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Foreword  
 
This volume contains the contributions to the “10

th
 International Conference on 

Behaviour, Physiology and Genetics of Wildlife”, a conference jointly organised 
by the Leibniz Institute for Zoo and Wildlife Research (IZW) Berlin and the Euro-
pean Association of Zoos and Aquaria (EAZA). This series of meetings brings 
together specialists from different disciplines and covers a variety of topics such as 
research on ecology, behaviour, stress and disturbance, reproduction biology, wild-
life conservation and conservation genetics. The conference has developed a tradi-
tion of fostering an exchange of ideas and methods between scientists working with 
free-ranging and captive animals. A particular aim of the conference is to introduce 
participants to new concepts, methods and techniques developed within one 
discipline that may be very useful to answer questions in another. 
 
The first section of this volume contains the abstracts of invited plenary speakers, 
followed by summaries of the workshop and the parallel sessions and the abstracts 
of introductory talks to parallel sessions where appropriate. The main section con-
tains the abstracts of submitted contributions. Contributions were invited for the 
following topics: 
 

 Behavioural ecology  
 Stress and disturbance 
 Reproduction biology 
 Conservation genetics 
 Conservation biology  
 Ecophysiology of wildlife 
 Behavioural rhythms 
 Urban wildlife ecology 
 The role of science and planning methodology in the One Plan Approach 

to species conservation planning  
 Hybridisation capture - challenges and solutions 

 
The abstracts in this volume are organised alphabetically by author name and were 
printed as submitted. To help you to find abstracts of interest we have included an 
index of first authors, a taxonomic index, and an index of keywords at the end of 
the volume.  
 
We thank Anne Berger, Dagmar Boras, Jieqi Chen, Martin Dehnhard, Marion L 
East, Daniel W Förster, Oliver P Höner, Katarina Jewgenow, Stephanie Kramer-
Schadt, Sven Kühlmann, Kristin Leus, Gabriele Liebich, Karin Müller, Sylvia 
Ortmann, Zjef Pereboom, Kathleen Röllig, Christian C Voigt, and Bettina Wachter 
for their help in the preparation of the conference and its scientific programme. We 
are very grateful to the organisers of the workshop and parallel sessions as well as 
to all the colleagues who have kindly reviewed all submitted contributions.  

Berlin, September 2015 

Jörns Fickel, Anke Schumann, Steven Seet, and Heribert Hofer 
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PLENARIES 
 
Urban environmental stress: the challenges of integrating toxicology, nutrition 
& oxidative stress into the life-history biology of wild populations 
 
ISAKSSON CAROLINE 
 
Lund University, Dept of Biology, Ecology Building, Sölvegatan 37, 223 62 Lund, 
SWEDEN; caroline.isaksson@biol.lu.se 
    
Urbanisation is, next to global warming, the largest threat to biodiversity and the 
health of wildlife. Apart from the obvious problem of habitat loss and fragmenta-
tion for urban-dwelling species, the urban environment is associated with a number 
of environmental stresses (e.g., chemical pollution, artificial light at night and 
noise) which urban species need to deal with. One key component for dealing with 
environmental stress is the antioxidant system, since many stresses either directly 
or indirectly increase the internal levels of reactive oxygen species (ROS) – a state 
commonly referred to as oxidative stress. A high oxidative stress leads to increased 
generation of oxidative damages to lipids, proteins and/or DNA, which is linked to 
pre-mature ageing and increased susceptibility to develop severe diseases, which 
ultimately affect fitness and well-being. Here I will take the “temperature” of ter-
restrial animals living in the urban environment. Do we have a ticking bomb? Can 
we expect differences between different species living in the urban environment? 
What determines the capacity of the antioxidant response, genetics or environ-
ment? In addition, I will use the common European species – the great tit (Parus 
major) – as an example to demonstrate the impact of urbanisation, physiological 
complexity and the role of nutrition. Finally, I will give my view on current pitfalls 
in the field and future directions – what do we need to know about urban wildlife to 
secure urban biodiversity for generations to come while urbanisation continues to 
grow? 
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The science that drives conservation of golden lion tamarins  
 
DIETZ JAMES M

1
, MICKELBERG JENNIFER

1,2
 

 
1
Save the Golden Lion Tamarin, 303 Cavalier Ct., Silver Spring, Maryland 20901, 
USA; jmdietz@umd.edu 

2
Zoo Atlanta, 800 Cherokee Ave. SE, Atlanta, Georgia 30315, USA  

 
Golden lion tamarins are small primates endemic to Brazil‟s Atlantic Coastal 
Forest. At present there are approximately 3,200 golden lion tamarins in the wild, 
all living in small and isolated forest fragments in Rio de Janeiro State. The largest 
federally protected population in the wild, now about 310 individuals, is located in 
the 6,300 ha Poço das Antas Biological Reserve. For 17 years we monitored a 
study population of about 100 individuals in 14 breeding groups in this reserve. 
Individuals in study groups were individually marked and habituated to the 
presence of human observers. We affixed a radio collar to at least one individual in 
each group. We recorded all emigrations, immigrations, births and deaths in each 
breeding group. From 1996 to 2001, predators such as tayras (Eira barbara) sig-
nificantly reduced the number of tamarins in the reserve. We used pedigree 
analysis to evaluate the genetic and demographic changes in the Poço das Antas 
population before, during and after escalated levels of predation. When predation 
levels were low, breeding opportunities were scarce and we documented in-
breeding and inbreeding depression. The immediate effect of increased predation 
was to increase the genetic diversity of the population by providing breeding 
opportunities to new, under-represented tamarins and removing over-represented 
individuals. High levels of predation resulted in more equitable founder 
contribution and, probably, decreased levels of inbreeding. In 1999, we estimated 
the number of tamarins in the reserve to be about 220 (a decrease of 39 % from low 
predation levels), and mean size of study groups dropped from 5.6 to 3.4. 
Population density decreased from 0.14 individuals/ha to 0.07 individuals/ha. 
Recolonisation of habitat made vacant by mortality was rapid, but new groups 
often contained breeding adults without reproductive experience and lacked 
helpers. Infant survival to weaning dropped from 70 % to 11 %. We used these 
demographic values in population viability analysis software to estimate the 
number of tamarins necessary to meet our goals for population survival and 
retention of genetic diversity (100 % and 98 %, respectively, for a period of 100 
years). Using extrapolation and census data we estimated the number of tamarins in 
each forest fragment and we designed population management and reforestation 
strategies that have the potential to keep the species from extinction on the long 
term.  
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Why is the “ARK” losing its passengers prior to disembarking? A review of 
successes and challenges ahead for reproductive sustainability in the modern 
zoo 
 
KOUBA ANDREW J

1,2
 

 
1
Mississippi State University, Dept. of Wildlife, Fisheries, & Aquaculture, Center 
for Resolving Human-Wildlife Conflict, 775 Stone Blvd., PO Box 9690, 
Mississippi State, MS 39762, USA; a.kouba@msstate.edu 

2
Memphis Zoo, 2000 Prentiss Place, Memphis, TN 38112, USA 

    
An ever increasing number of species are being categorised as “conservation-
reliant” due to their inability to maintain or re-establish sustainable populations in 
the field or captivity without continual human intervention. The more conservative 
definition of conservation-reliance suggests that, if humans disappeared from the 
landscape tomorrow many species would soon become extinct (e.g. the black 
footed ferret or Wyoming toad, both of which are afflicted by disease). This more 
conservative definition suggests humans are not the only causal factor to their de-
cline, yet we are critical to their survival. However, more liberal definitions use the 
categorisation to highlight the fact that reproductive success for many threatened 
species is now based on the new “norm” of continual selective breeding, reintro-
ductions or translocations. These management tools are needed to augment natural 
populations and support gene flow or connectivity. Worldwide, zoological institu-
tions have been playing a significant role in maintaining and re-stocking these con-
servation-reliant species. Although a number of wildlife held in captive assurance 
colonies are selectively bred naturally, many more are failing to reproduce entirely 
or are completely dependent upon assisted reproductive technologies (ART). To 
address this sustainability challenge, zoo and aquaria are rapidly evolving to be-
come cooperative research centers focused on understanding and describing indi-
vidual species reproductive ecology, while also developing ART for immediate tri-
age as species disappear. Tools such as non-invasive hormone assays, semen col-
lection, genetic resource banking, artificial insemination, ultrasound analysis, and 
in-vitro fertilisation have all been used successfully to produce offspring; yet, have 
not reached their full potential in breeding programmes. While the aforementioned 
techniques are less controversial, other experimental methodologies related to de-
extinction including cloning, genome-editing, back breeding, and stem cell manip-
ulation, have all received significant media attention and been part of “speculative 
ethic” debates. The following review will summarise notable scientific achieve-
ments, describe current and new ART methods under development, and outline 
challenges for the next decade in the study of wildlife reproductive physiology, 
sustainability and management. Particular emphasis will be on the need to create 
linkages between the laboratory specialists and the ecologists in the field if mean-
ingful progress on moving genes between wild and captive populations is to be 
realised in the future.  
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Ancient DNA informed conservation 
 
ORLANDO LUDOVIC 
 
Centre for GeoGenetics, Natural History Museum of Denmark, University of 
Copenhagen, Øster Voldgade 5-7, 1350K Copenhagen, DENMARK; 
lorlando@snm.ku.dk 
 
Technological limitations have reduced the scope of ancient DNA research for 
decades to only short stretches of mitochondrial genetic information. In the last few 
years, the advent of high-throughput sequencing technologies, together with mo-
lecular methods tailored to ultrashort and degraded DNA fragments, have opened 
access to the complete genome sequence of ancient individuals and extinct species. 
With such methods, the genome from almost one million year old fossil material 
can now be characterised and the genomic diversity can be charted through time at 
population scales. These approaches make archaeological and paleontological col-
lections an invaluable source of information to reconstruct the past dynamics of 
populations and ecosystems in the face of climatic changes and, in turn, help better 
define baseline information on ecosystem change and extinction rates. Applying 
such approaches to museum specimens can also reveal the impact of recent human 
activities on biodiversity, with the ultimate goal to enhance conservation success in 
the Anthropocene era. Genome-wide information from the past can, for instance, 
help monitor heterozygosity, inbreeding, admixture and deleterious mutational 
loads since captivity and thereby, inform about which lineages should be prioritised 
in conservation breeding programmes. At the same time, computational approaches 
in ancient DNA are being developed to assign the geographic origins of individuals 
based on their genetic information, starting from minute amounts of DNA material. 
These approaches can be key for fighting illegal poaching and identify substructure 
in present-day populations as well as a priori assessing the relevance of particular 
translocation strategies. We will use examples from our recent research to illustrate 
how methods in ancient DNA research can leverage on past evolutionary changes 
to advance our knowledge on extinction dynamics and ecosystem turnover, and 
improve the success of future management and conservation programmes. 
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The evolution of infanticide in mammalian societies 
 
HUCHARD ELISE  
 
Centre d‟Ecologie Fonctionnelle et Evolutive (CEFE), CNRS, Dept. Evolutionary 
Ecology, 1919 Route de Mende, 34380 Montpellier, FRANCE; 
elise.huchard@cefe.cnrs.fr 
  
Male and female mammals commonly kill juveniles. The benefits of such infanti-
cide to the killer and its costs to the mother of the victim likely vary across social 
and mating systems. Here we use comparative analyses to explore the evolutionary 
causes and consequences of infanticide by males and by females across mammals. 
We show that infanticide by males primarily evolves in social species where repro-
duction is monopolised by a minority of males who hold dominance over short 
tenures. Infanticide by males has not promoted social counter-strategies such as 
female gregariousness, pair-living, or changes in group size and sex-ratio but is 
successfully prevented by female sexual promiscuity, a paternity dilution strategy. 
We further show that infanticide by females evolves in species where female re-
production requires high energetic investment over short periods. These findings 
indicate that infanticide by males is a consequence of contrasts in social systems 
affecting the intensity of sexual conflict, while infanticide by females may rather 
reflect contrasts in life-history. 
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WORKSHOP AND PARALLEL SESSION SUMMARIES  
 
Workshop: Cryopreservation of gametes and embryos for conservation 
breeding 
 
MÜLLER KARIN

1
, NAUMANN RONALD

2
, TANNERT ASTRID

1
,  

JEWGENOW KATARINA
1
 

 
1
Leibniz Institute for Zoo and Wildlife Research (IZW), Alfred-Kowalke-Str. 17, 
10315 Berlin, GERMANY; mueller@izw-berlin.de 

2
Max Planck Institute of Molecular Cell Biology and Genetics, Pfotenhauerstrasse 
108, 01307 Dresden, GERMANY 

 
Cell-, tissue-, individual- and species-specific peculiarities still constitute chal-
lenges for cryopreservation of reproductive cells and tissues. The investigation of 
biochemical and biophysical requirements for cryopreservation of variant cell types 
from different species and comparative examination of existing techniques will 
help improving cryopreservation in problematic instances. In the mouse, cryopres-
ervation of gametes and embryos is successfully and routinely applied to preserve 
genetic lineages and will be presented in detail during this workshop. 
Extrapolating from mice, the importance of a controlled and reproducible handling 
is demonstrated for feline gametes as well. Moreover, sperm collection methods 
and their potential influence on the outcome of cryopreservation are discussed for 
the African lion and Amur leopard cat. Considering the fact that most samples are 
recruited under field conditions, the application of simple cryopreservation methods 
with low operating expense are in focus. However, research on development and 
potential use of a new innovative technique is also presented. 
 
 
 
Parallel session I: The role of science and planning methodology in the One 
Plan Approach to species conservation planning 
 
PEREBOOM ZJEF

1
, KRISTIN LEUS

2
 

 
1
Centre for Research and Conservation, Royal Zoological Society of Antwerp, 
Koningin Astridplein 26, 2018 Antwerpen, BELGIUM; zjef.pereboom@kmda.org 

2
IUCN/SSC Conservation Breeding Specialist Group / European Association of 
Zoos and Aquaria / Copenhagen Zoo, c/o Annuntiatenstraat 6, 2170 Merksem, 
BELGIUM; kristin@cbsgeurope.eu 

 
One Plan Approach (OPA) to species conservation planning is rapidly becoming 
one of the buzz words in the conservation community. In short, it refers to the joint 
development of management strategies and conservation actions by all 
stakeholders involved in species conservation. Traditionally, species conservation 
planning has followed two parallel but separate tracks. Field biologists, wildlife 
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managers and conservationists monitor wild populations and develop conservation 
strategies and actions to conserve threatened species, commonly referred to as in 
situ conservation. Meanwhile, the zoo and aquarium community develops long-
term goals for sustaining ex situ populations. However, this somewhat fabricated 
distinction has recently been questioned, as it seems to make no sense to have sepa-
rate and independent conservation planning efforts based on whether they take 
place in the wild, in reserves or in zoos, aquariums and other ex situ facilities (in-
cluding genome resource banks). Exactly for this reason, the IUCN SSC Conser-
vation Breeding Specialist Group (CBSG) coined the phrase “One Plan Approach” 
to species conservation planning, to help promote the need for integrated planning. 
OPA promotes that all stakeholders together evaluate which conservation actions 
are best undertaken to conserve a particular species, including whether intensive 
management of populations is required and whether or not this would benefit from 
any form of ex situ activities.  
The recently revised IUCN SSC Guidelines on the use of ex situ Management for 
Species Conservation have been designed to facilitate the assessment of ex situ 
Management Options into species conservation planning. The importance of popu-
lation biology is often overlooked in conservation planning. While much attention 
is focused on identifying and addressing primary threats (and their causes), the 
precise effects of both these primary and stochastic threats on the population are 
often insufficiently defined and investigated. This in turn may mean that the poten-
tial need for intensive population management may be insufficiently investigated. 
Including experts in intensive population management (including ex situ manage-
ment) among the stakeholders participating in conservation planning can help to 
prevent this. The same holds true for the careful selection of suitable conservation 
planning methodologies and tools, which help stakeholders to carefully investigate 
all aspects of the status and threats, their effects on the species, where best to inter-
vene with which conservation actions and how to construct the action plan in such 
a way that science can play a role in adaptive management of the plan.  
In this symposium, co-organised by EAZA, WAZA and CBSG, we have the ambi-
tion to explain OPA in more detail, to introduce the revised IUCN ex situ guide-
lines, and showcase a few successful examples of OPA projects from across the 
globe, highlighting both scientific aspects and planning tools and methodologies. 
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Parallel session II: Urban wildlife ecology 
 
WARREN PAIGE S

1
, KRAMER-SCHADT STEPHANIE

2 

 
1
University of Massachusetts, Dept. of Environmental Conservation, 160 
Holdsworth Way Amherst, MA 01003-9285, USA; pswarren@eco.umass.edu 

2
Leibniz Institute for Zoo and Wildlife Research (IZW), Alfred-Kowalke-Str. 17, 
10315 Berlin, GERMANY; kramer@izw-berlin.de 

 
Urban areas are rapidly increasing worldwide and lead to the transformation of 
habitat for wildlife. On the one hand, novel ecosystems may arise, e.g. by offering 
new food resources, while on the other hand the human-wildlife interface increases 
through habitat fragmentation and expansion of developed areas. These processes 
not only change the contact zones between humans and wildlife leading to human-
wildlife conflicts, but also alter transmission pathways for zoonotic pathogens or 
emerging infectious diseases. It is therefore of paramount importance to understand 
the adaptive strategies of wildlife species to urban environments to contribute to a 
reasonable wildlife management. This workshop aims to provide an overview of 
current work done in the relatively young field of urban wildlife ecology by fo-
cusing on behavioural and physiological adaptations (movement behaviour and 
habitat selection, genetic structure, resource use) of wildlife to urban environments, 
stressors and selective pressures to wildlife in cities as well as on infectious 
diseases of wildlife at the human-wildlife interface. 
 
 
 
Parallel session III: Conservation  
 
HERBINGER ILKA

1
, EAST MARION L

2
 

 
1
WWF Deutschland, Reinhardtstr. 18, 10117 Berlin, GERMANY; 
ilka.herbinger@wwf.de 

2
Leibniz Institute for Zoo and Wildlife Research (IZW), Alfred-Kowalke-Str. 17, 
10315 Berlin, GERMANY; east@izw-berlin.de 

 
Human activities are causing an alarmingly high loss of biodiversity, extensive 
degradation of habitats, the alteration of ecological processes and global climate 
change. As the human population increases, all these problems are likely to in-
crease. Contributors to this workshop will outline the range of methods and ap-
proaches they have applied at tackling various conservation related problems in 
different habitats worldwide, and the outcome of these projects will be discussed. 
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Parallel session IV: Ecophysiology of wildlife 
 
HELDMAIER GERHARD

1
, VOIGT CHRISTIAN C

2
, ORTMANN SYLVIA

2
 

 
1
University of Marburg, Dept. of Biology, Karl-von-Frisch-Str. 8, 35043 Marburg, 
GERMANY; heldmaier@uni-marburg.de 

2
Leibniz Institute for Zoo and Wildlife Research (IZW), Dept. of Evolutionary 
Ecology, Alfred-Kowalke-Str. 17, 10315 Berlin, GERMANY;  
ortmann@izw-berlin.de; voigt@izw-berlin.de 

  
Ecophysiology studies both the adaptation an organism`s physiology to environ-
mental conditions and the reaction to changes in environmental conditions. Availa-
bility, assimilation and allocation of food and/or energy as well as the economical 
management of body reserves in times of food shortage is of vital importance for 
several aspects of the biology and life-history of animals. 
This workshop reviews various aspects of ecophysiology such as adaptation to 
seasonality, management of energy resources and energy reserves, acquisition and 
processing of food, and the relevance of hypometabolism in wildlife species. Re-
cent findings will be presented of research from field and laboratory studies and 
new techniques will be introduced, which hopefully stimulates discussion and en-
courages young scientists to work in this field. 
 
 
 
Parallel session V: Hybridisation capture - challenges and solutions 
 
FÖRSTER DANIEL W

1
, MORIN PHILLIP A

2
, FICKEL JÖRNS

1,3
 

 
1
Leibniz Institute for Zoo and Wildlife Research (IZW), Alfred-Kowalke-Str. 17, 
10315 Berlin, GERMANY; foerster@izw-berlin.de 

2
Southwest Fisheries Science Center, National Marine Fisheries Service, National 
Oceanic and Atmospheric Administration, 8901 La Jolla Shores Dr., La Jolla, CA 
92037, USA 

3
University of Potsdam, Institute for Biochemistry and Biology, Karl-Liebknecht-
Str. 24-25, 14476 Potsdam, GERMANY 

 
Advances made in DNA technologies over the past decade have transformed many 
biological disciplines. Initially it was mainly studies of model organisms that bene-
fitted from these technologies. However, disciplines like conservation biology and 
molecular ecology quickly adopted these techniques, and these genomic tools are 
now successfully applied to investigate non-model organisms – species for which 
genomic data is largely absent or scarce. 
Studies will be presented that focus on targeted sequencing approaches, in particu-
lar those that combine high throughput sequencing with enrichment ("hybridisation 
capture") of target loci. The research talks demonstrate the breadth of research 
fields in which these techniques are applied, ranging from population genetics over 
phylogeography, taxonomy and conservation to epigenetics. 
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Parallel session VI: Behavioural rhythms 
 
HUT ROELOF A

1
,

 
BERGER ANNE

2
 

 
1
University of Groningen, PO BOX 11103, 9700CC Groningen,  
THE NETHERLANDS; r.a.hut@rug.nl 

2
Leibniz Institute for Zoo and Wildlife Research (IZW), Alfred-Kowalke-Str. 17, 
10315 Berlin, GERMANY; berger@izw-berlin.de 

   
Analysis of temporal patterns in biological data gives insight into basic ecological 
interrelations and individual adaptation. Topics of this session will be the descrip-
tion and analysis of rhythmic temporal patterns and their ecological relevance and 
importance for wildlife management, animal welfare and conservation. We invite 
participants to join the session to present and discuss new basic concepts or 
methods of temporal analysis and interpretation of behavioural data. 
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PARALLEL SESSIONS INTRODUCTORY TALKS 
 
Parallel session II: Urban wildlife ecology 
 
Implications of an anthro-centric lens in urban wildlife ecology 
 
WARREN PAIGE S

1
, FISCHER JASON D

2
 

 
1
University of Massachusetts, Dept. Environmental Conservation, 160 Holdsworth 
Way, Amherst, MA 01003, USA; pswarren@eco.umass.edu  

2
New College of Florida, 5800 Bay Shore Rd, Sarasota, FL 34243, USA  

  
Humans shape biotic communities in cities in profound ways, from obvious 
changes in species composition, to less noticeable shifts in timing of breeding, 
predator-prey dynamics, and foraging behaviour. Historically, wildlife ecologists 
and conservation biologists, largely viewed cities through a relatively simple lens: 
cities remove and fragment natural habitats. Urban biotic communities are by im-
plication deficient or damaged – they lack key guilds or species and are highly 
invaded. There is growing shift, however, in how human-altered landscapes are 
viewed and valued. Researchers and practitioners are embracing terms and ap-
proaches that increasingly situate humans as integral to positive changes in ecosys-
tems: “designed ecosystems”, “transformative restoration”, “assisted migration”, 
and “reconciliation ecology”. There are good reasons to be cautious about em-
bracing these more anthro-centric approaches, and many are controversial. Yet, 
realism dictates that we contemplate the implications of a domesticated planet, one 
where the distribution and abundance of species become increasingly dependent on 
human values, decisions, and actions. Viewed through this more anthro-centric 
lens, we propose that cities are sources of novelty, hotspots of resource inputs (as 
well as resource consumption), agents of decoupling for ecological phenomena, 
and drivers of evolutionary change. We examine here some of the complex path-
ways through which humans influence biotic communities, with consequences that 
may ripple through food webs in previously unexpected ways. In particular, we 
highlight the pervasive impacts of anthropogenic foods. Anthropogenic food can 
directly increase population sizes of wildlife that consume it or indirectly mediate 
top-down control by altering diets of predators or increasing populations of prey to 
the point that predation cannot constrain them. In addition, anthropogenic food is 
the product of industrial agriculture, processing, packaging, and shipping of foods 
from where they were produced to where they are consumed by wildlife. As a 
result, we propose anthropogenic food is a novel, socio-ecological force affecting 
trophic dynamics in an increasingly urban world. The future conservation of 
regionally distinct fauna and flora increasingly depends on viewing and managing 
urban ecosystems through a more anthro-centric lens. 
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Infectious diseases are an increasing threat to the survival of wild gorillas, 
chimpanzees and bonobos. Therefore, great ape health surveillance is becoming 
ever more important and must be included into conservation plans in conjunction 
with other conservation strategies.  
The Ebola virus, respiratory diseases and anthrax are examples of diseases known 
to cause a large number of deaths both in humans and great apes. The natural 
cycles of the Ebola virus and anthrax are unknown, which makes it difficult to 
predict the emergence of these pathogens. On-site veterinary health monitoring and 
real-time investigation of disease and death in great apes and wildlife in WWF 
ecotourism sites in the Congo basin can help with early detection of pathogens and 
can function as a warning system. It allows for immediate intervention and can 
prevent a rapid spread in possible disease outbreaks such as Ebola. Additionally, 
health monitoring increases understanding of disease transmission between animals 
and humans and thus helps prevent the emergence of new infectious diseases in the 
local human population. 
In a collaborative programme, WWF together with the "Epidemiology of Highly 
Pathogenic Microorganisms" group at the Robert Koch Institute aim to improve the 
health of humans and animals by establishing continuous health monitoring of 
habituated apes and other wildlife as well as all humans who are in close contact 
with the animals in three project areas in the Congo Basin.  
The health monitoring programme includes setting-up mobile field laboratories, 
performing regular health checks of all project staff, scientists and tourists, col-
lecting behavioural and health related data and non-invasive samples from habitu-
ated animals as well as opportunistic carcass sampling of wildlife. Analysis of 
human and animal samples are conducted in the field laboratory and in case of 
suspected pathogen infections, confirmation is sought through the Robert Koch 
Institute in Berlin. One important aspect is the prevention of infectious diseases by 
implementing improved hygiene guidelines and raising the awareness on health 
and hygiene rules in the human population and with project staff, scientists and 
tourists. In case of disease outbreaks, emergency operations and treatments 
(preferably non-invasive) among sick wild animals can include vaccinations as 
preventive measures and provision of antibiotics via blowpipe. 
By describing some recent case studies, we showcase how health monitoring works 
and how it can help to improve the conservation of great apes by significantly re-
ducing one main threat to their survival whilst also contributing to improved health 
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and hygiene in the local human population. We further want to encourage various 
stakeholders, including medical researchers, decision makers, conservationists and 
donors to enhance collaboration and to better coordinate and implement „one 
health‟ approaches. 
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Torpor is a powerful behaviour for reduction of energy expenses in mammals and 
birds. In recent years an increasing number of species have been observed which 
use this behaviour with different degrees of intensity. It ranges from extensive 
periods of seasonal hibernation with multiday torpor bouts and body temperatures 
even below the freezing point of water like in arctic squirrels. The other extreme of 
this behaviour are short daily torpor bouts in desert inhabiting spiny mice at high 
body and ambient temperature. In between these two extremes there is an entire 
scale of different torpor intensities including aestivation or hibernation at high 
body temperature, like in bears or Madagascan lemurs, or daily torpor with body 
temperatures close to 10°C like in many small rodents.  
Torpor is characterised by a pronounced reduction of metabolic rate (plus heart and 
ventilation rate) and is adjusted to a fraction of basal metabolic rate. Entrance into 
torpor is initiated by metabolic rate depression and remains under thermoregulatory 
control. This indicates that torpid animals remain to be endotherms, but can alter-
nate between a euthermic tachymetabolic state and a torpid bradymetabolic state 
with largely reduced body functions. 
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Parallel session V: Hybridisation capture - challenges and solutions 
 
The evolution of capture enrichment methods and application to conservation 
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Conservation genetics includes studies from the gene to the species level, and in 
the age of genomics, increasingly longer and more sequences are called for. The 
use of highly-parallel sequencing methods now allows a wide range of targeted se-
quencing applications, from single to thousands of loci, and single to hundreds of 
samples simultaneously. One of the biggest impacts over the last five years has 
been the ease of generating complete mitochondrial genomes from population 
sample sets for phylogeography and phylogenetic applications. Increasingly, how-
ever, sequencing of hundreds to thousands of nuclear loci from multiplexed 
samples is allowing SNP genotyping directly from the nuclear sequences of known 
location and/or function. Applications include studies of relatedness, population 
structure, phylogeography/phylogenetics, and investigation of genes under selec-
tion. Methods still require optimisation for each study; however, as DNA quantity 
and quality, library preparation methods, capture bait design, hybridisation condi-
tions, and optimal sequence/sample combinations are study specific. I will review 
some of these variables from the literature, our own experiences with capture 
enrichment of mitochondrial genomes and nuclear loci, and some applications to 
cetacean population genetics, phylogeography and taxonomy. 
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In nature, the light-dark cycle can be perceived as a predictor for the daily tempera-
ture cycle. From the notion that the night is colder than the day and that sleep is 
associated with better thermal insulation, we derived the circadian thermoener-
getics hypothesis (CTE). CTE predicts that nocturnal activity patterns are energeti-
cally costly and that nocturnal mammals will save energy by becoming diurnal. We 
further deduced that nocturnality only exists to avoid increased predation risk dur-
ing daytime. We tested this hypothesis by reducing energy intake or increasing 
energy expenditure. In both cases, mice indeed become diurnal while reorganising 
their circadian organisation in the body. As theoretically predicted, nocturnality can 
be reinstalled by increasing perceived predation risk. This suggests that the main 
circadian pacemaker (suprachiasmatic nucleus, SCN) drives slave oscillator system 
involved in sleep-wake regulation, which is sensitive to energy balance and anxie-
ty. In humans, internal desynchronisation studies and correlations between chro-
notype and body mass indeed suggest that the duration of the sleep-wake cycle is 
sensitive to sponateous variation in energy balance and metabolic rate. 
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CONTRIBUTED PAPERS  
 
Transmission of stress between cagemates: a study in rats 
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The neuroendocrine responses triggered by stressors cause significant behavioural 
changes in animals. Considering the continuous behavioural interaction between 
social animals, it would be reasonable to suggest that the aforementioned be-
havioural changes can lead to transmission of stress between individuals. In the 
present study the aim is to investigate the outcomes of the behavioural interaction 
between stressed and unstressed animals housed together. 
A total of 28 adult male Wistar rats were used in the study. The animals were ran-
domly allocated to four groups. Two of the groups were exposed to white noise 
stress in a period of 15 days, while the other two groups remained unstressed. One 
of the stress exposed groups served as the stress control (SC) group and one of the 
non-stressed groups served as the reference value (RV) group. The remaining two 
groups were transmission groups. Every two animals of the non-stressed transmis-
sion group (TC) were housed with two other animals of the stress exposed trans-
mission group (TS) during the experimental period. After the stress exposure pe-
riod, six animals from each group were subjected to behavioural assessment in an 
elevated plus maze (EPM), and subsequently, their cortisol levels were determined. 
White noise exposure of animals in the SC group induced a stress response indi-
cated by an 1.8 fold increase of plasma cortisol level compared to the RV group 
(2.11 ± 0.43 µg/dl and 1.16 ± 0.02 µg/dl, respectively). The transmission groups 
(TS and TC) entered the open arms more frequently and spent more time in open 
arms than the RV group. 
White noise exposure caused a stress response characterised by an elevation of cor-
tisol level in rats. The gradual decrease of cortisol level from the SC towards the 
RV group may be interpreted as evidence supporting the hypothesis of stress-
transmission between cagemates. The moderate stress levels of the transmission 
groups, but not low and high levels of the SC and RV groups, decreased the 
anxiety-like behaviour, which indicates an inverted U-shaped relationship between 
stress levels and anxiolytic effectiveness. These results and further research on 
stress transmission would be beneficial in rehabilitation and release programmes 
for wild animals. Stress levels of animals or even human caregivers may be trans-
ferred and affect the wellbeing of others, therefore stressed animals in the rehabili-
tation centers should be monitored and treatment and housing conditions should be 
arranged accordingly.  
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Kangal dog is one of the endemic large dog breeds in Anatolia. Although the name 
refers to the Kangal district of Sivas, it is actually bred in different regions of 
Turkey and also in different countries as a livestock guarding dog. Because of its 
superior livestock guarding skills, the popularity of Kangal dogs is growing abroad 
as well as in Turkey. Although there is plenty of data in a large spectrum varying 
from its morphology to the haematological values, the behavioural characteristics 
of Kangal dogs have not been adequately studied so far. The knowledge about its 
behaviour is mostly grounded on the information derived from observations and 
non-scientific assessments of breeders and hobbyists.  
In the present study ten sheep flocks guarded by Kangal dogs in Sivas have been 
investigated. Fourteen male and ten female dogs, whose age varied between one 
and seven years, have been equipped with GPS receivers which were attached on 
their collars. Hereby, instantaneous geographical position and speed data were 
collected during the routine guarding duty, and these data were analysed. 
Our results showed that each Kangal dog cooperated with the others while 
guarding the flock, and that they have generally established a close link with shep-
herds rather than the sheep.  
Our opinion is that our methods that we used for collecting and analysing the data 
as well as our results will constitute a fundamental contribution to this area of 
research, since, to the best of our knowledge, the data we collected in this project 
were the first quantitative data on this topic. Our results and potential results from 
future studies on this topic will contribute to the support of the livestock guarding 
behaviours deriving from its natural instincts with efficient breeding practices and 
training programmes so that the livestock guarding skills of Kangal dogs can be 
improved. 
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The five strains of the gibbon ape leukemia viruses (GALVs) are part of a larger 
group of pathogenic gammaretroviruses present across phylogenetically diverse 
host species of Australasian mammals. Despite the biomedical utility of GALVs as 
viral vectors and in cancer gene therapy and the frequent discovery of GALV-like 
viruses in wildlife species, full genome sequences have not been determined for all 
of the five identified GALV strains nor has a comprehensive evolutionary analysis 
been performed. We therefore applied two different methods to generate the com-
plete genomic sequences for each GALV strain: a PCR-based approach followed 
by Sanger sequencing, and hybridisation capture coupled with high-throughput 
sequencing. Both outperformed PCR amplification and Sanger sequencing in de-
termining the genomic sequences of the five GALV strains. Hybridisation capture 
proved to be a valuable tool for viral discovery among closely and distantly related 
gammaretroviruses and thus could be generally applied to retroviral discovery. The 
four strains of GALV isolated from gibbons formed a monophyletic clade, which 
was closely related to the woolly monkey virus (WMV), a GALV strain that likely 
originated in a gibbon host. The GALV-WMV clade in turn formed a sister group 
to the koala retroviruses (KoRVs). Genomic signatures of episodic diversifying 
selection were detected among the gammaretroviruses with concentration in the 
env gene across the strains of GALV that were particularly oncogenic and KoRV 
that were potentially exogenous, likely reflecting their adaptation to the host im-
mune system. In vitro studies involving vectors chimeric between GALV and 
KoRV-B established that variable regions A and B of the surface unit of the enve-
lope determine which receptor is used by a viral strain to enter host cells. The full 
GALV strain genomes reported provide a resource to functionally explore and 
augment or improve existing knowledge on retroviral vector biology. 
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Corpus luteum (CL) is a transitory gland that forms in the ovary after ovulation and 
supports pregnancy with its progesterone secretion. It is now known that in the 
Iberian and Eurasian lynx, CLs physiologically persist after parturition and retain 
their capacity to produce progesterone, thus suppressing the ovarian activity. This 
unique reproductive characteristic has a big impact on the success of assisted re-
production techniques in the endangered Iberian lynx. The mechanisms behind CL 
persistence are not yet understood and require extensive studies on potential luteo-
tropic and luteolytic factors in felids. Apoptosis is a programmed cell death and has 
been shown to be involved in structural regression of CLs in many species; there-
fore, we focused on the involvement of this system in the feline luteal phase. We 
investigated the expression of BCL2, BAX, caspase-3, FAS, tumor necrosis factor 
(TNF) and its receptors TNFRSF1A and B in persistent (per) and freshly formed 
(fr) CLs of the Iberian lynx (seven days after mating), perCLs of the Eurasian lynx 
(before mating) and in CLs of the domestic cat during pregnancy and the non-
pregnant luteal phase. The mRNA analysis revealed the presence of pro-apoptotic 
factors BAX, caspase-3, FAS and TNFRSF1A in perCLs of the Eurasian and Iberian 
lynx, indicating the potential responsiveness of perCLs to apoptosis. However, 
these perCLs were still only at the stages of early regression (Eurasian lynx) or 
maintenance (Iberian lynx), as evidenced by their histomorphological state. The 
expression of pro-survival factors BCL2 and TNFRSF1B was significantly higher 
in perCLs compared to frCLs of the Iberian lynx. We hypothesise that a potential 
luteolytic signal may be subsequently blocked on the levels of BCL2 and 
TNFRSF1B, thus ensuring the structural integrity of perCLs. In both Iberian lynx 
and pregnant and non-pregnant domestic cats, the expression of TNFRSF1A was 
significantly higher in forming CLs compared to other stages, suggesting the con-
served involvement of this factor in the tissue reorganisation during formation of 
feline CLs. Finally, the significantly higher expression of FAS in perCLs compared 
to frCLs raises a question of a possibly pro-survival function of this commonly 
pro-apoptotic factor in lynxes and further supports the species-specific approach. 
Funding: DFG (Je 163/11-1), DAAD (A/10/86242) 
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Amur leopard cat (Prionailurus bengalensis euptilurus) is a felid inhabiting the Far 
East of Russia and the adjacent areas. The objective of this study was to explore the 
possibility of semen freezing and cryopreservation in this species. Sperm collection 
was performed by electroejaculation from four captive bred males on the experi-
mental farm of A.N. Severtsov Institute of Ecology and Evolution in 
Tschernogolovka near Moscow. Semen was diluted in CaniPlus Chill 
(HUVESearch, Belgie), equilibrated with 4 % glycerol and 20 % egg yolk at + 4

0
С 

and frozen in 0.25 mL straws (Cryo Bio System, France) in a styrofoam container, 
where straws were placed horizontally on a metal rack 2.5 cm above the liquid 
nitrogen surface, for 7 min and plunged into liquid nitrogen thereafter. Frozen 
semen was transported to the Institute of Cytology and Genetics (Novosibirsk) with 
dry shipper, thawed and analysed. For thawing straws were held 10 sec at RT, 
followed by 40 sec in a water bath of + 30.0 °C). The viability of spermatozoa was 
evaluated by their double staining with SYBR Green /PI and the subsequent fluo-
rescence microscopy. The motility of spermatozoa was assessed with Hamilton-
Thorne Ceros 12.1 semen analyser. Sperm morphology was assessed by light mi-
croscopy from the samples of frozen-thawed spermatozoa in each of the male 
studied. The results of computer-assisted sperm analysis indicate that on average 
32.5 % ± 14.9 % of spermatozoa collected from four males of Amur leopard cat 
retain their motility after thawing. Moreover, the double staining test revealed that 
on average 42.2 ± 12.2 % of spermatozoa are viable. Morphologic evaluation of 
frozen-thawed spermatozoa from all the four males studied (861-3601 analysed 
spermatozoa per male) revealed a mean of 62.9 ± 2.9 % morphologically normal 
sperm. Our data report the first successful attempt for semen cryopreservation in 
Amur leopard cat. This study indicates that CaniPlus Chill initially designed for 
dog semen chilling, may be used, if supplemented with glycerol and egg yolk, for 
freezing semen in Felidae. 
This study was supported by the Russian Foundation for Basic Research (Project 
No. 15-04-03258). 
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Cortisol in hair is increasingly suggested as a non-invasive measure of 
adrenocortical activity with advantages for the assessment of chronic stress in wild 
species. Physiological differences between species require validation of hair 
cortisol levels in each species and an analysis of how it varies under the effect of 
known stressors. Recently, an increase of hair cortisol was demonstrated in Canada 
lynx after repeated injection of ACTH (TERWISSEN et al., 2013). In order to 
contribute to the validation of hair cortisol as an indicator of long-term stress in 
Iberian lynx (Lynx pardinus) we (i) determined cortisol in distal and proximal (2-3 
mm) hair samples collected at the inner surface of hind legs during veterinary 
examinations and (ii) collected data on repetitive behaviour (RB) and enclosure 
area. Our final goal is to examine hair cortisol levels in captive Iberian lynx in 
relation to husbandry and behaviour. Hair samples were obtained from Iberian lynx 
at two breeding centres (SI, n = 6; EA, n = 8). Behavioural data were obtained 
using surveillance cameras by instantaneous sampling. Hair cortisol levels were 
49.8 ± 17.0 pg/mg (min 31.0 pg/mg; max 94.0 pg/mg) for the distal hair samples 
and 42.1 ± 13.0 pg/mg (min 21.4 pg/mg, max 70.8 pg/mg) for the proximal hair 
samples. The proportion of RB was 0.11 ± 0.06 (min 0.03, max 0.22, n = 12) of 
total observations in the month and 0.09 ± 0.05 (min 0.01, max 0.17, n = 12) in the 
year of hair collection. It was not significantly different between centres. The 
enclosure area available to each animal ranged from 200 to 1100 m

2
, and varied 

more in SI than in EA. Hair cortisol in distal samples was higher (U-test, 
p = 0.039) in SI (60.30 ± 18.99 pg/mg) than in EA (41.87 ± 10.68 pg/mg). Cortisol 
in distal hairs declined as enclosure area in SI (Spearman r = -0.88, p = 0.02, n = 6) 
and in both centres increased (Spearman r = -0.58, p = 0.03, n = 14). There was no 
relationship between hair cortisol and the proportion of RB. Preliminary results 
indicate that hair cortisol levels in captive Iberian lynx may reflect an effect of 
enclosure area or enclosure change. These results are compatible with those 
reported for the Canada lynx when using faecal glucocorticoid analysis. 
 

TERWISSEN CV, MASTROMONACO GF, MURRAY DL (2013): Influence of adrenocorticotrophin 

hormone challenge and external factors (age, sex, and body region) on hair cortisol concentration 

in Canada lynx (Lynx canadensis). Gen Comp Endo 194, 162 - 167. 
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Giraffes (Giraffa camelopardalis sp.) are artiodactyls and the world‟s tallest 
mammals. They inhabit grasslands, open woodlands and savannahs of Africa. 
Acoustic studies on Artiodactyla (e.g. on cattle, goats, red deer, sheep and saigas) 
showed that vocalisations are functionally relevant in a variety of intra-specific 
social contexts such as breeding activities or mother-infant recognition. Recent 
behavioural ecological research showed that giraffes exhibit fission−fusion 
sociality, with herds forming and disintegrating. Species with such life strategies 
usually exhibit a well-developed vocal communication system in order to facilitate 
social dynamics, as has been shown in other highly vocal species such as African 
elephants, spotted hyaenas and chimpanzees. 
It has been suggested that giraffes use infrasonic vocalisations similar to elephants 
to coordinate and facilitate social grouping. Although giraffes are generally not 
known for being highly vocal, they do produce audible sounds. Nonetheless, 
reports on giraffe vocalisations are mainly anecdotal. In order to initiate in-depth 
investigations of giraffe vocal behaviour, we conducted nocturnal indoor and di-
urnal outdoor acoustic recordings in three European zoos. We visually inspected 
947 hours of recordings for vocal signals based on spectral and temporal acoustic 
characteristics. We then conducted acoustic analyses of the annotated vocalisations 
using a custom-written semi-automatic tool in Matlab. Beside the known atonal 
snorts and bursts, we detected a sustained and tonal sound type that has never been 
described in the giraffe literature before, termed “Hum”. We provide detailed 
information on the acoustic structure of these humming vocalisations and discuss 
potential production mechanisms. We were unable to document vocalisations 
within the infrasonic range, underlining that the assumption of infrasonic 
communication in giraffes needs to be considered with caution. 
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Hybridisation between domesticated and wild conspecifics represents a major 
conservation issue, since the mixing of diverging gene pools can cause outbreeding 
depression and maladaptations to local environment; conversely, the influx of new 
genes can increase local variation and may produce novel allelic combinations, 
providing fresh genetic material for evolution. Due to the past persecution and its 
prolonged isolation, Italian wolf population shows a peculiar genetic composition. 
However the status and the genetic integrity of the Italian wolf are threatened by 
increasingly common wolf-dog hybridisation events.  
The aim of the present study is to get insights on the ecological role of free-ranging 
hybrids in a mountainous environment (Tuscan Apennines); we investigated their 
winter food habits, in order to verify whether a hybrid status may induce different 
food preferences. Data refer to two areas (AP and AC), each stably occupied by a 
different wolf pack which strongly differed in the level of genetic introgression 
from the domestic dog (AP: high introgression, AC: very low introgression) as 
assessed by the analysis of 12 autosomal microsatellites, mitochondrial DNA 
control region and two Y-chromosome microsatellites. In natural environment 
wolves feed mainly on wild ungulates, while dogs mainly act like scavengers or 
rely on anthropogenic food resources (livestock and garbage), occasionally used by 
wolves. What about hybrids? Do they show intermediate food habits?  
The analysis of 339 scats for each pack showed that the main prey species was wild 
boar in both areas (average volume percentage: AV%AP = 47.2 %; AV%AC = 
62.8 %), followed by roe deer (AV%AP = 47.1 %; AV%AC = 29.2 %). Among these 
two categories, both packs focused on wild boar weighting between 10 and 35 kg 
(AV%AP = 41.5 % and AV%AC = 51.6 %), and on juvenile roe deer (AV%AP = 
25.9 % and AV%AC =14.7 %). Interestingly, we did not detect significant 
differences in the diet composition between the two areas. Furthermore, our results 
reflect what obtained in previous studies on wolf diet in this portion of the 
Apennines. Thus, independently from their admixture level, hybrids seem to reflect 
the wolf trophic behaviour, confirming the role of wolf–dog hybrids as potential 
competitors for wolves. This study represents the first investigation on the food 
habits of free-ranging wolf-dog hybrids. Further studies on different aspects of the 
ecology of wolf-dog hybrids are recommended, in order to improve the appraisal of 
the impact of hybridisation on natural wolf populations. 
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Matrix metalloproteinases (MMPs) are involved in physiological and patho-
physiological tissue remodeling. They are strongly involved in the reproduction 
and in the seasonal activity, essentially the recrudescence, of reproductive organs 
in seasonal animals (SHAHED et al., 2015). The MMP-3 is involved in follicullo-
genesis, ovulation, corpus luteum formation and luteolysis, and in the apoptosis 
induced at the moment of organs involution such as mammary gland and corpora 
lutea. This study was undertaken to demonstrate the involvement of MMP-3 in the 
physiology of male reproductive organs (seminal vesicles, prostate and vas 
deferens) of Meriones libycus, a seasonal breeder and nocturnal Saharan rodent that 
was captured from its natural habitat (Béni-Abbès, Algerian Sahara) in spring 
(breeding period). These organs were collected in order to study immuno-
histochemically the MMP-3 using the indirect method with amplification with 
streptavidin-biotin-peroxidase. In the seminal vesicles, the MMP-3 is intensely 
expressed in the epithelial cells and smooth muscle cells (SMCs), immunostaining 
is absent in the extracellular matrix (ECM) and secretion. In the ventral prostate, a 
strong immunohistochemical signal was visualised in the epithelial cells unlike that 
of SMCs that was low; the immunoreactivity is absent in the ECM and secretion. 
In the dorsal prostate, the immunoresponse is concentrated in the epithelial cells 
and secretion, while ECM and SMCs are not immunostained. In the vas deferens, 
the immunoexpression is very important in muscle and epithelial compartments 
and apocrine secretion vesicles, and remains nonexistent in the ECM. Similar 
results were also found in the prostate, vas deferens, testis and epididymis of other 
mammals. The MMP-3 is involved in the cellular processes of these organs and is 
an enzyme component of the seminal plasma because of its presence in the 
secretion. It could play a role in the physiology of sperm and fertilisation as has 
already recently been suggested by several authors for MMP-2 which was found 
with acrosin on the inner acrosomal membrane.  
 
SHAHED A, SIMMONS JJ, FEATHERSTONE SL, YOUNG KA (2015): Matrix metalloproteinase 

inhibition influences aspects of photoperiod stimulated ovarian recrudescence in Siberian 

hamsters. Gen Comp Endocrinol 216, 46 - 53.  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Featherstone%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=25910436
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Blue-and-yellow macaws are natives of South America but being displayed in zoos 
or kept as pet world-wide. Because they have high-level cognitive abilities and 
captive settings often diverge from natural environments, the aim of this multi-zoo 
study was to assess the welfare of ten captive blue-and-yellow macaws housed in 
four zoological gardens (A, B, C, D) situated in Piedmont, Italy, and relate it to 
enclosure type and management routines. An ethogram of 33 behaviours was 
adapted from the literature. Instantaneous focal animal sampling was used to record 
behaviours at two minute intervals. Data were collected by five observers. Before 
beginning the study, the reliability of the observation method was assessed by 
Cohen's Kappa . Behaviours were categorised into signs of stress, good welfare 
and neutral; known stereotypies were considered signs of stress, playful and 
interactive behaviours as signs of good welfare, other behaviours were considered 
neutral. Observations were taken when animals were on exhibition. Each institution 
was visited five times for observations. In order to identify which aspects influence 
the welfare of blue-and-yellow macaws, daily routine management and enclosure 
features were listed, categorised, and analysed by a mixed-effects model. 
There was a within-observer reliability ranging from  = 0.60 (CI95 % 0.40 - 0.80) 
to  = 0.88 (CI95 % 0.76 - 1.00), and a between-observer reliability of  > 0.80 
(CI95 % 0.76 - 0.90). A total of 7,700 observations were recorded. Analyses of the 
activity budget revealed that macaws spent 34.3 % of their time resting. Other fre-
quently occurring behaviours were preening (15.4 %) and hanging beneath a perch 
(14.0 %). Major stereotypies observed were oral stereotypies (3.4 %) and head bob 
(0.6 %). The results of a multinomial logistic regression model showed that ani-
mals were more likely to express behaviours indicating an enhanced welfare status 
in zoos D (odds ratio OR = 6.76; CI95 % 3.2 - 14.2) and B (OR = 3.14; CI95 % 1.5 - 
6.6) than C and A. Among management features, the presence of other macaw 
species significantly improved welfare status (OR = 1.3; CI95 % 1.1-1.9), whereas 
cohabitation with birds other than macaws reduced welfare (OR = 0.44; CI95 % 
0.22 - 0.87). Increasing the size of the cage also increased the level of welfare (OR 
= 2.6; CI95 % 1.4 - 4.8). Enrichment may have also improved welfare, but zoos 
involved in the study did not perform it systematically and therefore could not be 
considered as a potential factor to improve welfare. 
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Patagonian maras (Dolichotis patagonum) are native of Argentina, but are com-
monly displayed in Italian zoos. In captivity, maras breed well and this results in an 
increasing availability on the commercial exotic pet market. 
Aim of the present multi-zoo study was to assess the welfare of 14 Patagonian 
maras hosted in four different zoological gardens (A, B, C, D) situated in Piedmont 
region, Italy, relating it to variables such as enclosure type and management.  
Animals were housed in groups of three (zoo A), four (zoo B) and two (zoo D) 
members. Zoo C hosted maras in two different enclosures, in two groups of three 
and two animals respectively.  
An ethogram of 23 behaviours was adapted from literature. Data were collected by 
five observers. An instantaneous scan sampling was used with two minutes inter-
val. Therefore animals‟ behaviours were censused watching the group from ob-
server‟s left to right. Before beginning the study, the reliability of the observation 
method has been assessed by Cohen's Kappa, during two sessions carried out in 
two different days. Each institution was visited five times and observations were 
taken when animals were on exhibition. Overall activity budget and group‟s activi-
ty budgets were constructed, by calculating the percentage of time performing each 
behaviour over the whole observation period. Behaviours were then categorised 
into signs of stress, of good welfare, and neutral. Active time was considered as the 
time when maras were performing any behaviour other than: sleeping, resting, be 
intentionally out of sight or behaviours indicative of stress.  
The observers reached a reliability of Kappa = 0.74 (CI95 % 0.69 - 0.80) for the 
first day of observation and Kappa = 0.81 (CI95 % 0.76 - 0.85) for the second day. 
An amount of 10802 observations were recorded. Overall finding of activity budget 
construction was that maras spent most of their time resting (61.14 %). In addition 
to that, the most frequently occurring behaviours were interaction with environ-
ment or conspecifics (6.74 %) and chewing food items (5.78 %). Behaviours in-
dicative of stress were observed 0.28 % of times. Active time was 29.10 % of total 
observations. 
Statistical analysis will be carried out in order to find in which zoo Patagonian 
maras are more prone to exhibit behaviours suggesting good welfare and which 
variable, such as enclosure type and management choices, has major effect on their 
welfare. 
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Reintroduction of game species and augmentation of declining populations were 
carried out in many areas of Europe during the last century. In some cases, such 
actions have threatened the diversity of remnant endemic taxa, thus raising 
concerns for their conservation. The central-southern Italian peninsula hosts relict 
populations of a native roe deer, classified as Capreolus capreolus italicus. Recent 
genetic investigations and historical information suggest that roe deer populations 
in Italy have different origins: native, introduced, and admixed as a consequence of 
human-released exotic stocks. 
Here, we conducted genetic analyses in three areas of central Italy, each charac-
terised by: a source of C. c. italicus (sub-area A), a source of non-italicus (sub-
area C) and an intermediate contact zone (sub-area B). We analysed mitochondrial 
(control region) and nuclear (microsatellites) data for a total of 304 individuals. In 
all three study areas, both marker systems revealed a decreasing frequency of the 
C. c. italicus lineage from south (A) to north (C). As expected, we found the 
highest degree of admixture in contact zones, but local patterns varied on the basis 
of population history and landscape features. Notably, we found a strong genetic 
structure with relatively high genetic differentiation between the extremes of each 
sampling area (both in mitochondrial and nuclear markers) despite the limited 
spatial scale studied and time elapsed since introductions. Results of mitochondrial 
and nuclear DNA were mostly consistent. Furthermore, our analyses of a 
population in the central Apennines revealed the presence of a possible reservoir 
of previously undetected native diversity. Finally, the correspondence between data 
from mitochondrial and nuclear genomes is consistent with the absence of sex-
biased dispersal in roe deer. Further investigations are needed to elucidate which 
conditions may favour the persistence of native diversity. 
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One important goal of the rehabilitation of orphaned tiger cubs that will be returned 
to the wild is to make sure they develop their natural psychological and 
physiological condition. Half of the natural population of Amur tigers consists of 
cubs and juvenile individuals. Tigers in these age categories are important research 
subjects. 
Data were collected from 2012 to 2014 in the Centre for rehabilitation and 
reintroduction of tigers (IEE RAS). Cubs that lost their mother in the wild were 
found at the age of approximately five to six months; captured, housed until two 
years of age and released again. Six tigers were observed during the growing 
period from 6 to 18 months of age. They were kept alone or in pairs in enclosures 
of 0.5 to 1.0 ha and they had contact with each other through the fences. Data were 
collected twice a week with video cameras and 315 hours were analysed. We were 
focused on social contacts, distances between tigers and the ratio of 17 different 
types of activity. Lenel Intelligent Video, Excel and Access, Statistica 8.0 were 
used for data processing. 
The intensity of social contacts between cubs increased as they grew older (r = 0.36; 
p = 0.01), and the number of social contacts was higher in tigers ≥ 1 year of age 
than < 1 year of age (t-test t = –1.9; p = 0.06). Their preferred distance from each 
other was between 3 and 10 m (Wilcoxon-test Z = 4.8; p < 0.005). With increasing 
age the number of close distances between cubs became smaller (r = –0.5; 
p < 0.005) and the amount of distances of “remote control” (3-10m) increases 
(r = 0.46; p < 0.005). During contacts, friendly behaviour prevailed and aggressive 
behaviour was practically absent (Sign-test Z = 4.0; p < 0.005). Time spent to react 
on and interact with conspecifics or stimuli from the environment made up 36 % of 
the time budget, similar to moving behaviour with 33 %. With increasing age the 
number of reactions towards the environment did not change, but the number of 
reactions towards social partners increased (r = 0.4; p = 0.02). Amount of playing 
activity of young cubs was rare with 1 %. Individuals living alone only played 
when other tigers played in neighbouring enclosures. 
All examined developments of cubs and juveniles were in accordance with the 
normal development of tigers, and we therefore conclude that orphaned cubs can 
be fully socialised in rehabilitation centers. 
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Males of most species belonging to deer family (Cervidae) form their antlers in a 
year cycle. The length of the exposure to the daylight is considered to be the most 
important factor regulating particular stages of antler formation. In Central Europe 
conditions, velvet shedding of adult fallow deer (Dama dama) takes place most 
often in the last days of August and the precise date of shedding depends on the age 
of a shedding buck.  
The aim of the study was to determine the influence of selected factors on the date 
of velvet shedding among fallow deer. In the research, both the influence of stress 
factor and the social structure of a group were examined.  
The study was conducted from May 15

th
 to August 31

st
, 2014. Twenty-four fallow 

deer bucks in the ages from three to five were chosen for the research and put in 
three separate and not adjusting pastures. The groups consisted of 8 bucks each and 
were comparable in terms of age structures and condition of the groups‟ members. 
The first group was a subject to a stress factor on 15

th
 August - fifteen days before 

the expected beginning of antler shedding period. The stress was associated with 
the change of a pasture and then handling the animals in a handling system facility.  
The second group was in one herd together with does. It was assumed that the 
presence of does would make the bucks shed their velvet earlier. 
The third group was a control group – the bucks had no direct contact with does 
and were not a subject to a stress factor. 
The stress factor made the bucks of the first group shed their velvet a day after the 
stress factor was introduced, regardless of the bucks‟ age. The shed antlers were 
not fully ripened (the endings of the antlers were not fully mineralised). 
Both in the second group staying with does as well as in the control group, no 
differences in the date of velvet shedding were noticed – all bucks shed their velvet 
in usually expected time, depending on a buck‟s age, from August 28

th
 to 

September 1
st
.  

The conducted research allowed determining both that stress was the factor 
enforcing premature velvet shedding and that the presence of does did not affect 
the date of velvet shedding. 
The results may be useful in farm breeding aimed at obtaining bucks especially 
well-developed antlers. 
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mRNA expression, correlated to testis and seminal vesicles weights and testos-
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Libyan jird (Meriones libycus) is a wild desert rodent and a seasonal breeder that 
adapted to breed when the conditions are able to satisfy the energy and hydrous 
request of pregnant and nursing females, to unsure that birth occurs at the most 
favourable time of year. We assessed gene expression by quantitative real-time 
reverse transcription-polymerase chain reaction of testicular LHCGR in adult male 
Libyan Jird during the resting and the breeding season. The lhcgr mRNA is 
increased during resting season in autumn and decreased during the breeding 
season in spring and varied in an opposite manner with testicular, seminal vesicle 
weights and plasma testosterone levels. Results of this current study provide 
important information for comprehending the seasonal variation of sexual activity 
in a desert rodent. 
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Although a growing body of data suggests animals possess some control over the 
production of their calls, the acoustic structure of vocalisations of terrestrial mam-
mals is largely considered to be innate and inflexible. Kalahari meerkats (Suricata 
suricatta) are highly social, cooperative-breeding mammals that live in groups 
composed of a dominant pair, subordinate helpers and dependent young. While the 
breeding female is dominant above all other individuals, subordinate females also 
seem to establish dominance relationships amongst each other, with older and 
heavier individuals being higher-ranked. However, agonistic events between sub-
ordinates are rare and more subtle mechanisms seem to be used in the maintenance 
of these hierarchies. Meerkats have a rich vocal repertoire, which they use to coor-
dinate spatial organisation and mediate social interactions. All group members 
frequently produce close calls during foraging, thought to play a key role in main-
taining group cohesion as well as in spacing individuals, presumably minimising 
food competition. Close calls are individual-specific, but the degree of individual 
flexibility in call production remains unclear. Given their importance in mediating 
interactions during foraging, we predicted that close call structure might reflect the 
transient nature of encounters between subordinate females of different ranks. We 
conducted sound focal observations on 26 subordinate females of different relative 
ranks from seven groups and recorded their close calls whilst they foraged at var-
ying distances from other female neighbours. We show that both call rate and tem-
poral parameters of calls produced by subordinate females change flexibly, re-
flecting 1) the distance to the nearest adult female, 2) the relative rank of the pro-
ducer, and 3) the relative rank of its female neighbour. Furthermore, younger, 
lower ranked females, show a greater degree of vocal adjustment in response to 
their nearest female neighbour compared to eldest subordinate females. Our find-
ings show an undocumented degree of individual flexibility in call production, and 
suggest a mechanism through which dominance hierarchies among subordinates 
may be subtly maintained in mammalian societies. 
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The largest antelope of Africa, Derby eland (Taurotragus derbianus), is an im-
portant ecosystem component in the woody savannah of Western and Central 
Africa. While the Western subspecies (T. d. derbianus) is critically endangered, the 
Eastern (T. d. gigas) is classified as least concern and object of sport hunting in 
Central African Republic and Cameroon. Our study brings the first investigation of 
social structure, activity pattern and population size estimate of this large charis-
matic ungulate in the Chinko/Mbari Drainage Basin, Central African Republic 
based on the camera trap data collected in 2012. Thirteen cameras out of 63 caught 
the Derby eland during 54 events. Number of individuals captured within a single 
camera event ranged from 1 to 41. Solitary individuals were caught in 29 events, 
only six of them were adult males. The herds were mostly mixed in terms of age 
and sex, mean group size was 5.61 ± 0.82 SE, being larger during dry season. The 
overall sex ratio (M to F) was 1:1.33, while the adult sex ratio shifted to 1:1.52. 
Calves were born at late rainy season and formed 15 % of the population, whereas 
18 % was formed by sub-adult individuals. Derby elands were active mainly by 
night and at dusk but the group sizes were larger during day and dawn. They 
occurred mainly in open woody savannah (rainy season) and in grassy savannah 
(dry season) and used mostly roads and animal pathways when active. The minimal 
density extrapolated from individually identified animals was 0.04 ind./km

2
 and 

observed density extrapolated from all spotted animals 0.16 ind./km
2
, giving the 

estimated population size of 445 and 1760 individuals respectively. Surprisingly 
the Derby eland population in Chinko seems to be demographically healthy despite 
heavy poaching by nomadic herdsmen from Sudan and legal selective trophy 
hunting. The population density is similar to other localities in Central Africa. 
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Allonursing, the nursing of non-filial offspring, has been reported in a number of 
mammalian species; however, very few studies have investigated more than three 
hypotheses. The aim of our study was to investigate seven hypotheses explaining 
allonursing in captive giraffe (Giraffa camelopardalis). During the years 2007 -
2011, we observed 24 females and 42 calves in four zoological gardens in the 
Czech Republic. In total, we recorded 2,514 suckling events, including 1,644 
(65.4 %) suckling attempts rejected by a female and 870 (34.6 %) suckling bouts, 
of which 381 (43.8 %) involved a non-filial calf. We found that 83 % of the fe-
males allonursed a non-filial calf and 90.5 % of calves allosuckled from a non-
maternal female, thus giraffes represented one of the highest occurrences of allo-
nursing among non-domesticated mammals. The non-filial calves allosuckled to-
gether more often with the filial ones than alone and tried to adopt positions where 
they may be harder to recognise, providing evidence for the milk theft hypothesis. 
In addition, the probability that the calf successfully allosuckled at least once in 
any female was higher when the mother of this calf allonursed successfully at least 
once offspring of this female than when she rejected this offspring. However, we 
found no evidence for the same rate of allonursing between reciprocal dyads of 
females and calves. Thus, we suggest that allonursing in giraffes is caused by off-
spring trying to steal milk and that females may tolerate this behaviour if recipro-
cal, in line with recent findings about giraffe sociality.  
 
The study was supported by CIGA 20135010 and IGA 20145027. 
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Recent phylogeographic studies suggest an important role of rivers in shaping 
ecological and genetic variation among tropical species. Especially in fragmented 
habitats, biogeographical barriers, such as rivers, might represent an important 
additive factor restricting migratory capabilities even further, leading to a reduction 
or interruption of gene flow and an increased genetic differentiation among popu-
lations. However, due to variations in species dispersal capacities, rivers should not 
act as barriers to gene flow for all species equally.  
The Kinabatangan River in north-eastern Borneo is the longest river in Sabah, 
Malaysia. For Bornean orang-utans the Kinabatangan River represents a major 
barrier for dispersal and has an important role in shaping their genetic structure. 
Respective knowledge, however, is still lacking for many other mammals of 
Borneo. 
To assess the importance of riverine barriers in phylogeographic structuring for a 
variety of tropical species with different ecological requirements, we examined 
various small mammal species along the Kinabatangan River in Borneo. As nu-
merous woodlands have been cleared or converted to anthropogenic landscapes 
(i.e. oil palm plantations), forests are restricted to isolated patches and small mam-
mal communities are characterised by high diversity and abundance. This commu-
nity provides therefore an excellent model for studying demographic barrier effects 
of rivers in a fragmented landscape for a variety of species. 
Small mammals of various taxa (Rodents: Muridae, Sciuridae, Scandentia, and 
Eulipotyphla) were systematically surveyed, captured and sampled at 19 sites in 
forest patches along both sides of the Kinabatangan River. Using landscape genetic 
techniques we examined mitochondrial cytochrome b sequences of 500 individuals 
of 17 different taxa. In at least three of these small mammal taxa (Rodents: 
Sciuridae, and Scandentia), genetic divergence between both riversides could be 
observed, while no clear river-related genetic structure could be detected in the 
remaining small mammal species. Rivers therefore seem to act as barriers for gene 
flow in a subset of small mammal species for which fragmentation effects should 
also be aggravated. In understanding the influence of extrinsic factors in genetic 
structuring of small mammals, we aim to contribute to the protection of tropical 
biota and the effective conservation and management of tropical landscapes. 
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Genetic analysis of Anatolian brown bears 
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The first population and conservation genetic studies on European brown bears 
(Ursus arctos) were limited to the northern Holarctic, which was recolonised after 
the Last Glacial Maximum. Although Asian Turkey has been a glacial refugium for 
numerous mammalian species, its importance for European brown bears has yet to 
be explored. So far, only one molecular study (mtDNA based) has been carried out 
analysing European brown bears across Anatolia (CILINGIR et al., 2015). A very 
interesting result of that study was that both European and Middle Eastern mtDNA 
lineages occur wide-ranging and sympatrically in Turkey. But, in order to study 
potential hybridisation and introgression events among the lineages, nuclear 
markers (microsatellites and SNPs) have to be employed. However, this approach 
has not been used for Anatolian brown bears to date.  
Here we utilised non-invasively collected samples to investigate the genetic diver-
sity of brown bears from Turkey at nuclear markers. We used both microsatellite 
and SNP markers to genotype 108 hair samples and a few archival tissue samples 
(n = 3) of Anatolian brown bears. Samples derived mostly from the provinces 
Artvin and Bayburt in north-eastern Turkey. Our results are put in the context of 
both mtDNA diversity (matrilineages) and available data for nuclear markers re-
ported for other brown bear populations in Europe. 
For 75 samples genotyping at 10 microsatellite loci was successfully, and we iden-
tified two genetic clusters among the bears in NE Turkey. One of the two clusters, 
consisting of eleven samples, remained stable during the Structure analysis. Sub-
analysing the other, larger cluster revealed the presence of two further sub-clusters 
among these remaining 64 samples.  
 

CILINGIR FG, AMBARLI H, BILGIN CC (2015): Exceptional maternal lineage diversity in brown bears 

(Ursus arctos) from Turkey. Zool J Linn Soc. Doi: 10.1111/zoj.12322 
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Reproductive synchrony among gregarious mammals may have a number of selec-
tive advantages. It may account for a higher probability of detecting and chasing 
predators, and the possibility for the young to be communally nursed, while de-
creasing the likelihood for a given newborn to be preyed upon. Furthermore, tem-
poral clustering of oestrus has important implications on individual mating tactics 
and ultimately affects the degree of polygamy in a population. 
Although several studies have examined the reproductive biology of wild boar (Sus 
scrofa), and investigations carried out in Germany in the 1970-80s have docu-
mented the existence of high oestrus synchrony within wild boar female groups, 
much remains to be understood about the patterns of timing and synchrony of re-
production in natural populations.  
We analysed the spatiotemporal distribution of conception dates in an Italian wild 
boar population taking into account the effects of environmental and individual 
factors, in order to determine the main variables influencing the timing of repro-
duction and to detect the signs of reproductive synchrony with a possible socio-
biological basis (i.e., not explained by individual and environmental factors). 
Specifically, for each litter belonging to 354 pregnant sows culled between 2006 
and 2013, we determined the conception date (CD) from an estimate of the mean 
fetal age and the culling date. We then investigated which factors drove the varia-
tion in CD, by implementing linear mixed models, Mantel tests and spatial autocor-
relation analyses. The model selected showed significant effects of rainfall, tem-
peratures, and previous and current productivity on CD, as well as a strong cor-
relation of CDs among sows culled in close spatial and temporal proximity (i.e., in 
the same year and hunting ground, possibly belonging to the same social group). 
Likewise, autocorrelation analyses and Mantel tests consistently indicated that 
closer sows had similar conception dates. 
Overall, our results confirmed the effect of resource availability and climate on 
wild boar reproductive phenology, and suggested socially-driven reproductive 
patterns (i.e., reproductive synchrony at social group level) in spite of a high turn-
over in social groups due to hunting. 
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According to the WAZA Conservation Strategy in 2005, zoos have the obligation 
to maintain the highest standards of animal welfare in order to establish and sustain 
viable populations of healthy animals. However, most research and practical 
protocols for the assessment and improvement of welfare is addressed to farm 
animals whereas for many animal species in zoos little is known about their 
keeping requirements. Monitoring long-term allostatic load („stress‟) through the 
assessment of hair cortisol concentrations (HCC) could be a cost efficient way to 
compare the wellbeing of animals within and across animal groups in order to 
identify stress enhancing and reducing factors.  
Using hair from orang-utans and chimpanzees living in European zoos and in the 
sanctuary Ngamba Island (Uganda), we validated the ability of HCC to reflect the 
animal‟s allostatic load. Thus, we could show that orang-utans with perceived 
environmental stress exhibited significantly higher HCC than non-stressed animals 
across zoos (F(1,64) = 23.92, p < 0.001). But also within the same animal did 
fluctuating stress levels related to environmental changes (e.g., moving to another 
zoo) lead to temporarily 3 - 4 fold elevated HCC. In chimpanzees, HCC correlated 
significantly with allostatic load as predicted by animal keeper (prs = 0.57, 
p < 0.001). HCC measures from nest shed hair showed that wild chimpanzees 
living in small forest fragments and experiencing severe human-wildlife conflicts 
exhibited significantly higher HCC than chimpanzees living in intact forests 
(F(1,130) = 8.0, p < 0.01).  
In conclusion, hair cortisol analysis is a powerful tool that allows estimating the 
long-term stress level of captive and wild great apes and can help captive manage-
ment and conservation by identifying those environmental factors that are per-
ceived as stressors by the animals.  
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In 2004, wildlife health science was formally recognised by health experts from 
around the world, and ingrained in the Manhattan Principles, as an essential com-
ponent of global disease prevention and biodiversity conservation. Eleven years 
later, wildlife health science remains largely treatment-oriented with a primary 
focus toward disease detection and diagnosis. However, in recognising the need for 
forward-looking solutions to wildlife disease prevention, we initiated a new avenue 
of applied research in 2005. In collaboration with the Foothills Research Institute 
Grizzly Bear Program, the Scandinavian Brown Bear Research Project, and the 
Washington State University Bear Research, Education, and Conservation Center, 
we have been seeking innovative approaches to non-invasive monitoring of wild 
mammals to detect impaired health, and provide early warning of potential nega-
tive effects on population performance, in response to anthropogenic environmen-
tal change. Our view of wildlife health goes beyond the absence of disease, and fits 
into an eco-physiological framework. In essence, it is a changing consequence of 
an individual‟s efforts to acquire, store, and utilise nutrients and energy to allow it 
to carry out and maintain key physiological processes in accordance with its life 
history while being continually affected by its genotype and a wide spectrum of en-
vironmental factors. In recognising long-term stress as a potentially important 
mediator between anthropogenic environmental change and declining health, we 
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have developed laboratory techniques to measure hormones (including cortisol) in 
hair and stress-activated protein expression in skin (biopsy) collected from a 
variety of wild mammals. However, the detection and quantification of hormones 
and proteins is in itself meaningless without verification that the amounts measured 
truly reflect physiological and behavioural processes at the level of the animal. 
Accordingly, we have integrated this research within several long-term studies of 
brown bears (Ursus arctos), both captive and free-ranging, to confirm the signifi-
cance of these measurements under different life history stages and under a diverse 
range of environmental conditions. Our findings to date, using both hair and skin, 
and to be illustrated in this presentation, reveal clear linkages between environ-
ment, stress, and health in brown bears. With these promising results, we are 
presently expanding the capability, and further verifying the use of these wildlife 
health tools to evaluate reproduction, energy metabolism, and immune function. In 
time, the broad application of these tools in wildlife management and conservation 
should contribute significantly to ensuring “healthy” wildlife for future generations 
through preventive wildlife health care. 
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ČERNÁ BOLFÍKOVÁ BARBORA, HEJCMANOVÁ PAVLA, BRANDLOVÁ KAROLÍNA 
 
Czech University of Life Sciences Prague, Faculty of Tropical Agrisciences, 
Kamýcká 129, 16500 Prague, CZECH REPUBLIC; bolfikova@ftz.czu.cz 
      
Less than 200 wild individuals of the critically endangered Western Derby eland 
(Taurotragus derbianus derbianus) live in the Niokolo Koba National Park 
(NKNP) in Senegal. A semi-captive breeding programme was established in 2000 
with six founding individuals (one male, five females) transferred from the NKNP. 
In 2013, the population consisted of 92 individuals living in seven separate herds in 
the two fenced reserves of Bandia and Fathala in Senegal. Because of the low 
number of founding individuals in the breeding programme and the resulting high 
kinship, we compared the results from genealogical and genetic approaches to as-
sess the level of genetic diversity. We used the data from the founder, F1 and F2 
generations. In F1, the founder contribution was highly biased towards the only 
founding male, which sired all the offspring. In F2, the founder contributions were 
more balanced, as the male descendants of founding females entered the reproduc-
tive population. This resulted in higher genetic diversity and lower inbreeding 
(based on pedigree data) in F2 than in F1. Results of molecular analysis using mi-
crosatellite loci confirmed the highest level of heterozygosity and lowest level of 
inbreeding in the founder generation; however, the implementation of a manage-
ment strategy was not reflected in the empirical results. The results differed for F2, 
where empirical values of heterozygosity continued to decrease and inbreeding 
continued to increase. However, the allelic richness corresponded with the results 
of pedigree analyses, reflecting the more equalised founder contributions. We con-
clude that the overall results for genetic parameters were comparable with other 
breeding programmes for endangered ungulates. Nevertheless, we suggest the use 
of comprehensive molecular data to refine the studbook and to correct relatedness 
of founders and assign the missing paternities. Our suggestions correspond with the 
Western Derby Eland Conservation Strategy and confirm the need to introduce 
new founders into the semi-captive population, in order to minimise the risk of 
inbreeding depression and improve genetic diversity and suitability for potential 
reintroduction. 
This study was supported by University of Life Sciences Prague, Internal grant 
agency IGA 20155014 
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Hedgehog as an island invader: a genetic perspective 
 
ČERNÁ BOLFÍKOVÁ BARBORA

1
, LOUDOVÁ MIROSLAVA

2
, ELIÁŃOVÁ KRISTÝNA

2
, 

HULVA PAVEL
2
 

 
1
Czech University of Life Sciences Prague, Faculty of Tropical Agrisciences, 
Kamýcká 129, 16500 Prague, CZECH REPUBLIC; bolfikova@ftz.czu.cz 

2
Charles University in Prague, Faculty of Science, Viničná 7, 12843 Prague, 
CZECH REPUBLIC 

     
The crucial steps in biological invasions, related to the shaping of genetic archi-
tecture and the current evolution of adaptations to a novel environment, usually 
occur in small populations during the phases of introduction and establishment. 
However, these processes are difficult to track in nature due to invasion lag, large 
geographic and temporal scales compared with human observation capabilities, the 
frequent depletion of genetic variance, admixture and other phenomena. In our 
study, we used hedgehogs from the genus Erinaceus as model taxon for studying 
genetic background of invasion process. We compared genetic and historical evi-
dence related to the invasion of the West European hedgehog to New Zealand, 
where they affect many local endemic species. We also included selected European 
islands with different timing of hedgehog introduction to compare genetic signa-
tures of colonisation histories. Historical information from New Zealand indicates 
that the species was initially established on the South Island. A molecular assay of 
populations from Great Britain and New Zealand using mitochondrial sequences 
and nuclear microsatellite loci proposed that the population of the North Island was 
most similar to that of the native area and showed greatest reduction in genetic 
variation caused by founder demography and/or drift. This evidence indicated the 
location of the establishment phase. The hypothesis was corroborated by data on 
climate and urbanisation. The molecular and historical approaches have different 
explanatory power and the possible biases influencing the description of particular 
aspects of invasions, and we advocate the integration of the two types of ap-
proaches in invasion biology.  
This study was supported by Grant Agency of Charles University in Prague – 
GAUK 702214. 
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Enzyme immunoassays (EIAs) are widely used to quantify concentrations of hor-
mone metabolites. Modifications in laboratory conditions may affect the accuracy 
of metabolite concentration measurements and lead to misinterpretations when 
results of different accuracy are combined for a statistical analysis. This issue is of 
great relevance to studies in behavioural and evolutionary ecology because these 
usually aim at understanding how hormone metabolite concentrations vary between 
individuals, environments or experimental conditions.  
We present a method based on re-assaying a subset of samples to standardise hor-
mone metabolite concentrations when changes in EIA accuracy occur. We used 
glucocorticoid metabolite concentrations (fGMCs) measured in faeces of spotted 
hyaenas (Crocuta crocuta) between 2011 and 2013 with a previously validated 
EIA. Changes in accuracy were assessed by monitoring the metabolite concentra-
tion of faecal control „pools‟ that were systematically assayed with faecal samples. 
A cluster analysis on these pools identified two distinct sample sets with different 
EIA accuracy; „Cluster 1‟ (n = 138) and „Cluster 2‟ (n = 345). We then re-assayed 
all samples of Cluster 1 with an EIA accuracy similar to that of Cluster 2 and fitted 
a linear regression to the re-measured fGMCs against the initial fGMCs to predict 
fGMCs in Cluster 2. To determine the minimum number of samples to re-assay 
that allows reliable predictions, we assessed the variation in the quality of model 
predictions by fitting linear regressions on decreasing numbers of re-assayed sam-
ples. This revealed that re-assaying 27 samples would be sufficient to generate 
reliable predictions considering our dataset.  
To test the robustness of our method, we fitted a new linear regression to 27 ran-
domly chosen samples and used its equation to standardise all fGMCs of Cluster 1. 
The standardised fGMCs were similar to the re-measured fGMCs, and the regres-
sion on 27 samples was as effective at standardising fGMCs as the regression fitted 
on the complete dataset. 
Our standardisation method permits the combination of results of different accu-
racy. It is a simple and reliable alternative to the costly, time-consuming and often 
impractical re-assaying of complete sample sets that can be applied to a wide va-
riety of species and sample types. 
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Why do some males remain at home when most others disperse? 
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Dispersal is one of the most important, yet least understood drivers of ecological 
and evolutionary processes. In many group-living mammals, most males disperse 
from their natal group whereas a minority stays at home. It is currently unclear 
whether the co-existence of philopatric males and dispersers results from high 
dispersal costs preventing phenotypically inferior males from dispersing and 
gaining high reproductive success, or from all males exercising breeding group 
choice and choosing philopatry or dispersal depending on which group offers the 
highest fitness prospects. Here we examine the breeding group choice and its 
fitness outcome in free-ranging spotted hyaena (Crocuta crocuta) males from the 
eight resident social groups of the Ngorongoro Crater, Tanzania. We combined life 
history data from 41 philopatric males and 213 dispersers with behavioural data, 
data on the quality of chosen and potential breeding groups and data on male 
reproductive success using microsatellite-based paternity assignments for more 
than 1,000 offspring. We show that philopatric males and dispersers applied similar 
rules of group choice, and had similar fitness. Our results further indicate that 
philopatric males may benefit from advantages associated with their higher social 
rank they acquire through social support from their mother and other relatives. We 
demonstrate for the first time in a social mammal that the co-existence of 
philopatry and dispersal can result from a single process of breeding group choice 
that is driven by the distribution of group qualities across natal and non-natal 
groups and fitness benefits associated with philopatry. Our findings illustrate that 
high rates of male dispersal within a population does not always imply a higher 
adaptive value of dispersal compared to philopatry. Our study provides novel 
insights into the processes leading to the co-existence of philopatry and dispersal 
within populations beyond the traditional view of the dispersal process and 
highlights the importance of integrating concepts from the habitat selection theory 
in the study of dispersal. 
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The largely mixed forest in the east region of Cameroon has not been well investi-
gated concerning its potentials as a habitat for forest elephants (Loxodonta cyclotis) 
and buffalos (Syncerus caffer nanus). This is particularly true for the less well 
known Deng Deng National Park. Little ecological knowledge of these species 
within and around the park is available and the level of human pressure is un-
known. It is therefore difficult to assess the temporal and spatial needs of these 
species, an information which could help to implement specific management 
actions for their protection. The aim of this study was to assess the ecological sta-
tus of forest elephants and buffalos to identify the potential of the Deng Deng 
National Park in protecting these species. To achieve this objective, data collection 
and analyses were based on a literature review, ecological surveys in 29 (2 km 
each) line transects, kilometric index of abundance and Geographic Information 
System techniques. There was indirect evidence such as tracks, dung and feeding 
signs (e.g. debarking of trees by forest elephants) for both forest elephants and 
buffalos, thus a potential habitat. These signs are the first record of forest elephants 
in the park. However, the encounter rates of species proxies particularly dung (0.02 
km for each species) and track (0.02 km for elephant and 0.16 km for buffalo), 
were comparatively low and rare. Spatial analyses revealed a restricted distribution 
of elephants and buffalos in the north-east and east of the park respectively. It re-
mained uncertain whether the park was merely used as a corridor or whether the 
species were resident. Further monitoring to trace the movements and behaviour of 
these species in and around the park, and actions to ensure their persistence and 
survival in the park are needed. Actions include the establishment and monitoring 
of corridors, habitat maintenance, sensitisation of human and law enforcement. In 
conclusion, Deng Deng National Park provides a suitable habitat for forest 
elephants and buffalos despite their poor representation.  
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The biodiversity conservation community is tackling ever more complex 

environmental problems where stakes are high and knowledge is low. We cannot 

afford to delay action, but scientists are uncomfortable moving forward without a 

thorough understanding of the problems. How can we prevent a lack of information 

from paralysing conservation action? The answer is adaptive management: 

integration of project design, management, and monitoring to provide a framework 

to test assumptions, promote learning, and supply timely information for 

management decisions. The Conservation Measures Partnership (2013) combined 

best practices in adaptive management to create the Open Standards for the 

Practice of Conservation. Open Standards is a five-step adaptive management 

cycle: 1. Conceptualise the project vision and context; 2. Plan actions and 

monitoring; 3. Implement actions and monitoring; 4. Analyse data, use the results 

and adapt; 5. Capture and share learning. This process provides a structure for 

practitioners to begin analysis of the situation (biodiversity targets, threats and 

underlying causes) with whatever information is available. They can prioritise 

strategies and express as testable assumptions how strategies will reduce threats or 

increase viability of biodiversity targets. Monitoring validity of assumptions and 

achievement of goals provides data to document project success and adapt aspects 

of the project to improve effectiveness and efficiency. When the Golden Lion 

Tamarin (Leontopithecus rosalia) Conservation Program began in situ conservation 

efforts in Brazil in 1983, nearly all information about this then-critically 

endangered primate, endemic to the lowland forest of the state of Rio de Janeiro, 

came from research in 150 zoos involved in the captive breeding program. Only a 

few hundred individuals were estimated to remain in the wild, while the captive 

population had reached 500. The species‟ habitat, already greatly reduced by 

centuries of deforestation, was being cut to fuel brick factories, and tamarins were 

being captured for the illegal pet market. In 1983, the U.S. National Zoo initiated 

the first field studies, a community education programme and reintroduction of 

zoo-born GLTs. These strategies were developed, implemented and monitored 

using adaptive management. After several cycles of adaptations the illegal capture 

of GLTs and deforestation have been halted, the number of GLTs has grown to 

3,200, and the species‟ status was downgraded from “critically endangered” to 

“endangered”. By learning while doing, the programme continues to advance 

toward saving the species in perpetuity. 
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CONSERVATION MEASURES PARTNERSHIP (2013): OPEN STANDARDS FOR THE PRACTICE OF  

CONSERVATION, VERSION 3.0. www.conservationmeasures.org. Downloaded 30 June 2015. 
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Non-invasive assessment of social interaction effects on the adrenal and 
gonadal endocrine activity during photorefraction in male Japanese quail 
exposed to short days 
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Temporal dynamic of testicular endocrine activity was described in Japanese quail 
(Coturnix coturnix japonica) when birds exhibit spontaneous cloacal gland 
recovery (photorefractoriness) during short days. The observed pattern was also 
associated with changes in adrenocortical responses. We predicted that quail kept 
on long day and those non-responsive to short day photoinhibition (LD and SD-NR 
quail, respectively) will show similar reproductive potential. Indeed, LD and SD-
NR showed a similarly higher fertility than their SD-R counterparts after six weeks 
exposure to short days. However, it remains unclear whether social cues affect the 
dynamic of endocrine adrenal and testicular responses during onset of 
photorefraction. Herein, 54 male quail (10 week of age) exposed to long days were 
switched to short days (8L:16D). Another group of males was kept under long days 
as controls (n = 17). After five weeks of SD exposure, quail were classified as 
either non-responsive (SD-NR; n = 21) or responsive (SD-R; n = 33) to 
photoperiod, depending on cloacal gland volume and foam production 
(DOMINCHIN et al., 2014). At 15 weeks of age, individually-caged LD, SD-NR and 
SD-R residents received 5-min of photo-stimulated male intruder visits along four 
consecutive days (social treatment). Since 14 weeks of age and during a 6-weeks 
period, droppings were bi-weekly collected to measure corticosterone (CM) and 
androgen metabolites (AM). Cloacal gland volume (CGV) was also registered. 
Repeated measure ANOVA detected an interaction between photoperiod and week 
of age (p < 0.001) and no effect of social treatment. As expected, at 14 weeks of 
age assessment showed LD >SD-NR >SD-R pattern in CM, AM and CGV values. 
At 16 weeks of age SD-NR and SD-R started showing a significant increase of 
CGV, CM and AM values. At this time, SD-NR CM levels reached the values 
observed in the LD males. The CM pattern (LD=SD-NR>SD-R) persisted up to the 
end of the study. AM level reached a similar LD=SD-NR>SD-R pattern only at the 
end of the study. Results suggest that short and repetitive social encounters are not 
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able to affect spontaneous cloacal gland recovery and endocrine activities during 
onset of photorefractoriness. Thus, an opportunistic social interaction immediately 
after peak of photo-inhibition (winter) appeared not enough to modulate the time of 
breeding in male Japanese quail.  
 
DOMINCHIN MF, MARIN RH, PALME R, BUSSO JM (2014): Temporal dynamic of adrenocortical and 

gonadal photo-responsiveness in male Japanese quail exposed to short days. Domest Anim 

Endocrin 49, 80 - 85. 
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Foxes in the city: the secret to their success 
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The red fox (Vulpes vulpes) is the most widely distributed terrestrial mammal in 
the world and one of the world‟s worst 100 invasive species (LOWE et al., 2004). 
One of the secrets to the success of this controversial species is the flexibility of 
their facultative social system under different environmental conditions, which are 
often anthropogenically altered. Therefore gaining a better understanding of how 
fox social groups operate and adapt to change is key to understanding their success. 
The long-studied urban fox population in Bristol, UK is ideal for empirically 
testing theories about how the fox social system operates. Between 2013 and 2015 
we conducted 28 seasonal camera trapping surveys in the territories of seven fox 
social groups in northwest Bristol, in order to characterise social group 
organisation, cohesion and spatiotemporal activity. We collected over 152,000 
photos of foxes. Individual foxes could be identified in 98 % photos using a 
combination of visual features including body morphology and fur colouration. 
We describe how social network analysis revealed seasonal changes in social group 
cohesion and the permeability of territory boundaries to visiting neighbours. 
Spatiotemporal activity also varied seasonally and appeared to be influenced by 
individual attributes. Our findings demonstrate the complexity of facultative 
sociality and the potential consequences of randomly culling individuals in a social 
group.  
 

LOWE S, BROWNE M, BOUDJELAS S, DE POORTER M (2004): 100 of the world‟s worst invasive alien 

species. Published by The Invasive Species Specialist Group (ISSG) a specialist group of the 

Species Survival Commission (SSC) of the World Conservation Union (IUCN). Auckland, New 

Zealand. 12pp. 
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Inference of the European population genetic structure of the invasive raccoon 
dog 
 
DRYGALA FRANK

1
, KORABLEV NIKOLAY

2
, ANSORGE HERMANN

3
, FICKEL JÖRNS

4,5
, 

ISOMURSU MARJA
6
, ELMEROS MORTEN

7
, KOWALCZYK RAFAL

8
, BALTRUNAITE 

LAIMA
9
, SAARMA URMAS

10
, SCHULZE CHRISTOPH

11
, BORKENHAGEN PETER

12
, 

FRANTZ ALAIN
1
 

 
1
Musée National d'Histoire Naturelle, 25 rue Munster, 2160 LUXEMBOURG; 

drygala@gmx.net 
2
Velikie Luki State Agricultural Academy, Prospect Lenina 2, Velikie Luki, 

182112 Pskov oblast, RUSSIA 
3
Senckenberg Museum of Natural History Görlitz; Am Museum 1, 02826 Görlitz, 

GERMANY 
4
Leibniz Institute for Zoo and Wildlife Research (IZW), Alfred-Kowalke-Str. 17, 

10315 Berlin, GERMANY 
5
University of Potsdam, Institute for Biochemistry and Biology, Karl-Liebknecht-
Str. 24-25, 14476 Potsdam, GERMANY 

6
Production animal and wildlife research unit, Elektroniikkatie 3, 90590 Oulu, 

FINLAND 
7
Aarhus University, Dept. of Bioscience, Ny Munkegade 116, 8000 Aarhus C, 

DENMARK 
8
Mammal Research Institute of the Polish Academy of Sciences, Waszkiewicza 1, 

17-230 Bialowieza, POLAND 
9
Institute of Ecology of Nature Research Centre Akademijos 2, 08412 Vilnius, 

LITHUANIA 
10

University of Tartu, Dept. of Zoology, Ülikooli 18, 50090 Tartu, ESTONIA 
11

Landeslabor Berlin-Brandenburg, Gerhard-Neumann-Str. 2, 15236 Frankfurt 

(Oder), GERMANY 
12

Schrevendorf 42, 24253 Probsteierhagen, GERMANY 

     
We analysed the broad-scale genetic structure of the raccoon dog (Nyctereutes 
procyonoides) in Europe. By gaining a better understanding of inter-population 
connectivity of this invasive species, we aimed to contribute to the development of 
more effective, data-informed management, control, and vaccination programmes. 
After roughly 9,000 animals were released in the western Soviet Union between 
the 1930s and the 1950s, the species spread rapidly from the introduction sites. It is 
today widespread in Northern and Eastern Europe and is still spreading in Central 
Europe. The current distribution of the raccoon dog offered the opportunity to ana-
lyse the genetic structures from established source populations and early invasion 
stages in recently invaded areas. We collected tissue samples (muscle or ear) from 
a total of 332 hunted or road-killed raccoon dogs originating from Finland, Den-
mark, Russia, Lithuania, Estonia, Poland and Germany. The samples were geno-
typed using 15 microsatellite loci. When analysing the data, STRUCTURE and 



10th International Conference on Behaviour, Physiology and Genetics of Wildlife, Berlin 2015 

 

56 Leibniz Institute for Zoo and Wildlife Research (IZW)  

BAPS identified three genetic clusters that essentially corresponded to the samples 
collected in (i) Denmark, (ii) Germany and the eastern European countries and (iii) 
Finland. There was a negative correlation between the geographic distances for 
sub-populations in invaded areas and the place of introduction (e.g. Lithuania) 
measured for allelic richness (Ar) (R

2 
= -0.677), and for unbiased expected hetero-

zygosity (Heu) (R
2 

= -0.603), indicating a decrease in diversity with increasing dis-
tance from the point of introduction. Taken at face value, our results suggest that 
raccoon dogs in Europe do not form one panmictic population. However, further 
work is required to assess whether the deviation into distinct clusters for Finland 
and Denmark is due to escaped raccoon dogs from commercial fur farms, rather 
than through regular dispersal movements. 
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Brachiation in yellow-cheeked gibbon (Nomascus gabriellae) as an example of 
motor lateralisation 
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The occurrence of motor lateralisation in animal world has been discussed contro-
versially for a long period of time. It was suggested being one of the typical fea-
tures of human, which distinguishes people from animals. However, an increasing 
number of research carried out since 20th century till today confirms the existence 
of motor lateralisation in both invertebrates and vertebrates. To unravel the evolu-
tionary roots of laterality, numerous studies with non-humans primate species, 
especially with chimpanzees, the closest humans' relatives, have been carried out. 
The literature dedicated to this issue seems to underestimate gibbons, members of a 
superfamily Homonidea, which also includes chimpanzees, gorillas, orangutans 
and humans. Due to anatomical and phylogenetic characteristics, gibbons should 
play a major role in research about lateralisation. The aim of this study was to 
prove whether gibbons evince the motor lateralisation measured by hand prefer-
ence during brachiation. The study group consisted of four yellow-cheeked gibbons 
(Nomascus gabriellae) - one male, one female and their two offspring, living in 
Warsaw Zoological Garden. Our results provided evidence of left- hand preference 
at individual level in two gibbons but there was no population-level preference for 
use of left or right hand. Because of the small size of this group, gender and age 
differences could not be investigated. The result of this study emphasises the im-
portance of the study of the motor lateralisation in gibbons in view of other tasks 
and factors. 
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Does lactation lead to resource allocation trade-offs in the spotted hyaena?  
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Life-history theory predicts that when food intake and body reserves are insuffi-
cient to maintain all life processes, resource allocation trade-offs should occur. 
Lactation is costly and requires increased food intake. In the spotted hyaena 
(Crocuta crocuta), energy expenditure on lactation is high, particularly for mothers 
rearing twin litters, and foraging effort and food intake are influenced by social 
status. We investigated whether lactation in this species results in a reduction in 
resource allocation to immune processes sufficient to increase parasite infection. 
We expected higher parasite infection in lactating than non-lactating females, in 
mothers nursing twin than singleton litters, in females of lower than higher social 
status, and in less than more experienced foragers. We quantified Ancylostoma egg 
load (AEL) and the presence of oocysts of Cystoisospora spp. as a proxy measure 
of immune function in 58 females. Lactating females were significantly more often 
infected with Ancylostoma and their AEL was higher than in non-lactating females. 
Females nursing twins had significantly higher AELs than those nursing singletons. 
As social status increased, AELs significantly declined. This relationship was 
modulated by lactation status and litter size, being strongest in non-lactating 
females, moderate in females with twin litters and weakest in females with 
singleton litters. The decrease in AEL with increasing social status was greater for 
experienced than inexperienced females. Concurrent infection with Cystoisospora 
significantly increased with increasing AEL. Our results provide evidence for a 
resource allocation trade-off in lactating spotted hyaenas. 
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Evaluating seasonal migration of red deer via genotyping – a pilot study in an 
alpine forest 
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Knowledge about space use and spatial organisation of wildlife are of prime im-
portance for both wildlife conservation and management. Besides e.g. telemetry or 
observations, genetic approaches can yield useful data in this context. We con-
ducted a pilot study in an alpine forest near Salzburg, Austria, in which red deer 
(Cervus elaphus) are provided with supplementary food at feeding sites during 
winter. A large aggregation of approx. 200 red deer at a single feeding site caused 
severe problems in the surrounding agricultural areas. However, the management 
of this deer population was difficult because the origin of the animals and therefore 
their whereabouts during the hunting season were unknown. To investigate from 
how far the deer migrate to the winter feeding site, a genetic approach was chosen: 
During winter, faeces samples were collected in the area surrounding the feeding 
site. During two hunting seasons following the winter feeding, tissue samples were 
collected from hunted red deer over six hunting districts (covering an area of ap-
prox. 649 km

2
). All samples were genotyped using seven microsatellites to detect 

matches between faeces from the feeding sites and tissue samples of hunted deer. 
Altogether, 193 faeces samples were genotyped, of which 191 yielded useable 
results. The 191 samples represented 126 unique genotypes, of which 59 were 
identified as male and 66 as female (in one case, the sex marker failed to amplify). 
After the hunting season, 106 tissue samples from the six hunting districts were 
genotyped, 28 from the district in which the feeding site was located and 78 from 
surrounding districts. Altogether, 13 matches with faecal genotypes were found, all 
of which were located in the same district as the feeding site. Thus, no migration 
away from this district was observed, whereas 46 % of the animals hunted there 
had been sampled before at the feeding site. This finding had direct consequences 
for the red deer management in the study area by showing that the unusually large 
aggregation of deer actually originated mainly from near the feeding site, making 
more intense management necessary.  
The results of our pilot study show that genetic approaches can serve as a useful 
tool for studying migration and spatial organisation patterns in wildlife species. 
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Evaluation of membrane integrity and mitochondrial membrane status either ap-
plying a combination of fluorescent dyes like Hoechst 33342 (H342) and pro-
pidium iodide (PI) or rhodamine 123 (Rh 123) and PI is commonly used to assess 
sperm quality. Whereas all sperm are permeable to H342, PI identifies sperm with 
disturbed membrane integrity. PI negative sperm are generally considered as viable 
and Rh123 fluorescence is only detectable in sperm with active mitochondria. Par-
ticularly, the proportion of sperm with active mitochondria has proved to be a pa-
rameter predictive to fertility of liquid-preserved boar sperm (SCHULZE M et al., 
2013). Stained sperm samples are analysed by flow cytometry because motile 
sperm are hardly determinable by microscopy. Especially progressive motile sperm 
run out of focus when a wet drop preparation of samples is observed. Since flow 
cytometry devices are expensive and not always available, a simple method was 
tested with liquid-preserved boar sperm to allow for counting motile sperm by 
microscopy. After triple staining with H342, Rh123 and PI, samples were gently 
smeared on a pre-warmed slide and shortly dried for two minutes on a heating plate 
to immobilise sperm without destroying their membrane integrity. Differently 
stained sperm populations (viable with active mitochondria: H342/Rh123; viable 
without active mitochondria: H342; non-viable with disturbed membrane integrity: 
H342/PI) were subsequently categorised under a fluorescence microscope equipped 
with a triple band filter. Samples were simultaneously analysed by flow cytometry. 
Values for the percentage of sperm with active mitochondria (median, min, max, 
mean ± sd) determined by microscopy (79.4, 67.4, 83.1, 78.2 ± 4.9 %) were 
slightly decreased (Wilcoxon, p = 0.025) compared to those determined by flow 
cytometry (81.6, 75.7, 88.1, 82.1 ± 4.3 %). However, individual data were corre-
lated between both methods (Rho = 0.714, p = 0.047, n = 8). No significant differ-
ence was found for the non-viable sperm (p = 0.093). In conclusion, a microscopic 
analysis of mitochondrial activity and membrane integrity of boar sperm is feasible 
since values are only slightly underestimated but strongly correlated to results re-
vealed by flow cytometry. Currently, we test the method for sperm evaluation in 
further species. The study was supported by Minitüb GmbH, Tiefenbach, Germany.  
 
SCHULZE M, RUEDIGER K, MUELLER K, JUNG M, WELL C, REISSMANN M (2013): Development of an 

in vitro index to characterize fertilizing capacity of boar ejaculates. Anim Reprod Sci 140, 70 - 6. 
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The ontogeny of the vocal apparatus in male and female goitred gazelle 
(Gazella subgutturosa) 
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The vocal organs in adult goitred gazelles are sexually dimorphic yet isomorphic in 
male and female neonates. Three age classes were investigated: neonates, adoles-
cents and adults, in total 19 individuals (11 males, 8 females). Vocal features de-
velop with different speeds during ontogeny in males and females as a sexual di-
morphism of larynx and vocal fold size is already noticeable in 6-9 months old 
adolescents, whereas other vocal features have not yet diverged at this age. In both 
sexes, the larynx descends during ontogeny. Probably, a descended larynx at birth 
would interfere with the removal of amniotic fluid from the oral and nasal vocal 
tract shortly after birth and with the suckling of milk during the first weeks of life. 
The larynx is already mobile in neonate and adolescents of both sexes and in adult 
female goitred gazelles, though to a much lesser degree than in adult males. 
Limited laryngeal mobility in young and adult female goitred gazelles is evident 
during production of their contact calls, in yawning (larynx retraction) and in 
swallowing (larynx protraction). In adults, the pronounced differences between the 
sexes ultimately result from a highly mobile larynx in adult males. Adult males 
differ from adult females in the following vocal features: larger larynx size, lower 
resting position of the larynx, more pronounced maximal retraction of the larynx, 
larger vocal folds, a longer thyrohyoid, a longer thyrohyoid ligament, a higher 
mobility of the larynx, a more pronounced vocal tract extension, a longer hyoepi-
glottic muscle, a shorter but wider sternothyroid muscle, a longer and more resili-
ent pharynx, a longer soft palate, and more pronounced reserve loops of nerves. 
The consequences for males are a pronounced permanent descent of the larynx, 
momentary larynx retraction, a highly resilient hyoid-larynx connection and ex-
tremely contractible retractor muscles of the larynx. The evolutionary improvement 
of these functions probably helped to acoustically attract female mating partners 
and acoustically deter rival males and therefore was potentially rewarded by siring 
more offspring. The sexual dimorphism of the vocal features in adults therefore 
appears to be mainly a consequence of a high selection pressure on the males of 
polygynous goitred gazelle towards production of effective rutting calls.  
Support: The Russian Foundation for Basic Research, grant 15-04-06241a. 



10th International Conference on Behaviour, Physiology and Genetics of Wildlife, Berlin 2015 

 

62 Leibniz Institute for Zoo and Wildlife Research (IZW)  

Behavioural pattern of zoo-housed collared anteaters (Tamandua tetradactyla) 
exposed to natural photoperiod and temperature variation 
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Behaviour is a natural response elicited when animals react to environmental 
stimuli, such as abiotic (e.g. light, temperature) and biotic factors (e.g. social 
interactions, food). The use of behavioural observations as a non-invasive tool in ex 
situ animal management and welfare has notably increased in recent years. This 
study aimed at describing the behaviour of zoo-housed Tamandua tetradactyla 
exposed to natural photoperiod and temperature variation. Adult anteaters (3♀, 3♂) 
from Córdoba Zoo (Argentina) were monitored during 11 weeks (October-
December 2014). Animals were individually housed in open enclosures, where 
they were exposed to natural light cycles and ambient temperatures, and fed once 
daily (01:00-02:00 PM). Behavioural categories were defined based on an 
ethogram previously established and validated for the species at the zoo 
(EGUIZÁBAL et al., 2013), and included (a) resting, (b) locomotion, (c) feeding, (d) 
exploring, and (e) stereotyped pacing. Behavioural observations were performed 
using the instantaneous sampling method once a week between 02:00 and 05:00 
PM. Each animal was observed during two 30-minute periods per day, and its 
behaviour was recorded every two minutes. A total of 1,760 records were obtained. 
The frequency of each category was transformed into percent and statistically 
analysed using the Kruskal-Wallis test. One of the males was excluded from 
analyses because the location and structure of the shelter prevented its observation 
on several occasions. An 84.9 ± 7.9 (Mean ± SEM; %) of natural behaviours (a-d) 
was recorded: (a) 48.9 ± 12.1; (b) 9.2 ± 2.9; (c) 12.8 ± 2.6; and (d) 14.0 ± 4.6. 
Foraging behaviour (feeding+exploring, c+d) varied between 16 and 34 %. 
Although stereotyped pacing (e) was more frequent in males (34.3 ± 0.0 %) than 
females (2.3 ± 2.4 %), sex differences were not significant. Moreover, no 
significant gender differences were recorded in any other behavioural category. 
Finally, results suggest that resting, foraging, and stereotyped pacing are the most 
frequently exhibited behaviours in zoo-housed collared anteaters exposed to natural 
photoperiod and temperature. Further research is in progress to monitor seasonal 
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variations in this activity pattern. Additionally, more studies are necessary to 
understand high values of stereotyped pacing in males, especially whether they are 
related to insufficient space or habitat complexity. Accordingly, behavioural 
assessments are an easy-to-implement method to monitor individual stress 
responses of collared anteaters to management by humans. 
 
EGUIZÁBAL GV, PALME R, VILLARREAL DP, DAL BORGO C, DI RIENZO JA, BUSSO JM (2013): Assess-

ment of adrenocortical activity and behavior of the collared anteater (Tamandua tetradactyla) in 

response to food‐based environmental enrichment. Zoo Biol 32, 632 - 640. 
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Post-copulatory sexual selection (PCSS) occurs whenever sperm of different males 
compete within the female reproductive tract for fertilisation of the ovum. A 
specific form of PCSS is cryptic female choice - female-related mechanisms that 
give advantages to the sperm of certain males over the sperm of others. PCSS is 
well recognised as an important mechanism of selection in diverse taxonomic 
groups, including mammals. It is, however, drastically understudied in primates. 
Evidence that PCSS occurs in this order is scarce and mainly indirect, but given its 
prevalence in other groups, it is likely to be an important selective force in primates 
too. I will first review evidence that the necessary conditions for PCSS to take 
place are met in various primate species, i.e. that females in multi-male groups 
usually mate polyandrously during the fertile phase. Furthermore, because in 
several species females might be limited in their ability to express pre-copulatory 
choice due to sexual coercion, cryptic choice might be the only form of mate 
choice available for such females. I will then discuss the role of sexual signals in 
giving females the freedom to exert cryptic choice, and consider how male sexual 
signals may serve as quality signals in this context. Finally, I will suggest a number 
of ways in which female cryptic choice may manifest at the proximate level. This 
review is intended to draw more attention to the importance of PCSS in primates 
and to provide ideas for future studies on this topic. 
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The bonnet macaque (Macaca radiata), endemic to southern India, is listed as a 
„Least Concern‟ (not threatened) species by IUCN. We have been monitoring 
populations of commensal bonnet macaques around the city of Mysore, India, for 
25 years. We conducted systematic surveys in 1989, 1998, 2003, 2009 and 2015 on 
several roads radiating from Mysore with a total road length measuring 1,052 kms. 
During these 25 years, the number of groups has reduced from 54 to 25 and the 
number of animals has declined from 1,207 to 421. Only 35 % of the original 
populations is remaining on these highways. The most drastic decline has been 
recorded from regions cultivated for agricultural crops where the number of groups 
has declined from 47 to 18 and the number of individuals from 997 to 212, which 
is only 21 % of the original population in 1989. Studying land use practices using 
remote sensing, we found that loss of vegetation and increased urbanisation are the 
major causes of population decline in the cultivated areas. Remote sensing data 
showed that the highways that had dense vegetation of Ficus, Tamarindus, 
Mangifera, Azadirachta and other fruit trees have almost no vegetation now due to 
widening of the roads to four or six lane highways and construction of new 
buildings on roadsides. On the other hand, the number of groups and individuals 
has remained stable in the region with scrub forests and Hindu places of worship 
where monkeys get natural food as well as offerings from pilgrims. The vegetation 
structure over the years in such places has even slightly improved. We propose that 
the species listed as „least concern‟ actually require active conservation measures 
before these also reach the dubious status of being „threatened‟. Scrub forests on 
low lying hillocks with Hindu temples appear to be the most promising places for 
conservation of commensal bonnet macaques. We also propose that future surveys 
should also look at the health status of these monkeys under continually changing 
habitat conditions.  
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Body condition is an important determinant of an individual animal‟s health and 
fitness. It is a measure of the stored energy that is available to fuel essential be-
haviours and physiological processes in accordance with an animal‟s life history, 
while counteracting the energetic costs of natural and anthropogenic environmental 
factors. Consequently, body condition is widely recognised as a parameter of cen-
tral importance in wildlife research. In this study, we are evaluating the direct im-
pact of research activities – specifically, capture, handling, and surgery – on the 
body condition of brown bears (Ursus arctos) in two different areas in Scandi-
navia. Our estimate of body condition is a body condition index (BCI) that has 
been validated for ursids and is based on standardised residuals derived from the 
regression of body mass against body length. We are using data collected during 
1,445 captures of 771 unique individuals conducted by the Scandinavian Brown 
Bear Research Project from 1985 to 2014. The main objectives are to 1) determine 
and compare the effects of capture, handling, and surgery on the body condition of 
brown bears against a suite of other potential determinants of body condition, e.g., 
sex, age, reproductive status, population density, etc. 2) evaluate possible health, 
welfare, and population performance implications of long-term research projects, 
in general, and 3) specifically, review the research protocol that is currently used 
for brown bears in Scandinavia. The self-assessment of potential effects caused by 
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research activities is of paramount importance to fully understand the overall 
impact of anthropogenic activities on wildlife health.  
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Assisted reproduction techniques could represent an improvement on the breeding 
of endangered felids, particularly the creation of gamete banks, which by 
cryopreservation may provide a link between isolated groups or different 
reproductive stages. Even though vitrificated oocytes have shown to be able to 
produce birth of live kittens in felids, results are not yet satisfactory due to lower 
survival rates. Cat gamete cryopreservation is still considered an experimental 
technique, reporting more than 50 % of motility after thawing in male case, but 
clearly compromising oocyte competence by showing cleavage rates after 
cryopreservation of 14 to 25 %, while in cattle or human this percentage ranges 
from 60 to 86 %. 
Equilibrium between the concentration of cryoprotectants and high cooling rate has 
been always considered the key in order to improve these rates. But more factors 
play a role here. Commercial kits are prepared to offer an easy-handling as well as 
a higher survival rate, but species-specific oocytes characteristics may reduce the 
freezing success. Comparative studies between our protocol, which already 
reported 41 % of live immature oocytes after thawing, were performed to identify 
the best methods for feline oocytes. So far, three methods were compared, VitKit® 
from IrvineScientific, Kitazato® from Kitazato BioPharma and our own protocol, 
which presents a 3-step vitrification method with a mixture of ethylenglycol, 
dimethylsulfoxid, fetal calf serum, trehalose and ficoll PM-70. Oocytes were stored 
by Cryotop technique. Preliminary results show the inefficiency of VitKit® 
(n = 89) for immature oocyte vitrification by means of the lowest maturation rate 
obtained after thawing (6.8 %). The Kitazato® (n = 106) and our protocol 
(n = 143) were showing almost similar results in the cleavage rates after 
fertilisation by ICSI (20.4 % and 28.6 %, respectively; p = 0.44, Fishers exact test), 
although the maturation rate after thawing was significantly different (41.4 % 
versus 24.5 %, p = 0.0058, Fishers exact test). 
Our data clearly demonstrate the necessity of an adaptation of freezing protocols to 
a species requirement. Improvement of the methods including the addition of new 
discoveries in cryopreservation fields, like ultra-rapid vitrification with slush 
nitrogen, is urgently needed to contribute to the establishment of a gamete bank for 
endangered feline species. 
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Allostatic load is the energetic cost required to maintain homeostasis. A significant 
increase in allostatic load that cannot be fulfilled by increased food intake is 
expected to result in resource allocation trade-offs, i.e., reduced allocation of 
resources to one life-process in order to maintain another more critical process. In 
young animals, maintenance of growth is essential. When food intake is insuffi-
cient, other processes such as components of the immune system may be down-
regulated, leading to increased susceptibility to infection. In this study we investi-
gated the link between allostatic load and susceptibility to parasite infection and 
investigated the factors modulating the intensity of parasitic infection in juvenile 
spotted hyaenas (Crocuta crocuta) in the Serengeti National Park, Tanzania. We 
estimated allostatic load using faecal glucocorticoid metabolite (fGCM) concentra-
tions, measured with a cortisol-3-CMO enzyme immunoassay previously validated 
in this species (BENHAIEM et al., 2012) and assessed parasite burden using faecal 
egg counts (FEC) of the three most abundant parasite species found in this study 
(Ancylostoma, Spirometra and Cystoisospora). We expected FECs to increase with 
increasing fGCM concentrations. Our results indicated that juvenile spotted 
hyaenas had a high prevalence of gastrointestinal parasites (98 %, n = 102), with a 
mean ± SD of 3.2 ± 1.7 parasite genera per juvenile. The fGCM concentration 
ranged between 4.9 and 503.2 ng/g with a mean ± SD of 55.9 ± 72.8 ng/g. We 
demonstrated that fGCM concentrations were significantly correlated to FECs of 
Ancylostoma spp., Spirometra sp. and Cystoisospora spp. (Spearman‟s rank 
correlation test, ρ = 0.400, p < 0.001, ρ = 0.306, p < 0.01, ρ = 0.308, p < 0.01 re-
spectively). Additionally, we found that both the age of the host as well as 
coinfection with Spirometra sp. altered the likelihood of different infection 
intensity outcomes with Ancylostoma spp. This study provides important 
information on the mechanisms shaping parasite infection in a free-ranging 
carnivore. 
 

BENHAIEM S, DEHNHARD M, BONANNI R, HOFER H, GOYMANN W, EULENBERGER K, EAST ML (2012): 

Validation of an enzyme immunoassay for the measurement of faecal glucocorticoid metabolites 

in spotted hyenas (Crocuta crocuta). Gen Comp Endocr 178, 265271. 

doi:10.1016/j.ygcen.2012.05.006 
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The Sumatran rhinoceros (Dicerorhinus sumatrensis) is on the verge of extinction. 
Intensive hunting and habitat loss contributed to a precipitous decline in its 
numbers during the first half of the 20

th
 century. In 1984 it was agreed that in 

addition to the protection of wild individuals, it was time to establish a captive 
breeding programme. By 2014, 39 of the original 40 wild-caught animals were 
dead, and a species that was once found throughout Southeast Asia was reduced to 
less than 100 individuals scattered mainly in three national parks in Sumatra. In the 
last decade poaching and habitat loss were no longer the main threats to the 
Sumatran rhinoceros. It is clear that very low densities of a slow-breeding solitary 
species like the Sumatran rhinoceros drastically decrease the possibility of finding 
a reproductively active partner in the short frame of sexual receptivity (one day of 
oestrus in a 21 to 27-day cycle), leading to long non-reproductive periods. As 
described for other rhinoceros species, the organs of non-breeding females are 
exposed to sex steroids for prolonged periods of time due to continuous ovarian 
cycle activity, which results in the development of reproductive pathology, 
depletion of the follicular stock and premature senescence. Several reports of 
reproductive pathology in Sumatran rhinoceros suggest that at least 50 % of wild-
caught females were affected by this phenomenon known as “asymmetric 
reproductive aging”, with variable consequences to their fertility. Since 2009 the 
Leibniz Institute for Zoo and Wildlife Research (IZW) has been collaborating with 
the Borneo Rhino Alliance (BORA) through the use of advanced imaging and 
assisted reproduction techniques on the 1.3 Bornean rhinoceroses (Dicerorhinus 
sumatrensis harrissoni) held at the Borneo Rhino Sanctuary, in Sabah. When 
captured from the wild, both cycling females showed severe reproductive 
pathology that rendered them incapable of carrying a pregnancy, namely extensive 
cystic endometrial hyperplasia and a large number of uterine leiomyomas. Four 
different techniques were used for the removal of endometrial cysts: uterine lavage 
with cell medium M199 and povidone-iodine solution, endoscopic assisted 
photoablation and ultrasound-guided aspiration. These procedures proved to be of 
limited success. Consequently artificial insemination was attempted only once and 
no fertilisation occurred. As natural conception was excluded, the focus of the 
programme turned to in vitro fertilisation as a last resource for reproduction.  
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Temperature and patterns of precipitation are changing on a global scale. This has 
strong effects on many existing species, influencing the physiology, behaviour and 
range of many populations. In contrast to these ecological effects of climate 
change, evolutionary responses to climate change are less well studied, especially 
in mammals. With ongoing climate change, adaptation has recently become the 
focus of much ecological genomic research. Differences in climatic variables (e.g. 
temperature or patterns of precipitation) between environments influence the spa-
tial distribution of phenotypic and genetic variation across a meta-population which 
can lead to local adaptation. Thus, the detection of climate-mediated evolutionary 
responses can potentially shed light on the genetic basis of adaptation to climate 
change. 
Up until now, most studies have been restricted to livestock, model species, or 
species with a fully sequenced genome. But little research has been done on micro-
tine mammals like voles, despite the fact that they are widespread and encounter 
many contrasting climates. Therefore, the aim of this study is to uncover signatures 
of genetic adaptations to climatic variables among natural populations of a micro-
tine mammal. 
Voles are small rodents; they are widespread throughout Europe where they inhabit 
farmland or forest habitats from sea level up to 2,000 m altitude in the Alps. They 
are characterised by very large levels of genetic variation and relatively strong 
genetic differentiation across Europe.  
To find signatures of genetic adaptation to climate variables we will be searching 
for co-variation between genetic loci and different climatic variables over three 
different gradients: a north-south transect through Europe; an altitudinal gradient in 
the Swiss Alps; and if possible using long-term records from populations in Scan-
dinavia. We will scan the genome for SNP variability among different populations 
using a Pool-seq approach where pools of individuals are sequenced instead of 
separate individuals. We are planning on using a variety of tests to analyse the data 
based on differentiation of SNPs and co-variation between genomic and climatic 
variables.  
In this presentation the study set-up will be presented. 
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Dominance hierarchies are a common feature of social animals and dominance 
ranks often correlate with individual health and fitness. However, calculating domi-
nance ranks can be challenging when individuals interact infrequently. Here we 
addressed this problem by investigating uncertainties associated with calculating 
dominance ranks of female chimpanzees (Pan troglodytes). Do these uncertainties 
emerge because dominance relationships are unstable or highly context-dependent? 
Or do these uncertainties merely reflect methodological constraints? Currently 
available methods for calculating dominance ranks are not well suited to deal with 
small numbers of observed interactions. To overcome this problem we extended 
the Elo rating method by fitting initial Elo scores to the observed data, using a re-
cently developed maximum likelihood approach. We applied this extended method 
to a long-term data set on 53 adult female chimpanzees collected over 41 years in 
Gombe National Park, Tanzania. Our results indicate the existence of a linear and 
remarkably stable dominance hierarchy. This finding implies that previously identi-
fied ranking uncertainties mainly emerged due to methodological constraints. In 
addition we confirmed that females who enter the adult hierarchy (via immigration 
or maturation) tend to be low ranking. This entry at the hierarchy bottom in combi-
nation with the detected long-term stability indicates the existence of a social 
queuing system similar to those found in social insects, fishes and in male hyaenas. 
Mechanisms that maintain this queuing system in female chimpanzees are currently 
unknown. Rank-stabilising coalitions as in male hyaenas are observed very rarely 
among female chimpanzees and almost exclusively target recent immigrants. A 
positive feedback between individual dominance rank and resource-dependent 
fighting ability, as observed in some fish species, is an intriguing possibility that 
warrants further investigation. 
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Feeding of mammalian meat by chimpanzees (Pan troglodytes) has been reported 
in various habitats and literature shows that prey animals include at least 25 
species, which range in size from rodents to bush pigs.  
Camera traps are a potent tool for inventorying elusive and rare species and very 
useful to obtain ecological and behavioural data. Photographs provide objective 
records of an animal‟s presence, identity and a range of activities. 
A rapid assessment of wildlife presence using camera traps was carried out in 
Western Area Peninsula National Park, Sierra Leone, from the 12

th
 of March to the 

23
rd

 of April 2015. In 420 trap nights, 10 cameras Reconyx HC500 Hyperfire 
recorded a total of 566 wildlife photographs, which included 13 species of animals. 
A sequence of eight pictures on the 17

th
 April at 12:07 shows evidence of meat 

eating episode in a chimpanzee. A female is carrying on her back the baby and in 
her mouth a small duiker. We assume that it is a duiker from the identification of 
the hock joint and the hoof. Although hunting behaviour and consumption of meat 
in chimpanzees have been confirmed by direct sightings, this is the first time that 
meat eating has been documented using the camera trap.  
Findings of this study highlight two important differences on knowledge about the 
hunting behaviour of chimpanzees: first of all male chimpanzees have predomi-
nantly been seen hunting and not females. Moreover, primates are the most com-
mon animals hunted by chimpanzees and not ungulates. Also, literature results 
confirm that females rarely are part of the meat sharing process. We can assume 
that, as the prey of this female of the chimpanzee is a duiker, this solitary female 
might hunt the ungulate opportunistically. 
Results of this study illustrate the potential of camera trapping for investigating 
animal behaviour providing a deeper understanding of hunting correlated activities 
with an innovative point of view. 
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Measuring hormone metabolites from animal excretion products allows linking the 
physiological status of a wild animal to its behaviour or other life-history traits 
avoiding capture and restraint, common for invasive sampling obtained by blood 
samples. Additionally, such sampling method does not necessarily interfere with 
the natural behaviour of the animals. Non-invasive endocrine methods rely on the 
fact that circulating hormones may be secreted into saliva or eliminated by urinary 
and faecal excretion. The so-called dark-hormone melatonin is produced from 
serotonin in the pineal gland and excreted in form of conjugates via the urine. In 
animals, melatonin is involved in the entrainment of the circadian rhythms of 
several physiological functions including sleep, migration and seasonal 
reproduction. Whereas in humans and some other mammals it is possible to 
measure levels of melatonin in urine or saliva, such information is currently not 
available for birds. The aim of this study is the identification of melatonin 
metabolites in goose‟s excretion products and the validation of an assay for their 
determination. For this purpose, four adult and individually marked domestic geese 
(two males and two females) were injected with tritium-labelled-melatonin and 
every dropping was collected for 24 hours after injection. A total number of 282 
samples were collected. The dark and white parts of the droppings were analysed 
separately. On average about 50 % of radioactivity could be detected, suggesting 
storage possibilities in the body and an excretion time longer than 24 hours. 
Excretion of radioactive metabolites peaked within one hour after injection. For the 
characterisation of the different metabolites an HPLC separation was performed. 
Preliminary results suggest that melatonin in birds is almost completely 
metabolised and that 6-OH-melatonin seems be the most abundant product of 
melatonin metabolism in geese. Our results are a prerequisite for the development 
of a non-invasive method for measuring levels of excreted metabolites. Future 
research studies in the field of chronobiology but also behavioural ecology and 
nature conservation could profit from such an assay. 
 
We acknowledge support of K. Füreder, C. Gruber, B. Hohlagschwandtner, R. 
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The management of captive primates must include specific provisions to address 
physical, psychological and social needs such as social housing and adequate 
space. New World callitrichine primates (marmosets and tamarins) live in cooper-
ative breeding groups. Cooperative care is uncommon in primates however it is 
seen in marmosets and tamarins. Aims of this study were to assess the animal wel-
fare of a family of Geoffroy‟s marmosets and to evaluate the effect of newborns on 
the social behaviours of the colony by observing the cooperative care among fam-
ily members. This study was carried out with a family of 11 Geoffroy‟s marmosets 
housed at Parco Natura Viva (Bussolengo, Italy). Individual and social behaviours 
were collected over three different periods: the first period in which the dominant 
female was pregnant, the second period after the birth of the twins and the third 
period in which the twins were one month old. A continuous focal sampling 
method was used to collect behavioural data. This research was complied with the 
European Directive 2010/63/EU. Results highlight that the marmoset family 
showed species-specific behaviours and no abnormal behaviours were observed. 
Moreover low rates of agonistic behaviours were found. Individual behaviours 
were performed more during the first period than in the second and third periods (p 
< 0.05). Within affiliative behaviours, social resting was showed more in the third 
period than in the first and second period (p < 0.05). In addition cooperative care 
were performed more during the second period than during the third period (p < 
0.05) and both females and males of the family were actively involved in coopera-
tive care. In conclusion, social housing primates seems to guarantee a good animal 
welfare and cooperative care of newborns seem to be social enrichment. Might 
cooperative care be also important for human beings? A speculative question! 
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The application of forensic techniques to wildlife crime investigations has been 
implemented in the past decades and is an unfortunately growingly necessary field 
of research. Species identification is often required, and the genetic methods usu-
ally employed are based on DNA sequence similarity with online databases and/or 
voucher specimens. This comparison is not always possible due to the lack of au-
thenticated reference sequence data and standardised procedures. The introduction 
of the DNA Barcoding Project attempted to address the need of a uniform method 
of analysis, proposing the use of universal primers to amplify and sequence all 
known animal species and trace the identity of unknown samples. Some groups of 
organisms are efficiently identified with the barcoding Cytochrome Oxidase I 
marker (e.g. Lepidoptera), while others (e.g. mammals and birds) are not similarly 
well resolved. As a forensic laboratory for the analysis of wild and domestic 
mammal and bird species, we developed broad-spectrum primer pairs for species 
identification in a wide range of taxa to be used as a first step, i.e. when no prior 
information on a sample is available. Subsequently, we used appropriate species-
specific markers to confirm species assessment. Our experience suggests that dif-
ferent and targeted molecular approaches for species identification should be ap-
plied depending on the material under study (e.g. blood traces, furs, bones, de-
graded tissues) and the specific casework considered. Each molecular protocol, 
however, needs appropriate testing and validation using known reference samples 
before being employed in official trials. Here, we present some caseworks dealing 
with illegal poaching, trading and poisoning of wildlife in Italy, that were submit-
ted to our laboratory for forensic DNA analyses. Depending on the casework, we 
used in turn mitochondrial DNA markers, both universal (newly designed primer 
pairs to sequence short segments in the Cytochrome b and 12S genes), and/or spe-
cies-specific (for example in the Control Region), as well as STR nuclear typing 
(species-specific multiplexes) to univocally identify species and/or individuals in 
evidentiary samples. We found that Sardinian mouflons (Ovis aries musimon), 
porcupines (Hystrix cristata), endangered Sardinian red deer (Cervus elaphus 
corsicanus) and other protected species are often illegally killed or traded. The 
identification of such crimes represents a fundamental tessera in the mosaic of 
wildlife conservation. 
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The evolutionary history of Cervus has been extensively addressed in Europe, 
rather deeply in eastern Asia, but scarcely in central Asia, where some populations 
have never been phylogenetically investigated with DNA-based methods. Here, we 
have applied a coalescent Bayesian approach using complete mitochondrial 
cytochrome b and control region to provide a temporal framework for species 
differentiation and dispersal in Cervus, particularly the central Asian populations 
from the Tarim Basin (C. elaphus bactrianus, C. e. yarkandensis), with special 
emphasis on the endangered red deer from the Indian Kashmir (C. e. hanglu). The 
Kashmir red deer, or hangul, is confined at low numbers to the Dachigam National 
Park and neighbour areas, in the western part of the Great Himalayan region 
(Jammu and Kashmir, India). This population is on the brink of extinction, as only 
several hundred individuals existed in 2011. Surprisingly, the hangul is not in the 
IUCN Red List. It only appears in Appendix I of CITES. This deer is poorly known 
at the molecular level, systematic position and phylogenetic relationships. Based on 
our results, the red deer of the Tarim group, hitherto considered as subspecies of 
the western red deer C. elaphus, are worthy of being raised to the species level: 
Cervus hanglu. Hangul clearly belongs to such species, although being distinct 
from the other Tarim red deer. Taxonomical nomenclature is presently subjected to 
a hot debate regarding the criteria for species splitting according to the Biological 
Species Concept versus the more recent Phylogenetic Species Concept. Several ge-
netically discrete populations of red deer require urgent protection measures, 
whatever their specific or subspecific names. In conservation, the current emphasis 
given to specific names leads either to the often unwarranted promotion of subspe-
cies to species level, or to the ignorance of subspecific, interfecund populations, 
which may thus become extinct. As to red deer, the conservation status and legal 
listing of all Tarim populations, and in particular the Kashmir red deer will need to 
be (re)assessed. Furthermore, given its geographic proximity with genetically 
highly divergent populations (e.g. C. canadensis wallichi, C. c. sibiricus, C. c. 
songaricus), care should be taken to prevent introgression whenever translocations 
for conservation and/or management purposes are planned.  
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Poaching is among the main threats to biodiversity around the world. Specifically, 
ungulate species are under poaching pressure from subsistence or unregulated tro-
phy hunting in protected areas where law is poorly enforced. Intensive poaching 
can alter density, demography, distribution and behaviour of ungulates and there-
fore, also affects large carnivores, which prey on them. Despite high costs of anti-
poaching activities, little is known on the effects of law enforcement measures on 
demography and distribution of ungulates. In particular, ranger stations are essen-
tial to combat poaching in protected areas; however, the effect of their spatial dis-
tribution on wildlife abundance is unknown. We assessed urial sheep (Ovis vignei) 
and Persian leopard (Panthera pardus saxicolor) distribution in Golestan National 
Park in northeastern Iran, using participatory line transect sampling and camera 
trapping. Urial sheep is among the main prey species of the endangered Persian 
leopard in the steppes of the park. However, urial population has decreased signifi-
cantly in the past decades due to excessive poaching by local hunters. We used 
urial cluster density and size, and leopard absolute numbers as population metrics 
to better understand the importance of poaching deterrence around ranger stations 
for these species. The spatial distribution of predator and prey in regard to anthro-
pogenic (distances to ranger stations, villages and park border) and environmental 
variables (distance to water resources, average slope and normalised difference 
vegetation index NDVI) was assessed. The results of multivariate analyses within 
the generalised linear modelling (GLM) framework showed that the distance to 
ranger stations was the most important variable in explaining urial distribution. 
Distance to ranger stations was negatively related to the size and density of urial 
clusters. However, leopard abundance was positively associated with urial density 
at the landscape level, being less affected by the other variables tested. Taking into 
account the environmental variables and historical data on ungulate abundance and 
distribution in our study area, we conclude that deterrence of poachers around 
ranger stations is significant for the conservation of the studied system. The place-
ment of ranger stations inside the protected area may be of central importance. For 
robust assessment of law enforcement efficiency, we urge rangers to record patrol-
ling routes, intensity and conservation non-compliance and to improve wildlife 
monitoring. 
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The voice-breaking is known in some animal species and, particularly, in cranes. 
During voice-breaking juvenile cranes produce both adult low-frequency and chick 
high-frequency vocalisations. It was shown previously that in cranes onset of 
voice-breaking corresponds to the end of active morphological growth and happens 
at 2 to 7 months of life. The completion of voice-breaking in cranes corresponds 
with breakup of families which occurs in early spring at 10 to 11 months of age. 
The age of voice-breaking onset does not depend on sex or hatching date. How-
ever, it‟s unknown which physiological factors control vocal development in 
cranes. We here described the progress of voice-breaking in previously unstudied 
Siberian crane (Grus leucogeranus) and analysed the relation between plasma tes-
tosterone level and voice-breaking. We recorded calls of seven males and three 
females from 2 - 3 to 12 - 13 months of life. Each recording session was timed to 
blood sampling. We measured total duration of 100 calls per recording session per 
crane, the duration of high-frequency and low-frequency components of each call, 
the percentage of each component in total call length, and testosterone levels in 
corresponding plasma samples using EIA. We found that in Siberian cranes voice-
breaking starts at 8.1 ± 1.6 months and finishes at 10.7 ± 2.8 months of life, so it 
starts later than in crane species of same size, like red-crowned crane (Grus 
japonensis), however it ends simultaneously in all studied species. We found also 
that percentages of high- and low-frequency components of calls gradually change 
with age during voice-breaking (decline and increase respectively; Spearman R-
rank correlation, p < 0.001 in both cases). The plasma testosterone level slightly in-
creased from summer to autumn (from 0.26 ± 0.19 at 2.5 months to 
0.38 ± 0.22 nmol/L at 5 months, Mann-Whitney U-test, p = 0.46), then slightly de-
creased to the end of winter (to 0.19 ± 0.15 nmol/L at 9 months) before showing a 
dramatic burst in early spring (to 0.53 ± 0.12 nmol/L at 10 months, same test, 
p < 0.01). There is no correlation between testosterone level and durations of high- 
and low-frequency components (Spearman R-rank correlation, p = 0.59 and 0.42 
respectively), however high-frequency components disappeared from calls rapidly 
after testosterone levels increased in the beginning of spring. We therefore suggest 
that testosterone levels may influence the course of voice-breaking in Siberian 
cranes.  
Supported by Russian Scientific Foundation (14-14-00237). 
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We currently witness the dawning of the era of increasing focus on a more holistic 
approach to integrated species conservation – the One Plan Approach to species 
conservation planning (outlined in GUSSET and DICK, 2013). Integrated conserva-
tion works along a continuum of management intensity, include little, if any, 
human intervention in wild populations all the way to intensively managed popula-
tions in some reserves and in zoos and aquariums. As an example, the endangered 
African wild dog (Lycaon pictus) has been restored in South Africa using an inte-
grated species conservation approach, including active metapopulation manage-
ment. Metapopulation management involves managing a set of interacting popula-
tions, potentially both in human care and in the wild, under a common conservation 
goal. Integrated species conservation thus links conservationists working at any 
point along the continuum of management intensity, and forms the basis of the 
revised World Zoo and Aquarium Conservation Strategy (BARONGI et al., 2015). 
 
BARONGI R, FISKEN FA, GUSSET M (Eds.) (2015): Committing to Conservation: The World Zoo and 

Aquarium Conservation Strategy. Gland: WAZA Executive Office. Available from 

http://www.waza.org/en/site/conservation/conservation-strategies 

GUSSET M, DICK G (Eds.) (2013): WAZA Magazine 14: Towards Integrated Species Conservation. 

Gland: WAZA Executive Office. Available from http://www.waza.org/en/site/conservation/inte-

grated-species-conservation 
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Costly male integumentary ornaments function as honest cues of male quality in 
many species. These ornaments are generally studied during peak expression, how-
ever their prior growth may determine ultimate ornament size and costliness with 
variation in individual quality giving rise to differing growth strategies. To test this 
we investigated variation in adult male black grouse, Lyrurus tetrix, eye comb 
growth in relation to condition- and dominance-related growth strategies, during 
pre-breeding growth. Dominant males, those closer to the lek centre and with 
higher lek attendance, had larger eye combs, but did not differ in growth-
scheduling. However, heavier adults, with more resources available for investment, 
grew larger eye combs earlier on, and at a faster rate. This suggests ornament size 
is related to dominance, but that growth patterns are condition-dependent. We sug-
gest that, since dominance is accrued year-round in black grouse, and other species, 
the ability to maintain larger signals outside the breeding season may limit alterna-
tive growth strategies. 
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Bats are important predators of herbivorous insects in agricultural landscapes. 
However, they face serious threats by the intensification of land management prac-
tices and habitat conversion into large monocultures of crop cultivations.  
We studied the seasonal changes in bat activity in an intensively managed farmland 
area in the Uckermark region (Brandenburg, Germany). We monitored nightly bat 
activity via passive acoustic monitoring on a total of 94 arable fields from May to 
September 2012 and from March to June 2014. We identified echolocation calls to 
species level where possible and built two binary and two proportion-based re-
sponse variables to address several aspects of bat activity. Hereby, the binary (pres-
ence / absence) variables represent the probability to record bat calls or feeding 
buzzes per site and night, while the first proportion variable relates the number of 
one minute intervals with bat calls to the total number of recorded minutes per site 
and night and represents the intensity of habitat use. The second variable relates the 
number of feeding buzz minutes to the number of minutes with bat calls and repre-
sents the foraging intensity of bats. We used generalised additive mixed models 
(GAMM) to test the relevance of factors such as bat species habitat use and migra-
tory mode, season (nights of sampling), year and weather covariates (air tempera-
ture, wind speed, relative humidity, cloud cover) for explaining bat activity and 
included the sites as the random factor. The factors season, bat species habitat use 
and migratory mode, temperature and cloud cover were important in explaining bat 
activity on arable fields. Overall, bat species that were specialists of open and 
edge-space showed higher values in all aspects of bat activity compared to bat 
species which are mostly specialists for cluttered space and known to be non-
migratory. All response variables varied across the seasons with the highest 
probability to record bat calls during the period of swarming and migration. How-
ever, during spring migration the probability to record feeding buzzes and the ratio 
between feeding buzzes and bat calls was lower compared to autumn migration. 
We conclude that seasonal variation of bat activity is an important predictor for bat 
activity above farmland and should be taken into consideration when designing 
monitoring schemes and management plans for bat species foraging above farm-
land. Also, the combined interpretation of response variables, which describe sev-
eral aspects of bat activity, might lead to further insights into the mechanisms 
underlying the use of farmland by bats. 
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Cheetahs (Acinonyx jubatus) present little variation at the major histocompatibility 
complex (MHC), a part of the adaptive immune response whose variability is 
thought to be crucial for recognising a wide variety of pathogens. Cheetahs are 
therefore expected to have impaired resistance to infectious diseases. However, 
free-ranging cheetahs show no clinical or pathological evidence for disease despite 
having tested seropositive for several infectious diseases. This suggests that they 
respond effectively to pathogenic challenges.  
The immune system is highly complex and various other components apart from 
MHC participate in an adequate immune response. We therefore hypothesised that 
the immune system of cheetahs may rely on such other components to compensate 
for the low variation in its MHC complex. To test this hypothesis, we compared six 
different humoral effectors of immunity, namely the concentrations of Serum 
Amyloid A, Immunoglobuline G, lyzozyme, and the functional responses to a he-
magglutination-hemolysis assay as well as a bacterial killing assay in cheetahs and 
leopards (Panthera pardus). The latter lives sympatrically in Namibia but has a 
higher MHC variability than the cheetah. 
We demonstrate that cheetahs had a stronger constitutive innate immunity than 
leopards, but a lower induced innate and adaptive immunity. We conclude that 
cheetahs have shifted their immune investment towards a strong innate immunity, 
thus demonstrating that different species use different combinations of immune 
components to achieve similar levels of protection. Therefore, we conclude that the 
immune response of cheetahs is equally successful compared with the one of 
leopards and their immune competence is higher than previously thought. 
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Diseases can greatly impact free-ranging, threatened populations by causing 
temporary or permanent declines in animal numbers. It has been suggested that 
carnivores, amongst those canids and felids, are particularly threatened by 
infectious diseases. Determining the immune competence of threatened populations 
is of importance because it is a critical aspect of disease resistance and will thus 
help identifying those vulnerable to novel pathogens. Between 2002 and 2013 we 
captured, immobilised and sampled 275 cheetahs (Acinonyx jubatus), 38 leopards 
(Panthera pardus), ten lions (Panthera leo), ten caracals (Caracal caracal), eight 
black-backed jackals (Canis mesomelas) and eight brown hyaenas (Hyaena 
brunnea) on Namibian farmland and in Namibian National Parks. We tested the 
bacterial killing capacity of carnivore serum against Escherichia coli, a functional 
test of the innate immune response. The results of this study were also compared to 
previously published results from amphibian, reptile, avian and canine species. 
The carnivore species differed substantially in their bacterial killing capacity, with 
feline species having a stronger bacterial killing capacity than canine species. 
Bacterial killing capacity of all felids was substantially higher compared to all 
other taxa. 
A high transmission risk of pathogens is likely to be reflected in the immune re-
sponse because pathogen infection imposes a strong selective pressure on the host. 
Although social species such as lions have a higher exposure probability to patho-
gens than solitary species such as cheetahs, this was not reflected in their bacterial 
killing capacity. A higher intake of carrion or a larger body mass was neither re-
flected in the bacterial killing capacity. Instead, we found that the immune re-
sponses could be explained by the phylogenetic relatedness of the species. Our 
results suggest that the immune competence of threatened felids has been under-
estimated and its assessment ought to consider both innate and adaptive 
components of the immune system. 
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Large herbivores are one of crucial drivers of ecosystem processes, exploiting and 
redistributing nutrients in the space. In African savannah with dynamic rainfall 
pattern, the animals cope with limited resources by adopting pertinent behaviour 
and foraging strategies. The rainfall in West Africa is however decreasing, 
changing consequently the whole ecosystems and availability of resources. We 
examined the diet quality of large herbivores‟ community with different resource 
acquiring strategies at chemical elements‟ level in two savannah ecosystems 
(fenced reserves) with contrasting climatic and vegetation conditions in Senegal. 
We measured diet quality of zebra (Equus quagga), West African buffalo 
(Syncerus brachyceros), roan antelope (Hippotragus equinus), eland (Taurotragus 
oryx) and Derby eland (Taurotragus derbianus) by chemical composition, fibre 
and lignin content in faeces across wet, dry and hot dry seasons in sub-humid and 
semi-arid savanna. Elands and Derby elands, both browsing on woody plant leaves, 
had diet rich in N, P, Mg, Ca, with high Ca: P and increasing N:P, lignin and fibre 
content in hot dry season. Grazing animals, zebra and buffalo consumed a diet 
lower in these elements in comparison to browsers, but richer in K. Roan antelope 
shows variable and chemically balanced diet, in line with its intermediate strategy 
of switching its diet according to available resources in the season. The chemical 
composition of large herbivores‟ diet reflected animals‟ adaptations for acquiring 
adequate resources and corresponded with seasonal rainfall pattern, but did not 
significantly change in contrasting environments. Therefore, despite climatic and 
vegetation difference, the animals are able to adapt their behaviour in order to find 
adequate resources and to maintain necessary levels of nutrients. 
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Throughout the last couple of decades substantial progress has been made in opti-
mising efficient genetic management of both in- and ex situ populations. Alongside 
the traditional focus on preserving (genetic) diversity, conservation management 
programmes, such as captive breeding and reintroduction initiatives, recently 
started to focus on durable consistent characterisation of subspecies or taxonomic 
units. The added value of these recent efforts in conservation is twofold. On the 
one hand more profound knowledge on the evolutionary history of specific taxa is 
needed to move from a potential conservative approach (i.e. focus on the smallest 
described taxonomic entity) towards more biologically appropriate conservation 
actions, meanwhile preventing unintended interspecific mixing. In general this 
extra layer of information is therefore suggested to be crucial in minimising both 
inbreeding and outbreeding depression. 
Except for some iconic species (e.g. orangutan, tiger and chimpanzee), the evolu-
tionary history of many endangered taxa is still incomplete. Alongside more tradi-
tional approaches, phylogenetic research is slowly closing the gaps in our current 
understanding of the dynamic nature of speciation. An often limiting factor in mo-
lecular taxonomy reconstructions, especially in endangered species, is the availa-
bility of DNA samples. The rise of high throughput sequencing in combination 
with museum collections generates interesting opportunities, especially in non-
model species. Here I describe the use of targeted enrichment strategies on approx. 
150 years old museum samples to reconstruct full mitochondrial genomes of all 
previously described subspecific categories of both military (Ara militaris) -and 
Buffon‟s macaws (A. ambiguus). 
Although being applicable to a wide range of species, macaws were chosen in this 
pilot study based on recently raised questions on their taxonomy (e.g. the role of 
subtle morphological dissimilarities in delineating allopatric subspecies). In prac-
tice current identifications are often based on geographical location, as such gener-
ating problems in e.g. assigning unknown birds to the correct ex situ conservation 
breeding programme. Apart from generating insight in: (i) the evolutionary history 
of these birds and (ii) the phylogeography of the Central American and Andes 
region as a whole, this study underlines benefits of using museum material in the 
genomics era (e.g. genotype - phenotype correlations). Apart from highlighting the 
overall advantages of this specific targeted enrichment strategy, some of the main 
issues in using degraded DNA and some preliminary results will be presented.  
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In Sweden, brown bears (Ursus arctos) mainly rely on bilberries (Vaccinum 
myrtillus) during the fall to increase body mass for hibernation. Bears respond to 
human disturbance, such as bear hunting, by altering their daily activity patterns. 
These antipredator responses may decrease the foraging efficiency of bears. We 
hypothesized that bears alter their circadian foraging patterns at the onset of the 
hunting season to avoid pulses of high temporal risk in the morning hours and that 
this behavioural change has negative effects on bilberry foraging efficiency. We 
further hypothesised that the duration of foraging bouts would be shorter during 
periods of high risk (i.e., in the morning hours of the hunting season) than periods 
of low risk (i.e., the pre-hunting season). 
We identified foraging locations from movement trajectories of seven GPS collared 
bears in the two weeks before and during the 2014 hunting season. Based on earlier 
studies, we defined foraging as slow (25 - 300 m) and continuous (at least 1.5hrs) 
movements, extracted from 30-minute positions. We counted ripe bilberries in a 
sampling quadrat at the second location of each foraging trajectory (n = 268) and at 
random locations (n = 175) in the same study area and period. Foraging efficiency 
was calculated as the number of berries at a foraging location minus the expected 
number of berries in random plots in comparable habitat and at the same time.  
Foraging efficiency of bears was lower during the hunting than the pre-hunting 
period. Efficiency varied distinctively across the day for the two periods. In the 
low-risk period, bears foraged most efficiently in the morning and afternoon hours. 
Bears shifted their foraging pattern during the hunting season and efficiency in-
creased linearly throughout the day, with the lowest efficiency in the early morning 
hours, when risk of being shot was highest. Foraging bouts were shorter during the 
hunting period than the pre-hunting period and shorter in the morning than in the 
afternoon. This study shows that a) both foraging efficiency and duration of forag-
ing bouts decreased during a period of elevated predation risk compared to a low 
risk period in a nutritionally critical period of the year, b) circadian patterns of 
foraging efficiency were affected by hunting, and c) bears foraged least efficiently 
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and for the shortest time periods during pulses of high risk in the early morning 
hours of the hunting season. 
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Genus Spermophilus, widespread in the former USSR, is known for the difficulty 
of its taxonomy because its different species can live side-by-side and produce 
hybrid fertile offspring. The species status of related groups remains a subject of 
debate. As a result, the borders of their ranges are not yet fully understood. Molec-
ular genetic studies are the most efficient approach for research of this group be-
cause they allow detection of traces of hybridisation that may not be noticed by 
studying morphological or acoustic markers. Our study clarifies the borders of the 
ranges of two species of ground squirrels in northern Kazakhstan. In our analysis 
we used samples collected during an expedition to the Karaganda region of 
Kazakhstan. 
We amplified and sequenced part of the Ctrl-region of mtDNA of 87 animals from 
29 sites and the sixth intron of the p53 gene of 108 animals from 34 sites from the 
Karaganda region. A Maximum Likelihood Tree for the mtDNA data was con-
structed using the programme MEGA6. The results were plotted on a map.  
The phylogenetic tree showed two groups: little (Spermophilus pygmaeus) and red-
cheeked ground squirrels (S. erythrogenys). Most colonies contained animals that 
belonged to only one of the species, but on the southern border of the little ground 
squirrels‟ range, two species were observed living close to each other with evi-
dence of their hybridisation. 
In addition, the following hybrids were found: three first-generation hybrids (prob-
ably belonging to one litter), whose father was a red-cheeked ground squirrel and 
whose mother was a little ground squirrel; five cases of mismatched nuclear and 
mitochondrial markers (three introgressions of mtDNA of little ground squirrel and 
two of red cheeked ground squirrel); and a complex hybrid whose ancestors in-
cluded little, red-cheeked and yellow ground squirrels. 
Supported by RFBR grant 15-34-20589. 
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Lions from different game farms were evaluated in terms of their health and 
reproduction status. Different feeding protocols and husbandry conditions led to 
differences in their body mass indices (BMI = body weight [kg] / (body length [m] 
x body height [m])) ranging from 116 (minimum) to 181 kg/m

2
 (maximum). An 

increased BMI may be associated with metabolic disorders and increased oxidative 
stress levels in cells and tissues. Since it was shown in humans, that an extremely 
elevated BMI (46.3 ± 10.8 kg/m

2
 in highly obese compared to 22.5 ± 1.7 kg/m

2 
in 

normal men) is associated with an enhanced lysophosphatidylcholine (LPC) 
content in their sperm cells, spermatozoa from the lions were analysed for their 
relative content of LPC by MALDI-TOF mass spectrometry. Lysophospholipids 
such as LPC act like detergents and may disturb the membrane structure and 
function. Within the observed range, the LPC content of fresh lion spermatozoa 
was not influenced by BMI. 
The proportion of LPC in spermatozoa from normal men and lions was, in the most 
individuals, far lower than 10 %. Therefore, potential mechanisms preventing LPC 
accumulation in spermatozoa were investigated and the radical reduction capacity 
of seminal fluid was analysed by electron spin resonance spectroscopy. In both, 
men and lions, LPC predominantly accumulates in samples with low radical 
reduction capacity. If normalised to sperm number, the reduction capacity of semi-
nal fluid was interestingly much higher in men than in lions.  
The protective effect of seminal fluid, however, may be obviously eliminated by 
oxidative stress related to cryopreservation, as frozen stored lion spermatozoa pos-
sess elevated amounts of LPC after thawing. Thawed spermatozoa from lions with 
a high BMI had the most elevated proportion of LPC (Spearman, rs = 0.738, p = 
0.037) after thawing and a lower velocity (Spearman, rs = -0.818, p = 0.004). We 
conclude that obesity may impair sperm quality in lions similar to humans and 
should be avoided by improving feeding and optimal husbandry conditions. 
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Some species of the family Cervidae, including the fallow deer (Dama dama), hide 
their offspring in the first few weeks after delivery. A better understanding of the 
doe-fawn relationship as well as doe and fawn behaviour in the postpartum period 
will contribute to reproductive success under farm conditions. The objective of this 
study was to characterise the suckling behaviour of newborn and young fawns on a 
fallow deer farm. 
Video surveillance was carried out from June 15

th
 to September 15

th
, 2013, in a 

paddock covering an area of approximately 1 ha. Five pregnant does were moni-
tored. The does were randomly selected from a larger group of pregnant females 
(progesterone levels were determined to confirm pregnancy). The material 
recorded in the first 18 days after delivery, between 6.00 a.m. and 9.00 p.m., was 
played back to obtain a total of 270 hours of observation, and every other day was 
subjected to a detailed analysis.  
An analysis of the recordings enabled to characterise the first days of fawns‟ life, to 
determine the amount of time spent with their mothers and the frequency of those 
contacts. In the first six days after birth, the average time of each mother-offspring 
contact was 21 minutes. On successive days, the time spent in contact was ex-
tended to 44 minutes on average. On days 14 – 18 postpartum (the last days of 
observation), the average time of mother-offspring contact was 2 hours and 37 
minutes per day.  
An analysis of the frequency of doe-fawn contacts per one day revealed that it de-
creased over time of life of fawns, The mean number of contacts ranged from 5 in 
the first days of observation (1

st
 day of life of fawns) to 2.5 in the last days (18

th
 

day of life of fawns).  
Throughout the analysed period (between 6.00 a.m. and 9.00 p.m.), the most fre-
quent and longest contacts of does and fawns were noted between 12:00 and 1:00 
p.m., 3:00 and 4:00 p.m., and 7:00 and 9:00 p.m. 
The results of this study will help adjust farm operations and activities to the 
natural needs of animals in the perinatal period and during offspring rearing, thus 
improving their welfare. 
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Captive breeding programmes are an essential tool for the conservation of 
endangered species. These programmes are commonly managed using pedigrees 
where information about the history of each individual‟s family, such as breeding 
pairs and parentage, is recorded. However, there are many species that are kept in 
groups where it is hard to distinguish between particular individuals within the 
group, making it very difficult to record any information at an individual-level 
(LEUS et al., 2011). Currently, software and methods commonly used for 
registering and analysing pedigrees of populations managed at an individual-level 
are not adequate for group-living species. Therefore, there is a need to further 
develop these tools and methodologies for pedigree analysis to better manage 
group-living species. 
We adapted the pedigree analysis method implemented in PMx to analyse 
pedigrees of group-living species. PMx (LACY et al., 2012) is a software used for 
the management of ex situ populations in zoos and aquariums. In addition, we de-
veloped a group pedigree data entry sheet and group2PMx, a converter programme 
that enables group datasets to be imported into PMx. Detailed information about 
the spreadsheet template and group2PMx can be found in the manual, which can be 
downloaded together with the Group Management Package from: 
www.vortex10.org/PMx.aspx or https://github.com/BelenJM/Group_Management 
We show how pedigree analysis of a group-living species can be used for 
population management using the studbook of the Texas blind cave salamander 
(Eurycea rathbuni), an endangered species that needs to be kept in groups. Such 
analyses of the pedigree of groups can improve the management of group-living 
species in ex situ breeding programmes. Firstly, it enables better management 
decisions based on more accurate genetic measures between groups, allowing for 
greater control of inbreeding. Secondly, it can improve the conditions in which 
group-living species are held by adapting husbandry practices to better reflect 
conditions of these species living in the wild. The use of the spreadsheet and 
group2PMx extends the application of PMx, allowing conservation managers and 
other institutions outside the zoo and aquarium community to easily import and 
analyse their pedigree data.  



10th International Conference on Behaviour, Physiology and Genetics of Wildlife, Berlin 2015 

 

94 Leibniz Institute for Zoo and Wildlife Research (IZW)  

LACY RC, BALLOU JD, POLLAK JP (2012): PMX: software package for demographic and genetic analy-

sis and management of pedigreed populations. Methods Ecol Evol 3, 433 - 437. 

LEUS K, TRAYLOR-HOLZER K, LACY RC (2011): Genetic and demographic population management in 

zoos and aquariums: recent developments, future challenges and opportunities for scientific re-

search. Int Zoo Yearbook 45, 213 - 225. 

 



10th International Conference on Behaviour, Physiology and Genetics of Wildlife, Berlin 2015 

Leibniz Institute for Zoo and Wildlife Research (IZW) 95 

Estimation of Derby eland seasonal activity levels from camera-trapping data: 
a novel insight into the animal ecology 
 
JŮNEK TOMÁŃ

1
, JŮNKOVÁ VYMYSLICKÁ PAVLA

1
, HEJCMANOVÁ PAVLA

2
 

 
1
Czech University of Life Sciences Prague, Faculty of Environmental Sciences, 
Dept. of Ecology, Kamýcká 129, 165 21 Prague, CZECH REPUBLIC 

2
Czech University of Life Sciences Prague, Faculty of Tropical AgriSciences, 
Dept. of Animal Science and Food Processing, Kamýcká 129, 165 21 Prague, 
CZECH REPUBLIC; tom_junek@yahoo.com 

 
The activity level (the proportion of time that animal spend active) of ungulates is 
known to vary with seasonal changes and climatic conditions. African herbivores 
generally tend to avoid heat stress by temporal shifts within their overall diel 
activity budgets but the scale of seasonal changes remains unclear. A novel 
quantification of the animals‟ activity from non-invasive camera-trapping data 
allows for a detailed insight. We applied an innovative methodological approach, 
the R package activity, on data from camera-trapping of semi-captive Western 
Derby eland (Taurotragus d. derbianus) populations in two different natural 
habitats. Our survey included peaks of the dry and wet seasons, defined for 
analysis as three distinct 61-day climatic periods. From randomly placed cameras 
we examined 440 activity records obtained during 2,867 trap-days. We did not find 
significant differences between Derby eland seasonal activity levels, namely 
between periods with zero up to 220.2 mm of rainfall. However, in dry (activity 
level = 0.556) and transitional (activity level = 0.489) seasons animals spent less 
time being active than during the wet and nutrient-rich season (activity level = 
0.65). The overlap of activity levels scored highest (∆ = 0.88) between the wet and 
dry seasons, while the lowest (∆ = 0.72) was between the dry and transitional 
seasons with the largest activity peaks. The diel activity pattern showed strong 
response to ambient temperatures. The higher the absolute temperatures and daily 
thermal range the more prominent the activity peaks shown by the Derby elands. In 
addition, more balanced daily temperatures led to a levelling curve of the relative 
activity pattern over the day. It was found that moonlight intensity had no effect on 
the frequency of detection of animals. Our analysis proved that the activity levels 
of an animal, however consistent across seasons, could significantly differ within 
the scale of the diel activity budget and respond to ambient conditions. Ungulates 
comprise a broad range of species; our findings suggest that regardless of reported 
mutual similarities, species may employ its own behavioural strategy for managing 
time spent active in its niche. Camera-trapping data and novel statistical 
approaches such as the R package activity are important tools for both wildlife 
managers and researchers, and call for the revision of our knowledge of animal 
time budgets. 
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Little is known about the basic ecology of most medium-sized and large mammals 
in Miombo ecosystems of Western Tanzania. In this study, we tracked six African 
elephants (Loxodonta africana) using the GPS collars for the varying length of 
days depending on the life span of batteries in the collars (i.e. Kalumanga 743 
days; Rubeni 558 days; Sara 894 days; Johari 674 days; Ugalla 515 days; and 
Francisca 806 days). The aim of this study was to depict the size and location of 
the elephant home ranges in miombo-ecosystem within the Ugalla landscape in 
Western Tanzania. Collared elephants used different parts of the Ugalla landscape 
in both wet and dry seasons (regardless of landscape management differences), but 
their main distribution was focused to the Ugalla Game Reserve due to permanent 
water availability in the Ugalla River and regular patrols. Sizes of home ranges 
were estimated using 100 % Minimum Convex Polygons and Time-Locoh Convex 
Hulls (T-LoCoH) method and the results differed among the six collared elephants. 
This is the first study to track the African elephants in Western Tanzania. The 
findings from the present study points clearly that, although effective conservation 
is challenging, because it involves obvious complexities and approaches that vary 
from science and planning to policy and site-specific measures, but we recommend 
joint anti-poaching patrols in Ugalla landscape that goes beyond the Ugalla Game 
Reserve to other adjacent protected areas. 
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Sexual size dimorphism (SSD) provides one of the most striking examples for the 
power of Darwinian selection to generate fine-grained adaptations in spite of 
shared developmental, genetic and ecological constraints between males and 
females of the same species. As predicted by sexual selection theory, SSD in most 
polygynous mammals is biased in favour of males, but recent studies found 
ecology and life history to affect patterns of SSD as well. The primates of 
Madagascar (Lemuriformes), a monophyletic adaptive radiation of more than 100 
species derived from a single colonisation by presumed sexually-dimorphic 
African ancestors in the Eocene, is characterised by an enigmatic lack of male-
biased SSD despite widespread polygyny. A new hypothesis posits that evolu-
tionary canalisation of developmental consequences of chronic maternal stress due 
to unusual climatic unpredictability on Madagascar has eliminated SSD by 
increasing female body size disproportionately over evolutionary times. The 
independent colonisation of Madagascar by three other mammalian lineages 
(carnivorans, rodents and tenrecs) provides an opportunity to study fine-grained 
adaptations of both sexes during adaptive radiations of ecologically diverse 
mammals and to test predictions of this ecological hypothesis. The aim of our study 
was therefore to investigate the strength and direction of deviations in body size 
and SSD between Malagasy primates, tenrecs, rodents, carnivorans and their 
African sister lineages, using body mass data of more than 8,000 individuals from 
178 species. Using a combination of phylogenetic generalised least squares 
analyses and modeling of evolutionary optima for different lineages using the 
Ornstein-Uhlenbeck (OU) model of adaptive change, we found preliminary 
evidence indicating that male and female body mass of Malagasy mammals 
increased relative to that of their African sister lineages, and that SSD decreased 
(except for carnivorans). These patterns indicate that ecological idiosyncrasies of 
Madagascar may have affected body size evolution of males and females 
differently, overriding the effects of sexual selection in predominantly polygynous 
representatives of four independent adaptive radiations. 
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Physiological data on the reproductive system in large felids such as the lion are 
limited. For breeding programmes of endangered felids and the implementation of 
assisted reproduction technologies it is essential to analyse standard parameters for 
semen quality and urogenital system appearance. 
Here we present first results on ultrasound examinations of 85 adult and 
reproductive active male African lions kept in different facilities in South Africa 
and Germany. Additionally, semen collection via urethral catheter was performed 
in 70 of these lions, to describe the physiological appearance of reproductive 
organs in relation to the quality of the collected semen. 
Transcutanoues ultrasound was applied to assess the testicles and a transrectal 
ultrasound was performed to examine the accessory sex glands. Unlike the trans-
dermal ultrasound, which is a common procedure in dogs and tomcats (DAVIDSON 
and BAKER, 2009), the transrectal ultrasound enabled us to examine the anal scent 
glands, bulbourethral glands and all lobes of the prostate. The localisation of the 
prostate is especially useful for semen collection by electroejaculation or via 
urethral catheter as determination of the position of this organ facilitates correct 
placement of electrodes or insertion of the catheter.  
The mean size of the testicles measured by ultrasound was 4.2 ± 0.5 x 2.6 ± 0.4 cm. 
Anal scent glands measured 3.2 ± 0.7 x 1.9 ± 0.6 cm. The bulbourethral gland and 
the prostatic lobes had an average size of 1.6 ± 0.2 x 1.3 ± 0.2 cm, and 2.8 ± 0.3 x 
2.0 ± 0.4 cm, respectively. Apart from one lion, which showed signs of a minor 
fibrosis in one testicle no pathologies could be detected. 
Semen obtained via urethral catheter showed a very high concentration (mean: 3.3 
± 4.1 x 10

9
 sperm/ml) and a low volume (mean: 286 ± 223 µl), as previously 
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described for lions by LUEDERS et al., 2012. The motility of the collected sperm 
showed high variation with 60 ± 29 % motile sperm.  
The high number of evaluated animals enabled us to provide physiological data on 
the ultrasonographic anatomy of the male lion which can be used for evaluation of 
the reproductive status of an animal. 
 
DAVIDSON AP, BAKER TW (2009): Reproductive ultrasound of the dog and tom. Top Companion 

Anim M 24, 64 - 70.  

LUEDERS I, LUTHER I, SCHEEPERS G, VAN DER HORST G (2012): Improved semen collection method for 

wild felids: urethral catheterization yields high sperm quality in African lions (Panthera leo). 

Theriogenology 78, 696 - 701.  
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Characteristics and freezability of lion ejaculates collected with electroejacu-
lation and urethral catheter (preliminary results) 
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Assisted reproduction techniques may essentially support conservation 
programmes for endangered feline species. Artificial insemination may contribute 
to captive breeding programmes of certain felids, especially when incompatibility 
of supposed breeding partners poses a problem (LUEDERS et al., 2015). Whereas 
semen collection and cryopreservation of semen are well established in many 
domestic animals, both techniques require optimisation with regard to sperm 
banking in wildlife species. This concerns not only species specific characteristics 
but also the practical aspect of feasibility under field conditions. 
In this study, we used the African lion (Panthera leo) as a model species for other 
large wild felids.  
Semen was collected either via electroejaculation or by urethral catheter method 
(LUEDERS et al., 2012) to compare both methods regarding sperm quantity, quality 
and freezability. We tested both methods in the same animals, with one week in 
between collections.  
Ejaculates (n = 7) collected by electroejaculation had a volume ranging from 200 to 
2500 µl (median = 1300 µl) and a concentration from 63 to 1050 x 10

6
 sperm/ml 

(median = 236 x 10
6
 sperm/ml). The samples collected by urethral catheter were 

ranging from 30 to 600 µl (median = 300 µl) with a concentration ranging from 91 
to 6500 x 10

6
 sperm/ml (median = 2725 x 10

6 
sperm/ml). 

For both samples, the same cryopreservation technique was used according to a 
modified protocol from LENGWINAT and BLOTTNER, 1994. Cryovials with 100 µl 
semen (about 250 x 10

6
 sperm/ml) and 200 µl extender were cryopreserved. The 

percentage of motile and progressively motile sperm were recorded prior to 
freezing and after thawing. Longevity of the semen at 37°C was tested. Preliminary 
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results on pre-freeze and post-thaw motilities will be presented. 
 
LENGWINAT T, BLOTTNER S (1994): In vitro fertilization of follicular oocytes of domestic cat using 

fresh and cryopreserved epididymal spermatozoa. Anim Reprod Sci 35, 291 - 301. 

LUEDERS I, LUDWIG C, WEBER H (2015): None-surgical artificial insemination in felids: Asiatic 

golden cat (Catopuma temminicki) and Persian leopard (Panthera pardus saxicolor). Proc Intern 

Conf Zoo Wild Anim 2015, 59 - 62.  

LUEDERS I, LUTHER I, SCHEEPERS G, VAN DER HORST G (2012): Improved semen collection method for 

wild felids: urethral catheterization yields high sperm quality in African lions (Panthera leo). 

Theriogenology 78, 696 - 701.  
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The adaptive management framework of using collars to protect livestock 
from carnivore predation 
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Big cats are flagship, keystone and umbrella species for ecological functioning and 
conservation of biodiversity and landscapes. One of them is the leopard (Panthera 
pardus), which is the world‟s most widespread but also one of the most persecuted 
big cats. The leopard of southwest Asia is classified as critically endangered to 
endangered, with Iran being the stronghold range country hosting the largest single 
population living in Golestan National Park. Around Golestan, leopards frequently 
attack sheep and goats (= shoats), calves, and dogs and thus provoke confrontation 
with local people which often ends up with retaliatory killing of leopards. Eighteen 
out of 34 local villages have such conflicts. To mitigate the conflict, in 2013 we 
initiated a project on fixing collars on livestock to protect them from strangling 
neck bites of leopards, having adopted this method from South African farmers. 
The design and size of the collars (IR collars) were different from South African 
collars (ZA collars) because Iranian leopards are substantially bigger and often 
prey on cattle, while the smaller South African leopards kill only shoats. We 
produced 398 IR collars and fixed 270 of them (67.8 %). We used 190 collars for 
calves in 9 villages, 73 for shoats in one village and seven for dogs in one village. 
The monitoring and optimisation procedures such as collar padding to alleviate 
nape itching in calves have proved the IR collars to be unsuitable for calves. In 
calves, these collars caused discomfort during grazing, reduced body weight, 
complicated grooming behaviour and led to attacks by non-collared conspecifics. 
Therefore, we removed all collars from calves and expanded collaring of shoats. 
Additionally to 73 IR collars, we replicated 402 ZA collars and fixed them on 
shoats in seven villages. These collars are harmless for shoats and liked by owners. 
During the shearing season in June, collars are removed to prevent nape itching and 
fixed again by owners in July. This time gap does not affect leopard predation, 
because in early summer shoats graze on wheat stubble fields near villages where 
leopards do not dare to attack. Not a single sheep or goat equipped with an IR or 
ZA collar was lost so far to leopards, albeit predation on non-collared shoats 
continues as before. The monitoring of leopard attacks and collared animals has 
been conducted in parallel. In the coming years, we plan to maintain shoats 
collaring, establish collar manufacturing capacities in local villages and apply new 
re-designed collars to calves.  
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Urban ecology Berlin – ecology of the red fox (Vulpes vulpes) in urban 
ecosystems 
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Due to the worldwide process of urbanisation many species face the necessity of 
adapting to a new, unfamiliar and challenging environment. While most species 
decrease in population sizes or even get extinct, some species prosper in urban 
habitat. Amongst these flexible species is the red fox (Vulpes vulpes) which suc-
cessfully colonised cities all over the world. 
There are plenty of studies on red fox in cities but so far very little is known on fox 
populations in Berlin. 
Therefore, we will study the ecology of red foxes in Berlin. We hypothesise that 
Berlin is an attractive habitat that provides an urban niche for foxes able to adapt to 
the urban conditions. According to this assumption, the city fox populations do not 
depend on individuals emigrating from rural populations. Rather, the city of Berlin 
serves as a source habitat, which is attractive due to habitat richness. 
To investigate this hypothesis, we pursue three approaches. First, we include a citi-
zen science component in the project and analyse the foxes that were detected by 
citizens with GIS (geographic information systems) with regard to urban structures 
and anthropogenic factors such as land use, population density and traffic. Second, 
we will capture foxes from the periphery and from central locations of the city and 
use telemetry and GPS to investigate spatial and temporal movement patterns. 
Activity sensors will allow us to monitor differences in behaviour referring to the 
anthropogenic influence. Third, we will collect DNA samples from dead foxes all 
over the city to determine the population genetics and landscape genetics of the fox 
population in Berlin. 
The project will provide a comprehensive understanding of the flexibility of life-
history strategies and adaptations of the red fox to urban habitats.  
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Chick begging calls reflect degree of hunger rather than individual- or species 
specificity in auks (Charadriiformes: Alcidae) 
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Begging behaviour is an important element in parent-offspring conflict. The ma-
jority of the studies in this area have been based on call counts, and they agreed 
that vocal activity was a good indicator of chick‟s nutritional needs. Fewer 
researches were dedicated to the temporal-frequency variables of the begging calls 
and they showed contrary results. Here begging behaviour in three burrow-nested, 
uniparous auk species, the crested auklet (Aethia cristatella), parakeet auklet 
(Cyclorrhynchus psittacula), and horned puffin (Fratercula corniculata) were 
studied. These species provide the opportunity to analyse the signaling value of 
begging calls in the absence of confounding factors such as nestling competition 
and predation pressure. The study was conducted in 2013 on the seabird colony of 
Talan Island (Sea of Okhotsk). The calls were recorded from individual chicks (7-9 
chicks per species) in two conditions: during natural feeding and after experimental 
four-hour food deprivation. Two main call types were found in chick‟s vocal 
repertoires: the brief, serial chirp and the long, irregularly uttered weep. 20 calls 
per chick, per condition, per type were analysed, totally 1640 calls. It was found 
that almost all acoustic variables of both calls types contain information about the 
chick‟s need in all species. The hungry chicks produced chirps and weeps higher in 
fundamental frequency and power variables and at higher calling rate compared to 
naturally feeding chicks (e.g. in hungry crested auklet chicks the mean peak 
fundamental frequency of chirps was 2.65 ± 1.16 kHz; in naturally feeding – 1.76 ± 
0.66 kHz; in parakeet auklets – 2.17 ± 1.20 kHz and 1.78 ± 0.93 kHz; in horned 
puffins – 2.97 ± 0.95 and 2.42 ± 0.54 correspondingly). The effect of food depri-
vation on most acoustic variables in both call types exceeded the effects of 
individuality and species (e.g. for mean peak fundamental frequency of chirps 
effect of experiment – F1,912 = 167.2, effect of species – F2,912 = 70.1 and effect of 
individual – F8,912 = 15.8, GLMM, p < 0.001). In all species, the frequency 
variables were stronger affected by hunger than the calling rate and durations. Such 
a strong change of acoustic variables after food deprivation can be explained by the 
absence of vocal individual identification in these birds. As parents do not need to 
check individuality of the chick in the burrow, which they find visually during the 
day, the chicks could use all of the acoustic variables to communicate their 
nutritional needs.  
Supported by Russian Scientific Foundation (14-14-00237). 
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Luteinising hormone/choriogonadotropin receptor (LHCGR) isoforms in 
feline corpora lutea 
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The luteinising hormone (LH) plays an important role in reproduction; amongst 
others it promotes the corpus luteum (CL) function via its receptor. Since we are 
interested to unravel the role and function of persistent CLs in the lynx, the 
presence of luteinising hormone/choriogonadotropin receptor (LHCGR) in feline 
luteal cells was investigated. The LHCGR is encoded by 11 exons and consists of 
an extracellular domain and a seven-transmembrane domain. Different mRNA 
splicing variants are described; in human CLs, four variants were detected that are 
differentially expressed depending on the CL stage. Because we found indications 
of various LHCGR isoforms in feline CLs as well, the aim of this study was to 
identify and analyse them in domestic cat and lynx CLs of different stages.  
For the analysis, cDNA of the following domestic cat CL samples was used: 
formation, development/ maintenance, early regression and late regression stages 
from both, pregnant and non-pregnant cycles, as well as the corpus albicans stage. 
Furthermore, fresh and persistent Iberian lynx CLs (obtained seven days post-
mating, Iberian Lynx Conservation Breeding Program; Portugal, Spain) and 
persistent CLs of Eurasian lynx (obtained prior to mating, Statens Naturoppsyn, 
Norway) were available. Isoforms were identified by polymerase chain reaction 
(PCR), followed by cloning and sequencing of selected PCR products. Specific 
primer combinations were used in PCR for the comparison of the isoform expres-
sion between CL stages. 
In the feline CL at least six isoforms are present. So far we identified a partial 
deletion of Exon 11 (937 bp, pΔEx11), leading to a frame shift and a truncated 
LHCGR-version without the transmembrane domain. Furthermore, we detected a 
deletion of Exon 3 (75 bp) and found indications for deletions of Exon 5 and 7 or 8. 
Whether isoforms contain single exon deletions or multiple ones could not be 
resolved to date. The pΔEx11 containing isoform(s) is/are highly expressed till 
early regression (pregnancy) or till development/maintenance (non-pregnant cycle), 
thereafter the expression strongly decreases. In lynx CLs, the signals were stronger 
in fresh compared to persistent CLs. Signals of the wild type isoform show no 
strong variation of intensity between cat CL stages. In contrast, the expression of 
LHCGR wild type and other mRNA isoforms in persistent lynx CLs, especially in 
Eurasian lynx CLs, was generally low. 
Based on our present, preliminary results, we assume a regulatory function of 
LHCGR isoforms during feline luteal life cycle, although further analyses are 
required.  
Funding: DFG (Je 163/11-1) 
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urogallus) populations in the Black Forest  
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As a result of habitat destruction and fragmentation, the endangered capercaillie 
(Tetrao urogallus) has experienced a severe population decline in the Black Forest. 
The current capercaillie population of about 600 individuals is highly fragmented 
and close to the minimum viable population size of 500 birds. Thus, the connec-
tivity between the spatially disjoint patches is of crucial importance for the long 
term survival of the local capercaillie population. A prominent conflict between 
capercaillie conservation and land use in the Black Forest is the construction of 
wind power plants. In this context, the FVA project “Capercaillie and Wind 
Power” has been launched to evaluate the impact of wind power plants on caper-
caillie. To estimate and monitor population size and to investigate the connectivity 
between population patches and the functionality of the corridors connecting 
patches genetic analyses are conducted. Therefore, we apply non-invasive genetic 
sampling and subsequent genotyping using 12 microsatellites to identify individu-
als in three consecutive years. Population size is estimated implementing a capture-
recapture approach. We attempt to verify the functionality of corridors applying a 
parentage analysis and inferring movements of related individuals. In a pilot study 
the ability to identify individuals and to estimate population size was confirmed. 
Additionally the elaboration of a systematic sampling approach is under progress, 
prior to start working on the main study questions. 
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Genetic affinities and past climate distribution of a critically endangered owl 
from India  
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 The forest owlet Heteroglaux (Athene) blewitti, belonging to a monotypic genus, is 

a Critically Endangered species endemic to Central India. The species, once 
thought to be extinct, was re-discovered in 1997 after 113 years. However, even 
after its re-discovery and several subsequent surveys, the species taxonomic status 
is under debate and the geographical distribution remains uncertain. To resolve 
species phylogeny, we sequenced two mitochondrial and four nuclear genes, 
generating around 4000 bp data, from moulted feathers, collected on field, of forest 
owlet and two other owls. Bayesian and ML analysis on mitochondrial gene 
dataset, after partitioning it based on codon positions, showed that the forest owlet 
could be an Athene genus member. The nuclear gene dataset did not place the 
species in Athene clade but as a sister clade to Athene. The species tree based on 
mitochondrial genes was dated with fossil calibrations, resulting in the divergence 
time of around 20 MYA for the forest owlet from Athene. To check if the past and 
present climatic conditions may have affected the species distribution, we modelled 
species distribution at present conditions, Mid-Holocene (~6 KYA), Last Glacial 
Maxima (~22 KYA) and Last Interglacial (~120 KYA) using a climatic niche 
modelling approach. Four climate variables (temperature seasonality, mean 
temperature of driest quarter and coldest quarter and precipitation seasonality) 
explained most past and current distribution of the species. These models suggest 
that the species has possibly been restricted to Central India since last 120 KY, 
however the area of high probability of presence has reduced significantly. Our 
results also indicate that the forest owlet is perhaps a relict species and probably 
one of the oldest owls of Oriental and Palaearctic region. The incongruence in 
mitochondrial and nuclear gene trees can be partially explained by incomplete 
taxon sampling. Adding missing taxa such as Athene superciliaris in our dataset 
may resolve phylogeny. The present distribution model shows that the species can 
be present in intervening areas of its known locations, however this needs valida-
tion. Systematic surveys in all such areas are essential to recover missing data in 
distribution. The whereabouts of gene flow between currently known populations 
of the species is unknown. To conserve the already rare forest owlets, under-
standing genetic connectivity among populations and devising population level 
conservation strategies is of utmost importance.  
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Genetic clines in a small world – gene flow in West African baboons  
 
KOPP GISELA H

1
, FERREIRA DA SILVA MARIA JOANA

2,3
, BRITO JOSÉ CARLOS

3
, 

HAUS TANJA
1
, REGNAUT SÉBASTIEN

4
, LIEDIGK RASMUS

1,5
, ROOS CHRISTIAN

5
, 

ZINNER DIETMAR
1
 

 
1
German Primate Center, Leibniz Institute for Primate Research, Cognitive 
Ethology Laboratory, Kellnerweg 4, 37077 Göttingen, GERMANY; 
gkopp@dpz.eu 

2
Cardiff University, School of Biosciences, Museum Ave, Cardiff CF10 3AX, 
Wales, UK; ferreiradasilvamj@cardiff.ac.uk 

3
Universidade do Porto, CIBIO/InBio, Centro de Investigação em Biodiversidade e 
Recursos Genéticos, R. Padre Armando Quintas, 4485-661 Vairão, PORTUGAL; 
jcbrito@cibio.up.pt 

4
Wild Chimpanzee Foundation, c/o Max Planck Institute for Evolutionary Anthro-
pology, Deutscher Platz 6, 04103 Leipzig, GERMANY 

5
German Primate Center, Leibniz Institute for Primate Research, Gene Bank of 
Primates and Primate Genetics Laboratory, Kellnerweg 4, 37077 Göttingen, 
GERMANY; croos@dpz.eu 

 
The extent of gene flow within and among populations is one of the main 
determinants of genetic structure and thus directly influences the evolutionary fate 
of populations. Behavioural patterns, ecological factors and landscape characteris-
tics, demographic history, and phylogenetic relationships are major contributors 
that shape gene flow within and among populations. In this study we investigated 
gene flow patterns over the whole distribution of West African Guinea baboons 
(Papio papio). We analysed sequence data of the mitochondrial hypervariable 
region I (D-loop) of 517 individuals and up to 23 nuclear microsatellite markers of 
477 individuals. We specifically assessed the pattern and degree of gene flow in 
this species and how it is affected by features of social organisation (i.e. sex-biased 
dispersal patterns), demographic history, and interaction with the neighbouring 
olive baboon (P. anubis). Our results reveal a lack of geographic structure in 
mitochondrial but significant global structuring of nuclear markers, which is 
probably attributable to female dependent gene flow. However, we could not detect 
consistent patterns among regions in sex-biased local structuring. Overall, locally 
restricted dispersal appears to limit effective gene flow to a distance of below 200 
km, resulting in a strong isolation-by-distance effect and genetically divergent 
populations. Signatures of population expansion, the clinal structure of genetic 
variation, and potential traces of allele surfing point to an historic west-ward 
expansion of Guinea baboons. In contrast, landscape features appear to be a 
negligible factor. Introgressive hybridisation with olive baboons can be invoked to 
explain genetic patterns in the contact zone, but warrant further investigation.  
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story of success?  
 
KRETZSCHMAR PETRA 
 
Leibniz Institute for Zoo and Wildlife Research (IZW), Dept. of Evolutionary 
Ecology, Alfred-Kowalke Str. 17, 10315 Berlin, GERMANY;  
kretzschmar@izw-berlin.de 
 
Effective conservation of endangered species requires a thorough understanding of 
their ecological needs and geographic distribution. Yet, this information is still 
lacking for a variety of endangered species, such as the Sumatran rhinoceros 
(Dicerorhinus sumatrensis).  
The Sumatran rhino is the most endangered of all rhino species. Its worldwide 
population has declined by more than 50 % over the last 20 years and less than 100 
Sumatran rhinos are estimated to survive in very small and highly fragmented 
populations in Sumatra and Kalimantan in Indonesia and in Sabah, Malaysia 
(www.rhinos.org). Despite the intensive research on Sumatran rhinos in the past, 
the exact number of remaining rhinos, their sex and age ratio, movement patterns 
and habitat requirements is currently not known. This lack of data makes the 
conservation of the species challenging. Their numbers are often overestimated and 
conservation measures such as the translocation of isolated individuals to suitable 
locations to maximise conceptions are urgently required but are being delayed. 
Currently new conservation strategies are planned in Indonesia to save the 
remaining Sumatran rhinos from extinction. I therefore want to give an overview of 
the work conducted on Sumatran rhinos in the past 30 years, to document efforts to 
conserve the species, including the captive breeding programmes. More than 30 
years have passed since the first rhinos were captured for an intensive breeding 
programme in the mid 1980´s. Individual rhinos from Indonesia and Malaysia were 
translocated to zoos and breeding centers worldwide but their reproductive 
successs was very low. Few individuals have reproduced so far, only four juveniles 
have been born and one of them died recently due to nutritional problems. Basic 
data about the species in terms of food, health and breeding behaviour are also 
needed for the captive breeding programme of the Sumatran rhinos. Here, I will 
summarise the past experiences showing that intensive management, experienced 
and well trained staff, knowledge of ecological factors as well as state-of-the-art 
reproductive management with assisted reproduction techniques is needed in order 
to promote reproduction. The next few years are crucial for the survival of the 
species. Governments, NGO´s and scientists need to work closely together, and 
combine past experiences together with scientific data to develop targeted 
conservation measures.  
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Do ungulates recognise the risk of predation from large carnivores differing 
with hunting modes and adjust their anti-predatory behaviour? 
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Prey species are known to alter their behavior due to predation risk by adjusting 
their vigilance, habitat use, grouping or movement patterns. The behavioural 
responses of prey towards predation risk depend however, on their ability to 
recognise the threat. The mechanisms of recognising the predation risk by animals 
is little known. Anti-predator responses by ungulates can be based on habitat 
features or indirect cues of predators‟ presence. In dense forest, cues that ungulates 
use to assess predation risk likely differ from half-open landscapes, as scent 
relative to sight is predicted to be more important. We studied, whether perceived 
predation risk in red deer (Cervus elaphus) and roe deer (Capreolus capreolus) is 
related to olfactory cues of two large carnivores wolf (Canis lupus) and Eurasian 
lynx (Lynx lynx) in the Białowieża Primeval Forest (Poland). As the wolf is 
typically cursorial predator and the lynx is a solitary stalking predator we expected 
different responsiveness of the prey to the differences in hunting modes of their 
predators. We used camera traps to record undisturbed ungulate behaviour and 
fresh wolf and lynx scats as olfactory cue. Red deer showed a more than two-fold 
increase of vigilance level at plots containing one wolf scat as compared to control 
plots. Higher vigilance came at the expense of time spent foraging. These changes 
were most pronounced during the first week but they might last for several weeks. 
Wild boar did not show behavioural responses to the wolf scent. Visitation rate and 
cumulative visitation time were not affected by the presence of a wolf scat in both 
ungulate species. In contrast to the response of red deer to wolf scat, both roe deer 
and red deer were not more vigilant when exposed to lynx scent, however, they 
reduced their visitation duration. It is thus likely that stalking predators provide 
more persistent and stronger cues of predation risk compared to cursorial predators. 
The cue from a stalking predator evoked a more direct response of prey, as the deer 
responded by immediate retreat from the risky site instead of staying and being 
alert. The results showed that odour of predators at ecologically equivalent doses is 
sufficient to create fine-scale risk factors for red deer. Moreover, it indicates that 
ungulates are able to recognise the risk of predation from predators with differing 
hunting modes based on olfactory cues and adjust their anti-predatory behaviour.  
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Blood reference intervals and investigation of the LCC-method as a potential 
tool for validating short term stressors on free-ranging roe deer (Capreolus 
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Published literature on hematology and serum chemistry for roe deer (Capreolus 
capreolus) is rare, often incomplete or based on chemically immobilised or shot 
animals. However, the capture method as well as stress influence blood values in 
animals (MONTANÉ et al., 2003; MARCO and LAVÍN, 1999). Biasing factors such 
as short-term stress as a response to capture should be assessed. 
One approach to estimate short-term stress in animals is the Leukocyte Coping 
Capacity (LCC) technique (MCLAREN et al., 2003). Leukocytes produce oxygen 
radicals as a direct response to stress. Consequently, the ability to release oxygen 
radicals as a reaction to a secondary challenge is reduced (MIAN et al., 2010). 
Using chemiluminescence methods, this dynamic is quantifiable and can be used as 
a proxy for stress. 
The aim of the study was to develop hematology and blood chemistry reference 
ranges for free ranging and non-anaesthetised roe deer and to investigate the LCC-
method as a potential tool for evaluating short-term stressors in roe deer. 
In the winters of 2011 to 2013, 106 roe deer were captured in south-central Sweden 
by box trap and manually restrained for handling procedure. Blood was collected 
from the jugular vein. Complete blood count parameters were analysed 
automatically with manual differential counts. Reference intervals were estimated 
from 15 hematological variables, 6 protein fractions and 23 biochemical variables 
including cortisol. Intervals were determined using statistical methods for 
parametric and non-parametric data with 95 % confidence intervals. LCC-
measurements showed similar patterns as published for other species (MCLAREN et 
al., 2003, MOORHOUSE et al., 2007). LCC peak values were negatively correlated 
to the time the capture team spent next to the trap prior to the handling procedure 
(negative-binomial model, p = 0.008, n = 27). Classical stress measures such as 
cortisol or neutrophil: lymphocyte ratio were not correlated to the described time or 
any of our observational stress indicators (n = 31 and n = 27, respectively).  
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We present the first reference ranges for hematology (n = 35), serum biochemistry 
(n = 62), and serum protein electrophoresis (n = 32) in physically restrained, free-
ranging roe deer. No clinically significant differences in sex or age were found. 
Prolonged time at the capture site prior to handling is affecting LCC measurements 
and thus can be taken as a considerable stress factor. 
 
MARCO I, LAVÍN S (1999): Effect of the method of capture on the haematology and blood chemistry of 

red deer (Cervus elaphus). Res Vet Sci 66, 81 - 84. 

MCLAREN G W, MACDONALD DW, GEORGIO C, MATHEWS F, NEWMAN C, MIAN R (2003): Leukocyte 

coping capacity: a novel technique for measuring the stress response in vertebrates. Exp Physiol 

88, 541 - 546. 

MIAN R, MCLAREN G, MACDONALD DW (2005): Stress: a radical approach to old problems, in: K. 

Oxingon (Ed.), Stress and Health: New Research, Nova Science Publications, New York, 61 - 79. 

MIAN R, MACDONALD DW (2010): Determining Coping Capacity after exposure to a psychological 
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Implications of genome-wide SNP analyses for harbour porpoise conservation 
in the Baltic Sea 
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The population structure of the highly mobile marine mammal, the harbour 
porpoise (Phocoena phocoena) in the Atlantic shelf waters shows a pattern of 
significant Isolation-by-distance. However, the population structure of harbour 
porpoise from the land-enclosed Baltic Sea, which is on the IUCN Red List 
(www.iucnredlist.org) and waters that connect it to the North Sea, is more 
complex. In our study, we investigated the population differentiation of harbour 
porpoises from the populations in the Baltic Sea and adjacent waters, as well as 
European Atlantic shelf waters and the Black Sea. In our population genomics and 
genetics approach, we used 1801 SNPs, derived from double digest restriction-site 
associated DNA sequencing (ddRAD-seq), as well as 13 microsatellite loci from 
the same set of individuals, to conduct Bayesian clustering and spatial principal 
components analysis (sPCA). We also expanded the sample set to over 300 
porpoises from the Baltic Sea and adjacent regions, and analysed their respective 
microsatellite dataset. We observed a distinct separation of the North Sea 
population from the Kattegat, Belt Sea and the inner Baltic Sea populations. 
Furthermore, animals from these latter three Baltic regions were clustered into 
three distinct population clusters. The improved resolution of harbour porpoise 
population assignments in the Baltic is important for conservation management of 
this endangered cetacean in threatened habitats, particularly in the Baltic Sea 
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proper. In certain cases, we suggest that population and management unit 
designation in the Baltic could be reconsidered. We also show that genome-wide 
SNPs outperform microsatellite markers, and demonstrate the utility of RAD-tags 
from a relatively small sample set for population diversity and divergence analysis. 
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Recent studies have found plains zebra (Equus quagga) to play a central role in 
ungulate social networks in the Tarangire-Manyara Ecosystem of Northern 
Tanzania (KIFFNER et al., 2014). To investigate the advantages of such mixed-
species grouping, I assessed antipredator behaviour of zebra in single- vs. mixed-
species groups at Manyara Ranch (MR), Tanzania. I used instantaneous scan 
sampling to record the proportion time spent vigilant by zebra (1) in the absence of 
a stimulus, (2) in response to lion playbacks (to simulate natural predation), and (3) 
in response to an African fish eagle playback (control). In addition, I recorded (4) 
flight-initiation distances (FID) of zebra in single- vs. mixed-species groups in 
response to a human approaching on foot (to simulate anthropogenic hunting 
pressure, e.g. poaching). Using logistic regressions, I tested the effect of sex, 
position (interior vs. periphery), group size, presence of alternative lion prey, lion 
home range, location within MR (core vs. outer edge), habitat, and time of day. In 
the absence of any simulated predation pressure, sex and position of the individual 
within the group were found to significantly affect time spent vigilant, while group 
size and the presence of heterospecifics did not significantly influence vigilance 
behaviour. Zebra were significantly more likely to be vigilant when exposed to a 
lion playback than when exposed to an eagle playback or in the absence of a 
stimulus. Sex and position in the herd, as well as being located in the core of MR 
and time of day were found to significantly influence proportion of time spent 
vigilant by zebra. FID of zebra in mixed-species groups was significantly greater 
(zebra fled sooner) when the number of heterospecific species increased. 
Additionally, heterospecifics fled first a greater proportion of the time than did 
zebra. Female zebra with dependent young and males were significantly more 
likely to respond than females without dependent young. These results suggest that, 
in the absence of a stimulus, being on the interior of the herd, with another 
individual as a predation buffer, is more important than the mere presence of other 
species. However, when exposed to direct threats, forming mixed-species groups 
may provide important predator detection advantages for zebra, allowing more 
time to be allocated to feeding and less time to looking for predators. 
 
KIFFNER C, KIOKO J, KISSUI, B, PAINTER C, SEROTA M, WHITE C, YAGER P (2014): Interspecific varia-

tion in large mammal responses to human observers along a conservation gradient with variable 

hunting pressure. Anim Conserv 17, 603 - 612. 
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Endoparasite diversity in free-ranging wolves (Canis lupus) from Germany 
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Following a century of persecution and eradication, grey wolves are nowadays suc-
cessfully recolonising parts of Central and Western Europe. Immigrating into new 
territories, they may import pathogens and parasites, but may also acquire new 
infections. The aim of the present study was to investigate the diversity and preva-
lence of helminth and protozoan infections in wolves from Germany, and to evalu-
ate whether these parasites bear a health risk to humans or to the wolf population 
itself. 
Between 2007 and 2014 we dissected 53 wolf carcasses that were found dead in 
Germany (10°15‟-14°48‟E and 51°03‟-53°37‟N). Necropsy revealed that none of 
the individuals died due to a parasitic disease. Genetic analyses, applying Sanger 
and next generation sequencing technologies, targeted 18SrRNA and cox1 genes to 
discriminate parasite species.  
The cestode Taenia krabbei was detected in 41 wolves (77 %), while the trematode 
Alaria alata was isolated from 28 individuals (53 %). The three cestode species T. 
hydatigena (15 %), Mesocestoides litteratus (9 %) and Echinococcus multilocularis 
(2 %) occurred with lower frequencies. Uncinaria stenocephala (11 %), Toxocara 
canis (11 %) and Toxascaris leonina (4 %) were the only three intestinal 
nematodes detected. The prevalence of the two lung nematode species Crenosoma 
vulpis and Capillaria aerophila was 25 % and 15 %, respectively. C. plica (25 %) 
was the only parasitic worm identified in the urinary bladder. The analysis of 
muscular tissue revealed a 2 % prevalence of Trichinella britovi and T. spiralis, 
respectively.  
Our ongoing next generation sequencing data analysis focusing on protozoa 
suggests that wolves carry at least eight different Sarcocystis species.  
The present study is the first attempt of parasite data collection within the 
framework of the national wolf monitoring programme in Germany. Our results 
indicate that wolves are the definitive host for a broad range of endoparasites 
which can be acquired directly (most nematodes) or through the intake of infected 
prey (cestodes and trematodes). So far, the parasites themselves are not considered 
a threat to wolf health. Additionally, wolves only play a minor role as vector for 
zoonotic parasites like Echinoccocus sp. or Trichinella sp., since the detected 
infections were single cases.  
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As ecosystems become increasingly altered and populations evermore impacted by 
human activities, a growing number of taxa will require some form of intensive 
management of individuals and populations. Effective species conservation 
planning should consider all options when assessing what actions are necessary to 
address a taxon‟s conservation pressures. While the IUCN first published technical 
guidelines on the management of ex situ populations for conservation in 2002, 
there was a growing need for a revision of these guidelines to provide clearer 
guidance on how to decide if and when ex situ activities should be included in the 
overall conservation activities for a taxon. The revised IUCN SSC Guidelines on 
the Use of Ex situ Management for Species Conservation were published in 2014 
and outline a five-step decision-making process to help reach a conclusion on 
whether to implement an ex situ conservation activity. This process provides 
guidance to 1) investigate the current status of the species in situ and ex situ, as 
well as to analyse the threats acting upon it and 2) to define potential roles for ex 
situ activities in the conservation of the species. Ex situ activities have the potential 
to address primary threats and their causes, offset the effects of primary and 
stochastic threats causing population instability, buy time in situations when wild 
population decline is steep and the chance of sufficiently rapid reduction of 
primary threats is slim or uncertain or has been inadequately successful to date, 
and/or restore wild populations. The guidelines then help to 3) determine the type 
of ex situ activities needed to fulfil those roles and to 4) identify the feasibility, 
risks, and likelihood of success; in order to 5) take an informed and transparent 
decision regarding the suitability of the inclusion of ex situ activities in the overall 
conservation plan for the species. In situ and ex situ communities can maximise 
their conservation impacts by working together to develop one overall plan with a 
common goal to conserve a species. This presentation will demonstrate how these 
guidelines can be an integral and complementary component to existing species 
conservation planning processes as part of a One Plan Approach to species 
conservation. 
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The role of polarised skylight for calibration of the compass system in bats 
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Non-migratory greater mouse-eared bats (Myotis myotis) calibrate their magnetic 
compass by using polarised skylight at dusk (GREIF et al., 2014), yet it is unknown 
if migratory bats also use these cues for calibration. During autumn migration, we 
equipped Pipistrellus nathusii with radio transmitters and tested if experimental 
animals exposed to a 90° rotated band of polarised light during dusk, would head 
correspondingly to a different direction compared with control animals. After re-
lease, bats of both groups continued their journey in the same direction. This obser-
vation argues against the use of a polarisation-calibrated magnetic compass by 
migratory bats and questions that the ability of using polarised skylight for naviga-
tion is a consistent feature in bats. This finding matches with observations in some 
passerine birds that used polarised light for calibration of their magnetic compass 
before but not during migration. 
 

GREIF S, BORISSOV I, YOVEL Y, HOLLAND RA (2014): A functional role of the sky‟s polarisation pat-

tern for orientation in the greater mouse-eared bat. Nat Comm 5, 4488. 
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Captive breeding programmes have become more important than ever due to 
dramatic poaching threat and the associated difficulties of protecting rhinoceros in 
the wild. However, captive white rhinoceros populations are not self-sustaining due 
to low reproduction rate in captivity. Especially reproduction among captive-born 
females is extremely low as compared to wild-caught females although they are 
housed under the same conditions (SWAISGOOD et al., 2006). This alarming 
situation strongly implicates a developmental effect on reproduction making be-
havioural studies focusing on the ontogeny of social behaviour and communication 
necessary. This study aims to provide first insight into infant acoustic commu-
nication as an important sensory channel for social interactions.  
The behaviour of six infant white rhinoceros was simultaneously audio and video-
taped at two study sites: the Dortmund Zoo and the Serengetipark Hodenhagen 
(Germany). Age of infants ranged from 5 to 15 months. Based on spectrograms, 
four call types have been visually discriminated and acoustically classified 
according to POLICHT et al. (2008): Pant, Threat, Snort, and Squeak.  
Pants, Threats and Snorts were recorded in behavioural contexts comparable to 
adults. Squeaks occurred in infant specific contexts such as suckling or during co-
hesion behaviour. Squeaks showed a high variability in the contour of their funda-
mental frequency. A multiparametric sound analysis was performed measuring 
temporal and spectral acoustic parameters. A cluster analysis using these parame-
ters built up four clusters implicating four Squeak subtypes. Moreover, Squeaks 
often consist of nonlinear phenomena (NLP) such as biphonation. 
These first insights into the bioacoustics of infant southern white rhinoceros show 
that infants produce acoustically distinct call types in specific social contexts. 
Squeaks play an important role during mother-infant interactions but more research 
is urgently needed to clarify the function of Squeak subtypes and their role in 
coordinating mother-infant interactions. Additionally, more information on the 
ontogeny of Pants, Threats and Snorts are needed, call types that are also relevant 
in the mating context. 
All in all, this study contributes to a better understanding of the role of bioacoustics 
for social behaviour of large herbivores and its relevance for management and 
conservation. 
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 476. 
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Contemporary phylogenetic studies are primarily based on comparative analysis of 
DNA sequences from extinct and living organisms. Mitochondrial DNA has 
proven to be useful in such analyses. It provides not only information about the 
evolutionary changes, but also allows scientists to define relationships between dif-
ferent species. The aim of this study was to sequence and to characterise the mito-
chondrial genome of musk-ox (Ovibos moschatus). Sequencing of the mito-
chondrial genome was carried out using Sanger sequencing. All samples for mito-
chondrial DNA (mtDNA) sequencing were prepared by amplifying the mtDNA 
fragments using PCR, ligations of the PCR products with plasmid vectors, 
transformation of Escherichia coli, the selection of recombinant bacterial colonies 
and isolation of plasmid DNA. Comparison of the mtDNA sequence with the 
reference sequence of musk-ox, available in GenBank (FJ207536), revealed the 
presence of six differences that proved to be nucleotide substitutions. Five dif-
ferences were observed in the protein coding sequences, of which only two lead to 
amino acid changes. Moreover, the generated mtDNA sequence has allowed the 
clarification of the specific pyrimidine in several places in the mitochondrial 
genome, which were questionable.  
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Parasite infection is a serious threat to populations of endemic, isolated or endan-
gered host species, negatively impacting upon host health, survival and fitness. 
However, the extent to which such impacts are felt is not uniform for all hosts. 
Individual variation in parasite burden is observed in many mammalian popula-
tions, with hosts varying in their ability to resist, tolerate and succumb to parasitic 
infection. Semi-captive timber elephants make up over half of Myanmar‟s total 
captive population of Asian elephants (Elephas maximus), which is the largest such 
population in the world. Parasite infection is known to be a major threat to the 
working elephants, with over 21 % of all documented deaths attributed at least in 
part to infection (MAR, 2007). Infection is therefore likely to contribute to existing 
high mortality rates (MUMBY, 2013). We investigated individual variation in gas-
tro-intestinal helminth burden in the working elephants, making this the first study 
of host-parasite dynamics within this population in both historical and current 
settings. Firstly, using a longitudinal database (n = ~ 3250) we investigated the 
historical context of parasitism as a conservation concern for these elephants by 
analysing parasitism as a driver of age-specific mortality. Secondly, we investi-
gated current variation in gastrointestinal nematode burden and how this is associ-
ated with elephant age, sex and body condition in over 170 elephant hosts, account-
ing for differences in location and treatment. This research highlights the im-
portance of host variation in parasitic resistance and susceptibility in mammalian 
populations, providing data on effects of parasitism on elephant mortality across a 
lifetime. Through determining individuals for which infection may be a particular 
risk, we provide important insights for the conservation, welfare and management 
practices of Asian elephants. 
 

MAR KU (2007): The demography and life history strategies of timber elephants in Myanmar. PhD 
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10th International Conference on Behaviour, Physiology and Genetics of Wildlife, Berlin 2015 

 

122 Leibniz Institute for Zoo and Wildlife Research (IZW)  

Ecophysiology of cognition in free-living African striped mice  
(Rhabdomys pumilio) 
 
MAILLE AUDREY

1,2,3
, SCHOEPF IVANA

3
, SCHRADIN CARSTEN

1,2,3,4 

 
1
Université de Strasbourg, IPHC-DEPE, 23 rue Becquerel, 67087 Strasbourg, 
FRANCE; maille.aud@gmail.com 

2
CNRS, UMR7178, 23 rue Becquerel, 67087 Strasbourg, FRANCE 

3
University of the Witwatersrand, School of Animal, Plant and Environmental 
Sciences, 1 Jan Smuts Avenue Braamfontein, 2000 Johannesburg, SOUTH 
AFRICA 

4
University of Strasbourg Institute for Advanced Study (USIAS), 5 allée du 
Général Rouvillois, 67083 Strasbourg, FRANCE  

 
Basic cognitive traits such as attention and spatial memory are crucial to escape 
predators but they are also energetically costly brain functions. Cognition is thus 
expected to be impaired when the energy available for the brain declines. We 
assessed whether cognitive performance is related to metabolism, and especially 
energy use, in a wild population of African striped mice (Rhabdomys pumilio) 
living in the Succulent Karoo (South Africa), a semi-desert characterised by exten-
sive summer droughts (January to April; low food availability) and winter rains 
(May to August). We measured attention and spatial memory in 105 mice using 
two standardised cognitive tests for rodents, the orienting response test (attention) 
and the Barnes maze test (spatial memory), from January to July. In the same indi-
viduals, we collected data on physiological indicators of fasting, within the three 
weeks before the cognitive testing. First, we measured blood glucose and ketone 
bodies level since blood glucose decreases and ketone bodies increase as indi-
viduals enter the second phase of starvation because of a depletion of glycogen 
stores and oxidation of fatty acids respectively. Spatial memory was associated 
with blood glucose and ketone bodies levels: the number of errors in the Barnes 
maze was positively correlated with blood glucose in both sexes and negatively 
correlated with ketone bodies in males. Second, we measured the resting metabolic 
rate (RMR) in 23 mice since RMR is predicted to decrease during episodes of 
fasting. We found that the number of errors in the Barnes maze test was negatively 
correlated with RMR while the reaction time in the orientation response test was 
positively correlated with RMR. In sum, we found some indication that perfor-
mance for basic cognitive traits can vary in relation to the energetic state of indi-
viduals. Our study is of crucial importance for understanding in how far environ-
mentally induced changes in physiology affect cognition in free-living animals. 
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Sariska Tiger Reserve and Panna Tiger Reserve in India lost their tiger (Panthera 
tigris tigris) populations to anthropogenic causes in 2005 and 2009, respectively. 
Following which, individuals from other source populations were reintroduced in 
these reserves. In Panna, the original stock and subsequently the F1 generation 
have bred. In contrast, even though the Sariska population was reintroduced earlier, 
only two females from the original stock have littered, raising questions about the 
low fecundity of the Sariska tigers. This study was undertaken to explain the 
potential reasons for the different breeding success in the two reserves. Low 
reproductive potential in wild animals has often been linked to high physiological 
stress. In turn „stress‟ hormone levels of wildlife have been linked to high long-
term anthropogenic disturbance. We thus hypothesised that stress caused by 
anthropogenic pressures was a plausible cause for the different breeding status of 
tigers in the two reserves. Tiger scat samples (from STR 202 and PTR 102) were 
collected and faecal hormone metabolites extracted and analysed. Data on stressors 
in both the reserves, prey density and anthropogenic disturbance were collected 
using line transect method, circular plots and camera traps. Hormone analyses 
suggested that tigers in Sariska were fertile, but as expected, the Sariska tiger 
population showed higher glucocorticoid metabolite (GCM) concentrations (mean 
faecal GCM 67.15 ng/g [SE = 4.79; SD = 68.1]) than the Panna population (26.23 
ng/g [SE = 1.67; SD = 16.90]). Prey density was high in both Sariska and Panna, 
ruling out nutritional stress. However, Sariska had substantially higher 
anthropogenic disturbance than Panna. Thus, population level analysis suggests 
anthropogenic disturbance to be the reason for the high stress in its tigers. 
Moreover, at the individual home range level, stress in tigers was linked to several 
types of anthropogenic disturbance such as human, vehicle and livestock presence. 
We conclude that physiological stress is an important indicator of overall wellbeing 
of a wild animal population and therefore should be regularly monitored by 
managers of endangered species. 
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Ecosystem consequences of reintroduced populations of large carnivores remain 
unclear, especially with regards to the indirect effects of competition with hunted, 
subordinate carnivores. New interspecific competition scenarios may interact with 
management strategies, including hunting, thus magnifying potential impacts on 
subordinate carnivores. We tested whether the dual impacts of new competition 
with a reestablished dominant carnivore (i.e., wolves Canis lupus) and impacts 
from existing human hunting resulted in reduced survivorship and population 
declines in subordinate pumas (Puma concolor) in the Southern Yellowstone 
Ecosystem, USA. Specifically, we used multistate capture-mark-recapture models 
and encounter histories for 134 pumas monitored over 14 years during wolf recolo-
nisation to estimate age- and cause-specific mortality rates. Then we employed 
estimates of fecundity and survival to quantify puma population growth based on a 
matrix model. Puma survival and cause-specific mortality varied across age classes 
and between time periods of low and high wolf densities. During low wolf 
densities, puma survival also varied between the hunt and non-hunting seasons. 
While wolves directly affected puma kittens throughout the study, their indirect 
effects on pumas might have increased when wolves reached higher densities. 
During this time, mortality due to starvation increased among pumas. Results from 
our matrix models suggested that the resident puma population was in decline prior 
to the recovery of wolves due to unsustainable hunting rates (λLowWolf = 0.93, 95 % 
CI = 0.81 - 0.99), but that this decline accelerated at high wolf densities (λHighWolf = 
0.84, 95 % CI = 0.71 - 0.93). We provided strong evidence that ongoing hunting 
pressure can threaten the long term viability of a subordinate carnivore when its 
impact is combined with those of a reintroduced dominant carnivore. Our results 
highlighted the complexity of communities with multiple predators and competi-
tors, including humans and thus the importance of understanding the diverse effects 
of reestablished predators on species communities within an anthropogenic land-
scape. 
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Bottlenecked populations tend to loose diversity at neutral marker loci due to the 
action of genetic drift. However, it is still unclear to which extent balancing 
selection acting as a counteracting force can maintain diversity at some functional 
loci. The Major Histocompatibility Complex (MHC) contains the most variable 
genes known in vertebrates, they are supposed to have a strong impact on 
individual fitness through their role in the immune response as antigen-binding 
proteins, and have been hypothesised to be under the influence of balancing 
selection. Here we assess the diversity of class I and II-DRB MHC loci in the 
critically endangered Iberian lynx - whose recent decline has resulted in low 
diversity at microsatellite markers -, and in the Eurasian lynx - including both 
genetically eroded and genetically healthy populations. In the case of the Iberian 
lynx, diversity loss has been accompanied by reductions in litter size and increases 
in non-traumatic mortality in the highly eroded Doñana population We took 
advantage of the availability of transcriptome and whole genome data for Iberian 
lynx for primer design, and applied an amplification strategy designed to minimise 
amplification biases to sequence the most variable exon of MHC I and II-DRB 
genes using NGS. A total of 11 and three loci were amplified for MHCI and 
MHCII, respectively, and we could assign alleles to loci thanks to the limited 
number of allele combinations found in the Iberian lynx. We found extensive allele 
sharing between species suggesting incomplete lineage sorting, admixture or 
balancing selection. The number of polymorphic loci, the number of alleles per 
locus, average heterozygosity and haplotypic diversity were higher in Eurasian 
than in Iberian lynx. At the population level, MHC diversity grossly correlated with 
microsatellite diversity. Our results provide no support for ongoing balancing 
selection counteracting genetic drift in bottlenecked lynx populations and raise 
concern about the possibility that a compromised immune response may be 
limiting population viability of endangered lynx populations. 
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The discovery of a novel mammal species is rare. However, the genus Muntiacus is 
so poorly described that the current taxonomic classification very likely does not 
reflect the true number of species. Within this genus are the red muntjacs, which 
are the most common of all muntjacs and despite its abundance and wide distri-
bution, from India to the larger Sunda islands, its taxonomy is still controversially 
discussed. Generally, all red muntjacs were classified in one species Muntiacus 
muntjac, but GROVES (2003) proposed to raise non-Sundaic forms from subspecies 
level to the species M. vaginalis. This reclassification, however, relies only on the 
karyotyping of one individual from Malay Peninsula, which was different to karyo-
types of M. vaginalis.  
Due to the uncertainties of the proposed species split we collected archival speci-
mens of red muntjac in order to understand their phylogeographic patterns. After 
target enrichment techniques through in-solution hybridisation capture we se-
quenced full mitogenome (mtDNA) of archival specimens on the Illumina Miseq 
or the Ion Torrent PGM.  
Our results supported the deep split between Sundaic and non-Sundaic specimens 
and the two advocated species, M. muntjak and M. vaginalis, form two distinct 
monophyletic clades, with high support. Within the non-Sundaic clade, we found 
some geographical structuring of mtDNA genetic diversity, with an Indian clade 
basal to the rest of the continental samples. In contrast, within the Sundaic clade 
individuals from different islands cluster together, with no clear geographic struc-
ture. This is suggestive of gene flow between populations on different islands, pre-
sumably during the Last Glacial Maximum, when land bridges connected the 
islands. 
 

GROVES C (2003): Taxonomy of ungulates of the Indian Subcontinent. J Bombay Nat Hist Soc 100, 

341 - 362. 
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Hose‟s civet is one of the world‟s least known carnivores and endemic to mainly 
higher elevation forests on Borneo. The species is listed as Vulnerable on the 
IUCN Red List of Threatened Species and conservation actions to better protect 
this species are hindered by lack of information about its current distribution range 
and habitat requirements. Here, we used a camera-trapping dataset from a logging 
concession in northern Sarawak, Malaysian Borneo, to analyse which habitat 
covariates influence the occupancy of Hose‟s civet. Our study identified that 
Hose‟s civets are positively associated with kerangas (tropical heath) forest with 
high moss cover, possibly along draws and slopes, away from logging roads. 
Further, we examined Hose's civet response to change in land-cover and climate 
across Borneo under multiple environmental-change forecasts from the 1950s to 
2080s. Across projections, habitat loss due to climate change alone and a 
combination of climate and land-cover change averaged 77 % by 2080. Although 
habitat extent under future climate conditions varied among projections, there was 
consensus that the central spine of interior Borneo is most important for the long 
term survival of Hose‟s civet. Land-cover models alone did not predict significant 
loss in habitat, possibly because forest conversion mainly occurs in the more 
productive lowlands and not in the higher elevation forests of central Borneo. Our 
results indicate that even in tropical regions, climate change can be a very serious 
threat, particularly for highland species, due to possible upslope shifts into 
decreasing areas of habitat. The identification of refuge areas, coupled with local 
site information about the ecology of the species, will help target conservation 
efforts for the threatened Hose‟s civet. 
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Habitat destruction and fragmentation due to human development or change in land 
use can lead to isolation of populations. Such processes may result in disruption of 
gene flow and in reduction of a local population‟s genetic variability. Large 
carnivores are especially vulnerable to those effects due to their low fecundity, 
slow life cycle and need for relatively large home ranges. In Botswana, the land 
outside of the large, mainly unfenced wildlife reserves is used as farmland. We 
address the question whether and how large predators cope with such an 
anthropogenic environment. We do so by investigating genetic diversity, popula-
tion size and demographic structure of different populations of carnivores. We will 
use such information to analyse the consequences of conservation actions such as 
translocations for maintaining genetic variability. 
We assess gene flow in two carnivore species: the African leopard (Panthera 
pardus pardus), a cryptic, solitary predator that inhabits wildlife reserves and 
farmland. Leopard populations therefore should be less affected by disruption in 
gene flow than those of the African lion (Panthera leo), a rather conspicuous, 
social predator. Lions nowadays mainly survive in big wildlife reserves which 
might results in a more distinctive genetic population structure. 
Since 2002 we randomly collected skin and blood samples of leopards and lions 
living in low density populations in the Khutse Game Reserve and Central Kalahari 
Game Reserve, Botswana (total size: 55,000 km

2
). We complemented the data set 

with skin samples from shot animals, collected with the assistance of the 
Botswanan Department of Wildlife and National Parks. Standard population 
genetic analyses such as FIS and allelic richness were assessed using microsatellite 
analyses (primers originated from domestic cat, Felis catus) of 40 primers for lions 
(n = 109) and 30 primers for leopards (n = 128). We will present the genetic 
population structure of those Kalahari carnivores with the aim to extend this 
analysis to entire Botswana. 
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Previous studies of scent marking behaviour of Eurasian lynx, Lynx lynx have 
focused on marking by urination (MELLEN, 1993; SOKOLOV et al., 1996; VOGT et 
al., 2014). In this study we assessed marking behaviour of Eurasian lynx using 
faeces in the xero-euxine coniferous forests of north-western Anatolia. One 
hundred scat samples were collected between autumn 2013 and summer 2015. 
Marking place, object marked, presence of scratches and time of year were 
recorded for each scat sample. Eighty-nine of 100 scat samples were used for 
faecal marking by lynx, in 58 of 89 cases, scraping behaviour was noted. Prickly 
juniper (Juniperus oxycedrus) was the most frequently marked object, followed by 
rocks, cut tree logs and Juniperus excelsa and Pinus nigra saplings. Faecal marking 
was most frequent during the mating season followed by autumn, summer and 
winter. Scraping behaviour was most frequently observed during winter, followed 
by mating, autumn and summer. No significant seasonal difference on marking of 
objects was detected in both marking and scraping points; however, prickly juniper 
was marked significantly more frequently than the other objects during every 
season. An increase in scraping during the winter is most likely a consequence of 
more aggressive territorial defence before the following mating season to repel 
potential same-sex territorial competitors and free-roaming intruders. The findings 
of this study are consistent with faecal marking studies in other felids (SMITH et al., 
1989; MELLEN, 1993) where the intensity of faecal marking increased as the 
mating season approached and the locations were concentrated on the borders of 
neighbouring territorial animals.  
 

MELLEN JD (1993): A comparative analysis of scent-marking, social and reproductive behavior in 20 
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Due to the increasing urbanisation of wild animals, the question arises how these 
species are actually able to adapt to this challenging environment. One of those 
species is the northern goshawk (Accipiter gentilis). The lack of human persecution 
in urban areas and the high abundance of prey in combination with the high density 
of green areas in many cities probably favoured the colonisation of urban locations 
and lead to the worldwide biggest goshawk population with more than 100 
breeding pairs in Berlin. The main prey of goshawks living in urban areas are feral 
pigeons (Columba livia f. domestica), whereas the prey spectrum is much more 
diverse in rural areas. Pigeons are described as the main host of the parasite 
Trichomonas gallinae causing the disease trichomoniasis. Therefore, we assume 
that goshawks living in urban areas are facing a higher risk of parasite transmission 
that should lead to a higher infection rate. To investigate the impact of T. gallinae 
to urban goshawk populations, goshawk nestlings in urban and rural areas are 
examined and the infection rate between these locations was compared. The para-
site rate was determined by taking an oesophageal swab of the nestlings. Prelimi-
nary results showed a clear difference between the urban area Berlin and various 
rural areas. In 2014, the morphological determination of the parasite showed a 
prevalence of 80 % in the area of Berlin compared to a prevalence of less than 
40 % in rural areas. Nevertheless, just 8 % of the infected nestlings in Berlin 
showed clinical symptoms. On the one hand, these results confirm the assumption 
that the infection rate is increased in urban areas. On the other hand, the results 
lead to the assumption that urban goshawks show an evolutionarily adapted im-
mune system that resulted from parasite-host-coevolution.  
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Urban areas can be very attractive for small mammals. They offer rich sources of 
food, a variety of shelters and absence of common predators. On the other hand, 
urban environment is strongly transformed and is a source of multiple stressors. 
One of typical stressors is noise, common in big cities. Stress stimuli cause 
activation of Hypothalamo-Pituitary-Adrenal (HPA) axis and secretion of 
glucocorticoids. Beside metabolic actions, glucocorticoids can alter behaviour, 
particularly expression of fear and anxiety. 
In the city of Warsaw, the striped field mouse (Apodemus agrarius) was observed 
for the first time about 100 years ago. A concurrent species, the yellow-necked 
mouse (Apodemus flavicollis), started to invade green areas in Warsaw about 15 
years ago.  
It was interesting whether presence of those animals in urban area causes their 
adaptation to increased stress, which can be reflected in behavioural tests and 
glucocorticoids level. 
A behavioural open field (OF) test was performed on individuals of both species, 
trapped in the city, and in their natural habitats. The test consisted of three phases, 
each one five minutes long. During the second phase, street noise recording was 
played with the intensity increasing up to the level measured in city parks.  
The results show increasing anxiety throughout all three phases of the study. The 
pattern of these changes was similar in animals of both species, both from urban 
and natural habitats. In addition, comparisons between species and habitats show 
that A. agrarius of the urban population exhibits higher intensity of escaping be-
haviour in comparison to the other experimental groups. A. flavicollis from natural 
population shows a lowered level of anxiety, compared to the both A. agrarius 
groups. 
Additionally, glucocorticoids level was determined in faeces collected before and 
after the OF test. There were no significant differences between samples collected 
before and after the test, as well as between both species. However, glucocorticoids 
level in samples collected from A. flavicollis from urban areas was significantly 
higher than the one from A. flavicollis from natural habitats. 
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Illicit poaching is a major challenge for tiger conservation globally due to the high 
demand of tiger parts and products in international markets. Bengal tiger (Panthera 
tigris tigris) has been a major conservation concern in India as its poaching has 
been increasing, and a high number of seizures have taken place including different 
body parts (http://www.wpsi-india.org/statistics/index.php). Poaching has signifi-
cantly contributed to local extinction in Panna and Sariska Tiger Reserves in India. 
Regulation of this trade/poaching could be immensely improved by the ability to 
trace the geographic origin of parts and products seized under wildlife offences. 
Despite poaching, depletion of wild prey species and large scale habitat-loss caused 
by developmental activities is also a threat to Bengal tiger. For effective in situ 
conservation, understanding spatial distribution of species, sex ratio, genetic 
structure and migrations across its core geographical range is crucial for effective 
conservation strategy planning. Thus, we assess population genetic status of 
different Bengal tiger populations, discuss combined genetic and statistical 
approach to detect the geographic origin of tiger body parts (seizures) based on 
unique mitochondrial DNA haplotypes and multi-locus microsatellite genotyping, 
and identify selective sex poaching. Tiger DNA originated from tissue and blood 
(n = 20), and scat (n = 263) samples collected from different populations. Unique 
mtDNA haplotypes were examined in DNA samples of referred tiger poaching 
cases (n = 48) and assigned to Northern and Central India tiger populations. We 
established multi-locus genotyping data for tigers from northern, western, central 
India and Sunderbans using 9 loci. The mean observed heterozygosity was from 
0.259 to 0.608 whereas mean effective number of alleles per locus ranged from 
1.73 to 3.81 in these tiger populations. Of 48 tiger seizures, 20 % and 51 % were 
assigned to northern India and central India tiger populations, respectively. Results 
indicate that more conservation efforts are needed in central India tiger populations 
to prevent poaching. Male tigers (70 %) were found more prone for poaching as 
compared to female tigers (29 %) among all case samples analysed in this study. 
This is the first study on identifying poaching hotspots for tigers in India. The 
method we used can be applied to trace origins of other tiger sub-species from 
confiscated tiger parts and products which would help to curtail global trafficking 
in tiger trade. 
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The knowledge of genealogical relationships and of the inbreeding status can assist 
zoo managers in decision making on captive animals relocation. Aim of the present 
study was to carry out parentage analysis on a colony of African penguins in order 
to confirm the pedigree derived from field observations and certificates of birth and 
to assess extra-pair mating. The colony has been hosted in an Italian biopark since 
2009. It originated by the union of three ex situ groups: two from different parks in 
the Netherlands and one coming from a German facility. Blood samples of 56 pen-
guins were collected in EDTA tubes and a spin column-based nucleic acid purifi-
cation method was used to extract DNA. Sex of each animal was determined 
through the amplification of the chromo-helicase-DNA-binding1 (CHD1), as de-
scribed in literature. A panel of 11 STRs was analysed using 5‟ labelled primers: 
eight STRs were already characterised in Spheniscus demersus and three were 
described in Spheniscus humboldti. Genotype data were analysed with COLONY 
(version 2.0.5.9) that implements full-pedigree likelihood methods to simultane-
ously infer sibship and parentage among individuals using multilocus genotype 
data. Runs was carried out several times, assuming different mating systems (po-
lygamy or monogamy of male and female separately or simultaneously), using 
different random number seeds, and repeating analyses with different lengths of the 
run. Paternity and maternity exclusion data were supplied based on animal age 
considering three years as breeding age. Results on full-sib, maternity and paternity 
were considered. The previous family tree was mostly confirmed, even though the 
probabilities of assignment varied widely (0.67-1 for full likelihood methods; 
0.55 - 0.95 % with pure pairwise likelihood approach). Four discordances with 
assigned kinships were discovered and unknown genetic relationships among two 
couples of individuals were found. The most uncertain attributions were observed 
between clusters originating from the two Dutch zoos: in two cases penguins be-
longing to the different groups resulted to be relatives. 
Evaluation of the inbreeding status of the population gave a nonsignificant Fis 
value of -0.005 (p-value = 0.57). We recommend additional investigations to 
understand if previous exchanges between the two Dutch zoos could have occurred 
or a documental issue could be taken into account. Overall, our results showed that 
documented evidence of parentage within a colony alone is not a reliable mean to 
trace relationships among members and that both certificates and genetic methods 
should be applied. 
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Camera trapping has been widely used to estimate population densities of large cats 
and other terrestrial mammals where individuals can be distinguished based on 
their coat pattern. Accurate density estimates for Sunda clouded leopards Neofelis 
diardi, but also other cat species, have been hampered by extreme differences in 
detectability between males and females, where females are recorded too rarely to 
account for this heterogeneity. In this study, we applied a two phase camera trap-
ping study to estimate the density of the Sunda clouded leopard in Deramakot 
Forest Reserve, Malaysian Borneo. During the first phase (coarse grid), we estab-
lished 63 paired camera-trap stations within the entire reserve (550 km

2
) with each 

station spaced 2.5 km. In the second phase (fine grid), we set up 64 paired camera-
trap station in a clustered design

, 
with spacing between 0.5 and 1 km. Within both 

phases, we recorded at least 12 individuals (6 males and 6 females) in 50 inde-
pendent detections, and the intensive sampling on the fine grid yielded recaptures 
of females. As a consequence, we were able to use spatial capture-recapture models 
with sex specific detection parameters. We found that female movement was five 
times smaller than male movement, explaining the lack of recaptures on the coarse 
grid. Density estimates were 0.6 and 4.5 individuals per 100 km

2 
for males and 

females, respectively. Not accounting for these differences would lead to severe 
negative bias in density estimates. This study demonstrates that a nested camera-
trapping study design is a promising approach to obtain reliable and more accurate 
density estimates, because the fine grid allowed to collect a sufficient number of 
females recaptures to estimate sex specific movement parameters.  
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Small populations of nocturnal small mammals are posing a challenge to be moni-
tored. In this study some techniques to detect hedgehogs in urban areas were tested 
and valuated to provide a guideline for further investigations in this context. Such a 
guideline is important to make the results of different investigations comparable. In 
a prior study in rural landscapes spotlighting and footprint tunnels turned out to be 
the most effective techniques (HAIGH et al., 2012), but there is no further infor-
mation if they work in urban area as well and how to conduct them. These tech-
niques were tested over ten nights at an urban graveyard to investigate their effec-
tiveness and the optimal conditions to apply them. The results showed that there is 
no difference in the number of footprints or the recognisability of these footprints 
for the materials salt paste and elder-syrup. They also showed that footprint tunnels 
are inappropriate to detect urban hedgehogs probably due to their small density in 
these areas. Spotlighting turned out to be the better technique, especially if it is 
applied after stronger rainfalls, then it is significantly more successful than under 
dry conditions. After rainfall the locations hedgehogs were found had a slight ten-
dency to be open areas like meadows or lanes. For this reason, we recommend 
doing spotlighting after rainfall that is focused on meadows. Furthermore, we rec-
ommend a determined grid to avoid a bias caused by different experienced people 
and a random starting point to avoid a bias caused by possible settled routes the 
hedgehogs could take. Finally, the study showed that under optimal conditions for 
an area of 20 ha it should be enough to do spotlighting round about three times 
with two people to find approximately all hedgehogs in this area. 
 

HAIGH A, BUTLER F, O‟RIORDAN RM (2012): An investigation into techniques for detecting hedge-

hogs in a rural landscape. J Negat Results – Ecol & Evol Biol 2012.9, 15 - 26. 
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We used faecal corticoid metabolites (FCM) measurements and behavioural 
observations to assess the impact of a nearby music festival on adrenocortical 
function of captive animals at Beto Carrero World Zoological Park. Stress 
monitoring was included as a requirement to get the permits for the festival in close 
proximity to the park. We monitored six species, including three Asian elephants 
(Elephas maximus), two giraffes (Giraffa camelopardalis), five llamas (Lama 
glama), one orangutan (Pongo pygmaeus), one gemsbok (Oryx gazella), and two 
plains zebras (Equus quagga burchellii). Sampling period was from day -5 to -1 
before the festival, as well as from day 0 to 3 during, and day 13 to 17 after the 
event. The latter time period represented a normal weekend at the theme park and 
was used as control. Individual (orangutan and gemsbock) or pooled daily faecal 
samples were collected, dried and extracted in 80 % ethanol. Before analysis we 
tested parallelism in an enzyme immunoassay for corticosterone (CJM006; Coralie 
Munro, University of California, Davis, CA). FCM excretion increased in all 
species, ranging from 2.1-fold (elephants) to 7.9-fold (llamas) increase, when 
compared to the mean (± SD) value for a normal weekend (elephants: 2.1 ± 0.3 
µg/g; llamas: 2.6 ± 0.7 µg/g). FCM peaks were observed either during the days 
before the event, due to changes in husbandry or enclosures setup for acoustic and 
visual isolation; or during the event, including the day after the event when 
isolation items were removed. The highest FCM means (± SD) during the event 
were found in the orangutan (25.6 ± 9.9 µg/g), gemsbok (11.4 ± 5.6 µg/g), and 
llamas (8.9 ± 7.8 µg/g). The fact that the exhibits for these three species were 
closer to the locale of the music festival and exposed to higher levels of disturbance 
during isolation of the area (i.e. fence construction) might have contributed to the 
higher responses of the adrenal axis. FCM levels for all species returned to 
“normal” two weeks after the event. In conclusion, although the festival did not 
elicit any behavioural change, an acute adrenocortical activation occurred, which 
together with the rapid decline on FCM levels, evidenced normal adrenal axis 
function and no chronic stress. This information was used by the local federal 
environment agency to regulate future events in the close proximity to the park. 
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The naked mole-rat (Heterocephalus glaber) is a eusocial rodent, which lives in 
colonies up to 300 individuals. Colonies are characterised by a division of labour, 
overlapping generations and co-operative care for the offspring. Reproduction is 
monopolised by a single female, the “queen” and 1-3 males. Dispersal of indi-
viduals seems to be quite rare in this species, thus almost all pups spent their whole 
live in their natal colonies and contribute to the daily colony work e.g. in brood 
care or in retrieving food. Therefore survival of the progeny and the whole group 
largely depends on the colonies‟ social interactions. It is important to survey how 
the colony as a whole takes care of the descendants. Cooperative brood care as 
such is a great selective advantage and further questions emerge, for example how 
and which colony members contribute to the pup survival. Field-captured colonies 
usually contain a considerable share of young animals, clearly indicating that they 
are successfully rearing pups. In contrast, many captive colonies only raise a few or 
no pups. To date, no long-term study about this phenomenon exists that evaluates 
the reason for the comparatively low number of successfully raised pups in captive 
naked mole-rats. The present work is a detailed report of the factors which deter-
mine pup survival in captivity (e.g. colony size, alloparental investment, animal 
husbandry). The dataset is based on 14 captive colonies with 16 queens, which 
produced altogether 78 successful and unsuccessful litters within seven years. In 
our study infant mortality was quite high in the first week postpartum (65 %) and, 
as we can show, increases with colony size. Cannibalism was quite common and 
more than half of the dead pups just disappeared or were partly eaten by the 
colony. Frequent cleaning and disturbance of the nest or a protein-free diet also 
seemed to have a negative effect on pup survival. The results of this study may 
help to understand which factors determine a successful breeding of naked mole-
rats in captivity. 
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Ecological speciation - the genetic divergence of different sub-populations by local 
adaptation to different environments – is being studied extensively with a focus on 
the role of geographic isolation. In contrast, allochronic isolation - the separation of 
populations by timing - remains mostly unconsidered when studying speciation. 
Populations might exhibit temporal barriers to gene flow because seasonal activities 
must be accurately fitted to local conditions to avoid mismatches with the environ-
ment, which can have severe fitness consequences. The evolution of rigid reproduc-
tive schedules, via endogenously generated biological rhythms, buffers organisms 
from responding to misleading, unpredictable variability of environments, but may 
thereby restrict gene flow. The African stonechat, Saxicola torquata axillaris, is a 
well-studied species with robust reproductive rhythms. We studied genetic, song, 
and morphological divergence between synchronic and allochronic breeding popu-
lations, and populations separated by geographic barriers. We modelled the spatial 
connectivity between populations to quantify the relative contributions of temporal 
and spatial isolation to population divergence. We found that allochronic and spa-
tially isolated populations are genetically differentiated as judged from microsatel-
lite loci and mitochondrial DNA. Allochronic, genetically distinct populations are 
spatially connected with no geographic or environmental barriers to gene flow, 
which strongly indicates population divergence as the result of allochronic isolation. 
The genetic structure is strongly concordant with patterns of song and morphology di-
vergence of stonechats. Notably, females preferred vocal and visual stimuli associ-
ated with synchronously breeding males, thus promoting reproductive barriers by 
behavioural isolation. Our results indicate that the evolutionary dynamics of allo-
chronic isolation, reinforced by sexual selection especially for culturally transmitted 
song may be key drivers for population divergence and ultimately speciation. 
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Promiscuity is the main mating system for the felids. Females and males may 
copulate with several partners during the mating period. Domestic cat females may 
copulate with up to nine males and give litters with multiple paternities (up to five 
males sire kittens in one litter). Some scientists mainly relate promiscuity to 
induced type of ovulation in felids. We hypothesised that mating with several 
males may help females to increase their reproductive success and to overcome 
possible negative effect of teratospermia in males. The study was conducted in 
captivity. The experiments were conducted on two felines species: Eurasian lynx 
and domestic cat. During oestrus females were paired with one or two males 
(sequentially to exclude male-male fights). Females‟ reproductive success was 
described by the number of newborn kittens, males success was estimated by 
microsatellite analyses. In lynxes average litter size in females increased 
significantly after two-males mating (2.5 ± 0.2 (n = 24) in comparison to one-male 
2.1 ± 0.1 (t-test: t = 2.29; n = 44; p = 0.025)). The similar effect was obtained for 
the domestic cat females where average litter size also increased about 40 % after 
mating with two males (4.3 + 0.5 (n = 10) and 3.0 + 0.3 (n = 18), Mann-Whitney 
U-test Z = 1.96; p = 0.049). Earlier we described that after two males mating in 
lynxes cubs are mainly sired by the male with lower degree of teratospermia 
(NAIDENKO et al., 2007). The same effect was described now for the tomcats. After 
the mating with two tomcats (with either high or low proportion of morpho-
logically normal sperm) females gave birth mainly of males with “better” sperm 
(88 %; χ

2 
= 22.5; df = 1; p < 0.001). Possibly, increase of litter size in females was 

related both with increase of intensity of ovulation (more eggs) and decrease of 
embryonic losses (due better genetic compatibility) after two-males mating. It may 
also be related with better fertilisation of eggs. After pairing in oestrus with only 
one male, females gave larger litters with “better” males (p < 0.1). Such way, 
promiscuity may have a significant effect on fertility and reproductive success of 
females in felids. This study was supported by RFBR 13-04-01465.  
 
NAIDENKO S, EROFEEVA M, GOERITZ F, NEUBAUER K, FICKEL J, JEWGENOW K (2007): Eurasian lynx 

male reproductive success with multi-male mating in captivity. Acta zoologica Sinica 53, 408 -

416. 
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Leks are communal display grounds on which males aggregate during breeding 
season to defend small, clustered, resource-less territories, that females visit to 
choose mates. In the most clustered zone of the lek, the centre - which hosts only 
10 - 20 % of the male - the number of matings are disproportionately high (70 -
 80 %) leading to behavioural understanding of the system as highly polygynous. 
The degree of polygyny in the system can truly be gauged only if the individuals 
are identified and the duration for which each male holds territory is determined. 
High territory turnover within a mating season can reduce the variance in 
reproductive success of males in spite of high mating skew towards centre. In our 
study, we are investigating this spatio-temporal dynamics of males on a lek of the 
Indian blackbuck (Antilope cerviacpra), the only lekking mammal endemic to the 
Indian subcontinent. 
To address the question of turnover, we collected faecal samples from dung piles 
on 39 marked territories across the lek every alternate day in a single mating season 
(March-April 2015). Individuals occupying these territories on each day were 
identified by DNA profiling using microsatellites. To identify microsatellites in the 
blackbuck genome, we generated 32GB Illumina paired-end sequencing data from 
the tissue of a dead blackbuck. We identified 2,073,022 potentially amplifiable 
microsatellite sequences using Palfinder. We chose 40 (di-16, tri-9, tetra-15) of 
these microsatellites based on the amplicon size, number of repeat units and copy 
number of the primers. These along with 35 microsatellites identified in closely 
related species, were assessed on 25 faecal samples from the lek for amplification 
success, variability and probability of identity (PID). Finally, a panel of 14 
microsatellites was standardised for DNA profiling of 470 faecal samples collected 
from the lek. Preliminary analysis suggests that territory turnover is very high in 
the centre of the lek. Focal behaviour observation and analysis of females on the 
lek suggest most females tend to mate with males in the centre of the lek. Together 
these results indicate that blackbuck leks are likely to have much lower degree of 
polygyny than expected in a lekking system. Microsatellites tools developed in this 
study will be used to genetically determine the variance in reproductive success of 
blackbuck males in the lek and its evolutionary implications in ongoing studies. 
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Non-invasive measurements of steroid hormones have become a common tool in 
biomedical and biological research. Investigations in wild animals, but even in 
captive or laboratory animals, often rely exclusively on non-invasive sampling 
methods. Especially glucocorticoid concentrations as reliable indicators of 
adrenocortical activity and physiological stress responses can be easily calculated 
from faecal or saliva samples in many species. As an alternative to invasive 
methods using plasma, saliva cortisol concentrations also represent single point of 
time measurements, suitable for studying short-term or acute stress responses, 
while faecal cortisol metabolites (FCM) reflect long-term allostatic loads. 
However, sample collections have to be timed appropriately, as cortisol is a highly 
fluctuating hormone with species-specific gut passage times. In most rodents and 
also in our study species, the domestic guinea pig (Cavia aperea f. porcellus), 
individuals defecate several times per hour and throughout the whole day. It is 
therefore important to consider the gut passage time when studying stress 
responses via measurements of FCM levels. In order to compare these invasive and 
non-invasive cortisol measurements we performed a biological validation in guinea 
pigs by measuring and comparing cortisol concentrations in plasma, saliva, and 
faecal samples at baseline and after two-hour social confrontations with unfamiliar 
individuals. This is known to constitute a highly stressful situation, reflected in 
increased cortisol levels. Plasma and saliva samples were collected simultaneously, 
while faecal samples were collected 20 hours later, considering the reported mean 
gut passage time based on an ACTH challenge. Cortisol concentrations were 
analysed via enzyme-linked immunoassays using a cortisol-specific antibody for 
plasma and saliva cortisol or an 11-oxoetiocholanolone antibody for FCM. We 
detected significantly increased plasma and saliva cortisol concentrations directly 
after social confrontations and a linear relationship between plasma and saliva 
cortisol levels. In contrast to these findings, FCM levels measured 20 hours later 
remained at baseline and showed no relations to plasma cortisol concentrations. We 
therefore determined FCM levels after a social confrontation in two-hour intervals 
for 24 hours to identify peak concentrations in response to the applied stressor. 
Significantly increased FCM levels were detected four to twelve hours after the 
confrontation, reaching peak concentrations after six hours. Our results confirm 
that non-invasive cortisol measurements generally serve as reliable indicators of 
physiological stress responses. Nevertheless, our findings also demonstrate the 
importance of detailed biological validations, including the determination of 
appropriate time points for sample collection. 
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Camera-trapping is a widely applied method to study the ecology and biodiversity 
of medium-sized to larger terrestrial mammals and is particularly valuable in chal-
lenging environments. Operating a grid of camera-traps day and night can easily 
accumulate tens of thousands of photographs in a short time. Therefore, trans-
forming raw images into a data base suitable for analyses involves a high amount 
of manual input; a time-consuming, tedious and error-prone task. We developed 
the R package „camtrapR‟, which streamlines camera trap data management while 
minimising manual input. It provides visual overviews of the data and prepares 
input files for further analyses, particularly within an occupancy framework. The 
package offers an efficient platform for reliable, reproducible and flexible camera 
trap data management that links data acquisition to subsequent analytical methods. 
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Every year about 5 - 6 % of all male European bison (Bison bonasus) of the 
Bialowieza National Park are lethally affected by posthitis (necrotic inflammation 
of the prepuce) and die in the wild forest. Despite many years of study, patho-
genesis of this disease has not yet been effectively elucidated. Here we tested the 
hypothesis that posthitis has a genetic background. Two separate analyses were 
performed: a genome-wide association study (GWAS) on 90 males (34 healthy and 
56 affected by posthitis), and an autozygosity study on 152 individuals (47 healthy, 
105 affected by posthitis). Each male was genotyped using the Illumina BovineHD 
BeadChip, which consists of 777,962 single nucleotide polymorphisms (SNPs). 
GWAS and „runs of homozygosity‟ (ROH: regions of the genome where copies 
inherited from parents are identical) were analysed using the software SVS8 
(GoldenHelix, USA). An additive model of the Linear Regression Analysis was 
applied to estimate the effect of an SNP marker for incidence of posthitis. Auto-
zygosity was estimated based on ROH of different minimum lengths: 0.5, 1, 2, 4, 8, 
16, 25, and 50 Mb. Medians of autozygosity levels based on different ROH lengths 
in healthy and posthitis-affected bison were evaluated using the Wilcoxon test. 
GWAS analysis revealed 25 significant SNP markers on 6 chromosomes (18 SNPs 
localised within a ~2 Mb region of BTA15) in the proximity of candidate genes in-
volved in severe skin diseases and cancer/tumor of epithelial/testicular cells. Auto-
zygosity analysis showed an extremely high average inbreeding coefficient. The 
differences of the inbreeding coefficient between healthy and posthitis-affected 
animals were statistically significant for all ROHs > 2 Mb to 25 Mb (p < 0.001).  
We conclude that these findings support the hypothesis that posthitis may be 
caused by subtle changes in the bison genome, changes blurred by an extremely 
high level of genome homozygosity typical for Bison bonasus.  
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Stress is a major issue currently facing zoological facilities, and the identification 
of its causes should be a key aspect to improve management and conservation pro-
grammes. Captive animals are exposed to continuous human presence, which could 
be a source of stress, an enrichment, or neutral (HOSEY, 2000). Microclimatic con-
ditions could also have an influence on their well-being (YOUNG et al., 2013). A 
non-invasive method to evaluate the stress in animals is to measure faecal gluco-
corticoid metabolites (FGMs).  
We evaluated the effect of weather parameters and visitor presence on FGM con-
centrations in a colony of African penguins hosted in an immersive zoo (ZOOM 
Torino, Italy). The exhibit of penguins is an outdoor area of 1,500 m

2
 with a pond 

which reproduces the natural habitat of this species in South Africa. We collected a 
total of 235 faecal samples during summer 2014 in different conditions of weather 
and visitor density. We analysed FGMs using an EIA developed and validated for 
this species (ANFOSSI et al., 2014). Statistical analysis on separate variables 
showed no statistically significant correlation between FGMs and number of visi-
tors. There were positive correlations between FGMs and mean temperature 
(ρ = 0.62; p = 0.030) and maximum temperature (ρ = 0.63; p = 0.030), and negative 
correlations with wind speed (ρ = - 0.63; p = 0.035) and maximum humidity  
(ρ = - 0.63; p = 0.027). Enclosure design and habituation could neutralise the effect 
of humane presence on this colony. Conversely, the microclimatic conditions 
seemed to influence physiological stress level of African penguins: high tempera-
ture could have a negative effect on these birds, while they showed lower adreno-
cortical activity in windy and high humidity conditions. However, we could also 
postulate the simultaneous effect of different variables; this hypothesis would be 
verified using multivariate statistic. 
 

ANFOSSI L, OZELLA L, DI NARDO F, GIOVANNOLI C, PASSINI C, FAVARO L, PESSANI D, MÖSTL E,  

BAGGIANI C (2014): A broad-selective enzyme immunoassay for non-invasive stress assessment 

in African penguins (Spheniscus demersus) held in captivity. Anal Methods 6, 8222 - 8231. 
HOSEY GR (2000): Zoo animals and their human audience: What is the visitor effect? Anim Welfare 

9, 343 - 357. 
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In many animal species, parents care for their young by providing for example food 
and protection. Parental care increases the survival of the offspring and thereby the 
fitness of the parents. However, this may come at the cost of reduced parental sur-
vival and future reproduction. The balance of these fitness benefits and costs deter-
mines the parents‟ optimal level of care. Parents often have multiple offspring and 
may breed more than once; so they generally provide less care than is optimal from 
the perspective of individual offspring. As a result, offspring are often competing 
for their parents‟ care.  
Parents need to be able to adapt their behaviour in response to the ever-changing 
environment around them to optimise their reproductive success. Here we 
investigate in a common songbird with bi-parental care, the blue tit (Cyanistes 
caeruleus),  (i) to what extent parents adjust their food provisioning to short-term 
changes in their brood‟s demand; and (ii) how changes in intra-brood competition 
affect the distribution of food among offspring. Generally, it is expected that a 
reduction in the level of parental care will lead to a less equal distribution of care 
among competing offspring with smaller individuals suffering more. 
We carried out short-term (6 h) brood size manipulations (+3 or -3 nestlings), after 
which we measured changes in parental provisioning rate as well as offspring 
growth by weighing individual nestlings before and after the 6h experimental 
period. During two breeding seasons we collected provisioning and growth data on 
> 100 blue tit families. First analyses of this large and unique dataset indicate that 
parents rapidly adjusted provisioning rates in response to experimentally induced 
changes in their brood‟s food demand. However, parents only partly compensated 
for changes in brood demand: the number of feeds per nestling decreased when 
broods were enlarged. Furthermore, the profitability of the food items (caterpillars) 
decreased when parents were induced to provision at a higher rate (i.e. nestling 
weight gained per food item decreased for enlarged broods). Surprisingly, even 
though enlarged broods suffered reduced growth due to incomplete parental 
compensation, the distribution of parental care within broods did not become more 
skewed and smaller chicks did not suffer more.  
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By combining high-throughput sequencing with target-enrichment, investigators 
are able to obtain molecular data of genomic regions of interest for research that is 
otherwise constrained by sample quality (e.g. degraded and contamination-rich 
samples) or a lack of a priori sequence information (e.g. studies on non-model 
species). Despite the use of hybridisation capture in various fields of research for 
many years, the impact of enrichment conditions on capture success have been 
poorly investigated. We evaluated the impact of a key parameter – hybridisation 
temperature – on the capture success of mitochondrial genomes across the Car-
nivoran family Felidae. Capture was carried out for a range of samples types (fresh, 
archival, ancient) and levels of sequence divergence between bait and target (i.e. 
across a range of species). Capture performance was assessed by comparing post-
capture results to shotgun data from the same samples. Results are discussed on the 
basis of parameters of interest for investigators planning future studies employing 
capture techniques.  
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The mesodermal adrenal cortex is subdivided in three layers; zona arcuata, z. 
fasciculata and z. reticularis. The zona fasciculata is responsible for the secretion 
of glucocorticoids. As in many other organs, if the demands on these specific cells 
are increased, the cells can undergo hypertrophy and hyperplasia in order to meet 
their task of secreting glucocorticoids in appropriate concentrations. Hence, if an 
animal experiences chronic stress and the demand for glucocorticoid secretion is 
elevated, the cells of the zona fasciculata will undergo hypertrophy and 
hyperplasia, increasing the size of the z. fasciculata. In gross pathology, macro-
scopically an increased cortical area would be visible. Hence, in living animals a 
possible way to assess the adrenal cortex would be via ultrasonography.  
The size and shape of adrenal glands is different in each individual with a few 
species specific characteristics. Standard 2D morphometrics such as length, width 
and breadth cannot be measured well, since adrenals are rarely straight. Most often 
they are U-shaped or peanut-shaped. Thus, measuring a dimension in 2D would not 
reflect the actual size of the organ. New technical features like voxels (volume 
pixels) of the 3D-volume could give comparable results, but 3D- ultrasonography 
is only available in a few, very expensive ultrasonographical machines and requires 
substantial experience by the examiner. We therefore hypothesise that the ratio 
between adrenal cortex and medulla, which can easily be measured by 2D-ultra-
sound, reflects a stress-induced enlargement of z. fasciculata and can be applied to 
assess chronic stress in captive animals. 
Ultrasonography was used in four different species to look at the link between 
different challenges and the thickness of the adrenal cortex. In Iberian lynx, we 
related the ultrasonographical measures to different husbandry conditions. In 
Iberian lynxes, we found significant relations between the ultrasonographical 
measures with different adaptations to captivity and behaviour towards keepers. In 
European brown bears we could compare the ratio of cortex and medulla between 
captive individuals during and one year after confiscation from bad husbandry or 
illegal abuse and found a significant improvement of the ratio after living in a more 
naturalistic habitat. In Asiatic black bears measures before and three month after 
translocation from cage-husbandry to an outdoor exhibit were taken and showed 
reductions of the ratio. In roe deer, breeding season was compared to non-breeding 
season. 
We could show that the ratio between cortex and medulla presents a reliable 
measure to detect differences between different levels of exposure to chronic stress. 
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The Asiatic golden cat Catopuma temminckii is a medium-sized terrestrial cat 
species, distributed from the Himalayas and southern China, through Indochina, 
Peninsular Malaysia to Sumatra. Up to five subspecies have been recognised, but a 
taxonomic revision, including molecular data and morphological characters of this 
species is missing. We carried out a phylogeographical analysis using 40 archival 
samples to study the relationships between individuals across the species‟ distribu-
tion area. Extracted DNA was used to build Illumina sequencing libraries, which 
were then enriched for endogenous target mitochondrial DNA (mtDNA) using a 
hybridisation capture technique (in-solution). The enriched Catopuma libraries 
were sequenced on an Illumina MiSeq to obtain full mitogenomes. Phylogenetic 
analysis revealed a very low nucleotide diversity, which suggested recent popu-
lation expansion of golden cats, possibly after a population bottleneck in the Late 
Pleistocene caused by the Toba super volcano eruption in North Sumatra ~74kya. 
Species distribution projections and demographic history reconstruction for golden 
cats support a post Toba population expansion from south China/Indochina to the 
Malay Peninsular and Sumatra. Despite the low molecular diversity, mitogenome 
data from 40 samples and pelage data of 83 Asian golden cats showed gradual 
differences from China to Sumatra with a potential distinction between Asian 
golden cats from north and south of the Isthmus of Kra. Our findings reject the 
current classification of golden cats in up to five subspecies, but instead support 
either (1) that golden cats are monotypic or (2) that they should be split into only 
two subspecies: Sunda golden cats south of the Isthmus of Kra C. t. temminckii and 
Indochinese, Indian, Himalayan and Chinese golden cats north of the Isthmus  
C. t. moormensis.  
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Damages, fears, health threats - besides many positive effects on human wellbeing, 
urban wildlife is having challenging impacts on urban citizens. Urban administra-
tions are seeking for appropriate management strategies to keep negative wildlife 
impacts under control. They are facing particular challenges: 1) Due to the high 
concentration of humans in urban areas, urban wildlife management is watched 
closely by the public; 2) Because of security reasons and lacking acceptance, 
shooting and trapping for the control of urban wildlife populations can only be 
applied under very limited circumstances. In our qualitative study, we analysed 
different governance modes of urban wildlife management. We conducted semi-
structured interviews with wildlife management representatives from seven cities 
in Germany and Switzerland. Applying qualitative content analysis, we classified 
governance modes of urban wildlife management along a gradient from state 
intervention to societal autonomy. In this presentation, we give an overview of the 
different governance approaches and put a focus on direct management inter-
ventions with hunting methods, which all cities had implemented. We discuss the 
benefits and disadvantages of different approaches and give recommendations for 
implementing urban wildlife management. 
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Metabarcoding of bulk samples provides a new approach in biodiversity assess-
ments. So far these approaches have mainly focused on arthropod bulk samples, 
but currently its application includes vertebrate biodiversity assessments via in-
vertebrate derived DNA samples such as terrestrial leeches. Metabarcoding in-
cludes the mass-PCR amplification of a barcode gene, pyrosequencing followed by 
taxonomic assignment. The taxonomic assignment in particular can be challenging, 
as the accuracy of the assignment depends on the reference dataset and the specific 
barcode gene used. 
We developed a new bioinformatic pipeline that uses a user-specific reference 
database to identify gene regions that are particularly suited for the phylogenetic 
placement of next generation sequencing reads. The pipeline uses simulated 
sequencing reads, including defined sequencing errors, to provide an overview 
about the accuracy of the phylogenetic placement. We evaluated the pipeline using 
a mitochondrial genome reference database of Southeast Asian mammals. Here we 
found that regularly used 16S and 12S markers have less power in terms of their 
sensitivity and specificity than barcode markers in other genes (mitochondrially 
encoded cytochrome c oxidase I ). Further, we found that multiple markers might 
be required to ensure a robust phylogenetic placement on a species level for species 
rich taxonomic groups.  
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The aim of the study was to characterise and compare populations of two species of 
the genus Apodemus, different as to the period of settling the city: striped field 
mouse (Apodemus agrarius) and yellow-necked mouse (Apodemus flavicollis), 
from the city green spaces and rural areas (as control). A hypothesis was tested that 
different periods of synurbisation process in these two species were reflected in 
relations between them, and, due to the priority effect (YOUNG et al., 2001; 
FUKAMI et al., 2005), putting the much weaker competitor (GLIWICZ, 1981) in the 
privileged position, as the first one to settle the city (the striped field mouse). 
The trappings took place in the city of Warsaw and its vicinity. The material was 
collected with live traps, using standard CMR (catch-mark-release) method, and 
with photo traps. Population dynamics, daily activity rhythms and the nature of 
direct interactions between individuals of both species were studied. 
The striped field mouse and yellow-necked mouse populations avoided competitive 
activity, which is reflected by both their peaks of population dynamics and daily 
activity occurring at different times. Such relation was not observed in non-urban 
populations of those species. Additionally, up to seven-fold higher densities of the 
striped field mouse were recorded in their urban populations, in comparison with 
rural areas, which is due to their marked isolation. Unlike in non-urban areas, no 
direct interactions were noted in urban populations between individuals of the 
species in question, which results from their passing by in order to avoid 
competence.  
Specific conditions of urban environment impose formation of synurbic 
populations, showing quite different traits than ones living in natural, non-urban 
habitats. Their period of settling a city may be a crucial factor modifying the type 
of competitive interactions between species settling the city. 
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Our study estimated effects of drawing procedure (a form of cognitive enrichment) 
on social interactions in two groups of orangutans (group 1 - Pongo pygmaeus, 
group 2 - Pongo abelii; one male and two females per group). Eight 40-min 
drawing sessions per group, one session per day, on the same day with each group 
twice a week, were conducted in Moscow Zoo, Russian Federation, during spring 
2013. During each drawing session, a researcher repeatedly provided to all animals 
of the focal group cardboard pages and pieces of colorful drawing chalks and took 
them back in exchange for food if the animals made any mark with chalk on 
cardboard. We estimated baseline level of social interactions before the start of the 
enrichment experiment (B), during the process of the enrichment experiment (E) 
(days between drawing session: first period E1, second period E2) and after 
finishing the experiment (F) (in total, 95 h of observations for group 1 and 63 h for 
group 2). We used (1) instantaneous scan sampling with a 1 min interval to register 
distances between animals, and (2) calculated the total number of affiliative and 
competitive social interactions.  
The general pattern of changes in social contact was the same in both groups: the 
rate of interactions significantly increased during the process of enrichment, and 
significantly decreased after finishing the enrichment experiment (Mann–Whitney 
U test: p < 0.03, in both groups). The number of affiliative social interactions 
significantly increased in both groups, the frequency of competitive interactions 
also increased in group 1 (p < 0.05). The distance between group mates decreased 
in group 1 between the male and females (Wilcoxon test: B-E2 male-female1 Z = 
2.39; p = 0.02; E2-F: Z = 1.88; p = 0.05) male-female2 E2-F: Z = 2.02; p = 0.04), 
and in group 2 between females (B-E2: Z = 2.16; p = 0.003; E2-F: Z = 2.49; p = 
0.01).  
The differences may be caused by the higher baseline level of competitive 
interactions in group 1, but not in group 2; in addition, females in group 2 were 
related (mother and daughter). Our results suggest that life history and relatedness 
may affect results of enrichment on orangutan‟s group behaviour. 
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In mammals, the sex steroid testosterone is the major endocrine variable to 
objectify testicular activity and thus reproductive function in males, as it is 
involved in the development and function of male reproductive physiology and 
sex-related behaviour. Since an increasing number of non-domestic felid species is 
threatened, captive breeding plays an important role in management and 
conservation. In contrast to free-ranging cheetahs where reproductive performance 
is high, captive individuals reproduce rather poorly, which is often associated with 
suboptimal housing and husbandry management. Improving breeding success of 
animals primarily requires knowledge of endocrine status. However, taking blood 
samples to evaluate an animal‟s endocrine status is often restricted by limited 
accessibility to study animals, particularly in wildlife species. Furthermore circu-
lating hormone concentrations might be affected by handling procedures such as 
capture, restraint and anaesthesia. Contrarily, non-invasive methods, such as 
measuring faecal hormone metabolites using enzyme immunoassays (EIAs), repre-
sent alternatives to avoid these effects. To ensure both, the ability of the EIA to 
measure hormone or hormone-related faecal metabolites and that measured 
changes in concentrations are related to physiological responses, methodological 
and biological validations are obligatory. Therefore, we aimed to validate a non-
invasive method using an epiandrosterone EIA to monitor testicular activity in 
male cheetahs. Methodological validation of the EIA was performed by a 
testosterone radiometabolism study followed by HPLC analyses and by exclusion 
of possible cross-reactivities with androgenic metabolites not derived from testos-
terone metabolism but from stress. The physiological and biological relevance of 
the epiandrosterone EIA was validated by (1) demonstrating a significant increase 
in faecal testosterone metabolite (fTM) concentrations within one day following a 
testosterone injection, (2) a significant increase in fTM concentrations within one 
day in response to a gonadotropin-releasing hormone (GnRH) injection, and (3) 
significant differences in fTM levels concentrations between adult male and female 
cheetahs as well as between adult and juvenile male cheetahs in a free-ranging wild 
population. Finally, we demonstrated stability of fTM levels measured in faecal 
samples collected in the field and already exposed to ambient temperatures over 72 
h. Our results clearly demonstrate that the epiandrosterone EIA is a reliable non-
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invasive method to monitor testicular activity in male cheetahs and allows 
enhancing the understanding of reproductive biology in male cheetahs and thus 
providing essential information for husbandry management and captive breeding. 
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Invasive species have dramatically expanded their range because of increasing 
globalisation, and parasites have been considered to play an important role through 
mechanisms such as “enemy release”, “novel weapon” or “immunocompetence 
advantage”. According to the enemy release hypothesis, invasive animals lose their 
natural pathogens and parasites during establishment in new habitats, conferring 
them competitive advantage compared with local species. The novel weapon hy-
pothesis assumes that invasive species carry pathogens, which are highly patho-
genic to native species. The immunocompetence advantage hypothesis suggests 
that species which evolved strong immune defences are the prime candidates for 
successful invasion. These hypotheses have been mainly tested in plants, am-
phibians or passerines, despite the successful invasion of Europe by several water 
birds such as the Egyptian goose (Alopochen aegyptiaca). 
In this project we will study the endoparasites and immunity of native mallards 
(Anas platyrhynchos) and invasive Egyptian geese in Germany. We will also 
collect samples from native Egyptian geese populations in Namibia. Parasites will 
be determined using morphological identification and molecular tools, while the 
immune system, both innate and adaptive, will be assessed by several assays 
developed for free-living birds. 
The results of this study will lead to a better understanding of the impact of water 
bird invasion on native ecosystems with focus on parasitic infections and immuni-
ty. Additionally, the study will provide data on the differences in immune functions 
between native and invasive Egyptian goose populations, and will test the different 
parasite-associated hypothesis of invasive species. 
Human driven phenomena such as climate change and global movement may 
intensify and accelerate the process of species invasion. As invasive water bird 
populations are rapidly increasing in Europe, the impact on native species, on their 
habitats and health status are of great research interest both from conservation and 
public health points of views. Potential displacement of native species by invasive 
species needs to be evaluated in order to develop science–driven conservation 
measurements and implementation strategies. 
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Trans-pacific population differentiation in whiskered auklet (Aethia pymaea): 
do nocturnal and diurnal colonies differ in genetic and morphometric varia-
bles?  
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The study of population differentiation is essential for understanding many aspects 
of species‟ biology. The whiskered auklet (Aethia pygmaea) breeds on a few 
remote islands in the Bering and Okhotsk Seas and is considered to be one of the 
least studied auk species. Bering and Okhotsk birds differ in body size (Okhotsk 
birds were larger than Bering ones) and activity rhythm (diurnal in some Okhotsk 
colonies and nocturnal in Bering ones). However, genetic structure and relationship 
among populations as well as their activity rhythms were not yet studied. We 
analysed morphometrics from museum samples (n = 28) and collected 
morphometric (n = 213) and genetic (n = 65) data from alive breeding birds from 
Bering (Commander and Aleutian Archipelago) and Okhotsk Seas (Saint-Jonah 
(Iona) Island and Kuril Archipelago). We measured body weight, lengths of wing, 
bill, and crest, and bill depth (12 - 161 birds per site). We also analysed a fragment 
of the mitochondrial control region (309 bp) and four microsatellite loci. We used 
primers CGL001, CGH549 to amplify the control region and primers for loci 
Apy04, Apy06, Apy07, Apy10, respectively. Aleutians auklets were significantly 
smaller than other birds in all measurements (p < 0.05), while birds from St.-Jonah 
Is. were the largest ones. Birds from Kuril and Commander Islands were 
intermediate, however, they did not differ significantly from St.-Jonah birds. The 
difference between extreme sites was so large, that we did not find any overlap in 
some variables between sites (e.g. weight (g): Saint-Jonah: 146.5 ± 8.4, n = 15; 
Aleutians: 110.1 ± 6.1, n = 64). We also found low, but significant genetic 
differentiation between Aleutians birds and other ones both in mtDNA (Fst = 0.06, 
p < 0.05) and in microsatellite loci (Fst = 0.04, p < 0.05). A high haplotypic (H = 
0.922+/-0.027) but low nucleotide diversity (π = 0.001+/-0.006) was noted for all 
sites. Our results indicate a gene flow barrier between whiskered auklet 
populations. However, it is not a barrier between the seas, but the strait between the 
Commander and Aleutian Islands, as it has been observed in many other species 



10th International Conference on Behaviour, Physiology and Genetics of Wildlife, Berlin 2015 

Leibniz Institute for Zoo and Wildlife Research (IZW) 157 

that breed both in North America and Asia. We also conclude that the rhythm of 
colony attendance is not a good indicator of population differentiation since auklets 
from Commanders and Aleutians have the same nocturnal colony attendance 
behaviour but differ significantly morphometrically and genetically.  
This study was supported by RFBR №14-04-01138. 
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The ultradian feeding rhythmicity seems to play more important role for survival of 
voles than the rhythms associated with geophysical cycles including the circadian 
rhythm. It was noted that, in addition to intra-individual day-to-day synchrony, 
inter-individual synchrony of ultradian behavioural cycles can be established 
between members of the population, even at remote distances (GERKEMA et al., 
1993). The mechanisms of such synchronisation remain to be determined. We 
earlier reported the patterns of interaction between the circadian and ultradian 
rhythmicities in the northern red-backed vole (Myodes rutilus). When animals were 
kept in individual cages, these cycles were either entrained by the circadian time 
giver (i.e., by means of frequency demultiplication) or ran independently from any 
external and internal circadian periodicity. Such free-running was observed both in 
constant lighting conditions and, less often, under the natural 24-hour light-dark 
cycle (ERDAKOV et al., 1981). The major aim of the present study was to examine 
social synchronisation of the ultradian behavioural cycles in captive red-backed 
voles under the natural photoperiodic conditions. One of the particular tasks was to 
determine the specific roles played by conspecifics of different age and sex in 
synchronising behavioural cycles within small groups of animals. After three-week 
observation of the development of social synchronisation in a family consisting of 
a mother and six cubs, one of the young voles was left in the same cage with the 
mother for one more week (until her naturally occurred death), one young vole was 
isolated, two young voles were kept together, and the last two voles formed the 
two-animal groups with an adult female and an adult male. All recordings of 
animal behaviour were obtained between 7 and 11 p.m. This time interval was long 
enough to document, at least, two ultradian alternations between activity and rest 
states. The most surprising and reliable finding of this study was that a role of time 
giver was always played by an animal with the highest frequency of switches 
between distinct behavioural acts (i.e., by a young rather than adult vole 
irrespective of animals‟ sex). 
 

GERKEMA MP, DAAN S, WILBRINK M, HOP MW, VAN DER LEEST F (1993): Phase control of ultradian 

feeding rhythms in the common vole (Microtus arvalis): the roles of light and the circadian 

system. J Biol Rhythms 8, 151 - 171. 

ERDAKOV LN, PUTILOV AA, TARNOVSKY AV (1981): Free-running rhythm of activity in three rodent 

species. Sov J Ecol 12, 309 - 314. 
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Understanding how animals respond to human-induced changes in their environ-

ment is pivotal to conservation biology. According to their position along the spe-

cialist-generalist continuum, species are believed to react differently to environ-

mental condition changes, with specialists usually being considered more vulnera-

ble. In this project, we compare a set of physiological parameters in two lemur 

species (Cheirogaleus medius and Microcebus murinus) across four habitats that 

can be ordered along a gradient of human disturbance. C. medius is a specialist, 

and, at Kirindy Forest, Western Madagascar a rapid local population decline has 

been observed, while numbers of the more generalist, sympatric M. murinus have 

increased. Hence, these two closely related species seem to be suitable candidates 

for a vulnerability assessment study with respect to habitat deterioration. Our spe-

cific project aims are (i) to relate habitat factors that are likely affected by human 

influence to several health indicators such as body condition, parasite load and 

stress level, (ii) to investigate the potential effect of these health indicators on short 

term fitness components such as survival and recruitment, and (iii) to determine if 

these responses to habitat disturbance differ in the species level according to their 

relative position in the specialist-generalist continuum. To achieve our goals, we 

collected habitat characteristic data (e.g., density of potential shelter and food trees, 

canopy cover) along with the species morphometric measurements, faecal (for 

parasitology) and hair samples (for hormone analysis) over two field seasons in 

consecutive years. To estimate demographic rates using mark-capture-recapture 

models, we combined the data collected during this study with an already available 

long-term dataset. Preliminary results indicate no difference of body condition 

(measured as the scaled mass index) among sites for both species (C. medius: 
Kruskall-Wallis, χ

2
3,156 = 2.59; p = 0.46; M. murinus: Kruskall-Wallis, χ

2
3,156  = 2.03; 

p = 0.28). Moreover, parasite prevalence (GLM, binomial dist, χ
2

3 = 5.232; 

p < 0.001) and richness (GLM, nb dist, log-link χ
2

3 = 5.64; p < 0.001) were 

significantly higher in the most undisturbed site for both species. These results 

contrast clearly with our predictions and future hormone analyses might reinforce 

the hypothesis that the relationship between disturbance, physiological stress 

response and fitness is not linear. 
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The wildcat (Felis silvestris) has suffered a severe population decline in the last 
decades, mainly due to habitat destruction and human persecution, with particularly 
extreme consequences for the European subspecies (F. s. silvestris). Population 
isolation combined with the spread of feral domestic cats lead to an increase in 
hybridisation events between these two subspecies, threatening the genetic integrity 
and long time survival of the wildcat. So far, studies regarding this issue have 
mainly relied on genotyping highly polymorphic nuclear markers, such as 
microsatellites, to distinguish hybrids from their parental subspecies. However, 
these markers present some limitations, as the high allelic richness and homoplasy 
often result in allele sharing between closely related species, which prevents an 
accurate distinction of hybrids beyond the first generation. Recently established 
Single Nucleotide Polymorphisms (SNPs) might help overcome this problem due 
to their lower probability of allele sharing and also improve the genotyping of low 
quality DNA samples due to their smaller amplification products. In this work, we 
focused on the Iberian Peninsula, a particular region where hybridisation between 
the European wildcat and domestic cat is known to occur but is still poorly studied. 
Previous studies provided evidences of the occurrence of hybridisation events 
restricted only to Portugal, but relied on a limited number of samples and did not 
investigate hybrid ancestry classes. Therefore, we aim for a more comprehensive 
study of the hybridisation dynamics of the Iberian wildcat populations. About 160 
invasive (tissue and blood) and non-invasive (scat) samples were collected 
throughout Portugal and Spain and analysed with a combination of markers 
comprising mitochondrial DNA haplotypes, microsatellites and SNPs, and 
Bayesian based software (Structure and NewHybrids). Hybrid individuals were 
found across most of the sampling area, revealing a geographically widespread 
hybridisation scenario which contrasts with the aforementioned previous findings. 
Moreover, the use of SNPs facilitated the analysis of low quality and quantity non-
invasive samples and improved the identification of hybridisation classes, and the 
combined use of nuclear and mitochondrial markers provided some insights into 
potential ancient hybridisation events and the direction of hybridisation. Overall, 
these results demonstrate the importance of a proper choice of genetic markers and 
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thorough population studies to properly identify conservation problems and 
provide adequate management options for this endangered wild feline. 
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Where, what and when? –The coexistence of puku (Kobus vardonii) and 
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Puku (Kobus vardonii) and impala (Aepyceros melampus), both members of the 
Bovidae, occur in sympatry in large parts of the protected areas in Zambia. 
Information about what enables their coexistence is lacking. Generally, only little 
research has been conducted on Zambian wildlife, but good conservation 
management requires knowledge about the members of the ecosystem. A small 
research project investigated the population status and the ecology of the puku in 
selected areas of Zambia. One aspect was to highlight the coexistence of puku and 
impala in and around Kafue National Park in western Zambia.  
Therefore, I investigated different aspects of their ecology such as abundance, 
distribution pattern, diet and behaviour pattern. Data for abundance, distribution 
and behaviour were collected along line transects and diet was determined with 
microhistological analyses of dung during the cool dry season in 2010 and during 
the late rainy season in 2011.  
Puku and impala were the most abundant antelopes of the study areas and reached 
similar population densities. However, during the cool dry season, when puku were 
most abundant in grassland areas (14.66 ± 5.16 animals/km²) and less abundant in 
intermediate habitats such as scrublands and light woodlands (10.58 ± 5.09 
animals/km²), impala were found most often in intermediate habitats (18.06 ± 6.46 
animals/km²) and less often in grassland areas (9.49 ± 3.60 animals/km²). 
Throughout both survey periods, puku fed almost exclusively on grasses (cool dry 
season: 97.27 % mean of the proportional fragment area of this plant in relation to 
all observed fragments, Standard error of mean = 0.68; late rainy season 98.99 %, 
SE = 0.56), whereas impala switched its diet from consuming high amounts of 
browse during the cool dry season (76.04 %, SE = 4.55) to feeding mainly on 
grasses during the late rainy season (82.44 %, SE = 1.78). Puku exhibited a 
nocturnal and crepuscular feeding pattern, while they rested at daytime. In contrast, 
impala seemed predominantly diurnal. Further, impala exhibited more moving 
behaviours and thus roamed more than puku. 
Puku and impala therefore differed in their ecology and reduced competition by 
using different niches for habitat and diet, especially during the dry season when 
food is scare. Further, they reduced interference competition by being active at 
different times of the day. Thus, niche partitioning at several levels enables the 
coexistence of these antelopes in Zambia.  
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Among-individual variation in resting metabolic rate (RMR) is high. Such dif-
ferences in the energetic costs of self-maintenance are predicted to affect life-
history parameters and ultimately fitness. However, it is not well understood how 
individual variation in RMR relates to differences in growth and activity patterns. 
We studied the relationship between RMR, growth and behavioural activity in free-
living African striped mice (Rhabdomys pumilio). Lower self-maintenance costs of 
low-RMR individuals should enable them to devote more energy to growth than 
high-RMR individuals. Accordingly, we predicted that low-RMR individuals would 
grow faster (i.e. gain more body mass and increase more in body length) than high-
RMR individuals. Alternatively, low-RMR individuals might grow slower as they 
generally have smaller internal organs than high-RMR individuals, which will 
cause a lower energy uptake, resulting in less energy available for growth. Which 
of these two predictions will be met might depend on environmental conditions, 
especially seasonal differences in food availability. To test these alternative predic-
tions we measured RMR of philopatric striped mice during the moist and dry 
season in the semi-arid Succulent Karoo of South Africa. We determined indi-
vidual body length and body mass the day we measured RMR, and four weeks 
later. To examine how RMR relates to differences in behavioural activity, we con-
ducted all-day focal observations. We did not find a significant effect of RMR on 
growth when controlling for initial body length, sex and season. However, during 
the dry season individuals that gained body mass had a significantly higher RMR 
than individuals that lost body mass. Mice travelled less during the dry season, and 
individuals with higher RMR travelled longer distances than individuals with low 
RMR. RMR did not affect the amount of time individuals spent feeding, but high-
RMR individuals spent significantly more time basking in the sun than low-RMR 
individuals. During the dry season, when food availability is low, basking can be 
an important energy acquisition mechanism for striped mice. Our data provide 
evidence supporting the predicted patterns that low-RMR individuals will have 
lower energy uptake than high-RMR individuals. Moreover, our results show that 
individual variation in RMR can translate into differences in body mass changes 
and activity patterns, which can ultimately lead to differences in fitness.  
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Many countries try to counter global climate change by protecting habitats and by 
promoting energy production from renewable sources. Yet, the large-scale erection 
of wind turbines shows unexpected conflict with conservation goals since wind 
turbines may kill large numbers of birds and bats. Thus far, it was almost 
impossible to investigate the movement of bats in relation to wind turbines to 
assess the risk of mortality in bats from local populations. Here, we used 
miniaturised GPS loggers to investigate movements and habitat use of the common 
noctule bat Nyctalus noctula (Schreber, 1774) in the Uckermark, in northern 
Germany, a landscape characterised by intense crop production and a high density 
of wind turbines. During summer 2014, we tracked eight common noctule bats. To 
assess preferences for habitat types and behaviour in context to wind turbines, we 
ran generalised mixed effects models which compared the GPS data to correlated 
random walks. During late summer, female noctules traversed the land on long 
foraging trips and repeatedly came close to wind turbines. In contrast, males 
recorded a few weeks earlier followed a daily routine of commuting straight to well 
defined areas where they foraged intensively and then returned straight to their 
daytime roost. Both sexes preferred water bodies and avoided arable lands, yet this 
pattern was more pronounced in males than in females. These findings underline 
the importance of semi-natural foraging grounds like water bodies for the 
persistence of populations of N. noctula in agricultural dominated landscapes. 
Furthermore, our data show that wind turbines might constitute a potential threat 
not only for migratory but also for local noctule bat populations, particularly for 
females.  
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Andean and James‟ flamingos are highly specialised, upland flamingos from the 
Andean mountain range in South America. Difficult to keep in captivity, European 
populations are now housed by only two zoological institutes and breeding can be 
tricky to initiate.  
As part of a larger study into captive flamingo behaviour and welfare, behavioural 
data were collected from Zoo Berlin‟s flock of Andean and James‟ flamingos 
during spring and summer 2013 and 2014. Observations of general activity were 
recorded for each species using an instantaneous scan sampling method. Alongside 
of this, location within the exhibit, as well as individual partner preference and 
association pattern (based on a chain rule) were recorded four times per day. Rates 
of intra- and inter-species aggression and social behaviour, as well as a count of 
courtship display and vocalisation were also recorded using continuous event 
sampling. Association data were analysed using Social Network Analysis pro-
grammes Socprog and Netdraw and showed the presence of consistent, preferential 
bonds between individual birds. Adult male-female bonds were most common, and 
juveniles from each species were most likely to associate with each other. James‟ 
flamingos were generally more aggressive overall (to each other and to the Andean 
flamingos), and James‟ flamingos were also more vocal. The Andean flamingo 
flock was more social to each other, engaged in more courtship display and was 
much quieter. The Andean flamingos engaged in more directed social behaviour 
between pairs and trios when compared to the James flamingo. There was no 
evidence of direct affiliative social interaction between the two species. The only 
non-aggressive (neutral) cross-species social behaviour noted was closer associa-
tions between juveniles Andean and James‟ flamingos, mirroring evidence from 
wild flamingo flocks whereby immature birds group together. Mean activity 
budgets for both flocks found a high degree of inactivity present through the day. 
Overall enclosure usage showed a trend for use of pools for foraging and preening, 
as well as back sanded areas used for nesting sites. It is suggested that a larger pool 
is provided for bathing and foraging opportunities, to enhance the opportunities 
available to the flamingos for behavioural enrichment.  
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Mothers are the main organisers of the behaviour of cubs during development 
(KRUCHENKOVA, 2009). The purpose of this study was to describe the features of 
mother-cub interactions and their changes. Work was based on the analysis of the 
activity of one tiger litter (3♂:1♀) kept with their mother in captivity. The 
objectives were to estimate the frequency and duration of interactions of cubs with 
their mother and describing the dynamics and features of these interactions. 
Data were collected at the nursery of the Moscow Zoo when the tiger cubs were 2.5 
to 11 months of age. We analysed 93 videorecordings and 14168 photos from 
4 phototraps installed in the enclosures. We evaluated the frequency of mother-cub 
contacts, sibs each other contacts, cubs play behaviour and exploring activity of 
mother-tiger. 
We found that the amount of playing activity of cubs was lowest at 13 weeks and 
highest at 31 weeks of age (Wilcoxon test, Z = 2.38; p = 0.02). In the litter of four 
cubs only the female cub played with the mother significantly more often than 
others (Z = 3.34 to 3.72, p < 0.001). The main activity of mothers was exploring 
45 - 25 % (Friedman Anova (T = 9.39, n = 24, d.f. = 3; p = 0.03)). The maximum 
of parental ehaviour mother-tiger showed at the cubs age of 25 weeks (Friedman 
Anova (T = 8.95, n = 24, d.f. = 3; p = 0.02)). No case of aggression was registered. 
Most cases of first registered playing activity of cubs were oriented towards their 
mother rather than towards each other; cubs continued playing with their mother 
though started to play more with each other. The intensity of mother-cub contacts 
changes with cub age; it increases to a maximum at the age of 25 weeks (Friedman 
Anova T = 8.16; p = 0.04) and then slightly decreases. The intensity of interactions 
between siblings changes similarly (Friedman Anova T = 12.09, n = 24, d.f. = 3, 
p = 0.01). The results can be used for further calibration of the rehabilitation of 
tiger cubs for the reintroduction to the wild. 
 

KRUCHENKOVA EP (2009): Maternal behaviour of mammals. Krasand. Moscow (in Russian). 214. 
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A recent theory by KOKKO and JENNIONS (2008) identified the adult sex ratio 

(ASR) as a major factor involved in shaping sex roles: when the ASR is skewed 

the less common sex should compete for mates and the more common sex should 

invest in parental care rather than searching for additional mates from the scarcer 

sex. However, the role of the ASR in shaping reversed sex roles in birds has 

rarely been studied in the wild. Black coucal (Centropus grillii) and white-browed 

coucal (C. superciliosus) are closely related bird species that differ fundamentally 

in sex roles. In black coucals females are territorial, sing, compete for mates, and 

form polyandrous groups with up to five males. Each male incubates and feeds 

his clutch alone. In contrast, white-browed coucals are socially monogamous and 

both parents jointly protect a territory and raise their offspring. If the ASR shapes 

sex-roles, then the ASR should be male-biased in black coucals and equal in 

white-browed coucals. A recent study found that the nestling sex-ratios of both 

coucal species are equal (GOYMANN et. al., 2015). To understand how the similar 

nestling sex-ratios translate into juvenile survival, we used radio telemetry 

senders to follow fledglings of the two coucal species and recorded their survival 

and mortality for several months. During the 2014 and 2015 breeding seasons we 

followed 151 young coucals (97 black and 54 white-browed). We are currently 

establishing the genetic sex of these birds and during the conference I will present 

the data on their sex-specific survival and causes of mortality. 

 
GOYMANN W, MAKOMBA M, URASA F, SCHWABL I (2015): Social monogamy vs. polyandry: eco-

logical factors associated with sex roles in two closely related birds within the same habitat.  

J Evol Biol 28, 1335 - 1353. 

KOKKO H, JENNIONS MD (2008): Parental investment, sexual selection and sex ratios. J Evol Biol 21, 

919 - 948. 
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The physiological stress response plays a pivotal role in mediating the link between 
sociality and health. Social support can increase an individual‟s ability to cope with 
challenging situations, thereby acting as a buffer against the adverse effects of 
stress. In contrast, social isolation or the disruption of one‟s social network can be a 
highly stressful experience. Thus, the stress load can be mediated via the 
availability of social support and exposure to social stressors. Stress affects health 
via interactions with the immune system and glucocorticoids, the main actors in the 
HPA axis stress response, which can increase susceptibility to diseases and parasite 
burden. 
The aim of this project is to examine this pathway in a population of semi-free-
ranging ring-tailed lemurs (Lemur catta) in Straußberg, Germany. We conducted 
300 hours of focal animal observations in two social groups containing a total of 34 
individuals. In addition, more than 400 faecal samples were collected for 
assessment of either parasite load or glucocorticoid (fGC) levels. In ring-tailed 
lemurs, females are dominant over males and both sexes exhibit stable dominance 
hierarchies. Former studies revealed that high ranking females have higher fGC 
levels than low ranking females; however, the relationship between fGC levels and 
rank has not yet been investigated in males. Since dominance rank is also 
maintained via aggression in males, we predicted that males and females in higher 
ranking positions would exhibit higher fGC levels, and that individuals who are 
less able to cope with stress, perhaps due to a lack of strong social bonds, would 
also have higher levels of fGCs. Logically continuing, we then predicted that 
individuals with higher fGC levels might be more susceptible to infection, and 
therefore would have a higher parasite load. Preliminary results suggest that, as 
predicted, there is a positive correlation between rank and fGC levels, as well as 
between fGC levels and parasite load. However, data must be confirmed after 
finalising the complete analyses.  
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To beg, snatch or steal: preliminary investigation of food extraction tech-
niques used by urban bonnets (Macaca radiata) and the role of individual per-
sonalities  
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Macaques have been a widely used model for eco-ethological studies demon-
strating behavioural plasticity, adaptation, cognitive capacity and even behavioural 
innovation. Behavioural flexibilities mediated through dietary shifts, time activi-
ties, ranging and social strategies have been documented across diverse macaque 
taxa. Such incredible behavioural capacities have facilitated commensalism of a 
few macaque species with humans, especially in southern and south-east Asian 
species. The selective pressures of an urban lifestyle have caused diminished 
aversion to humans and enhanced cognitive capacities allowing better exploitation 
of human-produced food resources. In recent years, studies have indicated distinct 
role of individual personalities and their behavioural syndromes in determining 
food choice and food extraction techniques. However, coercive and/or persuasive 
means of food extraction/acquisition from humans by urban macaques as a means 
of urban adaptation has received no attention. In the current paper, we use Bonnet 
macaque, a widespread and commensal macaque species as a model for studying 
covert food acquisition techniques. We describe and characterise various tech-
niques based on various parameters and assess patterns with respect to demography 
and social ranking of individuals. Additionally, we investigated the relationship of 
individual personality with the strategy of food acquisition technique adopted. We 
hypothesised that bolder and less anxious individuals will adopt snatching whereas 
„begging‟ would be preferred by less bold and more anxious individuals. Our 
findings enunciate adaptive strategies of a successful urban species and highlight 
the role of behavioural flexibilities in mediating them. 
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Are hunters‟ fears justified concerning hybridisation between European 
mouflon and domestic sheep?  
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European mouflons (Ovis orientalis musimon) are Mediterranean feral sheep that 
were introduced as game animals worldwide during the last centuries. Mouflons 
are able to interbreed with domestic sheep, forming fertile hybrids of an 
intermediate phenotype. As some introduced mouflon populations were deliber-
ately crossed with primitive breeds to improve hardiness and trophy size, the al-
leged purity of most mouflon populations has been debated for decades. 
Additionally, primitive domestic breeds are nowadays often used in nature protec-
tion and landscape preservation, which increases the risk of hybridisation. In this 
study, we searched for genetic signs of hybridisation in mouflons of North Rhine-
Westphalia, Germany, using insertionally polymorphic endogenous retroviruses 
(Jaagsiekte sheep retrovirus) and a set of 22 novel microsatellites. The outcome of 
our genetic analysis suggests that the amount of hybridisation is negligible. We 
assume that selective culling of mouflon-domestic sheep hybrids is responsible for 
their low number. 
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The IUCN‟s One Plan Approach to integrated species conservation planning  
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An increasing number of threatened species are dependent on continuing 
management for their survival. Species conservation planning has traditionally 
followed two parallel but separate tracks. Field biologists, wildlife managers and 
conservationists monitor wild populations, evaluate threats and develop 
conservation strategies and actions to conserve threatened species in the wild. 
Meanwhile, the zoo and aquarium community develops long-term goals for ex situ 
populations, sometimes without full access to information about the threats faced 
by the species‟ wild counterparts and the opportunities for supporting those 
populations. However, it makes little sense to conduct separate and independent 
conservation planning efforts based on whether these interventions take place in 
the wild, in increasingly managed parks and reserves or in zoos. The One Plan 
Approach (BYERS et al., 2013) proposed by the IUCN SSC Conservation Breeding 
Specialist Group (CBSG) promotes integrated species conservation planning, 
which considers all populations of the species, inside and outside their natural 
range, under all conditions of management, engaging all responsible parties and all 
available resources from the very start of any species conservation planning 
initiative. The One Plan Approach aims to: establish new partnerships; ensure that 
intensively managed populations are as useful as possible to species conservation; 
increase the level of trust and understanding among conservationists across all 
conditions of management of a species; accelerate the evolution of species 
planning tools; and ultimately lead species conservation towards the aspirations 
embodied in the Aichi Biodiversity Targets. Integrated species planning is not a 
new concept: such holistic conservation efforts have led to several well-known 
conservation successes, from golden lion tamarins in Brazil to Puerto Rican crested 
toads in the Caribbean to Arabian oryx in the Middle East. Previous CBSG 
workshops for species such as the Okinawa rail, red-headed wood pigeon and 
black-footed ferret developed integrated species conservation plans across an 
interactive wild ×ex situ spectrum. Our vision is to share the One Plan Approach 
broadly and make comprehensive conservation planning more commonplace and 
effective. Examples in this symposium include tapirs, golden lion tamarins, 
bearded vultures, African penguins and African wild dogs. 
 

BYERS O, LEES C, WILCKEN J, SCHWITZER C (2013): The One Plan Approach: The philosophy and 

implementation of CBSG‟s approach to integrated species conservation planning. WAZA 

Magazine 14, 2 - 5. 
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Does anthropogenic disturbance of habitats promote the chance of trans-
mission of viruses? 
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Bats are pivotal partners in many plant-animal interactions and make up a large 
portion of the mammalian biodiversity in Asian tropical forests. Yet, they may also 
carry pathogens and it is so far poorly understood which factors may facilitate the 
transmission of bat-mediated pathogens. Here, we ask whether habitat disturbance 
causes stress-induced immune-suppression and increased virus prevalence in bats 
according to their roosting habit and sociality. We work at the Stability of Altered 
Forest Ecosystems project in Sabah, Malaysia, and sample selectively logged 
forests and locations of future forest fragments before, during and after logging. 
We use a comparative approach in congeneric bat species (Rhinolophus, 
Hipposideros and Kerivoula), where species differ either in roost choice (caves 
versus plant structures) or sociality (group versus solitary living). Bats are captured 
in harp traps to collect blood, faecal and urine samples as well as oral swabs. This 
study will elucidate the role of physiological drivers in promoting the spill-over of 
viral diseases, and will contribute to a better understanding of the bat fauna in 
Sabah in particular and Southeast Asia in general. 
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Environmental change and fishing pressure concentrated off South Africa‟s west 
coast have led to regional depletion in sardine and anchovy availability around the 
region‟s key seabird breeding colonies. As a result, the African penguin, 
Spheniscus demersus, population declined by 90 % at west coast colonies from 
2004 to 2014 and by 65 % overall. Adult and first-year survival have been below 
the level needed for population equilibrium in recent years and breeding adults 
have little flexibility to seek out improved conditions. Tracking fledgling move-
ments at the meta-population level suggests little plasticity in post-fledging disper-
sal, with west coast fledglings feeding in ecologically degraded areas. Productivity 
may have improved following a density-dependent response, but this has been 
insufficient to offset population decline and may have been limited by local fishing 
pressure. In addition, chicks now grow more slowly and fledge in poorer condition 
than a decade ago. Hence the west coast islands appear to represent ecological 
traps, with meta-population persistence dependent on plasticity in natal dispersal. 
As conditions have changed, some years have seen chicks abandoned en-masse 
prior to fledging by adults unable to complete the rearing process. The Chick 
Bolstering Project was set up to hand-rear, release and monitor these abandoned 
birds to reinforce extant colonies and to study the factors influencing natal recruit-
ment. Telemetry studies and capture-mark-recapture data indicate that hand-reared 
fledglings show similar post-fledging behaviour and that they survive and recruit 
into breeding populations at similar rates to their wild counter parts. In addition, 
some fledglings will go on to breed at non-natal sites. Understanding how recruit-
ment responds to changing conditions will inform conservation translocation 
programmes to create demographically stable colonies in environments still fa-
vourable to the species‟ long-term survival. The international zoo and aquarium 
community is contributing funding, technical expertise and practical help with 
hand-rearing chicks in South Africa, and protocols are under development that will 
guide the release of captive-reared individuals to reinforce the wild population. 
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Endangered saiga antelope (Saiga tatarica) neonate vocalisation in the wild: 
encoding of distress, individuality and sex 
 
SIBIRYAKOVA OLGA V

1
, VOLODIN ILYA A

1,2
, VOLODINA

 
ELENA V

2
,  

FREY ROLAND
3
, KISEBAEV TALGAT

4
, ZUTHER STEFFEN

4,5
 

 
1
Lomonosov Moscow State University, Faculty of Biology, Dept. of Vertebrate 
Zoology, 119991 Moscow, RUSSIA; osibiryakova@bk.ru 

2
Moscow Zoo, Scientific Research Dept., B. Gruzinskaya str. 1, 123242 Moscow, 
RUSSIA; volodinsvoc@mail.ru 

3
Leibniz Institute for Zoo and Wildlife Research (IZW), Alfred-Kowalke Str. 17, 
10315 Berlin, GERMANY; frey@izw-berlin.de 

4
Association for the Conservation of Biodiversity of Kazakhstan (ACBK), 
Beybitshilik str. 18, 010000 Astana, KAZAKHSTAN; steffen.zuther@acbk.kz 

5
Frankfurt Zoological Society, Bernhard-Grzimek-Allee 1, 60316 Frankfurt am 
Main, GERMANY 

 
Neonates often produce isolation calls when nursing by their mother is delayed or 
capture calls when they are captured by a predator. We hypothesised that capture 
calls reflect a state of higher arousal and less individualised than the isolation calls, 
as they need a more urgent response of a mother. We recorded open-mouth 
isolation and open-mouth capture calls of 1 - 2-day neonate saiga antelopes (Saiga 
tatarica) born on their breeding grounds in Northern Kazakhstan in May 2014. The 
acoustics of 196 isolation calls of 22 neonates were compared to those of 236 
capture calls of 25 (14 male, 11 female) other neonates. Bouts of isolation calls 
were recorded by automatic recording devices (SongMeter SM2+), positioned 
within the saiga breeding grounds. From these recordings, we identified bouts of 
isolation calls produced by 22 distinct animals of unknown sex. Capture calls were 
recorded manually during censuses while weighing, sexing and photographing 
hand-held neonates, so information about individual identity, sex and body weight 
was available for these calls. In each call, we measured the duration, mean funda-
mental frequency, the first four formants, peak frequency and three power quar-
tiles. As expected, discriminant function analysis revealed significantly higher indi-
viduality (93.4 %) of isolation compared to capture calls (87.3 %, χ

2 
= 3.77; p = 

0.05). In both call types, the fundamental frequency and 2
nd

 and 3
rd

 formants main-
ly accounted for individuality. Against expectations, the peak frequency and all 
quartiles were higher in isolation than in capture calls (t > 3.5; df = 45; p < 0.001). 
In capture calls, sex differences were less pronounced than individual differences 
(80 % correctly classified calls with discriminant analysis). Fundamental frequency 
was the major determinant of sex differences. Although the average male body 
weight (3.54 ± 0.54 kg) did not differ from that of females (3.35 ± 0.34 kg; t = 1.0; 
df = 23; p = 0.31), male capture calls were significantly lower in fundamental and 
formant frequencies than female capture calls (e.g. fundamental frequency: 117.3 ± 
12.7 Hz vs 141.1 ± 31.0 Hz; t = 2.6; df = 23; p = 0.015). These results suggest that 
male neonates have larger vocal folds (determining the fundamental frequency) and 
longer vocal tracts (determining the formant frequencies) than females. Further 
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study should investigate sex-related differences of the vocal tract based the head-
and-neck photos of individual neonate saigas. 
Financial support: The Russian Scientific Foundation, grant No 14-14-00237. 
 
 



10th International Conference on Behaviour, Physiology and Genetics of Wildlife, Berlin 2015 

 

176 Leibniz Institute for Zoo and Wildlife Research (IZW)  

Chimpanzees do not use the tit-for-tat strategy during token exchanging in the 
prosocial paradigm tasks 
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Chimpanzees evince prosocial behaviour in nature as well as in the laboratory 
research. In our study we were looking for factors modifying this kind of behaviour 
using the prosocial choice paradigm. The study involved four chimpanzees from 
the Warsaw Municipal Zoological Garden, with two males and two females 
working in pairs: Shimmy l.29 (M) - Lucy l.10 (F) and Patrick l.16 (M) - Lisa l.12 
(F). During the prosocial paradigm tasks, each chimpanzee had access to ten tokens 
(five green – prosocial choice - two chimpanzees got a reward; five red - selfish 
choice - only the chimpanzee which made a choice got a reward). Tokens were 
available during the session each day for ten days. Chimpanzees exchanged tokens 
in the tit-for-tat system - 20 tokens per day during one session. The token, chosen 
by an individual, was going back to the food container, so that each individual had 
always ten tokens to choose (five green and five red). In control groups, one ape 
exchanged tokens with an experimenter for ten days. 
Prosocial behaviour was expressed in games where two chimpanzees were present. 
Chimpanzees were statistically more likely to exchange green than red tokens. 
However, we found that chimpanzees choosing a colour token were not driven by 
the colour of the token chosen by the partner a moment ago. Gender differences 
have been also reported. Females were significantly more often prosocial than 
males. In the control conditions, token distribution was random. 
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bank voles (Myodes glareolus) 
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Winter in the Boreal and polar regions is often the most challenging season for 
winter-active homeothermic species. To survive, physiological and behavioural 
adaptations are needed. For example, many boreal rodents, like voles, are territorial 
during the breeding season but during winter they become more social and 
aggregate for more energy efficient thermoregulation. Communal nesting and 
social interactions are considered to play an important role for the winter survival 
of these species, yet the topic is relatively little explored. Based on earlier studies, 
females are suggested to be the initiators of winter aggregations and they are also 
reported to survive better than males. This could be partly due to the higher social 
tolerance observed in overwintering females than males. Hormonal status could 
also affect the winter behaviour and survival. Stress can have a negative effect on 
survival whereas high gonadal hormone levels, such as testosterone, often induce 
aggressive behaviour. To test the hypothesis that the winter survival of females in 
boreal rodents is better than that of males, and assess the role of females in creating 
the winter aggregations, we generated bank vole populations of three different sex 
ratios (male-biased = M, female-biased = F, and even = E) under semi-natural 
conditions. We monitored survival, spatial behaviour and hormonal status (stress 
and testosterone) during two winter months. We observed no significant 
differences in survival between the sexes or among populations with differing sex 
ratios. The degree of movement area overlap was used as an indicator of social 
tolerance and potential communal nesting. Individuals in M populations tended to 
be solitary whereas in F populations there was an indication of winter aggregation. 
Females living in M populations had significantly higher stress levels than the 
females from the other populations. The female biased sex-ratio induced winter 
breeding and elevated testosterone levels in males. Thus, our results suggest that 
the sex-ratio of the overwintering population can lead to divergent overwintering 
strategies in bank voles. 
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Unique sex differences in hibernation patterns in free-ranging common 
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Hibernation is a very effective way to save energy during winter by the expression 
of torpor bouts, which are characterised by hypometabolism and hypothermia. Sex 
differences in hibernation patterns were documented in some species with males 
hibernating for shorter periods than females. In addition, body fat dependent pat-
terns revealed that individuals with higher proportions of body fat hibernated for 
longer periods. Common hamsters (Cricetus cricetus) differ from most hibernators 
in two main aspects: they rely not exclusively on body fat reserves for hibernation, 
but also build up food stores which can be used during winter, and adult females 
can produce up to three litters per season. We previously investigated body fat 
proportions shortly before winter and found that males were fatter than females, 
indicating differences in energy allocation and probably overwintering strategies. 
We therefore investigated hibernation patterns in adult and juvenile common ham-
sters of both sexes by recording body temperature during winter using subcutane-
ously implanted data loggers. In contrast to other hibernators, adult females hiber-
nated for shorter periods, showed fewer torpor bouts and spent less time in torpor 
than adult males. These sex differences were absent in juvenile hamsters. Since 
juveniles usually do not reproduce in their year of birth, energy allocation before 
winter and hibernation patterns in adult females could be affected by previous ma-
ternal effort. However, although body fat proportions prior to immergence into the 
hibernaculum varied among individual females, number or duration of torpor bouts 
were neither related to previous reproductive output nor to prehibernation body fat. 
This result indicates that the sex difference in hibernation patterns is not simply 
due to conditional deficits in females caused by maternal investment. This is sup-
ported by pronounced differences in foraging strategies between adult males and 
females throughout the active season. 
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The widespread use of novel biotelemetry and biologging devices gives us un-
precedented insights in the spatial ecology of a wide range of species, accompanied 
by valuable implications for their conservation. Excitingly, recent technical 
innovations now also allow us to automatically track the spatial behaviour of very 
light animals (< 20 g), such as small passerines. Yet, with this technological 
progress comes the additional responsibility to understand and minimise the 
potential negative effects of these devices. Carrying an extra load can significantly 
alter the behaviour and life-history traits of individuals and so also the estimations 
of population viability. Because adaptability of life-history traits is often 
constrained by environmental conditions, certain transmitter-effects become 
apparent only in stressful environments. To illuminate potential environment 
dependent transmitter-effects, we analysed the consequences of transmitters for 
survival, brood desertion and provisioning behaviour in great tits (Parus major) 
over three variable years. We found that the transmitters did not affect apparent 
survival. However we found a significant effect of transmitters on the likelihood of 
brood desertion, but only in two of the three years. Birds with a larger broods and 
tagged during relatively low average temperatures were most likely to desert their 
nest. Finally, we found a trend for the tagged parents that did not desert their nest 
to stay longer during nest visits. Our study shows that tagging effects on life 
history and behaviour can be context-dependent and very subtle during the period 
of parental care. We therefore argue that variable environmental stressors should be 
considered when evaluating potential negative consequences of tagging 
procedures, especially when species of high conservation value are concerned.  
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Human disturbance can affect the behaviour and the physical condition of wildlife 
and may alter habitat use, reduce flight initiation distances and increase vigilance 
and „stress‟ hormone levels. Grouse species have been shown to alter their 
behaviour in response to disturbances such as recreational activities. Thus, human 
disturbance has become a much discussed threat to wildlife. According to risk-
disturbance theory (FRID and DILL, 2002; BEALE and MONAGHAN, 2004), 
perceived predation risk is a major explanation for variation in the responses of 
wildlife, including grouse (STORCH, 2013), to encounters with humans. Thus, 
hunting by humans can be expected to be a major factor influencing the suscep-
tibility of wildlife to disturbance. To address these ideas, I develop a cooperative 
research project aimed at exploring the effect of hunting on the response of grouse 
to humans. Grouse are excellent study species because they occur in many different 
environments. Combining empirical and experimental approaches, the project will 
test the hypothesis that grouse populations with a long and intense history of 
human hunting will show higher disturbance susceptibility as compared to popula-
tions that have never experienced much human persecution. As indicators of dis-
turbance susceptibility, flight initiation distance and stress hormone levels can be 
used and confounding variables such as habitat, season and hunting method will be 
taken into account. In my poster I will outline how the project will be implemented 
and to what extent its results can be of use for the understanding and management 
of human disturbance of grouse. 
 

BEALE CM, MONAGHAN P (2004): Human disturbance: people as predation-free predators? J Appl 

Ecol 41, 335 - 343. 

FRID A, DILL LM (2002): Human-caused disturbance stimuli as a form of predation risk. Cons Ecol 6 

(1), 11. 

STORCH I (2013): Human disturbance of grouse - why and when? Wildl Biol 19, 390 - 403. 
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The Pallas‟ cat (Otocolobus manul) is a small wild cat distributed from the Lake 
Baikal region through Mongolia to North China. This study was conducted in 
Daursky State Natural Biosphere Reserve in the south of the Chita region, Russia, 
near the Russian-Mongolian-Chinese border. Pallas‟ cat inhabits mountain steppes 
600 - 800 m above sea level. We captured animals to measure seasonal changes in 
body mass and pathogen exposure (NAIDENKO et al., 2014). To develop molecular 
genetic tools for individual identification of hair and faecal samples, we screened 
18 microsatellite loci and two mitochondrial regions developed for the domestic cat 
(Felis catus) from the same 17 captured animals. There were nine males and eight 
females. The average value of expected heterozygosity was He = 0.64 ± 0.06, for 
the observed heterozygosity it was Ho = 0.66 ± 0.03 and for the mean number of 
alleles per locus it was n = 5.83 ± 2.81. For eight loci (fca441, fca736, f124, 
fca742, f53, fca749, fca96, fca97) the values of the polymorphism information 
content (PIC) was more then 0.7 and probability of identity for siblings (Pid-sib) was 
3.3×10

-4
. So these loci are well suited for individual identification and kinship 

detection from low quality DNA samples such as faces and urine. The value of 
expected heterozygosity He for sоme loci: fca731, fca441, f124, fca742, f53, 
fca749 was quite similar to the one demonstrated for domestic cats (MENOTTI-
RAYMOND et al., 2012). To analyse mitochondrial DNA, ND2 and D-loop regions 
were used. For the ND2 gene fragment (605 bp), a total of only two haplotypes 
were described with two polymorphic sites. We also found 75-bp repetitive regions 
in the left domain of control region (rs2 repeats) different than that domestic cats 
80-82 bp repeats. This developed method can be used effectively for monitoring 
and assessing the number of Pallas᾽ cat on the territory of the entire habitat. This 
study was supported by grant of the President of the Russian Federation № MK-
4313.2014.4 and RFBR 15-34-20526. 
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Increased exposure to infectious disease is assumed to be one of the major costs of 
group-living. It can be difficult, however, to determine whether social contacts are 
actually meaningful predictors of transmission. We investigated the role of host 
social structure in the transmission of Escherichia coli in a wild population of 
primates, Verreaux‟s sifakas (Propithecus verreauxi). Using multi-locus sequence 
typing (MLST), we compared genetic similarities between E. coli isolates from 
different individuals (n = 39) and groups (n = 10) to infer transmission pathways. 
Correlation of social and transmission networks revealed that membership to the 
same group significantly predicted sharing of E. coli MLST types. Intergroup 
encounter rate and a measure of space-use sharing provided equally potent 
explanations for type sharing between social groups, whereas animal age, sex and 
dispersal history had no influence. We propose scent-marking, a type of social 
contact not considered in previous epidemiological studies, as a likely route of 
transmission between groups. Because we found no antibiotic resistance, E. coli 
spillover from humans into this arboreal species seems to be low. More generally, 
our results demonstrate that integrative field studies on the health status of wild 
primate populations are feasible and that they can potentially shed light on central 
questions linking sociality, ecology and conservation. 
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Large mammals are getting more and more common in urban areas which often 
results in human wildlife conflicts. For developing effective management strategies 
to help avoid and solve such conflicts, an understanding of adaptation and colo-
nisation strategies of urban wildlife populations is required. One famous example 
for an urban conflict species is the wild boar (Sus scrofa) in the German capital 
Berlin. The management of this continuously increasing population is difficult due 
to the lack of knowledge about population structure, population dynamics and the 
origin of behaviourally adapted urban individuals.  
We genotyped samples of 387 adult and subadult wild boar from urban Berlin 
(urban forest and urban settlements) and from the surrounding rural forest in 
Brandenburg using 13 microsatellite loci. We used spatially explicit (BAPS) and 
non-explicit (STRUCTURE) Bayesian methods to analyse the population genetic 
structure. 
In a second step we analysed samples of piglets which were harvested in urban 
settlements and of special interest because they caused damage to properties.  
We discriminated three different urban forest populations but only one rural forest 
population. Urban forest populations were associated more often with each other 
than with rural population that were geographically closer to them. Urban boars 
which were harvested within the urban settlements almost always belonged to the 
rural population and not as expected to one of the three Berlin urban forest popula-
tions.  
Managers should be careful with their assumptions about population dynamics of 
urban boar and their adaptation to cities. Further studies about population dynamics 
and movement behaviour are recommended before management and hunting plans 
are developed. 
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The Ruaha National Park (NP) is the largest NP in Tanzania and is characterised by 
an outstanding biodiversity. The main source of permanent surface water available 
to wildlife in the park is the Great Ruaha River. Formerly this river flowed 
throughout the dry season (June-November), but since 1993 flow has declined and 
large sections of the river within the park lack surface water in the dry season. The 
main cause of this decline in flow is thought to be human extraction of water for 
irrigation of their fields upstream and outside of the park. Currently the effect of 
this ecological change on larger mammals in the Ruaha NP is mostly unknown. 
Throughout three dry-seasons we therefore: 1) documented water flow (or its 
absence) at 10 sites on the river and 8 sites elsewhere; 2) quantified water quality 
in terms of bacterial load and salinity at these 18 sites; 3) determined when and 
where digging for water by wildlife occurred by direct observation and camera-
trapping; 4) quantified large mammal distribution in relation to water sources along 
200 km daytime line transects, each of 20 km; 5) determined the use of available 
water sources by large mammal species at night through camera trapping and 6) 
determined the daytime distribution of hippopotamuses (Hippopotamus amphibius) 
at 14 sampling sites along the river to evaluate the impact of declining water during 
the dry season on this highly water dependant species. Our results indicated that as 
the dry season progressed the importance of permanent sources of water to wildlife 
increased, and this was especially true for water at sites along the Great Ruaha 
River which held water of higher quality than other water sources monitored 
elsewhere. Water quality significantly deteriorated when water flow ceased at 
monitored sites. Digging by wildlife to access water significantly increased as 
water quality declined and when surface water was absent. Hippo distribution 
along the river during the dry season was dependent on the existence of water pools 
of sufficient depth. As the river dried up, hippos vacated an area, leading to 
increasing hippo numbers in the few permanent pools that persisted to the end of 
the dry season. The results of this study emphasise the importance of maintaining 
water flow in the Great Ruaha River throughout the dry season for the ecological 
health of the Ruaha NP and that the restoration of water flow is essential to avoid 
large scale habitat loss to water dependent species. 
 
 



10th International Conference on Behaviour, Physiology and Genetics of Wildlife, Berlin 2015 

Leibniz Institute for Zoo and Wildlife Research (IZW) 185 

Population genetic assessment of regionally threatened wolf and moose 
populations in the northern USA 
 
STRASBURG JARED, RICK JESSICA, TJEPKES TESSA 
 
University of Minnesota-Duluth, Dept. of Biology, 207 Swenson Science Building, 
1035 Kirby Drive, Duluth MN 55812-3004, USA; jstrasbu@d.umn.edu 
 
Wolves (Canis lupus) and moose (Alces alces) are both at the southern edge of 
their regional geographic distributions in northern Minnesota, USA. Both species 
are of significant conservation concern; there is evidence of substantial population 
decline in moose (DELGIUDICE, 2014), and both moose and wolf hunting seasons 
in Minnesota have recently been suspended due to concerns about their effects on 
population stability. While considerable research has been performed on the 
ecology and organismal biology of moose and wolves in this region (e.g. LENARZ 
et al., 2009, 2010; ERB and SAMPSON, 2013), little is known about the amount and 
geographic distribution of genetic variation in each species. We are using 
microsatellite loci to characterise Minnesota wolf and moose populations based on 
DNA extracted from muscle tissue collected from wolves and blood or muscle 
tissue collected from moose; in each case samples were acquired from the 
Minnesota Department of Natural Resources, from hunter-harvested individuals as 
well as individuals captured for research purposes. We are using these data to 
examine the geographic distribution of genetic variation, to identify possible 
barriers to gene flow, and to provide baseline population genetic data that can be 
used to study changes in genetic variation in response to hunting as well as ongoing 
climate change and associated biotic and abiotic impacts. We find that Minnesota 
moose have low genetic variation compared to more central populations, consistent 
with expectations for a declining population at the edge of its species range. For 
both wolves and moose there is little genetic structure within Minnesota, consistent 
with a lack of clear regional barriers to dispersal for either species. 
 
DELGIUDICE GD (2014): 2014 Aerial Moose Survey. Minnesota Department of Natural Resources, St. 

Paul, MN, USA. http://files.dnr.state.mn.us/wildlife/moose/2014_moosesurvey.pdf. Downloaded 

on 19 February 2014. 
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The aim of this study was to verify whether chimpanzees (Pan troglodytes) evince 
an auditory laterality during the orientation reaction, and which hemisphere is 
responsible for processing the emotional stimuli and which for the species-specific 
vocalisations. 
The study involved nine chimpanzees (three males and six females) from the 
Warsaw Municipal Zoological Garden. They were tested individually in their 
bedrooms. Chimpanzees approached a tube, that was located in the centre of the 
cage and filled with food. Randomly selected sounds were played from speakers 
when the subject was focused on getting food. Individual reactions were observed 
and outcomes recorded. Four types of sound were played: thunderstorm, dog 
barking, chimpanzee vocalisation and a zoo-keeper‟s voice (saying the word 
“target”). 
Our results confirmed the existence of auditory laterality. Chimpanzees evinced 
orientation reaction to the sounds of thunderstorm and chimpanzee vocalisation. 
The orientation reaction to the dog barking and the zoo-keeper voice was random. 
The fact that individuals were ignoring dog barking, can be explained by the fact 
that it was an unknown stimulus for them (they could not hear a dog barking, even 
when they were outdoors) and the zoo-keeper‟s voice was taken out of context. The 
word “target” is used by zoo-keepers to make chimpanzees move to a target. In the 
experimental situation, chimps heard the word “target”, but there was neither a 
target nor a zoo-keeper - so perhaps that is the reason why the command was 
ignored. The sound of the storm caused the orientation reaction to the left, while 
chimpanzee vocalisation - to the right. On this basis we can conclude that among 
chimpanzees, arousing stimuli are being processed by the right hemisphere, and 
species-specific vocalisations by the left. 
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The general development of immune response in the short and long term is a 
product of the antigenic environment in which a species resides. Colonisation of a 
novel antigenic environment by a species would be expected to alter the immune 
system. Animals that successfully adapt their immune responses will successfully 
colonise new locations. However, founder events associated with colonisation by 
limited numbers of individuals from a source population will constrain adapta-
bility. How these contradicting forces shape immunity in widely distributed species 
is unknown. The western house mouse (Mus musculus domesticus) spread globally 
from the Indo-Pakistani cradle, often in association with human migration and 
settlement. In the present study, we tested the hypothesis that wild-derived outbred 
laboratory populations of house mice from their original range (Iran) and 
historically recent European invasive populations (from France and Germany) 
present differences in immune functional diversity corresponding to recent histori-
cal founder events in Europe and movement to novel antigenic environments. We 
found that (1) European mice had lower total white blood cell (WBC) counts but 
higher immunoglobulin E concentrations than their Iranian counterparts, and (2) 
there were no significant differences in the measured immunological parameters 
among European populations. The results indicate that founder events in European 
mice and selection pressure exerted by the composition of local parasitic helminth 
communities underlie the observed patterns. 
 

 

 



10th International Conference on Behaviour, Physiology and Genetics of Wildlife, Berlin 2015 

 

188 Leibniz Institute for Zoo and Wildlife Research (IZW)  

Low rate of hybridisation between wildcats and domestic cats in Germany - 
evidence from microsatellites and SNP markers  
 
TIESMEYER ANNIKA, STEYER KATHARINA, MUÑOZ-FUENTES VIOLETA, NOWAK 

CARSTEN 
 
Senckenberg Research Institute and Natural History Museum, Conservation Ge-
netics Group, Clamecystr. 12, 63571 Gelnhausen, GERMANY; 
annika.tiesmeyer@senckenberg.de 
 
While long-term consequences of hybridisation between wild species and their 
domesticated relatives still remain uncertain, it has to be addressed as a major 
conservation concern. Apart from the extreme scenario of genetic extinction, 
introgression of domestic alleles might cause the loss of adaptive traits.  
Hybridisation of European wildcats and domestic cats has been reported in 
different frequencies ranging between 4 to 43 %. Most of the published studies 
were based on polymorphic nuclear markers, such as microsatellites, and were 
limited to a relatively low number of markers. Approaches based on preselected 
panels of single nucleotide polymorphism (SNP) markers, in contrast, provide a 
promising approach to identify different hybrid categories with high levels of 
certainty.  
Here we present a detailed SNP-based assessment of hybridisation rates of Euro-
pean wildcats in Germany. In total, 582 roadkills were analysed with 14 micro-
satellite markers and 96 SNP markers and classified with different Bayesian based 
approaches. We found evidence of recent domestic cat introgression (F1, F2, back-
cross) in 2 % of the wildcat individuals which is considerably lower than pre-
viously reported. Wildcats and domestic cats show a high grade of reproductive 
isolation in Germany, which is surprising considering the long history of coexist-
ence. In order to reveal factors leading to hybridisation between both forms, we 
currently investigate fine-scale patterns of introgression using data from extensive 
hair-trapping studies across Germany in combination with high-resolution spatial 
information.  
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The intensification of agriculture results in decreasing landscape complexity with 
large matrix areas. Wildlife has to adapt increasingly to the temporal and spatial 
dynamics of farmed fields, because less natural or semi-natural space becomes 
available. Animal movements between habitats might be altered due to field culti-
vation, which subsequently affects biodiversity. We aimed at quantifying specific 
responses in animal movement behaviour in relation to changing habitat-matrix 
modifications and landscape diversity. For this, we used European hares (Lepus 
europaeus) as model organisms in agricultural landscapes. To gain knowledge 
about the exact position of an animal and about its behaviour, fifty hares are and 
were collared with GPS-telemetry systems and acceleration sensors from March 
2014 to September 2015. The behavioural response of hares is investigated in a 
region with high landscape complexity and in a poorly structured landscape to 
answer two research questions: (1) How do resource changes (i.e. crop develop-
ment or harvesting) and agricultural management (i.e. application of fertilizers) 
affect movements and behaviour of animals? (2) How does landscape complexity 
affect animal movement behaviour? First results show that resource changes in 
agricultural areas increased the daily movement distances. Hares in simple land-
scapes had significantly larger home ranges (60 ha) than in complex areas (20 ha). 
Regardless of landscape complexity the home range sizes shifted and changed 
seasonally, reflecting habitat and matrix use according to crop species and height. 
The data can be used to contribute to the improvement of nature protection policies 
and landscape management. 
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Near Infrared Spectroscopy (NIRS) may be useful for measuring changes in the 
reproductive state of cycling and pregnant females of various species of wildlife. 
We have shown how NIRS can be used to distinguish sex and pregnancy in the 
giant panda and the snow leopard from faeces. Here we show how NIRS can be 
used to detect changes in the hormone levels during estrous cycles and gestation by 
measuring water signatures of urine and the analytical approach termed 
Aquaphotomics. Aquaphotomics uses absorbance patterns of water in the near 
infrared region and follows the wavelength shifts indicative of 12 key water 
bonding structures as a function of solute type and quantity, which can be used to 
characterise differences in urine samples. Four to seven urine samples were 
collected from February through September in 2014 from one female giant panda 
and from February through July in 2013 for one female snow leopard at the 
Memphis Zoo. This time period corresponded to one estrous cycle for the giant 
panda and an estrous cycle and gestation for the snow leopard. Urinary metabolites 
of estrone (E1G), progesterone (P4) and prostaglandin F2α (PGFM) were determined 
by ELISA analysis and urinary hormone concentration were normalised to 
creatinine and reported as ng/mg Cr. Spectra were collected from urine samples in 
triplicate at 37

o
C using an Analytical Systems Devices (ADS) FieldSpec3 portable 

spectrophotometer. Absorbance spectra were collected using 150 l of sample, a 
path length of 1 mm, and 50 repeated scans. Chemometrics analysis was done 
using Grams AI/IQ vs. 9.1, using a 2

nd
 derivative GAP function with 7 points, and 

mean centering. The wavelength range was from 1300 to 1600 nm and corresponds 
to the first overtone of water. Wavelength shifts were measured at the water matrix 
coordinates 1344 nm, 1364 nm, 1372 nm, 1382 nm, 1398 nm, 1410 nm, 1438 nm, 
1444 nm, 1464 nm, 1474 nm, 1492 nm and 1513 nm. Calibration curves for E1G, 
P4 and PGFM were formed in water, ELISA buffer, and urine. NIRS prediction 
versus actual calibration fits yielded an R

2
 range of 0.86 - 0.92 in water, but results 

were poorer in buffer and urine, R
2
 = 0.62 – 0.85. We observed numerous patterns 

that were unique for each of these compounds that would permit differentiation of 
reproductive events for the giant panda and snow leopard. 
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Biphonation, i.e. two independent fundamental frequencies (f0 and g0) in a call 
spectrum, is characteristic of all dog-like canids, but is lacking in all fox-like 
canids. Morphological, physiological and ecological prerequisites of this dis-
crepancy between canid subtaxa were unknown so far. In dog-like canids, 
including Asiatic wild dogs or dhole (Cuon alpinus) and domestic dogs (Canis 
lupus, f. familiaris), the biphonic calls comprise two frequency components - the 
high-frequency squeak and the low-frequency yap, whereas fox-like canids, 
including red fox (Vulpes vulpes) produce only a low-frequency component – the 
whine. We studied vocalisation of 15 Asiatic wild dogs, of 9 domestic dogs of 
different breeds and of 75 individual red foxes. All studied dholes and eight of the 
nine domestic dogs produced both high-frequency and biphonic calls, whereas all 
red foxes neither produced high-frequency nor biphonic calls. We investigated the 
potential morphological basis for these acoustic differences in four Asiatic wild 
dog and two red fox specimens. Surprisingly, no basic differences of the vocal 
apparatus were found between these two species. Vocal membranes as a potential 
source of high frequencies were lacking in all specimens. Short ventricular folds, 
about half the length of the vocal folds and, thus, suitable as an alternative high 
frequency source, occurred in all specimens. Narrowings in the flexible nostril 
portion of the nasal vocal tract, which might produce high frequencies by a whistle-
like mechanism, were found in both dholes and red foxes. Apparently, foxes have 
all anatomical prerequisites for biphonation, but, for some reason, do not use them. 
Potential physiological restriction of high-frequency vocalisation in red foxes may 
result from the shift of their auditory capacity towards lower frequencies, to locate 
the low-frequency rustling sounds of their prey. Literature data confirm the limited 
capacity of high frequency hearing in red foxes compared to dogs. In domestic 
dogs, the peak hearing sensitivity is 8 kHz and coincides with the upper (squeak) 
component of their biphonic calls, whereas the peak hearing sensitivity of red foxes 
is 2 kHz and, thus, in the range of their low frequency whine. Furthermore, there is 
a relation between producing biphonation and sociality. All dog-like canids using 
biphonation live in packs whereas foxes do not. In pack-living canids, biphonation 
may facilitate individual recognition and the coordinated movement of pack 
members during hunting. This is irrelevant for the mostly solitary red foxes. 
Financial support: The Russian Scientific Foundation, grant No 14-14-00237. 
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Red deer Cervus elaphus subspecies substantially differ in the acoustic structure of 
their rutting calls and vocal activity pattern during the rut. For some subspecies, the 
acoustics of rutting calls are well-studied and are used as indicators of subspecies 
together with genetic and morphological markers. Deer censuses by voice are often 
used as abundance indices, however to obtain reliable results knowledge about the 
vocal activity patterns in the given locality is required. This study provides the first 
data on the acoustic structure of stag rutting calls in C. e. xanthopygus and the 
relationship of vocal activity and ambient temperature, obtained using automated 
recording systems. Data were collected in the eastern part of the Komarov 
Ussuriiskii State Nature Reserve, the Russian Federation from September 18 to 
October 16, 2014. The maximum number of calls per hour was recorded during 
nighttime (3 a.m. to 6 a.m.), whereas from 2 p.m. to 5 p.m. no rutting calls were 
recorded. The number of calls per hour decreased with increasing ambient 
temperature. Most rutting calls were single calls with a mean ± SD duration (3.41 ± 
0.65 s) that was similar to that of bugles of the Siberian and Northern American 
subspecies, but exceeded the duration of rutting roars of the European red deer. 
The mean maximum fundamental frequency (0.66 ± 0.15 kHz) was considerably 
lower than in Siberian C. e. sibiricus (1.23 ± 0.21 kHz) and a few Northern-
American subspecies of Cervus elaphus (1.5 - 2 kHz), although the frequency of 
the highest calls of C. e. xanthopygus (1.01 kHz) exceeded that of the lowest calls 
of the Siberian red deer C. e. sibiricus (0.79 kHz). The lower range of the 
maximum fundamental frequency of C. e. xanthopygus calls (0.32 kHz) was 
similar to the upper range of the maximum fundamental frequency of calls of C. e. 
hispanicus (0.34 kHz), whose rutting calls are the highest among all European 
subspecies of Cervus elaphus. We conclude that rutting calls of C. e. xanthopygus 
are considerably lower than those of the studied Asian and American subspecies of 
Cervus elaphus and higher than those of all European subspecies. Acoustic 
differences may therefore be used for subspecies diagnostic in combination with 
morphological and genetic indices.  
Financial support: The Russian Foundation for Basic Research, grants No 12-04-
00260a and 15-04-06241a. 
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Maternal and offspring hormones reflect prenatal social density in Antarctic 
fur seals (Arctocephalus gazella): fetal programming in a colonial marine 
mammal? 
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Maternal effects may adaptively adjust offspring development to prevailing 
ecological and social conditions and seem often mediated by fetal hormonal 
programming. Studies across a variety of vertebrate species have shown that the 
prenatal social environment affects maternal hormone levels, with long-lasting 
consequences for offspring physiology, morphology and behaviour. However, the 
effects of social density are poorly understood in natural populations as it can be 
difficult to disentangle confounding influences of habitat quality and food 
availability. Colonially breeding marine mammals offer a unique opportunity to 
study maternal effects in response to social densities under similar ecological 
conditions as animals of adjacent colonies share the same foraging habitat. We 
therefore measured maternal and offspring hormones at the time of birth in 
neighbouring Antarctic fur seal colonies, located only 200 m apart, on Bird Island, 
South Georgia. Social density differed about fourfold between the high and the 
low-density colonies. We used hair samples which integrate hormones over several 
months, reflecting prenatal conditions during fetal development. Cortisol and 
testosterone concentrations were significantly increased in mothers from the high 
density colony, suggesting a more stressful and competitive environment. Pups 
born in the high density colony also had significantly higher testosterone 
concentrations, while cortisol concentrations did not differ. This supports the idea 
that hormonally-mediated maternal effects may more strongly depend on 
androgens whereas maternal corticosteroid exposure is buffered as has been 
suggested in other vertebrates. In addition, offspring testosterone levels were 
positively correlated with maternal cortisol but not maternal testosterone levels, 
indicating that maternal stress plays a role in regulating maternal androgen 
concentrations. The adaptive consequences of hormonal programming of offspring 
development need to be studied further by tracking survival and reproduction of 
marked individuals. Although the consequences for offspring fitness are currently 
unknown, our results raise the intriguing possibility of adaptive fetal programming 
in relation to the social environment in colonially breeding marine mammals. 
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Investigating the genetic population structure of wolves and wildcats in 
Central Europe – a SNP based comparison between historic and recent 
samples  
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Large carnivores have suffered severe declines throughout Europe in the last cen-
turies. However, during the last decades, these species have started to recolonize 
their former habitats.  
We aim to explore the effects of these demographic extirpations and declines on 
current genetic diversity and population structure of grey wolves (Canis lupus) and 
European wildcats (Felis silvestris) in Central Europe. To do this, we plan to geno-
type museum specimens stored in zoological collections collected before and 
during the major extirpation events and compare with contemporary samples. 
Museum samples pose a challenge to the investigator; the extracted DNA is usually 
highly fragmented and of low quantity, so that commonly used genetic markers in 
these species, such as microsatellites, tend to produce high error rates when applied 
to these extracts. To address this problem, we are working on the implementation 
of a method based on single nucleotide polymorphisms (SNPs) which relies on the 
amplification of small fragments. In addition, this method promises to be cost and 
time effective and facilitates data comparability between different research labs.  
We aim to implement and optimise two SNP panels focusing on individualisation 
of both grey wolves and wildcats, which will not only allow studying museum 
individuals, but will also facilitate the incorporation of SNP data to conservation 
research. 
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The dopaminergic system: selection processes in relation to the reward 
system in non-human primates and humans  
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The mesolimbic reward system is one of the best-investigated brain areas in 
medicine and biology. Comparative studies on fishes, amphibians, reptiles, and 
mammals reveal homologous functional neuro-anatomic structures. The dopa-
minergic system and its two class receptor system, D1 and D2 types, seems to 
be one of the key players in these mesolimbic structures to mediate pleasure 
associated with predictive, motivational, or attentional sensations related to 
learning processes.  
In this comparative study potential selection processes acting on exons and 
introns in DRD1-5 (receptors), the dopamine transporter (DAT1), catechol-0-
methyl transferase (COMT), and dopamine beta hydroxylase (DBH) were 
analysed in humans and non-human primates. The aim of this work was to detect 
distinctive evolutionary related selection processes between humans and non-
human primates in these structures.  
Methodologically available coding DNA sequences from the UCSC genome 
Browser (http://genome.ucsc.edu/) were used to analyse selections on exons in 
Homo sapiens, Pan troglodytes, Pan paniscus, Pongo abelii, Nomascus 
leucogenys, Macaca fascicularis, Macaca mulatta. Only coding sequences 
(CDS) were included and selection was detected based on the abundance of 
synonymous versus non-synonymous substitutions. The sequences were gathered 
with NCBI-Blast and aligned by “muscle alignment”. Intronic SNPs previously 
identified and associated with the reward system are analysed for signs of 
accelerated evolution by phyloP, implemented in the UCSC genome browser 
(Pollard et. al. 2010). Analyses are carried out among Homo sapiens, Pan 
trogolytes, Pongo abelii, and Macaca mulatta. In total 49 SNPs were identified 
with the reward midbrain system (8 DRD1, 19 DRD2. 1 DRD3, 6 DRD4, 
2 DRD5; 5 DAT1; 4 DBH; 4 COMT). 
Pairwise comparisons between primate exon sequences revealed purifying selec-
tions suggesting that possible deleterious mutations had been removed during 
evolution. Therefore, the CDS kept conservative and no sign of positive selec-
tions were found. The analyses of introns showed regions of accelerated evolu-
tion in 13 out of 49 SNPs.  
The results of the study show that humans share with non-human primates 
purifying selection processes on exons. However, for introns humans share with 
non-human primates regions of accelerated evolution in 13 SNPs. Most of these 
SNPs (DRD1, DRD2, DRD4, DAT1, DBH) are identified with e.g., alcohol, drug 
dependence or antisocial behaviour. Finally, regarding DRD3, DRD5 and COMT 

http://genome.ucsc.edu/
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none of the tested SNPs are located in a region of accelerated evolution.  
In summary, we suggest that mutations located in exon-intron junctions could 
possibly lead to aberrant splicing, which may effect behavioural expressions 
similar in humans and non-human primates.  
 

POLLARD KS, HUBISZ MJ, ROSENBLOOM KR, SIEPEL A (2010): Dedection of non-neutral substitution 

rates on mammalian phylognies. Genome Res 20, 110 - 121.  
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Effects of a hillslope on burrow characteristics of common voles (Microtus 
arvalis) 
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Many fossorial small mammals live in subterranean burrows, thus they have direct 
impact on soil processes as well as on ecological interactions. Macropores are main 
connectors between above and below ground ecological functions. The structure of 
the burrows, such as its complexity, length and depth can affect ecological func-
tions. On the other hand, burrows‟ structures and respective locations might be ad-
justed to soil parameters, slope or other environmental conditions. For that reason, 
we focused on burrow structure differences of Mircotus arvalis. Burrows from 
common voles (M. arvalis) under natural-climatic conditions, but in absence of 
plant/root diminutions, were investigated. For ten days, single female voles were 
building burrows in a cylindrical environment, whereas half of the experimental 
set-up simulated a hillslope of 20 degrees; the other half was planar (0 degrees). 
Using different analytical approaches, we could show that the hillslope of 20 
degrees affected common vole burrows' depth. Finally this was proved including 
different fixed factors (animals' personality and weight, relative air moisture and 
treatment). Moreover, amongst 30 analysed burrow systems, three types of burrow 
constructions could be differentiated: a) linear structures, b) double cyclic structure 
and c) linear structure with a cyclic part. This finding is comparable with a previ-
ously published study. Trend of a specified directional burrow orientation of the 
treatment group (towards hillslope) was additionally found. We conclude that for 
common voles as subterranean small mammals, steepness of their living-in envi-
ronment has generally no effect on the burrows‟ construction. However the adjust-
ment by trend of burrow direction towards a hillslope (including burrow charac-
teristics) leads to the assumption that this is a strategy to avoid additional energetic 
costs of common voles on a slope.  
If these results were generally applicable to other subterranean species, a deeper 
understanding of burrow geometry pattern within soil macropore networks could 
be provided. 
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The first genomic data from modern and archival European bisons shed new 
light on their restitution 
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After World War I the European bison, Bison bonasus, experienced a drastic 
population size reduction to just 54 individuals (SLATIS, 1960). An intensive and 
highly successful captive breeding programme has resulted in the repopulation of 
bison across much of their former range. However, all modern herds originate from 
just 12 surviving individuals, and the genetic contribution of these founders to the 
genomes of extant bison remains uncertain. Extant herds are managed as two 
separate genetic lines. The Lowland line (L) had 7 founders all of the European 
subspecies B. b. bonasus. The Lowland-Caucasian line (LC) originates from all 12 
founders, including last surviving individual of the now extinct Caucasian bison B. 
b. caucasicus (CZUDEK, 1930). 
We have generated the first nuclear genomic data from European bison. These 
include three modern individuals from three populations, including both genetic 
lines. We have also generated the first genetic data (nuclear and mitochondrial 
genomes) from the extinct Caucasian bison, in addition to two archival European 
bison which lived before the population bottleneck and later became the crucial 
founders of all extant herds.  
One of major questions in conservation biology is to quantify the genetic 
contribution of founding individuals to the genomes of contemporary populations 
(BARTON, 2001). Our data provide the exciting opportunity to directly measure 
genetic diversity in founding individuals and compare it with their descendants in 
the modern herds. European bison also provide an ideal model system to 
investigate the impact of admixture on the genomes of descendant populations, as 
the LC line incorporated a Caucasian bison in the founding herd a number of 
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generations ago. As a result, we expect different distributions of polymorphisms in 
the two genetic lines, with clustering of polymorphisms to introgressed segments of 
the genome in the LC line. We apply D-statistics to test for admixture and variance 
in admixture proportions along the chromosomes of modern LC individuals. Our 
data will also provide information on the demographic history of bison and their 
phylogenetic relationships with other bovids. Overall, our study provides exciting 
new insights into the processes that shaped genomic diversity in this iconic species. 
We also demonstrate how genomic approaches can be used to assess the genetic 
legacy of founding individuals in managed populations which may be of relevance 
for current and future captive breeding programmes for threatened species. 
 
BARTON N (2001): The role of hybridization in evolution. Mol Ecol 10, 551 - 568. 

CZUDEK A (1930): Rozwój i przyszłość żubrów śląskich. Sylwan 48, 5, 1 - 15 [In Polish with English 

summary]. 

SLATIS HM (1960): An analysis of inbreeding in the European bison. Genetics 45, 275 - 287. 
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Selective use of saturated and unsaturated fatty acids in hibernating common 
noctule bats, Nyctalus noctula 
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Hibernation of mammals is fueled by oxidation of saturated (SFA) and unsaturated 
fatty acids (UFA) from triacylglycerols in adipocytes. SFA are hardly mobilised at 
low body temperatures, but UFA – although speculated to be more accessible at 
low body temperature and thus more beneficial for hibernators – produce reactive 
oxygen species during peroxidation. We asked if the relative abundance of SFA 
and poly-unsaturated fatty acids (PUFA) in bat tissue (brown and white adipose 
tissue, muscle and heart tissue) changes throughout the season and whether the 
oxidation of exogenous and endogenous SFA and PUFA changes before and 
during hibernation according to accessibility and assumed detrimental byproducts. 
We expected for the pre-hibernation period that SFA are oxidised more frequently 
than PUFA to save the latter for the upcoming hibernation period. Also, we 
expected that SFA should be oxidized during arousal from hibernation, when body 
temperature is higher, to save PUFA for the following torpor bouts. During torpor 
and towards the end of hibernation, we expected a higher oxidation rate of PUFA 
than SFA because of the lower body temperature and a possible depletion of SFA 
at the end of hibernation. We first fed pre-hibernating Nyctalus noctula one of three 
diets: 

13
C-labeled palmitic acid (SFA group), 

13
C-labeled linoleic acid (PUFA 

group) or the unlabeled carrier liquid (control group). Then, we measured selective 
oxidation rates of SFA and PUFA before and during hibernation (during arousal 
evens and during torpor) based on 

13
C enrichment in exhaled breath. Unexpectedly, 

oxidation rates of linoleic acid were higher than that of palmitic acid in bats before 
hibernation and during arousal events. The latter observation was possibly 
attributable to the high energy demand of arousal which favored PUFA oxidation 
due to their higher energy content compared to SFAs. We also found that bats 
oxidized relatively more lineoleic than palmitic acid during torpor and towards the 
end of hibernation. 
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Paternal epigenetic adaptation to heat exposure in male wild guinea pigs  
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Epigenetic modifications, of which DNA methylation is the best studied one, are a 
mechanism to convey environmental information through generations via parental 
germ lines. Past studies on mammals have mainly focused on the maternal 
transmission of epigenetic information to the offspring, in isogenic mice and rats in 
response to external changes. In most wild mammal species, males are the 
dispersing sex and have to cope with differing habitats and thermal changes. As 
temperature is a major environmental selection factor, we investigated if wild 
guinea pig (Cavia aperea) males can adapt epigenetically to an increased 
temperature, and if such changes are transmitted to the next generation. Five F0 
adult male guinea pigs were exposed to increased ambient temperature for 2 
months, corresponding to the duration of spermatogenesis in this species. In order 
to detect the impact of temperature, we analysed the liver (the main 
thermoregulatory organ) of both fathers (F0) and sons (F1), as well as the testes of 
F1 sons to study a possible 'epigenetic memory' to be passed on to the F2 
generation. Reduced representation bisulfite sequencing revealed differentially 
methylated regions (DMRs) of annotated regions in liver samples of F0 fathers 
before and after heat treatment, as well as in liver and testes of F1 sons sired before 
and after heat treatment. Interestingly, some of these DMRs in annotated regions of 
the F0 generation were similarly changed in sons sired by heat-treated fathers, 
while others showed changes in the opposite direction. Thus, exposure of fathers to 
increased temperature resulted in both “immediate” and “heritable” epigenetic 
modifications, which were transmitted paternally to the F1 and potentially even to 
the F2 generation. We showed that exposure to a temporally limited increase in 
ambient temperature led to changes in DNA methylation patterns in exposed males 
and their male offspring. In the context of globally rising temperatures this 
mechanism may become increasingly relevant for the survival of species. 
 

WEYRICH A, SCHUELLERMANN T, HEEGER F, JESCHEK M, MAZZONI CM, CHEN W, SCHUMANN K, 

FICKEL J (2014): Whole genome sequencing and methylome analysis of the wild guinea pig, BMC 

Genomics.2014, 15:1036; doi: 10.1186/1471-2164-15-1036 
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iDNA from terrestrial haemophagous leeches as a wildlife surveying and moni-
toring tool – methods, costs, reliability and analytical challenges 
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  . 
Invertebrate-derived DNA (iDNA) from terrestrial haematophagous leeches has 
recently been proposed as a powerful non-invasive tool to detect vertebrate species 
and to survey their populations. However, to date little attention has been given to 
explore the latest laboratory and analytical developments in the analysis of leeches, 
or indeed any other iDNA-derived data, so that reliable information about species 
presence and species communities can be extracted in a cost-effective way. Here, 
we present iDNA sequencing results of terrestrial leeches from the Central 
Annamites in Vietnam. We compared results of leeches that were both analysed 
individually and in pools up to almost thirty individuals, with a multi-loci 
metabarcoding approach and a hybridisation capture approach. For the latter 
approach, we customised a RNA bait kit based on a mitochondrial genome 
reference database to enrich mitochondrial fragments of Southeast Asian mammals. 
We compared the results in terms of costs, efficacy and reliability. We also 
summarise the utility of iDNA for downstream analytical methods such as site-
occupancy, and spatial capture-recapture models, and explore possible violations of 
key assumptions arising from factors intrinsic to invertebrate parasites. 
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Antelope are of great global significance with 87 species distributed across Africa 
and Asia. Antelope exhibit one of the highest levels of diversity in comparison to 
other medium to large sized mammals. They are flagships for biodiversity 
conservation and, as primary consumers, their presence is often seen as an indicator 
of a healthy ecosystem. African antelope are of particular importance as the 
continent is the most diverse region for this group in terms of both species richness 
and distribution. 
Despite this significance currently at least 62.1 % of global populations are 
declining with human expansion, habitat loss and degradation being cited as the 
main contributing factors. Previous research in this area includes detailed single-
species studies or has focused on the distribution of species across Africa. To date, 
there has been no large- scale analysis on the distribution of Africa‟s antelope and 
the factors that influence their conservation status.This research aims to identify 
socio-economic and ecological correlates of antelope conservation status as well as 
mapping antelope range distributions across protected areas and biomes within 
Africa. The research makes use of IUCN Red List species distribution data, 
Terrestrial Ecoregions of the World (TEOW) Biome data, ecological explanatory 
factors and select socio-economic indices (from World Bank, United Nations 
Development Programme, Food and Agriculture Organisation).  
African antelope distribution data were mapped across protected areas taken from 
the World Database of Protected Areas (WDPA), TEOW biomes and African 
countries to gain a comprehensive understanding of the distribution of antelope 
ranges. The protected area and biome analyses were treated as independent 
variables in the analysis of socio-economic and ecological correlates while the 
country distribution analysis was used to weight socio-economic variables.  
To establish the correlates of antelope conservation status Phylogenetic General 
Least Square analysis was carried out within the Caper statistical package in R, 
allowing for the analysis of variables while taking phylogeny into account. The 
calculation of important correlates for antelope conservation status allowed for the 
identification of areas within Africa that are important for antelope conservation. 
The aims and objectives of this research have been developed with both Marwell 
Wildlife (UK) and the IUCN Antelope Specialist Group (ASG) and it is hoped that 
the identification of these areas will feed directly into real world conservation 
scenarios. 
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The northern bald ibis, Geronticus eremita (LINNAEUS, 1758), is a critically 
endangered bird species belonging to the family of Threskiornithidae. Until the 17

th
 

century the northern bald ibis had its breeding grounds in the European Alps and 
the subalpine regions across Europe. Furthermore, the species had and partly still 
has its geographic range in Northern Africa and the Middle East. Due to hunting 
and the loss of suitable habitats, the northern bald ibis became regionally extinct in 
Europe. In January 2014, the EU-LIFE+ Project “Reason for Hope – Reintro-
duction of Northern Bald Ibis in Europe” started, aiming at sustainable reintro-
duction of the northern bald ibis as a migratory bird in Europe. As part of this 
project, we genotype the ex situ population as well as the last in situ population in 
Morocco and some ancient samples form the near-extinct Syrian population. For 
the genetic analysis, a set of primer pairs for 15 microsatellite loci was developed 
for the northern bald ibis. We compared the genetic diversity within and between 
the genetic clusters identified in the ex situ population. In addition, we analyse the 
mitochondrial DNA using the gene ND5 as well as the nuclear genes KIAA, SACS 
and TTN. DNA sequencing is used to clarify if the species Geronticus eremita is 
subdivided into two genetic lineages (eastern and western lineage) as proposed by a 
former study. Based on the results, the origin of the zoo individuals will be clari-
fied and a genetically diverse set of individuals will be chosen for reintroduction.  
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Tracing the DMRT3 'Gait keeper' mutation in ancient horses 
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The domestication of the horse (Equus caballus) constitutes a major change in the 
history of human societies. No other domestic animal had such an impact on 
transportation, warfare and trade. Horseback riding is one of the most fundamental 
features horses are used for and, accordingly, the manner of riding has changed and 
improved over time. Therefore, horses with the ability to perform alternative gaits 
(four-beat ambling gaits or pace) that are generally more comfortable for the rider, 
must have been very valuable and preferrentially selected by breeders. Recently, 
the genetic basis for this 'gaitedness' was discovered (ANDERSSON et al., 2012): a 
single nucleotide polymorphism (SNP) in the DMRT3 gene has been shown to have 
a major effect on the locomotion of horses. Here, we present a study that traces this 
mutation through time and provides insight into the ambling and/or pacing ability 
of ancient horses. We were able to genotype 84 horses from all over Eurasia for the 
DMRT3 SNP. The mutated allele associated with alternative gaits was identified in 
twelve individuals from the 9

th
-11

th
 century from Iceland. It is generally assumed 

that horses arrived on Iceland with Norse settlers around 1100 years ago from 
Scandinavia. This study therefore suggests that these horses already carried the so 
called 'gait keeper' mutation and that the Norse settlers had already actively 
selected for this trait. 
 
ANDERSSON LS, LARHAMMAR M, MEMIC F, WOOTZ H, SCHWOCHOW D, RUBIN C-J, PATRA K, 

ARNASON T, WELLBRING L, HJÄLM G, IMSLAND F, PETERSEN JL, MCCUE ME, MICKELSON JR, 

COTHRAN G, AHITUV N, ROEPSTORFF L, MIKKO S, VALLSTEDT A, LINDGREN G, ANDERSSON L, 

KULLANDER K (2012): Mutations in DMRT3 affect locomotion in horses and spinal circuit 

function in mice. Nature 488, 642 - 6. 
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Hidden T-patterns show the structure of play behaviour development during 
ontogenesis - investigation of play behaviour of fox cubs (Vulpes vulpes) in the 
wild  
 
YACHMENNIKOVA ANNA A

1,2
, KORENKOVA ANNA A

3 

 
1
Severtsov Institute of Ecology and Evolution, Russian Academy of Science, 
Leninsky pr. 33, 117071 Moscow, RUSSIA; felis.melanes@gmail.com 

2
Kronotsky Nature Reserve, Ryabikova Street, 48, 684000 Yelizovo, Kamchatka 
region, RUSSIA 

3
Lomonosov Moscow State University, Lomonosov Moscow State University, 
GSP1, Leninskie Gory, 119991 Moscow, RUSSIA 

 
One way to build a system of periodisation of the behaviour formation during 
ontogenesis is to analyse the changes in the time-patterns structure. T-patterns are 
inbuilt into all types of animals‟ activity as they develop. T-pattern is a nonrandom 
sequence of events (behaviour types) that is repeated in timeline. We can estimate 
the growing up process objectively using information about behavioural system 
changes. The purpose was to apply hidden time patterns identifying algorithm for 
playing behaviour of the fox cubs (Vulpes vulpes) in the wild, and use it for further 
development of methods described the stages in the behaviour formation of these 
carnivores. Data was collected in the wild in Kamchatka, Kronotskii Nature 
Reserve during summer 2014. We used for the analysis six movie episodes of cubs‟ 
play behaviour (27 plays). Each episode was related to different age classes of 
cubs. Videotaped behaviour of the wild cubs was analysed by Observer XT 
(NOLDUS) to get lists of behavioural events which were analysed with Theme 
(NOLDUS). To identify cycles which penetrate through the process of behaviour 
and to find changes in those cycles for as development of individuals goes on next 
features were used; the total number of detected patterns, the degree of diversity in 
the time interval analysed, T-patterns complexity (elements and levels of 
relationships). There were found that playing behaviour of fox cubs has increasing 
in complexity of structure and shows rising degree in its organisation to cycles with 
age; it is confirmed by the detection of an increasing number of patterns with high 
diversity. Mutual behavioural influence of individuals to each other increases while 
cubs are becoming elder in comparison with self-organising behaviour activities. 
Three age periods were revealed: up to five weeks, five to nine weeks, older than 
nine weeks. We conclude that analysis of structural sequences (hidden T-patterns) 
in the behaviour of animals during their period of active growth showed the 
existence of a noninvasive ability to identify steps of forming scale ontogeny. The 
obtained results can be used for further development to detect steps on the scale 
scheme of animal behaviour ontogeny that is based on the changes in structured 
sequences in their behaviour. 
This work was financially supported by Kronotsky State Nature Reserve and 
RFBR grant number 13-04-00192a. 
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Sequencing and characterisation of the mitochondrial genome of the fennec 
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Mitochondrial genome has features such as a maternal inheritance and a high muta-
tion frequency that makes it a very useful tool in evolutionary studies. The aim of 
the study was to verify previously obtained mitochondrial DNA sequence of the 
fennec fox (Vulpes zerda) in the coding regions, where a large number of dif-
ferences had been detected by comparing this sequence with mtDNA sequence of 
the red fox (GenBank JN711443.1). To this end DNA of the fennec fox was 
isolated and samples were prepared for sequencing. The preparing included ampli-
fication of selected mtDNA fragments of a large variation by PCR, ligation of 
amplified fragments with plasmid vectors, transformation of Escherichia coli, 
selection of transformants and plasmid DNA isolation. Comparative analysis of 
obtained fragments with verified sequence revealed the presence of 82 differences. 
Comparison of verified mtDNA sequence of fennec fox and mtDNA sequence of 
red fox increased the similarity of these sequences from 96 to 97 %. The veri-
fication abolished 8 nucleotide differences in the region of ND4 gene that led to the 
change of 5 amino acids. 
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Comparative characterisation of steroid and prostaglandin biosynthesis path-
ways in corpora lutea of felid species 
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Iberian lynxes (Lynx pardinus) are declared as endangered by the IUCN. In 2002 
the Iberian Lynx Conservation Breeding Programme was initiated to prevent the 
species‟ extinction. For conservation efforts, knowledge about the reproduction 
biology is fundamental and the Leibniz Institute for Zoo and Wildlife Research 
became a scientific partner (Lynx Research Project). Iberian lynxes exhibit a 
seasonal monooestrus and physiologically persistent corpora lutea (perCLs), which 
provide constantly elevated plasma progesterone (P4) levels. If mating fails, the 
reproductive potential of genetically valuable lynxes is lost for one year, since 
elevated P4 inhibits initiation of another reproductive cycle. Moreover, assisted 
reproduction techniques are hindered by functional perCLs. 
Because studies on Iberian lynxes are strictly limited, Eurasian lynxes (L. lynx) and 
domestic cats (Felis catus) serve as model species to elucidate the contribution of 
potential luteotrophic and luteolytic factors, particularly steroids and 
prostaglandins (PGs), to the feline luteal lifespan. Here, we present a summary of 
the comparative characterisation of these factors in feline CLs. 
Our results revealed that during the feline luteal lifespan, CLs of equal 
histomorphological stages exhibit similar steroidogenic capacities, irrespectively of 
an ongoing pregnancy. Moreover, the functional demise of CLs mirrors the 
ongoing loss of de novo steroid biogenesis. In lynxes, plasma P4 slightly decreases 
prior to oestrus and we demonstrated that despite exceptionally preserved de novo 
steroid biogenesis in perCLs, the steroidogenic capacity is temporarily limited 
before onset of oestrus (functional luteal regression). In contrast to domestic cats, 
no final structural luteal regression was observed in lynxes. 
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As a prerequisite to trigger the time-dependent functional shutdown of steroid 
release from the CL, we demonstrated that feline CLs possess a constant disposi-
tion to respond to luteolytic PGF2α. However, since the capacity of CLs to synthe-
sise PGF2α is limited, we concluded that luteal production of PGF2α might not con-
tribute to prepartal and cyclic luteal regression. For pregnant felids, an uteroplacen-
tal source of PGF2α was considered. 
The peak of placental PGF2α, mirrored by maternal plasma PGFM (PGF2α 

metabolite), coincides with the last trimester of gestation. Thus, we concluded that 
the placenta is capable of synthesising PGF2α, which might initiate (functional) 
prepartal luteal regression. In contrast, the presence of high levels of luteotrophic 
PGE2 in perCLs might be one of the crucial intraluteal mechanisms involved in the 
maintenance of functional and structural persistence of lynx CLs. 
These findings can be implemented in conservation management plans to improve 
the reproductive potential of endangered lynxes. 
 
Funding: DFG (Je 163/11-1), DAAD (A/10/86242, D/12/42001), MNiSW (IP2011 
048971). 
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