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Welcome

Dear Colleges, 
 
 
you are cordially invited to participate in the 93rd Annual Meeting of the German Society of the 
German Society of Mammalogy. After 1927 and 2009 it is held in Dresden for the third time. The 
meeting will be hosted by the Senckenberg Naturhistorische Sammlungen Dresden, Museum 
für Tierkunde, and takes place in their rooms in Dresden-Klotzsche. This is near the airport, 
but a bit from the city centre. 

The natural history collection in Dresden dates back to the 16th century and therefore has a 
long tradition and a long history of losses. Some specimens of which dates are known at pre-
served from the 1830s. The collection in Dresden is part of the Senckenberg Gesellschaft für 
Naturforschung since 2009 and Member of the Leibnitz Gemeinschaft. 

Current  research in Zoology combines traditional work on collections and several current 
approaches including molecular methods. The mammalogists in Senckenberg Dresden and 
Frankfurt as well as Population Genetics Dresden are involved in a larger project funded by the 
Leibnitz Wettbewerb (2016–2019) combining research in phenotypes and genotypes. This is a 
field of great interest as still the direct correlation between genes and specific phenotpyes are 
not well known and so is now addressed in several research groups. Therefore, Phenotypes 
and morphotypes: assessment, function, development and evolution is one of the two main 
topics of this years meeting. The other is Behavioural biology. 

With this we hope to bring together a wide range of mammalogists and students of biology 
from different countries to exchange research results and ideas.

We hope for an enjoyable meeting and lot’s of good discussions.  

Clara Stefen

and the Team of organizers
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Program

Tuesday ·2019/9/17
8:00 Registration open

08:30 – 08:45

Opening
Greetings by Prof. Dr. Karsten Wesche, member of the Board of Directors of 
Senckenberg 
Opening remarks DGS President: Prof. Dr. Sabine Begall

Main topic I 
Phenotypes and morphotypes: assessment, function, 

development and evolution

08:45 – 10:00
(Discussion)

Michael Hiller & Nikolai Hecker: Identifying the genomic loci underlying 
mammalian phenotypic variability using Forward Genomics 
Clara Stefen & Heiko Stuckas: The challenge of phenotype assessment in 
the era of genomics 

10:10 – 10:30 Ulla Lächele et al.: Integrating morphology and genomics provides new 
insights into the loss of the vomeronasal system

10:30 – 10:50 Rebecca Hofmann et al.: The squirrel is in the detail: A morphofunctional 
case study on the tail in Sciuridae

10:50 – 11:20 Coffeebreak

11:20 – 11:40 Franziska Wagner & Irina Ruf: ‘A never ending childhood’ – developmen-
tal patterns in the respiratory turbinates of domestic dogs

11:40 – 12:00 Christian Montermann & Jan Decher: Taming of the shrew – Semantic 
Data Models and the need for common standards and ontologies

Free topics

12:00 – 12:20
Nicola Heckeberg & Faysal Bibi: Correlations between lacrimal bone  
mor phology and behavioural traits in cervids and other ruminants (Artio-
dactyla, Mammalia)

12:20 – 12:40
Marcelo Sánchez Villagra: The Logic of Domesticated Mammals: a de-
velopmental perspective on morphological diversification associated with 
tameness and selective breeding

12:40 – 13:00 Eva Bärmann et al.: Functional anatomy and 3-D morphometric analysis of 
the occiput in the Giraffe-necked gazelle (Litocranius walleri)

Monday ·2019/9/16
14:00 Board meeting → Library

16:00 Registration open 
16:00 Curators meeting → Library

17:00 Ice breaker party → Ground Floor 
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Tuesday ·2019/9/17
13:00 – 13:50 Lunchbreak

13:50 – 14:10 Laura Saggiomo et al.: Mid Infrared Spectroscopy, Micro Histological ana-
lysis, and DNS Barcoding of Sika Deer Faecal Samples in Lower Austria

14:10 – 14:30 Yasin Demirbas et al.: Genetic variability and differentiation in wild boar 
from Turkey 

14:30 – 14:50 Jan Decher et al.: Mammals & Mining – time is running out for Atewa Forest 
in Ghana. A brief review of what we know about Atewa’s Mammals

14:50 – 15:10
Frank Cuozzo et al.: Human induced threats to a nonhuman primate of 
“Least Concern” (Otolemur crassicaudatus, Primates: Galagidae) in north-
ern South Africa

15:10 – 15:30 Sinead Lynch et al.: Evolution of the Camelidae

15:30 – 15:50 Sarah Drewes et al.: Hantavirus situation in Germany, 2019

15:50 – 17:00 Coffee and Poster Presentation – Posters will be up during  the whole 
conference

17:00 General meeting of DGS members
19:00 Dinner

Wednesday · 2019/9/18
08:00 Registration open

Main topic II
Behavioural biology

08:30 – 09:30
(Discussion)

Emma Vitikainen: Pup escorting in the banded mongoose: behaviours, 
mech anisms, and evolutionary patterns 

09:40 – 10:00 Vera Rduch: Take it easy: behaviour patterns of puku (Kobus vardonii) in 
Zambia

10:00 – 10:20 Sabine Begall et al.: Evidence of ocular magnetoreception in a mammal

Free topics

10:20 – 10:40 Vera Bärmann et al.: Hybridization of two gazelle species (Gazella subgut-
turosa and G. bennettii) in desert areas of Iran

10:40 – 11:00 Francesco Ferretti et al.: Diet breadth variations in large terrestrial carni-
vores in relation to prey richness

11:00 – 11:30 Coffeebreak

11:30 – 12:00 Award lecture · Stephanie Kalberer

12:00 – 12:20 Vera Rduch et al.: Beep! – Barcoding Germany’s mammals
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Wednesday · 2019/9/18
12:20 – 12:30 Frank E. Zachos: Handbook of the Mammals of Europe

12:30 – 13:30 Lunchbreak

13:30 – 13:50 Michelle Saughter et al.: Longitudinal biometric analyses of a large noc-
turnal primate, Otolemur crassicaudatus: Sex and environmental effects 

13:50 – 14:10 Elisabeth Hempel: What you see is not what you get – Determining the true 
number of blue antelopes (Hippotragus leucophaeus) in museums today

14:10 – 14:30 Closing of conference

15:45
Guided tour in the Zoo (Zoo closes at 18:30)
—
Snack
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Posters
Main topic I 

Phenotypes and morphotypes: assessment, function, 
development and evolution

Slimen, H. B. et al.: Positive selection on mitochondrial coding genes and adaptation signals 
in hares (genus Lepus) from China

Wirkner, M. et al.: An ontogenetic and morphological study of the inner ear in Panthera leo 
(Felidae, Carnivora)

Main topic II
Behavioural biology

Kirberg, S. et al.: Human outdoor activities create a landscape of fear for deer in the Bohe-
mian Forest Ecosystem

Free topics
Caspar, K. et al.: Towards resolving primate handedness evolution

Hoffmann, A. et al.: How to collate sample and legal information with existing data manage-
ment systems? – An example for handling regulation according to Access and Benefit Sharing 
and its documentation for the collection of the Museum für Naturkunde Berlin

Jungnickel, S. N.: Contribution on the locomotion and constructional morphology of the 
ferret (Mustela putorius furo, Mustelidae, Carnivora) after additional investigations on juve-
nile ferrets growing up

Lippitsch, P. et al.: Selection of wild ungulates by Eurasian lynx in the Harz Mountains, Ger-
many

Lippitsch, P. et al.: What do wolves eat? Stomach content analysis improves the knowledge 
of wolf feeding habits. 

Reichler, C. et al.: “Cant’t escape from you” – Anthropogenic influence on the spatial use 
behaviour of the Alpine ibex (Capra ibex ibex) in alpine regions

Stefanović, M. et al.: Phylogeography of selection on the mitochondrial NADH dehydroge-
nase subunit 6 gene in brown hares (Lepus europaeus) from the Middle East and Europe

Steffens, K. J. E. et al.: Vegetation thresholds for the occurrence and protection of lemur 
species in Madagascar

Suchentrunk, F. et al.: Mitochnondrial Phylogeography of Slovenian Red Deer, Cervus ela-
phus 

Tolesa, Z. G. et al.: SRY gene variation in hares (genus Lepus) from Ethiopia and other regions 
of Africa
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Michael Hiller 1, 2, 3 & Nikolai Hecker 1, 2, 3

1 Max Planck Institute of Molecular Cell Biology and Genetics, Dresden, Germany — 2 Max Planck Institute 
for the Physics of Complex Systems, Dresden, Germany — 3 Center for Systems Biology Dresden, Germany

Evolution has led to a striking diversity of phenotypes between species. Many phenotypic dif-
ferences between species have a genetic basis and thus are caused by differences in the DNA 
sequence. Today thousands of species including a few hundred mammals have sequenced 
genomes. The growing number of sequenced genomes provides an unprecedented opportu-
nity to address a key question in biodiversity genomics and evolutionary biology: What is the 
genomic basis of phenotypic differences between species? 

To address this challenging question, we have previously developed a comparative framework 
called ‘Forward Genomics’ that associates phenotypic to genomic differences by focusing on 
phenotypes that have been independently lost in evolution. Using a phylogenetic tree of the 
species of interest, Forward Genomics relies on computationally reconstructing ancestral se-
quences to measure differences in genes or gene-regulatory elements and then searches for 
statistical associations between genomic and phenotypic changes. 

Comprehensive knowledge of phenotypic traits of the sequenced species is a key requirement 
to apply Forward Genomics to numerous phenotypic differences. To this end, we have formed 
an interdisciplinary consortium that integrates (i) zoologists from several research institutes 
to systematically collect skeletal and visceral traits of sequenced mammals using data from 
Museum collections, literature and phenotyping, (ii) computer scientists to document this 
data in a database, (iii) evolutionary genomicists to associate phenotypic differences between 
mammals to differences in their genome with Forward Genomics methods, and (iv) experi-
mentalists to test the discovered associations in model organisms. The aim of this pilot project 
is to reveal many genomic differences underlying macroevolutionary change among mam-
mals, which is an important aspect to understand how nature’s phenotypic diversity evolved.

In the talk, we will show that comparative genomics can provide valuable insights into the 
mammalian evolutionary history and organismal biology. For example, comparisons of ge-
nomes revealed ‘molecular vestiges’, which provides strong evidence that the descent of the 
developing testes is an ancient feature of mammals and thus resolved a scientific controversy 
of when this developmental process first evolved. Another example is our finding that the key 
gene required for ketogenesis, a metabolic process that converts fat into fuel for the brain, 

Identifying genomic loci underlying phenotypic variability 
in mammals using Forward Genomics
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was lost repeatedly in mammalian evolution. This finding not only revealed that the energy 
metabolism of mammals is quite flexible but also showed that large brains in several non-hu-
man mammals evolved without requiring this metabolic process. We will explain the general 
principles behind Forward Genomics and illustrate how this approach can be used to detect 
genomic changes associated with phenotypic differences in mammals. For instance, using a 
Forward Genomics approach, we discovered protein-coding genes that are preferentially lost 
in herbivorous or carnivorous mammals, which reflect differences in dietary composition, 
feeding patterns, and gut microbiome diversity. These results show that convergent gene loss-
es reflect adaptations to different ecological niches and can provide insights about metabolic 
and physiological processes that changed during the evolution of mammals.
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Clara Stefen & Heiko Stuckas

Senckenberg Naturhistorische Sammlungen Dresden, Königsbrücker Landstraße 159, 01109 Dresden, 
e-mail-adresses: clara.stefen@senckenberg.de; Heiko.Stuckas@senckenberg.de

The fast development of OMICS technologies has facilitated complete new perspectives to re-
late phenotypic differences between species to differences in their genomes. One example 
is the concept of Forward Genomics that aims at associating gene losses with convergently 
evolved phenotypes (particularly independent trait losses). This concept basically requires 
alignments of fully sequenced genomes of species for correlation analyses with matrices of 
homologous phenotypic traits. We used Forward Genomics to explore genome-phenotype re-
lationships in mammals in a three years pilot project. By introducing examples of this research, 
we demonstrate how gene losses are associated to phenotypic changes during mammalian 
evolution (e.g., testicondy) and exemplify the biomedical relevance of these studies. These 
results are used to discuss evolutionary mechanisms underlying the loss of genes and phe-
notypes. This includes highlighting novel research questions in mammalian biology that are 
directly derived from our projects. Therefore, we argue that the combination of comparative 
genomics and comparative phenotype analyses has a great scientific value, e.g., in the context 
of evolutionary research or biomedicine. However, this requires overcoming substantial gaps 
in research and research-infrastructure. While massive resources are used to develop high 
throughput sequencing technologies, bioinformatic tools and computational capacities, sci-
entific fields associated to systematic phenotype assessment and digitization are left behind. 
We consider this as a main bottleneck for a comprehensive understanding of genotype-phe-
notype relationships in the near future. There is first of all an insufficient computer mediated 
access to already existing knowledge on phenotypes. Even though there is ample information 
on phenotypes in the literature  as well as directly in museum collections both accumulated  
over centuries, it is effectively invisible as it is often not digitized. Furthermore, there is actu-
ally information lacking on several morphological traits in different mammal species as many 
phenotypes have never been systematically reported 

Closing this gap is a big challenge as mining of existing information, closing research gaps and 
translating phenotypes into digitized formats has still to be retrieved by “researchers hand’. 
In order to provide a basis for the integrative research on linking genomic and phenotypic 
information, we designed and established a fully documented data matrix within the platform 
Morph-D-Base. It currently focusses on mammalian species were complete genome sequenc-

The challenge of phenotype assessment 
in the era of genomics
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es are already available as well as traits associated to skeleton, viscera or life history (e.g., 
aquatic/terrestrial, herbivorous/carnivorous, hibernation) that were convergently lost within 
mammals. Although this content reflects project specific aims and objectives, the matrix is 
also a design example for a “phenomic” database of mammals with particular application 
in computer assisted comparative analyses. In contrast to existing morphological databas-
es of different kind (i.e. digimorph, morphobank) our design – even though still selective in 
species (of which the whole genome is available) and traits – allows a systematic report on 
specific features across mammal orders ultimately for representatives of all families or even 
genera. All phenotype definitions follow ontologies (e.g. uberon) or precise own descriptions 
with a minimum of one reference that gives the information on the morphological character 
treated. There is the option to add illustrations to clarify structures not necessarily known to 
non-specialist researchers. References to specimens in collections can be added which not 
least contributes to a form of collection digitization. Computer compatible encoding is done 
as absent/present [0/1] or as multi-state characters [1 to N] including the possibility to indi-
cate research gaps as ‘missing’-data. Based on these design principles, the matrix currently 
contains 179 mapped characters for 145 mammalian species (2 Protheria, 5 Marsupialia, 138 
Placentalia). Although primarily designed as resource for phenotypic information in the field 
of genomics, the phenotype matrix is currently being used to address non-genomics question 
related to evolutionary causes of gene loss (e.g., phenotypes explaining the loss of genes re-
lated to carnivorous and herbivorous nutrition strategies) or evolution and divergence from 
the ‘grundplan’.

Overall, we introduce the general design principles and research applications of a data ma-
trix that is unique in three ways: 1) it covers species across all mammalian orders with fully 
sequenced genomes, 2) it contains well documented digitized information from zoological/
scientific collections and bibliographic resources (new contribution to science and research 
infrastructure), and 3) lays the basis for computer assisted genome-phenotype analyses. 

The project is funded by Leibnitz-Society, SAW-2016-SGN-2.
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Emma Vitikainen

Organismal and Evolutionary Biology Research Programme (OEB), Faculty of Biological and Environmen-
tal Sciences, PO Box 65 (Viikinkaari 1), FIN-00014 University of Helsinki, Finland, e-mail-adresse: emma.
vitikainen@helsinki.fi

Why animals cooperate by helping others to breed is a question that has baffled biologists 
since Darwin’s days. If the measure of evolutionary success is fitness - the number of surviving 
offspring in the next generation - how can behaviours that increase fitness of other individuals 
evolve by natural selection? It was the insight of  W.D Hamilton to formulate the mathematical 
conditions under which such reproductive cooperation, termed altruism, can evolve: when 
the benefit to relatives in terms of extra young produced exceeds the costs to the individual it-
self. This theory, called kin selection, has been widely debated, yet remains the most powerful 
framework for explaining the occurrence of cooperative behaviours in wild animals. 

Banded mongoose (Mungos mungo) is a cooperatively breeding mammal that is common in 
sub-Saharan Africa. It lives in seemingly harmonious family groups that consist of about 20 
adults that tend to be all more or less related to each other. The cooperative behaviours of 
banded mongooses have been extensively studied in the Banded Mongoose Research Project, 
which is based in the Queen Elisabeth National Park in Uganda.  All the adult females in the 
groups breed, whereas males have to ‘queue’, with majority of the pups being fathered by the 
oldest three males in each group. Females synchronise their oestrus cycle, and pups from dif-
ferent mothers in the same group are typically all born on the same day. After birth, the pups 
born in these communal litters are looked after by the whole group, and even the mothers do 
not seem to know which pups are their own. 

A unique form of cooperation in the banded mongoose is called escorting behaviour. When 
the mongoose pups start to leave the den at about 3-4 weeks of age, they pair up with an old-
er group member, termed an escort, that cares for the pup, grooming and protecting it, and 
teaching it foraging techniques. The escorts even pass on traditions: the foraging skills that 
they teach have a long lasting influence on the diet of the pups even as adults. Only about half 
of the pups get an escort, but those that receive more care have higher survival, grow faster, 
and in case of females, have a higher lifetime reproductive success. 

The pups and their escorts are related to each other, but not more so than individuals in the 
groups overall: there is no nepotism in allocation of care by the escorts. However, higher rank-

Pup escorting in the banded mongoose: 
behaviours, mechanisms, and evolutionary patterns
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ing females with more resources give birth to larger pups that outcompete littermates for es-
corts. When looking at the benefits of escorting to the pups, the effects of initial size versus 
those of care received are therefore difficult to tease apart. 

We tested the relative role of initial size advantage versus care received, using a 3-year 
paired-design feeding experiment, where half of the pregnant females in each litter received a 
20% increase in their nutritional intake. Pups of the ‘poor’ and ‘rich’ mothers were monitored 
for impacts on growth, the amount of care received from escorts, and life-history outcomes. 

In my talk I draw on results of this experiment combined with 20 years of field data to discuss 
the role of early life environment and care in advantage accumulation in the banded mon-
goose, and the effects of resources and relatedness on allocation of care by the escorts.  
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Functional anatomy and 3-D morphometric analysis 
of the occiput in the Giraffe-necked gazelle (Litocranius walleri)

E. V. Baermann 1, A. N. Klappert 2, B. Wipfler 1, C. Böhmer 3, and G. E. Roessner 4, 5 

1 Zoologisches Forschungsmuseum Alexander Koenig, Adenauerallee 160, 53113 Bonn, Germany, e-mail: 
e.baermann@leibniz-zfmk.de — 2 Rheinische Friedrich-Wilhelms-Universität Bonn, Fachbereich Biologie —  
3 UMR 7179 CNRS/MNHN, Muséum National d’Histoire Naturelle, 55 rue Buffon, 75005 Paris, France — 
4 SNSB-Bayerische Staatssammlung für Palaeontology and Geology, Richard-Wagner-Strasse 10, 80333 
München, Germany — 5 Department of Earth and Environmental Sciences, Paleontology & Geobiology, 
Ludwig- Maximilians-Universität München, Richard-Wagner-Str. 10, 80333 München, Germany 

The gerenuk (Litocranius walleri) is a medium-sized antelope closely related to springbok and 
gazelles. The distinguishing traits of the gerenuk are its very long neck and legs and its unique 
feeding behaviour, which includes a bipedal stance. This posture allows the animals to browse 
on the leaves of thorny shrubs and trees in a height of up to two meters. The skull of the adult 
gerenuk has a unique shape, as the braincase is very flat and stretched out towards the back. 
However, juveniles do not show this form and have more round skulls that resemble the situ-
ation found in other juvenile and adult gazelles. 

To understand the morphological transition from young to adult gerenuks, we performed µCT-
scans of 14 Litocranius skulls covering the entire age range and used them to conduct a 3D 
landmark analysis. We show that the changes in the braincase, especially the thickening and 
elongation of the supraoccipital bone, occur rather late in the development, after the animals 
have reached approximately ¾ of the adult size and the 3rd upper molar has started to erupt. 
Our results imply that the bipedal feeding posture is the driving force behind these modifica-
tions. Young gerenuks need to learn the bipedal stance, and are only able to use it frequently 
from the age of approximately three months. As a result of this acquired behaviour and its 
constant application, the muscle forces acting on the occiput change and finally lead to the 
unique skull morphology we observe in adult gerenuks. 
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Hybridization of two gazelle species (Gazella subgutturosa and  
G. bennettii) in desert areas of Iran

E. V. Baermann 1, D. Fadakar 2, and H. Lerp 3 

1 Zoologisches Forschungsmuseum Alexander Koenig, Adenauerallee 160, 53113 Bonn, Germany, e-mail: 
e.baermann@leibniz-zfmk.de — 2 Faculty of Natural Resources, Isfahan University of Technology, Isfahan, 
Iran — 3 Museum Wiesbaden, Naturhistorische Sammlungen, Friedrich-Ebert-Allee 2, 65185 Wiesbaden, 
Germany 

Hybridization has always been a problematic topic. How often and under which circumstanc-
es does hybridization occur in natural populations? Are two species that produce fertile hy-
brids really two species? How infrequent or geographically restricted constraint should these 
hybridization events be, so that the original species do not lose their identity? In very young 
and closely related species, such as gazelles, hybridization might occur in nature. For exam-
ple, Persian gazelle (G. subgutturosa) and Sand gazelle (G. marica) were long suspected to 
hybridize in a so called “zone of intergradation” in Iraq and southwestern Iran. In this case, 
morphologically intermediate forms were reported to occur frequently, but detailed studies, 
including molecular analyses, were not conducted so far. We report on a hitherto unknown 
case of hybridization of gazelles in Iran. We analyzed fecal samples for a conservation genetic 
study on Iranian Chinkara (G. bennettii). Samples were collected in more than 35 areas across 
the country, and sequenced for cytochrome b. Surprisingly, in several cases the individuals 
that were morphologically identified as Chinkara possessed a mitochondrial haplotype of 
Persian gazelle. The two sister-species do not usually share the same habitat, as Chinkara is 
more adapted to arid regions and deserts than Persian gazelle. The reconstructed phylogeny 
of the haplotypes clearly shows that at least two independent hybridization events can be 
identified. Using nuclear intron markers we will investigate if these gazelles show haplotypes 
of Persian gazelle also in their nuclear genome. 
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Evidence for ocular magnetoreception in a mammal

S. Begall 1, 2, E. P. Malkemper 1, 3, K. R. Caspar 1 

1 Dept. General Zoology, University of Duisburg-Essen, Essen, Germany, e-mail: sabine.begall@uni-due.
de, kai.caspar@uni-due.de — 2 Dept. Forestry & Wood Sciences, Czech University of Life Sciences, Prague, 
Czech Republic — 3 Research Institute of Molecular Pathology (IMP), Campus-Vienna-Biocenter (VBC),  
Vienna, Austria, e-mail: pascal.malkemper@uni-due.de

The Zambian Ansell’s mole-rat (Fukomys anselli) is a social subterranean rodent living in ex-
tensive tunnel systems that are constantly expanded in search for food sources. It was the first 
mammal for which a magnetic sense was demonstrated under controlled laboratory condi-
tions. In the so-called nest-building assay, the animals prefer to build nests in the South-East-
ern part of a circular arena – also under artificial magnetic conditions with shifted horizon-
tal component. Ansell’s mole-rats respond to magnetic polarity but not inclination and their 
compass works in total darkness. It therefore differs from the light-dependent inclination 
compass of migratory birds and is probably based on magnetic iron-oxides. The location of 
these magnetoreceptors is unknown, but experiments with local anesthesia have suggested 
that they might be located in the mole-rat eye. 

Here, we tested this hypothesis by means of the nest-building assay using Ansell’s mole-rats 
with bilaterally removed eyes. Control animals with intact eyes preferred to build their nests in 
magnetic South-Eastern direction. In contrast, enucleated Ansell’s mole-rats had no direction-
al preference for building their nests. Their nests were randomly placed, both with respect to 
magnetic North and to topographic North. To demonstrate the complete ablation of the eyes, 
we further present the results of a two-choice nest building assay which show that enucleated 
animals have lost the strong aversion to light typical for the species. In sum, our findings show 
that the minute eyes of the Ansell’s mole-rat play an important role in magnetic orientation 
and likely to contain the primary magnetoreceptors. We suggest that magnetoreception could 
constitute a selection pressure for keeping eyes in a lightless ecotope. Under laboratory con-
ditions, missing eyes are not hampering the mole-rats. Enucleated animals are integrated in 
their multigenerational families and are breeding successfully. Ongoing experiments reveal 
that enucleated animals are not disoriented in a labyrinth and can learn to effectively pass the 
maze. Whether or not the animals rely on magnetic cues when navigating within the labyrinth 
still needs to be elucidated.
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Towards resolving primate handedness evolution

K. R. Caspar 1, F. Pallasdies 2, P. Bolechová 3, 4, M. Hradec 3, L. Mader 1 and S. Begall 1

1 Department of General Zoology, University of Duisburg-Essen, Universitätsstraße 5, 45141 Essen, Ger-
many — 2 Neural Network Dynamics and Computation, University of Bonn, Kirschallee 1, 53115 Bonn, 
Germany — 3 Department of Ethology and Companion Animal Science Czech University of Life Sciences, 
Kamýcká 129, 165 00 Praha 6 – Suchdol, Czech Republic — 4 Zoo Liberec, Lidové sady 425/1, 460 01 Li be-
rec, Czech Republic

E-mail addresses: KRC: kai.caspar@uni-due.de, FP: fabianpallasdies@gmail.com, PB: bolechova@af.czu.
cz, MH: hradecm@af.czu.cz, LM: larissa.mader@stud.uni-due.de, SB: sabine.begall@uni-due.de

The evolution of hand preferences, especially that of the remarkable human population-lev-
el right-handedness, is a controversial topic in primatology. Outside of the Hominidae, few 
data are available on population-level handedness in primates and the factors determining 
a species’ manual lateralization pattern remain obscure. In our ongoing study, we aim to re-
construct the evolution of hand preferences in anthropoid primates, relying on a large sample 
(n ≥ 600) of zoo-housed subjects. We collect data on hand preferences during bimanual ma-
nipulation (tube task), an activity known to elicit strong lateralized responses, in 28 species 
representing all anthropoid families except for Aotidae. When finalizing the project, at least 
20 individuals of each included species will be sampled. By pooling our data with those from 
published reports, we aim to map handedness patterns of ≥ 35 species on the anthropoid 
phylogenetic tree. This broad taxon representation in conjunction with ancestral character 
analysis will be used to test pertaining hypotheses on the evolution of manual lateralization. 
For the first time, this will allow an adequate assessment of the effects of phylogeny, locomo-
tion and ecology on the evolution of primate handedness.
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Human induced threats to a nonhuman primate of “Least Con-
cern” (Otolemur crassicaudatus, Primates: Galagidae) in northern 
South Africa

F. P. Cuozzo 1, A. Halajian 2, M. L. Sauther 3, B. Linden 1, 4, J. Linden 1, 4, J. B. Millette 2, 
A. S .W. Tordiffe 5, D. Romanello 6, 7

1 Lajuma Research Centre, P.O. Box 522, Makhado (Louis Trichardt) 0920, South Africa, e-mail: makiteeth@
hotmail.com — 2 Department of Biodiversity, University of Limpopo, Sovenga 0727, South Africa, e-mail: 
ali_hal572002@yahoo.c — 3 Department of Anthropology, University of Colorado, 233 UCB, Boulder, Col-
orado, U.S.A., e-mail: sauther@colorado.edu — 4 Department of Zoology & SARChI Chair on Biodiversity 
Value & Change, School of Mathematical & Natural Sciences, University of Venda, Private Bag X5050, Tho-
hoyandou, 0950 South Africa, e-mail: bibi@lajuma.com, jabu@lajuma.com — 5 Department of Paraclinical 
Sciences, Faculty of Veterinary Science, University of Pretoria, Private Bag X04, Onderstepoort 0110, South 
Africa, e-mail: Adrian.Tordiffe@up.ac.za, adriantordiffe@gmail.com — 6 Department of Anthropology, The 
University of Texas at Austin, 2201 Speedway Stop C3200, Austin, Texas, U.S.A. — 7 Departments of Ani-
mal Behavior, Ecology, and Conservation and Anthropology, Canisius College, Buffalo, New York, U.S.A., 
romanello@utexas.edu

The population distribution and demography of continental Africa’s strepsirrhine primates are 
poorly known. We present data on human-induced threats to the thick-tailed or greater galago 
(or bushbaby), Otolemur crassicaudatus, in the Soutpansberg Mountains and adjacent regions 
of northern Limpopo Province, South Africa. This species is rated as “least concern” and with 
a population trend of “stable” by the International Union for Conservation of Nature (IUCN). 
However, our data indicate that there are a number of human-induced threats to this spe-
cies, despite it often being viewed as ubiquitous. Among these threats are: individuals being 
killed by motor vehicles, killed by domestic dogs (sometimes due to local cultural practices 
and beliefs), and electrocution from movement along power lines or electrified fences. Across 
these categories, we have recorded 21 Otolemur human-related deaths since 2014 in our study 
area (road kills n = 10; dog kills n = 6; electrocutions n = 5). In and around Louis Trichardt 
(Makhado), vehicle traffic is frequently responsible for the deaths of individuals. This is espe-
cially clear when viewing the number of deaths on primary (N1 highway) and secondary (R522 
highway) roads in the area. As roadkill remains often disappear within only a day or two after 
the event, the number reported here likely represents only a fraction of the actual number 
of vehicle deaths. The presence and use of dogs are necessary in both urban and more rural 
areas. However, these data indicate that this use comes at a cost to endemic animals. Efforts 
to mitigate the impact of dogs are needed, especially given false perceptions among some 
about this species. Electric fences and power lines are known to cause death among many 
organisms. These data illustrate that this threat includes a large, nocturnal primate species. 
Our data very likely represent a small portion of the actual human impact on this species. We 
therefore suggest Otolemur crassicaudatus, which has received limited attention compared to 
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other strepsirrhines (e.g. Madagascar’s lemurs) and better-known primate taxa, such as Afri-
can apes, should more accurately be listed as a “data deficient” species by IUCN, rather than 
least concern. New surveys are clearly required to assess this species’ current distribution, 
demography and taxonomy.

Mammals & Mining – Time is running out for Atewa Forest in 
Ghana. A brief review of what we know about Atewa’s Mammals

J. Decher 1, #, Benjamin Yeboah Ofori 2, Ebenezer Badu Kofi 3 & Ransford Kofi Agyei 4

1 Zoological Research Museum Alexander Koenig (ZFMK), Adenauerallee 160, 53113 Bonn, Germany, e-mail: 
J.Decher@leibniz-zfmk.de — 2 Department of Animal Biology and Conservation Science, University of 
Ghana, Legon, P.O. Box LG67, Legon, Accra, Ghana — 3 Kwame Nkrumah University of Science and Technol-
ogy (KNUST), Kumasi, Ghana — 4 A Rocha Ghana, Kibidu — # Corresponding author

The 2018 ZFMK rainforest canopy expedition to Ankasa National Park in Ghana also provided 
two brief opportunities to visit Atewa Forest Reserve (AFR). Atewa Forest is a 232 km2 protect-
ed area, one of the most important biodiversity sites in Ghana, and an important water pro-
visioning region for Ghana’s capital, Accra, and it has been proposed for a new national park. 

Recent news (30 May 2019) confirmed that the Government of Ghana is pushing ahead with 
bauxite mining at AFR, which has been discussed and repeatedly delayed for the last 50 - 60 
years while information about the biological value of Atewa steadily increased, in particular 
through the efforts of a Rapid Assessment Program (RAP) organized in 2006 by the NGO Con-
servation International. 

In a recent biodiversity research report on Atewa we summarized species numbers known 
from there to date in a variety of animal and plant.  With 5 shrew, 22 rodent, 16 bat, 2 pangolin, 
8 primate, 7 carnivore, 7 ungulate and 1 hyrax species the mammal list is far from complete. 
During just 3 nights of trapping in August 2018 we added 4 shrews and 1 rodent to the list 
known from Atewa and only recently the Endangered White-naped Mangabey (Cercocebus 
lunulatus) was rediscovered at Atewa using camera traps.

The impending loss of Atewa to resource extraction will reduce our chance at rediscovering 
other rare and endemic species like the rodent Hylomyscus baeri only recorded once on 22 Oct 
1967 (USNM 413461) from 6 mi NW Kade, Ghana – a locality most likely long since degraded.

The decision to mine or to preserve a natural landscape is not restricted to Africa. For Atewa 
the economics of either decision have been assessed and their bottom line is clearly in favor 
of preservation.  However, the final decision hinges on which world we want to pass on to our 
children and grandchildren.
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Genetic variability and differentiation in wild boar from Turkey

Y. Demirbaş 1, A. Özkan Koca 2, M. Stefanović 3, F. Suchentrunk 4

1 University of Kırıkkale, Faculty of Science and Arts, Department of Biology, Kırıkkale, Turkey, e-mail:  
ydemirbas71@hotmail.com — 2 University of Maltepe, Faculty of Fine Arts, Istanbul, Turkey, e-mail: ayca.
queenbee@gmail.com — 3 University of Novi Sad, Faculty of Sciences, Department of Biology and Ecology,  
Novi Sad, Serbia, e-mail: stefanovic.milomir@gmail.com — 4 Suchentrunk Franz, University of Veteri-
nary Medicine Vienna, Research Institute of Wildlife Ecology, Vienna, Austria, e-mail: franz.suchentrunk@ 
vetmeduni.ac.at

Wild boar (Sus scrofa L.) are distributed across most parts of Turkey, a major biogeograph-
ic crossroads connecting southwestern Asia and southeastern Europe that is, however, sep-
arated by the Strait of Çanakkale, the Sea of Marmara, and the Bosphorus  for the last ca. 
8000/8600 years. An initial phylogeographic analysis based on mitochondrial D-loop sequenc-
es revealed partitioning of the Turkish haplotypes into two haplogroups, which were, however, 
only partially concordant with the geographic origins of the samples, and suggested almost no 
or very little mitochondrial gene flow across the late pleistocene/early holocene land bridge 
connecting southeastern Europe (Turkish Thrace) and the Anatolian Peninsula. Here we used 
thirteen unlinked microsatellite loci to investigate genetic variability and differentiation in the 
nuclear gene pool of wild boar from Turkey, and particularly to test for (ancient/historic) gene 
flow across the late pleistocene/early holocene land bridge (possibly mainly by males). We 
revealed a total of 111 alleles with an average of 8.5 alleles per locus and a range between four 
and fifteen. An initial Bayesian clustering (GENELAND, uncorrelated allele frequencies model) 
of all composite genotypes of the 96 individuals studied based on their respective geograph-
ical coordinates resulted in four genetic-geographic clusters, i.e., Turkish Thrace (TT), West 
Anatolia (WA), East Anatolia (EA), Southeast Anatolia (SEA), with the latter encompassing only 
single individuals. Except for few wild boar, all individual cluster assignments had high proba-
bilities. However, our Bayesian STRUCTURE analysis (based on correlated allele frequencies) 
suggested an even stronger geographical partitioning into five or six genetic clusters, which 
was backed by cluster-specific FIS values significantly above zero. Nevertheless, our genetic ad-
mixture analysis suggested some gene exchange across the earlier land bridge. Allelic richness 
(Rs) varied significantly (p< 0.072) among the clusters with the highest value in Turkish Thrace 
(Rs for TT = 3.48, for WA = 3.31, for EA = 2.97; linear mixed effects model accounting for lo-
cus-specific values, disregarding SEA, due to the very small sample). Absolute and relative ge-
netic differentiation between the clusters was in most cases significant but low in magnitude, 
and an Analysis of Molecular Variance indicated 8.92% of variance being partitioned among 
the four genetic clusters. In conclusion, we found only shallow nuclear gene pool divergence 
and a weak sign of nuclear gene flow across the ancient land bridge between southeastern 
Europe and the Anatolian Peninsula. A bigger sample for Turkish Thrace and the northwest of 
the Anatolian Peninsula might better characterize that signal of ancient gene flow that might 
also be blurred by shared ancestral alleles.



Abstract

 19

93rd Annual Meeting of the German Society for Mammalian Biology (DGS) 
Dresden, Germany  |  September 16 – 20, 2019 

Hantavirus situation in Germany, 2019

S. Drewes 1, F. Binder 1, C. Imholt 2, M. Saathoff 3, J. Freise 3, E. Schlohsarczyk 4, S. 
Weiss 5, J. Hofmann 5, 6, M. Mylius 7, K. Dressel 8, J. Dreesman 7, J. Jacob 2, R.G. Ulrich 1, #

1 Friedrich-Loeffler-Institut, Federal Research Institute for Animal Health, Institute of Novel and Emerging 
Infectious Diseases, Greifswald-Insel Riems, Germany — 2 Julius Kühn-Institute, Federal Research Centre 
for Cultivated Plants, Institute for Plant Protection in Horticulture and Forests, Vertebrate Research, Mün-
ster, Germany — 3 Fachbereich Schädlingsbekämpfung, Task-Force Veterinärwesen, Niedersächsisches 
Landesamt für Verbraucherschutz und Lebensmittelsicherheit, Oldenburg, Germany — 4 Institute for Vet-
erinary Pathology, Justus-Liebig-Universität Gießen, Gießen, Germany;  — 5 Charité-Universitätsmedizin 
Berlin, corporate member of Freie Universität Berlin, Humboldt-Universität zu Berlin, and Berlin Institute 
of Health, Institute of Viro logy, Berlin, Germany — 6 Labor Berlin GmbH, Berlin, Germany — 7 Niedersäch-
sisches Landesgesundheitsamt, Hannover, Germany — 8 Süddeutsches Institut für empirische Sozial-
forschung (SINE, Social science), Munich, Germany — # Corresponding author, e-mail: rainer.ulrich@fli.de

During the years 2001–2018 a total of 12,383 human hantavirus disease cases were registered 
by the Robert Koch-Institute (Robert Koch-Institute: SurvStat@RKI 2.0, https://survstat.rki.de, 
data as of 07.06.2019). The number of recorded cases shows strong oscillations among years 
with major peaks in 2007, 2010, 2012 and 2017. At least three rodent-borne hantavirus species 
are present in Germany: Human infections by the striped field mouse-associated Dobrava-Bel-
grade orthohantavirus, genotype Kurkino, are documented from northern, north-eastern and 
eastern Germany. Little is known about potential human infections with Tula orthohantavi-
rus, mainly harboured by the common vole Microtus arvalis. The majority of human cases are 
caused by Puumala orthohantavirus (PUUV) with the bank vole (Myodes glareolus) as reservoir 
host. The heterogeneous occurrence of human PUUV cases in Germany depends on the dis-
tribution of the Western bank vole lineage as carrier of Central European PUUV. The current 
northern and eastern distribution range of PUUV-infected bank voles is in Lower Saxony, Sax-
ony-Anhalt and Thuringia. In addition to the rodent-borne hantaviruses, further hantaviruses 
have been identified in Germany in shrew species and the European mole (Talpa europaea); 
their pathogenicity to humans is unknown.

The ongoing research project “RoBoPub” (“Rodent-Borne-Pathogens-and-Public-Health”) 
aims to understand the epidemiology of rodent-borne diseases and translate this knowledge 
into public health prevention measures. For this purpose we are monitoring PUUV infections 
in bank voles in endemic regions, at sites within the district Osnabrück, Lower Saxony, district 
Coesfeld, North Rhine Westphalia and in Western Thuringia. In addition, transect studies at the 
proposed distribution boundary of PUUV are dedicated to evaluate the current distribution of 
PUUV and its potential spread. Rodent monitoring in spring 2019 indicated a heterogeneous sit-
uation with increased abundance of bank voles and enhanced PUUV prevalence at some sites, 
but a low to moderate bank vole abundance and PUUV prevalence in other regions. The rodent 
monitoring studies are accompanied by seroprevalence studies in forest workers in Lower Sax-
ony, representing an important risk group for hantavirus infection. The hantavirus situation 
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in rodents and human hantavirus infections are continuously monitored and disseminated to 
health authorities, forestry institutions and other stakeholders and to the general public. Final-
ly, the project aims to develop an early warning system for hantavirus risk assessment and to 
identify novel ways for knowledge transfer to stakeholders and exposed risk groups.

Diet breadth variations in large terrestrial carnivores in relation  
to prey richness

F. Ferretti 1, S. Lovari 1, 2, M. Hayward 3, M. Lucherini 4 & P. A. Stephens 5

1 Research Unit of Behavioural Ecology, Ethology and Wildlife Management, Department of Life Scienc-
es, University of Siena, Via P.A. Mattioli 4, 53100, Siena, Italy. e-mail: francescoferretti82@gmail.com — 
2 Maremma Natural History Museum, Strada Corsini 5, 58100, Grosseto, Italy — 3 Grupo de Ecología Com-
portamental de Mamíferos, Laboratorio de Fisiología Animal, INBIOSUR (Instituto de Investigaciones 
Biológicas y Biomédicas del Sur), Universidad Nacional del Sur – CONICET, San Juan 671, 8000, Bahía 
Blanca, Argentina — 4 Conservation Biology Research Group, School of Environmental and Life Sciences, 
University of Newcastle, Callaghan, NSW 2308 Australia; and Centre for Invasion Biology, University of Pre-
toria, South Africa X000 — 5 Conservation Ecology Group, Department of Biosciences, Durham University, 
South Road, Durham DH1 3LE, UK

Large terrestrial carnivores play fundamental roles in ecosystems. Usually, these mammals de-
pend on large prey (mainly ungulates) for feeding. Their food habits, thus, their diet breadth, 
are expected to be influenced by variation in the richness of large prey. However, a global 
evaluation of diet breadth in relation to variations in prey richness is lacking for this important 
group of mammals. We tested alternative predictions suggested by ecological and evolution-
ary theories: with growing prey richness, carnivore species could (a) show a more diverse diet, 
thus broadening their diet breadth, or (b) specialise on the most substantial prey, thus nar-
rowing their diet breadth. We collated data from 421 studies of the diets of 12 species of large 
terrestrial carnivores (tiger, lion, spotted hyaena, jaguar, puma, leopard, cheetah, African wild 
dog, snow leopard, grey wolf, Eurasian lynx), to model relationships between three indices of 
dietary breadth (Levins index, standardised Levins index and Number of frequently used large 
prey) and local prey richness. For the majority of carnivore species, the width of diet breadth 
did not decrease with growing prey richness; apparently, only snow leopard and dhole used a 
lower number of large prey species. 

With growing prey richness, the 5 largest carnivores (tiger, lion, spotted hyaena, jaguar. puma), 
as well as grey wolf and Eurasian lynx (usually top predators in the study areas considered) 
showed broader diet breadth and/or used a greater number of large prey species. In carnivore 
guilds, larger species are usually dominant over smaller ones. Accordingly, dominant carnivores 
are expected to encounter little competition in expanding their diet breadth with growing prey 
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richness. Conversely, food habits of smaller species (i.e. subordinate large carnivores) would 
be limited by interspecific competition with dominant carnivores, which would affect their re-
alised dietary breadth. If so, over evolutionary time, resource partitioning would be more im-
portant in shaping dietary niches of inferior competitors rather than those of dominant ones.

Correlations between lacrimal bone morphology and behavioural 
traits in cervids and other ruminants (Artiodactyla, Mammalia)

N. S. Heckeberg 1 & F. Bibi 1

1 Museum für Naturkunde, Leibniz Institute for Evolution and Biodiversity Science, Invalidenstrasse 43, 
10115 Berlin, Germany, e-mail: nicola.heckeberg@mfn.berlin; faysal.bibi@mfn.berlin

The lacrimal bone in ruminants is larger than in other mammals. In cervids and some other 
ruminants, the lacrimal is a key skull characteristic, with male individuals often having a large 
and deep lacrimal fossa to hold the preorbital gland. Secretions from this gland are used to 
mark territories and in some species also contain pheromones. 

The lacrimal bone and lacrimal fossa show large variations in shape, size and position among 
ruminant / cervid species. We examine whether the dimensions and morphology of both 
structures correlate with the size of the preorbital gland and certain behavioural traits.

We examined the correlation of the lacrimal bone, the lacrimal fossa and skull length as a 
proxy for body size in all cervid genera and selected non-cervid ruminants. While the length of 
these structures correlates well with body size, the area of the lacrimal or the lacrimal fossa 
shows a weaker correlation with body size, which is supported by comparative anatomy. We 
further examined whether lacrimal fossa size is correlated with the size of the preorbital gland 
and whether gland size is linked to scent marking behaviour, mating strategy, and/or territori-
ality. We used this information to reconstruct these traits along a ruminant phylogeny.



Abstract

22  

93rd Annual Meeting of the German Society for Mammalian Biology (DGS) 
Dresden, Germany  |  September 16 – 20, 2019 

What you see is not what you get – Determining the true number 
of blue antelopes (Hippotragus leucophaeus) in museums today

E. Hempel 1, 2, J. T. Faith 3, J. Brink 4, 5, D.C. Kalthoff 6, P. Kamminga 7, F. Bibi 2 &  
M. Hofreiter 1

1 University of Potsdam, Evolutionary Adaptive Genomics, Karl-Liebknecht-Str. 24–25, 14476 Potsdam, Ger - 
many, e-mail: hempel.elisabeth@posteo.org — 2 Museum für Naturkunde Berlin, Leibniz Institute for Evo-
lution and Biodiversity Science, Invalidenstraße 43, 10115 Berlin, Germany — 3 Natural History Museum of 
Utah & University Utah, Department of Anthropology, 301 Wakara Way, Salt Lake City, UT 84108, USA — 
4 National Museum Bloemfontein, Florisbad Quaternary Research Station and Department, P.O. Box 266, 
Bloemfontein, 9031, Republic of South Africa — 5 Centre for Environmental Management, University of the 
Free State, PO Box 339, Bloemfontein 9300, Republic of South Africa — 6 Naturhistoriska riksmuseet, Box 
50007, 10405 Stockholm, Sweden, 7Naturalis Biodiversity Center, Darwinweg 2, 2333 CR Leiden, Nether-
lands

The blue antelope (Hippotragus leucophaeus) was one of three recent species comprising the 
genus Hippotragus. Its better known relatives are the Sable (Hippotragus niger) and the Roan 
antelope (Hippotragus equinus), and unlike them it was endemic to the Cape region of South 
Africa. It was the first and so far only large African mammal species becoming extinct during 
the last 350 years – only about 33 years after its description.

Due to its early extinction around 1800, historical specimens of this species can be found only 
rarely in museums today. Museum records around the world include only 12 existing speci-
mens. However, the taxonomic identity of many of these specimens is debated – except for 
the four mounted specimens (Leiden, Paris, Stockholm, Vienna). We were able to acquire 
samples of nine of these specimens and sequenced partial mitochondrial genomes. Thereby, 
we resolved the identity of the questioned specimens and substantially reduced the existing 
number of true historical blue antelope specimens in museums today. We will present a re-
vised list of historical blue antelope specimens and a preliminary diversity analysis on partial 
mitochondrial sequences.
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How to collate sample and legal information with existing data 
management systems? – An example for handling regulation 
according to Access and Benefit Sharing and its documentation 
for the collection of the Museum für Naturkunde Berlin

A. Hoffmann, F. Glöckler, P. Giere, M. Petersen & J. Hoffmann

Museum für Naturkunde Berlin, Leibniz Institute for Evolution and Biodiversity Science, Invalidenstrasse 
43, 10115 Berlin, Germany — Correspinding author: Dr. Anke Hoffmann (anke.hoffmann@mfn.berlin)

The Nagoya Protocol for Access and Benefit Sharing (ABS) is an international agreement that 
covers access to genetic resources and introduces the requirement to share benefits result-
ing from their subsequent utilization. ‘Parties’, i.e. countries or entities who signed and legal-
ly acknowledged the agreement are supposed to meet these requirements by introducing 
legislation for the regulation of access to ‘genetic resources’ (e.g. samples) and their utiliza-
tion for research and development – including the obligation to share benefits arising from 
the latter. 

Originally intended to counteract biopiracy, this agreement and the corresponding national 
legislation now also applies to basic research, e.g. collection of specimens in the field. Due to 
the complexity of requirements involved at the different levels such as import of samples, uti-
lization and benefit sharing, researchers are faced with a number of challenges, including the 
need for proper documentation of the activities carried out, samples collected, and the long 
term archiving of the associated files. 

The binding national implementation of the law on ABS applies in its full complexity to uni-
versities and other research institutions such as research museums. So far, there is hardly any 
ready-made collection data management system that supports documentation in alignment 
with national law on ABS such as management of collection objects with associated media 
files and diverse research activities and the related (meta)data.

The Generic Data Module (GDM), a software developed in the DFG funded project German 
Federation For Biological Data (GFBio; https://gfbio.org), has been designed and implement-
ed by the Museum für Naturkunde Berlin (MfN) in order to overcome some of the challenges 
mentioned related to properly document ABS related information. It is a tool for flexible and 
standardized data management that fills gaps in the data models, which are not provided 
by existing collection management systems. It was called into action for various use cases 
like adding research data to collection data, gathering metadata from digitization processes. 
The GDM bridges the gaps between administrative demands on the implementation of the 
ABS regulations and the data model of collection management systems. In fact, this online 
tool is so flexible that it could be used for sample, document and metadata management in a 
non-museum research context. 
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In our poster, we will focus on the following aspects: (1) insights to the application of the GDM 
as an approach to comply with the ABS regulations regarding the documentation require-
ments, (2) a metadata model relevant for the ABS documentation in connection with the ex-
isting collection management system at the MfN as an example for (3) the GDM’s flexibility.

https://doi.org/10.7479/gj7g-2s08

The squirrel is in the detail: A morphofunctional study on the tail 
in Sciuridae (Rodentia, Mammalia)

R. Hofmann 1, T. Lehmann 1, D. L. Warren 2, I. Ruf 1

1 Senckenberg Research Institute and Natural History Museum Frankfurt, Department Messel Research 
and Mammalogy, Senckenberganlage 25, 60325 Frankfurt am Main, Germany, e-mail: rebecca.hofmann@ 
senckenberg.de; thomas.lehmann@senckenberg.de; irina.ruf@senckenberg.de — 2 Senckenberg Biodi-
versity and Climate Research Centre (BiK-F), Senckenberganlage 25, 60325 Frankfurt am Main, Germany, 
e-mail: dan.warren@senckenberg.de

Caudal vertebrae of mammals have been less studied morphofunctionally than other parts of the 
skeleton. Yet the tail plays an important role in locomotion (e.g., balance, prehensility). Previous 
studies focused on the tail of arboreal Primates and Carnivora. Structural landmarks were used 
to define tail regions (proximal, transitional, distal), and similar patterns of anatomical character 
distributions were found in both orders. However, the applicability of tail regionalization and the 
similarity in features’ distribution pattern have never been tested in other mammalian orders. 
We investigated the caudal vertebrae of 20 Sciuridae and six Gliridae species to test if their anat-
omy is equivalent to that of arboreal Primates and Carnivora, and to check for relationships be-
tween tail morphology and locomotion. For our sample we defined three locomotion types: ar-
boreal/scansorial, arboreal/gliding and terrestrial/fossorial. The position of selected characters 
was recorded for trait mapping and their distribution was compared with Spearman’s rank cor-
relation. Vertebral body length (VBL) was measured to calculate proportions of each tail region 
and to perform procrustes analysis on the shape of VBL progressions. Our results show that tail 
regionalization can be applied to almost all squirrels, regardless of locomotion type. However, 
locomotion types can be distinguished by VBL progression and tail region proportions. In par-
ticular, among the investigated flying squirrels Glaucomys and Hylopetes show an extremely re-
duced transitional region. In contrast, the tail region proportions of the flying squirrel Petaurista, 
phylogenetically more basal than the former, are similar to those of arboreal/scansorial squirrels. 
These observations mirror previous results based on the inner ear morphometry of squirrels. Fur-
ther morphofunctional research focusing on the tail of other rodent clades is ongoing to confirm 
the applicability of the Primates/Carnivora model to all rodents. 
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Contribution on the locomotion and constructional morphology  
of the ferret (Mustela putorius furo, Mustelidae, Carnivora) after  
additional investigations on juvenile ferrets growing up

S. N. JUNGNICKEL

State Museum of Natural History Karlsruhe, Natural History Society of Karlsruhe, Germany, e-mail: sandra- 
jung1@gmx.de

The ferret, like its wild form the polecat (Mustela putorius putorius), is a hunter on prey, with a 
flexible trunk and a large movement range of its limbs. Within an investigation of the mustelid 
construction by comparative anatomy and biometry, an analysis of their locomotion and oth-
er movements has also been made. 

In their terrestric locomotion, the ferrets show lots of transitions between gaits, and often they 
are moving in such a transitional stage continously for a longer time. So, they are able to per-
form jog or a similar trot-like gait and a modified halfbound, with craniocaudal transposed 
hindlimbs. But especially juvenile ferrets, but also adults in/with excitement perform more 
often the classical gaits of the earlier descriptions in literature, like bound or halfbound, and 
walk. In the halfbound forms, ferrets from every age often prefer one special forelimb reaching 
forwards last in the stride last. But they can perform also an change of this leading forelimb 
during the gallop. 

Juvenile ferrets have been x-rayed. The skeleton ossifies fast, and with 5–6 weeks at the latest, 
the skeleton shows full ossification on the x-rays. Beyond crawling age, with 5+/6 weeks, they 
perform at first an unsteady walk and some boundlike little jumps. With an age of 6 up to 12+ 
weeks, they have different biometric body measures compared to the adults, but there are no 
other gaits occurring than in adult ferrets. This means, the described broad gait range seems 
to be inherited and instictive within its limits..

In a first experimental unit,  five ferrets (juv./ad.) have been observed comprehensively to rap-
id locomotion in a low tunnel with a length of approx. 2 m and a height of 9.5–9.8 cm, and in 
the first data review and observation only one juvenile female of that group showed a flat and 
very fast halfbound additionally to the gait walk. New data of 2018 and 2019 got from to two 
new male puppies growing up showed that juvenile, but also semiadult, subadult and adult 
ferrets can perfom bound and halfbound in such tunnel dimensions (the two “new” big male 
ferrets born 2018 who did it successfully had adult with approx. 9+ months a weight of approx. 
1.820 kg). Also an adult female approx. 2 yrs. and another adult male approx. 1 yr. could be 
observed with halfbound, but usually only with a distance of 50–75% of the tunnel length. 
This tunnel height allows the bigger male ferrets only very little sagittal bending range of the 
spine of the trunk. The propulsion helps to make this kind of locomotion under constraints of 
space possible, with a forward pointing vector of forces, but a ferret is also capable to start 
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with halfbound by acceleration out from/of walk or even almost stance, however this is much 
more rarely.

Mustela is not only capable to climb on vertical structures with a walk-like stride pattern, but 
also dynamic with boundlike jumps with suspended forelimbs in a short phase - provided that 
the claws can cling in and out of the vertical climbing substrate fast. At this dynamic bound-
like propulsion, there is a moderate kyphosis occurring, degree changing within the stride. 

When they were tested to overcome a vertical wall installation, some individuals prefer a verti-
cal jump to cling in the top edge with their claws, pull up their body weight by m. biceps-m.tri-
ceps action of the forelimb unit and get then on the top balancing and jump down on the other 
side. Others prefer a horizontal jump to the top edge of this vertical wall from another prom-
inent object, on what they could easier climb on. In another experimental installation with 
a cat tree with an table-like top plate, also preferences to get on the top could be observed. 
Some like to jump horizontal from another object, other individuals preferred or learned to 
climb from the vertical stem underneath on the top plate, what means, that they had to cling 
with the claws into the top plate, pull up the front part of the body with the forelimbs action-
ing and be in a short phase with no or almost no support of their hindfeet. Distances for often 
reconstructable jumps onto an obstacle were measured of approx. 80 (above 84+ rarely) cm 
horizontal and of 65 cm vertical (males, females this distances rarely).    

As a result, the trunk construction cannot by seen as fixed, static embraced on the whole, but 
more than a flexible bar or link chain with linked longitudinal localized muscles and other 
units and attacking hydraulic forces. Coherence is made by the embracing units like the fascia 
and other structures, and the moderate robustness of the skeleton. But the second important 
requirement for the capability and an effective economy of a animal construction is the behav-
iour and the neuronal control possibilities, what means, the abilty and also preferences and 
habits vs. finding solutions for tasks.
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Human outdoor activities create a landscape of fear for deer in 
the Bohemian Forest Ecosystem

S. Kirberg 1, W. Peters 2, M. Henrich 3, 4, F. Franke 2, K. Hackländer 1 & M. Heurich 3, 4

1 University of Natural Resources and Life Sciences Vienna (BOKU), Institute of Wildlife Biology and Game 
Management , Gregor-Mendel-Str. 33, 1180 Vienna, Austria, e-mail: sophie.kirberg@outlook.de — 2 Bayer-
ische Landesanstalt für Wald und Forstwirtschaft, Hans-Carl-von-Carlowitz-Platz 1, 85354 Freising, Ger-
many — 3 University of Freiburg, Friedrichstr. 39, 79098 Freiburg, Germany— 4 Bavarian Forest National 
Park, Frey unger Str. 2, 94481 Grafenau, Germany

Diversification of human outdoor activities has become a major concern in protecting bio-
diversity as it exerts pressure on wildlife habitats, of which many are already affected by 
fragmentation and degradation due to intensive land use, increasing urbanization and road 
construction. Depending on the species and type of human activity, wildlife has various ways 
to respond to human presence. Most of these wildlife responses are energy demanding, can 
affect immune response, and reduce fitness. To implement a management concept, which is 
able to regulate and protect a species at the same time, precise knowledge on the influence 
of human outdoor activities on free-living animal populations is necessary. Measuring stress 
through the analysis of glucocorticoid metabolite levels in fresh faeces is a noninvasive moni-
toring method which allows the assessment of disturbance caused on the population as well 
as on the individual level. In order to investigate the influence of tourism, logging and hunt-
ing on free-living red deer (Cervus elaphus) in the Bavarian Forest, fresh faeces were collected 
from 13 GPS-collared individuals between June-November 2018. Besides seasonal changes 
and individual heterogeneity in glucocorticoid levels, we expected effects of human activity 
type and intensity. As the glucocorticoid level is also related to habitat and food quality, these 
factors were considered in the analysis. The analysis will yield new information on the po-
tential drivers of stress responses in red deer and allow us to make suggestions to improve 
wildlife management. 
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Integrating morphology and genomics provides new insights  
into the loss of the vomeronasal system 

U. Lächele *, N. Hecker *, H. Stuckas, M. Hiller, P. Giere

1 University of Natural Resources and Life Sciences Vienna (BOKU), Institute of Wildlife Biology and Game 
Management , Gregor-Mendel-Str. 33, 1180 Vienna, Austria, e-mail: sophie.kirberg@outlook.de — 2 Bayer-
ische Landesanstalt für Wald und Forstwirtschaft, Hans-Carl-von-Carlowitz-Platz 1, 85354 Freising, Ger-
many — 3 University of Freiburg, Friedrichstr. 39, 79098 Freiburg, Germany— 4 Bavarian Forest National 
Park, Frey unger Str. 2, 94481 Grafenau, Germany

Olfaction plays an important role for sociosexual behavior, interaction with their environment 
and evolutionary adaptations for most mammals. The olfactory system of mammals compris-
es two systems: the main and the accessory olfactory system. The accessory olfactory system 
is better known as the vomeronasal system (VNS). It consists of the vomeronasal organ (Jacob-
son’s organ) and the accessory olfactory bulb connected by the vomeronasal nerves. A reduc-
tion or complete loss of this system has been observed in a variety of mammals like cetaceans, 
sirenians and some bats. In this study, we aim to identify genomic changes associated with the 
loss or reduction of the VNS in mammals. We collected data on the morphological absence or 
presence of the system’s structures in more than 100 mammalian species covering all orders 
of mammals. We performed a thorough literature survey and investigated serial sections of 
fetal specimens. Subsequently, we identified protein-coding genes that were inactivated in 
species with a reduced VNS using a computational Forward Genomics approach. Our results 
contribute to understanding, which genes became obsolete in mammals with a reduced VNS. 
It provides marker genes for studying the VNS reduction in addition to the previously known 
VNO loss related inactivation of the Trpc2 gene. Moreover, our study is an example of the huge 
potential of the combination of morphological traits and comparative genomic approaches. 
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Selection of wild ungulates by Eurasian lynx in the 
Harz Mountains, Germany

P. Lippitsch 1, 2, #, O. Anders 3, T. L. Middelhoff 3 & H. Ansorge 1, 4

1 Senckenberg Museum of Natural History, Görlitz, Germany, e-mail: paul.lippitsch@senckenberg.de — 2 In-
stitute of Forest Botany and Forest Zoology, Technische Universität Dresden, Pienner Straße 7, 01737 Tha-
randt, Germany — 3 Harz National Park, Lindenallee 35, 38855 Wernigerode, Germany — 4 International In-
stitute Zittau, Technische Universität Dresden, Markt 23, 02763 Zittau, Germany — # Corresponding author

The wild ungulates roe deer Capreolus capreolus and red deer Cervus elaphus are the 
main prey species of reintroduced lynx Lynx lynx in the Harz Mountains (Germany). Therefore 
were examined the predation pattern of lynx on roe deer and red deer. Between the years 
2006–2019, a sample of 253 lynx prey remains (198 roe deer, 55 red deer) and 183 shot animals 
(106 roe deer, 77 red deer) were investigated considering their sex, age and physical condition. 
Age determination was based on the analysis of cementum annuli of teeth, whereas condition 
was detected by measuring the mandibular bone marrow fat content.

The shot roe deer are evenly distributed over the age classes, whereas those preyed by lynx 
are mainly adult, followed by juvenils and subadults. Among them more females (63 %) than 
males were killed by lynx. There is no indication of a preference of animals with a bad con-
dition. The condition range of the roe deer killed by lynx resembles that of shot animals. In 
general, the condition level of the roe deer seems to be quite low.

Among red deer, lynx kill mostly calves (73%) and females (84%). A greater range of value in 
the condition and a lower condition level in comparison to roe deer was found. The condition 
of red deer killed by lynx was lower than that of shot red deer, but not significant. More than 
70 % of investigated red deer was recorded in the winter season.

In conclusion, there is no significance that lynx hunt weak individuals. Basically the ungulates 
have a bad condition in the Harz Mountains. The sex as well as the age of the ungulates seems 
to be more important factors in the choice of prey for the lynx, especially in the red deer.
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What do wolves eat? Stomach content analysis improve  
the knowledge of wolf feeding habits 

P. Lippitsch 1, 2, #, S. Gerlieb 1, 3 & H. Ansorge 1, 3

1 Senckenberg Museum of Natural History, Görlitz, Germany, e-mail: paul.lippitsch@senckenberg.de — 2 In-
stitute of Forest Botany and Forest Zoology, Technische Universität Dresden, Pienner Straße 7, 01737 Tha-
randt, Germany — 3 International Institute Zittau, Technische Universität Dresden, Markt 23, 02763 Zittau, 
Germany

The food ecology of wolves was investigated based on stomach contents collected from 2011–
2017 in Germany. New models for biomass calculation and specific coefficients of digestibility 
from gastric analyses for biomass calculation were developed.

The results show that the wild ungulates are the main food objects of the wolf in Germany. 
They are captured with the highest frequency and also the highest biomass intake. This result 
is displayed by all models used, whereby the proportions of the food objects are occasional-
ly slightly shifted. Referring to all calculation variants the roe deer Capreolus capreolus and 
the wild boar Sus scrofa represent the highest biomass intake. The biomass calculations from 
stomach analyses were compared with those from the wolf scats. Very similar results have 
been obtained in some cases, especially the shares of roe deer and wild boar.

Additionally specific digestion coefficients for ungulates were developed. So far these coef-
ficients were determined in enclosure experiments on foxes. In this study the least digested 
stomach samples were useful to calculate the coefficients. Therefore the digestion was imitat-
ed for the least digested specimens by using enzymes. The ratio of stomach contents weight to 
the dry weight of its remains after digestion forms the coefficient. Because of the natural origin 
of these data, our coefficients are more significant as the values from feeding experiments and 
these will improve the feeding analysis of wolves.
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Evolution of the Camelidae

S. LYNCH, A. Balcarcel & M. Sánchez Villagra

1 Paläontologisches Institut und Museum, Karl-Schmid-Strasse 4, 8006 Zürich, Switzerland, e-mail: sinead.
lynch@uzh.ch

The Camelidae appeared during the middle Eocene epoch in North America and became a 
highly diversified group until its drastic decline in the late Pleistocene. Today only members 
of two tribes, Lamini (Lama, Vicugna) and Camelini (Camelus), are extant. Both of these tribes 
originated in the Miocene and migrated to the Old World and South America approximately 
3 Mya.

Even though the fossil record of camelids is fairly extensive, their phylogeny remains uncer-
tain. For example, while the genus Camelops was placed within the Lamini in the latest mor-
phology-based phylogeny, genomic data indicated a closer relationship with the Camelini. 
Similarly, the position of Aepycamelus among other Camelidae remains ambiguous. 

A near-complete Lamini fossil specimen from the early/middle Pleistocene of Argentina is cur-
rently housed at the  Institute of Paleontology of Zürich and will soon be described. It is aged 
to  approximately 1 Mya and preserves a suite of cranial morpho logies rarely captured in a 
single specimen. 

Our aims are to clarify and update the phylogeny of the Camelidae, concentrating on cra-
nio-dental characters, as we investigate the position of this new Argentinian specimen. In or-
der to do so, we will be adding a wider range of species to the analysis, reviewing and adding 
characters to reflect more accurately the morphological disparity within the Camelidae.
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The Taming of the Shrew – Semantic Data Models and the need  
for common standards and ontologies 

C. Montermann # & J. Decher

Zoological Research Institute Alexander Koenig, Adenauerallee 160, 53113 Bonn, Germany — # Correspond-
ing author: c.montermann@leibniz-zfmk.de

One problem in modern science is that most morphological, anatomical and taxonomic data 
are still not suitable for modern eScience approaches, due to restriction of content to pub-
lished literature and missing eScience-compliant standards for deposition. As part of the DFG 
funded project eScience-Compliant Standards for Morphology our use case focuses on the tax-
onomy of West-African Crocidura species and tries to implement the present information on 
these species to a modern semantic approach. Doing so we try to “translate” old information 
into semantic data graphs and try to establish standardized methods for describing and doc-
umenting morphological characters. 

The amount and quality of information for different taxa varies greatly in the old literature as it 
was generated in different times and traditions. They are also published in different languag-
es and need to be translated, which may also lead to potential misinterpretations for some 
terms. Another big problem is a missing consensus terminology for some anatomical features. 
One example are the different published possible identities of the unicuspid teeth in shrews. 
To solve these linguistic problems, we are also developing a glossary of relevant terms to guar-
antee a standardized, taxon-independent terminology for morphological and taxonomical 
descriptions, at least for mammals. With the standards generated the Morph·D·Base system 
will be able to do complex comparative anatomical searches, help to identify newly collected 
material and possibly generate identification keys for different groups or regions. 

With this talk we want to raise attention to the problems of classical morphological and taxo-
nomic data in modern science approaches and try to get feedback for the standardization of 
the terms used in mammal taxonomy in general and crocidurine shrew taxonomy in particular.
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Beep! — Barcoding Germany’s mammals

V. Rduch 1, #, C. Montermann 1, T. Jentke 1, R. Hutterer 1, H. Ansorge 2, J. Thormann 1, 
L. von der Mark 1, E.V. Bärmann 1, J. Decher 1, M. F. Geiger 1, B. Rulik 1 & J. J. Astrin 1

1 Zoologisches Forschungsmuseum Alexander Koenig, Leibniz Institut für Biodiversität der Tiere, Adenau-
erallee 160, 53113 Bonn, Germany — 2 Senckenberg Museum für Naturkunde Görlitz, Am Museum 1, 02826 
Görlitz, Germany — # Corresponding author: v.rduch@leibniz-zfmk.de

DNA barcodes, short gene fragments like the mitochondrial COI gene in animals, are usually 
unique to each species. During the last years, DNA barcoding has emerged as a global standard 
for fast and reliable genetic species identification. This includes the direct identification of a 
species and indirect proof of its presence via tissue remains or via noninvasive sampling of 
environmental DNA. This makes DNA barcoding a powerful tool for multiple applications in 
science, monitoring, economy and conservation.

We give first insights into our comprehensive DNA barcoding study of German mammals as a 
part of the German Barcode of Life project (GBOL). Funded by the German Federal Ministry of 
Education and Research, this national DNA barcoding campaign aims at compiling an open 
access DNA barcode reference database via collecting, sharing, processing, and depositing 
samples in conventional and molecular collections. 

Our study so far includes almost 90 mammal species, representing more than 90% of the Ger-
man fauna. Species represented in our dataset are covered by on average 10 samples. Con-
cerning our results so far, the intraspecific (p-)distances were 0.5% on average, and the mean 
interspecific distance among the genetically closest species pairs was at 12.9%. The highest 
intraspecific distances were observed in Muscardinus avellanarius with 10.9% and Neomys 
anomalus with 4.1%. Conspicuously low interspecific distances were observed for certain spe-
cies pairs like Arvicola amphibius – A. scherman (0%), or Cervus nippon – C. elaphus: 2.58%. 
While an universal barcode gap does not hold for the entire dataset (but for most it), only 
Arvicola amphibius and A. scherman showed non-monophyly at species level. 

Thus, 98% of species could be identified reliably through DNA barcoding. Our results underline 
that DNA barcoding represents an efficient tool for species identification and monitoring of 
German mammals. 
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Take it easy: behaviour patterns of puku (Kobus vardonii) 
in Zambia 

V. Rduch

Zoologisches Forschungsmuseum Alexander Koenig, Adenauerallee 160, 53113 Bonn, Germany, e-mail: 
v.rduch@leibniz-zfmk.de

The existence of well-defined daily activity patterns in African ruminants seems like common 
knowledge. Scientific evidence, however, is relatively scarce. The same applies for the puku 
(Kobus vardonii), a member of the Reduncini (Order: Artiodactyla), as only anecdotal obser-
vations and contrasting statements were available prior to this study. In the context of niche 
partitioning in African bovids, interference competition can result from similarities in activity 
patterns. Activity patterns affect the degree to which bovids have access to the same resourc-
es, and they intermesh with the predation risk. 

Behaviours were measured at selected spots in different areas of Zambia from 2009 to 2011, 
including all individuals at the spot, night and day, every 10 minutes by scan sampling; the 
recording rule was instantaneous sampling.

Distribution of grazing and resting was rather similar in all study regions, especially during the 
cool dry season. In all study regions and seasons, puku were found grazing mainly at dawn 
and at night. During the main parts of day, puku rested. They further laid down for resting 
in the middle of the sun, sometimes completely flat on the ground. The amount of resting 
behaviours increases with the progression of the dry season. Several other questions were 
answered by the outcome of the observations: Does the puku’s behaviour change with the 
course of the year? Does the characteristic puku whistle also show a pattern throughout the 
day? How different are activity patterns of puku and impala (Aepyceros melampus) that coexist 
in some parts of Zambia? Does the presence of predators in the study area affect the behaviour 
of puku? And not irrelevantly: Can one conclude that the observations from the spots reflect 
the overall behaviour patterns of puku?

The most important questions cannot be answered: will there be (enough) pukus in the fu-
ture? At the main observation spot, puku numbers have dramatically decreased by an esti-
mated 90% during the last years. Let’s hope that these observations will not be labelled as 
mere memories.
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“Can’t escape from you” – Anthropogenic influence on the spatial 
use behaviour of the Alpine ibex (Capra ibex ibex) in alpine regions

C. Reichler 1, G. Gressmann 2, A. Frey Roos 1, F. Filli 3, K. Hackländer 1

1 University of Natural Resources and Life Science Vienna (BOKU), Institute of Wildlife Biology and Game 
Manage ment, Gregor-Mendel-Straße 33, 1180 Vienna, Austria — 2 National Park Hohe Tauern, Kirchplatz 2, 
9971 Matrei i. E. Tyrol, Austria — 3 Swiss National Park, Chastè Planta-Wildenberg, 7530 Zernez, Switzerland

In the last decades the Alpine ibex (Capra ibex ibex) were able to grow in the Alps, after its 
almost complete extermination in the 19th century. As a result of different reintroduction pro-
jects, the Alpine ibex has been able to successfully re-establish itself and once again populates 
large parts of the Alps. Nevertheless, the Alpine ibex is still considered as an endangered spe-
cies according to climatic and geographic specialization.

Currently, disturbances of anthropogenic origin such as grazing by livestock, tourism and 
hunting are increasing more and more in the reclaimed distribution areas. In recent years, 
tourism in particular has been discussed to be a growing problem for ibex conservation, even 
in remote habitats due to the increasing popularity of alpinism and ecotourism.

In this study we analysed this anthropogenic disturbance with GPS collared male Capra ibex 
in the National Park Hohe Tauern Tyrol, Carinthia and Salzburg (Austria), as well as the Swiss 
National Park (Switzerland) and the Lechquellengebirge in Vorarlberg (Austria) to compare 
different management strategies. Therefore, we calculated individual home ranges of the ani-
mals and analysed the impact of human land use.

In order to investigate the influence of tourism, areas preferred by ibex (HSI model) were ex-
amined for superimpositions with hiking trails and the actual space use of ibexes between 15th 
May and 31st October. In addition, we compared the morning activity phase (04:00 am – 08:05 
am) with the rest of the day (08:00 am – 19:00 pm), i.e. the time when more and more distur-
bances are occurring by recreational activities.

With respect to hunting, we analysed whether there is a change in space use of ibexes at the 
beginning of the hunting season (1st August). In order to exclude an interaction by tourism, a 
counter-check of the space utilization before the hunting season was conducted. The home 
ranges were compared with areas used for hunting as well as game sanctuaries. In particular, 
we investigated if hunting drives ibexes to remote areas such as rocky outcrops or unsuitable 
slopes.

To analyse the effect of livestock grazing on space use by ibex, we determined the proportion 
of alpine meadows and pastures in ibex home ranges. In addition, we checked whether live-
stock grazing intensity had effects on space occupancy by ibex. 
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Mid Infrared Spectroscopy, Micro Histological analysis, and DNA 
Barcoding of Sika Deer Faecal Samples in Lower Austria 

L. Saggiomo 1, #, H. Meimberg 2, M. Curto 2, J. Tintner Olifiers 3, K. G. Bernhardt 4,  
K. Hackländer 5

1 Czech University of Life Sciences Prague, Faculty of Forestry and Wood Sciences, Kamýcká 129, Praha 6 – 
Suchdol, 165 00, Czech Republic — 2 Institute for Integrative Nature Conservation Research. University of 
Natural Resources and Life Sciences, Vienna (BOKU), Gregor-Mendel- Straße 33, 1180 Vienna — 3 Institute of 
Physics and Materials Science (IPM) University of Natural Resources and Life Sciences, Vienna (BOKU), Pe-
ter-Jordan-Straße 82, 1190 Vienna — 4 Institute of Botany University of Natural Resources and Life Sciences, 
Vienna (BOKU), Gregor-Mendel-Straße 33, 1180 Vienna — 5 Institute of Wildlife Biology and Game Manage-
ment (IWJ) University of Natural Resources and Life Sciences, Vienna (BOKU), Gregor-Mendel-Straße 33, 
1180 Vienna — # Corresponding author: laurasaggiomo88@gmail.com

The introduction of species outside of their natural range can have far-reaching and often 
harmful effects upon the biological diversity of invaded ecosystems. They can affect genetic 
diversity of native species and the functionality of the ecosystems, and are the second most 
affecting cause of biodiversity loss all over the globe after direct habitat destruction. The Sika 
deer is a member of the native Asian fauna. Originally found in China, North and South Korea, 
Japan, Russia, Taiwan, and Vietnam, it has been widely introduced into many other parts of 
the world, including most of the Western, Central, and Eastern European countries. Escaped 
from deer parks and collections, Sika spread through the wildlands and are now considered to 
be among the most invasive introduced species in Europe. Sika deer are grazers with a great 
local variation in food habits. If necessary, they can cope with food shortages by consuming 
dead leaves, bark, and even underground parts of plants. Through their grazing activity, Sika 
deer can cause severe damages to the vegetation in forest ecosystems. In some European 
countries, as Ireland and Scotland, the species has been identified as major cause of damages 
on the local flora. In the last decades in facts, severe grazing activity has caused the almost 
complete loss of the different types of vegetation cover, and the frying activity has damaged 
almost 30% of the stems found in the woods. Even though feeding habits of mammals are a 
crucial point of interest in the study of population biology, the knowledge on biological and 
conservational aspects, e.g. ecological habits, habitat preferences or ecological niche of Euro-
pean populations of Sika deer is still deeply insufficient. Being feeding and nutrition essential 
in nature, the analysis of faeces provides easily accessible and highly valuable information 
about the ecology of a species and its impact on the ecosystem. In order to investigate Sika 
deer feeding ecology, information on the botanical composition and quality of their diet is 
essential. The main objectives of the study are to perform a preliminary analysis on two Sika 
populations investigating their food habits in two very different environments, and to explore 
their impacts on the vegetation. Also, we aim to investigate the feeding difference between 
deer species (roe, red and sika deer) in an area where they widely overlap. To perform the 
above mentioned analysis, three different methods will be used: (1) Mid Infrared Spectros-
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copy: A method that delivers information on a chemical level and thereby on a physiological 
level. (2) Micro Histological Analysis: A method that delivers information on a taxonomic and 
physiological level, and (3) DNA Barcoding: A method that delivers information only on a tax-
onomic level. Since three complementary techniques will be used to quantitatively or quali-
tatively evaluate the diet composition Sika deer population, an investigation of advantages, 
disadvantages, potential, and limits of these techniques will also be carried on. Eventually, the 
project will also highlight possible conflicts with forestry aims and proposing nature conserva-
tion plans of the landscape vegetation.

This study is financially supported by the Faculty of Forestry and Wood Science of The Czech 
University of Life Science of Prague.
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The Logic of Domesticated Mammals: a developmental perspec-
tive on morphological diversification associated with tameness 
and selective breeding 

M. Sánchez Villagra

Palaeontological Institute and Museum, University of Zurich, Karl Schmid Strasse 4, CH-8006 Zurich, Swit-
zerland; e-mail: m.sanchez@pim.uzh.ch

The contribution of a developmental perspective to morphological diversification associated 
with tameness, domestication and selective breeding is documented in numerous studies – 
mirroring ideas of a classic 1989 paper of the late Pere Alberch on monsters. Experimental 
studies of domestication (on rats, on foxes and on mice) have provided insights into the asso-
ciation and the modularity of traits; the role of the neural crest as a driver of such association 
has been hypothesized. The latter could be relevant for the origin of many features of our 
own species (cranial feminization, brain size changes). However, it remains a challenge to find 
associations between neural crest developmental changes and adult morphology. Less funda-
mental but nevertheless significant advances can be achieved with geometric approaches to 
quantify developmental trajectories and morphological changes. Recent studies on postna-
tal growth and cranial diversity emphasize the relevance of different kinds of developmental 
repatterning (neomorphism, paedomorphism) and how some modules (neural crest-derived 
bones) diversify more than others. Size changes are important in domestication and this alone 
can explain the apparent differences in shape of some organs (e.g., inner ear of dogs). There is 
phylogenetic signal in the morphological changes that occur in domestication– as for exam-
ple in brain size. The domestication syndrome as commonly defined applies for canids and 
not to all mammals equally; segregation of traits after selective breeding circumvent patterns 
canalized by development. Life history changes associated with domestication reflect much 
plasticity but one that is not random and universal, with some traits being highly conserved 
(e.g. gestation length). This affects also the tempo of morphological change, highly variable 
across species and organ systems and phases of domestication. Many of the above patterns 
mirror those reported for mammals in islands and in captivity.
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Longitudinal biometric analyses of a large nocturnal primate,  
Otolemur crassicaudatus: Sex and environmental effects 

M. L. Sauther 1, F. P. Cuozzo 2, A. S. W. Tordiffe 3, J. Millette 1, B. Linden 2, 4, J. Linden 2, 4

1 Department of Anthropology, University of Colorado, 233 UCB, Boulder, Colorado, U.S.A., e-mail: sau-
ther@colorado.edu — 2 Lajuma Research Centre, P.O. Box 522, Makhado (Louis Trichardt) 0920, South 
Africa, e-mail: makiteeth@hotmail.com — 3 Department of Paraclinical Sciences, Faculty of Veterinary Sci-
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We carried out a 6-year (2013–2018), study of wild thick-tailed galagos, Otolemur crassicauda-
tus, in a high altitude, seasonal habitat at the Lajuma Research Centre, South Africa. Biometric 
data (e.g. weights, linear lengths, circumference and skin fold measurements), were collect-
ed on Otolemur crassicaudatus captured in Havahart traps, (94 micro-chipped individuals, 
64 adults, 30 subadults, 45 individual females, 49 individual males, 206 total repeat captures). 
At the population level, compared to adult females, adult males were heavier, had greater 
subscapular body fat as well as  greater linear measurements and muscle mass (circumfer-
ence data) for most measurements (one way ANOVA using Tukey post-hoc analyses; p < .05). 
There were no sex differences for most measures among sub-adults with the exception of body 
fat (skin folds), with subadult females having higher suprailiac skin fold values than subadult 
males. More fine-tuned growth and development data taken across 2017–18 reveals that both 
males and females increase their body weights at a rapid trajectory, attaining adult size within 
10 months, although males may continue to grow beyond that time period. These annual data 
also show that seasonality (wet versus dry) affects both adult male and adult female body 
weights, with lower measures during the dry season when insect resources are reduced (t-test, 
p = .0001). Biometric values such as weight, circumferences and body fat (skin folds), also var-
ied by year, and were lower during some years (e.g. 2013, 2014). Based on weather data these 
years were characterized by dramatically high amounts of rainfall and cooler temperatures 
which could have affected resource availability. Adult weight data were also compared to pub-
lished body weights on 40 O. crassicaudatus living in a forest strip on the Wallace Dale Farm 
in 1977. Lajuma adults weighed significantly less than published data on Wallace Dale adults 
(t = 6.694; p < .0001). Overall, our data indicate that male sexual dimorphism may be the result 
of a longer growth period.  Longitudinal data also indicate these nocturnal primate’s growth 
and body condition are affected by environmental factors such as temperature and rainfall as 
well as anthropogenic effects such as depauperate plant and animal communities on farms.
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Positive selection on mitochondrial coding genes and adaptation 
signals in hares (genus Lepus) from China 
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Natural selection has been suggested to shape patterns of polymorphism and divergence in 
different mitochondrial (mt) oxidative phosphorylation (OXPHOS) genes in several mammal 
species including hares. Here, we tested for selection and adaptation in 116 sequences of the 
complete cytochrome oxidase I (COI, 1449bp), cytochrome b (Cytb, 1137bp) and NADH dehy-
drogenase 4 (ND4, 1377bp) mtOXPHOS genes in eight hare species/taxa from China, where cli-
matic and habitat conditions exhibit pronounced changes. Positive selection was detected, by 
at least two statistical tests, at four and three positions in ND4 and Cytb, respectively, among 
the sequences retrieved from GenBank. No positive selection was detected at COI. Contrary, 
negative selection was detected for most substitutions in the three protein coding genes. Only 
one amino acid replacement was detected among positively selected sites in ND4 likely to 
alter protein functioning. Moreover, to investigate the functional role of the non-synonymous 
amino-acid changes in altering protein structure, homology models of these variants were 
constructed. The predicted models were then assessed for stereochemical quality and side 
chain environment. The results showed that some substitutions affected the protein stability, 
which suggests that some variants could have potential functional impact. Finally, a signifi-
cant climate effect was observed for ND4 and Cytb protein variants as translated from the nu-
cleotide sequences. Overall, our results highlight the effect of climate variation in adaptation 
of mtDNA in hares.
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Previous studies in hares and jackrabbits (genus Lepus) indicated that positive selection has 
shaped the genetic diversity of mitochondrial genes involved in oxidative phosphorylation 
which may affect cellular energy production and cause regional adaptation to different envi-
ronmental (climatic) pressures. In the present study, we sequenced the NADH dehydrogenase 
subunit 6 (MT-ND6) gene of 267 brown hares (L. europaeus) from Europe and Asia Minor/the 
Middle East and tested for (positive) selection and adaptation acting on the translated amino 
acid sequences (protein variants). Molecular diversity indices and spatial clustering were as-
sessed by DnaSP, Network, and Geneland, while the presence of selection signals was tested 
by codeml in PAML, and by means of additional test approaches using the Datamonkey Adap-
tive Evolution web server. 

The SPSS software was used to run multinomial regression models to test for possible effects 
of climate parameters on the currently obtained protein variants. Fifty-eight haplotypes were 
revealed with a haplotype diversity of 0.817, coding for 17 different protein variants. The MT-
ND6 phylogeographic pattern as determined by the nucleotide sequences followed the earlier 
found model based on the neutrally evolving D-loop sequences, and reflected the earlier found 
phylogeographic Late Pleistocene scenario. Based on several selection tests, only one codon 
position consistently proved to be under positive selection. It did occur exclusively in the evo-
lutionarily younger hares from Europe with significantly lower nucleotid diversity than in the 
Anatolian Peninsula and it gave rise to several protein variants from the southeastern and 
south-central Balkans. The occurrence of several of those variants was significantly favored un-
der certain precipitation conditions, as proved by our multinomial regression models. Possibly, 
the great altitudinal variation in the Balkans may have brought bigger changes in precipitation 
across that region than in the Anatolian Peninsula and this may have imposed an evolutionari-
ly novel selective pressure on the protein variants and could have led to regional adaptation.
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In Europe, golden jackals have continuously been expanding their distributional range from 
the southern and southeastern Balkans north and northwestward towards central Europe 
since the 1960ies and have meanwhile established a vital population in Hungary. Based on 
earlier genetic data and landscape characteristics, we hypothesized that the recent coloniza-
tion of Hungary by golden jackals has resulted from a northward expansion from Serbia, Slavo-
nia (NE Croatia), and potentially also from eastern Slovenia. Here, we genotyped 81 individ-
uals from the border region of eastern Slavonia (NE Croatia), northern Bosnia & Herzegovina 
(n = 41), eastern Slovenia (n = 5) and Hungary (n = 40) at seven microsatellite loci and combined 
the obtained genotypes with earlier data (n = 279) from Bulgaria, Serbia, and Hungary. Allele 
composition and allelic richness did not vary significantly across the study area, and relative 
and absolute genetic differentiation (F-statistics, Cavalli-Sforza & Edwards genetic distances) 
between the regions studied were all very low. Nevertheless, a significant (FIS = 0.091; 95% con-
fidence interval: 0.065–0.118) deviation from Hardy-Weinberg expectations was found for the 
composite data set (n = 365). Our geographical cluster analyses of individual genotypes using 
various Bayesian algorithms (STRUCTURE, BAPS, GENELAND) concordantly indicated highest 
gene pool similarity between jackals from Hungary and those from the border region of NE 
Croatia/northern Bosnia & Herzegovina, as well as eastern Slovenia, whereas genetic charac-
teristics of jackals from Serbia were clearly different from those of Hungarian jackals. Despite 
rather uniform genetic characteristics of Hungarian jackals, some Hungarian jackals exhibited 
genetic signals of possible descendence from northern Bulgaria. In conclusion, surprisingly 
our present findings did not suggest a considerable northward expansion of Serbian jackals 
into Hungary; rather, NE Croatia, northern Bosnia, and possibly eastern Slovenia appear to be 
the most important source population for the jackals currently roaming Hungary.
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Primate populations are declining due to anthropogenic threats, including habitat loss and 
degradation. This raises the important question of how much habitat degradation a species 
can cope with. Habitat degradation is pronounced in Madagascar, where most of the human 
population depends on the direct exploitation of natural resources. We aimed to identify the 
responses of different lemur species to forest degradation and to define the structural traits of 
the vegetation that might be crucial for the species’ occurrence in anthropogenic landscapes. 
We documented the occurrence in relation to vegetation structures along gradients of forest 
degradation, in and west of Tsimanampetsotsa National Park for Microcebus griseorufus and 
Lepilemur petteri, in Andohahela Natinal Park for L. leucopus, and in the Oronjia forest protect-
ed area for Microcebus tavaratra. Studies took place between 2007 and 2018. We confirmed 
the occurrence of the lemurs in transects using trapping (Microcebus) and visual surveys, and 
measured vegetation structure with point-centred quarter methods. Logistic regression mod-
els showed that Microcebus griseorufus has a threshold response to tree density and the diam-
eter of thick trees. The thresholds of occurrence were at 10–15% of the tree density recorded 
in intact forest and a mean diameter of trees with a diameter at breast height of ≥ 10 cm of 
14 cm. Lepilemur spp had threshold responses to tree densities at about 50–60% of the tree 
density recorded in intact forest. Microcebus tavaratra has a threshold response to tree height 
and diameter of thick trees. The thresholds of occurrence were at a mean height of trees with 
a diameter at breast height of ≥ 10 cm of 4.3 m and a mean diameter of trees with a diameter 
at breast height of ≥ 10 cm of 19.9 cm. The presence of such thresholds in different species 
might help to maintain or restore suitable habitat for these species and other primates living 
in anthropogenic landscapes, providing connectivity between isolated protected areas and 
allowing dispersal between populations.

Funded by BMBF and DFG. 
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During the last glacial maximum red deer from Europe was restricted to southwestern, south-
ern, and southeastern refugia and re-colonization of central and more northern areas has 
started only after climate amelioration. In addition, anthropogenic naturalization and trans-
location of European and foreign lineages have occurred during various historic periods un-
til present times. Here we use mitochondrial (mt) dloop sequences (510bp) of 108 individu-
als to identify the geographic distribution of the different late pleistocene refugial lineages 
across Slovenia, possible foreign lineages (such as Maral or Wapiti sequences), and potential 
introduction effects. All fifteen haplotypes as obtained from sequence analysis (number of 
variable sites = 26, singletons = 7, parsimony informative sites = 19) could be assigned to ei-
ther the southwestern (A) or southeastern (C) refugial lineage systems after alignment with 
sequences downloaded from GenBank. Bayesian statistics (Geneland, Baps) identified four 
genetic clusters with varying proportions of A or C sequences and an overall fixation index 
(Fst) of 0.674 (p < 0.0001) with pairwise differentiation ranging between 0.248 and 0.909 (all 
significant). The theoretical number of individuals (Nm, after Hudson et al. 1992) migrating be-
tween the four clusters ranged between 0.03 and 0.76, when leaving out some few individuals 
that could not be securely assigned to one of the four genetic clusters. Our logistic regression 
models  suggested a significant effect of ambient temperature on the spatial distribution of 
A or C sequences, in addition to the significant cluster effect. Local bio-climatic data (ambi-
ent temperature and precipitation) were downloaded from the “WorldClim – Global Climate 
Data“ platform and aggregated to a temperature and a precipitation factor, respectively, by 
two principal component analyses. The observed climate effect may, however, be (partly) 
blurred by naturalizations, which should be clarified by inclusion of further samples from new 
geographical locations.
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Contrary to mitochondrial DNA that is conventionally used to unravel maternal phylogenetic 
lineages and phylogeographic patterns within and across mammalian species, such paternal 
analyses are significantly less often performed, due to the relatively little genetic harbored 
by genes of the y chromosome. One such gene – the SRY gene – determines the testes forma-
tion and is occasionally used in phylogenetic contexts. Here, we examined the potential of 
sequence variation (229bp) of the SRY gene for phylogenetic and phylogeographic analyses 
in hares and jackrabbits (genus Lepus). Specifically, we studied sequence variability of African 
hares (Ethiopia: L. habessinicus, n = 28; L. fagani, n = 6; L. starcki, n = 9; north Africa: L. capensis 
sensu lato, n = 12; Republic of South Africa: L. capensis, n = 8, L. saxatilis, n = 14; Mali: L. victo-
riae, n = 1) and Europe (L. europaeus: n = 4) and possible selection effects, including additional 
sequences of other hare species available on GenBank. Whereas sequence variation in the 
African species was low (altogether only four haplotypes), demonstrating the likely absence of 
a potential for phylogenetic analysis, the few currently sequenced specimens of L. euro paeus 
yielded already also four haplotpyes, and together with the sequences of eight additional spe-
cies/taxa from Eurasia and America obtained from GenBank, a total of 21 haplotypes could 
be identified. An initial network analysis of those haplotypes of the Eurasian and American 
species/taxa does suggest some phylogenetic potential of the SRY sequences, despite a single 
position identified being under positive selection. 
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The domestic dog (Canis lupus familiaris) comprises various cranial morphotypes ranging 
from brachycephalic (short snouted) via mesaticephalic (medium snouted) to dolichoce-
phalic (long snouted). Numerous studies dealt with the skull’s outer morphology in different 
breeds and its genetic linkage. But these studies never regarded internal bony structures like 
the turbinal skeleton within the nasal cavity and how and to which degree it is affected by 
changing facial length. In this comprehensive project skulls of eleven breeds covering different 
snout length types and ontogenetic stages are selected. Adult skulls of the dog’s ancestor, the 
Eurasian wolf (Canis lupus lupus) serve for outgroup comparison. Based on high-resolution 
computed tomography (µCT) and virtual 3D models the morphology and morphometry of the 
turbinal skeleton is investigated. On the example of the respiratory functioning maxillotur-
binal the analysis proves a positive correlation between snout length and surface area and 
surface density of the maxilloturbinal. In the most extreme brachycephalic breeds like the pug 
or the pekingese a conspicuous reduction of the turbinal skeleton is observed. This phenom-
enon can be elucidated by including perinatal stages into the morphological dataset. In fact, 
in brachycephalic adult dogs the turbinal skeleton arrests at an early ontogenetic stage. The 
results exactly conform to studies on the viscerocranium presuming that the growth patterns 
of the turbinates inside the nasal cavity have to be affected by the same genes like the dermal 
bones. For future work, genetic analyses should support the hypothesis if and how far in mam-
mals the ontogeny of external and internal cranial structures is determined by identical gene 
loci. For the evaluation of this question the domestic dog serves the ideal model organism 
due to its high intraspecific morphological diversity in both facial and turbinate morphology.
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Though big cats (Panthera species) like lions and tigers are omnipresent iconic animals in our 
culture, history and everyday life, significant gaps of knowledge concerning their intracranial 
structures still exist. The membranous labyrinth of the inner ear comprises the vestibular sys-
tem and the auditory sensory organ. It corresponds in morphology and size with the bony lab-
yrinth inside the petrosal bone which can be used as a proxy to investigate macerated skulls 
from scientific collections and fossil specimens. There is a significant correlation between the 
morphometry of the semicircular canals (SC), that detect angular acceleration of the head, 
and posture as well as locomotion and agility in extant and fossil mammals. Additionally the 
morphometry of the bony labyrinth can also reflect habitat adaption and foraging behaviour.  
The goal of the present study is to elucidate intra- and interspecific variations in the ear region 
of Panthera to allow a high-resolution morphofunctional discrimination of all big cat species 
for the first time. 

Macerated skulls of five lions (Panthera leo) were studied by µCT: two wild adults, two captive 
juveniles and one captive neonate. For comparison one juvenile tiger (Panthera tigris) was also 
investigated. The virtual 3D models of the bony labyrinth of one wild adult, one captive juve-
nile and one captive neonate specimen of Panthera leo were used for linear measurements of 
the SC.

Our first results show no significant differences in the morphology of the inner ear between 
the different ontogenetic stages of Panthera leo. However there seems to be some variation in 
the proportional size of the SC. The radius of curvature of all SC decreases from the neonate 
to the adult stage. This pattern resembles the expected negative allometry of a sensory organ. 

Remarkably, the two adult wild lions and one captive juvenile have 3.00 turns of the cochlea, 
while the captive neonate and one captive juvenile lion show 3.25 turns. Variations in the 
number of cochlea turns up to 0.25 are reported from different species from captivity. In fact, 
cochlea coiling in the domestic cat (Felis catus) shows the same range from 3.00 to 3.25 turns, 
like the lions in our study. 

The bony labyrinths of the investigated lions and the juvenile tiger show a secondary crus 
commune. In contrast to the lions under study the anterior SC of the juvenile tiger is more 
undulating. Furthermore, the angle between the anterior and the lateral SC is sharper than in 
the lions. The cochlea of this captive individual also shows 3.25 turns. 
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If these observations are intraspecific and/or interspecific variations between lions and tigers 
or if they reflect domestication effects in captive animals needs to be elucidated by larger 
samples. Morphological differences between wild and captive animals would have significant 
implications for breeding programs and conservation. 






