort et al., 1998, but detection of metabolites from these

two hormones is possible. Adrenocorticotropin hormone (ACTH) challenge experiments using
either a double antibody'f™l] Corticosterone RIA kiMonfort et al., 1998 or Cortisol EIA kit
(Vlamings, 201)jlhave revealed that these hormone assays are useful for the determination of
adrenal activity. In the present study, a Gam@aat [*°I] Cortisol RIA kit (DiaSorin) was used.
Dilutions for wet samples and dry samples were trialled at 1:10, 1:20 and 1:60 using phosphate
buffer. As many samples were reading toward the lower end of the standard curve it was
decided that dilutions at 1:5 wadd be the most suitable. A large number of wet samples,
however, were still below the limit of detection in some of the assays and so wenealgsed

at a 1.2 dilution. Three samples diluted at 1:2, 1:4, 1:6, 1:8 and 1:10 were used to demonstrate

paralleism with the standard curve (Fig. 5)
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Figureb. Serially diluted samples showing parallelism with the standard curve for the cortisol

assay.

34



35



Chapter 3

Reproductive hormonal patterns of pregnanpseudopregnantand

acyclic captiveAfrican wild dogs
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Abstract

With a population of less than 6000, African wild dogs are considered one of the most
endangered canid species. They are cooperative breeders in which only the dominant pair
breeds andsubordinates assist with rearing of offspring. Populations of wild dogs continue to
decline from habitat loss, disease and human conflict, such that captive breeding is becoming a
more important conservation strategy. Yet, research and breeding manageanehampered

by apoor overall understanding of wild dog reproductive biology. Our study aimed to improve
basic knowledge of wild dog reproductive biology by monitoring hormone patterns in 15
females held in both mixed and singdex groups during the brééng season,sing non

invasive faecal collections. By comparing longitudinal hormone profiles with behavioural and
anatomical changes, we were able to allocate females to three reproductive classes: pregnant
(n = 1), pseudopregnant (n = 9) and acycle 4). We also monitored a single female in which
contraception was induced with a deslorelin implant. Although we had only one pregnant
female, her hormonal profile was similar to that of the pseudopregnant females, whereas the
female undergoing contracejoin treatment maintained low hormone concentrations, similar

to values observed in acyclic females. Comparisons between pseudopregnant and acyclic
females showed that, in both classes, faecal oestradiol concentrations increased from
anoestrus to preoestrus then declined into oestrus and luteal phases. However, faecal
oestradiol was significantly higher in pseudopregnant females than in acyclic females during
pro-oestrus. Progestagen concentrations rose steadily from anoestrus to luteal phase in both
pseudgregnant and acyclic females but, overall, acyclic females during the breeding season
had significantly lower faecal progestagens than pseudopregnant females. Interestingly, most
females classed as pseudopregnant were found in fernalg groups suggestirthat, as in

other canids, female wild dogs are spontaneous ovulators. Furthermore, as all but one adult
female ovulated, suppression of subordinates is likely to be behavioural rather than

physiological.
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Introduction

With less than an estimate8000 individuals surviving toddiindsey and Daviddostert,

2009, African wild dogare currently classified as endangered on the IUCN re(Me¥utt et

al., 2008. This charismatic species, found across Africa south of the Sahara in small
fragmented populations, face numeroug@atening factors such as habitat loss, disease and
human conflicfWoodroffe et al., 200)that threaten their survival, so viable captive
populations and productive breeding programs are important aspefctgild dog conservation
(Frantzen et al., 20Q1In captivity, wild dogs have had mixed success in reproduBiand

and Cullen, 196Cade, 1967Dekker, 1968Fanshawe et al., 199Woodroffe et al., 2004

and, despite improvements in husbandry, there are still a number of problems to overcome to
ensure the viability of captive breeding. To explain and solve these problems, we need better
understanding of wild dog reproductive biology, but there has beele ligsearch despite the
obvious benefit to bothin-situ andex-situ population managemenfWildt and Wemmer,

1999.

The limited knowledge of wild dog reproduction makes it difficult to determine Huay fit in
with general canid reproductive biology. Canid reproductive systems are fairly similar among
species: all those studied show menestrum, long preoestrus and luteal phases, behavioural
suppression and spontaneous ovulation with obligate pseuegnancyAsa, 199% For wild
dogs, previous investigations have been limited by small sample size in caMioitiort et

al., 1997vanHeerden and Kuhn, 1985maleonly studiegJohnston et al., 20QAnd the
logistical difficulties inherent in frequent sampling in wild populati(@eeel et al., 1997a
Nevertheless, the general consensus is that wild dogs are rneawous seasonal breeders
with breeding restricted to the dominant jpain most cases, while subordinates are
reproductively suppressereel et al., 1997aohnston et al., 200 Monfort et al., 1997van
Heerden and Kuhn, 1985

The mechanism by which subordinates are suppressed is not well understood. In many canids,
behavioural suppression is considered the likely cause, because the physiological ability to
breed is not affectedAsa,1996. However, there has only been one study in gray wolves,

which has systematically studied both behavioural and hormonal data determining the mode

of suppression in canids (Packard et al., 1985). In wild dogs, behavioural suppression seems a
likely candidate as there have been instances in which subordinate females have also become
pregnant, as well as evidence for multiple sires within lit(€eeel et al., 1997&piering et al.,

2010. FurthermoreCreel et al. (1997dound that subordinates are less aggressive than
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dominants and subspiently had lower mating rates. Dominant individuals have also been
observed to interfere directly with mating attempts by other individu@isn Heerden and

Kuhn, 198% Contrary to this, physiological suppression, at least in females, whereby
subordinates are unlikely to experience a normal oaestroycle, has been suggested as the
main mechanism bReich (198l This was supported lyan Heerden and Kuhn (198%vho

found several cases of subordinate females that did not ovulate, or experienced delayed
ovulation. It therefore still remains unclear whether dominants limit reproduction through
behaviour only, othis can also cause subordinates to be acyclic. Whether ovulation is entirely

inhibited or delayed or not, can be clarified by the occurrence of pseudopregnancy in females.

Pseudopregnancy, whereby ngmegnant females undergo a normal luteal phaseqatsmed
dioestrus) similar to pregnancy, follows ran infertile mating(Concannon et al., 2009t can

be denonstrated by elevated progesterone levels resulting from spontaneous ovulation and is
considered obligatory in cani@8sa, 199% In previous studies, endocrine profiles have been
used to compare pregnant and pseudopregnant states in several canid speceme cases,
pregnant and pseudopregnant have similar concentrations of progestagens, including
domestic dogs(Asa, 1996Concannon et al., 19F75and coyotesCanis latrangCarlson and
Gese, 2008 In other cases, however, pregnargpecific concentrations were evident in
domestic doggGudermuth et al., 1998blue foxAlopex lagopug¢Sanson et al., 200and

maned wolve<hrysocyon brachyur@gelloso et al., 1998 Where pseudopregnancy has been
observed in wild dogéMonfort et al., 1997, no difference was detected between a pregnant
and pseudopregnant cycle but, in this case, only one individual was useatipadson. It
therefore remains to be decided whether progestagens are useful indicators for segregating

pregnant and nospregnant females in this species.

Many studies have made use of progestagens and othehsarones to determine the

nature of repraluctive biology of a species. In endangered carnivores like the wild dog, these
endocrine studies are often difficult to achieve using plasma because of the need for regular
restraint and anaesthesia that are stressful to an individual and entirely impahat field
studies(Schwarzenberger et al., 199&asser et al., 20Q0For these reasons, naénvasive
sampling has become very popular for a range of species. In particular, faecal sampling is a
simple and effective tool for improving knowledge of oestrous cycles, timing offaalale
interactions, and confirmation of ovulation and pregnaii@podrove et al., 2000 It can also

be used to determine factors which affect poor breeding success, such as(Mmdsrt,

2003, or in the development of assisted reproductive technologies, and can therefore be an

effective management todiSchwarzenberger et al., 199#/ildt and Wemmer, 1999
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In this study, our objective was to obserlongitudinal profiles of reproductive hormones

during the breeding season, from female wild dogs found under different group housing
conditions in captivity. Specifically, we hypothesised that endocrine profiles would show
whether subordinate individualwould be pseudopregnant or acyclic. In the event that
individuals fell into one or both of these classes, we also hypothesised that faecal oestrogens
would be highest in ovulatory versus nomulatory individuals, but that faecal progestagen
concentrations would be highest in individuals from the pregnant class, followed by
pseudopregnant and then acyclic classes. We tested these expectations with captive

populations.

Methods

Animals and sampleollections

Faecal samples were collected from 15 fematemffour zoological parks, Port Lympne Wild
Animal Park (UK), Duisburg Zoo (Germany), West Midland Safari and Leisure Park (UK) and
Artis Zoo (Netherlands), during the breeding season (range-Nlomember) in 2008 and/or

2009. Females were aged between andl 7.3 years and were housed as oppaesi& pairs, or
mixedsex or singlesex groups (Table 1). Faecal samples were collected also from a female
treated with the contraceptive deslorelin (Suprelorin®) in 2009 prior to the onset of the
breeding season.HE individuals providing the samples were identified by using smal non
toxic foodgrade coloured plastic beads (Universal Polymer Supplies, Malaga, Australia), corn
or glitter that were added to food during normal feeding times and days as appropriate to
each zoo. Faecal samples were collected the following day. We found that the gut transit time
averaged 22.7 £ 0.9 h (n = 26, range &0 h), similar to the previous estimate of 24 h

(Monfort et al., 1997. Samples were collected from most females on a regular basis (generally
1-4 times a week) for a period of up to 3.5 months. Marker feeding time, sample collection
times, marker colour and age estimates were recordecetmh sample. All samples were
collected in sealed plastic Ziploc bags or plastic tubes and stored/at 6 / 0SFTF2NB 06SAy 3

transported to Australia on dry ice.
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Table 1 Housing conditions of female African wild dogs at each zoo from which faecplesa
were collected Individuals are classified according to zoo P (Pgmipne), D (Duisburg), A
(Artis) and W (West Midlands).

Location Individuals Group housing Age Notes
sampled (y)
Zoo 1l P1 Paired with 1M 3.7

P2, P3, P4, P5 | Singlesex group 1.7 Shlings, no visual but smell and sound
possible from pair above.

Z00 2 D1, D2, D3 Singlesex group 3.1 Siblings but separated into two groups
D3, D4, D5 Singlesex group 3.1 Used same enclosure alternately. D3
joined other females 2wks into study
Z0o0 3 Al Held with 2M 4.0 One male castrated.
Z00 4 wi Mixed-sex 11F, 3M | 7.3 Subordinate females on contraceptives
W2, W3 Singlesex group 6.4 In adjacent enclosure to mixed group.*
w4 Paired with 1M 4.6 On contraceptive treatment, held

adjacent to mixed grgo above.

* Females present in 2008 but transferred in 2009

Faecal extractions

We used a modified version from previously published methods for extrafiaime, 2005

Wasser et al., 200D Each sample was thawed and mixed before approximately 0.25 g of wet

sample was weighed accurately into a plastic tube, to which 4 mL of 100% methanol was

added. After vortexmixingflN\d Hn YAY S (GKS (dzoSa 6SNB gdSy i NR Fdz3 ¢
and the supernatant was decanted into clean glass tubes and then dried under air. Tubes were

then capped and stored att ng /  dzy GAf | dal & o

Radioimmunoassay

Oestradiol concentrations were maa®d with an irhouse assay developed at UWA. Dried

extracts were reconstituted with 1 mL 100% methanol and briefly vortexed. Each sample was

diluted 1:10 with gelatine phosphate buffer (GPB) and duplicate 150 uL aliquots were removed

for assay. Samples dstandards were mixed with antiserum (diluted 1:18000; Bioquest Ltd,

NSW) and tracer (2, 4, 6; $H-B,, Perkin Elmer, VIC). Samples were shaken, incubated

overnight at 4°C and then treated with 300 uL dextcarated charcoal. After incubation for 20

mnlk & NRB2Y GSYLISNI Gdz2NBX GKS GdzoSa 6SNB OSy il NA T dz=
supernatant was then added to scintillant and counted. Cresstions of the antiserum were

listed as oestradia T i O MA/E: 0 X 2 Sa GWNRhY S6 M W) D) BRACRGEMRING R ARN?
for testosterone, progesterone and corticosteroids. Validation of the assay was confirmed by
parallelism to the standard curve of serially diluted samples and mean recovery during

extraction of radiolabeled oestradiol was 119%. Sensitivith@ktandard curve was 62.5

pg/mL and limit of detection ranged from 0¢D.3 ng/g. Intraassay coefficient of variation was

3.9% and 18.7% for high and medium concentrations respectively.
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Progestagens were assayed with a commercial progesterone kitr(fBackoulter, Sydney,
Australia) using 50 pL duplicate aliquots of reconstituted sample that had been diluted at 1:10
with buffer (GPB) and then assayed as per kit instructions. Sensitivity for the standard curve
was 0.11 ng/mL and limit of detection rangiedm 0.2-0.5 ng/g .Serially diluted samples

showed parallelism with the standard curve confirming validation for this kit. Mean recovery of
extracted radiolabeled progesterone was 94.4%. The kit was shown tereasswith a

number of progestagen metalioA 1§ S& A GK (K2aS o208 wm: o6SAy3a LN
KERNREGLINRISAUGSNBY B ¢ 8 Rb FPraghangdibue . 18%) apd
corticosterone (2.03%). Although progesterone is not a specific metabolite found in wild dog
faeces, pregnanes sutha -Ipy' R-pregnanediones are most likely presd¢htonfort et al.,

1997 and did crosseact with this kit so our findings represent progestagens. Coefficients of
variation for intraassay tests was @ + 3% (n=4) using quality controls provided by the kit, and

for inter-assay the coefficient of variation was 15.3%.

Behaviourabnd anatomicatlata

Reproductive behaviours, agonistic interactions and anatomical changes were recorded.
Reproductive behdwurs included interest by males (male courtship behaviours) and/or
females towards females, such as sniffing or licking ofgerotal region, sniffing of urine and
faeces and marking behaviour, physical contact, mate guarding, mounting and copulations.
Anatomical changes included swelling of the vulva, sanguineous discharge, teat swelling and
belly distension. Interactions among two or more individuals were recorded, along with the
winner and loser as defined by aggression or submissive actions (e.gloeaed, ears

flattened, showing of belly, direct approach and fighting). Other behaviours such as digging,
0S3AAYIT 6KAYAYI YR aK22¢ OFfftAyad 6SNB y2i0SR
Wild Animal Park were monitored for an average of 21H8 f) per day for 10 weeks over a
14-week period. Similarly, individuals held at Duisburg Zoo were monitored for a minimum of 1
h per day during three-@veek periods during the same season. Observations of wild dogs from
the other zoos were recordead lib by keepers on an opportunistic basis. Behaviours were

usually limited to dates of mounting, copulation and aggressive encounters.

Classification of individuals

Females were classified as either pregnant, pseudopregnant (ovulatorgnegmant) or

acydic (norrovulatory) on the basis of oestrous behaviour, anatomical changes, progestagen
concentrations and parturition. The female who was treated with a contraceptive during the
study was classed as contracepted. All profiles for each female were atmtiezloestradiol

peak marked as Day 0 as it was not possible to confirm the day of ovulation by any other
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means. Where no obvious peak was clear, the first rise of oestradiol above nadir was used.
Using behavioural and anatomical observations from thighgtas well as previous reports for
this speciegMonfort et al., 1997van Heerden and Kuhn, 198&hd endocrine changes for
canids (Concannon et al., 1975), we allocated data points to one opfases

1) Pro-oestrus¢ male courtship behaviours, vulva oedema (dai4);

2) Oestrus¢ presumed ovulation following oestradiol peak and mating (dag8)2

3) Luteal(dioestrus)¢ end of mating, average length of pregnancy (day84y

4) Anoestrus ¢ all days outside th above periods

Statistical Analysis

All statistical analysis was e using IBM SPSS Statistics (BIRSIBM, Chicagadl, USA)As
multiple samples were collected for each female during the oestrous cycle, concentrations
were averaged per female for each phase to avoid pseudoreplication, yielding only one datum
point per female per phase. Sample age and collection times were correlated with hormone
concentrations but no correlation was evident and these variables were excluded from all
remaining analyses. A linear mixed model that allows for missing data was usedgpareom
hormone concentrations among classes and reproductive phases. It was estimated using
maximum likelihood with class and phase used as fixed effects, and individual within class
included as a random effect in the model. Where a-sa@nificant interacttn was found, this

was removed from the analysis. We used variance components as our covariance matrix as it
gra F2dzyR (2 060S (GKS o0Sad FALG dzaay3da !'11A1SQa
as random models but these were not significant.avie reported are all estimated marginal
means as they are adjusted for other variables used in the model. Data were checked for
normality and poshoc pairwise comparisons were carried out using Bonferroni adjustments
and significance was setat p = 0.85: @A R Q@amané &t Hl’52003vas used to

determine the hierarchy of individuals based on s\ss interactions.

Results

Faecabestradiol

Faecal oestradiol concentrations remained low during anoestrus across all four classes. When
females entered praestrus, however, faecal oestradiol was markedly elevated and reached
peak concentrations. The pregnt female had two peaks (36.7 and 41 ng/g) four days apart
and a third peak reaching 48.3 ng/g on day 26. Peak values ranged fror65404g/g in the
pseudopregnant females and from 16.93.1 ng/g in the acyclic females. The contracepted

female al® showed a peak value during this time of 15.1 ng/g that was observed on the same
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day as the peak in the dominant female that was held in an adjacent enclosure. During oestrus
and the luteal phase, concentrations were lower but did not fall to anoestrlugesaalthough

a third peak was observed in the pregnant female during the luteal period. As we had only had
a one female from each of the pregnant and contracepted classes, we restricted our analysis to
pseudopregnant and acyclic classes over the oegteni®d. A significant interaction of class by
phase was found in oestradiol values{f= 3.07, p < 0.04). Palbc tests revealed that
pseudopregnant females had significantly higher oestradiol than acyclic females during pro
oestrus. Oestradiol concénations also significantly differed among the four phasgsA¥

21.3, p < 0.01), with proestrus values significantly higher than all others, and oestrus values

higher than anoestrus values (Fig. 1).

16 A
H Pseudo-pregnant

7 OAcyclic

Faecal oestradiol ng/g

Anoestrus Pro-oestrus Oestrus Luteal

Phase

Figure 1 Estimated marginal means * s.e.m faecal oestradiol concentrations of
pseudopregnant and acyclic captive female African wild dogs across the oestrous cycle.

Asterisk represents a significant difference.

Faecal progestagens

Faecal progestagen concentrations were highly variable in alllésniaut particularly in the
pregnant and pseudopregnant females. Concentrations were low during the anoestrus and
pro-oestrus phases and then rose during the oestrus and luteal phases of the oestrous cycle
(Fig. 2). In the pregnant female a ppeulatorypeak in progestagen (2045 ng/g) was observed
immediately after the first peak in oestradiol coinciding with the likely time of the LH surge. In

the contracepted female progestagen concentrations rose to a peak value of 1330 ng/g in the
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pro-oestrus phase dociding with the oestradiol peak, but then returned to basal levels. A
significant effect across phases was observed among the clagsgs 8384, p < 0.021) with
luteal concentrations significantly higher than those during anoestrus. Pseudopregnant
females had also significantly higher progestagen concentrations than acyclic femages (F

26.03, p < 0.01). There was a rsignificant interaction between class and phase.

1400 -~
B Pseudo-pregnant
1200 q O Acyclic

1000 ~

800 -+

600 -

400 -+

Faecal progestagens ng/g

200 ~

Anoestrus Pro-oestrus Oestrus Luteal

Phase

Figure 2 Estimated marginal means * s.e.m for faecal progestagen concemtsah four

oestrous phases measuredpseudopregnanand acyclicaptivefemale Africanwild dogs.

Longitudinal profiles

Three females were held with males and all were observed mating, but only one successfully
conceived and gave birth to pups in mibvember and was deemed to be the only pregnant
female that was observed. The remaining two females, despite mating, did not show clear
signs of pregnancy (e.g., enlarged teats or an extended belly that would typify the later stages
of gestation) and wereot observed to give birth, so were deemed pseudopregnant. It is
possible that these two females were pregnant and experienced spontaneous abortion or
embryo reabsorption during early gestation, but we could not determine this from the
endocrine profilesince luteal function is not affected by embryo loss in canids. A further 7 of
11 females from single sex groups showed increased progestagen concentrations suggesting
ovulation and thus were classed as pseudopregnant. The remaining 4 females frorssingle
groups were deemed acyclic due to consistently low progestagen concentrations throughout

the season. Endocrine profiles of these classes, as well as the female undergoing contraceptive
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treatment, are shown in Fig. 3al. All mating observations occudevithin a 2week period
beginning in late August and continuing into early September.
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Figure 3ad. Faecal endocrine profilesf oestradiol (closed circle) and progestagen (open

circle) concentration®f captive African wild dogs of four reproductive classes dutiag
breedingseason Pregnant and contraceptive classes represent all samples collected from each
individual.Pseudopregnaraind acyclic classes represent data elekly meas + s.e.m.
Individualprofiles were aligned to the oestradiol peak marked as Day 0. Arrows represent first

day of copulation and birth in the pregnant female. The hatched bar indicates the duration of

anatomical and behavioural signs of grestrus and ostrus.

Behavioural prepestrus and oestrus

For all 3 females held with males, male courtship behaviours began at the onset of the
oestradiol peak. These behaviours included sniffing and licking of thegeamital region,

sniffing of urine or faeces, scemarking, mate guarding, physical contact and resting of the
head on the females back by the male. Sexual proceptive behaviours by females such as
presentation to males and tail deviation (Beach, 1976) were less obvious or not observed.
Vulva oedema was &b observed in these females from the onset of the oestradiol peak and
lasted in the pregnant female throughout most of gestation. Sexual receptivity of the female,
identified by mating, commenced 13 days after the first oestradiol peak in the pregnaatdem
and lasted 4 days, with gestation lasting 71 days from the first day of mating. A second female
mated with up to 3 males for a period of 6 days, 25 days after an oestradiol peak; the third

female mated for a minimum of 3 days but the oestradiol peak nat detected due to
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limited samples. Judging from the pregnant female, sexual proceptivity and receptivity lasted
approximately 18 days. Among the females in sisgbe groups, behaviours such as sniffing
and licking of the angenital region, sniffingfaurine and faeces, scent marking and mountings
were also observed during times of peak and declining oestradiol concentrations. Vulva
oedema (lasting -8 weeks) and, in at least one female classed as pseudopregnant, a
sanguineous discharge, was observpgraximately one week after an observed oestradiol

peak.

In addition to reproductive behaviours, interactions between females held together at zoo 1
and zoo 2 were also used to determine hierarchies. These win/loss interactions showed that of
the four females (all yearlings) held together at zoo 1, the only female that attained sexual
maturity was ranked third in the hierarchy. At zoo 2, four females became pseudopregnant
and one appeared to remain acyclic. This female had been involved in severanfitjiggirst

group and showed little if any affiliation with the other siblings when moved to the second

group and ranked lowest when in either group.

Discussion

By monitoring longitudinal hormonal patterns in conjunction with behavioural and anatomical
changes, we were able to discriminate individuals into pregnant, pseudopregnant and acyclic
classes. In the single pregnant female, a@valatory surge in progestagens was evident after

a peak in oestradiol, coinciding with declining oestrogen conceiotiat has been found in
domestic dogsindis considered the primary means for initiating sexual behaiGoncannon

et al., 1977. Mae courtship behaviours began at the onset of the oestradiol peak but sexual
receptivity in females began considerably later after the likely time of ovulation, and suggests,
that as in the domestic bitch, oviductal oocytes have long life spans in wik{@ogcannon et

al., 2009. However, in another female, mating occurred approximately 21 days after the likely
timing of ovulation and is a possible reason why she did not successfully conceive. We found
that mating span, length of proestrus and oestrus, gestation length and behaviours
associated with reproduction were consistent with previous reports of breedidigiauals

(Cade, 196i/Creel et al., 1997 dekker, 1968Monfort et al., 1997 Reich, 1981van Heerden

and Kuhn, 1986 Interestingly, male courtship behiaurs were displayed by females in some
singlesex female groups, including mounting of an oestrous female by @asimous female,

behaviour which is considered uncommon (Beach, 1976).

a7



Significant changes in faecal oestradiol and progestagen concemisatiroughout the

oestrous cycle were detected in pseudopregnant and acyclic females despite the large amount
of variability in faecal steroids within and between individuals. In this study, we used wet
samples for ease of handling, but a portion of tésiability could be removed with the use of
dry samplegPalme, 2005Wasser et al., 19930estradbl concentrations did not differ

between pseudopregnant and acyclic groups except within the oestrus phase, where
oestradiol peaks were apparently sufficient for the induction of ovulation in pseudopregnant
but not acyclic females. Mean faecal oestraglim-oestrus concentrations were the highest
observed, whereas anoestrus values were the lowest. Mean faecal progestagen values rose
steadily from anoestrus to luteal in both pseudopregnant and acyclic females. However,
overall, pseudopregnant females extaé significantly higher amounts of progestagens than
acyclic females and luteal concentrations were significantly higher than in the anoestrus
period. A similar study of maned wolf also found that pseudopregnant and unpaired (non
mated) females did not &fer in mean oestrogen concentrations but differed during the luteal
phase in progestagen valuéSongsasen et al., 200 hese observations contrast with the red
wolf (Canis ruful where oestrogen and progestagen concentrationadyclic females did not
vary over time and basal values for both hormones were significantly higher than in
pseudopregnant female@Valker et al., 200R Despite canids exhibiting similar reproductive
characteristics, these ergples exemplify the need to obtain endocrine data for each species,
as speciespecific differences are clearly evident and are particularly important when using

hormones for diagnostic purposes.

There was no apparent difference in oestradiol or progestagrofiles between our single
pregnant female and pseudopregnant females. Limited sample size prevents further
interpretation, but these observations agree with those of Monfort e(3097) who

suggested that progestagen concentrations are not reliable indicators of pregnancy for wild
dogs. Due to inconsistent results when using progestagens as pregnancy indicators, at least in
canids(Chakraborty, 1987Concannon et al., 197%&udermuth et al., 1998this is probaly

not the most viable option. A better alternative for detecting pregnancy might involve
oestrone concentrations because a previous study showed pregnancy specific differences in
pregnant and pseudopregnant bitché&Shakraborty, 198y Similarly, relaxin, a hormone of
placental origifConcannon et al 2009, has been used to determine pregnancy in other wild
canids(Carlson and Gese, 200hd it has been trialled in African wild dogs but results are not
100% reliabl¢dBauman et al., 2008The issue of an endocrifb@sed pregnancy detection

deserves more attention.
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The female with a deslorelin implant had very low oestradiol and low progestagen
concentrations, similar to the values observed in thecticjfemales. Interestingly, this female

still showed a brief rise in oestradiol coinciding with a rise in progestagens but, as in acyclic
females, it appeared that this increase was insufficient to induce ovulation or the expression of
behavioural oestrusTreatment with deslorelin has not always proven efficient in preventing
ovulation and pregnancy in female wild dg@®utelle and Bertschinger, 20)lénd, although

our data are very limited, they do suggest that deslorelin implants do not completely suppress

ovarian hormones.

Importantly, this study confirmed that wild dogs females can ovulate and become
pseudopregnant in the absence of males, supporting the generalensus that most canids
studied are spontaneous ovulators with obligate pseudopregnéfsyg and Valdespino, 1998
Concannon et a12009, excepting the Island foxXJ¢ocyonlittoralis) whichhas been to exhibit
induced oestrus (Asa, et al., 2007). A few canid studies have reported individuals held in single
sex groups or as singletons failed to ovulate but also suggested thatragayily prepubertal
individuals, may explain these observatigRsrton et al., 1987Songsasen et al., 2006n our

study, four individuals housed together were pptibertal at thebeginning of our

investigation and, as three of these females remained acyclic, age was also probably a
contributing factor. The fourth female ovulated at approximately 23 months of age, previously
considered the average time of maturity for this spediean Heerden and Kuhn, 198% is
feasiblethat the three acyclic females were physiologically suppressed by a dominant female
and that the outcome was a delay in sexual maturafdfasser and Bash, 1983 There is a

little evidence to support the existence of physiological suppression in this species, with lack of
ovulation as evidenced by low progestagens observed among subordinate indiiOresdt et

al., 1997avan Heerden and Kuhn, 1985 owever, in our case the female that became

sexually mature was not the dominant female of the group so suppression due to dominance
was not likely. Rather, sexual maturation was not well synchroniseddmytbiip and if the

study period had been extended, the other females might have become sexually mature in the

following months.

We observed only one case of an adult female that did not become pseudopregnant. She had
been seriously harassed by two silglén leading to several fights, and was then removed to a
group with two other siblings. This occurred during the early stages of the breeding season and
fighting may have resulted due to increased aggression from the dominant fé@vadel et al.,
199739. It is possible that stress may have been responsible for suppression, but previous

studies in Africanvild dogs have shown that stress is generally higher in dominants than
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subordinates and therefore not a likely cause for reproductive suppre¢€ieel et al.,

199739. The present study suggests that reproductive suppression in this species is far more
likely to be of a behavioural nature than physiological. With almost all adults ovulating and
becoming pegnant or pseudopregnant, this knowledge is crucial when trying to manage
captive breeding. In captivity, many females are implanted with contraceptives or held as
singlesex groups to prevent inbreeding or unwanted pregnancies. This suggests that
behaviairal suppression of reproduction is poorer in zoos than in-feeeging populations
where multiple female pregnancies in a single pack are(@reel et al., 1998rame et al.,
1979 Malcom and Marten, 1982If this is the case, more information is needed because
singlesex management groups are not always viaj@ggression can be high@ran Heerden
et al., 1996, space is often limited, and future introductions to opposite sirggr groups is
complex and riskypersonal observationAs such, studies of reproductive biology are

necessary to further improve population management in zoos for this species.

Studies involving captive individuals is not only a practical way of understanding the finer
mechanisms of reproduction but alsoails zoos to play a vital role in their own management
as well as wildlife conservatidiiribe and Booth, 20Q3Vildt and Wemmer, 1999 Although

our study was limited in sample size, we have supplemented the current database of
reproductive biology in this threatened species. This knowledge can in turn be applied to
studying individuals in frelving populations where attributes like reproductive suppression,
sexratio biasing of litters and female biased dispersal are interestiragacteristics of African

wild dogs.
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Chapter 4

Influence of age and social status on endocrine and behaviour in{ree

ranging African wild dogs at HluhluwiMfolozi Park South Africa
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Abstract

African wild dogsire cooperative breeders in which subordinates are reproductively
suppressed. The mechanism of suppression is likely to be behavioural or physiological and may
differ between the sexes. To investigate this, we asdendocrine and behavioural

differences as a function of age and social status.-Mwasive faecal sampling was carried out
and behavioural data were collected from fre@nging wild dogs at the Hluhluwi®ifolozi

Park, South Africa in two consecutive bding seasons. Faecal samples were measured for
oestradiol, progestagen and testosterone concentrations using radioimmunoassay. Females
showed increasing oestradiol and progestagen concentrations with increasing age until
adulthood, whereas males showed relationship with testosterone concentrations and age.
When controlled for breeding periods, hormone concentrations were similar for yearlings and
adults, although there was high variability within and between individuals. Endocrine
differences were detded between three classes of social status of individuals, in mating
periods, but these differences were not detected when restricted to adults only. As adults all
had similar hormone levels, the mechanisms of suppression appears to be behavioural and not
physiological in both sexes. Reproductive behaviours were mostly limited to adult individuals,
and predominantly displayed by dominant individuals, further supporting a behavioural

mechanism of suppression.
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Introduction

Reproductive supressioncan bedefinedas when demalesability toreprodue is delayed or

suppressedintil conditions improven the future(Wasser and Barash, 1988/nder varying

conditions, the costs of reproduction may exceed the benefits, thus delaying reproduction can
YFEAYAAS GKS NBLINRRAzOGA BS &adz00S&& Awherd Yy AYRA DAL
social status plays an important role in social ratgions such asiaked molerats

(Heterocephaluglaber), Africanwild dogs and dwarf mongooskeiélogale parvulg

reproductive suppression has been obsery€deeland Creel, 199 Creel et al., 1995b

Faulkes et al., 1996rame et al., 1979 However, in theseases all female members are

suppressed except for the dominaadthoughall femalegprovide care for the young. This

LI NI A Odzf F NJ OFasS 2F &a2O0Alf &dzLJLINBdsta dceuywhént &2 G S NI
breeding resources are limiteahd therefae a subordinate individual may benefit more by

caring for related offspring rather than risk producing their dwasser and Barash, 1983

These caseare relatively rare in social carnivores, as most adults do breed regardless of an

individuaQ & & 2 O [Creél anél Greel] #9R1n those specieshait do show suppression of

group members, tgh rankingdominantindividuals are believed to suppress other members of

a gioup through a variety of mechanisms, but these not well understood imanyspecies.

Mechanisms of reproductive suppression carpberomonal behavioural or endocrine driven,
or a combinatiorof these Physiologicabuppression can be manifested in a number of ways
includinginhibition or delay of ovulation or puberwVasser and Barash, 1983 this case,
endocrine differences underlying social statugooperative species may be appardror
example Jow ranking individuamaynot have the capacity to reproduce through ibhion of
oestrous cycleswhich can be detected by low concentrations of progestag&ntsordinate
individualsthat showlow concentrations ofeproductive hormons compared to dominants
has been reported in several species, suchammonmarmosetgCalithrix jacchus jacchis
naked molerats (Faulkes et al., 1990cotton-top tamarins(Saguinus oediplignd dwarf
mongoosegAbbott, 1984 Creel et al., 1995tZiegler et al., 1987Behavioural suppression on
the other hand, can be expressed by subordinate individuals, which are capable of breeding,
by ot displaying reproductive behaviours and therefore not actively enticing mates.
Alternatively,dominant individuals may actively praweother group members from breeding
through agonistic interactions grhysical interferencéAbbott, 1984 Packard et al., 1983n
dwarf mongooses, these mechanisms differed between the sexes with males primarily
suppressed behaviourally and females suppreds®t behaviourally and physiologically

(Creel et al., 1992
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In wild dogs, the mechanisms of reproductive suppression may also differ between the sexes.
In this species, stress was shown not to mediate reprodustiygpressior{(Creel et al., 1997a
but endocrine differences as a function of social status wabskrved Dominant male wild
dogs havébeen reported tohave higher testosterone concentrations than subordingteseel

et al., 1997aJohnston et al., 2007However, as some subordinates do mate and are able to
sire offspring(Spiering et al., 20)0suppression iglsolikely to be of a behavioural nature in
malesin some casedn females, the cost of breeding by subordinates can be very a&ggh
litters can bekilled orreared bythe dominant(Frame et al., 1979Girman et al., 199/Robbins
and McCreery, 2000Subordinate females may also berigk of starvation during &ation if

the pack fails to provide fooMalcom and Marten, 1982and as such, subordinate females
may benefit more by helpg to rear related offsprindarge packswhere hunting success and
thus food abundance is highearelikely to beable to supporimultiple femalelitters, but even
these cases are rasfew beta females gie birth in some population§-uller et al., 1992
Malcom and Marten, 198Reich, 198l As so few subalinate females do breed, it has been
suggested that physiological suppression of subordinate females is a likely mechanism that
prevents breedingReich, 198)L This theory has been supported by findings of lower
progestagen concentrations gubordinate female dog#ndicatingthat ovulation had not
occurred(Creelet al., 1997avan Heerden and Kuhn, 198But, this is in contrast to findings
from the study in Chapter 3, where in all but one case, captive &elulaled liad high
progestagen concentrationsuggesting ovulation and thus all females were capable of
breeding The lack of consistent findings suggests that, perhaps both behavioural and

physiological mechanisms are at play in both sexes of wild @tagsden Berghe et al., 2010

If reproductive suppression is physiological, then this can influence the age at which individuals
attain sexual maturityDetermining sexual maturity in both males and females can besasde

by both behavioural and endocrine studiglickman et al., 1992ee et al., 1975h In spotted
hyenas, longitudinal testosterone and oestrogen profiles allowed researchers to determine
approximate timing of sexual maturation in both males and fem@Bikkman et al., 1992

Even when longitudinal data collection is difficult to achieve, hormonal studies can also assist
with understanding patterns between individuals of different agesiial statusnd dispersal
status (Carlson et al., 20Q€reel et al., 1997dolekamp and Sk, 2003Perret, 2005 Strier

and Ziegler, 2000Sexual maturity can be linked to dispersal in some cooperative spadibs,
emigration out of he natalgroupoften occurring just before or after sexual matur{tyelson,
2000. In cooperative species, dispersal is more evenly shared by juveniles of both sexes

(Dobson, 198p Inwild dogs both females and males are known to emigrate out of the natal
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pack, although in some populations the main digses may be biased toward one sex
(DaviesMostert et al., 2012Frame and Frame, 1976rame et al., 197McNutt, 1996. The
patterns ofdispersal irwild dogs may differ between the sexédcNutt (1996 found that
males dispersd at an older age than females, but dispersed much further from their natal
pack.In thesepopulations femaleswere reported todisperse before two years of age
(McNutt, 1996, which is considered adulthoodidpersabehaviour may thereforée timed

with sexual maturityin this species.

In this studywe investigated whether age of sexual maturitywild dogs could be identified

by measuring sex hormones from fre@nging populations and if suppression of subordinates
isprimarily physiological doehavioural in nature. We alsomedto determine what role

sexual maturity plays in dispersal of bottales and females. We used nmvasive faecal
sampling to specifically test whethea) sex hormone concentrations increased from pup to
adult age classés a continuous or discrete fashipb) adult individuals hagimilar sex
hormoneconcentrations andlisplayed similar reproductive behaviaacross three classes of

social status; and c) dispersing individuals were sexually mature.

Methods

Study site and sample collection

The study was conducted at the Hluhlwitéfolozi Park(HiP), South Africa. A seription of

the study site is provideih Chapter 2. Data was collectatliringtwo field seasons (from

February to July in 2010 and 20bm up toninewild dogpacks. Population size ranged

from an estimate oB4 ¢ 115individualsjncluding pupsduring the study period (density 9:3

12.7 individuals/100 kR). Inmostpacks at least two individuals were collared and packs were
tracked using/HFradio telemetry. Tracking sessions were made twice a day in the early
morning and late afternooadjusting br seasonWhen packs were located, they were

followed until all visible individuals left road areas or after settling down to rest during the day
or evening. Faecal samples were collected opportunistically during tracking and stored in
sealed plastic bagSamples werplaced in a cooler bag with an ice pack until they could be
stored frozen (0.5, 4 h). For each sample, we recorded identified individual or pack, date, time
of collection and time until freezing. Frozen samples veren driedon low heat mixed and
subsamples up to 20 g were weighed and placed into clean sealed plastic bags and transported

to Australia.
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Extraction and radioimmunoassay

Extraction involved macerating dried samples before weighing ot@2ginto plastic tubes

with exact weight noted for eachFour ni.of 90% methanol was added to samples and
G2NISESR T2NJ Hn YAY®d ¢dzoSa8 6SNB GKSYy OSy{iNRTdza!
supernatant decanted into clean glass tubes and dried under air. Tubes were then
reconstituted wih 1 mL100% methanol for assaying. Radioimmunoassay methods used here
for oestrogens and proggagens have been described inapter 3. Dried faecal samples were
diluted 1:20 for oestradiol analysis and 1:5D500 for progestagen analysBoth oestradbl

and progestagen assays were validated by showing parallelism of serially diluted samples with
the standard curve. The limit of detection for oestradiol ranged ffbér 0.5 ng/g and for
progestagens 0.40.9 ng/g. Intraassay coefficient of variatigiCV) for oestradiol we&5%

and 19.1% for low and high concentrations, respectivBlynilarlyfor progestagens intra

assay CUsing quality controls provided by the kit was8 + 0.01%n = 3)and interassay CV

was 15.7%.

Testosterone concentrationgere determined using &3] Testosterone RIA kit (Beckman

Coulter, Gladesville, Australia). Crosactions above 1% according to the kit were

Testosterone (L&’ 0 sDihydhotesosterone (10%), 19 Nort@sa § SNB-yY ST MM

| ERNBPER(GSa2a0SNRyY-BI &gl pohz! OysR NiPSAIIKIeY  Si Sad2a i SN
Androstaneo ' ¥ -5MT2if O M2 0 X | R 3 pDioh(i%). RdM@pies were Siluted

1:10- 1:20 in phosphat buffer and assayed in duplicate. We followed kit instructions in which

50 uL of diluted samples were added to coated tuli@fowed by the addition ofracer. Tubes

gSNBE G(KSy 3ASyidte YAESRZI O02@SNBR hiTybRswerg Odzo I 1 SR 7
then decanted and left to dry before counting. Validation of the kit was shown by parallelism

of serially diluted samples with the standard curve. Sensitivity of the standard curve was 0.11
ng/mLandthe limit of detection rangd from 0.1¢ 0.3 ng/g. Inte-assay CV wd).®6 and

inter-assay CV wd.8%.

Behavioural observations

When packs were located, the date, time, pack and number of individuaksrecorded. We

used continuous sampling methodsth critical event samplingAltmann, 1974 Reproductive
behaviourghat were recordedncluded sniffing and licking ano-genital region, mate

guarding, whining, grooming, touching, mounting attempts and mating, mating leagth
copulatory ties. For females, any anatomical changes such as vulvar swelling, teat swelling and
belly distension were also noted to assist with pregnancy confirmation. All incidences of scent

marking by an individual were recordede distinguished scent marlg behaviour from
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normal urination by individuals that would first sniff an area, item, or patch of urine or faeces
from another individual, before directly urinating over these targ&t&lls and Bekoff, 1981
Repeated scent marking within an observation period but in different locations were recorded
as separate incidents. All interactions, either aggressiwbmisive, between any individual
wererecordedalong with winner/loser status and initiator. Any injuries or wounds on an

individual were recorded.

Statistical analysis

Data collected from up t8 packs totalling 18 pek years (during breeding seasomly) was

used for analysigibservation timeof each pack variedubstantially A total 0f199 samples
from 44 males (n = 10&nd 19 femaleén = 96) were used for analysBtatistical analysis was
conductedusing SPSS version 1€8PSS Inc., IBRhiago, IL, USA). We used linear mixed
models (LMMwith maximum likelihoodo determine the effect of age categories (pgd v;
yearlingl ¢ 2 y;adult> 2 y), breeding periodr{on-breeding mating, pregnancyand denning)
and social status (dominant, subdndte with unrelated oppositessex members, and
subordinatesborn in the natal pack with related oppositex membersonfaecalhormonal
concentrations. During the studgomeindividuals change#age clashowever, we restricted

age classes to the age of amlividual at the onset of the study period so that we dealt with
individuals from a cohort. We corrected assigning of faecal samplbe tareeding periodf

the dominant female irrach pack as onset oestruswas not synchronised and varied up to
two months Matingis definedhere as periodf courtship and matingyro-oestrus and
oestrusbehaviour (described in Chapter 8§ we did not have regular sample collection to
determine time of ovulation for each female. Multiple samples from a singleithdil (nales
3+ 0.44; females 5 + 1.1®%ere collected during the study, but we could not average data per
individual as individuals changed agjassesindsocialstatus over the two years. To avoid
pseudareplication we included identity aarandom factor (Millar and Anderson, 2004The
random factor was removed from analysis if models fit better without it using Akaikes
information criteria (AIC)As there were two years of study, year was included as a covariate
but removed if norsignifi@ant. Analysis of behavioural data was restricted to identified
individuals in each event only. Binomial distributions orsthiare goodnesef-fit tests were
used for behavioural analysis. Data were checked for normality and log transformed where
necessay. Statistical significance was set at p < 0.05 and Fssleast significant difference

was used for pairwise comparisons.
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Results

Age differences

Three age classes were compared for all hormones. For oestradiol, there was no significant
differencebetween age classes,(f&= 1.78, p = 0.174). For progestagens there was a
significant difference in age classegqf= 6.54, p = 0.002) and pairwise comparisons revealed
that pups had lower concentrations than both yearlings and adults. Testosterone
concentrations did not differ between age classeg, ¢f= 2.80, p = 0.066), although there was

a trend in that pups had the lowest concentrations.

As there were not discrete differences between age classes in oestradiol and testosterone, we
assessed theelationship between hormone concentrations and monthly age of individuals.
For oestradiol there was a nesignificant but positive linear relationship with increasing age in

females (Fig. 17~ 0.03, Fes= 2.79, p = 0.098)
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Figurel. Change in faexd oestradiol concentrations with increasing age of female African wild

dogs. A nossignificant linear trendline is included.
Progestagen concentrations showed a significant quadratic relationship with monthly age of

females (Fig. 22F 0.07, Es,= 355, p = 0.033). Concentrations peaked at approximately 36

48 months and then flattened out and slowly decreased with older age.
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Figure2. Change in faecal progestagen concentrations as age increases in female African wild

dogs. A significant quadratirendline is included to show the best fit of the data.

Testosterone concentrations showed neither a linear or quadratic relationship with increasing

age of males (Fig. 3; quadratic=r0.02, F100= 1.16, p = 0.318).
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Figure3. Concentrations of fecal testosterone with age of male African wild dogs. A near

horizontal linear trendline shows the poor relationship between these variables.
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Age class was then tested controlling for breeding periods. There were too few pup samples to
separate into thes@eriods, so analysis was restricted to yearling and adult classes. We also
removed the denning period as not all ages were represented in this period. An interaction
was found between age and breeding period for oestradiol concentrations<RB.41, p=

0.038) however, there was no difference between yearlings and adults within any breeding
period, only between mating and pregnancy periods in yearlings (Fig. 4a). For progestagen
concentrations there was no differences in the two age classes withinraeging period (Fig.

4b; h75=2.03, p = 0.139). Similarlgy testosterone there was no difference between adults

and yearlings in any breeding period {= 1.07, p = 0.347).
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Figure4. Mean * s.e.m. ofdecaloestradiol (a) and faetarogestager(b) concentrationsn

yearling and adult African wild dogs across three breeding periods

Status

Within the adult classwe compared three rankings of individuatkoinant, subordinate with
unrelated opposite sex, subordinates born in thetal pack}o see whether subordinatadult
individuals were hormonally suppressér each sex hormone tested in our study, all adults
had similar concentrationgverallregardless o$ocial status (Fig. 5; oestradiglsk= 0.78, p =

0.463; progestages kes= 0.76, p = 0.474; testosterongsg= 0.68, p = 0.513).
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Figure 5Faecal sekormone concentrations for three classes of social status for adult African

wild dogs. Oestradiol and progestagens are measured in females and testosterone in males

We also tested social status differences for adults only and all individuals within mating
periods where differences might be expected, but not for other periods due to limited
samples. There were differences in oestradiol concentrations in all indigidhetween social
status classes, whereby dominant individuals had higher oestrogens than subordinate natal
females (Fig. 6;2bs= 5.04, p = 0.014), but this was nsignificant when tested across adults
only (R17=2.11, p = 0.152). There were ndeliénces in progestagen levels in adults
regardless of social status although sample size was very smat ZFL8, p = 0.167), but there
were when all individuals were included 5= 3.72, p = 0.038) with dominants having higher
concentrations tharsubordinate natal females. Similarly, social status of males differed in
testosterone levels ghy= 3.96, p = 0.031), with dominant males having higher testosterone
than subordinate natal males. When this was restricted to just adults, there were no
differences in testosterone concentrations between dominant and subordinate siblings=(F
0.74, p = 0.409), there were no samples for adult subordinate natal males so this could not be

tested.
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Figure 6 Hormonal differences between three classes of alosiatus from all individuals

during the mating period only. Significant differences are shown by asterisks.

Subordinate reproduction

During the study up to nine subordinate adult sibling females were found in packs with a
dominant female, representingtatal of 15 opportunities to mate over the two years. Of

these only one subordinate female was observed mating, approximately six weeks after
mating of the dominant pair (pack size = 15) in that pack. No other subordinate females were
observed mating, aftough these may have been missed, nor did any other female show
indications of pregnancy. This subordinate female began denning ten weeks later at the
expected time of birth and remained denning for the next two weeks. However, when pups
from the dominantfemale were observed outside the den at this time, the subordinate female
was observed to babysit these pups while the pack went hunting. There appeared to be no
difference in size of pups that would be expected if the subordinate pups had been créched, so
it is likely that the subordinate pups had been abandoned, died or been killed within the first
two weeks. For males, most packs contained multiple adult sibling males of the dominant that
were capable of mating. Of four packs that were observed regulaplyo eight subordinate

sibling males had 11 opportunities to mate. Four subordinate males, from two packs, were
observed mating with the dominant female. In both cases, the dominant males as determined
by behavioural observations, were not observed tatemwith the dominant female, suggesting

I KASNI NOKe& aKAFTO RdzNAYy3a GKS FSYItSQa 2SaidNvza

former dominant male resumed dominant behaviours in both packs.
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Reproductive éhaviour

Scent marking was observed a totél82 times with 95.1% involving only adult individuals. We
compared the proportion of scent marking involving a single or pair of indivicaradsfound it
was significantly more common between pairs of individuals (binom#).p03). Within these
pairswe used a goodness of fit test to determine whether pairs involved dominants, one
dominant or no dominants. Pairs involving both dominant individuals in a pack were
responsible for most of the scent marking behaviour observéd 68.29df = 2, p<0.001).
However, between pairs that scent marked there was no significant difference whether it was
initiated by males or females (binomial p = GLAIl interactions between two identified
individuals were noted including winner and loser. Of 54 interas}iéf.6% involved adult
individuals and of thesénteractions between aduadult were significantly more common

than adultyearlingor adult-pup (¢ =22.51, df = 2, p<0.001). All interactions wereni-
directional in age in that younger individuals wealways submissive to an individual fram

older age class.

Dispersal

Between February 2010 and July 2011, 28 wild dogs were known to disperse away from their
natal pack. These individuals dispersed in 9 different events (ran§eridividuals) from 7
different packs (Tablg). All dispersal events, apart from those involving pack splits, were
made by individuals 23 months or older and did not appear to be influebgedy particular

period.

Table 1.Description of African wild dog dispersal evethiing the study season from

February 2010 to July 2011 at Hluhlwitdfolozi Park South Africa.

Dispersal Sex  Number Age Changed Period Event description
event Dispersed (m) core area
1 M 1 33 Yes Breeding Dispersal
2 M 2 o448 Yes Denning Death of dommant female, 2 males transferred
to another pack

3 M 2 37 Yes Denning Dispersal

4 F 2 37 Yes Denning Occurred after loss of pups by domindemale
5 F 1 37 Yes Denning Dispersal

6 M 7 29 Yes Postdenning  Dispersal

7 F 1 53 Yes Postdenning  pjispersapossibly after death of sibling female
8 F 2 20 No Postdenning  Death of dominant female, M andgfoups split

M 7 2056 No but would occasionally join up
9 F 4 23 Yes Breeding Dispersal
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Discussion

Increasing sekormone concentrations were asciated with increasing age in female but not
male wild dogs. For females, progestagen concentrations were more correlated with age than
oestrogens. In both cases pups had clearly low concentrations of hormones compared to older
individuals, but the relapnship of increasing age differed between oestrogen and progestagen
hormones. In female canids, sexual maturity can be assigned based on age of the first oestrous
cycle, although in domestic dogsbertalcycles can show low and fluctuating hormone
concertrations (Chakraborty et al., 198Qinde-Forsberg, 2001 In this study, it was not

possible to determine peak oestradiol concentrations in young-feaging females to confirm
oestrus, instead we focussed on changing concentrations efisgrones across age groups.

Both oestradiol and prgestagens were generally slightly lower in yearling females compared

to adults. The increase in progestagens in this study began in females aged betwesh 22
months, adding confidence to previous reports of puberty reached toward the end of the
second yar (van Heerden and Kuhn, 1988nterestirgly, males had similar concentrations of
testosterone across all ages, although there was a slight trend that pups had low testosterone
concentrations compared to yearling and adults. This is similar to the lack of change in
testosterone from one to two yar old males during breeding periods in a previous study
(Johnston et al., 2007 Testosterone therefore appears not to be a useful indicator of sexual
maturity in this species. Sexual behaviours and sgenwduction are probably much better
indicators of sexual maturity in males for canids, including wild ¢bgsston et al., 20Q7
LindeForsberg, 200). Endocrine differences appear to be more variable with age in female

wild dogs rather than males.

Across the breeding period, hormone concentrations did not differ between adult and yearling
classes. Hormone concentrations in canids, including waitss Chapter 3), change in

predictable ways during the breeding season depending on reproductive gfdasand
Valdespino, 1998.indeForsberg, 2001 Female and male wild dogs regardless of age,

showed no difference in hormone concentrations during breeding periods, which was
unexpected. However, although some patterns were evident within individuals, the high level
of variability both within and beteen individuals, and limitations in repeated samples of
individuals, are likely contributors to our nesignificant findings. Despite these limitations,
similar concentrations of selxormones in yearlings and adults provide some evidence that
there is nosuppression of hormones in maturing individuals thus delay of puberty is not a

likely mechanism of reproductive suppression in wild dogs.
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Social status was not reflected by endocrine differences in either male or female adults. Social
status in cooperatie breeders can be highly linked to endocrine differences in reproductive
hormones if subordinates are physiologically suppressed. Only during mating when all
individuals were included, did all subordinate natal individuals show lower concentrations of
hormones than dominants. However, it is difficult to say whether these individuals that had no
opportunity to breed within their pack are suppressed as these individuals were in most cases
pups and yearlings, which have already shown to have loweh@eroneconcentrations in
general. Although we restricted analysis to just adults subsequently, there were few adult
individuals born in the natal pack that had not already dispersed. Nonetheless, both dominant
and subordinate adult females had high progestagamcentrations, which like in Chapter 3,
suggests that subordinate females ovulate and show obligate pseudopregnancy. Although
there was no difference between dominant and subordinate adults in progestagens during
mating, the slightly higher concentratiomsdominants may provide some evidence that even

if subordinate females are able to ovulate, they may not show the characteristic rise-in pre
ovulatory progestagen, which can instigate sexual behaviour in cé@aeannon et al.,

1977), but this requires further examination. The lack of suppression of ovulation in females,
regardless of social status, implies that suppression of subatelifemales in wild dogs is
primarily behavioural, agreeing with findings from Chapter 3. This is further confirmed by an
observation of a subordinate female mating and probably achieving pregnancy, although rare
during this study. This occurred in onetloé two the largest packs which most likely was able

to support multiple pregnancies. Multiple males were also observed mating with the dominant
female, which also suggests that males are not physiologically suppresisas been

suggested that alpha nhes only exert suppression on individuals when subordinate males
become sexually matur@ohnston et al., 20Q7The lack of difference in testosterone

between dominant and subordinate adults is also intdieathat the mechanism of

suppression is not hormonally based, in that low testosterone can lead to low sperm
production which would inhibit mating, which was not observed. It in fact may further support
behavioural suppression, as testosterone is ofiakdd to aggression which tends to peak
during mating in wild dog&Creel et al., 1997and would exfain why subordinate siblings

were able to switch status and mate in some observations. We did detect testosterone
differences in social status during mating across all ages in males, which is similar to that
reported byCreel et al. (1997aSimilarlyJohnston et al. (20Qalsoreported differences in
dominants and subordinate natal males, however in this case this difference was still found
FFGSNI GKSAS adzw2NRAYlF0Sad 60SOIFIYS | RdzZ 64X 6KAOK
partly result from the large degree of variétyi of hormone concentrations within and

between individuals found in this study, and also that males in our study shifted social status
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during the breeding period. As all adults did not differ in hormone concentrations regardless of
social status, thisugygests that male and females wild dogs are behaviourally and not

physiologically suppressed in wild populations.

Behavioural differences were evident between age classes in African wild dogs. Both scent
marking behaviour and aggressive interactions thate recorded, were all primarily made by
adults compared to younger individuals, and furthermore by dominant adult individuals within
a pack. Scent marking which has been linked to territoriality and communication with
neighbouring packs in wild dog¥ackson et al., 201Parker, 2009 is also believed to

influence reproduction in somspeciegAsa et al., 199Mradecky, 1986 Dominant

individuals in this study were responsible for most seeatking behaviour, similar to that
reported in wolvegAsa et al., 199(and Ethiopian wolve£anis simensi§illeraZubiri and
Macdonald, 1998 Furthermore, dominant individuals were also predominantly responsible

for pair marking, or double marking, which has been linked to reprodu¢bombar and

Buehler, 1980Hradecky, 198b To what extent scent marking is involved in reproduction, in
addition to territorial marking remains to be investigated in wild dogs. Dispersal behaviour was
not linked to any particular breeding period in this study. Possible mechanisms which may
initiate dispersal like aggression, is more common during m#&@neel et al., 1997%and is
therefore not likely the major cause in this study, although it still may fheential. Several

cases of dispersal in this study were linked to the death of dominants or other pack members.
In most other cases, dispersing individuals were adults and only one case of individuals
approaching adulthood and thus most were already jikelbe sexually mature. Overall, we

did not find strong evidence linking sexual maturity as a primary driver for dispersal, however
small sample size may have obscured the importance of maturation in affecting yearling

dispersal.

Endocrine differencesra primarily a function of age rather than social status in African wild
dogs. Despite the link between social status and age, whereby young individuals also tend to
be subordinates, differences in hormone concentrations were reflected by social stayus onl
when all individuals were included and not within the adult age class. Although our endocrine
results were limited, the similarity of sévormone concentrations between yearling and adults
indicate that there is no physiological suppression of subordinadividuals. Furthermore, as

we found differences in reproductive behaviours in both age and social status, this provides
support for behavioural suppression as the primary mechanism of reproductive suppression of

subordinate wild dog individuals.
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Chapter 5

Adrenal hormone patterns in captive and freenging African wild dogs

during the breeding season
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