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Plenary Lectures
(In the order of presentation schedule)

Hybridization and the nature of biodiversity

J. MALLET
Galton Laboratory, Dept. of Biology, University College London

The evolution of new species, or 'speciation’, is often regarded by biologists as a difficult problem. This
seems to me largely an artefact of a rigid and highly non-Darwinian concept of what species are.
Species are regarded by many biologists even today as 'real’, distinct units of biodiversity in nature,
and indeed as the only real taxonomic level in nature (for instance, the genus, the population, and the
subspecies are not held in such high regard). This idea was proposed along with theories of
‘reproductive isolation' and the 'biological species concept' 65 years ago, around the time that Stalin,
Hitler, Franco, and Mussolini ruled much of Europe. Recent genetic data from natural populations tell
us that natural hybridization between species is common, and that the need for complete reproductive
isolation and the concomitant difficulty of speciation have both been overstated. | will illustrate my talk
with examples, including butterflies, birds, and even whales. Species are demonstrably continuous
with subspecies and 'varieties' in nature in terms of hybridization, and the evidence of continuous
speciation processes is all around us. A return by biologists to a more pragmatic view of species and
speciation, closer to Darwin's own ideas, seems now to be taking place, although there is still
considerable resistance. Speciation is not just a historical process; it is something we can observe and
investigate by looking at its intermediate stages in today's biodiversity.

Active Vision: A strategy of complexity reduction i n behavioural

control

M. EGELHAAF
Neurobiologie, Universitat Bielefeld

It may appear plausible to assume that the control of complex behaviour requires a correspondingly
complex brain. Our studies on blowfly visually guided orientation behaviour in complex environments
show that this assumption is generally not justified. We investigate by behavioural, neuronal and
modelling analysis which brain mechanisms enable animals to move in their environments without
colliding with obstacles. The fly is an excellent model system to analyse how this vital task can be
solved. With its miniature brain, the fly is able to control highly aerobatic flight manoeuvres and, in this
regard, outperforms any man-made autonomous system. To accomplish this extraordinary
performance, flies employ a clever trick: they shape actively by the specific properties of their own
movements the dynamics of the image sequences on their eyes, an activity which results in visual
information that can be processed by the brain with relatively little computational effort. We test
whether biologically inspired computational principles can be employed in artificial vision systems to
realise autonomous robots which come close, with regard to their performance, to their biological
counterparts.
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Assessing evolutionary change on an ecological time scale

N.G. HAIRSTON, JR.
Cornell University, Ithaca, USA

A primary objective of both ecology and evolutionary biology is understanding the origin and
maintenance of biological diversity, and both groups of scientists often coexist peacefully in a single
academic department (such as my own). Nevertheless, the possibility that ecological and evolutionary
temporal dynamics must be evaluated together is rarely considered. There is instead a long-standing
tradition in our fields that ecological and evolutionary processes take place on different time scales.
For ecologists in particular, adaptive evolution is seen as influencing the nature of ecological
interactions, but the impact of evolutionarily changing phenotypes on population, community or
ecosystem dynamics while they are underway is rarely considered. Despite this prevailing approach,
studies have accumulated over the past two decades showing clearly that substantial evolutionary
change can take place on the time scale of a few generations the same time scale on which
ecological dynamics take place. | will present empirical examples of planktonic interactions in both a
laboratory microcosm and a natural lake ecosystem in which rapid evolutionary change radically alters
the rates and trajectories of ecological interactions. | end by illustrating a method for assessing the
relative contributions of evolution and ecology to the population dynamics using a familiar, non-
planktonic and non-aquatic, natural system: Darwin’s Finches.

From reinforcers to commodities: neural processing of reward and

uncertainty

W. SCHULTZ
University of Cambridge

Survival in uncertain environments requires individuals to maximize the intake of liquid and food
rewards. This task involves decision-making and goal-directed behavior which is based on the
detection of rewards and the use of predictions for obtaining advance information and managing the
uncertainty. Based on learning theory and economic utility theory, we investigated the activity of
individual neurons in major reward structures. We found that dopamine neurons detect the extent to
which rewards occur differently than predicted, thus coding an ‘error’ in the prediction of reward.
Together with their anatomical organization and influence on postsynaptic structures, dopamine
responses may thus serve as explicit teaching signals for learning. Neurons in orbitofrontal cortex
discriminate well between different rewards irrespective of the positions and objects of the stimuli
predicting them and may serve as a highly sensitive reward-discriminating system. Neurons in the
striatum incorporate reward information into activity related to the preparation and execution of
movements, apparently reflecting a mechanism underlying goal-directed behavior. We then
investigated how reward neurons in these structures code basic microeconomic decision variables
and deal with uncertainty. Reward neurons are sensitive to the magnitude and probability of reward
and their product (expected value). The neurons adapt their coding range and input-output gain to the
predicted uncertainty of rewards. Furthermore, dopamine neurons show a slower response that
explicitly signals the uncertainty of reward, being maximal at a probability of 0.5 and covarying with the
statistical variance. Thus individual neurons process reward information in line with major theories of
behavior.
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Adaptive variation

F. WEISSING
University Groningen

Most theoretical and empirical studies in evolutionary ecology focus on ‘typical,” average phenotypes,
thereby neglecting variation around the mean. This is plausible from an adaptive perspective: if the
observed phenotypes represent the fitness peaks of an adaptive landscape, any variation should be
‘noise’ generated by processes as mutation or recombination. Many recent observations challenge
this simplified perspective. Findings across a broad range of animal taxa — including primates, other
mammals, birds, fish, insects and cephalopod molluscs — suggest that individuals of the same sex and
age differ consistently from each other, in a non-random and potentially adaptive way. This is most
obvious with respect to animal behaviour, where individual variation can be classified into integrated
behavioural syndromes. The widespread occurrence of such ‘animal personalities’ represents an
intriguing challenge to the adaptationist programme, because natural selection is expected to remove
variation and to favour phenotypic flexibility. It has therefore been argued that personalities and other
forms of systematic individual variation plead for a reassessment of architectural constraints on
morphology, physiology and behaviour in current theories of adaptation. To a certain extent, | agree
with this position. However, there are also adaptive reasons, not related to constraints, why individuals
should differ from each other in a systematic way. In my talk, | will review some of these explanatory
frameworks and discuss their plausibility and empirical relevance. | will also discuss the ecological and
evolutionary implications of individual variation, including its effects on resource use, species
distribution patterns, (meta-)population dynamics, adaptive potential and speciation rates.

Nature, nurture and the nurturers

M.J. WADE
Indiana University, Bloomington, USA
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Evolutionary Biology Symposium

“Highlight of Zoological Research” Symposium

(In the order of presentation schedule)

Ontogenie und Phylogenie: Wege der entwicklungsbiologischen
Forschung (Ontogeny and Phylogeny: Strategies of Developmental

Research)

T.W. HOLSTEIN
Heidelberg

Das 20. Jahrhundert aus der Perspektive eines Wirbeltiermor phologen

(The 20th century from the perspective of a vertebrate morphologi st)
W. MAIER
TUbingen

Erich von Holst und die Folgen: Verhaltensphysiologie und ihre
Modelle (Erich von Holst and the consequences: behavioral

physiology and its models)
HoLk CRUSE
Faculty for Biology University of Bielefeld

Verhaltensokologie — ein hochdynamisches Forschungsfeld im
Spiegel der Zeit (Behavioral ecology — a highly dynamic researc h field

in the mirror of time)

ELISABETH K. V. KALKO .
Institut fir Experimentelle Okologie, Universitat Ulm

Neue Lebensfunktionen — Die Erfolgsgeschichte der physiologischen
Forschung (New Life Functions — The Success Story of Physiological

Research)
G. HELDMAIER
Marburg

Die Ordnung des Lebendigen. Zur Geschichte und Zukunft der
Zoosystematik in Deutschland (The order of living things. History and

Future of Zoological Systematics in Germany)
MATTHIAS GLAUBRECHT
Museum fir Naturkunde, Humboldt Universitat Berlin



Evolutionary Biology Symposium

Evolutionary Biology Symposium
(In the order of presentation schedule)

The secret lives of dwarf spiders

GABRIELE UHLl, ANTJE GERDESZ, GEORG ALPERS?Z
1 Department of Neuroethology, University of Bonn
2 Department of Psychology I, University of Wiirzburg

Because all spiders are predators and most subdue their prey by applying poison, it has been
suggested that fear of spiders is an evolutionary adaptation. However, it has not been sufficiently
examined, whether other arthropods similarly elicit fear or disgust. We thus compared ratings derived
from the visual perception of spiders, beetles, hymenoptera (bees and wasps) and lepidoptera
(butterflies and moths). Our aim was to test whether all arthropods rate similarly or whether only a
subset elicits comparable responses. We predicted that based on an evolutionary adaptation to
potential harmfulness spiders and hymenoptera should rate similarly. 75 students viewed pictures and
rated them individually. We presented 15 gray scale pictures of each arthropod group in random order.
Participants rated anxiety, disgust, and how dangerous they thought the animal was and categorized
each animal into one of the four animal groups. In addition, we assessed a screening for fear of
spiders. The picture ratings demonstrate that spiders elicit significantly more fear and disgust than any
other arthropod and they are rated as more dangerous. The extent of fear of spiders is highly
correlated with the ratings of spiders but not with the ratings of other arthropods. We conclude that
harmfulness itself cannot explain why spiders are feared so often.

Evolution of cooperation: Termites, an alternative route to

eusociality

JUDITH KORB
Biologie I, University of Regensburg

Cooperation plays a central role in the evolution of life. Explaining its occurrence is, however, a
challenge for evolutionary biology. Social insects, in which individuals (workers) forego own
reproduction to help other individuals reproduce, have become prime model organisms to study
evolutionary factors favoring cooperation. Yet research mainly concentrated on social Hymenoptera
(ants, bees, and wasps), while the oldest social insects, the termites, were hardly considered. Using a
basal termite species with an ancestral life type, Cryptotermes secundus (Kalotermitidae), as a model
species, we did longterm field and laboratory experiments combined with genetic analyses to evaluate
the factors that favor cooperation in these ‘social cockroaches’. Our results indicate that the factors
driving social life in termites differ fundamentally from those in Hymenoptera. In fact, C. secundus
workers do not seem to stay in the nest to gain indirect fitness by raising siblings - as workers in social
Hymenoptera do. Rather they are hopeful reproductives that gain direct fitness benefits. The nest
presents a safe haven with good chances to inherit the natal breeding position. These results suggest
that ecological factors, like a bonanza type food source, were prime factors in favoring social life in
termites and that indirect incentives from rearing siblings only evolved secondarily. This shows the
importance of ecological factors in driving cooperation among ‘selfish’ individuals.
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Parallel sympatric speciation of cichlid fish in Ni caraguan crater

lakes

AXEL MEYER, MARTA BARLUENGA, WALTER SALZBURGER
Fachbereich Biologie, Universtat Konstanz

Sympatric speciation, the formation of species in the absence of geographical barriers, is still perhaps
one of the most contentious concepts in evolutionary biology. While speciation under sympatric
conditions appears theoretically possible, empirical studies are scarce and only a handful of credible
examples for sympatric speciation exist. We studied the case of sympatric speciation in the Midas
Cichlid species complex (Amphilophus sp.) in several young and small volcanic crater-lakes in
Nicaragua. Our study includes phylogeographic, population-genetic (based on mitochondrial DNA,
microsatellites and AFLPs), morphometric, and ecological analyses. We find that (i) Crater Lake
Apoyo was seeded only once by the ancestral typically high-bodied benthic species A. citrinellus, the
most common cichlid species in the area; (ii) a new elongated limnetic species (A. zaliosus) and a
couple of others evolved in Lake Apoyo from the ancestral species (A. citrinellus) within less than
23,000 years; (iii) the two species in Lake Apoyo are reproductively isolated; and (iv) the two species
are eco-morphologically distinct. Similar results were obtained for another Crater Lake Xiloa, where
additional endemic species of cichlids are found. The striking similarity of patterns of sympatric
speciation in parallel in the Nicaraguan crater lakes is discussed.

Competitive sympatric speciation: Understanding the role of costs

MiCcHAEL KopPP, JOACHIM HERMISSON, PLEUNI PENNINGS, AGNES RETTELBACH
Department Biologie I, Ludwig-Maximilian-Universitaet Muenchen

Competition is an important force driving ecological diversification both within and between species.
Recently, much interest has focused on the idea that frequency-dependent competition may lead to
sympatric speciation by promoting the evolution of assortative mating. However, such models have
also been at the centerof much controversy. One recurrent criticism states that evolution of assortative
mating will be impeded if choosy females experience fithess costs (such as running the risk of not
finding a suitable mate). However, to what extent costs of choosiness can prevent speciation is
unclear so far.

We have recently analyzed a genetically simple model of competitive speciation, which provides a
detailed mechanistic understanding of the various selective forces influencing the evolution of
assortative mating. Here, we extend this model to include costs of choosiness. By use of invasion
fitness analysis, we investigate the structural stability of our earlier findings with regard to different
kinds of costs, including those that do or do not influence population dynamics and those that do or do
not lead to sexual selection. We observe that the effect of costs depends not only on their strength,
but also on their type and, in particular, on whether they act primarily at low or at high levels of
choosiness. Our results explain some of the conflicting findings about the importance of costs in the
previous literature.
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Insights into the adaptive radiation of African wea kly electric fish
(genus: Campylomormyrus ): evidence for sympatric speciation
from a multidisciplinary approach

PHILINE FEULNERl, FRANK KIRSCHBAUMZ, RALPH TIEDEMANNl
1 University of Potsdam
2 Humboldt-University Berlin

Within the osteoglossomorpha the African weakly electric fish or mormyrids are by far the most
species-rich taxon. Mormyrids possess an electric organ and use their Electric Organ Discharge
(EOD) for active electrolocation and communication. Furthermore, it is known that they can identify
each other due to their EOD waveform. Interestingly, the mormyrid genus Campylomormyrus contains
a huge variety of different EOD waveforms. To shed light on the speciation processes within this
genus, we have sampled 106 individuals near Brazzaville (Congo Basin). We adopted a
multidisciplinary approach, combining a variety of molecular markers with geometric morphometrics,
and monitoring of diversification in the EOD waveforms to build up the first convincing phylogenetic
hypothesis for Campylomormyrus. Sequences of mitochondrial and nuclear genes consistently
identified at least five reciprocally monophyletic clades occurring in sympatry. Assignment tests and
pairwise FgT values based on 16 microsatellite loci corroborated these results. Morphometric

analyses showed that the major source of differentiation among clades resides in traits correlated with
the feeding ecology. These results, along with those on adult EODs, suggest that Campylomormyrus
underwent an adaptive radiation, possibly in sympatry. This was triggered by sexual selection via
assortative mating due to differences in EODs and was associated with divergent selection of
ecologically important morphological traits.

Microevolutionary impacts of a recent migratory div ide in sympatric
bird populations

GREGOR ROLSHAUSENl, GERNOT SEGELBACHERZ, MARTIN SCHAEFER3

1 |nstitute of Biology 1, University of Freiburg

2 Wildtierokologie und Wildtiermanagement, Universitéat Freiburg

3 Evolutionary Ecology, Universitat Freiburg

Starting in the early 1960s, blackcaps (Sylvia atricapilla) from southern Germany established a new
migratory orientation starting to winter in Britain. Consequently, there are currently two sympatric
populations that winter allopatrically either on the British Isles or in the Mediterranean area. Owing to
different arrival times in spring and the resulting temporal segregation of the two populations,
assortative mating is assumed to lead to incipient sympatric speciation. The very recent divide
together with premating isolation provide an ideal study system to unravel micro-evolutionary
processes in the context of incipient sympatric speciation. Analysing polymorphic microsatellite
markers, we study the extent of a hybrid zone in blackcap populations breeding in southern Germany.
We assign birds to their respective wintering grounds using stable Deuterium signatures of their claws.
Based on these data we test for genetic and morphological differentiation. Capturing birds upon their
arrival during spring migration 2006/2007 we further tested whether allopatric winter quarters result in
a temporal segregation of arrival dates possibly driving incipient differentiation at the population level.
Taken together these results provide a comprehensive test of micro-evolutionary processes.
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Correlates of genetic and ecological divergence in a highly vagile
marine mammal, the Galapagos sea lion

JOCHEN B. W. WOLFl, CHRIS HARRODZ, FRITZ TRILLMICHB, DIETHARD TAuTZL
1 Evolution Genetics, University Kéln

2 Ecology and Evolutionary Biology, Queens University, Belfast

3 Animal Behaviour, Universtity Bielefeld

There is an ever growing body of literature on ecological speciation suggesting that differentiation
processes may be ubiquitous even without any extrinsic limitations to gene flow. Ecological adaptation
in combination with assortative mating or selection against migrants appear to be driving such
processes. The Galapagos sea lion is a highly vagile marine mammal that can cross the species’
entire range within a matter of days. Its marine habitat is characterized by a steep ecological gradient
with deep nutrient-rich waters in the west and shallow waters of poorer quality in the east. The western
habitat harbours another seal species, the Galapagos fur seal, which is absent in the eastern part. In
such a setup habitat-related intra-specific as well as inter-specific niche differentiation are possible
evolutionary outcomes. Indeed, despite of the animal’'s mobility we find a considerable degree of
genetic differentiation in both mitochondrial as well as nuclear DNA. Models of hierarchical population
structure as well as assignment methods identify an eastern and western stock that mirror the
ecological setup. In addition, population structure is reflected by significant differences in stable
isotope signatures indicative for the differential feeding ecology of the stocks. We suggest that genetic
differentiation is driven by differences in the ecological environment, reinforced by inter-specific
competition and maintained by natal imprinting of ‘feeding styles’ acting as the assortative means.

To be or not to be - a species: the taxonomic tetra lemma of the
Coenonympha arcania species complex (Satyrinae, Lepidoptera)

THOMAS SCHMITTl, JOACHIM BESOLDl, ANNA CASSEL-LUNDHAGEN2
1 Biogeography, University Trier
2 Department of Ecology, Swedish University of Agricultural Sciences, Uppsala

The taxonomic status of taxa within sibling species complexes and the genetic structures within these
taxa are unknown in many cases. As an example, we selected the Coenonympha arcania species
complex and analysed 889 individuals of four taxa and C. pamphilus as outgroup. All 18 allozyme loci
analysed were polymorphic and the genetic diversity of the populations was intermediate to high if
compared with other butterfly species. The genetic differentiation among all taxa was high (FcT

37.2%). Cluster analyses and MCMC simulation models strongly supported four monophyletic entities
with strong among taxa differentiation, thus supporting the idea of four species within the C. arcania
species complex. Within C. arcania, a remarkable genetic substructure was observed (Fgt 17.7%).

The genetic diversity of the C. arcania populations was strongly negatively correlated with the
geographical latitude (r = -0.821). No significant genetic differentiation was observed among the
samples from southeastern Europe. These results support (i) two geographically restricted down-slope
glacial refugia of the two C. darwiniana taxa and up-hill translocation during the Postglacial, (ii)
perialpine refugia in C. gardetta and spread all over the Alps during the Postglacial and (iii) at least
two glacial refugia of C. arcania in the Mediterranean, strong glacial gene flow all over the Pontic-
Mediterranean region and Postglacial northwards expansion accompanied by stepwise loss of genetic
diversity.
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Fitness consequences of obligate asexuality in a cy clical

parthenogen

CLAUS-PETER STELZER
Institute for Limnology

Although the majority of all eukaryotes reproduce sexually, obligate asexual lines have been found in
numerous animal and plant groups. Transitions to obligate asexuality are common in cyclical
parthenogenes, animals whose life cycles contain both sexual and asexual stages. For instance, in
monogonont rotifers some clones have permanently lost all sexual parts of their life cycle. Such newly
formed asexual lines provide a test case for examining the fitness consequences of obligate asex in
organisms with complex life cycles. In this study, | used laboratory experiments to estimate fitness in
obligately asexual vs. cyclically parthenogenetic lines of the rotifer Brachionus calyciflorus. Several
clones of Brachionus were investigated - clones that have undergone a recent transition to asexuality
(< 50 generations ago) and closely related clones that produced a high proportion of sexual daughters.
Fitness was measured in different ways (individual survival and reproduction, population growth rate,
carrying capacity). The results indicate that obligate asexuals, in addition to having faster population
growth during population expansion, can also exhibit a higher carrying capacity and tolerate lower
ambient resource levels during phases of population stagnation. These latter features suggest that
asexual populations can be well buffered against invading sexuals, by means of a modification of their
environment.

Alternative reproductive tactics, sex allocation an d population

structure in the ant Hypoponera opacior

MARKUS RUEGER, SUSANNE FOITZIK
Department Biologie Il, Ludwig Maximilians Universitat Miinchen

The tiny, neotropical ant Hypoponera opacior exhibits alternative reproductive morphs in males and
females associated with distinct sexual behaviours. Our long-term study reports strong seasonality in
sexual production with two separated mating seasons in early and late summer. Alate sexuals emerge
in June, swarm during the Monsoon season and establish new colonies independently. In contrast,
wingless sexuals appear in late August, mate within their natal or adjacent nests and either do not
disperse or reproduce by budding. The divergent dispersal patterns allow to analyse the impact of
local factors on investment strategies by comparing sex allocation ratios between the two reproductive
phases. The optimal allocation ratio for wingless sexuals should be influenced by both competition for
matings between brothers (local mate competition) and rivalry among young queens for workers, nest
sites or food (local resource competition). A more male-biased allocation ratio for wingless sexuals
demonstrates the greater importance of local resource competition. Successful nest foundation by
wingless queens appears to be mainly constraint by the number of workers, which accompany
queens. Microsatellite analysis revealed a strong structuring of the population between and within
different mountain ranges and high levels of inbreeding. However, on a micro-geographic scale the
population was less viscose than expected by the low dispersal capabilities of the wingless queens.
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Making the best of a bad job: conditional sex alloc ation in a solitary
bee.

KARSTEN SEIDELMANNl, KARIN ULBRICHZ
1 Abt. Tierphysiologie, M.-Luther-Universitat Halle, Institut fiir Biologie/Zoologie
2 Abt. Biozénoseforschung, Helmholtz-Zentrum fir Umweltforschung — UFZ

Females of nest constructing solitary aculeate Hymenoptera (bees and wasps) are free to determine
the sex and size of every single offspring. But this freedom is restricted by a distinct sexual size
dimorphism of most species (usually females are of larger size) and a body size related fitness.
Moreover, the risk of losing the total investment into an offspring to open-cell parasites limits the time
available to provision a broad cell. As a consequence of these restrictions, differences in the capability
of females to provision brood cells should be manifested immediately in shifted offspring sex ratios.
The prediction of a conditional sex allocation was tested in the megachilid bee Osmia rufa. Body size
is a key component of condition in females. Large females collect the same amount of pollen and
nectar in shorter time than small ones and suffer less from parasitism. Small females dealt with their
handicap of a low provisioning efficiency by shifting the sex ratio toward sons and by reducing the
body size of daughters. Large females, however, shifted their offspring sex ratio toward daughters, the
sex that depends more on body size in its reproductive value. Although females allocated their
investment according to their body mass, the sex ratio in the population met the expected Fisherian
sex ratio and the overall total investment was fairly balanced.

Development of recognition cues of pups constraints Kin-
discrimination during maternal behaviour in lactati ng house mice

BARBARA K(")NIGl, GERALD KERTH2
1 Zool. Institut, University of Zurich
2 Dept. Ecol. & Evol., University of Lausanne

House mice (Mus domesticus) have a genetic mechanism, mediated through the MHC, that allows
discriminating between related and unrelated conspecifics. During communal nursing, however,
females indiscriminately invest into own and non-offspring (Kénig 1994). Although females
preferentially communally nurse litters with a familiar sister, they can also co-operate with an unrelated
female partner and thus invest in unrelated pups.In a series of lab experiments (habituation-
dishabituation tests, cross-fostering experiments) we tested the ability of wild-bred lactating females to
discriminate between own and alien young as a function of stage of lactation and age of pups.Females
proved unable to tell apart urine from alien and own pups until the onset of weaning at day 17 of
lactation when pups begin to eat solid food. They also accepted cross-fostered alien pups (of variable
age and at variable stage of lactation) until pups shifted to solid food. This period of social tolerance
could be experimentally extended when we prevented pups from access to solid food until they were
19 days old. Our data indicate that lactating female house mice are constrained in their behaviour by
the development of genetic recognition cues of own offspring. On the other hand, the observed
constraint, that females cannot discriminate in their maternal behaviour between own and alien young
until pups are weaned, might facilitate co-operation even among unrelated adult females that rear their
young in communal nests.
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An environment-dependent change in a fundamental i fe history

trade-off in the scorpionfly  Panorpa cognata

LEIF ENGQVIST
Department of Evolutionary Biology and Ecology, University of Bonn

Development time and body size at maturation are two important fithess traits fundamental for our
understanding of life history theory. Large body size is usually associated with high reproductive
success, and individuals that develop fast will be able to start reproduce earlier. Yet, fast development
is associated with small adult body mass, as it will take longer to grow large and this results in a trade-
off between fast development and large body size. However, the strength of this trade-off may depend
on environmental factors such as the average food availability, as the potential benefit of long
development will depend on the rate of food intake. In the scorpionfly Panorpa cognata (Insecta,
Mecoptera), there is considerable genetic variance for development time. Preliminary analyses of
experiments made under diapause-free development have shown that at high larval food levels, long
developing genotypes achieve larger body size. However when food is scarce, the sign of the genetic
correlation changes, as genotypes with long development seem not be able to exploit and convert
food resources into large body size as effectively as under conditions with ample food availability.
Thus, there is a gene-by-environment interaction suggesting that genotypes are differently adapted to
various food levels during development.

Experimental evolution of malnutrition tolerance in Drosophila

melanogaster and its consequences for life history traits

MUNJONG KoLSs, GERALDINE SCHWALLER, TADEUSZ J. KAWECKI
Department of Biology, University of Fribourg

Nutritional stress is commonly encountered by most species. Therefore, the ability to cope with
(quantitatively or qualitatively) limited food is an important evolutionary adaptation. Many experimental
studies have addressed the physiological responses to mild nutritional stress, in particular to dietary
restriction (DR). In a broad range of species, DR leads to reduced metabolism, higher resistance to
oxidative stress, and increased life span, usually at the cost of decreased reproduction. In contrast to
these physiological responses, which occur within the lifetime of an individual, much less is known
about how exposure to chronic nutritional stress affects the evolution of populations over many
generations. We addressed this issue, using an experimental evolution approach: replicate
populations of Drosophila melanogaster were selected for high tolerance to chronic larval malnutrition.
Within less than 20 generations, they outperformed unselected controls by both surviving better and
developing faster. Here, we report on the consequences of this evolution of increased malnutrition
tolerance for fithess-related traits such as longevity, fecundity, and resistance to acute stress.
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Male fragrance polymorphism in a population of Mexi can orchid
bees

THOMAS ELTZl, YVONNE ZIMMERMANNl, JAVIER QUEZADA-EUAN2
1 |nstitut fir Neurobiologie, Universitat Disseldorf
2 Departamento de Apicultura, Universidad Autbnoma de Yucatan

Male neotropical orchid bees (Euglossini) collect volatiles (fragrances) from floral and non-floral
sources. The accumulated perfume, which is later exposed during courtship, is chemically species-
specific, which suggests that the substances function as species recognition cues. If so, a heritable
change in fragrance preferences might promote pre-zygotic isolation between chemotypes and drive
speciation. Here, we report on two morphs among bait-captured male Euglossa viridissima in
Mexico. We found individuals with three mandibular teeth, which is typical for the species, but also
males with only two teeth, which are otherwise morphologically indistinguishable from three-toothed
individuals. An analysis with microsatellite markers revealed differences in allele frequencies between
the two morphs. While the two morphs exhibited identical relative frequencies of attraction to single-
compound bait chemicals, each was only attracted to hind-leg extracts of the correct morph. GC-MS
analysis of hind-leg extracts suggest that differential attraction was based on a set of three distinctive
compounds, which were present (and abundant) in only one morph. Genetic paternity analysis of
brood from trap-nests will show whether the two morphs are fully isolated sibling species or whether
hybridization still occurs. In the latter case we might be witnessing a case of fragrance-driven
sympatric speciation in progress.

The smell of parents: breeding status influences cu ticular
hydrocarbon pattern in the burying beetle Nicrophorus vespilloides

SANDRA STEIGERl, KLAUS PESCHKEl, WITTKO FRANCKEZ, JOSEF MULLERl
1 Department of Evolutionary Biology and Ecology, University of Freiburg
2 |nstitute of Organic Chemistry, University of Hamburg

In insects, recognition of conspecifics or heterospecifics is often mediated by chemical cues which can
provide information about multiple and distinctive levels of identity such as species, age, sex, and
colony membership. The diversity of chemical cues used is high, however it is assumed that cuticular
hydrocarbons play a central role in insect communication and also in the recognition system of burying
beetles. Breeding burying beetles are able to distinguish between their breeding partner and
conspecific intruders and try to dispel undesirable beetles by aggressive behaviour. There is no
individual recognition involved, rather all brood caring individuals share a common chemical cue which
make them distinctive from intruding non-breeding individuals. The conformity of these chemical
substances is based on the same physiological changes the beetles undergo when they are breeding
on a resource. These physiological changes appear to have an effect on the composition of their
cuticular pattern. In the current study, we could show that the chemical signature of N. vespilloides
males and females is highly complex and changes its feature with breeding status. Most notably,
parental beetles were characterised by a higher amount of some unusual polyunsaturated
hydrocarbons than beetles not caring for larvae. The striking correlation between cuticular profiles and
breeding status suggests that cuticular hydrocarbons inform the beetle about parental state and
mediate nestmate recognition.
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Scents make the difference: Geographic variation in the wing-sac

odour of male greater sac-winged bats

BARBARA CASPERS, JULIA NOWACK, CHRISTIAN C. VOIGT
Leibniz Institute for Zoo and Wildlife Research

Geographic variation of mating signals and mating preferences are considered to be an important
factor for sexual isolation and speciation. Most studies on geographic variation of sexual signals have
been focusing on acoustic and visual traits, while studies on volatiles are rare, despite their
importance for mate choice especially among mammals.

Male Saccopteryx bilineata have sexually dimorphic sacs in the front wing membranes that contain an
odoriferous liquid, which is used by females for species identification and mate recognition. We
investigated whether male scents are geographically distinct and whether females prefer the wing-sac
odour of males from their own population over those of males from other regions. We collected wing-
sac scents from males of three geographic distinct populations in Latin America (Costa Rica, Panama
and Ecuador) and analysed them using gas chromatography/mass spectrometry. Chemical analysis
revealed that scent profiles of wing sacs did not differ between the Panamanian and the Ecuadorian
population, while the wing-sac scent of males from the Costa Rican population were significantly
different from the others. Dual preference tests showed that females from Panama consistently
preferred the odour of unfamiliar males of their own population over those of males from Costa Rica.
Thus, males from different regions not only differ in their scents, but females are also able to use
these differences on the population level to select males of their own population.

Evolution of cuticular hydrocarbons in solitary Hym enoptera

MAREIKE WURDACKl, SVEN KURZl, HEIKE FELDHAARZ, THOMAS SCHMITTl
1 Biology I, Department of Evolutionary Biology and Animal Ecology, University of Freiburg i. Br.
2 Zoology I, Biocenter, University of Wirzburg

While the evolution of cuticular hydrocarbons in social Hymenoptera has been studied to great extend,
little is known about its mechanisms in solitary ones. Since intraspecific communication is not as
important to solitary species, other selective pressures may influence their cuticular hydrocarbon
composition. In the genus Cerceris (Sphecidae, Hymenoptera), females hunt specifically either
Hymenoptera (rybyensis-group) or Coleoptera (arenaria-group) to provision their progeny. We found
that only the rybyensis-group preserves their prey against mould by applying a glandular secretion.
The rybyensis-group predominantly displays alkenes in their gland as well as on their cuticle while the
arenaria-group mostly produces alkanes and methyl-alkanes. The Hymenoptera hunting Philanthus,
sister genus of Cerceris, also carry primarily alkenes just as the rybyensis-group does. Thus, the
difference in hydrocarbon composition corresponds to prey choice. However, from a phylogenetic
point-of-view, the Cerceris species should be more similar among themselves in their surface
chemistry than to Philanthus species. There is evidence from molecular phylogeny to support the
morphological classification of species-groups within Cerceris as well as the distinct classification of
the genus Cerceris and Philanthus. This indicates that the evolution of cuticular hydrocarbons is based
upon ecological traits rather than phylogenetic proximity.
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Invasion biology in the grapevine yellows vector Hyalesthes
obsoletus (Cixiidae), with special reference to host-specifi  city.

JES JOHANNESENl, BENJAMIN Luxl, KRISTINA |\/|ICHEL1, ALFRED SEITZl, MICHAEL

MAIXNER2
1 Dept. Ecology, University of Mainz

2 Federal Biological Research Center for Agriculture and Forestry (BBA), Institute for Plant Protection
in Viticulture, D-54470 Bernkastel-Kues, Germany

The epidemiology of vector transmitted disease is significantly influenced by the dispersal biology and
host range of the vector. Within the past c. 15 years, the yellows disease “bois noir” (BN) has become
one the most important diseases of grapevine (Vitis vinifera) in Europe. Infection is caused by stolbur
phytoplasmic bacteria that are transmitted by the planthopper Hyalesthes obsoletus. Infestation is an
accidental side-effect of the feeding behaviour of the vector, as neither vector nor pathogens complete
their life-cycles on grapevine. Parallel to the increase of BN in Germany, stinging nettle has replaced
bindweed as the most common host (i.e. for life-cycle completion) of H. obsoletus and reservoir plant
of stolbur. Increased disease levels are related to a new host plant, high vector abundance on the new
host plant and host-specific stolbur. In this paper we investigate dispersal biology and local
differentiation processes in Hyalesthes obsoletus; (1) by inferring historical dispersal of H. obsoletus
we investigate whether the spread of BN in Europe is related to range expansion of the vector and,
more specifically, (2) we analyse whether the recent spread of BN in Germany is related to host races
of H. obsoletus and, if true, whether host races in Germany originated locally or are immigrants from
southern populations that traditionally use the new host plant. Possible beneficial circumstances to H.
obsoletus such as temperature increase and phytoplasma interactions are discussed.

Slave Rebellion! Enslaved host workers eliminate so  cial parasite

brood

ALEXANDRA ACHENBACH
Department Biologie Il, LMU Minchen

Host - parasite interactions are characterized by a high degree of specialization and therefore
represent ideal model system for the study of co-evolutionary processes. Slavemaking ants are
probably the most complex social parasites, which reduce the costs of intensive brood care by
exploiting the workforce of a certain heterospecific slave species. These obligate parasites depend on
their host(s) during all or almost all stages of their lives and their destructive raids were shown to
dramatically reduce host colony fithess. However, theory so far assumed, once a host colony is
successfully usurped, enslaved host workers lack ways to increase their direct or indirect fitness
through counteractive behaviour. In contrast to that, our study could show enslaved Temnothorax
workers to actively kill two thirds of parasite queen and worker pupae of the slavemaker
Protomognathus americanus. We observed the fate of pupae of the obligate social parasite
Protomognathus americanus and of two of its host species (Temnothorax longispinosus, Temnothorax
curvispinosus) in their native nests and chemically analysed their cuticular hydrocarbons by means of
GC-MS. The active killings of slavemaker pupae considerably reduce the slavemaker’s workforce and
queen production, and should thus consequently decrease long-term parasite impact on surrounding
related host colonies.
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Functionally referential alarm calls: What do they refer to?

MARTA MANSER, LINDA HOLLEN
Zoologisches Institut, Universitat Zirich

Functionally referential signals, which convey information about environmental events and elicit
specific responses from receivers, have been described for several mammal and bird species. These
calls are elicited by specific stimuli in the environment, either a particular predator approaching or
when discovering food. It has also been shown that the information encoded in such calls can be
rather specific, in particular regarding the risk of predators related to their size. Meerkats (Suricata
suricatta) have evolved a sophisticated alarm call system with some call types encoding information
about predator type and level of urgency. Furthermore, they emit a specific call to different types of
animals, dangerous or non-dangerous, aerial or terrestrial, approaching or moving away from the
group. We argue that this call type refers to the behaviour of another animal, rather than to the
specificity of an object in the environment. This would, for the first time, indicate that animals use
vocalisations referring to the activity of other animals, and not just external objects. We discuss
implications of this finding on referential signaling and also how meerkats develop in their production
of more general alarm calls and predator type specific calls.

Anthocyanins supplementation results in darker mela nin
colouration in blackcaps (  Sylvia atricapilla )

CARLO CATONIl, MARTIN H. SCHAEFERl, ANNE PETERS 2
1 Department of Evolutionary Ecology, University of Freiburg
2 MPI for Ornithology Vogelwarte Radolfzell

Although Anthocyanins are the most concentrated antioxidants in berries and fruits and among the
most potent, their influence on wild fruit consumers has been ignored. Many bird species consume
large amounts of berries, and thus anthocyanins, during late summer and autumn, when moult occurs.
During moult, birds may benefit from the intake of antioxidants through the achievement of more
colourful ornamentation. This is thought to be true mostly for traits pigmented by carotenoids, although
melanins may be sensitive to oxidative sterss as well. We hypothesise that the intake of antioxidants
may increase the deposition of melanins in feathers. We predict that the effect of anthocyanin intake
should be more evident in the black eumelanins than in the brown pheomelanins, which are less
costly. We studied two experimental groups of captive blackcaps differing in the amounts of
anthocyanins added to their food. Wild blackcaps consume high amounts of berries that are
particularly rich in anthocyanins. Furthermore they are sexually dichromatic, differing in the colour of
the cap: black in males, brown in females. We measured the reflectance of three body parts (head,
breast, back) in both sexes, before and after moult. We compared the change in brightness in the
different body parts. We found that males with access to dietary anthocyanins showed darker head
than control males, probably due to a higher deposition of eumelanins in the feathers. In females no
effect of anthocyanins have been found, as hypothesised.
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Spread of innovations in animals: ecological versus social

influences

BARBARA HELLRIEGEL
Anthropological Institute & Museum, University of Zurich

Innovations, i.e. new behaviour patterns derived by modifications of existing ones, can increase a
population‘s ecological niche breadth and they are the engine of cultural evolution. Variants in tool use
and cultural traditions are, for instance, candidates for innovations in birds and primates. For lack of
sufficiently detailed data we use simulation models to investigate the spread of innovations via social
learning in (ecological) time and space. Individuals, which are either skilled or naive, randomly move
around and meet each other. If they meet a skilled individual they can socially learn the skill and they
may forget about the skill, both with some usually small probability. On this basis we study the effects
of different ecological and social scenarios, including different habitat types, barriers, home range
structures and dispersal patterns, on the dissemination of innovations. We then compare our results
with observed spatial distributions of cultural traditions in non-human primates.

Reproductive interference and its consequences: Cas e studies

from ground-hoppers

AXEL HOCHKIRCH, JULIA GRONING
Department of Biology/Chemistry, Division of Ecology, University of Osnabrtick

Interspecific sexual interactions (reproductive interference) can have significant costs for species
sharing similar signal channels. It is, therefore, often believed to be unlikely that non-hybridizing
species with broadly overlapping geographic ranges interact sexually. We combined laboratory and
field experiments with field surveys to test whether the coexistence of two congeneric ground-hopper
species with overlapping ranges might be influenced by sexual interactions. The number of
conspecific matings of Tetrix ceperoi decreased substantially in the presence of Tetrix subulata. Males
of T. ceperoi performed more mating attempts with heterospecific females, whereas females of T.
subulata rejected these more often than conspecifics. Although no heterospecific matings occurred in
the laboratory, the reproductive success of T. ceperoi was reduced substantially in field experiments.
In the field, the pattern of reproductive interference was strongly correlated with encounter
frequencies, which strongly depended on the dispersion. As T. ceperoi occurred in strong
aggregations and had stronger preferences for bare ground, the number of heterospecific encounters
was reduced in this species. T. subulata had a broader niche and also occurred in areas where T.
ceperoi was missing. Our results show that reproductive interference might have similar
consequences as competition, leading to demographic displacement of one species, or ecological and
reproductive character displacement.
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Species recognition allows to predict the direction of female mate
preferences in the grasshopper  Chorthippus biguttulus

KLAUS REINHOLDl, KAMRAN SAF|2, JAKoB HEINZLES
1 Evolutionsbiologie, Universitat Bielefeld

2 Zoologie, Universitat Zirich

3 Neuroinformatik, Universitat/ETH Zirich

Species recognition and intraspecific mating preferences constitute two basic aspects of animal
communication. Both can be considered as variations in response to signals and they have been
suggested to represent a continuum. Selection on species recognition could therefore influence
intraspecific mating preferences. We examined whether females of the grasshopper Chorthippus
biguttulus prefer conspecific male signals that can be distinguished more reliably from sympatrically
occurring heterospecific signals. To evaluate the difference between songs, we extracted song
parameters from the songs of 100 males of Chorthippus biguttulus and from heterospecific males of
10 other species using a Fourrier-Transformation. In a next step we reduced the dimensions of our
data set from the received 2000 FFT components to 20 using a Principal Component Analysis. An
analysis of the received data set showed that the songs of attractive males are more different from
heterospecific signals than the songs of less attractive males. Our results show that females of the
grasshopper Chorthippus biguttulus prefer conspecific male signals that can be distinguished more
reliably from sympatrically occurring heterospecific signals. These results suggest that intraspecific
sexual selection is influenced by pleiotropic effects from species recognition in C. biguttulus.

Cryptic female choice in a sexually cannibalistic s pider

KLAAS WELKE, JUTTA SCHNEIDER
Biozentrum Grindel, Universitat Hamburg

Polyandry in the absence of material benefits enables females to choose postcopulatory between
mates for genetic advantages like good genes or genomic compatibilities. The latter we studied
experimentally in the orb-web spider Argiope lobata. Because of their peculiar genital morphology,
spiders are ideal models for investigating postcopulatory cryptic female choice mechanisms. In double
mating trials females of A. lobata were mated to sibling and non-sibling males in all possible
combinations. The insertion pattern of this spider is ipsilateral meaning that a male’s right pedipalp is
always inserted into the right epigyne side of a female. By amputating one of the male’s palps it is
possible to unambiguously assign ejaculates to individual males. Sperm uptake was measured by
dissecting the female and counting the sperm numbers in each of the two spermathecae separately.
No difference in sperm numbers were found in first copulation trials. In the second copulations females
stored relatively more sperm from non-sibling males than from sibling males without any behavioural
discrimination. This result implies that females of A. lobata cryptically favour sperm of the more
compatible male but only after their fertilization is completely ensured.
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Fire and heat detection with specialized infrared r  eceptors in

pyrophilous beetles

HELMUT SCHMITZ
Institute of Zoology, University of Bonn

“Fire-loving” (pyrophilous) beetles depend on forest fires for their reproduction. Such insects approach
ongoing fires and invade the freshly burnt area immediately. Two genera of pyrophilous jewel beetles
(Buprestidae) Melanophila and Merimna and one species of the genus Acanthocnemus
(Acanthocnemidae) show a highly pyrophilous behaviour. For the long-range navigation towards a fire
as well as for the short-range orientation on a freshly burnt area these beetles have special sensors
for smoke and infrared (IR) radiation. Whereas the olfactory receptors for smoke are located on the
antennae, the IR receptors are housed in extraantennal sensory organs which can be found on the
thorax or on the abdomen. Comparative morphological studies revealed that the IR receptors in the
different pyrophilous beetle species have evolved independently. In the best-studied beetle,
Melanophila acuminata, infrared receptors and their associated sensory neurons are derived from
mechanoreceptors. Unlike other mechanosensory neurons, IR sensitive neurons directly send their
information to be processed centrally (e.g. by the brain) rather than locally in their respective ganglia
of origin. It is suggested that smoke — derived odours and IR information converge on descending
brain neurons which, in turn, control and direct flight toward the forest fire.

Behavioral Correlates of Binaural Masking-Level Dif  ference in the

Barn Owl

HERMANN WAGNER, FRANK ENDLER
Zoology/Animal Physiology, RWTH Aachen

The binaural masking-level difference (BMLD) is a measure of detection. When a tone is played via
headphones together with masking noise tone detection is improved when either the tone or noise is
inverted in one ear. We trained two barn owls in a tone-in-noise detection task. A tonal signal (S) was
played together with a correlated broadband noise (N). Tone and noise had either no interaural phase
difference (IPD) (NgSq) or the tone was inverted (NOSp). The signal to noise ratio (SNR) was changed

randomly between trials. It spanned a range of up to 60dB around detection threshold. Occasionally a
catch trial was added in which only the noise was present. During a session the owl was sitting in a
sound attenuating chamber. Two response keys were placed in front of the subjects, one to the right
and one to the left. The owls learned to peck on the key to the right when they detected a tone and to
peck on the key to the left if they only hear the masking noise. Tone detection was strongly correlated
with SNR. In both owls the psychometric curve for the NOSp configuration was shifted towards lower

SNR compared with the NgSq configuration. We observed a BMLD up to 9 dB at 5 kHz and a BMLD

of about 16 dB at 2.5 kHz, close to what is found in humans at low frequencies. These are the first
data for high-frequency BMLD.
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The magnetic compass of European Robins, Domestic C  hickens

and Mole-rats

WOLFGANG WILTSCHKO, ROSWITHA WILTSCHKO
Fachbereich Biowissenschaften, J.W. Goethe-Universitat Frankfurt

An analysis of the magnetic compass of birds based on migratory orientation of European Robins,
Erithacus rubecula, revealed two surprising functional characteristics: (1) their compass is an
‘inclination compass', based on the course of the field lines and their inclination rather than on the
polarity of the magnetic field, and (2) it works only within a narrow biological window around the
ambient magnetic field's intensity. Recent conditioning experiments with Domestic Chicken, Gallus
gallus domesticus, indicated that their magnetic compass was also an '‘inclination compass' with a
similar functional window. The magnetic compass of subterranean mole-rats, Cryptomys sp
(Rodentia), on the other hand, was shown to be a ‘polarity compass'. Two hypotheses for
magnetorecpetion have been proposed: the Radical Pair Model assuming light-dependent processes
in photopigments, and the Magnetite-Hypothesis proposing magnetite-based receptors. We tried to
identify the physical processes underlying the magnetic compass by exposing the animals to high
frequency fields in the MHz range, which are diagnostic for radical pair mechanisms. In European
Robins and Domestic Chickens, this treatment caused disorientation, indicating the involvement of
radical pair processes, whereas the orientation of mole-rats remained unaffected. These findings
suggest that the reception mechanisms for directional information from the magnetic field in birds and
rodents are based on different physical principles.

Iron-mineral based magnetoreception II: A first con sistent concept
of the magnetic flux inside the sensory terminals

GERTA FLEISSNERl, GUNTHER FLEISSNERl, BRANKO STAHLl, GERALD FALKENBERG2
1 Inst. Zellbiologie & Neurowissenschaften, J.W.Goethe Universitat
2 Hasylab at Desy Hamburg

Birds are among the best investigated model systems for the analysis of magentic field controlled
behaviour and physiology. Astonishingly small changes of field intensity, direction and inclination
obviously suffice to serve as magnetic map and compass factors. But still the neurobiological
mechanisms and the magnetophysical principles are widely unknown. The organisms are rather
treated as black box systems with magnetic field components as input and various behavioural
phenomena as output. For the first time, we now apply receptor physiological paradigms to gain a
sound model of iron-mineral based magnetoreception in birds. Based on histological and
physicochemical data from a dendritic system in the avian beak, we offer a concept of the stimulus
conducting system to recognize the adequate stimulus. Special receptor features transform it into
nervous excitation, and, via central information processing, the animal gains information on the local
magnetic field vector.
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Functional Mapping of Neurons inthe  Drosophila Ear

AZUSA KAMIKOUCHIl, ANDRE F|A|_A2, THOMAS EFFERTZl, KEI IT03, MARTIN C GC)PFERTl
1 Animal Physiology/VW-Group, University of Cologne, Germany

2 University of Wiirzburg, Theodor-Boveri-Institut fir Biowissenschaften, Biozentrum, Wdrzburg,
Germany

3 University of Tokyo, Institute of Molecular and Cellular Biosciences, Tokyo, Japan

Drosophila melanogaster uses its antennal ear to detect the songs of courting conspecifics.
Understanding how these songs are processed by the fly's nervous system requires detailed
knowledge about the structure and function of the auditory pathway, starting from the primary neurons
comprised by the fly's auditory organ, Johnston's organ (JO), up to higher auditory centers in the
brain. Using the UAS-GAL4 system to selectively label auditory neurons, we systematically mapped
the neurons of the fly's JO and their target areas in the brain. Axonal projections of JO neurons target
five spatially segregated zones in the brain. These zones include the antennal mechanosensory and
motor centre (AMMC), the ventro-lateral protocerebrum (vipr), and the suboesophagial ganglion
(SOG). FLP-out analysis revealed that most JO neurons project to only one of these zones. Cell
bodies of neurons projecting to the same zone cluster together in JO, suggesting distinct roles in
sensory processing. In effect, imaging neural activity patterns in vivo using genetically encoded
calcium sensors identifies functionally distinct subsets of JO neurons that differ with respect to their
response characteristics.

Supported by the Alexander von Humboldt Foundation, the Japanese Cell Science Research
Foundation, the Japan Society of the Promotion of Science and the Volkswagen Foundation.

Recognition of acoustic communication signals in th e presence of

intrinsic and external noise

BERNHARD RONACHER, DANIELA NEUHOFER
Verhaltensphysiologie, Humboldt Universitat zu Berlin

Animals relying on acoustic communication to find a mate face the problem to extract information
about species identity and possibly about the quality of the sender from a heard signal. These tasks
are impeded by two factors: (i) the degradation of signals on their way through the biotope, and (ii)
receiver-intrinsic noise sources that act in addition to the external noise. Intrinsic noise, which results
e.g. from stochastic events during spike generation, causes spike train variability even if the identical
sound signal is presented repeatedly. In order to compare the impact of intrinsic and external noise
upon auditory processing in the grasshopper Chorthippus biguttulus, we stepwise degraded the
envelopes of the female song and presented these stimuli in behavioural tests to males in order to
assess the noise tolerance of the whole system. In addition, the spike trains elicited by undisturbed
and degraded sounds were recorded and evaluated by a metric (van Rossum 2001). This enables us
to compare the metric dissimilarities between the ‘original’ and the ‘degraded’ spike trains, and to
relate these distances to the normal intrinsic variability of spike trains. We then estimated an
equivalent external noise defined as that degradation level, which adds the same amount to the total
spike train distance as the intrinsic noise. The equivalent external noise determined from neuronal
responses can then be compared with the noise tolerance measured in behavioural tests.
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The Wind-sensitive Hair System in Flying Phasmids - a Surprise in

Location and Neuronal Integration.

REINHOLD HUSTERT, REBECCA KLUG
JFB-Institut fir Zoologie und Anthropologie, Universitat Gottingen

Winged phasmids start and maintain flight when wind blows onto their head. Specific wind-sensitive
hairs cause these reflexes. They were found in small groups among other sensory hairs on the palps
of the mouthparts and on the base of the antennal flagella. The locations and the morpology of these
phasmid wind-hairs have no similarity to other insects. Several interneurons descending from the brain
were identified that transfer wind information from these hairs to the thoracic network for flight pattern
generation. Some are specialized on input from the ipsilateral antennal hairs while others respond to
all hairs on the ipsilateral side but some generalist interneurons respond to all fields of wind-hairs. We
speculate on the evolutionary cues that might be derived from the features of this "new" wind-sensitive
system.

Tactile sampling strategies during exploratory loco motion

ANDRE KRAUSEl, VOLKER DURRZ
1 Universitat Bielefeld, Abt. Biologische Kybernetik
2 Universitat zu Kdln, Zoologisches Institut

Many insects continuously move their antennae during locomotion. In the nocturnal stick insect
Carausius morosus, any antennal contact information is relevant to ongoing leg movements. During
walking, the movement patterns of the antennae are rhythmical, coordinated with the stepping
patterns of the legs and oriented towards the walking direction.

We report motion capture experiments on unrestrained walking C. morosus with and without the
presence of obstacles (vertical rod or steps of various heights). Joint angles were measured for both
the head-scape (HSj) and scape-pedicel joint (SP)).

When touching the vertical rod with an antenna, stick insects responded with an aimed reaching-
movement towards the rod, followed by climbing behaviour. During the reaching movement, up to
three further antennal contacts occurred, each of which was above the previous contact. Upon the first
contact with the rod, the antennal movement pattern showed a marked increase of the cycle
frequencies in both joints. The prevalent movement pattern after antennal contact was a switch to HS
levation followed by SP abduction, resulting in an upward movement. Antennal contact induced a
switch in Inter-joint coupling of HSj and SPj from downward movements (SPj adduction couples to HS;j
depression) to coupling of upward movements. Due to the slanted joint axis orientation, this switch is
an efficient strategy for tactual sampling of vertical edges. Supported by grants bmbf 0313766 and
DFG 380/3 to VD.
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Aminergic modulation of motoneuron activity during walking in

stick insects

SANDRA WESTMARK, JOACHIM SCHMIDT
Department of Zoology, University of Cologne

In the stick insect Carausius morosus, single front leg stepping evokes tonic depolarizations of up to 5
mV and phasic modulation of the membrane of middle leg motoneurons (Ludwar et al., J. Neurophys.
94:2772, 2005). For analysis of transmitters involved in mediating the tonic depolarization, intracellular
recordings from flexor motoneurons in a mesothoracic ganglion were performed. Isolation from other
ganglia by silicon-gel barriers allowed superfusion of drugs exclusively to the mesothoracic ganglion
while the front leg performed stepping sequences. Presumably ACh acts as a transmitter in mediating
the tonic depolarization via metabotropic receptors (Westmark 2007, PhD thesis). Here we show that
octopamine (0.25-1 mM) more than doubled the tonic depolarization amplitude. A role of octopamine
as a neuromodulator was supported by a reduction (~31 %) of the tonic depolarization amplitude by
the octopaminergic antagonist mianserin (0.1 mM). The effect of serotonin (0.5-4 mM) on the tonic
depolarization amplitude was dual and opposing, as it increased or decreased the depolarization
amplitude in different experiments by up to 1.9 mV. The release of these amines might be under the
control of neurons in the brain, as removal of the latter decreased the tonic depolarization amplitude
by 60 %.

Supported by the DFG Schm 1084/2-1,2.

Intersegmental information transfer:activation and coordination in

the insect walking system

ANKE BORGMANN, ANSGAR BUSCHGES
Animal Physiology, University of Cologne

We analyzed in the stick insect C. morosus the influences of one or two intact walking legs on the
activity of motoneuron pools in the other hemisegments. We used a semi intact preparation with a
single intact front leg or intact front and middle legs stepping on passive treadmills. Coxal MNs of the
deafferented mesothoracic or metathoracic ganglion were recorded extracellularly during front leg
stepping sequences. The central pattern generators (CPGs) of respective ganglion were activated
pharmacologically by pilocarpine (Blschges et al. 1995).Stepping of a single front leg induced
alternating activity in mesothoracic coxal motoneurons (MNs), whereas in the metathoracic coxal MNs
front leg stepping was accompanied by a generalized increase in activity. Experiments with pilocarpine
suggest that the alternating activity in mesothoracic coxal MNs during front leg stepping is mediated
by the mesothoracic CPG. Furthermore, the experiments show that an active CPG appears to be the
prerequisite for processing of intersegmental signals from the stepping front leg.Walking of both, front
and ipsilateral middle leg, reliably elicited alternating activity in ipsilateral metathoracic coxal MNs.
Thus, for the activation of the metathoracic CPG stepping of two anterior neighbours is required,
whereas stepping of a single front leg was sufficient to activate the mesothoracic TC-joint CPG.
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Small networks for complex tasks: what fish can do for cognitive

neuroscience

STEFAN SCHUSTER
Zoologie Il, University of Erlangen-Nirnberg

While we can map the activity of large sheats of neurons as the brain performs cognitive tasks, our
ability to link such large-ensemble recordings to processes at the level of cellular networks is lacking
behind. Simple model systems would seem most desirable to bridge this gap and to understand what
it takes at the network level to go ‘cognitive'. | will argue, based on our recent work, that fish offer
outstanding potential for playing this role. In their unique hunting behavior archerfisch must rapidly
decide where to move to and at what speed, so as to outperform their many competitors and be first at
the later point where their dislodged prey can be caught. The decision is complex and must be based
on variables that vary independently over broad ranges. Yet, the fish sample all information required,
make correct decisions and initiate an adapted motor program within an interval that is so impressively
short that only known and perfectly accessible circuitry is involved in the task that is highly attractive
for dissecting interesting aspects of vertebrate cognition at the network level.

Axon-glia interactions in the olfactory nerves of i nsects and

mammals: Different mechanisms, similar consequences

CHRISTIAN LOHR
Abteilung fir Allgemeine Zoologie, TU Kaiserslautern

The olfactory systems of arthropods and mammals share analogous morphology and function.
Olfactory receptor cells (ORC) in the olfactory epithelium project axons through the olfactory nerve into
the first relay station of the central nervous system, the antennal lobe and the olfactory bulb,
respectively. In the olfactory nerve, axon fascicles are surrounded by specialized glial cells, so-called
olfactory ensheathing cells (OECs). OECs are supposed to promote axon growth and to guide the
ingrowing axons to their targets. It is not known, however, how axons and OECs communicate. In the

present study, we have measured ca2* signaling in OECs due to electrical activity of receptor axons

in the moth Manduca sexta and in mice. In both species, AP firing in axons induced a ca2* rise in
OECs. In mice, receptor axons release glutamate and ATP, which activate mGIuR and P2Y receptors

and thus lead to Ca2* release from internal stores. In Manduca, in contrast, transmitters were not able
to induce Ca2* signaling in OECs. However, increasing external K could mimick stimulation-induced
ca2* transients, and reducing extracellular K* rises by neuronal Kt channel blockade with TEA
reduced stimulation-induced Ca2* transients in OECs. The results show that electrical activity of
olfactory receptor axons leads to transmitter release in mice, and to extracellular K* accumulation in

Manduca, both triggering ca2* signaling in OECs. Supported by the DFG (LO 779/2 and SFB 530/TP-
B1).
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Regulation of odorant receptor gene expression by t he H element in
mouse

STEFAN Fussl, MASAYO OMURAZ, PETER MOMBAERTS?
1 Molecular Biology and Genetics, Bogazici University, Istanbul, Turkey
2 The Rockefeller University, New York, USA

An individual sensory neuron in the olfactory epithelium of the nose is thought to express only a single
odorant receptor (OR) gene from a repertoire that can be as large as 1.200 genes in the mouse. The
mechanisms of OR gene choice and exclusive expression of a single OR gene are not well
understood. Models invoking cis- and trans-regulatory mechanisms have been suggested to underlie
these processes. Recently, a 2.1 kilobase genomic region, the H element, adjacent to the MOR28 OR
gene cluster of seven OR genes on chromosome 14 has been proposed as a trans- and pan enhancer
for genome wide regulation of OR gene expression. Here we deleted the H element by gene targeting
technology in mice. The mutation completely abolishes expression of a family of three OR genes
proximal to the H region. The function of the H element on these OR genes is strictly in cis, leaving
expression of these genes from the sister chromosome unaffected. In addition, the H element has a
graded effect on expression of a distal group of four OR genes, which depends on the genomic
distance to the H element. OR genes outside the MOR28 cluster and ORs residing on other
chromosomes are not affected by the mutation. Our findings are inconsistent with the hypothesis of H
as an essential trans-acting and cross chromosomal enhancer for genome wide regulation of OR gene
expression. However, they strongly support a local regulation of OR gene choice at least for the
MOR28 OR gene cluster.

Neuromediators in the developing olfactory system o finsects

JOACHIM SCHACHTNER
FB Biologie - Tierphysiologie, Philipps-Universitat Marburg

We are interested in the role of neuromediators like neuropeptides, biogenic amines and nitric oxide
(NO) during ontogeny of the first odor integration centers in the insect brain, the antennal lobes (ALS).
Studies in a variety of insects reveal common principles regarding the neurochemistry of the ALs
(reviewed in Schachtner et al. 2005, Arthropod Struct Dev 34:257). One characteristic of ALs is the
expression of many neuropeptides. Antibody staining revealed in the sphinx moth Manduca sexta for
each of the studied peptide families (e.g. a-type allatostatins, RFamides, allatotropins) a unique
developmental acquisition pattern in defined sets of AL neurons. Comparing appearance of
neuropeptides with characterized developmental phases, suggests defined roles during AL
development — e.g. formation of olfactory glomeruli. To chemically identify neuropeptides we
performed direct peptide profiling of ALs of different insects (e.g. Apis mellifera, the beetle Tribolium
castaneum, M. sexta) by MALDI-TOF mass spectrometry and found similar numbers of ion signals
representing over 40 putative neuropeptides. A major target for NO is soluble guanylyl cyclase (sGC)
which produces cyclic guanosine monophosphate (cGMP). During M. sexta AL development NO
dependent increase of cGMP occurs selectively during glomeruli formation in a defined set of AL
neurons and is due to activity dependent release of NO from the olfactory receptor neurons (ORNS).
Acetylcholine and serotonin seem to upregulate cGMP concentrations via activating NO-synthase in
the ORNs. We discuss this presynaptic facilitation of NO release as a positive feedback mechanism
which serves to enhance activity dependent processes involved in the formation of the AL network.
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Progress and pitfalls in the practice of species de limitation

THOMAS VON RINTELEN
Museum of Natural History, Humboldt University Berlin

The description of the world’s biological diversity remains a major challenge in systematics. Too few
systematists coupled with a new sense of urgency given the rapid pace of worldwide species loss
have lead to the proposal of new techniques for species identification and delimitation, such as DNA
barcoding. | will focus here on comparing issues in traditional morphological and recent molecular
approaches to species delimitation by using own data from tropical freshwater snails and shrimps from
Sulawesi, Indonesia. Species were initially delimited using easily accessible morphological characters.
This approach resulted in similar patterns for the two groups, yielding a much higher number of
sympatric or allopatric units than previously described. Considerable differences emerged from
contrasting the morphologically delimited species with clades in a mtDNA based molecular phylogeny.
For the gastropods an extreme lack of congruence was observed, while mismatch in the shrimps was
low. In summary, easily accessible morphological characters perform surprisingly well in species
delimitation and diversity assessment in these very different taxa, while the utility of DNA barcoding as
a ‘taxonomic shortcut’ seems doubtful and not universal. In allopatric situations species delimitation
remains as ambiguous as ever, at least with regard to the biological species concept, since even a
high level of genetic and morphological divergence may not be correlated with reproductive isolation.

Mitochondrial gene order rearrangements and the phy logeny of

Bilateria

LARS PODSIADLOWSKI
Systematik und Evolution der Tiere, Freie Universitat Berlin

Metazoan mitochondrial genomes provide a large set of characters useful in phylogenetic analyses.
Besides sequence data, mitochondrial gene order was used in a phylogenetic context. Different
mechanisms may lead to rearrangements of the mitochondrial genome. Most often single tRNA genes
are found to be “translocated” by an unknown mechanism. Rarer rearrangements of larger genes or
blocks of several genes are found after inversions or tandem duplication and subsequent loss of
genes. Although there is a broad variation in gene order among Bilateria, ground patterns of groups as
diverse as molluscs, vertebrates, arthropods and priapulids show only little divergence between each
other. Analyzing only “rare” rearrangements results in a most parsimonious topology recovering
Lophotrochozoa, Ecdysozoa and Deuterostomia. But it is not easy to determine the root of this tree, as
several hypotheses of the bilaterian ground pattern are equally parsimonious. Some striking
similarities are seen between Priapulida and Arthropoda, Myzostomida and Annelida, Mollusca and
Phoronida, respectively. But several taxa show gene orders which do not easily fit into this framework
(Bryozoa, Chaetognatha, Acanthocephala, Platyhelminthes, Tunicata). Furtehrmore there is a
remarkable coincidence between the degree of gene rearrangements and nucleotide or amino acid
substitution rate (as reflected in branch lenths of sequence based phylogenetic analyses). This study
was supported by DFG Ba 1520/10-1
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On the evolution of the ,solar-powered“ genus Phyll odesmium

HEIKE WAGELEl, INGO BURGHARDTZ, MICHAEL RAUPACHS

1 |nstitut fir Evolutionsbiologie, Rheinische Friedrich Wilhelm Universitat Bonn
2 Lehrstuhl fiir Spezielle Zoologie, Ruhr Universitat Bochum

3 Zoologisches Forschungsmuseum Alexander Koenig, Bonn

Phyllodesmium is a species rich genus within the Aeolidoidea (Nudibranchia, Opisthobranchia).
Contrary to many other aeolidoidean members feeding on Hydrozoa, members of Phyllodesmium
forage on soft corals. The genus is said to lack cnidocysts for their defense and other defensive
strategies must have evolved. One could be their mimetic appearance, not only in colour but also in
shape of the body. Many Phyllodesmium species are known to incorporate zooxanthellae
(Symbiodinium) from their prey organisms and to use the photosynthetic products of the algae for own
purposes. Here we present a phylogeny of the genus Phyllodesmium based on several gene markers.
All available data on food organisms, photosynthetic activity, defensive devices and other biological
data are mapped on the phylogenetic cladogram and a preliminary hypothesis on evolution of this
unusual genus will be outlined.

A contribution to the biogeography of Sulawesi, Ind onesia: The
evolution of landlocked species in the Southeast As lan freshwater
shrimp Caridina (Decapoda, Atyidae)

KRISTINA VON RINTELENl, TIMOTHY J. PAGEZ, MATTHIAS GLAUBRECHTl, THOMAS VON

RINTELENl
1 Museum of Natural History, Humboldt University Berlin, Invalidenstrasse 43, 10115 Berlin, Germany

2 Centre for Riverine Landscapes, Faculty of Environmental Sciences, Griffith University, Nathan
Campus, Queensland, 4111, Australia

The limited dispersal abilities of landlocked species, i.e. species with complete freshwater life cycles
lacking long-distance dispersal stages, provide ideal conditions for studying biogeography. The shrimp
genus Caridina comprises both cosmopolitan and endemic, landlocked species and is therefore a
good model to study colonization events on the Indonesian island Sulawesi. A molecular phylogeny
based on two mitochondrial gene fragments reveals two clades of Caridina species with an
abbreviated larval development and thus landlocked taxa. Both clades predominantely comprise
species from Sulawesi, largely reflecting intensive sampling on the island. They also include or are
sister group to, respectively, species from other parts of Southeast Asia, which rises doubts on
whether these clades originated on Sulawesi. However, the true freshwater Caridina species of
Sulawesi are certainly the product of two independent colonizations of the island. The two clades have
a mutually exclusive distribution with almost no overlap. One clade is confined to the southwestern
half of Sulawesi, while the second comprises species from the central and eastern areas, including
lacustrine species flocks in two ancient lake systems. This distribution pattern may be correlated with
the geological history of the island, as both clades are found in different tectonic provinces reflecting
the origin of present-day Sulawesi through the fusion of four continental fragments of varying age.
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The phylogenetic position of Nemertea - Multi-gene and

phylogenomic approaches

TORSTEN STRUCK, FRAUKE FISSE, JANINA DORDEL
FB Biology/Chemistry; AG Zoology, University of Osnabrueck

Nemertea, the ribbon worms, are unsegmented, predominately marine worms showing spiral cleavage
patterns. However, their phylogenetic position is controversially discussed. Due to the lack of distinct
coelomic cavities, rhabdites and the frontal organ they have traditionally been grouped together with
Plathelminthes. Based on the gliointerstitialsystem some have argued for a closer relationship to
Annelida and Mollusca. Recent molecular analyses place them within Lophotrochozoa and as sister to
Platyzoa, also comprising Plathelminthes, but the latter without substantial support. To address the
phylogenetic position of Nemertea we compiled data from several nuclear coding genes as well as
from expressed sequence taq (EST) databases within Lophotrochozoa. Whereas the multi-gene
analyses corroborate the results of previous molecular analyses, phylogenomic analyses do not
substantiate such a close relationship of Nemertea and Plathelminthes, but rather see them as closer
related to the former lophophorate taxa Phoronida and Brachiopoda. Due to the derived position of
both taxa, Nemertea and Plathelminthes, within Lophotrochozoa it seems likely that coloemic cavities
have been secondarily lost. However, it remains controversial if this occurred more than once. On the
other hand, Nemertea are clearly primary unsegmented and did loss segmentation secondarily like
Echiura and Sipuncula.

On the phylogenetic position of the enigmatic Quest idae (Annelida)

CHRISTOPH BLEIDORNl, NATASCHA HILLl, RALPH TIEDEMANNl, CHRISTER ERSEU82
1 Unit of Evolutionary Biology/Systematic Zoology, University of Potsdam
2 Department of Zoology, Goteborgs Universitet

Questidae, a taxon comprising eight described interstitial polychaetes, are placed by some authors
(Almeida et al. 2003, Rev. Bras. Zool. 20:23-57) as sister group of the Clitellata due to the presence of
a clitellum-like structure in these worms. Further on, as in oligochaetes the gonads are limited to few
body segments. However, with the presence of nuchal organs, the prostomial position of the
supraoesophageal ganglia and the absence of an acrosomic tube in the spermatozoa the questids
exhibit typical polychaete characters. This is corroborated by recent molecular analyses of ribosomal
18S datasets, where a close relationship of questids and orbiniid worms has been recovered (Bleidorn
et al. 2003, Mol. Phylogenet. Evol. 29:279-288). Here we present a molecular phylogenetic analysis of
orbiniid and questid relationships. Clitellates served as outgroup taxa. We investigated several
mitochondrial genes (16S, cox1, cox3, nadl nad4, nad6) together with nuclear ribosomal genes. Data
has been analysed using Maximum Parsimony, Maximum Likelihood, and Bayesian inference.
Alternative hypotheses were evaluated using hypothesis testing (au-test). Character evolution was
traced with character mapping on the best tree. Our analyses strongly support the orbiniid affinity of
Questidae. The mosaic-like distribution of polychaete and clitellate characters of questids is
discussed.

This study was supported by the DFG (BL 787/1-1).
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The gastrotrich nervous system and its importance f or metazoan

evolution

ANDREAS SCHMIDT-RHAESA, BIRGEN ROTHE
Zoological Museum, University Hamburg

The nervous system of microscopically small organisms can be investigated using markers (antibodies
against neurogenic substances labelled with a fluorochrome), three-dimensional information is gained
by confocal laser scanning microscopy. We applied markers against acetylated alpha-tubulin, beta-
tubulin, serotonin, histamine and FMRFamides, in combination with nuclear and muscular markers to
different species of Gastrotricha. The gastrotrich nervous system is composed of a brain and
longitudinal lateroventral nerve cords. The brain consists of a dorsal commissure with laterally
associated somata. Projections run into the anterior end in direction of the head sensory organs. A
very thin tubulinergic ventral commissure can be present as well as few commissures between the
lateroventral nerve cords. The nerve cords meet in the posterior end, in the subtaxon Chaetonotida a
pair of caudal ganglia is present. The diversity and evolution of the nervous system within gastrotrichs
and its role in bilaterian evolution is discussed.

Phylogeny of Tunicata: combined analysis and evolut ionary

scenario

THOMAS STACH
Institut fur Biologie - Zoologie, Freie Universitat Berlin

Novel comparative light-microscopical and electron-microscopical data on the organization of the
mesoderm in larval tunicates are presented. In the plesiomorphic state for Tunicata the mesoderm is
already reduced compared to the last common chordate ancestor although coelomic vesicles are
clearly recognizable. This evolutionary reduction goes further in different tunicate clades, is correlated
with ontogenetic acceleration, and is most pronounced in the holoplanktonic appendicularians. On the
basis of a cladistic analysis of morphological characters combined with molecular data, | propose an
evolutionary scenario for the diversification of tunicates. In tunicates, the main evolutionary event was
the acquisition of the ability to secrete an acellular, cellulose-containing covering probably by lateral
gene transfer from bacteria. The acquisition of the tunic led to a lecithotrophic larva with the need of
accelerated developmental rates and storage nephridia. The last common ancestor of Tunicata had a
biphasic life-cycle consisting of a free-swimming tadpole larva and a sessile benthic adult. While
specific homologous structures to other deuterostome larvae are recognizable in tunicate larvae,
presently it can not be decided whether sessility in the adult tunicate ancestor was evolutionarily
inherited from an older deuterostome ancestor or a convergent development.
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The Coelomic Origin and Phylogenetic Affinities of the Phoronida

PETER GROBE, THOMAS BARTOLOMAEUS
Systematik und Evolution der Tiere, Freie Universitat Berlin

The Phoronida comprises a taxon of 11 exclusively marine species. The pelagic phoronid larva is
planktotrophic and has a distinct epi- and hyposphere and numerous tentacles. In contrast to the
remaining phoronids, Phoronis ovalis Wright, 1856 has a lecithotrophic, slug-like larva that ones
hatched from the parental tube, crawls on the substrate using a distinct ventral rim surrounding the
mouth pore. No tentacles or body regions are developed. In order to find shared characters of this
larva and the lecithotrophic larvae of Brachiopoda, the P. ovalis larva was studied ultrastructurally in
terms of coelomogenesis and mesoderm differentiation. Prior to gastrulation the first mesodermal cells
delaminate from the vegetal ectoderm of the blastula into the blastocoelic space. After gastrulation a
compact strand of mesodermal cells forms that surrounds the archenteron. Later, the strand becomes
divided into two parts, an anterior and a smaller posterior one. Both compartments become double
layered and the coelomic cavities are formed by fluid accumulation. According to our cladistic
analyses P. ovalis is the sister taxon to the remaining Phoronida. Among Brachiopoda the Craniida
have a lecithotrophic larva, in contrast to the larvae of the remaining articulate brachiopods. Distinct
correspondences in the formation of the coelom in the craniid larva and the P. ovalis larva indicate that
a lecithotrophic larva represents the primary type of larva in Phoronida and Brachiopoda.

Sipuncula are annelids: EST analyses strongly suppo rt an ingroup
relationship

ACHIM |\/|EYER1, TORSTEN H. STRUCKZ, BERNHARD LIEBl
1 Zoology, Department of Biology, University of Mainz
2 Zoology, Department of Biology, University of Osnabriick

Sipuncula are marine unsegmented worms of about 160 species with known fossilized taxa from the
Cambrian. Due to their unique body plan, among other features an introvert and a trunk they are
usually regarded as a phylum. Whereas their monophyly is well supported by morphological and
molecular data, their phylogenetic position within Metazoa has a long and controversial debate
focussing on molluscs or annelids as potential sistergroup. Molecular analyses detect Lophotrochozoa
as a monophyletic group including Sipuncula. Furthermore, multi gene analyses corroborate annelid
affinities (see Struck et al. 2007). However, it remained unresolved whether Sipuncula are sister to
Annelida or represent an annelid subtaxon. For the molecular studies presented here, we used data
extracted from 2,000 expressed sequence tags (EST) of Sipunculus nudus (Sipuncula), Arenicola
marina and Eurythoe complanata (Annelida). These analyses, comprising 79 ribosomal proteins,
reveal robust support for the annelid clade including Sipuncula, which are nested within polychaetes.
Thus, it seems most likely that Sipuncula evolved from a segmented ancestor and lost segmentation
secondarily.
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Phylogenomic analyses attest the resurrection of Br yozoa sensu
lato

MARTIN HELMKAMPFl, ACHIM |\/|EYER2, BERNHARD LIEBZ, IRIS BRUCHHAUSB, BERNHARD

HAUSDORFl

1 Zoological Museum of the University of Hamburg, Martin-Luther-King-Platz 3, D-20146 Hamburg,
Germany

2 |nstitute of Zoology, University of Mainz, Millerweg 6, D-55099 Mainz, Germany

3 Bernhard Nocht Institute for Tropical Medicine, Molecular Parasitology, Bernhard-Nocht-Str. 74, D-
20359 Hamburg, Germany

The phylogenetic relationships within Lophotrochozoa, the most diverse of the major metazoan clades
currently recognized, are still largely unresolved. In recent years it became increasingly clear that data
on a genomic scale is required to shed further light on this elusive issue.

The present study focuses on Bryozoa in the broader sense, that is, Ectoprocta and Entoprocta. The
monophyly of Bryozoa sensu lato, proposed in the nineteenth century, has been disputed by most
authors based on profound differences in cleavage type, coelom presence, larval development and
body plan.

To better resolve the phylogenetic affinities of bryozoans, we sequenced approximately four thousand
expressed sequence tags (EST) from the ectoproct Flustra foliacea and two thousand from the
entoproct Barentsia elongata. From this source and from public databases we compiled a dataset
comprising more than 11.000 amino acid positions derived from 79 ribosomal proteins. Phylogenetic
analyses of this dataset indicate that ectoprocts and entoprocts form a well-supported monophyletic
group. We therefore propose to re-establish Bryozoa sensu lato. This clade is sister to the remaining
lophotrochozoans, e.g., Mollusca and Annelida. According to our analyses, Platyzoa constitute the
sister group of Lophotrochozoa.

This surprising result further demonstrates the evolutionary plasticity of morphological characters that
were traditionally used to infer phylogenetic relations among metazoans.

4D Reconstruction of Two One-Eyed Arthropods and th e Stem

Lineage of Crustacea
JOACHIM TOBIAS HAUG, ANDREAS MAAS, DIETER WALOSZEK

1 Biosystematic Documentation, University of UIm

Goticaris longispinosa and Cambropachycope clarksoni are 2 Cambrian arthropods in an exceptional
uncompressed 'Orsten' 3D preservation including ontogenetic stages. This enabled us to reconstruct
these species in full detail using 3D modelling software. 6 successive instars of G. longispinosa and 8
of C. clarksoni could be reconstructed (4D modelling). The two species form a monophylum based on
several autapomorphies; the most striking one is a single large compound eye. Besides this the two
taxa possess a head with 4 limb-bearing segments retained from the euarthropod level, a setose
outgrowth proximal to the basis of at least the first two postantennular limbs — the proximal endite —
and an exopod on the postantennular head limbs with setae arising from its inner margin. The latter
two features characterise the Crustacea s. |. The two taxa lack characters of the Labrophora (=
Phosphatocopina + Eucrustacea), such as coxae on the first two post-antennular limbs, a labrum, and
paragnath humps. Accordingly, G. longispinosa and C. clarksoni are members of the Crustacea s. I.,
but branched off below the Labrophora. Remarkably, the functional morphology of the two species
resembles that of living raptorial water fleas. This apparent analogy is a significant help in the
reconstruction of the life habits of the fossil animals. For better comparisons, the morphology of
Bythotrephes was also reconstructed in 3D, including the production of video sequences.
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MorphOntology : A Step towards Formalization of Morphological

Descriptions

LARS VOGT
Biologie Chemie Pharmazie, Systematics and Evolution of Animals, Freie Universitat Berlin

In biology we have to deal with a multiplicity of different kinds of objects. A pragmatic way to deal with
the variety of forms and functions is to infer the function of a new object by comparing it to an object
whose function is known. Consequently, the comparative method takes in a central role in biological
research. Morphology represents an important phenotypic data source. However, it has major issues
with respect to transparency and reproducibility of data production. Morphology lacks both a
standardized terminology and a standardized and formalized method of description. So far, no solution
has been successful. On the basis of the Resource Description Framework (RDF) | will suggest a
morphology ontology, i.e. MorphOntology, which is conceived to provide a controlled vocabulary of
morphological terms. The combination of MorphOntology with a morphological database will provide a
regional solution to the terminology and the description problem. Within a database MorphOntology
will provide a vocabulary for morphologists to communicate their result efficiently and unambiguously.
One advantage of a RDF ontology is its high degree of formalization and the applicability of
description logics. MorphOntology will enable intelligent querying and quantitative comparison of
descriptions within the data base, and will furthermore provide the basis for developing new
approaches for phylogenetic data inference. MorphOntology can be browsed or downloaded from
http://www.morphdbase.de.

Is the mammalian tree now resolved ?

AXEL JANKE
COB/Genetics, Lund University

The question of mammalian relationships has been in the center of many phylogenetic analyses. Last
but not least it is about the quest for the place of humans among the living world. The first molecular
data were human protein sequences that were compared to that of other mammals. The first complete
mitochondrial genome as well as the first complete higher eukaryote genome were sequenced both
from human. The second mt and nuclear genomes were sequenced from mouse, followed by those
from cow, rat and others. The initial attempts to resolve mammalian relationships were unsatisfactory,
mainly because of the limited amount of molecular data from single genes. The deeper relationships
between mammalian orders were reconstructed quite differently depending on both the length and
data type that was used in the study. While, some traditionally well resolved relationships could be
confirmed by molecular data, new relationships have been proposed, that were previously
unsupported by morphological characters. One particularly interesting question has been the
phylogenetic position of the Rodentia (mouse, squirrel guinea pig and allies). This order has been
placed in different positions in the phylogenetic tree and shifted positions quite dramatically.
Interestingly even the analyses of protein coding data from the first complete genomes (human,
mouse and cow) lead to a phylogenetic tree that differs from today's view of the relationships of
placental mammal orders. Thus, large amount of data alone were not enough to place rodents
convincingly on the phylogenetic tree. Based on the example of rodent relationships and our previous
and current analyses the development and future of mammalian molecular systematics will be
addressed.
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Their disease or mine? How reliable are animal mode Is to study
physiology and pathophysiology of human diseases: C a2+-
regulation, excitability and signalling cascades in skeletal muscle,

neurons and blood cells for selected example diseas es

OLIVER FRIEDRICH
Institute of Physiology & Pathophysiology, Department of Systems Physiology, Medical Biophysics

Many human diseases of the central and peripheral nervous system, as well as other organs, involve
perturbations in cellular Ca2+ regulation and signalling that can alter cells’ excitability or protein levels
and eventually result in organ failure. To study the pathomechanisms of such diseases, in most cases,
one has to use animal models like transgenic or knock-out mice. This also holds true for physiological
studies of central nervous system neurons, for obvious reasons. However, a direct extraction of results
to human pathophysiology is sometimes difficult and cases exist where animals may not show the
human pathology at all or treatments developed work for the animal but not for humans. In this lecture,
examples will be given for selected hereditary and acquired pathologies and their impact on cellular
function, mainly for skeletal muscle and nervous system, e.g. Duchenne muscular dystrophy or
acquired myopathies/neuropathies in sepsis and critical illness. Also, mechanisms of anesthetics that
we have studied in rat neurons or frog muscle will be summarized that might explain anesthesia in
humans. Ca2+ regulation of malaria parasites to study the mechanisms of drug resistance in human
blood cells show that in such cases, the appropriate human model represents a more feasible
alternative to study pathomechanisms. Sometimes, studies on cellular mechanisms in one species
might have unexpected implications for a totally different one. For example, in own studies, we wanted
to elucidate pressure limits for cellular function in mammalian (mouse) cells as a model for high
pressures affecting diving humans. It turned out, that for skeletal muscle, pressure exposure limits
exceeded those of the central nervous system at least one order of magnitude before cellular function
is irreversibly impaired. Interestingly, the pressure profiles found, closely resembled maximum diving
patterns of whales.

Insect physiology - from an ecological viewpoint

MATTHIAS W. LORENZ
Department of Animal Ecology |, University of Bayreuth

Insects are among the most successful organisms in terms of individual numbers, abundance,
occupation of different habitats, species numbers and diversity. Their astonishing potential to adapt to
a crossfire of environmental conditions is one of the key factors for their success. The physiological
mechanisms underlying the phenomenon of adaptiveness are of fundamental importance.
Consequently, a thorough understanding of the physiological processes involved in adaptation is
essential to explain this driving force of evolution. One issue of interest is the regulation and
adaptation of intermediary metabolism, because formation and mobilisation of energy reserves vitally
affect key events in an insect’s life, such as embryonic development, larval growth, moulting, flight
activity, and reproduction. Resource limitations lead to trade-offs between correlated traits (e.g.
mobility and reproduction, which both are costly). Under optimal conditions, adult female two-spotted
crickets (Gryllus bimaculatus) from our laboratory colony heavily invest in reproduction during very
early adult life, which restricts the availability of highly energetic substrates for the maintenance and
operation of flight muscles to a very short time period. Thus, a clear trade-off between flight and
reproduction exists. Although, under laboratory conditions, there is no limitation of food, a resource
limitation exists due to the cricket's limited capacity to ingest and digest food. In the light of these
findings, the present paper will focus mainly on the physiology of the fat body and on how the
hormonal system, feeding behaviour, digestive physiology, and functional gut-morphology together
contribute to the formation and mobilisation of energy reserves.



Physiology Symposium

Hierachies within the stress response control of Caenorhabditis
elegans: the functional role of signalling cascades of dif ferent

evolutionary origin
FRANK NUNES, MARC WOLF, NATALJA DAMATOVA, MIRIAM HOLKER, RUDIGER PAUL PAUL
Institut fir Zoophysiologie, WWU Miinster

Fitness is a quality which integrates survival and reproduction. The nematode Caenorhabditis elegans
show rapid growth rates, early reproductive maturity and high reproductive output. These traits are in
accordance with an r-strategy. Under environmental stress, these traits can be modified and adapted.
The transcription factor DAF-16, which is present in all body cells, plays a major role for the mediation
of changes in resource allocation in response to environmental stress. Under favorable environmental
conditions, DAF-16 is permanently inactivated. Environmental stress leads to an activation of DAF-16,
which causes an increase of general stress resistance, a prolonged life-span but, on the other hand,
also a reduction of the level of early progeny production and the total number of progeny. The DAF-16
activation state is controlled by several signalling cascades of different evolutionary origin, which in
turn are regulated by environmental stimuli. Our research aims to elucidate the contributions of these
different signalling cascades to environmental stress processing, the regulation of DAF-16 activation
and the adaptation of the aforementioned traits under stress. Our studies showed that the stress-
activated MAP kinases JNK-1, KGB-1 and PMK-1 exhibit specific but varying expression patterns in
different tissues of the worm. The neuronally expressed MAP kinase JNK-1 promotes the activation of
DAF-16 within intestinal cells under temperature and HoO» stress.

Genotyping and phenotyping of spermine-resistant Caenorhabditis

elegans

ALEXANDER HEINICK, KATJA URBAN, EVA LIEBAU, KAl LUERSEN
Institut fir Zoophysiologie, WWU Miinster

The natural polyamines putrescine, spermidine and spermine are aliphatic polycations found in all
living organisms. They are involved in cell proliferation and growth processes. In the free-living
nematode Caenorhabditis elegans the polyamine synthesis pathway consists of the three enzymes
ornithine decarboxylase (ODC), S-adenosylmethionine decarboxylase and spermidine synthase; a
spermine synthase, and hence spermine, is lacking. Reportergene studies revealed that polyamine
synthesis occurs almost exclusively within the twenty intestinal cells of the worm. Furthermore, C.
elegans was reported to depend on polyamine synthesis, since ODC null mutants showed a
developmental blockage at the embryonal stage. However, the mutant nematodes survive, when the
culture medium contains polyamines, indicative for a functional polyamine uptake system. Although
adequate polyamine levels are essential, high spermine levels are known to be toxic for most
organisms. In the present study, we have generated spermine-resistant C. elegans strains by EMS
mutagenesis. The worms were also found to tolerate toxic nor-spermidine levels. Genotyping revealed
a gene locus on the X chromosome responsible for the resistant phenotype. The C. elegans mutant
strains are tested in RNAI assays, targeting the known genes of the nematode polyamine metabolism.
Moreover, we will present data on the phenotyping of the worms.
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Oxidative stress in Caenorhabditis elegans : Protective effects of
the omega-class glutathione transferase GSTO-1

KAl LUERSENl, CoRrA BURMEISTERZ, Eva LieBaul
1 |nstitut fir Zoophysiologie, WWU Munster
2 |nstitut fur Parasitologie, Justus-Liebig-Universitat Giel3en

Glutathione transferases (GST) constitute a highly versatile superfamily, grouped into at least 10
classes. Members of this family are involved in various aspects of cell defense. To elucidate the
function of omega-class GST in a multicellular organism, the GSTO-1 from Caenorhabditis elegans
was investigated. Escherichia coli overexpressing CeGSTO-1 exhibited an enhanced resistance
against oxidative stress. Following affinity purification, the recombinant CeGSTO-1 protein displayed
significant thiol oxidoreductase and dehydroascorbate reductase activity. Promotor studies
using green fluorescent protein constructs and immunolocalization by electron microscopy indicated
that the protein is expressed exclusively in the intestine of all post-embryonic stages of C.
elegans. The involvement of the gut-specific transcription factor Elt-2 in CeGSTO-1 expression was
shown by site directed mutagenesis within the CeGSTO-1 promoter and RNAI,
respectively. Transcriptional upregulation of CeGSTO-1 under stress conditions was confirmed by
analyzing promoter-reporter constructs in transgenic C. elegans. To investigate the function of
CeGSTO-1 in vivo, transgenic animals overexpressing CeGSTO-1 and the CeGSTO-1 (RNAI) worms
were tested towards several prooxidants, metals and heat shock. These studies revealed that
the stress responsive CeGSTO-1 plays a key role in counteracting environmental stress.

From molecular functions to Integrative Systems Phy siology:
Simulation of whole-animal oxygen transport in mill imetre-sized
organisms

SYLVIA MOENICKESl, OTT1O RICHTERl, RALPH F’IROW2
1 |nstitut fir Geookologie, Abt. Umweltsystemanalyse, TU Braunschweig
2 University of Minster, Institute of Zoophysiology

Oxygen-binding proteins represent one of the key-control elements for the tuning of circulatory oxygen
transport in animals. Despite the often profound understanding of their structure-function relationships,
it is still difficult to fully comprehend the physiological implications of variations in concentration and
oxygen-binding characteristics. Systems analysis of the oxygen transport cascade from the
environment to the cells may help retracing inherent forces potentially contributing to evolutionary
processes. A fascinating example of the ability to tune circulatory oxygen transport via quantitative-
qualitative adjustments at the hemoglobin (Hb) level is the minicrustacean Daphnia magna. We
implemented a model of its oxygen supply based on the software tool COMSOL multiphysics. Besides
consumption the model comprises convective-diffusive transport of both dissolved oxygen and Hb-
bound oxygen coexisting in instantaneous equilibrium. The present model is able to describe the
general distribution of oxygen within the animal's body depending on ambient oxygen availability and
the quantitative-qualitative properties of Hb. A comparison of our simulation results with experimental
data proves its validity: It serves as a basis for studying the animal's physiological behaviour under
changing environmental conditions. Besides, a more detailed analysis focuses on the partitioning of
the oxygen supply with respect to transport processes, that is, its convective and diffusive shares.
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Architecture of the fly's intestinal immune system

THOMAS ROEDER, KERSTIN ISERMANN, CHRISTINA WAGNER, JULIANE KLARIG
Zoophysiology, CAU Kiel

The intestinal immunity has always to hold the balance between an effective immune response that
fights pathogens and the maintenance of the bacterial flora that is essential for its proper function.
Intestinal epithelial cells themselves are sentinels that detect and fight pathogens, major constituents
of the physical barrier and they directly interact with the gut's bacterial flora. Various aspects of the
regulation of the immune response of especially the epithelial cells remained enigmatic.Model
organisms such as the fruit fly Drosophila melanogaster, equipped with a relatively simple immune
system, should allow us to address these questions experimentally. Some basic aspects of epithelial
immune responses, especially of intestinal immune responses, have been characterized in the last
years in Drosophila. Activation of the intestinal immune response was achieved through infection with
different pathogens or via ectopic activation of the most relevant signalling system, the IMD-pathway.
In the intestine, a very complex response is launched that comprises various sets of genes, the
minority of them associated with the immune response. In the present study, we will give an overview
regarding the main constituents and reactions of the fly’s intestinal immune system.

Flight fuel and neuropeptidergic control of fuel mo bilisation in the

homopteran spittle bug, Locris arithmetica

GERD GAEDE
Zoology Dept., University of Cape Town

The spittle bug, Locris arithmetica, occurs, at times, in large numbers on Kikuyu grass in RSA. It
jumps and undertakes short flights. Fuel mobilisation of substrates stored in the fat body is under
neuroendocrine control. An extract from the corpus cardiacum contains a factor (or factors) that
causes an increase in the concentration of lipids in the haemolymph of the spittle bug, as well as the
migratory locust. There is also a small but significant hypertrehalosaemic effect in the spittle bug. Two
peptides of the adipokinetic hormone family were isolated by HPLC from the corpus cardiacum of L.
arithmetica. Mass spectrometric sequencing revealed the structure of two octapeptides which are
code-named Peram-CAH-I (pGlu-Val-Asn-Phe-Ser-Pro-Asn-Trp amide) and Pyrap-AKH (pGlu-Leu-
Asn-Phe-Thr-Pro-Asn-Trp amide). Both synthetic peptides elicit a significant hyperlipaemic effect at 5
pmol and a smaller but significant hypertrehalosaemic response in L. arithmetica. Flight experiments
show conclusively the this spittle bug uses both metabolite carbohydrates and lipids during such
locomotory activity. Whereas a short flight of 2 min is sufficient to demonstrate a small but significant
decrease in the concentration of carbohydrates in the haemolymph, changes in the lipid concentration
are larger but become only measurable after a 1 h rest period after a 2 min flight episode. Supported
by the NRF of RSA and UCT Research Council. Dr P. Simek (Ceske Budejovice, Czech Republic)
contributed the mass spectrometric results.
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Biochemical balancing act: how the South African sp iny lobster,

Jasus lalandii , copes with moulting and reproduction
HEATHER G. MARCO
Zoology Department, University of Cape Town

Jasus lalandii is a decapod crustacean that is found in the Atlantic Ocean off the west coast of South
Africa, where it is commercially fished. In other palinurid species, the males deposit their sperm in a
so-called “tar patch” on the ventral surface of the female’s cephalothorax and the eggs are fertilized
externally. In J. lalandii, internal fertilization occurs and the fertilized eggs are released from the
female’s body via the gonopores, deposited onto the ventral abdomen, and held there for 4-5 months
until the larvae hatch. For the successful release of the eggs through the tiny gonopores, the
exoskeleton of the female spiny lobster must be relatively soft and flexible. This is only possible after
ecdysis. Thus, the moult cycle of female J. lalandii specimens is closely linked to the reproductive
cycle. How the energy and metabolic reserves are partitioned to complete these successive,
energetically costly processes will be discussed. Adult female J. lalandii specimens were collected
from the wild over a 12 month period; the moult and ovarian stages were assessed, and the levels of
lipid, protein and glycogen were determined in the ovaries and hepatopancreas. Analyses of the data
show a clear pattern of the moult and reproductive cycles that correlate with season, confirming that
mating and spawning occur in the post moult stage and that the two biological cycles must be
progressing simultaneously.

Adaptive thermogenesis in UCP1-KO (uncoupling prote in 1-

knockout) mice

CAROLA MEYER, MONJA WILLERSHAUSER, GERHARD HELDMAIER, MARTIN KLINGENSPOR
Animal Physiology, Philipps-Universitét

Adaptive thermogenesis results from an increased capacity for nonshivering thermogenesis (NST)
mediated via UCP1. UCP1-KO mice are cold sensitive and mainly rely on shivering thermogenesis
(ST) when challenged with cold. Unexpectedly, these mice are able to sustain cold exposure (4C)
when previously acclimated to 18T, demonstrating that adaptive thermogenesis occurs in the
absence of UCPL1. In order to quantify the magnitude of the adaptive response we measured maximal
cold induced metabolic rate at rest (VOomax;) in wild type (WT) and UCP1-KO mice acclimated to

either warm (27<C) or cold (18<) and determined th e shift in cold limit resulting from cold acclimation.
In addition, we investigated whether cold acclimation in UCP1-KO mice was accompanied by
alterations in body temperature (Tp), resting metabolic rate (RMR), thermal conductance (C), and

respiratory quotient (RQ). Cold acclimated WT mice had the highest thermogenic scope (highest
VOomax, and lowest cold limit; -6.9C) compared with the other groups. Cold acclimation not only

improved the cold limit of WT mice, but also led to a decrease in cold limit from 5.7C to -1C in UCP 1-
KO mice, thus rendering them cold tolerant in typical cold tests. Intriguingly, cold exposure was
accompanied by a decrease in RQ of WT but not of KO mice, indicating altered substrate fuelling in
the absence of UCP1. Taken together, UCP1-KO mice can expand their thermogenic capacity by
other means than fatty acid fuelled, UCP1-mediated NST.
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Globins underground: Respiratory proteins in the hy poxia-tolerant
mole rat Spalax ehrenbergi superspecies

FRANK GERLACHl, AARON AVIVI2, STEFAN REUSS3, THORSTEN BURMESTER4, EVIATAR

NEVOZ, THOMAS HANKELNl

1 Institute of Molecular Genetics, Johannes Gutenberg-University, Mainz, Germany; Biocenter Grindel
and Zoological Museum, University of Hamburg, Germany

2 |nstitute of Evolution, University of Haifa, Israel
3 Department of Anatomy and Cell Biology, Johannes Gutenberg-University, Mainz, Germany
4 Biocenter Grindel and Zoological Museum, University of Hamburg, Germany

Neuroglobin (Ngb), primarily expressed in neurons of the CNS and PNS, and Cytoglobin (Cygb),
found in fibroblasts of all organs and distinct neuronal cells, are recently discovered respiratory
proteins of vertebrates. Their physiological function is discussed related to O, supply, ROS

scavenging, NO detoxification and other mechanisms. Here we report expression patterns of these
novel globins (and of myoglobin, Mb) in blind mole rats, which are able to survive prolonged periods of
severe hypoxia in their burrows without damage. Quantitative RT-PCR and Western blot analyses
show that Ngb and Cygb are expressed at markedly elevated levels in Spalax versus rat in normoxia.
This constitutive elevated expression suggests that both globins contribute to a pre-adaptation of
Spalax towards a lack of O,. Cygb shows an augmented normoxic expression in Spalax vs. rat only in

brain tissue, but not in heart and liver. Hypoxia induces Cygb in heart and liver of both mammals. This
regulatory response indicates that Cygb probably fulfils different functions in fibroblast-like cells and
neurons. Ngb and Mb are downregulated at the mRNA and protein level in both genera after extended
periods of hypoxia. The largely parallel pattern of gene regulation of Ngb and Mb suggests similar
cellular functions. Like in deep-diving seals (see abstract by Mitz et al.), Spalax brain reveals
substantial expression of Ngb in glia cells, which may be of general adaptive importance for hypoxia-
tolerant mammals.

Insects as mini-host models for human pathogens and as a

reservoir for novel peptide antibiotics

ANDREAS VILCINSKAS, BORAN ALTINCICEK
Institute of Phytopathology and Applied Zoology, University of Giessen

Insects attract increasing attention as alternative mini-host models for human pathogens. Lacking
adaptive immunity, they are suitable to elucidate interactions between virulence factors and the innate
immune system. Particularly one lepidopteran, the greater wax moth Galleria mellonella, has recently
been emerged as a powerful model to study pathogenesis of prominent bacteria and yeasts causing
severe diseases in humans. G. mellonella larvae provide a number of advantages, for example, they
can be reared at temperatures to which human pathogens are adapted and which are essential for the
synthesis of their virulence factors. Combined transcriptomic and proteomic analyses of innate
immunity in G. mellonella led to the identification of a diverse array of antimicrobial peptides among
which the first inhibitor of microbial metalloproteinases from animals was discovered. This insect
metalloproteinase inhibitor (IMPI) specifically inhibits toxic enzymes which are responsible for
pathological symptoms during infectious diseases in humans and which have been recognized as
promising targets for the rational design of second generation antibiotics. Presently, we investigate the
3D-structure of the IMPI as a template for the design of novel peptide antibiotics. In addition, we
explore the potential of other insects such as the apterygote firebrat Thermobia domestica and the red
flour beetle Tribolium castaneum as mini-host models and as reservoirs for novel peptide antibiotics.
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Is there arisk of prion disease inthe European mo uflon in

Germany?
ANKE WIETHOLTER, KAI FROLICH, VOLKER STEFANSKI
Institute for Zoo and Wildlife Research

Prion diseases or transmissible spongiform encephalopathies (TSEs) are neurodegenerative diseases
which are characterized by an accumulation of pathogenic prion protein in the central nervous system
and destruction of brain neurons. TSEs have been reported in several mammalian species (e.g.
scrapie, BSE). The European mouflon (Ovis gmelini musimon) was introduced to Central Europe for
hunting. Currently, Germany has the second largest free ranging population in the world and mouflon
game is consumed on a relatively large scale. Natural occurrences of prion disease in mouflon have
been reported and prion protein nucleotide sequences can be identical in mouflon and sheep.
Moreover, cattle, domestic sheep, and mouflon share the same habitat. In August 2006 we started a
two-year survey to investigate TSE occurrence in mouflon in Germany and to evaluate the applicability
of rapid tests for mouflon samples. Since the prevalence of TSE in mouflon is expected to be low,
special risk areas have been defined by the abundance of sheep, mouflon, and cases of scrapie.
Areas with high risks were favoured for sampling. In order to detect both typical and atypical scrapie
cases, samples from the obex region, cerebellum, and retropharyngeal lymph nodes were analyzed by
highly sensitive enzyme immuno assays. Currently, over 300 mouflon samples were tested negative.
The final results from our ongoing study will allow us to estimate the potential risk of occurrence of
TSE in mouflon in Germany.

3D-Structure reconstruction of recombinant expresse d virus like
particles (VLP's) as part of drug design

CHRISTOPH KUEHNEl, CHRISTOS GATSOGIANNISl, THORSTEN KLAMPZ, UGUR SAHINZ,

ULRICH MEISSNER]'
1 Institut fiir Zoologie, Johannes Gutenberg-Universitat, Mainz
2 3. Medizinische Klinik, Johannes Gutenberg-Universitat

Virus like particles (VLPs) are non-infectious virus capsid proteins, which form highly symmetrical,
spherical complexes by spontaneous self-assembly of protein monomers. Due to their specific, highly
repetitive structures, VLPs are able to induce a strong and long lasting humorale immune response,
which can also take place independently of T-cells. Due to these characteristics recombinantly
produced VLPs now emerge as promising candidates for new vaccines. Only the correct spatial VLP
will produce a sufficiently high density and symmetry of the antigenic epitopes and thus effective
induction of a humorale immune response. By comparative 3D electron microscopic analysis of the
VLP's, using correctly folded protein monomer, a structural analysis of the VLP surface antigenic
epitopes can be performed. This should make possible the development phase for the design of new
VLPs and consequently the faster production of therapeutic agents for clinical use. As preliminary
results we here present the 3D-reconstruction of recombinatly expressed modified and correctly
assembled VLP’s in direct comparison to the wild type core protein of Hepatitis B virus (obtained from
the pdb-database). Masses, which do not correlate with the wild type protein are located at the top of
the spikes, exactly at the position where the inserted antigenic epitope is expected to be presented, for
the induction of a humoral immune response.
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Sensory ecology of insect-eating mammals

BJORN SIEMERS
Sensory Ecology Group, Max Planck Institute for Ornithology, Seewiesen

The talk will explore the role that sensory abilities play for prey selection within a species and for
resource partitioning between species. As model systems, | will focus on bats and nocturnal primates
adapted to foraging for arthropods in three-dimensional forest environments.

I will show that the specific sensory access to prey and prey conspicuousness can passively limit food
selection. The evolutionary adaptation of sensory systems to a food niche can render species
specialists for certain prey from an ecological viewpoint, although the individuals may largely feed
opportunistically on every prey item they detect. As a second step, active foraging decisions can — and
do — come into play.

A number of studies on closely related animal species have identified morphological differences that
lead to differentiation in mechanical access to food. Less attention has been paid to interspecific
differences in the senses used to detect food and their role in promoting resource partitioning. | will
present behavioral experiments, bioacoustical analyses and field data suggesting that closely related,
potentially competing bat species differ in their sensory access to prey and experience reduced food
niche overlap. These data support the hypothesis that sensory ecology might play an important role
for niche differentiation.

Cognitive ecology of marine mammal visual orientati on

BJORN MAuUCK
Institute of Biology, University of Southern Denmark

The type of visual information about the oceanic environment marine mammals use and how they
perceive, encode, store, and retrieve it is fundamental to studying their orientation mechanisms. Both,
information type and nature of mental representations are certainly determined by physical and
ecological characteristics of the seas. Our mental rotation experiments suggest that sea lions did not
completely change this analogue mode of visuo-spatial processing, but rather modified interesting
details probably reflecting demands of underwater pattern recognition. Similarly, recent results show
that seals can form identity concepts but use it for object recognition only after extensive training.
Rather, absolute stimulus parameters are used for recognition and memorizing of nearby landscape
and environment features, while landscape elements (e.g. geometric relationships) seem to be more
promising than features. Current experiments with a seal orientating in a semi-virtual reality reveal
further aspects of visual orientation in underwater landscapes. Non-object visual orientation in turbid
waters might involve speed and heading determined from optic flow. Our new results show that seals
detect the focus of expansion in cloud-of-dot presentations. For offshore orientation seals might use
celestial information; our results show that seals see enough stars to allow for astronavigation and
recent planetarium experiments show that seals derive directional information from the starry sky.
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The role of echolocation for niche partitioning in horseshoe bats

MAIKE SCHUCHMANN, BJORN M. SIEMERS
Sensory Ecology Group, Max Planck Institute for Ornithology

Sensory specialisation might play a role for niche differentiation within animal communities.
Differences in senses lead to differentiation in the access to food and thus contribute to resource
partitioning between potentially competing species. Because of their diversity of sensory abilities and
foraging ecologies, echolocating bats offer a good model to test this hypothesis.
In several families of insectivorous bats, a negative correlation between peak echolocation frequency
and body size was found. Investigation of the echolocation calls of 5 European rhinolophid bats
(Rhinolophus hipposideros, R. mehelyi, R. euryale, R. blasii and R. ferrumequinum) showed that one
species, Rhinolophus mehelyi, is a clear outlier to the within-genus allometric relationship. By
deviating from allometry, it does overlap in peak echolocation frequency with two other sympatric
species of horseshoe bat, instead of calling in an overlap-free frequency channel. This contradicts
predictions arising from a ‘social communication hypothesis’ for the evolution of call frequency.
Alternative hypotheses aim at explaining call frequency as adaptations to species specific foraging
tasks. In this study, we investigated the influence of call parameters for resource partitioning in the
overlapping species. We will present acoustic and behavioral data to test the hypothesis that
differences in sensory performance result in differential access to prey types for these closely related
bat species.

When bats catch flies — Sex kills

STEFAN GREIFl, BJORN M. SIEMERS?
1 Animal Physiology, University of Tubingen
2 Sensory Ecology Group, Max Planck Institut for Ornithology

For echolocating bats, it is very difficult to detect immobile insects on echo-cluttering surfaces like
vegetation or walls. Strong echoes from the surface will overlap and mask the weak prey echoes. Yet,
sitting insects can be locally abundant and therefore rewarding foraging targets. Here we studied
strategies used by wild Natterer’s bats (Myotis nattereri) to capture flies sitting on a cowshed ceiling.
Analysis of IR-video recordings revealed two main strategies: (1) The bats attacked spots on the
ceiling nearly at random; spots with no prey were targeted in almost an equal proportion as spots
occupied by flies. As the abundance of flies was high (~136/m2), such a nearly random attack strategy
will pay energetically. Our data suggest that gleaning bats adjust their attack criterion to a low level in
situations where prey is cryptic to their echolocation system but abundant and false alarm costs are
low. (2) The bats attacked copulating flies at a much higher probability than stationary or active single
flies. This suggests that copulating flies are conspicuous to the bats through either echo-acoustic cues
or the flies’ buzzing sounds. The second strategy for detection of cryptic prey is hence to wait for brief
moments where the prey reveals its presence.

Bats might use echolocation and spatial memory to recognize sites with abundant but cryptic prey.
Our study shows that they can use random attacks and potentially eavesdropping on prey signals to
forage there efficiently.
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Spontaneous categorisation of social calls by bats
VIOLA MELCHERSl, KANDULA SRIPATHIZ, BALAJI CHATTOPADHYAYZ, MICHAEL

GROSSBACHl, SABINE SCHMIDTl
1 Institute of Zoology, University of Veterinary Medicine Hannover
2 Department of Animal Behaviour, Madurai Kamaraj University

During defined social interactions the Indian False Vampire bat Megaderma lyra emits calls with
situation-specific physical structures linked to a behavioural display. We applied a habituation-
dishabituation paradigm to evaluate the ability of the bats to categorise these calls when relying on
acoustical cues alone. As indicator of habituation and dishabituation, we analysed the reaction of 15
bats, an orientation towards the loudspeaker. As stimuli we played back calls produced by bats trying
to establish contact to group members in two different situations: in isolation and during the initiation of
affiliative body to body contact, respectively. M. lyra spontaneously assigned these stimuli to two
different categories. This formation of call classes by the bats does emphasise the role of
categorisation as a basic mechanism in the evolution of communication sound assessment. At present
we analyse additional data to assess the effect of the social context of call production on
categorisation. In these experiments, the bats were presented with calls from two distinct agonistic
situations in which the physical call structure differed according to the active or passive part of the
caller in the interaction. Supported by DFG Schmidt 879/6-3

UV wavelengths and male territorial aggressionins  ticklebacks

INGOLF P. RICK, THEO C. M. BAKKER
Institut fiir Evolutionsbiologie und Okologie, Rheinische Friedrich-Wilhelms-Universitat Bonn

Animal colour signals serve important functions in intraspecific interactions, including species
recognition, mate choice and agonistic behaviour. An increasing interest concerns UV wavelengths,
for instance studies on the effect of UV in mating decisions. More recently, some studies also
established that UV signals affect intrasexual interactions. We studied the role of UV during
aggressive encounters between male three-spined sticklebacks (Gasterosteus aculeatus), a species
in which UV has an effect on female mate choice and shoaling behaviour. To that aim, we compared
the aggressiveness of a territorial male to male intruders, either seen in UV-including (UV+) or UV-
lacking (UV-) conditions. Our prediction was, that if UV wavelengths are used in male-male
competitition, a territorial male should show less competitive behaviour towards an intruder
representing a lower threat, i.e. the one presented without UV light. Male sticklebacks showed
significantly lower levels of aggression towards male opponents lacking an UV component to their
coloration than male opponents possessing this colour component. Discrimination was not influenced
by a difference in brightness between the UV+ and UV- stimuli. Finally, we present some
spectrophotometrical data of two skin regions of the experimental males and analysed relationships
between colorimetric variables, body variables and behaviour. Our study emphasizes that UV visual
cues are of importance in different communicational tasks in the three-spined stickleback.
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Song modulation of domesticated canaries (  Serinus canaria ) raised

under restricted acoustic environments

STEFAN LEITNER, SANDRA BELZNER
Department of Behavioural Neurobiology, Max Planck Institute for Ornithology

Songbirds are known to learn their songs from a song model and open-ended learners are able to
modify their songs throughout life. The absence of a song model leads to the development of an
improvised song that often lacks the species-typical song structure. However, the exact features that
time the song learning process are unknown. Here we could show that male canaries raised in
isolation and as peers without adults developed unusual songs in their first year that differed from
songs of control birds. However, these birds are able to substantially change their song repertoire
when exposed to singing males in their second year. We further investigated the song modulation of
male offspring raised in the peer group under a restricted song pool. This offspring developed a
normal song, but had almost no similarity with their fathers’ restricted song. Further, despite being
raised in this abnormal acoustic environment, they did not change their songs in their second year of
life when transferred to a colony with normal birds. This suggests that, the canary as an open-ended
learner has the capacity to perform two song learning strategies. Birds not exposed to an adult song
model in their first year exhibit song changes in a new acoustic environment. In contrast, exposure to
an albeit un-normal song model, causes no further song changes in later life. Thus, open-ended
learners can have different song learning strategies when raised in different social and acoustic
environments.

Obstacle avoidance in archerfish predictive starts

SASKIA WOHL, STEFAN SCHUSTER
Institut fir Zoologie I, Universitat Erlangen-Nurnberg

Obstacle avoidance is a key ability of biological and technical systems enabling them to negotiate
cluttered environments at decent speed. Usually closed-loop solutions are employed to guide the
motion, but these are computationally costly and limit the speed attainable. Here we analyze how
archerfish, a species that hunts in obstacle-rich mangrove environments, accommodate the presence
of obstacles in their rapid predictive starts. These starts are extremely fast open-loop responses in
which the fish turn to the predicted later point of impact of their dislodged aerial insect prey and start at
a speed tuned to the distance they will have to cover. When obstacles block the direct path towards
the predicted later point of catch then the fish trigger a course that passes the obstacle with the
shortest possible detour and at a speed adjusted to the fish's distance to the actual point of impact.
Strikingly, having to adjust routes to the presence of obstacles does neither increase the time for
triggering nor for executing the predictive starts. This is not so because the fish rely on a stored map
of the whereabouts of obstacles. Rather, information on the distribution of obstacles appears to be
regularly updated within short intervals. The performance appears well adapted to the natural
obstacle-rich mangrove habitat of hunting archerfish and should be an interesting starting point for
applications in robotics.



Behavioral Biology Symposium

Caste-specific activity of antioxidative enzymes in the ant
Harpegnathos saltator

SEBASTIAN SCHNEIDERl, CHRISTINE BOESCH-SAADATMANDIZ, ANIKA WAGNERZ,

CHARLOTTE SCHRADERZ, GERALD RIMBACHZ, JURGEN LIEBIG3, THOMAS ROEDERl

1 Department of Zoophysiology, University of Kiel

2 |nstitue of Human Nutrition and Food Science, Christian-Albrechts-Universitat zu Kiel, Kiel, Germany
3School of Life Science, Arizona State University, Tempe, Arizona, USA

At the beginning of its life cycle, a colony of the ponerine ant Harpegnathos saltator is monogynous.
When the queen dies, some of the workers emerge as a new reproductive caste called gamergates.
Prior to this transition, the fittest colony members engage in aggressive interactions that consist of
ritualized duels. In the course of a dueling time frame of several weeks, the level of aggressive
interactions rapidly rises and than slowly declines again to a point where only the newly established
gamergates retain their aggressiveness.In addition to the behavioural changes and the completed
development of ovaries, these gamergates show a considerably increased life expectancy.According
to the oxidative stress theory of ageing, we investigated whether gamergates differ from their colony
mates in the activity of enzymes that detoxify reactive oxygen species.We measured the activity of the
most prominent anti-oxidative molecules (superoxid-dismutases, catalase, glutathione-S-transferases,
glutathione peroxidase, glutathione) in gamergates, young as well as old workers, workers during the
dueling period, a time of presumably intensive stress and males. Gamergates resembled in their low
catalase activity young workers whereas animals sampled during the dueling period had a significantly
higher glutathione peroxidase activity than all other ants.

Multiple strategies of social integration into an a rmy ant society:

the diverse symbiont fauna of Leptogenys distinguen da
VOLKER WITTE
Biologie Il, Verhaltensdkologie, LMU

Host parasite associations represent excellent model systems for the study of evolutionary processes.
Among such associations, a unique system is the extraordinary diverse symbiont fauna of the
Southeast Asian ponerine army ant Leptogenys distinguenda, which includes insects (beetles, flies,
springtails, bristletails), other arthropods (woodlice, mites, spiders), and, recently discovered, even a
myrmecophilic mollusc. First studies revealed that the mechanisms of social integration follow the
general principles of either chemical mimicry or chemical insignificance, however, the fine-tuning of
social acceptance turned out to be far more complex. Symbiont species, on the one side, have
apparently developed their own unique strategies of exploiting their host society, based on both
behavioral and chemical characteristics. The host ant, on the other side, attempts to minimize costs
arising by cohabitants as far as possible by actively controlling the symbiont fauna. The result is an
evolutionary arms race among symbionts, which optimize their integration mechanisms and the host,
which optimizes its ability of recognition and expulsion. Although general mechanisms of integration
(such as chemical mimicry) exist, each myrmecophile underlies very different phylogenetic constraints
in realizing the demands of host association. | present here first comparative data on chemical and
behavioural integration mechanisms of the diverse myrmecophile fauna of L. distinguenda.
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Pair formation and pair bond maintenance in a wild cavy, Galea
monasteriensis

OLIVER ADRIANl, Pia JANDEWERTHl, PETRA L(")TTKERl, JORG T. EPPLENZ, SYLVIA

KAISERl, MICHAEL B. HENNESSY3, NORBERT SACHSERl

1 Department of Behavioural Biology, University of Minster

2 Department of Molecular Human Genetics, University of Bochum

3 Department of Psychology, Wright State University, Dayton, Ohio, USA

Monogamous species of mammals represent valuable research objects for studies on the evolution of
sociality, paternal care or the neurobiology of affiliation. Social monogamy implies a pair bond
between the adult male and female. In this study, we examined the relative role of the female in pair
formation and maintenance of a pair bond in the cavy Galea monasteriensis. In a first experiment,
mate choice tests were performed. We defined a clear preference to occur, if a female spent at least
65% of time with one of two males. For the offspring sired, paternities were determined via multi-locus
DNA fingerprinting. In 7 of 8 cases the socially preferred male was the father of the young. In a second
experiment, separation and reunion tests were performed. Male G. monasteriensis were separated for
2h before being reunited with their female. In the home enclosure, cortisol levels significantly
increased after separation and decreased when reunited with the female. Separation in a novel
enclosure had no effect on cortisol levels. In both situations, there was an increase of socio-positive
and courtship/sexual behaviour after reunion. G. monasteriensis females influence initial pair bond
formation by selecting particular unfamiliar males as favoured social and mating partners. The
behavioural and endocrinological changes in the separation-reunion tests indicate the existence of
social monogamy, a trait not existing in other, closely related species of guinea pigs.

Habitat adaptation drives the evolution of female p  reference
between salamander populations

CLAUDIA JUNGEl, MARKUS WEITEREZ, SEBASTIAN STEINFARTZl
1 Behavioural Biology, University of Bielefeld, Morgenbreede 45, D-33615 Bielefeld, Germany
2 Zoological Institute, University of Cologne, Weyertal 119, D-50923 Cologne, Germany

The adaptation of recently diverged subpopulations to new habitats is a crucial step of ecologically
driven population differentiation and possible speciation. However, the mechanisms of genetically
based habitat differentiation between populations remain largely unexplored. In this study we tested
whether recently evolved habitat adaptation between populations belonging to the same postglacial
recolonisation lineage of fire salamanders (Salamandra salamandra) resulted in the evolution of
female preference. Typically, females deposit their larvae in small permanent streams. As a special
habitat dependent adaptation also small temporary ponds are used as larval habitats. In order to test
whether the genetic population history or the habitat adaptation influences female choice, we
performed different trials of female preference tests. Each female could choose between a male from
its own and a male from another population that differed in habitat or genetic type, or both. A long time
video observing setup was used to allow a detailed analysis of the complete behavioural data. Our
results show that habitat adaptation to streams influences strongly the preferences of females,
whereas the genetic population history had no impact. Therefore, recent adaptive habitat divergence
in S. salamandra resulted in the evolution of female preference behaviour that might be a so far
underestimated mechanism to maintain genetically based habitat adaptation between salamander
populations.
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Reproductive competition affects testosterone level s of females in
cooperatively breeding mole-rats

HEIKE LUTERMANNl, ANDREW YOUNGZ, NIGEL BENNETTL
1 Department of Zoology & Entomology, University of Pretoria, SA
2 Department of Zoology, University of Cambridge, UK

Reproductive competition is generally assumed to be more variable in males than females. However,
within cooperatively breeding mammals reproductive skew tends to be more pronounced among
females resulting in intense reproductive competition between females. In males competitive abilities
are strongly affected by the hormone testosterone (T) while little is known about its involvement in
female intrasexual conflict. To elucidate the potential role of T for female reproductive competition we
assessed plasma T-levels in three species of African mole-rats, namely the solitary Cape dune mole-
rat (Bathyergus suillus) and the cooperatively breeding Damaraland (Cryptomys damarensis,
physiological suppression) and the Natal mole-rat (C. hottentotuts natalensis, no physiological
suppression). Reproductive activity strongly affects T-values in females in all three species with
breeding females having significantly higher T-levels than their non-breeding counterparts. However,
while female T-levels are still markedly lower than male T-levels in the Damaraland mole-rat, breeding
females in the Natal mole-rat have T-levels that are similar to those of their male conspecifics. Thus,
the lack of physiological suppression in females of this species could require a stronger behavioural
enforcement of reproductive suppression. We suggest that this may be mediated by elevated T-levels.

Conflicting information affect group decisions in a social mammal

GERALD KERTH
University of Lausanne

How animals make group decisions has important implications for our understanding of animal
societies and allows us to pinpoint analogies to human group decision-making, which is a central
element of our social systems. The available models conclude that shared (“democratic”) decisions
outperform unshared (“despotic”) decisions, even in situations where individuals disagree about
actions. This is surprising as in most other contexts, differences in individual preferences lead to sex-,
age-, or kin-specific behaviour. Empirical studies testing the predictions of the theoretical models are
only beginning to emerge. Since Bechstein's bat colonies depend on daily group decisions to select
their communal roosts Bechstein's bats provide unusual opportunities for this kind of research in wild
animals. | used field experiments that allowed for the manipulation of the individual behaviour of group
members to study group decision-making in situations, where individuals differ in their interests. To
create conflicting interests | manipulated the information of individuals belonging to two different
Bechstein's bat colonies and then measured the outcome of the resulting group decisions. Conflicting
information among colony members did affect the outcome of group decisions and the use of
communal roosts suggested that group decisions in Bechstein’s bats are shared among a majority of
the group members.
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Behaviour, habitat and genes: the Mongolian pika in the Gobi Altai

KARIN NADROWSKIl, MIRO FERRERIZ, ROLAND SCHULTHEISST
1 |nstitute of animal ecology, Liebig University Giessen
2 Faculty of Biology, Marburg

Habitat characteristics can have major influences on the behaviour of species. Variation in behaviour
can at the same time be inherent in each individual or it can be related to inherited traits evolved in a
given environment.

In pikas (Ochotona) a bimodal pattern of behaviours has been observed. One group of species
("inclusive"), shows social affiliative behaviour, while another group ("exclusive"), avoids contacts and
shows rather aggressive behaviour. One of the processes suggested to trigger the life history strategy
and thus the behaviour of pikas has been the variability of climate and plant productivity in a given
habitat.

Here we present a study on the behaviour of an intermediate species (Ochotona pallasi pricei) on six
isolated populations in the Gobi Altai differing in annual productivity as proxy for variability in plant
productivity.

We used focal animal sampling to assess behaviour, NOA-AVHRR satellite images for annual
productivity, and DNA-sequence data (apoprotein cytochrome b, control region D-loop) for genetic
composition.

We found that populations do not differ in genetic composition. Although productivity could explain the
variation in behaviour, this variation was mostly due to feeding and watching behaviour. Interactiv
behaviours were observed only rarely and none of them were affiliative. We conclude that the
populations of the Mongolian pika consistently show behaviours in accordance with the "exclusive" life
history strategy.

Competition and Interference between small mammal g  uilds -

behavioural adaptations

JANA ECcCARD, NINA DE VRIES, NADINE SCHAFER, MONIQUE ELLMER
Animal Behaviour, University of Bielefeld

Small mammals are potential prey to a various avian and terrestrian predators. Prey has thus
developed specific and unspecific adaptive behavioural responses in order to stay alive.
Subterranean small mammals such as voles, moles and shrews inhabit the same tunnel system. We
have to assume that there is a lot of interaction and competition and predation happening in the tube,
but however it is difficult to observe. In a series of experiments we have investigate species dyads in
artificial tunnel systems, in space use and activity in semi-wild enclosures, and foraging behaviour
under nest-predation risk in the laboratory. We found, that voles are very investigative towards shrews
and shrew odour, indicating predator inspection. Further, lactating voles are more active in the
presence of shrews, indicating nest guarding. Foraging voles reduce food intake in the presence of
shrews, indicating higher alertness. Our results indicate, that voles have developed behavioural
adaptations towards shrew presence, and that these guilds interact by competition and predation.
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Social relationships in horses: a case study for th e effect of social

dynamics on social behaviours

KONSTANZE KRUEGER, BIRGIT FLAUGER
Biology I, Zoology, University of Regensburg

Like all grazers equids feed on evenly distributed resources. In contrast to animals which have to
compete for point resources, and thus display a strict linear hierarchy, the mechanisms by which large
groups of grazers develop their dominance structures are under discussion. Nevertheless, most
dominance evaluations in equids use dyadic encounters, which reflect the fighting ability of group
members alone. Seldom behaviours are often omitted from the data and animals for which only very
little data is left are deleted in total. In addition, social encounters in grazers while feeding are scarce.
Therefore, all dominance evaluation methods face the problem that the small amount of data left is
problematic for statistical analysis. Furthermore, animals which display only little encounters towards
other group members may be misvalued. We suggest that individual knowledge of previous social
interactions such as winner, looser and bystander experiences affect the entire social behaviour
displayed between the members of a social group. The integration of social behaviours, such as
approaches, leadings and follows in equids, reflect previous social dynamics. Their integration is
meaningful and beneficial for the evaluation of social relationships in animals which feed on distributed
resources.
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Unravel the black box — fatty acids as biochemical markers in soil

food webs

LILIANE RUESS
Institute of Zoology, TU Darmstadt

Trophic interactions in cryptic soil food webs are difficult to assess, either experimentally or by direct
observation. As new approach lipid analysis was used to determine feeding strategies of the soil
micro- and mesofauna. Food derived fatty acids (FAs) were conserved and transferred over three
trophic levels. FAs were directed into the neutral lipids of consumers. This dietary routing of FAs
allowed to assign trophic markers, such as vaccenic type FAs indicative of bacterial diet. More
specifically, methyl-branched and cyclic FAs were markers for consumption of Gram-positive and
Gram-negative bacteria, respectively. Other FAs increased in proportion, e.g. linoleic acid with fungal
diet and oleic acid with plant resources. Based on this marker FAs field populations of Collembola in
three deciduous forest stands were ascribed to feeding guilds.

To increase resolution lipid analysis was combined with stable isotope techniques. Comparison of the

13¢/12¢ ratio in FAs between consumer and diet revealed depletion (i.e. de novo synthesis) or no
changes (i.e. dietary routing). The latter can be used to verify specific trophic links. In conclusion, the
application of lipid analysis will offer further insight into feeding habits of soil animals in situ. The
relative simplicity of chemical analysis, which uses widely available equipment, provides a high

potential for food web studies. A prospect for the future is the compound specific analysis of 13¢c/12¢c
in FAs to assess carbon fluxes along the soil food chain.

The function and design of signals in plant-animal communication

H. MARTIN SCHAEFER
Evolutionary Ecology, Faculty of Biology, University of Freiburg

Communication relies on signals that transmit information on the phenotypic or genetic quality of the
sender. Given that the interests of organisms sending and receiving signals often collide, a central
conundrum is how the evolutionary stability of honest signals is maintained. The second overarching
question in signal theory is how senders can maximise at the same time signal detectability and signal
reliability. Here | show that plant signals represents a trade-off between signal detectability and signal
reliability. However, there are two mechanisms that maintain honesty in plant-animal interactions.
First, fruit colour variation indicates the contents of anthocyanins which are important antioxidants that
improve immune functions in frugivorous birds. Second, many plants use accessory signals in
vegetative tissue to advertise nutritional rewards. | document that the evolution of multiple signals in
fruit displays is congruent with an increase in both signal reliability and detectability. Despite a
decoupling between signals and rewards, common environmental control of both signal design in
vegetative tissue and advertised quality in reproductive tissue result in reliable plant signals.
Furthermore, this environmental control leads to the maintenance of alternative phenotypes in fruit
displays. Consistent with the predictions of signal theory the main seed dispersers, birds, select for
conspicuous and honest fruit signals.
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Soil protozoa: drivers of microbial interactions in the rhizosphere of
plants

MICHAEL BONKOWSKIl, ALEXANDRE JOUSSETZ, KATJA ROSENBERGZ, KRISTIN KROMEZ,

STEFAN SCHEU2
1 Terrestrial Ecology and Rhizosphere Research, University of Cologne

2 Darmstadt University of Technology, Institute of Zoology, Schnittspahnstr. 3, D-64287 Darmstadt,
Germany

Protozoa are the primary consumers of bacteria in soil, and provide a critical link between lower
trophic levels and higher-level consumers via the bacterial energy channel in soil food webs. However,
the consequences of protozoan predation for the composition and functioning of bacterial communities
are poorly understood. Recent investigations reveal that considerable external signal exchange occurs
between the free-living bacteria, protozoa and plant roots. Bacterial defense responses, such as the
production of quorum sensing molecules and secondary defense compounds, such as the antibiotic
2,4-diacetylphloroglucinol (DAPG) strongly constrain feeding preferences, activity and behaviour of
protozoa. On the other hand, grazing by protozoa induces changes in bacterial metabolism, diversity
and functioning, thereby modifying bacteria-plant interactions. Plant physiology, the architecture of the
root system, shoot development and plant biomass are altered. The data show that this interplay over
three trophic levels in the plant rhizosphere, i.e. between plants via exudates, bacteria and protozoa is
much more complex than previously assumed and can not be ignored if we want to achieve a
mechanistic understanding of rhizosphere processes.

An ecological genomic analysis of insect-fungus int eractions
MARKO ROHLFS
Zoological Institute, Animal Ecology, Christian-Albrechts-University of Kiel

Do fungi have evolved biosynthesis of toxic secondary metabolites as an adaptive response to
antagonistic animals? This question has often been answered with: yes; there is, however, no
experimental proof supporting this idea, nor do we know how e.g. arthropods have become adapted to
successfully exploit distasteful filamentous fungi or withstand competition with moulds secreting
mycotoxins into insect feeding substrates. By using genetically modified Aspergillus mould that lacks
the ability to produce many toxic secondary metabolites, we can demonstrate a critical role of fungal
natural products in animal-fungus interactions. | will outline an interdisciplinary, ecological genomic
approach that aims at testing specific hypotheses regarding the function of fungal secondary
metabolites in behaviour, life history evolution and the ecology of animal-fungus communities.
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Just with the help from my little friends — friendl| y food for fitter flies

CHRISTIANA ANAGNOSTOU, MARKO ROHLFS
Zoological Institute, Animal Ecology, Christian-Albrechts-University of Kiel

The vinegar fly Drosophila melanogaster possesses the genetically predisposed ability to avert
offspring of the braconid wasp Asobara tabida, a larval parasitoid. Drosophila does this mainly by
means of the cellular components of her innate immune system, enabling her to encapsulate and
incapacitate the parasitoid egg or larva. It has long been recognized that there is a close relationship
between the host's nutritious state and its ability to overcome (parasitic) infection. Detrimental
consequences on immune response are especially obvious when resulting from starvation or lack of
food. But what with specific dietary components? The saprophageous Drosophila melanogaster
utilises yeasts as a major food source both as larva and adult fly. The nutritional qualities exhibited by
the yeasts may differ between specific yeast species. In our study we could show that parasitized
larvae fed with different dietary yeast species displayed a substantial modulation of their
immunological ability (measured as encapsulation ability) to fend off Asobara tabida offspring. Food-
borne gene-by—environment interactions may thus play an important role in the evolution of parasitoid
resistance.

Effects of adult-derived nutrients on female reprod uction in a fruit-
feeding butterfly

STEPHANIE BAUERFEINDl, KLAUS FISCHER2
1 Animal Ecology I, University of Bayreuth
2 Zoological Institute & Museum, University of Greifswald

Generally, butterflies (and other holometabolous insects) are thought to rely primarily on reserves
accumulated during the larval stage for reproduction, whereas the carbohydrate-rich adult diet mainly
covers energy requirements. In some species though, realization of the full reproductive potential is
extensively affected by post-eclosion nutrition. While the importance of carbohydrates is fairly well
understood, the role of amino acids, lipids and micronutrients is controversial or largely unknown. We
here focus on the effects of different adult diets on female reproduction in the tropical, fruit-feeding
butterfly Bicyclus anynana (Nymphalidae). Carbohydrates were the most important adult-derived
nutrients affecting reproduction. Adding amino acids, vitamins, minerals or lipids (cholesterol,
polyunsaturated fatty acids) to sucrose-based solutions did not yield a reproductive output equivalent
to that of fruit-fed females, which showed the highest performance throughout. Likewise, resources
produced during the decay of fruit (ethanol, dietary yeast) cannot account for this difference. This
strongly suggests that resource congruence (the use of nutrient types in a specified ratio) rather than
any specific nutrient component is of key importance. Apart from adult income, realised fecundity
depended on egg size and longevity, with the former dominating when dietary quality was low, but the
latter when quality was high. Thus, the egg size-number trade-off seems to be affected by female
nutrition.
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Host localisation and success of parasitisation of Trichogramma
cacoeciae Ma. (Hym.: Trichogrammatidae), an egg parasitoid o  f the
Grapevine Moths Lobesia botrana Den. & Schiff. and Eupoecilia

ambiguella Hb. (Lep.: Tortricidae)

CORNELIA RUDIGER, THOMAS SCHMITT
Biology | (Zoology), University of Freiburg

In previous studies dealing with the application of Trichogramma cacoeciae as an agent for biological
control of grapevine moths, the impact of host age in host localisation and parasitisation success were
not received much attention. Little is also known of the chemical cues potentially used by T. cacoeciae
to detect the host’s eggs.

First we investigate the ability of T. cacoeciae to locate eggs of different ages in a Y-tube olfactometer.
Eggs with an age between 24 and 72 hours were offered to naive T. cacoeciae females. While the
wasps were able to find eggs with an age between 24 and 48 hour, 72 hour old eggs of both species
could not be located.

To quantify potential differences in the parasitisation success for eggs of different ages, eggs with a
certain age between 24 to 144 hours were exposed to the female wasps in a Petri dish. After
incubation the number of parasitized eggs and emerged offspring was counted. Eggs of Lobesia
botrana were successfully parasitized up to the age of 96 hours. For eggs of Eupoecilia ambiguella the
rate of parasitisation drops significantly for eggs older than 48 hours.

Finally to identify the potential semiochemicals used for host localisation in the present host-parasite
system, the surfaces of 1000 eggs of each species were extracted for 30 sec in dichloromethane.
After analysing the extracts with gas chromatography - mass spectrometry (GC-MS) compounds of
the eggs surface have been identified.

Distance and habitat quality as drivers of species composition: A
case study of the leaf litter dwelling macrofauna f  rom broad-leaved
forests

HEIKE KAPPESl, WERNER TOPP1, MARC JABINl, PETER ZACH2, JAN KULFANZ
1 Institute for Zoology, Department for Terrestrial Ecology, University of Cologne, Germany
2 |nstitute of Forest Ecology, Slovak Academy of Sciences, Zvolen, Slovak Republic

It is well established that faunal similarity decreases with increasing distances between sampling
locations. We tested the additional influence of habitat quality on macrofauna assemblages from four
Central European primeval forests that grow in different climatic conditions and in different mountain
ranges. Samples originated from two transects per forest. At each transect, samples were taken close
to and distant from coarse woody debris (CWD). The analysis is based on data of soil chemistry,
shelled Gastropoda, Diplopoda, Isopoda, Chilopoda and Coleoptera. Close to CWD, species richness
and densities were always enhanced, whereas Fischer's alpha was enhanced for all groups only when
regarded across all forests. In each transect, the between-sample heterogeneity was low close to
CWD for the fauna, but somewhat increased for soil chemistry. NMDS revealed a good separation
between locations close to and distant from CWD. Spearman rank correlations between the matrices
revealed that assemblage similarities correlated to soil chemistry. Only the assemblages of
Gastropoda and Coleoptera were also influenced by distances between samples. We conclude that
the assemblages of the litter-dwelling macrofauna is predominantly structured by habitat quality. CWD
provides such high quality habitats. Our results also show that the conservational value of habitats
needs careful assessment because habitats that sustain regional biodiversity may lack effects on
diversity on the local scale.
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Volatile foraging kairomones in the littoral zone: attraction of an

herbivorous freshwater gastropod to algal odours

PATRICK FINK, ERIC VON ELERT
Department of Aquatic Chemical Ecology, University of KélIn, Zoological Institute

Volatile organic compounds (VOCs) are known to regulate many defensive and developmental
pathways in terrestrial plants. In particular, they have key functions in the regulation of plant-herbivore
and predator-prey interactions. In aquatic ecosystems, VOCs produced by algae and cyanobacteria
are the primary source of nuisance odours in fresh waters. However, the ecological functions of
volatile compounds in aquatic systems have rarely been investigated. One hypothesis is that — similar
to terrestrial ecosystems - VOCs may serve as infochemicals in biofilms of benthic primary producers.
To investigate this hypothesis, we developed a new gastropod behavioural assay that allows detection
of food preference without offering food, thus allowing the distinction between taste, which requires
direct contact with the food source, and the detection of odorous infochemicals, which work over
distance. We demonstrated that VOCs released from disintegrated cells of a benthic, mat-forming,
green alga (Ulothrix fimbriata) and a benthic diatom (Achnanthes biasolettiana) are food-finding cues
(‘foraging kairomones’) that attract the herbivorous freshwater snail Radix ovata. A mixture of pure
compounds designed to mimic the VOC bouquet released by U. fimbriata attracted the snails,
whereas the single substances were not effective when given alone. This study suggests that VOCs
can play a steering role as infochemicals in freshwater benthic habitats as established for many
organismic interactions in terrestrial ecosystems.

The ecophysiological (dis)advantage of being an ani mal: a case

study on protozoa

JENS BOENIGK
Institute for Limnology, Austrian Academy of Sciences

Several lineages of protozoa originate from algae but lost their coloration. In some groups such as the
chrysomonads (Chromista: Stramenopiles) the loss occurred several times. Consequently, this
protozoan group comprises closely related phototrophic, mixotrophic and heterotrophic taxa, many of
which occur in the same habitats at the same time and thus compete with each other. | will present
ecophysiological advantages of either strategy and discuss their implications for niche separation and
coexistence in the aquatic environment: Due to the loss of the chloroplast, the unpigmented flagellates
are smaller than their their pigmented relatives and this size shift opens a particulate food source
(ultramicrobacteria) which is hardly available for the larger mixotrophic relatives. Further, the loss of
pigmentation is related to the starvation tolerance as well as to the maximal growth rates achieved:
The unpigmented flagellates are more r-strategists whereas the pigmented forms are more K-
strategists. The different strategies are balanced at nutritional conditions realised in the pelagial of
freshwater lakes thus explaining for the coexistence of colourless and pigmented chrysomonads in
aquatic environments. In sum, the chrysomonads are an outstandingly suited group for studying the
ecophysiological advantage of either being a functional animal or being a functional plant and thus to
understand the evolutionary driving forces in the development of such opposed strategies.



Ecology Symposium

Environmental determinants for the genetic distinct iveness of
amphibian populations ( Triturus cristatus, T. marmoratus )
ROBERT JEHLE

Department of Evolutionary Biology, University of Bielefeld

Pond-breeding amphibians congregate for reproduction in confined aquatic sites, spending the
remainder of the year on land which results in the dispersal of some individuals. Recent studies used
highly variable DNA-based markers and showed that each pond can harbour a population which is
genetically discernible from its neighbours, although “classic” demographic parameters such as inter-
population distances and population size were insufficient to explain the genetic distinctiveness of
demes. In this study, | test whether a previously unrecognised factor, local environmental factors,
contribute to the genetic structuring of two syntopic newt species (Triturus cristatus, T. marmoratus) in
Western France. Specifically, we genotyped > 2000 individuals from > 20 ponds in an area of 4 x 6
km, and used a novel Bayesian approach to relate between-population genetic distances
(microsatellite-derived Fst) with 17 aquatic (16 ecological pond parameters, plus population size and
density) and 11 terrestrial variables (10 ecological parameters around the pond, plus inter-pond
distances). Strikingly, ecological pond parameters were the most important determinants for between-
population genetic differentiation. This result could explain why the processes usually targeted in
metapopulation studies (isolation-by-distance, migration barriers) seem insufficient to describe the
local genetic structure of amphibian populations, and that the potential for ecological adaptation
seems high.
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The genes elbow and no-ocelli are required for axial growth in the

short germband insect  Tribolium

NADINE WITTKOPP, ANKE BEERMANN, REINHARD SCHRODER
Interf.Institut fir Zellbiologie, Abt. Genetik der Tiere, Universitat Tlbingen

In the fruitfly Drosophila melanogaster, the redundant genes elbow (el) and no ocelli (noc) are involved
in diverse processes such as tracheal branching, eye development and in appendage formation (leg,

wing and antennae) in the adult1-3.
el and noc code for proteins of the CoHo zinc finger type. In Drosophila, el/noc are located on the

same chromosome in close proximity and probably share regulatory elements?.

In the red flour beetle Tribolium castaneum the genomic organization of the el and noc orthologs is
conserved when compared to Drosophila. As in Drosophila, both genes are located in close proximity
within 40,6 kb on LG 2 in a tail-to-tail position.

During embryogenesis, both genes are essentially coexpressed in the same tissues with strong
expression in the head lobes and the growth zone. A knock-down of the function of both genes
applying RNA interference, impairs the process of axis elongation that leads to a fully segmented
larva. The cuticles of strongly affected el/nocRNAi embryos show a shortened abdomen consiting of
only two segments. The expression of the segmentation genes engrailed and even skipped in el/noc
RNAi embryos shows that the segmentation process starts properly but interrupts prematurely. We
conclude that in Tribolium the combined action of the elbow and no-ocelli genes are required for the
maintenance of a functional growth zone.

1 Dorfman et al, 2002
2 Weihe et al, 2004
3 Luque & Milan, 2006

How old genes make new senses:. development and evol ution of

vertebrate cranial placodes

GERHARD SCHLOSSER
Brain Research Institute, University of Bremen

Cranial placodes give rise to many evolutionary novelties of the vertebrate head such as its
specialized paired sense organs and cranial ganglia. Recent studies indicate that all placodes
originate from a common precursor region adjacent to the anterior neural plate. The transcription
factors Six1 and Eyal are initially expressed in this preplacodal region and later continue to be
expressed in most placodes suggesting that they may play a central role in regulating generic placodal
developmental processes such as neurogenesis or cell shape changes. Our gain and loss of function
experiments in Xenopus revealed that Six1 and Eyal indeed regulate placodal neurogenesis
synergistically. Both genes jointly appear to promote the formation of proliferative placodal neuronal
progenitors but must be downregulated to allow for neuronal differentiation. Further experiments
indicate that Six1 is induced in rostral nonneural ectoderm by a combination of signals from the
anterior neural plate and the dorsolateral endomesoderm, including FGF8 and BMP-inhibitors. The
common developmental origin of placodes suggests that all placodes may have evolved from a
common precursor. During the course of chordate evolution, Six and Eya genes probably stepwise
adopted their new central role in placode development (1) by becoming responsive to new inducers
resulting in a new expression domain in non-neural ectoderm adjacent to the neural plate border, and
(2) by acquiring new downstream targets.
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Investigating hunchback inthe spider Achaearanea tepidariorum - a

gap phenotype outside of insects

EVELYN E. SCHWAGER, WiM G. M. DAMEN
Institut fUr Genetik, Universitat zu Koln

Gap genes play an important role in the hierarchical segmentation gene cascade of Drosophila
melanogaster. In the fruit fly, gap genes are expressed in broad domains, and knockouts lead to
embryos lacking adjacent segments. For example, embryos mutant for the gap gene hunchback lack
gnathal and thoracic segments. This function of hunchback seems to be conserved to some extent in
insects other than the highly derived dipterans. However, outside of the insects no gap gene
phenotype or gap like expression has been reported. Instead, hunchback is thought to only have a
role in mesoderm and central nervous system development, which is probably conserved even
throughout protostomes.

Here we report expression and functional data for a hunchback ortholog from the common house
spider Achaearanea tepidariorum. Strikingly, in this chelicerate, hunchback shows a gap like
expression pattern in the early embryo and parental RNAiI knockdown experiments reveal embryos
which lack the first two walking leg segments as well as the fourth walking leg segment. We also found
that hunchback is not repressing abdominal identity in anterior segments by regulating hox genes, as
it is seen in some short germ insects. Therefore this gap phenotype surprisingly more resembles the
Drosophila phenotype than those observed in other insects. In summary, these findings clearly
contrast with the current view of hunchback evolving its gap gene function only in insects.

Mex-3 and zerknuillt-2 substitute for bicoid as caudal translational

regulators in the short germinsect  Tribolium

MICHAEL SCHOPPMEIER, MARTIN KLINGLER
Department of Developmental Biology , Institute for Biology, Erlangen University

The Drosophila morphogen Bicoid (BCD) is a homeobox protein that not only functions as
transcriptional activator but in addition can bind to caudal (cad) mRNA and repress its translation.
While posterior expression of CAD is conserved in insects, nematodes and vertebrates, BCD is a
unigue feature of higher Diptera. We have identified two repressors of CAD in the short germ beetle
Tribolium. The beetle homolog of the C. elegans Mex-3 gene (Tc-Mex-3) functions to exclude Tc-CAD
from the head primordia. The zerkniillt-2 gene (Tc-zen-2) represses Tc-cad near the anterior pole, in
the prospective serosa. In embryos lacking Tc-Mex-3 as well as Tc-zen-2 activity, the Tc-CAD gradient
fails to form and Tc-CAD remains evenly distributed throughout the embryo. In C. elegans, MEX-3 is a
translational repressor of Pal-1, the C. elegans homolog of caudal. Hence, the function of MEX-3 in
CAD translational repression is conserved between arthropods and nematodes, suggesting that Mex-3
is part of an ancestral CAD repressing system that in diptera has been replaced by BCD. Since bicoid
is thought to have originated through a duplication of an ancestral Hox3/zen gene, our data also
suggest that the ability of Hox3-like homeodomains to interact with RNA preceded the evolution of
bicoid.
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Functional studies of the Notch signaling pathway in the

lophotrochozoan Platynereis dumerilii

KATRIN THAMM, BJORN S. FUCHS, ADRIAAN DORRESTEIIN
Institut fir Allgemeine und Spezielle Zoologie, Justus-Liebig-Universitat Giel3en

Arthopods, chordates and annelids are all segmented animals. It is not yet clear if their common
ancestor was segmented or if segmentation developed independently within each group. Recent
molecular characterization of developmental pathways utilized in the formation of segments has been
used as evidence to support homology of segments. Examination of several Drosophila segmentation
genes in vertebrates has not yielded any striking evidence for a common segmented ancestor of
vertebrates and arthropods, but a recent article, which shows the involvement of the Notch signaling
pathway in the segmentation of the spider Cupiennius salei, supports the homology of segments.
Notch signaling and its components are also indispensable during somitogenesis of vertebrates. To
examine a possible ancestral function of the Notch and Delta pathway in segmentation, it is important
to study members of the third major phylum of segmented animals, the annelids. In addition to Notch
and Delta, we have characterized expression patterns of two hes genes during larval and juvenile
development of the polychaete Platynereis dumerilii. Platynereis embryos were treated with the Notch
inhibitor reagent DAPT resulting in multiple developmental defects including neurogenesis,
myogenesis as well as chaetogenesis.

How does a slow muscle cell migrate?

JANA KOTHl, HEINTZMANN RAINERZ, SIMON M. HUGHESl

1 MRC cCentre for Developmental Neurobiology and Randall Division of Cell & Molecular Biophysics,
King's College London

2 Randall Division of Cell & Molecular Biophysics, King's College London

During fish muscle formation, the first cells in a somite to differentiate lie next to the notochord and
make the slow muscle. These mono-nucleated cells then migrate to their larval position at the lateral
myotome surface (Devoto et al. 1996). It has recently been suggested that, as in Xenopus, zebrafish
somites rotate during the period of slow fibre migration (Hollway et al. 2007). Yet no rotation of the
slow cells is observed (Cortés et al. 2003). To understand how slow fibres migrate in relation to their
neighbours, we have developed 3D time-lapse methods to track cells migrating in vivo. We use
confocal imaging of transgenic embryos expressing GFP in the nucleus and a plasma membrane-
bound red fluorescent protein (from pCS-mem-mCherry) to show how slow fibres migrate and become
the slow muscle layer. Furthermore, we tracked the differentiating muscle fibres with a mosaically-
expressed cytoplasmic GFP construct driven by the myogenin promoter, in a pCS-mem-mCherry
background. This enables us to identify unambiguously differentiated slow muscle cells within the
living animal. We will present a model of muscle cell migration within the morphologically changing
somite.
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Metamorphosis of Hydractinia echinata (Cnidaria, Hy drozoa) is
dependent on a caspase-like activity

KAROLA WITTIGl, STEFANIE SEIPPZ, THOMAS LEsz1
1 Developmental Biology, TU Kaiserslautern
2 carl Roth GmbH, Karlsruhe

Apoptotic cell death is not only known as a mechanism mediating tissue destruction. It also plays an
important role in body shaping and regulation of morphological events during development of
multicellular animals. The central enzymes of this process are known as caspases. We show that
metamorphosis in the basal invertebrate Hydractinia echinata depends on apoptosis and that this
process is linked to a caspase-like activity. Apoptosis, represented by DNA fragmentation, appears
very early during metamorphosis and is then executed in a very distinct spatial and temporal pattern,
including the removal of a large number of larval cells. Immunocytological experiments with a
caspase-3 specific antibody show the same pattern as DNA fragmentation. The first positive cells
emerge 5 minutes post induction of metamorphosis. Both, immunocytological staining and DNA
fragmentation can be inhibited by using the caspase specific inhibitors zZVAD-FMK and Ac-DEVD-
CHO. The treatment with specific inhibitors for caspase activity also abolish metamorphosis reversibly
and in a dose-dependent manner. Finally, a caspase-like activity can be measured with caspase-3
specific fluorogenic substrates during metamorphosis. In affinity labelling experiments 23/25 kDa
bands were obtained, which could represent an active caspase. This all suggests that a caspase-like
activity is indispensible for metamorphosis in Hydractinia echinata.

A similar set of genes patterns the vertebrate neur  al plate and the

insect head

GREGOR BUCHER, POSNIEN NICO
Blumenbach Institut fir Zoologie und Anthropologie, Universitat Géttingen

The body axis of bilaterian animals is subdivided in a posterior region that is marked by expression of
Hox cluster genes and an anterior region devoid of them. Several genes are expressed in the anterior
region in vertebrates and insects which has led to the conclusion that cephalization has already
occurred in the last common ancestor of bilaterian animals. However, a comprehensive comparison of
gene expression patterns has been lacking so far. We have screened the genomic sequence of the
red flour beetle Tribolium castaneum for the orthologs of 35 genes involved in vertebrate neural plate
patterning. Only five of them are not found in either the Tribolium or Drosophila genomes or their
orthology is unclear. For the remaining genes we determined the expression patterns. Indeed, 24
orthologs are specifically expressed in the anterior head of Tribolium embryos while six are active
elsewhere. RNAI mediated knockdown of the head specific genes were performed. We find strikingly
similar expression patterns of several genes in the Anlagen of the vertebrate fore- and midbrain and
the anterior most region of the insect head including the ocular segment. Our results also suggest that
the ocular parasegment boundary is an important signaling center in the insect head. Strikingly, its
position corresponds to the mid-hind-brain boundary of vertebrates. Our results suggest a high degree
of conservation of anterior head patterning and provide the basis for comparisons of brain regions
across bilaterian animals.
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Head development in the Australian lungfish from a comparative
perspective

LENNART OLSSONl, ROLF ERICSSONZ, JEAN J0882

1 |nstitut fur Spezielle Zoologie und Evolutionshiologie mit Phyletischem Museum, Friedrich-Schiller-
Universitat Jena

2 Department of Biological Sciences, Macquarie University, Sydney, New South Wales 2109, Australia

Our research on the evolution of head development focuses on understanding the developmental
origins of morphological innovations and involves asking questions like: How flexible (or conserved)
are cell fates, patterns of cell migration or the timing of developmental events (heterochrony)? How do
timing changes, or changes in life-history affect head development and growth? Our "model system" is
a comparison between lungfishes and representatives from all three extant groups of amphibians.
Within anuran amphibians, major changes in life-history such as the repeated evolution of larval
specializations such as carnivory, or indeed the loss of a free-swimming larva, allows us to test for
developmental constraints. Cell migration and cell fate are conserved in cranial neural crest cells in all
vertebrates studied sofar. Patterning and developmental anatomy of cranial neural crest and head
mesoderm cells are conserved within amphibians and even between birds, mammals and amphibians.
However, radical changes in the timing of cranial neural crest stream emergence and migration occur,
at least in anurans, even within a genus. The evolution of carnivorous larvae is correlated with
changes in both pattern and timing of head skeletal and muscle development, and sequence-
heterochronic changes are correlated with both feeding mode and phylogenetic relatedness.
Supported by the Deutsche Forschungsgemenschaft (OL 134/2-4) and COST B23.

Wing circulatory organs are essential for wing matu ration in
Drosophila

MARKUS TC’)GELl, CHRISTINE LEHMACHERl, GUNTHER PASSZ, AcHIM PAULULATL
1 Department of Zoology, University of Osnabriick
2 Department of Evolutionary Biology, University of Vienna

In the open circulatory system of insects, the dorsal vessel or heart is the main motor of hemolymph
movement. However, in many insects the hemolymph supply of narrow body appendages is
maintained by additional autonomous circulatory organs. For example, in Drosophila two muscular
diaphragms are located bilaterally in the scutellum, which facilitate the hemolymph exchange in the
wings. These so-called wing circulatory organs (WCO) arise from embryonic anlagen which represent
a so far undescribed subset of the well known Even-skipped pericardial cells (EPC). For the
specification of the WCO progenitors loss of tinman expression in this subset of EPCs is crucial at
stage 16 of embryogenesis. To investigate the functional importance of the WCO, we have used laser
ablation and ectopic expression of tinman in the WCO progenitors to generate individuals which
completely lack the WCO. These individuals exhibit a characteristic wing phenotype and are unable to
fly. Utilizing confocal imaging of transgenic flies as well as ultrastructural investigations, we have
analyzed this phenotype and found that proper bonding of the dorsal and ventral wing surface does
not take place during posteclosional wing maturation. This provides evidence that, in addition to their
circulatory function, WCO play an important role in establishing adult wing morphology.
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Analysis of a potential rescue of the  htl- and btl- mutant phenotypes
in Drosophila melanogaster by the FGFR Kringelchen from  Hydra
vulgaris

CHRISTINE HUBINGERl, KATRIN HUSKENl, ANGELIKA VOGTl, ROXANE SCHR(")TERZ,

SUSANNE C")NELZ, RENATE RENKAWITZ-POHLZ, Monika HasseLL
1 Biology, Morphology and Evolution of Animals, Philipps University Marburg
2 Biology, Developmental Biology, Philipps University Marburg

Kringelchen is one of the most ancient FGFRs and was isolated from Hydra vulgaris. FGFRs are
important regulators e.g. in axis formation and cell migration throughout the animal kingdom and
display a highly conserved structure. To analyze if the function of Kringelchen is evolutionary
conserved, we use Drosophila as a heterologous system and investigate if Kringelchen is able to take
over the function of the Drosophila FGFR Breathless (Btl) or Heartless (Htl). Therefore, we have
established homozygous Drosophila UAS-kringelchen-5xmyc and three driver lines (twist-Gal4, btl-
Gal4d and htl-Gal4). All driver lines are able to activate Kringelchen-5xMyc expression. The protein is
correctly integrated into the cell membrane and the flies are viable. For rescue experiments we

crossed UAS- kringelchen-5xmyc lines to flies mutant for the Htl (htIAB42) or Btl (th'—Glg) FGFR. In

the htAB42 mutant mesodermal cells fail to migrate and muscle development is incomplete or
missing. Previous experiments showed that early cell migration can be rescued by Kringelchen-5xMyc

expression under control of the twist promoter in the ht!AB42 mutant. In the bti!G19 mutant the main
trachea is not formed and only the tracheal pits and ventral branches are detectable. Despite the
correct localization of Kringelchen-5xMyc in the cell membrane of the tracheal cells, the mutant
phenotype can not be rescued. Our results indicate that the Hydra FGFR is functionally conserved
with respect to part of the Drosophila FGFR function.

Sexual Differentiation in the Honey Bee is controll ed by Paralog
Genes
TANJA GEMPEl, MARTIN HASSELMANNl, MORTEN SCHIOETTZ, GERD HAUSE‘?’, MARTIN
BEYE1

1 Evolutionsgenetik, Heinrich-Heine-Universitat Disseldorf
2 Population Biology, University of Copenhagen
3 Biozentrum, Martin-Luther-Universitat Halle-Wittenberg

The mechanism of sexual regulation in the honey bee relies on the allelic composition of the Sex
Determination Locus (SDL). Heterozygous individuals at SDL develop into females while homozygous
and hemizygous individuals develop into diploid resp. haploid males. Within the SDL the gene
complementary sex determiner (csd) is required for female development and is active in the
heterozygous condition (Beye et al. 2003). In the present study we characterize the complete genomic
SDL region of ~48 kb that is always heterozygous in 1000 females. Besides csd, the SDL comprises
the gene transformer-like (tra-like), a functional ortholog of transformer (tra) in Drosophila, and three
additional genes. tra-like and csd share an amino acid identity of ~75% and are paralog genes. The
sex-determining function of SDL genes was examined by RNA interference (RNAIi). RNAI of tra-like
und csd in female embryos caused full male differentiation of soma, gonads and germ cells, revealing
that tra-like and csd are switch genes. Unlike csd, the transcripts of tra-like show sex-specific splice
variants. Silencing csd in female embryos caused a lack of active tra-like splice variant, indicating that
in the sex-regulating cascade tra-like is downstream of csd. Both tra-like and csd encode SR type
proteins and may have a function as splice regulator. Comparisons with other insects suggest that the
elements of the sex-regulating pathway converge at the level of tra orthologs, while upstream signals
differ.
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Eco-Profiling of large mammal communities and the r econstruction

of hominid habitats

CHRISTINE HERTLER
Dept. Biosciences / Vertebrate paleobiology group, Johann Wolfgang Goethe University

A series of new tools and methods permits to reconstruct and to examine features of fossil
communities. It is a well-established fact that mammal communities differ in composition according to
the ecosystem under study. Large mammals are believed to be less specific than small mammals or
invertebrates in this respect. Nevertheless, they provide valuable ecological signals, which can be
used for reconstruction. Eco-Profiling allows to characterise and identify habitats on the basis of large
mammal communities. It follows a three step protocol. According to their habitat requirements large
mammal species are attributed to different ecological profiles. Habitat requirements are identified by
different ecologically relevant morphological features, i.e. body mass, diet and locomotion type. Each
individual may thus be characterised by a series of eco variables. In a second step we determine the
frequencies in which individual ecological profiles occur. Those frequencies obviously will be specific
for different classes of habitats. In a third step, habitat classes identified from fossil communities are
calibrated by recent reference models. A quantitative reconstruction of habitat classes based on the
composition of large mammal communities provides a taxon-independent tool which may also be
applied in those cases, where determinations are difficult, as is frequently the case in fossil mammal
communities.

Morphological basis and evolutionary consequences o f force-
velocity trade-offs in the cranial system of darwin 's finches.

ANTHONY HERRELl, JEFFREY PODOS?
1 Biology, University of Antwerp
2 Biology, University of Massachusetts

Biomechanical trade-offs between force and velocity are thought to define key features of
morphological and motor pattern evolution. In songbirds, adaptations that enhance bite force capacity
are expected to constrain vocal proficiency, by limiting velocities of beak gape modulation during song
production. Force-velocity trade-offs in jaw function may thus impact vocal signal divergence and
associated patterns of mating. Here we document, both within and among species of Darwin’s finches,
negative correlations between bite force capacities and maximum velocities of jaw gape adjustments
during vocal production. Our data illustrate how a force-velocity trade-off can facilitate vocal signal
divergence within a morphologically diverse avian radiation, thus suggesting a biomechanical basis for
ecological speciation.
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Functional morphology of the trunk in small mammals and the

origin of the Mammalia

NADJA SCHILLING
Institut flr Spezielle Zoologie und Evolutionsbiologie, Friedrich-Schiller-Universitéat

Mesozoic mammals were small to very small in body size and similar to extant mammals such as
voles or tree shrews in their body proportions and mode of locomotion. Comparative studies of small
mammals revealed general principles in the functional morphology of the trunk which are suggested to
represent the ancestral conditions for mammals. In all species, the last 7+1 intervertebral joints
contributed to the intense sagittal bending during fast locomotion. The trunk region involved did not
correlate with any of the traditional anatomical subdivisions of the vertebral column. The metabolic
profile of the perivertebral muscles, i.e. the distribution pattern of the different muscle fiber types, was
highly similar among the species indicating comparable functions of the respective muscles. Deep,
mono- to oligosegmental muscles contained the highest proportion of oxidative, fatigue resistant fibers
and are therefore well suited to stabilize the vertebral column as well as to fulfill a postural role by
counteracting gravitational forces enduringly. Superficial, polysegmental muscles were mainly
composed of glycolytic, fast, and forceful fibers suggesting that they have a mobilizing role and are
involved in powerful sagittal oscillations of the trunk during fast locomotion. A cranio-caudal gradient in
the percentage of the glycolytic fibers along the trunk reflects the caudad increasing contribution of the
perivertebral muscles to body propulsion.

Kinematics and proportions of the three-segmented | imb: How are

small primates different from other small mammals?

MANUELA SCHMIDT
Institut fir Spezielle Zoologie und Evolutionsbiologie, Friedrich Schiller Universitat Jena

The locomotion of lemurs, tamarins, and squirrel monkeys was analyzed to investigate the relationship
between body size and limb kinematics. In discussing the similarities and differences among the
primates and between them and other small mammals, the scaling of limb length to body size and
intralimb proportions in a larger sample of species were considered. Hindlimb kinematics of the four
primates are size-independent and resemble those of other small mammals. Step length and pivot
height increase proportionally with limb length. Intralimb proportions remain constant. However,
hindlimb elongation causes a cranial shift of the contact point of the foot at touchdown. By contrast,
forelimb kinematics change with increasing size. The protraction angle increases whereas the
retraction angle decreases. This kinematic shift is strongly related to the excursion range of the
hindlimb. The significantly altered forelimb proportions in primates towards shortening the scapula and
elongation of humerus and forearm are proposed to be related to these kinematic changes. The
comparison to other small mammals shows that the initial transformation from a relatively retracted
forelimb at touchdown into the more protracted position of primates might therefore represent an
evolutionary solution to the constraint of having long hindlimbs in combination with a specific diagonal
footfall pattern where interferences between the ipsilateral fore- and hindlimbs have to be avoided.
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Relationship between curvature and loading of the s houlder joint in

cercopithecine primates

CORNELIA KRAUSE, MARTIN S. FISCHER, MANUELA SCHMIDT
Spezielle Zoologie und Evolutionsbiologie mit Phyletischem Museum, Jena

Previous studies of the shape and size of the glenohumeral joint in cercopithecids resulted in
remarkable differences in the curvature of the humeral head. Whereas terrestrial species like
Theropithecus and Papio show a cranial and caudal flattened surface area, other most arboreal
species show a more spherical joint surface curvature with a flattend surface in the center of the
surface area. To investigate the relationship between curvature of the shoulder joint and locomotor
dynamics as joint loading, the bone mineral density was examined by using computed tomography.
This is a validated method for determining in vivo load history for individuals. Greater compressive
loads result in a relatively greater subchondral bone density. It is hypothezised that differences in the
curvature are correlated to differences in subchondral bone density. Theropithecus and Papio are
habitually terrestrial although able to move arboreal, the loading forces are higher in the forelimbs
compared to habitually arboreal species which are able to shift their loads more posteriorly. Terrestrial
species use more extended limb postures, which causes more locally concentrated compressive
loading forces. This results in an increase in bone density in the most cranial surface area which
therefore effects the curvature of the humeral head. More arboreal species deductively show a more
diffussed pattern of bone density.

Suspensory locomotion of two-toed sloths ( Choloepus didactylus ;

Xenarthra)

JOHN A. NYAKATURA, MARTIN S. FISCHER
Institut fir Spezielle Zoologie und Evolutionsbiologie mit Phyletischem Museum, Friedrich-Schiller-
Universitat Jena

Within mammals quadrupedal suspensory locomotion with hook-like autopodia is restricted to sloths,
but probably evolved independently in two- and three-toed sloths after the two lines separated about
35 million years ago. Two-toed sloths move at speeds up to 0.7 m/sec. We currently investigate the
functional morphology of the locomotor apparatus of Choloepus didactylus using digital biplanar x-ray
records, macroscopic anatomy and enzyme-histochemical analysis of fibre-type distribution in limb
muscles. Spatio-temporal gait parameters are obtained from analysing digital video films
(125 frames/sec). Limb movements during locomotion are not restricted to the parasagittal plane.
Preliminary results suggest forelimb kinematics during locomotion in the two-toed sloth to range
between two modes. Fast locomotion (> 0.5 m/sec) is characterised by extended forelimbs with
propulsion mainly achieved through scapular rotation contributing to stride length, whereas exploration
(< 0.3 m/sec) is marked by stronger flexion in the elbow joint and forelimb propulsion realised by
movement of the lower arm. The scapula describes a complex 3-dimensional movement during
locomotion. We hypothesize the observed scapula translation similar to that in aclavicular mammals to
be facilitated by the loose ligamentary connection of the clavicula to the sternum. Hindlimbs display
only a single kinematic mode with stride length being increased by lateral undulation of the vertebral
column.
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Morphological dynamics and elastic energy storage i n a contracting
poriferan: quantitative imaging using synchrotron r adiation based
x-ray microtomography (SR-uCT) and  in vivo -microradiography
MICHAEL NICKEL

Biologisches Institut, Abteilung Zoologie, Universitat Stuttgart

The poriferan Tethya wilhelma is a model to investigate early evolved metazoan contractile tissues.
The substantial contractions of the sponge affect mainly the canal system and the mesohyle. The
endopinacoderm represents the major contractile effector. It is unknown, which role the mesohyle
plays in contraction and expansion. Combining SEM and SR-uCT, we visualized and quantified
volume and surface changes of the mesohyle and the canals. The lacunae of the incurrent system and
the major channels almost completely collapse during contraction, while parts of the mesohyle
increase volume, potentially storing elastic energy. Using SR-in vivo-microradiography, we followed
the dynamics of the sponge skeletons during initial and stalled contraction phases. The centre of the
radial skeleton displayed prominent displacement during initial phase, followed by a re-positioning
during stalled phase, supporting an elastic energy component in post-contraction. A bi-phase
expansion kinetics points at two combined mechanisms. Elastic energy stored in the mesohyle seems
to be one of the components. For the second component alternative hypotheses can be postulated: 1.
partial inflation by internal water pressure (hydrodynamic skeleton); 2. contraction of ECM compounds
(mutable contractile collagen); 3. contractile cells in the mesohyle (myocytes/actinocytes). Evidence
for all alternatives will be presented and the high regulatory complexity within such ‘simple’ metazoans
will be addressed.

Comparative analyses of Echinoidea (Echinodermata) internal
anatomy using MR microscopy and 3D visualization

ALEXANDER ZIEGLERl, SUSANNE MUELLERZ, CORNELIUS FABER3, THOMAS

BARTOLOMAEUS

1 |nstitut fir Biologie/Zoologie, Freie Universitat Berlin

2 Berlin Neurolmaging Center, Charité-Universitatsmedizin Berlin
3 Physikalisches Institut, Universitat Wiirzburg

The phylogeny of sea urchins (Echinoidea) is currently based on well-founded and extensive
molecular, palaeontological and morphological character sets. However, the morphological characters
are based almost entirely upon hard-part anatomy. Using magnetic resonance imaging (MRI) and 3D
modeling we gathered data on the soft tissue structures of sea urchin taxa in order to extend the
character matrix for phylogenetic inferences. The sea urchins analyzed represent almost all echinoid
taxa on the traditional order level, and even down to the traditional family level in the case of taxa
currently under debate. For our studies freshly fixed specimens as well as museum material was used.
The structures that can be discerned using MRI include, among others, digestive tract, buccal sacs,
Stewart’s organs, gonads, coelomic compartments, and even mesenteries. The comparison of the
generated 3D models reveals substantial differences between cidaroid and euechinoid taxa on the
one hand, and irregular and “regular’ euechinoid taxa on the other hand. These differences are
correlated with the biology of the studied species. Our study constitutes the first attempt to visualize
the internal anatomy of the major groups of an invertebrate taxon using a single method.
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Comparison of structure and friction of scales of a n aboreal and a
ground dwelling snake species

RUBEN ANDRES BERTHEl, STANISLAV GORBZ, GuIDO WESTHOFFl
1 universitat Bonn
2 MPI fiir Metallforschung, Stuttgart

The legless locomotion of snakes requires that movement forces are transferred via the snakes'
ventral and lateral surfaces to the ground. Thus, a central requirement to snakes' skin is enough
friction and resistance to abrasion at the same time. Since snakes inhabit very different environments,
one should expect that these are reflected by microstructural and functional properties of the scales. In
a first approach we compared the scales of an aboreal boid snake (Corallus hortulanus) with a ground
dwelling boid species (Python regius). We examined ventral, lateral and dorsal scales by means of
scanning electron microscopy (SEM) and friction measurements.
Our results show that the skin of C. hortulanus and P. regius is characterised by lower friction than
polished controls of the same material. In both species, the friction of ventral scales was lower than
the friction of dorsal and lateral scales. The SEM analysis of the ventral scales dircloses anisotropy of
microornamentation which is in congruence with frictional anisotropy. As expected, friction within the
direction of the longitudinal axis of the snakes' body is lower (86%) than its perpendicular counterpart.
Since we only compared two species so far, we can not confirm that the characteristic differences
between the aboreal and the ground dwelling species reflect environmental adaptation.
However, this study shows for the first time, the frictional and structural differences of snale scalation
at a comparative level.

Immunolocalization of serotonin in Metaperipatus blainvillei
(Onychophora, Peripatopsidae) reveals an ancestral orthogonal
architecture in the velvet worm nervous system

GEORG MAYERL, STEFFEN HARZSCH?
1 Department of Anatomy and Cell Biology, University of Melbourne
2 Department of Evolutionary Neuroethology, Max-Planck Institute for Chemical Ecology, Jena

Onychophora are a key taxon in the discussion of arthropod phylogeny. Studies that analyze
neuroanatomical characters have recently provided new insights into this debate. However to date,
few studies of nervous system organization, particularly in the trunk, have been carried out in
Onychophora. In order to close this gap and to compare the onychophoran nervous system to that of
other bilaterians, we have looked at the pattern of serotonin immunoreactivity in Metaperipatus
blainvillei (Peripatopsidae). Our study confirms previous histological observations on the
onychophoran nervous system and, in addition, reveals a wealth of hitherto unknown details. The
nervous system of M. blainvillei consists of five longitudinal nerve strands, which are interconnected at
regular intervals by ring commissures and median commissures. The ring commissures are absent in
the leg-bearing regions. The leg nerves and nephridial nerves represent the only segmental neuronal
structures. In addition to the main nerve tracts, there are several fiber networks innervating the
integument, the nephridial organs, and the musculature. We conclude that the general architecture of
the onychophoran nervous system in the trunk closely resembles the orthogonal organization in
various bilaterians, which suggests that the arthropod nervous system is derived from such an
orthogonal pattern. This finding implies that the "rope ladder-like" nervous system might have arisen
independently in Arthropoda and Annelida.
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Mavericks within the animal kingdom? Development an d
architecture of the nervous system provide new insi ghts into
phylogenetic affinities of Chaetognatha (arrow worm S).

CARSTEN MULLERl, STEFFEN HARZSCH?
1 Institute for Biodiversity Research, Department General & Systematic Zoology, University of Rostock
2 Max-Planck-Institute for Chemical Ecology Jena, Department for Evolutionary Neuroethology

The Chaetognatha are a group of marine carnivores whose phylogenetic relationships are still
vigorously debated. In a wide range of metazoans, the nervous system has proven to provide a wealth
of characters for analysing phylogenetic relationships (neurophylogeny). Therefore, in the present
study we explored the structure and development of the ventral nerve centre (“ventral ganglion”) and
the cephalic ganglionic complex (“brain”) of the pelagic Sagitta spp. and the sea grass-associated
Spadella cephaloptera with a set of histochemical and immunohistochemical markers. Furthermore,
the brain was reconstructed from a serial section using AMIRA and the ultrastructure of the nervous
system was explored by transmission electron microscopy. The current approach generated
numerous new characters not only related to the ventral nerve centre but also to the brain that can
now be compared to other Bilateria. Our findings are discussed with regard to the debate on nervous
system organisation in the last common bilaterian ancestor and with regard to the phylogenetic
affinities of this Chaetognatha. We suggest placing the Chaetognatha within the Protostomia and
argue against hypotheses which propose a deuterostome affinity of Chaetognatha or a sister-group
relationship to all other Bilateria. Supported by grant HA 2540/7-1 in the DFG focus programme
.Metazoan Deep Phylogeny” (SPP 1174).

"you chew what you eat - functional morphology of i sopod
mandibles"

SVEN HAMMANNl, DIrRK BRANDISZ, MARTIN ZIMMERl
1 Zoologisches Institut, Christian-Albrechts-Universitat, Am Botanischen Garten 9
2 Zoologisches Museum, Christian-Albrechts-Universitat, Hegewischstr. 3

Isopoda range among those animal orders that include marine, limnetic and terrestrial species. Such
drastic shifts in environmental conditions when colonizing a new habitat are accompanied by changes
in the characteristics of the available food sources. These require adaptations that are likely reflected
in the functional morphology of the mouthparts. In order to add to our limited knowledge on nutritional
ecology of isopods, we compared isopod species from marine, freshwater and terrestrial habitats with
respect to mouthpart morphology, focusing on structure and function of mandibles. We present
preliminary results of a first approach, as well as ensuing questions for further detailed studies.
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Qualitdt managen - Das Evaluierungsmodell der Leibn  iz-

Gemeinschaft

SUSANNE HOLSTEIN
Referat Evaluierung, Leibniz Gemeinschaft

Die Leibniz-Gemeinschatft ist ein Zusammenschluss aus derzeit 83 wissenschatftlich,
rechtlich und wirtschaftlich eigenstdndigen Forschungsinstituten, Service-
einrichtungen fir die Forschung sowie Forschungsmuseen. lhren historischen
Ursprung hat die Leibniz-Gemeinschatft in der ,Blauen Liste* und den ehemaligen
Akademien der DDR. Gemeinsames Charakteristikum aller Leibniz-Einrichtungen ist
neben der gemeinsamen Finanzierung der Einrichtungen durch Bund und L&nder die
Uberregionale Bedeutung und damit einhergehend die Themen-orientierte Forschung
Im gesamtstaatlichen Interesse. Ab Januar 2001 Ubernahm der Senat der Leibniz-
Gemeinschaft die regelméRige Evaluation dieser Einrichtungen. Das externe
Evaluierungsverfahren ist in Transparenz und Konsequenz deutschland- wenn nicht
sogar europaweit einzigartig. Evaluierungskriterien sind nicht nur die Exzellenz von
Wissenschaft und Service der betreffenden Einrichtung sondern auch deren
Konzepttreue sowie die Aktualitat und Relevanz ihrer bearbeiteten Themen. Neben
der Einfihrung neuer Steuerungsinstrumente wie Kosten- und Leistungsrechnung
und Programmbudget, der Akquirierung von Drittmitteln und der Publikationsaktivitat
wird auch die Umsetzung von Chancengleichheit im jeweiligen Institut abgefragt. Den
im Vergleich mit anderen Forschungsorganisationen, uberdurchschnittlich hohen
Anteil von Frauen an leitenden Positionen und am wiss. Personal verstarkt die
Leibniz-Gemeinschaft aktiv durch die Forderlinie ,Chancengleichheit* im ,Pakt fur
Forschung und Innovation®.
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Sprungbrett nach Europa — Forschungsférderung und
Karrierechancen fur Wissenschaftlerinnen im 7. Euro paischen

Forschungsrahmenprogramm

RANDI WALLMICHRATH
FiF-Kontaktstelle, PT-DLR, EU-Biro des BMBF

Die EU-Forschungsrahmenprogramme eroffnen Wissenschaftlerinnen die Chance
internationale Forschungsprojekte mit zu gestalten und wichtige internationale
Kontakte zu knUpfen. EU-Projekte bieten eine ideale Plattform, sich wissen-
schaftliches Renommee zu verschaffen und sollten gezielt fur die eigene Karriere
genutzt werden. Eine erfolgreiche Beteiligung setzt gute Kenntnisse Uber das System
der europaischen Forschungsférderung voraus. Im Januar 2007 ist das 7.
Forschungsrahmenprogramm mit einer Laufzeit von 7 Jahren und einem Budget von
54 Milliarden Euro an den Start gegangen. Der Vortrag bietet einen Einstieg und gibt
einen Uberblick Gber Antragsmdglichkeiten, Aufbau und Inhalte des Programms, mit
einem besonderen Focus auf Beteiligungsmoglichkeiten fur Biologinnen. Neue
Bereiche, wie der Europdische Forschungsrat, werden vorgestellt. Dartiber hinaus
wird die Unterreprdsentanz von (deutschen) Wissenschaftlerinnen in der
europaischen Forschung thematisiert. Denn die Hochrangigkeit der wissen-
schaftlichen Forschung in Europa kann nur gewahrleistet werden, wenn qualifizierte
Wissenschaftlerinnen sich zu gleichen Teilen wie Manner an europaischer
Forschung beteiligen.

Buchprojekt und Wanderausstellung Frauen in der Bio logie im 20.

und 21. Jahrhundert

VERONIKA OECHTERING
Kompetenzzentrum Frauen in Naturwissenschaft und Technik, Universitat Bremen

Die Biologie ist die Naturwissenschaft, in der mit Abstand die meisten Frauen
anzutreffen sind. Unter Schulerinnen und Studentinnen ist sie sehr beliebt, unter den
berufstatigen Akademikerinnen befinden sich ausgesprochen viele Biologinnen — nur
auf der Suche nach Frauen in Fuhrungspositionen wird es schwieriger.

Es ist das Ziel des Projekts aufzuzeigen, wie Biologinnen im Laufe des 20. Jahrhun-
derts mit groBem Engagement dazu beitrugen, die Biologie als Wissenschaft zu
begriinden, und zugleich Chancengleichheit einforderten. Es soll deutlich werden, in
welchen Teilgebieten Frauen starteten und wie sie die fachlichen Wege fir ihre
zuklUnftigen Nachfolgerinnen 6ffnen konnten. Das zweite zentrale Anliegen dieses
Vorhabens ist es, die Vielfalt der Tatigkeitsbereiche von herausragenden Biologinnen
im 20. und 21. Jahrhundert darzustellen sowie Frauen in FlUhrungspositionen der
biologischen Wissenschaft und Forschung sichtbar zu machen. Abgerundet werden
soll die Darstellung durch Interviews mit jungen Forscherinnen, die heute aktiv die
Biologie mitgestalten. Die Prasentationen sollen sich auf den deutschsprachigen
Raum konzentrieren.

Initiilert wurde das Vorhaben von Dr. Dorothea Brickner, Zoologin an der Universitat
Bremen und Sprecherin des Arbeitskreises Chancengleichheit in der Biologie
(AKCB), vor dem Hintergrund des einhundertjahrigen Bestehens der Deutschen
Zoologischen Gesellschaft.
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Der lange Weg zur Gleichberechtigung

HEIDRUN FURWINKEL
Gleichstellungsbeauftragte, Universitat zu Kéln

Das Grundgesetz der Bundesrepublik Deutschland, nach dem Méanner und Frauen
gleichberechtigt sind, wurde am 23. Mai 1949, das Gesetz Uber die Gleichberech-
tigung von Mann und Frau auf dem Gebiet des birgerlichen Rechts wurde am 3. Mai
1957 beschlossen. Seit 1977 darf eine Frau ohne Einverstandnis ihnres Ehemannes
erwerbstatig sein. Bis heute stehen Frauen Strukturen gegeniber, die ihnen eine
gleichberechtigte Teilhabe am Berufsleben erschweren! Der Nachholbedarf wurde
politisch erkannt - Landerparlamente verabschiedeten Landesgleichstellungsgesetze,
in Nordrhein-Westfalen war dies am 9. November 1999. Die Universitdt zu Koln
richtete vor ca. 16 Jahren das Biro der Gleichstellungsbeauftragten ein und nahm
seitdem an allen Strukturen Korrekturen vor. Das ermdglichte die Verbesserung der
Situation von Studentinnen und Mitarbeiterinnen auf allen Ebenen der Universitats-
laufbahn. Die Arbeit fir Chancengleichheit in Koeln wurde 2x mit dem TOTAL E-
QUALITY Pradikat ausgezeichnet, 2004 und 2007. Studentinnen machen inzwischen
Uber 50% der Studierendenschaft aus, auch wenn insbesondere in den Natur-
wissenschaften noch ein Nachholbedarf besteht. Auf der Ebene der dauerhaft
Beschaftigten, den wissenschaftlichen Mitarbeiterinnen und Professorinnen, sind wir
von der 50%-Marke jedoch noch weit entfernt. Dennoch, in den letzten 50 bzw. 30
Jahren wurde viel erreicht. Die Madchen von heute sehen sich in der Regel keinen
Benachteiligungen mehr ausgesetzt, Gleichberechtigung in der Arbeitswelt ist nur
noch eine Frage der Zeit.
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Die DFG und ihre Forderverfahren: Tipps fur die Ant  ragstellung

SONJA IHLE
DFG Bonn

Virtual Library of Biology - www.vifabio.de

ANGELA HAUSINGER, G. KASPEREK , J. DAHNE
Universitatsbibliothek Johann Christian Senckenberg, Johann Wolfgang Goethe-Universitat (Frankfurt)

The University Library Johann Christian Senckenberg, Frankfurt/Main (Germany),
established the Virtual Library of Biology as a central library portal in the field of
biology, in cooperation with several partner institutions in Germany and Austria. It is
our objective to create a single point of access to various resources for biologists,
such as printed materials in libraries, databases and internet sites. Core elements of
vifabio are: The Virtual Catalogue integrates multiple libraries with important
collections of biological literature for parallel search. In the pilot phase, libraries in
Berlin, Frankfurt, Gatersleben (Germany) and Vienna (Austria) are participating. The
Internet Guide collects quality-checked links to relevant biological internet resources.
Access is provided via search tools, as well as via browsing through subjects,
resource types or geographical coverage. In cooperation with the Electronic Journal
Library (EZB) vifabio provides a comfortable online access to E-Journals. Abstracts
or full texts are accessible depending on the location of the user. Databases for
biologists were subjected to cataloguing and subject indexing. They are divided into
bibliographical databases (e.g. BioLIS), and factual databases (e.g. FishBase).
National Licences in Germany permit nationwide usage of bibliographic databases
free of charge, e.g. Zoological Record 1864-2006. The project has been funded by
the DFG since 2006.

Computer based solutions optimise education and tra ining on the
job in Biology
ISABEL OHNECKY, HARTMUT BOHML:2

1 Berufskolleg Hilden
2 Universitat Bonn

Life Science Teaching Labs - Implementation, Adapta bility,

Perspectives

MARK DE REUS
ADInstruments GmbH
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EB1 Nuptial gifts as condition dependent investment

GERLIND LEHMANN
Institut flr Zoologie, Freie Universitat Berlin

Male bushcrickets transfer a large and protein-rich spermatophore at mating that consists of a sperm-
containing ampulla and a product of the accessory glands, the spermatophylax. This spermatophylax
prolongs the duration of ampulla attachment and so ensures the transfer of sperm. A larger
spermatophore can increase male fertilization success in the face of sperm competition, the
oviposition rate following mating and the time span until female remating. Female bushcrickets exhibit
clear choice for heavier males, which transfer larger spermatophores (Lehmann and Lehmann 2007
Behav Ecol Sociobiol). The weight of both spermatophore components, spermatophylax and ampulla,
depend on male condition such as weight (Lehmann and Lehmann submitted). Availability and quality
of food during nymphal growth also influences the potential size of the spermatophore (Lehmann and
Lehmann in prep.). Furthermore, stressed males (e.g. via parasitism) not only transfer smaller
spermatophores but take longer to produce a subsequent spermatophore than healthy males
(Lehmann and Lehmann 2000 Behav Ecol Sociobiol). | conclude that spermatophore size is a largely
condition-dependent sexual trait. Sperm competition as well as female choice appear to both be
important factors influencing the selection of this male character.

EB2 Adaptive evolution of balanced polymorphism in a lethal
system

MARTIN HASSELMANNl, XAVIER VEKEMANSZ, JOCHEN PFLUGFELDER‘?’, NIKOLAUS

KOENIGER3, GUDRUN KOENIGER3, SALIM TINGEK4, MARTIN BEYEl
1 Institut fiir Genetik, Heinrich Heine Universitat Dusseldorf

2 Laboratoire de Génétique et Evolution, Université de Lille

3 Institut fur Bienenkunde, Johann-Wolfgang-Goethe Universitat Frankfurt/M
4 Agricultural Research Station Tenom, Tenom

The combined forces of recombination, mutation, genetic drift and positive selection on protein
adaptation of a single gene is poorly understood. Here we study the composite of these forces of the
complementary sex determiner (csd) gene which evolves under a well characterized selection regime
of rare allele advantage that determines sex by allelic composition in which homozygous males are
lethal. We analyzed csd-cDNA alleles from three related honey bee species. A consistent peak of
synonymous and nonsynonymous polymorphisms across species csd alleles suggests a common
targed of selection (a csd-PSD: potential specifying domain) in which recombination has decoupled
adjacent regions from the selection process. Adaptive evolution is observed by an excess of the same
replacement but not silent changes that have originated independently in these species (convergent
evolution). Different from other balancing systems, PSD alleles have substantial shorter coalescence
times, a finding that is compatible with higher allelic turnover rates. Analysis of the short coalescence
time of csd-alleles revealed a strong impact of genetic drift on protein evolution. Application of a model
of the coalescence process under balancing selection suggests that only small long term population

sizes (Ne<104) can explain the high allelic turnover of alleles. We hypothesize that social organization,

which is accompanied with strong division of reproduction, results in a dramatic decrease of long term
population size.
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EB3 Plastic developmental responses to variation in food

availability in bridge spiders, Larinioides sclopetarius
ANJA NIODUSCHEWSKI, JUTTA SCHNEIDER
Department Biologie/ Division of Behavioural Biology, University of Hamburg

Developmental pathways of arthropods are generally characterised as plastic or canalized. In spiders
growth rate and adult size depend on number of juvenile instars, time intervals between moults and
changes in size and weight before moulting, all of which can be either plastic or canalized. Urban
habitats present ecological niches with reduced diversity but high abundance of individual species. A
particularly plastic life history may be an ideal pre-adaptation to utilise resources that are variable and
clumped in time and space. The spider Larinioides sclopetarius is extremely abundant on buildings
along rivers and forages on insects that emerge from the water. Interestingly, these spiders are plastic
in all developmental components of growth rate and adult size. Under different food regimes, these
plastic responses result in large variation in age and size at maturity which are important predictors of
fitness. Generally, female fecundity in spiders is a positive function of adult size and mass. L.
sclopetarius, however, appear to compensate for these costs through another remarkable plasticity in
parental resource allocation strategies: females can adaptively vary clutch sizes, clutch masses, clutch
numbers and the intervals between successive clutches. We determine fithess consequences of
different life history strategies under varying food regimes and suggest that high plasticity may be
advantageous in unpredictable environments.

EB4 A multivariate analysis of life history: the ma  ting system of

Panorpa alpina (Insecta: Mecoptera)

GERHILD BORNEMANN, KLAUS PETER SAUER
Institut fiir Evolutionsbiologie und Okologie, Universitat Bonn

Condition-dependent mating behaviour is a characteristic feature of scorpionfly mating systems. We
present a description of the mating system of P. alpina (Mecoptera: Panorpidae) on the basis of data
collected during lifetime observations of enclosure populations. The main focus of interest was the
delivery of nuptial gifts and hence the condition-dependent component of male behaviour. In addition
to analysis with common statistical methods we carried out a multivariate analysis using causal
models to investigate the influence of condition on various life history traits and its relation to
reproductive success.
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EB5 Accelerated evolution and positive selection of nicotinic
receptor antagonists from krait venoms (Squamata: E lapidae:
Bungarus )

ULRICH KUCHl, DIETRICH MEBS?
1 sektion Herpetologie, Forschungsinstitut und Naturmuseum Senckenberg, Frankfurt am Main
2 Zentrum der Rechtsmedizin, Klinikum der Johann Wolfgang Goethe-Universitat, Frankfurt am Main

Natural engineering by an accelerated rate of molecular evolution has been identified as the major
cause of diversification of multifunctional snake toxins like phospholipases A, and serine proteases.

To test the hypothesis that postsynaptic receptor-binding snake toxins are subject to negative
selection due to higher functional constraints, we cloned and sequenced genomic DNAs from three
species of krait (Elapidae: Bungarus) that encode the irreversibly binding, classic nicotinic
acetylcholine receptor probe -bungarotoxin ( -BgTx) and -bungarotoxin ( -BgTx), a novel
reversible toxin with binding-site selectivity at nicotinic receptors. Analysis of 17 unique sequences
encoding nine -BgTx and -BgTx precursors suggests that positive selection is acting on exon 2 of
the -BgTx genes with no evidence for an accelerated mode of molecular evolution. However, there is
strong evidence for accelerated evolution in exon 2 of  -bungarotoxins. Collectively, the data suggest
a scenario in which rapid functional diversification of - and -bungarotoxins has occurred under
positive selection on a limited number of sites corresponding to functionally important regions, by an
accelerated mode of molecular evolution, until isotoxins acquired a particularly significant function and
assumed a much lower mutation rate possibly for functional conservation.

EB6 Preinsemination sexual cannibalism in garden sp iders
(Araneus diadematus ): Are male murdering females hungry or just

mean?

HELMA ROGGENBUCK, JUTTA M. SCHNEIDER
Department of Biology, Division of Behavioural Biology, University of Hamburg

Sexual cannibalism is common in orb-web spiders. Female Araneus diadematus predate potential
mates at any time during courtship and mating sequence. Preinsemination sexual cannibalism (killing
and consumption of potential male mates prior to sperm transfer) as well as postinsemination sexual
cannibalism (predation after copulation) can regularly be observed in this common species. Timing of
sexual cannibalism determines costs and benefits for both sexes. While paternal investment or sperm
competition may explain postinsemination cannibalism, preinsemination cannibalism is unambiguously
not beneficial for male spiders because these males suffer total loss of reproduction. Thus, sexual
cannibalism before insemination has to be evaluated as a female strategy. Two hypotheses focus on
this persisting phenomenon: The adaptive female foraging hypothesis explains evolution of
precopulatory cannibalism as a result of female foraging considerations. The aggressive-spillover
hypothesis suggests precopulatory cannibalism being a nonadaptive side-effect of a high female
aggression level spanning over different behavioural contexts (behavioural syndrome). Conducting
mating trials with A. diadematus under laboratory conditions and a breeding study, we tested and
rejected crucial predictions of both hypotheses. Our data suggest that neither adaptive foraging nor
aggressive-spillover are likely reasons for the persistence of preinsemination sexual cannibalism in
this species.
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EB7 Do termites modulate territorial aggressions?

CHRISTINE SCHAUER, JUDITH KORB
Biologie I, Universitat Regenshburg

The closer animals live together the more competition amongst each other for resources occur. This
leads to intraspecific competition between inhabitants of close territories. Fighting a rival can bring a
benefit in resources but might also reduce the own fitness. So animals have to decide whether to
attack or tolerate neighbours. To gain insight into this decision, field work and genetic analysis have
been carried out. The grass feeding termite Amitermes meridionalis, which occurs only in a small part
of the Northern Territory of Australia, is an appropriate model organism as their mounds cluster in high
numbers on seasonally flooded areas. Here foragers get in contact with termites of surrounding
mounds. We examine two hypotheses: A) the level of aggression depends on the dear-enemy effect,
which was described by Fisher 1954. It suggests that familiar territorial neighbours may show reduced
aggression toward each other. B) The level of aggression depends on the level of relatedness. With a
higher genetic similarity a lower level of aggression is predicted what benefits the inclusive fitness.
Therefore we measure the level of aggression between soldiers of mounds which differ in distance
from each other and define the level of relatedness on the basis of microsatellites. We hope this data
will give us a better understanding whether and in which way these termites can recognise each other.

EB8 Outstanding inside: a design for effective camo uflage

NINA STOBBE, MARTIN H. SCHAEFER
Department of Evolutionary Ecology, University of Freiburg

Animals are thought to have developed various techniques to avoid the attacks of predators. One of
these techniques consists in preventing prey detection by hindering the predators” abilities to
recognize animals as potential prey objects. The principle of disruptive coloration has found
considerable attention only recently, several studies providing empirical support for its effectiveness as
protective coloration. Although researchers have made progress in understanding the effectiveness of
disruptive coloration, there is still substantial uncertainty about the optimal design of disruptive
patterning. According to theory, strong contrasting marks on any part of the body may detract
predators” attention from the shape of the prey, thereby preventing prey recognition. So far studies
supported the protective function of contrasting patterns situated at the body outline, effectively
breaking up the shape of objects. However, various other types of animal coloration have been
suggested to serve as disruptive coloration, many of them showing patterns lying inside the body.
Arguably the most commonly cited examples are wing patterns with strongly contrasting stripes in
butterflies. By determining bird predation on artificial butterflies, we provide the first evidence that
fithess benefits of disruptive patterns are not limited to patterns located at the body outline. Protective
coloration can be equally effective by segmenting the whole body into apparently not connected parts.
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EB9 Reproductive lifespan and lifetime reproductive performance
of within-pair and extra-pair offspring in a social ly monogamous
passerine

TimM SCHMOLLl, FRANK M. SCHURRZ, WOLFGANG WINKEL3, THOMAS LuBJUHNY

1 University of Bonn, Institute for Evolutionary Biology and Ecology

2 University of Potsdam, Institute of Biochemistry and Biology, Plant Ecology and Nature Conservation
3 Institute of Avian Research "Vogelwarte Helgoland", Wilhelmshaven

The adaptive significance of female extra-pair mating behaviour in socially monogamous bird species
is one of the most contentious issues in behavioural ecology. In particular the idea that females mate
extra-pair to obtain good or compatible genes in order to increase offspring genetic quality has
received much attention but much less generally accepted support. If genetic benefits select for extra-
pair mating behaviour, extra-pair offspring (EPO) are predicted to outperform within-pair offspring
(WPO) in terms of viability or reproductive performance. Only few studies were able to analyse
offspring fitness beyond the nestling stage, because low frequencies of extra-pair paternity or low
offspring recapture rates frequently preclude meaningful analyses based on suitable sample sizes. We
here report long-term fitness consequences of extra-pair matings in the coal tit Parus ater, a socially
monogamous passerine with a high frequency of extra-pair paternity as well as high local recruitment
rates. Even in comparatively short-lived species like the coal tit, reproductive lifespan is potentially
very important for variation in lifetime reproductive success. We therefore followed the fate of a few
hundred locally recruited individuals with known paternity status (WPO or EPO) from three cohorts to
analyse reproductive lifespan (age of an individual when it was last recorded breeding) and lifetime
reproductive performance of these individuals in relation to paternity.

EB10 Phylogenetic and structural aspects of chiton hemocyanins

VANESSA MOLLER, KLAUS STREIT, BERNHARD LIEB
Institute of Zoology, University of Mainz

The phylogeny of chitons is mainly based on morphological characters (Sirenko, 1997; Buckland-
Nicks, 1995) and one molecular analysis (Okuzo et al. 2003). According to these analyses,
Polyplacophora can be subdivided into two major groups: (i) the basal Lepidopleurida and (ii) the more
derived Chitonida. Our molecular studies, based on hemocyanin-sequence data, also confirm this
grouping. In contrast to the results of Okuzo et al. (2003) supposing a strong relationship of
Callochiton to the basal Lepidopleurida, in our maximum likelihood analyses Callochiton is an ingroup
taxon of the monophyletic Chitonida. We also found strong bootstrap support for the monophyly of the
Chitonina and could recover the Mopaliidae, Acanthochitoninae and the Lepidochitonidae, but were
also still not yet able to resolve any robust phylogenetic relationship within these Acantochitonina, and
therefore are increasing our taxon sampling continuously. Beside these phylogenetic results, we
discovered another highly interesting structural sequence characteristic in that the basal hemocyanin
sequences resemble much more gastropod hemocyanins than to those of the Chitonida, the latter
possessing an apomorphic deletion of 5 amino acids. This might cause a structural rearrangement of
the complete hemocyanin molecule and led us assume that basal hemocyanins also may be able to
form didecameric hemocyanins which never have been observed within chitons yet. Further analyses
are in progress