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OP-SS I-1

NEURAL CORRELATES FOR VOLITIONAL VOCAL BEHAVIOR 

IN MONKEYS

S. Hage1, A. Nieder1 
1Universität Tübingen, Animal Physiology, Tübingen, Germany 

It is a matter of debate for decades, whether nonhuman primates 
can decouple their innate vocalizations from accompanied levels 
of arousal or specific events in the environment to achieve 
cognitive control over their vocal utterances. On the one hand, 
monkey vocalizations are assumed to be largely innate that can 
be linked to different levels of arousal. On the other hand, several 
behavioral studies report that monkeys are able to control - at 
least rudimentarily - vocal initiation and to “decide” which call type 
to utter. A major concern of most behavioral studies, however, is 
that potential motivational effects that might affect vocal behavior 
cannot be excluded. In our present studies, we demonstrate 
cognitive control of call production in rhesus monkeys and suggest 
a neuronal correlate of volitional call initiation in the monkey ventro-
lateral prefrontal and premotor cortices. For this purposes, we first 
trained monkeys with operant conditioning techniques to vocalize 
reliably in response to visual cues. During single-unit recordings, 
call-related neurons in the monkey homologue of human Broca’s 
area - one of the key brain structures that allow to voluntarily produce 
sophisticated speech signals in humans - predicted the preparation 
of subsequent cued vocalizations. Call-related neurons showed 
significantly higher pre-vocal activity during cued vocalizations as 
compared to spontaneous calls, suggesting a specific involvement 
of these prefrontal areas in the initiation of volitional vocalizations. 
These findings suggest a cardinal role of this prefrontal area in 
vocal planning and call initiation, a putative cognitive precursor in 
nonhuman primates that may ultimately give rise to speech control 
in linguistic humans.

OP-SS I-2

Neural representation of echo-acoustic flow fields in bats
U. Firzlaff1, S. Bartenstein1 
1TU Munich, Chair of Zoology, Freising, Germany 

Echolocating bats, flying in darkness through complex 
environments, are very likely to exploit echo-acoustic flow-field 
information for navigation. The neural representation of the flow 
fields bats experience in flight is, however, largely unknown. Our 
experiments investigated this representation in the auditory cortex 
of the bat Phyllostomus discolor.

Naturalistic echo-acoustic flow-field sequences in virtual space 
were presented binaurally via earphones to anesthetized bats. 
Flight trajectories were simulated for a bat emitting sonar calls 
at a constant rate and passing an obstacle with different lateral 
distances and flight speeds.

Preliminary results showed that neurons in the dorsal auditory 
cortex of P. discolor specifically encode distinct positions along 
the flight trajectory in their response rate. The echo-acoustic 
flow-field information was orderly represented on the cortical 
surface but varied with the lateral distance of the simulated flight 
trajectory: During object approach, the cortical representation of 
approximately the last two meters of the flight trajectory increased 
with decreasing lateral object distance. This effect was stronger 
when the flight trajectory was simulated for higher flight speeds.

The results suggest that echo acoustic flow-field information is 
topographically represented on the cortical surface in a behaviorally 
meaningful manner. Depending on the lateral passing distance, 
the number of active cortical neurons increases during object 
approach, ensuring the bat to keep up a safety margin to avoid 
collisions.
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OP-SS I-3

Navigation via echo-acoustic mirror images

D. Genzel1, A. Warmbold1, S. Hoffmann2, U. Firzlaff2, L. Wiegrebe1 
1LMU Munich, Department Biology II, Planegg-Martinsried, 
Germany  
2TU Munich, Lehrstuhl für Zoology, Freising-Weihenstephan, 
Germany 

As in vision acoustic signals can be reflected by a smooth surface 
creating an acoustic mirror image. Echolocating bats flying over 
smooth water bodies encounter echo-acoustic mirror images of 
objects above the surface. The aim of this study was to investigate 
whether bats can exploit these mirror images for navigation and 
avoidance of obstacles. Bats (Phyllostomus discolor) were trained 
to fly through two tunnels, whose entrances and exits could be 
blocked by objects (branches or cardboard fans). The tunnel floors 
were highly reflective, mimicking a water surface. Some bats 
indeed navigated with the help of echo-acoustic mirror images, 
but only when the cardboard fan was mirrored. Ensonification of 
a tunnel when its exit is blocked by the fan revealed conspicuous 
changes of the reflection pattern, with slightly increased target 
strength (2-6 dB) within a 3 ms range of reflections. With branches 
creating mirror images, increases of target strength were much less 
pronounced (only 1-2 dB). Electrophysiological recordings showed 
that the delay-tuning of some neurons in the auditory cortex varied 
when an additional reflecting surface from below was presented. 
It is conceivable that these neuronal dynamics help to encode an 
echo-acoustic situation where a reflecting surface mirrors an object 
allowing a safer navigation. Thus, the obtained data provide insight 
into how echo-acoustic mirror images may facilitate navigation in 
flight.

OP-SS I-4

NOCTURNAL ORIENTATION IN A DIURNAL BEETLE

J. Smolka1, E. Baird1, M. J. Byrne2, B. el Jundi1, E. J. Warrant1, M. 
Dacke2,1 
1Lund University, Lund, Sweden  
2Wits University, Johannisburg, Sweden 

Nocturnal dung beetles remain the only insects shown to use 
the polarisation pattern around the moon and the Milky Way as 
orientation cues. Supposedly, their highly adapted visual systems 
- with larger lenses, wider and longer rhabdoms than their diurnal 
relatives and a tracheal tapetum - enable them to perform this 
difficult task. We show here that even a diurnal dung beetle without 
any specialisations for dim-light vision can use the moon, the lunar 
polarisation pattern and even the Milky Way to keep a straight 
course at night. We compared the orientation performance of 
the exclusively diurnal Scarabaeus lamarcki and the nocturnal S. 

satyrus when rolling their balls under the open sky on either (1) a 
moonlit night with the moon visible or shaded, (2) a moonless night 
or (3) with an artificial light source. For each condition, beetles 
were placed into a circular 3m arena. Their outbound tracks were 
recorded, and their straightness evaluated by the track length. 
While the performance of the nocturnal beetles was equally good 
under control, moonlit and starlit conditions, the paths of the diurnal 
animals were on average about 50% longer (i.e. more curved) 
when the moon was absent. However, the majority of the beetles 
- diurnal and nocturnal - were clearly able to use the stars as an 
orientation cue. In the laboratory, both species were tested to 
determine the minimum intensity of a point light source necessary 
for orientation. Under these conditions, as under a moonlit sky, 
we found no difference in orientation performance between 
diurnal and nocturnal beetles. We will discuss the implications 
for our interpretation of visual adaptations to nocturnality, and of 
the potential for nocturnal navigation in a large number of insect 
species.
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OP-SS I-5

Gait parameters at different walking speeds in the desert ant, 
Cataglyphis fortis

H. Wolf 1, V. Wahl1, M. Wittlinger1 
1University of Ulm , Institute for Neurobiology, Ulm, Germany 

Path integration is a form of dead reckoning and thus inherently 
error-prone. It is nonetheless a common navigation strategy in 
animals, particularly where environmental orientation cues are 
rare or absent. The desert ant Cataglyphis is a prominent example, 
covering well above 10,000 body lengths on foraging excursions, 
primarily guided by path integration. Sun and polarization 
compasses provide reliable external direction cues for navigation, 
making Cataglyphis’distance gauge, a stride integrator (Ronacher 
and Wehner, 1995; Wittlinger et al., 2006, 2007), the probable 
major source of path integration errors.

A detailed analysis of walking behaviour in Cataglyphis is thus of 
primary importance for assessing possible sources of navigation 
errors and potential compensation strategies. Zollikofer (1994) 
demonstrated consistent use of the tripod gate in the desert ants, 
and he suggested a unexpectedly constant stride length as a 
possible means of reducing navigation errors. Here we extend 
these studies by more detailed analyses of walking behaviour 
across a large range of walking speeds.

Most notably, stride amplitude (leg movement in relation to body 
coordinates) is not related to walking speed, while stride length (leg 
movement in relation to substrate coordinates) increases linearly 
with walking speed. Swing phase parameters stay constant across 
the whole range of walking speeds examined, 40-520 mm/s. 
Walking speed is increased by shortening of the stance phase 
duration, of the stance phase overlap, and by increasing stride 
frequency.

OP-SS I-6

Transfer of optic flow information between the eyes and 
between odometers  
in the desert ant Cataglyphis bicolor

M. Wittlinger1, K. Schwannauer1, S. Pfeffer1 
1University of Ulm, Institute of Neurobiology, Ulm, Germany 

Cataglyphis desert ants are great navigators, travelling hundreds 
of meters during foraging trips. The ants employ a path integrator, 
monitoringdirection anddistance of their path segments and 
integrating these two parameters. This constantly provides them 
with current direction and distance back to the nest. The odometer 
is primarily astride integrator; however,optic flow is also involved in 
gauging travel distance.

Both distance cues, stride integration and optic flow, are normally 
available to walking individuals. Nevertheless, (ventrally) 
blindfolded ants are still capable of correctly gauging travel 
distance, exclusively relying on stride integration. Are ants that have 
only optic flow cues available also able to assess homing distance 
correctly? We examined ants that were carried by a transporter 
ant, assuming a body posture which exposes them to the same 
absolute optic flow as that experienced by the carrier ant. If the 
carried ants have to walk home on their own after separation from 
the carrier, they gauge transported distance correctly, exclusively 
relying on optic flow.

(i) Here, we show in behavioural experiments that distance 
information gained from the optic flow integrator cannot be 
transferred to the stride integrator. That is, carried ants measure 
their walking distance back home by optic flow alone, too. This is 
suggested by carried ants that had their (ventral) eyes covered 
before being released and were unable to home, searching around 
the spot of release.

(ii) We further demonstrate that inter-ocular transfer of optic 
flow input occurs. This is suggested by unilaterally blindfolding 
transported ants and occluding the opposite eye only after 
separation from the carrier ant, which allowed correct homing.
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OP-SS I-7

FoxP1, FoxP2 and FoxP4 expression, co-localization, 
interaction and their importance in song-learning in the 
Zebra Finch (Taeniopygia guttata)

E. Mendoza1, K. Tokarev1, M. Weiss1, D. Düring1, P. Barschke1, N. 
Arpenik1, U. Kobalz1, C. Scharff1 
1FU Berlin, Verhaltensbiologie, Berlin, Germany 

The Forkhead transcription factor FoxP2 is important both for 
human speech and for bird song learning. In vitro, transcriptional 
activity of FoxP2 requires dimerization with itself or with paralogues 
FoxP1 and FoxP4. To investigate the potential relevance of 
synergies between the different FoxP proteins, we studied neural 
co-expression, dimerization and compared the effect of lentiviral-
mediated RNAi of FoxP1, FoxP2 and FoxP4 in zebra finches. We 
show that FoxP1/2/4 can be expressed in overlapping regions 
and that they are mainly all co-expressed in the same neurons 
in those overlapping regions, but can be expressed also in all 
combinations. Co-immunoprecipitation assays (Co-IP) in vitro and 
in vivo revealed that all FoxP subfamily members of the zebra 
finch can homo- and hetero-dimerize. In addition, our results using 
double Co-IP in vitro show that all three can oligomerize and thus 
could act as a transcriptional complex with a specific and different 
function than the hetero/homo-dimer complex. Luciferase assays 
revealed that cells overexpressing FoxP2 in combination with 
other FoxPs exhibited a stronger SV40 driven luciferase inhibition 
than cells only expressing FoxP2. Last we reduced the levels of 
FoxP1 and FoxP4 using lentiviral mediated RNAi to test if they, 
like FoxP2, are involved in song-learning. We found a distinct and 
specific phenotype on song learning compared to that of FoxP2 
knockdown. Together, these data provide the first evidence that 
Area X medium spiny neurons can co-express all FoxP subfamily 
members. We also show that FoxP proteins have the potential 
to dimerize in vivo, a characteristic that could be important in 
regulation and disease etiology. 

OP-SS I-8

 

Orientation experiments in view of the cryptochrome cycle
R. Wiltschko1, M. Ahmad1, W. Wiltschko1 
1J.W.Goethe-Universität Frankfurt , FB Biowissenschaften, 
Frankfurt am Main, Germany 

The Radical Pair Model, forwarded in 2000 by Ritz and colleagues, 
proposes that birds obtain compass information by spin chemical 
processes that are sensitive to the direction of the ambient magnetic 
field, with cryptochrome suggested as candidate molecule for 
forming the crucial radical pairs. Cryptochrome 1a has been found 
along the disks of the outer segments of the UV-cones in the 
retina of birds, that is, at a location that is in agreement with the 
suggested function as a receptor molecule. It is not clear, however, 
at which stage in the cryptochrome cycle the primary processes of 
magnetoreception take place.

In the cryptochromes, radical pairs can be formed at several points 
in the photocycle. When the flavin is photo-reduced by UV and blue 
light to the semiquinone form, short-lived flavin/tryptophan radical 
pairs occur during the forward electron transfer. No radical pairs 
would be formed if the semiquinone form is re-oxidized directly 
independent of light. UV, blue and green light, however, induces the 
transition to the fully reduced flavin. An addition potential source of 
radical pairs occurs during the re-oxidation of this fully reduced 
flavin to the fully oxidized form, involving flavin/superoxide radical 
pairs formed in the absence of light.

In a series of tests under various light conditions involving 
monochromatic light of different wavelengths, the orientation 
response of migratory robins, Erithacus rubecula, is used to 
indicate which of the radical pairs initiate the processes providing 
birds with directional information. 

Supported by the Deutsche Forschugnsgemeinschaft
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OP-SS I-9

Light-dependency of cryptochrome activation in the retina of 
chickens
C. Nießner1, R. Wiltschko1 
1University Frankfurt, Frankfurt, Germany 

The Radical Pair Model, by Ritz et al. (2000) proposes that the 
avian magnetic compass is a chemical compass based on a 
radical pair mechanism: the equilibrium of the singlet and triplet 
state is affected by their alignment in magnetic field. Because 
cryptochromes form radical pairs, they are discussed as receptor 
molecules for sensing magnetic directions. Cryptochrome 1a is 
located in the outer segments of the UV/V cones in the retina of 
chickens and European robins. It is bound to the membranes of 
the discs and thus fulfills important conditions of the Radical Pair 
Model.

The oxidized form of cryptochrome absorbs UV and blue light; the 
semiquinone form absorbs from UV to green. We did immuno-
histochemistry on the retinae of chickens that had been exposed 
to different light conditions for 30 min. Our antiserum against an 
epitope at the C-terminal of Cry1a produced a signal only in retinae 
treated with light, but not when the chicken had been exposed in 
darkness. In chickens that had been exposed first to 30 min of 
darkness, then 5 min in light, a considerable amount of labeled 
Cry1a was found. It is highly unlikely that this amount of Cry1a 
could be produced and deposited in the outer segments of the 
violet cones within 5 min; however, if the epitope had been covered 
in darkness, it is easily conceivable that Cry1a is activated during 
this short interval and changes its conformation. This indicates that 
our antiserum labels only a specific, light-activated form of Cry1a. 
Based on this, we exposed chickens to various monochromatic 
lights and discussed the observed the amount of Cry1a in view 
behavioral data showing under which light conditions the avian 
magnetic compass works.

OP-SS I-10

How is the reward magnitude in classical conditioning of the 
honeybee (Apis mellifera) translated into memory?
D. Eisenhardt1, K. Marter1 
1Freie Universität Berlin, Institute for Biology/ Neurobiology, 
Berlin, Germany 

In appetitive classical conditioning the conditioned stimulus (CS) 
precedes the unconditioned stimulus (US), i.e. the reward. Animals 
associate the previously neutral CS and the US and react with a 
conditioned response (CR). Thus, they learn that the previously 
neutral CS predicts the occurrence of the US. The extent to which 
the CS predicts the US is mirrored in the CR during acquisition and 
thought to depend on the US magnitude .

Here we ask about the impact of the US magnitude on learning 
and memory formation during classical olfactory conditioning of 
the proboscis extension response (PER) in harnessed honey bees 
(Apis mellifera). We vary the US magnitude during acquisition, 
study the behavior of the animals and qualitatively analyze the PER 
by extracellular recording the activity of the proboscis extending 
muscle 17. In addition, we study the molecular mechanisms of long-
term memory (LTM) formation by interfering with protein synthesis.

We demonstrate how the US magnitude impacts acquisition, 
memory formation and memory strength.
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OP-SS I-11

SENSORIMOTOR PATTERNS DURING ELECTROLOCATION 

BEHAVIOR OF MORMYRID FISH

V. Hofmann1, J. I. Sanguinetti-Scheck2, B. Geurten3, L. Gómez-
Sena2, J. Engelmann1 
1Universität Bielefeld, Active Sensing, Fakultät für Biologie, 
Bielefeld, Germany  
2Universidad de la Republica, Ciencias, Neuromathematicas, 
Montevideo, Uruguay  
3Georg-August-Universität Göttingen, Zelluläre Neurobiologie, 
Schwann-Schleiden-Forschungszentrum, Göttingen, Germany 

Weakly electric fish create an electric field around their body through 
discharges of their electric organ (EOD = electric organ discharge). 
This field is distorted by objects with a conductivity differing from 
water, leading to a modulation of the voltage distribution across the 
animals’ skin. These modulations are called the “electric image” of 
an object. Electroreceptors in the animals’ skin allow the animals to 
extract information about their environment based on these electric 
images.

Electrolocation behavior in Mormyrids is complex and 
characterized by the temporal pattern of EODs in relation to motor 
behavior. Electric images therefore depend on various aspects of 
the electric scene including body-object relation and posture. In 
principle fish could actively sculpt their sensory input by deciding 
when to sample and how to move. In contrast to single electric 
images, electrosensory flow for naturalistic behavior has not been 
characterized thoroughly so far.

In our study we investigate unrestrained electrolocation behavior of 
Gnathonemus petersii. Based on kinematic parameters (thrust, slip 
and yaw velocity) we extract a quantitative set of basal movement 
categories, so called “prototypical movements” (PM). Based on 
this we are able to analyze the link between such locomotive 
behavior and the electric signaling behavior in a sensory context. 
Furthermore we reconstruct the electrosensory input by calculating 
electric images using a BEM approach. By investigating the 
sensorimotor integration we aim on getting insight on how electric 
fish influence their sensory input in order to optimize electrosensory 

information extraction.
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OP-SSI-K-1 

Shared Evolutionary Developmental Origins of Acoustic and 
Gestural Signaling

A. H. Bass 1 
1Cornell University, Itheca, United States 

Acoustic signaling is widespread among the majority of living 
fishes and tetrapods. I will first discuss evolutionary patterns in the 
developmental origins of the neural basis for novel innovations in 
vocal-acoustic signaling behavior. Information will be integrated 
across behavioral, neurophysiological and morphological levels of 
analysis. This will set the stage for a broader discussion of the 
evolutionary developmental origins and functions of two seemingly 
unrelated motor systems, vocal signaling and movement of 
pectoral appendages - fins and forelimbs. Evidence from fishes, 
amphibians, birds and mammals indicates that central pattern 
generators for the control of vocal behavior share developmental 
origins from a compartment in the caudal hindbrain. Surprisingly, 
recent studies in fishes show that the premotor-motor circuitry for 
pectoral appendages that function in both locomotion and acoustic 
signalling in fishes and tetrapods, also develops in the same 
hindbrain compartment. These new findings imply that the neural 
basis for vocal and pectoral behavioral phenotypes, inclusive of 
roles in acoustic communication and forelimb gestures, share 
developmental origins that first appeared among fishes.

OP-SSI-K-2

The electrosensory world of weakly electric fish: from 
laboratory experiments to the natural habitat.
R. Krahe1 
1McGill University, Dept. Biology, Montreal, Canada 

To understand the neural computations underlying sensory-
guided behaviour, we need to understand what the actual stimuli 
are a sensory system has to process under natural conditions. 
Measuring the statistics of sensory stimuli experienced by behaving 
animals in natural contexts is a massively challenging task. Typical 
limitations are the technical problems of recording the actual 
stimuli driving sensory receptor organs, doing that in behaving 
organisms that may be moving their receptor arrays independently 
of body movements (e.g., eye movements), and the reduced 
scope of natural behaviours observable in laboratory settings. The 
electrosensory system of weakly electric fish offers a promising 
opportunity to achieve a satisfying quantification of the statistics of 
electrosensory stimuli received by the animals in a natural context. 
These fish generate a weak electric field by discharging an electric 
organ and sense perturbations of the self-generated field with 
electroreceptor organs in their skin. In a first approach, we recorded 
the electric stimulus (transdermal potential) driving electroreceptor 
organs in the skin of immobilized animals exposed to a limited 
number of stimuli. Next, we recorded the transdermal potential 
from freely swimming fish using wireless telemetry in the lab. And 
finally, we are developing a system for long-term monitoring of 
the movements and electric activity of all electric fish in the range 
of a multi-electrode grid placed in streams in natural rainforest 
habitats of Central and South America. Combining these different 
experimental approaches with modeling of the electric fields of the 
fish promises to provide us with a quantitative understanding of the 
natural electrosensory stimulus statistics not achieved yet in any 
other system.
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PP-SS I-1

Associating neuronal activity with vocal communication in 
free moving members of a social group of zebra finches
L. Trost1, A. Termaat1, R. F. Jansen2, M. Gahr1 
1Max-Planck-Institute for Ornithologie, Dept. of Behavioural 
Neurobiology, Seewiesen/Starnberg, Germany  
2Vrije Universiteit Amsterdam, Amsterdam, Netherlands 

Zebra finches are gregarious birds that vocalize at high rates. These 
vocalizations include various calls as well as a highly stereotypical 
song. We studied the effect of group living on the patterns of mutual 
calling and song production. In the brain of the zebra finch a group 
of nuclei is devoted to the production and learning of songs. One of 
these nuclei (robust nucleus of the arcopallium; RA) is a premotor 
nucleus that organizes the motor output of the brainstem nuclei 
innervating the syrinx. Lesion studies suggest that RA is not involved 
in the production of unlearned vocalizations such as tet and stack 
calls. To explore the possible influence of the social environment 
on the production of song and calls, as well as its effect on neuronal 
activity, we housed three groups consisting of 2-4 pairs of zebra 
finches. Each bird was equipped with a wireless microphone. The 
males in the two-pair groups had a tungsten electrode implanted 
in RA, connected to a wireless telemetric device (Schregardus 
et al., J Neurosci Meth 155, 62-71, 2006) This enabled us to 
associate the vocalizations of the males and the females with 
each other, as well as with the neuronal RA activity in the males. 
Vocalizations were divided up into syllables and calls that were 
sorted and time-stamped. We studied the temporal correlation of 
electrical and vocal events of these group-living animals and found 
a close temporal association between the calls of pair bonded 
birds. Premotor activity from the “song nucleus” was associated 
with these calls. Moreover, we demonstrated that electrical activity 
preceding various types of call, song and distance calls, could be 
shown in one and the same neuron.

PP-SS I-2

CODING OF SPATIAL FREQUENCY IN BAT BIOSONAR

L. Baier1,2, L. Wiegrebe3 
1Max Planck Institute for Ornithology, Seewiesen, Germany  
2 Ludwig Maximilians University, Munich, Germany  
3Ludwig Maximilians University, Munich, Germany 

In visual neural processing, organisms extract both temporal and 
spatial frequency, the latter of which is used to distinguish abrupt 
spatial changes such as edges, as well as more global information 
about an object’s shape. Echolocating animals possess the unique 
ability to perceive their environment via the auditory analyses of the 
echoes of self-generated sounds. However, it is unclear whether 
echolocating bats also extract spatial-frequency information to do 
so. We hypothesize that echolocating bats can indeed analyze 
spatial frequencies and specifically, they apply a high-pass filter 
in order to find (high-spatial-frequency) prey items before a (low-
spatial-frequency) background. We address this question using a 
two-alternative, forced-choice design in Phyllostomus discolor. We 
test whether bats are able to discriminate target discs, patterned 
with sinusoidal spherical waves of differing spatial frequency and 
modulation depth, from a flat reference disc. Additionally, the bats’ 
echolocation calls and flight path are recorded to elucidate any 
behavioural adaptations the bats might use in order to solve the 
task. We expect the results of this experiment to reveal whether bats 
are capable of processing spatial frequency and to what threshold 
this can be done by P. discolor. This is the first step to help us 
understand whether bats are able to code spatial frequencies with 
an auditory system whose sensory epithelium is, unlike in vision, 
not arranged along spatial dimensions.
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PP-SS I-3

On the calling behaviour of Zebra Finches (Taeniopygia 

guttata) forced pairs
P. D’Amelio1, L. Trost1, A. ter Maat1 
1Max Planck Institute for Ornithology, Seewiesen, Germany 

Bird vocalisation research has principally focused on songs, 
whereas the study of unlearned calls has not been given proper 
attention. To understand the principles of Zebra Finches, and 
avian, vocal communication a thorough comprehension of call 
usage is necessary. Zebra Finches emit thousands of calls daily. 
However, the exact number of call types, their functions and 
their inter-individual interaction patterns are not fully described 
and understood. This lack of knowledge mainly derives from the 
absence of appropriate tools for recording vocalisations individually. 
We developed and used miniaturised backpack microphones to 
record the total daily vocalisations of zebra finches pairs. This 
work had two primary aims: i) to quantify the calling behaviour ii) 
to correlate the calling and the social behaviours of Zebra Finches’ 
pairs. We used synchronised video and audio recordings to 
correlate birds’ behaviour with vocalisations. Zebra Finches pairs 
are characterized by the presence of particular behaviours such as 
clumping and allopreening. We compared vocal and social aspects 
of the behaviour of already formed pairs and birds that had not met 
before. We described their call repertoire with high precision and we 
found that it is similar among birds. Through quantitative analysis 
of the timing of calls of the two pair members we discovered that 
these are used in bidirectional communication: pairs established 
precise patterns of alternated calling. Thus, we are able to show that 
there is a choice in answering certain specific call types with other 
specific calls. The quantitative description of calling behaviour will 
also allow us to describe and further elucidate the role of different 
regions of the brain involved in vocal communication.

PP-SS I-4

ELECTRIC IMAGES OF RESISTIVE AND CAPACITIVE 

OBJECTS AT THE HEAD OF THE WEAKLY ELECTRIC FISH 

GNATHONEMUS PETERSII

M. Gottwald1, L. Hamann1, R. Bott1, S. Rau1, G. von der Emde1 
1University of Bonn, Institute of Zoology/Department of 
Neuroethology, Bonn, Germany 

African weakly electric fish Gnathonemus petersii generate 
electrical current pulses (electric organ discharges, EOD) to scan 
their surroundings with electric fields for object detection and 
analysis, a process called active electrolocation. Nearby objects 
interacting with the field cause local modulations of the amplitude 
and waveform of the EOD at certain regions of the animal’s 
electroreceptive skin. These amplitude and waveform modulations 
form 2-dimensional electric images of the objects on the fish’s 
skinsurface. By analyzing these electric images, G. petersii can 
sense an object’s distance, dimensions, shape and material 
properties.

The aim of this project is to investigate the formation of amplitude 
and waveform images at the animal’s head region caused by 
resistive and capacitive objects of various shapes, orientations and 
distances. To do so, object induced electric images were mapped 
2-dimensionally along the side of the fish’s head.

We show that certain shapes of resistive objects affect electric 
image parameters in a characteristic manner, whereas vertical 
object rotations can alter the image alignment but do not cause 
fundamental image changes. For image analysis, we propose 
new 2-dimensional image parameters, which are based on (I) the 
image modulation summed up above a certain threshold (overall 
image intensity) and (II) the threshold defined image area. Finally, 
we measured electric images of capacitive objects. First results 
show that the concepts of image analysis so far used exclusively 
for amplitude modulations can be transferred to waveform images.
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PP-SS I-5

MULTISENSORY OBJECT DISCRIMINATION IN THE WEAKLY 

ELECTRIC FISH GNATHONEMUS PETERSII

S. Schumacher1, G. von der Emde1 
1University of Bonn, Department of Zoology, Bonn, Germany 

The weakly electric fish Gnathonemus petersii is able to recognize 
objects by perceiving the changes they evoke in a self generated 
electrical field, a process called active electrolocation. As shown in 
previous experiments, G. petersii can discriminate between a wide 
range of different objects during active electrolocation. In addition 
to its electrical sense, these fish also possess a specialized 
visual system and a mechanosensitive lateral line system for 
hydrodynamic perception. Here, we tested whether these fish are 
also able to use vision or its lateral line to discriminate between 
two objects, and whether they are able to perform multisensory 
integration.

Individual fish were trained to discriminate between two differently 
shaped objects of the same volume in a two-alternative forced-
choice procedure. Fish could use either all their senses or were 
trained with electrically “neutral” agar-objects which prevented the 
usage of active electrolocation. During test trials, trained fish could 
use only certain senses for object discrimination.

After training with all senses, fish learned to discriminate between 
the objects after an average of 13 days, while with only visual 
training they did not yet learn the discrimination task even after 
28 training days. Out of six fish, which were trained with all sense, 
so far only one individual was able to discriminate between the 
objects without using its electric sense. These results show that G. 

petersii mainly use active electrolocation for object discrimination 
and are only in exceptional cases able to use vision for a learned 
object discrimination.

PP-SS I-6

INFLUENCE OF MOBILE FISH AVATARS ON DECISION 

MAKING IN GROUPS OF WEAKLY ELECTRIC FISH

M. Worm1, G. von der Emde1 
1Institute of Zoology, Bonn, Germany 

Mormyrid weakly electric fish possess an active electrogenic 
system that allows orientation and communication at night or 
in murky water habitats where other sensory systems such as 
vision fail. They produce short, biphasic electric organ discharges 
which are generated by an electric organ situated in the tail. The 
resulting electric field is perceived by epidermal electroreceptor 
organs. Inter-discharge intervals are highly variable, depend 
on the animal’s current behavioural state and can be used as 
signals in intra-specific communication. Previous work has 
revealed activity dependent discharge rates and synchronization 
patterns that rapidly switch between individuals in a group. 
Here we show how certain discharge patterns are sufficient to 
trigger and coordinate complex group dynamics like for example 
group-foraging behaviour. The goal of this study is to integrate fish-
like robots into groups of real fish based on electro-communication. 
To do so, we equipped mobile fish dummies with active electrodes 
that can produce electrical playbacks of behaviour-specific 
discharge patterns. The avatars provoked both following reactions 
and electrical responses in real fish and could influence real fish 
behaviour as a group under daylight conditions as well as in 
the dark. These experiments provide insight into how different 
sensory modalities govern collective behaviour in groups of weakly 
electric fish. Simultaneous recordings of electrical behaviour and 
spatial positions provide a framework for closed feedback loop 
experiments, in which groups of weakly electric fish can interact 
with artificial agents in a mixed society.
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PP-SS I-7

Pre-Singing Gene Expression Patterns in the Brain of Female 

Canaries at the Onset of Testosterone Treatment

M.- C. Ko1,2, C. Frankl-Vilches1, A. Bakker1, M. Gahr1 
1Max Planck Institute for Ornithology, Behavioral Neurobiology, 
Seewiesen, Germany  
2IMPRS for Organismal Biology, Seewiesen, Germany 

Brain neuroplasticity is a phenotype unique to songbirds that 
provides an excellent opportunity to study hormone modulation 
of the brain, hence the stimulation of behavior. In the domestic 
canary, a sex dimorphic species, mainly male birds sing in nature. 
Nevertheless, singing behavior can be induced in adult female 
canaries 3-5 days after subcutaneous testosterone implantation. 
The key genes and biological pathways that mediate this, however, 
remain to be elucidated. In order to shed light on the initial phase 
of this event and dose effects, we performed exon-level microarray 
analysis of HVC (center of song control system) and entopallium 
(visual control region; Ento) isolated from female canaries after 8 
hours of testosterone treatment at low and high (standard) dosage 
(low-T and high-T; both stimulate singing), and from untreated 
animals. We found a strong and stable response to testosterone in 
HVC compared to in Ento, correlating with the androgen receptor 
expression detected previously in the song system; 6471 and 
5643 HVC-specific differentially expressed genes after low-T 
and high-T implantation, respectively. Interestingly, among those 
genes, 551 and 434 genes are transcription factors. By functional 
pathway analyses of up-regulated genes, when treated with low-T, 
we observed an enrichment of GO-terms related to a number 
of metabolic process, as well as cell differentiation, growth, and 
survival, while GABA receptor signalling, cell morphogenesis were 
seen additionally at high-T. 66% and 5% of differential expressed 
up-regulated genes overlap between high-T and low-T, of HVC 
and Ento, respectively. Our results indicate a higher sensitivity and 
specific response to testosterone in female canary HVC.

PP-SS I-8

Auditory spatial receptive fields in the superior colliculus of 
bats
S. Hoffmann1, D. Gembe1, U. Firzlaff1, H. Luksch1 
1Technische Universität München, Lehrstuhl für Zoologie, 
Freising-Weihenstephan, Germany 

The superior colliculus (SC) in the mammalian midbrain is known 
to play a role in sensori-motor integration processes that underlie 
species-specific orienting behaviors. Echolocating bats, which 
heavily rely on hearing for orientation, represent an excellent 
model to study the neural processing of spatial acoustic cues. 
By emitting ultrasonic calls and analyzing returning echoes 
a bat is able to gather 3-dimensional information about its 
environment within a second. Previous studies, investigating 
the SC of echolocating bats, could show that the bat SC shares 
properties with that seen in the SC of other animals but also 
demonstrates functional specializations for echolocation. The 
question whether in the bat SC acoustic space is topographically 
represented as often found in the SC is still under discussion. 
 
In the present study, besides the frequency tuning, we investigated 
the spatial tuning of auditory neurons in the SC of the bat 
Phyllostomus discolor with virtual acoustic space stimuli. Preliminary 
results show that neurons in this bat’s SC are in general broadly 
frequency tuned with sensitivity maxima around 15kHz and 60kHz. 
Spatial receptive fields of neurons seem to follow the acoustic gain 
axis of the bat’s ears and are located ~15° contralaterally to the 
midline and ~15° below horizon. Consequently, there seems not 
to be a topographic representation of acoustic space in the SC 
of P. discolor. As bats vigorously move their ears during sound 
localization, we hypothesize that in their SC the representation of 
acoustic space may be strongly influenced by the position of the 
ears.



26 27

PP-SS I-9

THE FOXP2 TARGET GENE CNTNAP2 IS COREGULATED BY 

AGE IN AREA X OF MALE ZEBRA FINCHES

I. Adam1, C. Scharff1 
1Freie Universität Berlin, Department Animal Behavior, Berlin, 
Germany 

In humans mutations of the gene coding for the transcription 
factor FOXP2 lead to severe speech and language impairments. 
Experimental downregulation of the avian homologue in a nucleus 
of the avian striatal Basal Ganglia relevant for song learning, 
namely Area X, leads to impaired song learning in male zebra 
finches. Similar to the human phenotype, syllables are copied 
imprecisely and vary from rendition to rendition more than those 
of control animals. Thus the zebra finch is an excellent model 
system to study the contribution of FoxP2 to learned vocalizations. 
Numerous FoxP2 target genes have been proposed to date, none of 
them was shown to be regulated alongside FoxP2 in a behaviorally 
relevant context or age. We aimed to investigate if a human target 
gene of FoxP2, Cntnap2, is coregulated with FoxP2 in Area X 
during behaviorally relevant time points or contexts. We addressed 
this question by taking microbiopsies of Area X and quantifying 
the expression strength of FoxP2 and Cntnap2 by qRTPCR. As 
previously described FoxP2 expression is significantly higher in 
Area X of male zebra finches in the song learning phase compared 
to adult males. Moreover in adult animals singing more than 500 
motifs in 2 hours leads to a significant downregulation of FoxP2. 
Cntnap2 is coregulated with FoxP2 in samples of juvenile males 
and of males that did not sing before sacrifice. To our knowledge 
this is the first evidence of a FoxP2 target gene being coregulated 
in a brain region important for vocal learning during the vocal 
learning period.

PP-SS I-10

INFLUENCE OF GROUP SIZE ON SOCIAL AND 

ELECTROCOMMUNICATION BEHAVIOUR IN TWO SPECIES 

OF WEAKLY ELECTRIC FISH

G. Neusel1, M. Smeets1, G. von der Emde1 
1Institut of Zoology , Neuroethology - Sensory Ecology , Bonn, 
Germany 

Weakly electric mormyrid fish can not only receive electrical 
stimuli from their environment, they also emit weak electric signals 
(electric organ discharges, EOD) with an electric organ in their tail. 
These EOD are used for object detection (active electrolocation) 
and for electro-communication. Because of their stereotypic, 
species-specific EOD waveforms, mormyrids are able to recognize 
each other’s presence and identity and their behavioural status. 
In addition, inter-discharge intervals (IDI) can be highly variable 
and allow the fishes to communicate with each other by sending 
specific temporal pulse patterns. In this project, we investigated 
social group behavior in two species of mormyrids (Gnathonemus 

petersii, Campylomormyrus elephas), which were kept in 
homogeneous groups of different sizes. We looked at different 
types of behaviours, such as resting, foraging and aggressive 
encounters during day and night and before and after feeding. In 
addition, certain group behaviours, e.g. group foraging or resting in 
groups, were quantified. In a second step, we analyzed temporal 
EOD patterns occurring during the different behaviours. Our first 
results show that both species were more active during the night 
than during daylight hours. The overall level of aggression was 
lower in larger groups compared to smaller groups. We found 
that both species performed complex situation-specific electric 
communicative patterns, e.g. synchronised discharging, signalling 
in a fixed order or echo-responses. In the future, more research 
needs to be done on other mormyrid species for an overall 
comparison in the form of a behavioural index.
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PP-SS I-11

Functional connectivity between ELL and the Torus 
Semicircularis of the Weakly Electric Fish, Gnathonemus 

petersii

V. Kassing1, V. Hofmann1, J. Engelmann1 
1University of Bielefed, Biology, Bielefeld, Germany 

In many vertebrates parallel processing in topographically ordered 
maps is essential for efficient sensory processing. In Mormyrids 
active electrolocation sensory input is processed in two parallel 
hindbrain maps, the DLZ and MZ, where phase and amplitude 
information are somatotopically mapped. Further to this mapping, 
a central magnification of foveal regions was found in the ELL 
[Bacelo et al. 2008]. Behavioral and physiological data indicate 
that these maps need to be merged to enable optimal processing 
of the active electrosensory input and indeed interzonal projections 
between both zones have been found [Fechler 2008, this study].

A likely candidate for the merging is the midbrain torus semicircularis 
(TS), one of several toral nuclei. Preliminary physiological 
and anatomical data indicates that the detailed somatotopic 
representation from the ELL is lost, while a crude rostro-caudal 
mapping may be maintained [Finger et al. 1981].

We here investigate the projections between the ELL and the NL 
in more detail, including the functionally relevant interzonal ELL 
projections. Using double and triple fluorescent tracer labeling 
within the ELL and the NL, we investigate the topographic 
organization within the TS. We specifically focus on the presence 
of functional connectivity leading to merged sensory processing of 
phase and amplitude information in the NL, which may be present 
in absence of a detailed somatotopic map in the NL.

PP-SS I-12

Immediate early gene activation in weakly electric fish 
(Gnathonemus petersii) during learning and recall of a spatial 
memory task
S. Kuenzel1, U. Mayer2, J. Engelmann1 
1Bielefeld University, Faculty of Biology, Active Sensing, Bielefeld, 
Germany  
2University of Trento, Center for Mind/Brain Sciences, Rovereto 
(TN), Italy 

The present study focuses on the examination of forebrain 
activation during electrosensory navigation using the immediate 
early genes (IEGs) c-Fos and MPK1. We will analyse the 
differences in activation between learning and recall of a spatial 
task in Gnathonemus petersii.

The expression of the IEGs MPK1 and c-Fos can be indicative 
of brain area activation, where IEGs are transiently activated to 
initiate the transformation of short term enhancement of synaptic 
efficiency into long-term efficiency changes what is equivalent to 
learning [e.g. 1].

We here address which telencephalic brain areas may be involved 
in active electric spatial orientation. The task consists of the 
finding of a food reward in a circular arena. Fish are filmed under 
IR illumination while acquiring this ability. Following learning, 
brains will be examined for IEG density and distribution. Brains of 
fishes early on in the training as well as fishes performing similar 
activity without spatial learning will serve as controls to separate 
the effects of learning or recall. Our preliminary experiments show 
that c-Fos and MPK1 labeling in fish brain is activity dependent. 
Moreover, MPK1 seems a suitable candidate protein to analyze 
pre-telencephalic sensory recipient levels as well. Through the 
combination of this novel IEG marker with c-Fos we expect to 
be able to better understand and localize thalamic areas and 
hippocampal areas in weakly electric fish [2, 3].

[1] Guzowski, J.F., 2002. Hippocampus 12, 86-104.

[2] Portavella, M. and J.P. Vargas, Eur J Neurosci, 2005. 21(10), 
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2800-2806.

[3] Horita H. et al., J Comp Neurol, 2010, 2873-2901.

PP-SS I-13

OBJECT DETECTION AND DISTANCE DISCRIMINATION BY 

MORMYRID ELL NEURONS

V. Hofmann1, S. Künzel1, J. I. Sanguinetti-Scheck2, J. Engelmann1 
1Universität Bielefeld, Active Sensing, Fakultät für Biologie, 
Bielefeld, Germany  
2Universidad de la Republica, Ciencias, Neuromathematicas, 
Montevideo, Uruguay 

Weakly electric fish, e.g. Gnathonemus petersii, are able to find 
prey, detect objects and navigate by aid of active electrolocation. 
This depends on electroreceptors that are distributed across the 
animal´s skin and respond to the environmental modulations of the 
self-generated electric field. Electroreceptor signals are conveyed 
to different maps within the electrosensory lateral line lobe (ELL). 
Resistive objects modulate the field amplitude locally which is 
encoded by units in the medial zone of the ELL.

Previous studies investigated receptive field organization and 
receptive field sizes, but the distance to which ELL neurons respond 
to objects is presently unknown. Therefore we recorded responses 
of single ELL neurons in the medial zone to objects placed at 
differing lateral distances (metal or plastic cubes: 1, 3.375 or 8 cm3; 
1 - 30 mm) in an EOD-playback in vivo recording preparation.

ELL responses were quantified by computing receiver operating 
characteristics (ROC) for potential coding parameters e.g. 1st spike 
latency and spike rate per EOD. Object detection capability of 
ELL neurons was computed comparing response distributions for 
conditions with an object present and without an object present. In 
addition we estimated the (theoretical) capability of object distance 
discrimination, by comparing between the response-distributions 
of conditions with different lateral distances. Our preliminary 
results indicate that detection range for the majority of units is in 
the range of a few centimeters and that distance discrimination 
works on the range of a few millimeters. These physiological 
results were corroborated with a theoretical approach considering 
the corresponding sensory input modeled.
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PP-SS I-14

Perception of spatial sound statistics by gerbils
A. Lingner1,2,3, D. Neusius1, B. Grothe1,3, M. Pecka1, L. Wiegrebe1,2 
1Ludwig-Maximilians-Universitaet, Department Biology II, Munich, 
Germany  
2BCCN, Munich, Germany  
3German Center for Vertigo and Balance Disorders (IFB), Munich, 
Germany 

In natural habitats, sound sources are typically spatially distributed. 
Any change in the present spatial distribution may indicate 
a vitally important change in the environment. Accordingly, 
electrophysiological recordings from the mammalian auditory 
brainstem indicate that binaural processing indeed is sensitive to the 
statistical distribution of sound source locations. However, to what 
extent the neural sensitivity to statistical probabilities is reflected in 
the behaviour of an animal is unclear. Here we probe the sensitivity 
of Mongolian Gerbils to detect changes in the spatial distribution 
by exposing the animals to stochastic distributed sound fields in a 
startle reflex paradigm. The sound field is created by presenting a 
train of 10ms noise bursts with 10ms gaps from switching sound 
source positions. In a deterministic control condition, the position 
of the sound source is static and switches by 180° in azimuth 200 
ms before a startle pulse. In the stochastic test conditions, the 
position of the sound source is probabilistically distributed between 
12 equidistant locations with a defined bias (between 10% and 
90%) towards one particular azimuth location. In analogy to the 
deterministic condition, the overrepresented location is switched 
200ms before a startle pulse.

The Gerbils’ sensitivity to spatial statistics is quantified in terms 
of prepulse inhibition, i.e., the decrease in the startle response 
elicited by the detection of the switch. Detectability is measured as 
a function of the probability-bias in the spatial distribution.

This paradigm will serve to elucidate the perceptual sensitivity for 
the evaluation of stochastically spaced sounds.

OP-SS II-1

Transition of vertebrates from water to land, with particular 
emphasis on the evolution of respiratory proteins
T. Burmester1 
1University of Hamburg, Zoological Institute and Museum, 
Hamburg, Germany 

Vertebrates that left the water for a life on land faced various adaptive 
challenges. The recent availability of whole genome from the 
coelacanth and other key species has enhanced our understanding 
of the changes that have accompanied terrestrialization, but also 
other evolutionary transitions. Phylogenomic analyses suggest that 
the lungfish, and not the coelacanth, is the closest living relative of 
tetrapods. E.g., tetrapods have lost genes involved in the formation 
of fins, tail, ear, eye, brain, and olfaction. Protein-coding genes of 
the coelacanth, which is considered as a living fossil, are more 
slowly evolving than those of tetrapods. Here I will particularly focus 
on the globins, respiratory proteins that serve for the transport 
and storage of oxygen, but which also have other functions. 
Vertebrate and invertebrate globins independently emerged from 
a common intracellular predecessor, which was probably bound to 
the membrane via acylation and which is currently represented by 
globin X. Notably, functional hemoglobins and myoglobins evolved 
convergently in jawless and jawed vertebrates. Eight distinct globin 
types are known from jawed vertebrates. Some taxa, such as the 
coelacanth and the turtles, harbor all eight globin types. Multiple 
independent losses in the tetrapods have subsequently shaped the 
current globin repertoires of other vertebrate taxa. For example, the 
loss of the eye-specific globin E may be attributed to the evolution 
of vascularized retinae. 
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OP-SS II-2

Dodecahedral acetylcholine-binding protein in the 
hemolymph of the planorbid snail Biomphalaria glabrata: 
Structure and perspectives
J. Markl1 
1Johannes Gutenberg University, Institute of Zoology, Mainz, 
Germany 

Nicotinic acetylcholine receptors (nAChR) play important 
neurophysiological roles and are of considerable medical 
relevance. They have been studied extensively, greatly facilitated 
by the gastropod acetylcholine-binding proteins (AChBP) 
representing soluble structural and functional homologues of the 
ligand-binding domain of nAChR. All these proteins are ring-like 
pentamers. In contrast, AChBP in the hemolymph of the planorbid 
snail Biomphalaria glabrata (vector of the schistosomiasis parasite) 
is a regular pentagonal dodecahedron, 22 nm in diameter (12 
pentamers, 60 active sites). We sequenced and recombinantly 
expressed two ~25 kDa polypeptides (BgAChBP1 and 
BgAChBP2) with a specific active site, N-glycan site and disulfide 
bridge variation. We also provided the exon/intron structures. 
Recombinant BgAChBP1 formed pentamers and dodecahedra, 
recombinant BgAChBP2 formed pentamers and disulfide-bridged 
di-pentamers. 3D reconstruction from cryo-EM images and pseudo-
atomic models of the dodecahedron and the di-pentamer will be 
shown. They reveal the ligand-binding pockets, the gating C-loops 
and opportunities for chemical bonding at the inter-pentamer 
interfaces. Possible biological function(s) and perspectives of the 
AChBP dodecahedron will be discussed.

Ref.: Saur et al. (2012) Acetylcholine-binding protein in the 
hemolymph of the planorbid snail Biomphalaria glabrata is a 
pentagonal dodecahedron (60 subunits).PLoS One7(8):e43685

OP-SS II-3

A proteolytic web controls fertilization of the mammalian egg
W. Stöcker1, K. Karmilin1, A. Hildebrand1, Y. Gottenbusch1, H. 
Westphal1, I. Yiallouros1, E. Dietzel2, J. Wessling2, J. Floehr2, C. 
Schäfer2, R. Weiskirchen3, W. Jahnen-Dechent2 
1Johannes Gutenberg-University Mainz, Instiute of Zoology, Cell 
and Matrix Biology, Mainz, Germany  
2RWTH Aachen, Helmholtz Institute for Biomedical Engineering, 
Biointerface Laboratory, Aachen, Germany  
3RWTH Aachen, Institute of Clinical Chemistry and 
Pathobiochemistry, Aachen, Germany 

The zona pellucida (ZP) is an extracellular matrix surrounding the 
mammalian egg. Upon fertilization, the metalloprotease ovastacin 
is released from cortical granules beneath the oolemma into 
the extracellular space to cleave the distinct zona protein ZP2. 
This cleavage triggers hardening of the zona pellucida and thus 
prevents polyspermy (Burkart et al., 2012). We now found a liver 
derived inhibitor of ovastacin, whose absence in knock out mice 
causes female infertility (Dietzel et al., 2013). Ovastacin and the 
ovastacin inhibitor are obviously antagonists in a proteolytic web, 
which tightly controls gamete fusion in mammals.

Burkart AD, Xiong B, Baibakov B, Jimenez-Movilla M, and Dean J 
(2012) Ovastacin, a cortical granule protease, cleaves ZP2 in the 
zona pellucida to prevent polyspermy. J Cell Biol 197, 37-44

Dietzel E, Wessling J, Floehr J, Schäfer C, Ensslen S, Denecke 
B, Rösing B, Neulen J, Veitinger T, Spehr M, Tropartz T, Tolba 
R, Renné T, Egert A, Schorle H, Gottenbusch Y, Hildebrand A, 
Yiallouros I, Stöcker W, Weiskirchen R, and Jahnen-Dechent W 
(2013) Fetuin-B, a Liver-Derived Plasma Protein Is Essential for 
Fertilization. Dev Cell 25, 106-112
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OP-SS II-4

Functional Characterization of Opine Dehydrogenases of 
Some Invertebrate Animals
M. K. Grieshaber1, S. Smith1 
1Heinrich-Heine Universität, Institut für Biochemie, Düsseldorf, 
Germany 

Opine dehydrogenases (OpDHs) which occur mainly in marine 
invertebrates catalyze the final reaction of anaerobic glycolysis. 
Several OpDHs are known from muscle where they maintain 
cytoplasmic redox-balance in anaerobically working muscle 
according to the reaction pyruvate + L-amino acid + NADH + H+ ↔ 
opine + NAD+ + H

2
O. During strenuous muscle activity, formation 

of opines was documented in many marine invertebrate species. 
Opines reside in the cytoplasm of muscle cells where they are 
synthesized and remain. During recovery, these anaerobic end 
products are oxidized and channeled back into the catabolic 
metabolism (Grieshaber et al. 1994).

Octopine dehydrogenase (OcDH), a member of the OpDH family, 
has been isolated from the adductor muscle of the great scallop, 
Pecten maximus, purified to homogeneity, intensively studied and 
characterized (Müller et al. 2007). In addition to the physiological 
function of OcDH, which is encoded by an open-reading frame 
of 1197 nucleotides equivalent to 399 amino acids, much has 
become known about this enzyme in recent years. OcDH was 
heterologously expressed, purified and the structure was solved 
(Smits et al. 2008). Furthermore, thermodynamical and structural 
binding studies revealed a mandatory sequential binding order 
(Smits et al. 2010; van Os et al. 2010).

Recently, the biochemical characterization of alanopine 
dehydrogenase (AlaDH) from the lugworm, Arenicola marina, 

revealed that this enzyme is highly specific for L-alanine. Unguided 
molecular dynamics simulations with a model of AlaDH, based on 
the OcDH structure, captured the binding of L-alanine diffusing 
from solvent to a putative binding region (Gohlke et al. submitted).

OP-SS II-5

The Diversity of Hirudins
C. Müller1, K. Mescke1, S. Liebig1, S. Lemke1, J.- P. Hildebrandt1 
1Universität Greifswald, Zoologisches Institut, Greifswald, 
Germany 

Blood-sucking leeches have been used for medical applications 
since Ancient Greece. The most prominent species is Hirudo 

medicinalis, named by Carl Linnè in 1758. However, the genus 
Hirudo comprises at least four additional species: H. verbana, 
H. orientalis, H. troctina and H. japonica, respectively, that can 
be distinguished from each other either by differences of body 
coloration or by molecular genetic techniques. During their blood 
meal, leeches transfer a broad range of bioactive substances into 
the host`s wound to prevent premature hemostasis and blood 
coagulation. Hirudin, a potent thrombin inhibitor of appr. 7 kDa in 
size, is probably the best known of these substances. Despite its 
long history of investigation, recombinant production and clinical 
use, there still exist conflicting data regarding the primary structure 
of hirudin. In a comparative approach, we have identified and 
characterized hirudin-encoding cDNA-sequences originating from 
the eurasian species, H. medicinalis, H. verbana and H. orientalis. 
Our data indicate a greater variability of hirudin between and even 
within the three leech species than expected. Additionally, we`ve 
found strong evidence for the expression of yet another hirudin 
(or hirudin-like protein) and other potential bioactive proteins with 
structural similarities to hirudin. Hence, leech saliva may contain 
more than just one kind of hirudin, a fact that appears quite 
reasonable in the light of the great variety of putative host species.
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OP-SS II-6

Do salivary proteins from hematophagous leeches reach 
pharmacologically effective concentrations in the host?
S. Lemke1, C. Müller1, E. Lipke2, G. Uhl2, J.- P. Hildebrandt1 
1Ernst Moritz Arndt University, Animal Physiology and 
Biochemistry, Greifswald, Germany  
2Ernst Moritz Arndt University, General Zoology and Zoological 
Systematics, Greifswald, Germany 

Saliva of hematophagous leeches (Hirudo verbana) contains 
bioactive substances which facilitate feeding and storage of 
ingested blood, but may also exert beneficial effects in the host. 
As leeches transfer the entire mass of stored salivary proteins into 
the host‘s wound during feeding, we tried to estimate the resulting 
concentrations of salivary proteins in the circulatory system of the 
host. We used serial sections (5 μm) of leech tissue from the anterior 
body for 3D reconstruction of a block of leech tissue, determined 
the mean volume of an individual gland cell (67,000 µm³) and the 
total number of salivary gland cells present in one animal (37,000). 
Using protein staining in homogenates of reference tissues and 
staining intensities of tissue sections of reference as well as leech 
tissues, we determined the total mass of salivary protein in one 
leech (average of 1.2 mg). Analyzing protein extracts of unfed and 
fed leeches by 2D electrophoresis, we calculated the amounts of 
individual salivary proteins which are transferred to the host during 
feeding. Assuming a mean plasma volume in humans of 5 l, the 
maximally achievable molar concentrations of salivary proteins in 
host plasma were calculated for 23 different proteins (3 - 236 pmol/l). 
As hirudin, the only salivary agent that has been pharmacologically 
characterized as yet, has been shown to inhibit human thrombin 
with an IC

50
 of 1 pmol/l, we concluded that many other substances 

in leech saliva may reach concentrations in host plasma which may 
be sufficiently high to achieve systemic pharmacological effects.

OP-SS II-7

Lipid and phase specific interaction of the pore forming toxin 
Hla from S.aureus with lipid membranes
M. Schwiering1, N. Hellmann1 
1University of Mainz, Institute for Molecular Biophysics, Mainz, 
Germany 

The pore forming toxin Hla from S.aureus is secreted by the 
bacterium as a monomer and assembles up to heptameric 
oligomers on cellular und artificial membranes, which finally can 
undergo a conformational transition to a transmembrane pore. 
Different types of cells from the same organism display different 
levels of susceptibility, but also the same type of cells from different 
organisms differs strongly in the amount of toxin required to lead 
to cell lysis. A prominent example is the case of erythrocytes: 
human erythrocytes require about 1000x more toxin to be lysed 
than rabbit erythrocytes. Since cholesterol depletion and removal 
of sphingomyelin was shown to abolish high susceptibility we 
proposed that lipid rafts play a role in keeping up sensitivity (Valeva 
et al., 2006, JBC 281). In a detailed study with artificial membranes 
we now could show that a liquid ordered phase as characteristic 
of lipid rafts is not favoured by Hla. Furthermore, fluorescence 
microscopy data also indicate the accumulation of toxin in liquid 
disordered phases. However, Hla forms more oligomers on 
membranes containing sphingomyelin than on those containing 
phosphatidylcholine (Schwiering et al., 2013, BBA 1828) and also 
increased levels of cholesterol increased oligomerisation. Thus, 
the reduction in susceptibility as observed before can be explained 
based on these experiments. However, in cells the situation 
is different since here additionally cellular responses define 
susceptibility.

Granted by the DFG (SFB 490), support by Prof. H.Decker
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The impact of aquaporines in the osmotic stress response of 

C. elegans

A.- K. Rohlfing1 
1Universität Potsdam, Insitut für Biochemie und Biologie, 
Potsdam, Germany 

In his natural environment of rotting fruits, the nematode C. elegans 
is exposed to strong changes in the osmolarity of his environment. 
Studying the effects of environmental stress on C. elegans with 
a focus on hyperosmotic and hypoosmotic stress conditions, we 
analyse the involvement of aquaporines in the maintenance of the 
water balance under osmotic stress conditions. In addition, we 
investigate the effect of aquaglyceroporines onto the hyperosmotic 
stress response. The osmolyte glycerol is synthesised under 
hypermosmotic stress conditions by C. elegans, to counteract the 
osmotic pressure from the environment and to protect proteins 
from degradation.

In our recent project, we concentrate on the aquaporines and 
aquaglyceroporines of the C. elegans epithelial tissues, like 
the excretory cell, the hypodermis and the intestine, which are 
directly exposed to the environment or are involved in secretory/
excretory processes. We measure the impact of osmotic stress in 
the surrounding environment on aquaporine mRNA levels by RT-
qPCR techniques and in vivo changes in the protein concentration 
of reporter strains. Furthermore, we characterise available 
aquaporine deletion strains for survival under osmotic stress 
conditions or quantify RNAi effects on aquaporine in wild type 
animals under isotonic and osmotic stress conditions.

OP-SS II-9

Studies on the cellular stress response of the model 
organisms Caenorhabditis elegans and Daphnia: a short 
overview of the current status of research
R. Paul1, A. Keshet1, B. Zeis1, N. Hoffschröer1, E. Klumpen1, S. A. 
Winter1 
1University of Münster , Institute of Zoophysiology, Münster, 
Germany 

Diverse abiotic and biotic stressors threaten the integrity of 
macromolecules and evoke cellular responses to protect, stabilize, 
repair or degrade them. The cellular stress response (CSR) 
includes stress signal detection and processing to trigger activation 
processes and/or gene expressions. Based on the different 
advantages of two model organisms (C. elegans, Daphnia), two 
research projects are carried out on CSR. The Daphnia project 
focuses on the relationships between stressors (cold, heat, hypoxia, 
hyperoxia), cellular signals (reactive oxygen species, redox state, 
macromolecular damage), changes in the level of associated 
transcription factors (e.g., hypoxia-inducible factor 1, HIF-1), 
and gene expression events (transcriptomics, proteomics). This 
project includes in silico analyses of promoters, gene and protein 
structures. The C. elegans project focuses on the relationships 
between stressors (cold, heat, hyperosmolarity, heavy metals, acid 
stress) and signal processing by stress-activated protein kinase 
(SAPK) pathways (JNK, p38) as well as insulin-like (DAF-2/DAF-
16) and TOR signaling in conjunction with the analysis of gene 
expression events (transcriptomics). In the Daphnia project, the 
most current research tasks deal with the reasons and mechanisms 
of a co-regulation of many heat shock protein 90 (HSP90) genes 
upon acute heat stress and the functional roles of HIF-1 under 
the impact of different stressors. The most topical task in the C. 

elegans project concerns the CSR to cadmium stress as well as 
effects of different variables on the cytoplasmic/nuclear shuttling of 
the transcription factor DAF-16.
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Heat shock proteins 90 (HSP90s) of the microcrustacean 
Daphnia pulex

N. Hoffschröer1, E. Klumpen1, E. Dohmen1, A. Keshet1, D. 
Becker1, B. Zeis1, R. Paul1 
1University of Münster (WWU), Institute of Zoophysiology, 
Münster, Germany 

HSP90s are molecular chaperones more specific in their substrate 
spectrum than other HSPs. During non-stress conditions, they are 
preferentially engaged in the maturation/maintenance of proteins, 
which are involved in signal transduction. HSP90s also interact with 
the 26S proteasome and play a role for its assembly/maintenance. 
Up-regulation of HSP90 gene expression upon cell stress ensures 
the ongoing protection of signaling pathways or proteasomes 
(maintenance of the ‘HSP90 capacitor’), despite the increased 
burden of protecting other kinds of proteins. Microarray analyses 
in D. pulex revealed 49 putative HSP90 genes concurrently up-
regulated upon acute heat stress, with maximal transcript levels 
after two hours of stress. From the 49 genes, just one showed 
all motifs of the highly conserved HSP90 domains, and five 
genes exhibited at least one motif of every HSP90 domain. The 
(computer-created) 3d structures of these six HSP90s, and that 
of human HSP90 as well, were very similar, whereas the others 
HSP90 genes represented only one HSP90 domain. This raises 
the question if these genes express ‘HSP90 modules’, which can 
be combined after translation. To study HSP90 gene control, gene 
structures were analyzed and scanned for transcription factor 
binding sites. Predominantly, heat shock elements (HSE) and heat 
shock associated sites (HSAS) were detected, and HSP90 genes 
with a higher number of HSE and HSAS sites showed a higher 
expression level after two hours of heat stress. Hypoxia responsive 
elements (HRE) were also found in the promoter regions of the 
HSP90 genes, but their number was not correlated with expression 
level.

OP-SS II-11

Functions of HIF-1 (hypoxia-inducible factor 1) in Daphnia 

pulex and Daphnia magna during temperature changes or 
starvation

E. Klumpen1, I. Buers1, M. Rüppel1, B. Zeis1, R. Paul1 
1University of Münster (WWU), Institute of Zoophysiology, 
Münster, Germany 

The hypoxia-inducible factor 1 (HIF-1) is a transcription factor, 
consisting of two subunits and binding to specific target gene 
sequences (HRE, hypoxia-responsive elements) in case of low 
oxygen partial pressures. The α-subunit becomes hydroxylated 
by PHD (prolyl hydroxylase) under normoxic conditions, which 
leads to inactive HIF-1 due to proteasomal degradation of this 
subunit. Since PHD activity requires oxygen, PHD acts as oxygen 
sensor. In addition, PHD activity depends on co-factors such as 
2-oxoglutarate and Fe2+, with concentration of the latter diminished 
by reactive oxygen species (ROS-mediated oxidation of Fe2+ to 
Fe3+). In our investigations, we studied cell responses in Daphnia 

pulex and Daphnia magna to different environmental stressors with 
attention to stress-related proteins such as HIF-1 and hemoglobin 
(Hb). Acute exposures to cold (from 20°C to 5/10°C) or heat (from 
20°C to 30/35°C) induced elevated HIF-1 levels (maxima after two 
hours of exposure) in D. magna, which were likely due to hypoxia-
induced ROS production. Starvation induced in D. magna, aside 
from decreasing ROS levels, increases in HIF-1, hb mRNA, and hif-

1 mRNA levels, with HIF-1 stabilization and hb (hif-1 ?) expression 
likely evoked by a deficiency of 2-oxoglutarate and/or Fe2+ due to 
hunger. Lastly, ROS, hb mRNA, and hsp70 mRNA levels showed a 
coordinated cell response to acute heat stress (from 20°C to 30°C), 
which was much faster in D. pulex than in D. magna indicating 
species-specific gene control processes. These results suggest 
that PHD is a multi-sensor, which integrates information from ROS 
production and oxygen and nutrient provision.
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P38 MAPK (PMK-1) and DAF-2 signaling as well as ABC 
transporters provide multiple protection of Caenorhabditis 

elegans against cadmium stress
S. A. Winter1, A. Keshet1, A. Mertenskötter1, V. Brinkmann1, R. 
Paul1 
1University of Münster (WWU), Institute of Zoophysiology, 
Münster, Germany 

Exposure to the heavy metal stressor cadmium is a substantial risk 
for the health of organisms. The nematode Caenorhabditis elegans 
has been proven as well-suited model organism to study cadmium 
effects and associated stress responses. This study on C. elegans 
wildtype and mutants for the P38 MAPK PMK-1 (pmk-1Δ), the 
DAF-2 receptor (daf-2Δ), the DAF-16 transcription factor (daf-

16Δ), and diverse ABC transporters revealed reduced cadmium 
tolerance in pmk-1Δ, improved cadmium tolerance in daf-2Δ and 
daf-16Δ, and contributions of the multidrug resistance-associated 
proteins (MRPs) MRP-1 and MRP-4 to cadmium resistance. By 
next generation sequencing (RNA-Seq), the reduced tolerance 
of pmk-1Δ to cadmium stress could be attributed to several 
factors. Non-activation of the PMK-1-dependent transcription 
factor SKN-1 resulted in a reduced expression of SKN-1 target 
genes (glutathione metabolism, redox regulation), weakening 
antioxidant defense and detoxification mechanisms. Surprisingly, 
pmk-1Δ also showed a reduced expression of DAF-16 target 
genes (chaperones, metallothioneins) under cadmium stress, 
which additionally impedes the stress tolerance of the mutant. The 
non-activation of DAF-16 target gene expressions may be related 
to target-of-rapamycin (TOR) signaling. As a down-regulation 
of genes for protein biosynthesis in pmk-1Δ indicates a missing 
promotion of TOR signaling by PMK-1, a compensatory increase 
in the number of TOR complexes (including Raptor/DAF-15) might 
well be regarded as an attempt to maintain protein biosynthesis 
at a reasonably stable level. Actually, the expression level of daf-

15 was elevated in pmk-1Δ, and as daf-15 expression requires 
non-nuclear DAF-16, down-regulation of DAF-16 target gene 
expression is the inevitable consequence.

OP-SS II-13

Modelling metabolic diseases in simple organisms 

- does the fruit fly help us to understand obesity, diabetes or 
longevity?
T. Roeder1 
1Christian-Albrechts University Kiel, Zoophysiology II, Kiel, 
Germany 

Metabolic disorders such as obesity and type II diabetes show 
worldwide a dramatically increasing incidence. They are classical 
lifestyle diseases meaning that genetic predispositions and 
matching environmental factors have to come together to develop 
the disease. High fat and/or high sugar diets, which are commonly 
known as western diets, support disease development, whereas 
nutritional regimes such as dietary restriction hold the potential to 
increase life/health span. Although the reasons to develop obesity 
are seemingly simple, the underlying molecular network is not well 
understood.

Very simple and genetically tractable models such as the 
fruit fly Drosophila melanogaster may help us to enhance our 
understanding and finally to find better strategies to treat or prevent 
the corresponding diseases. We used the fruit fly to evaluate 
the impact of two major components known to be relevant for 
disease development, i) the nutritional regime and ii) the hormonal 
status of the animals. Whereas high fat dieting reduced lifespan 
drastically, dietary restriction increased lifespan and reduced age-
associated impairments. On the other hand, reducing octopamine 
mediated signalling in flies, which is the invertebrate counterpart of 
adrenaline, induced a “couch-potato-syndrome” mimicking various 
aspects seen after high fat dieting.

The major molecular alterations induced by different nutritional 
regimes in organs relevant for metabolic control as well as the 
implications for treatment and prevention of metabolic diseases will 
be discussed in detail.
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Odoriferous Defensive Stink Gland Transcriptome and 
Systematic Reverse Genetics to Identify Novel Genes 
Necessary for Quinone Synthesis in the Red Flour Beetle, 
Tribolium castaneum

E. A. Wimmer1, J. W. Li1, S. Lehmann1 
1Georg-August-Universität Göttingen, Entwicklungsbiologie, 
Blumenbach-Institut, Göttingen, Germany 

Chemical defense is one of the most important traits, which endow 
insects the ability to conquer a most diverse set of ecological 
environments. Chemical secretions are used for defense against 
predators, prokaryotic or eukaryotic parasites, or food competitors. 
Tenebrionid beetles produce several varieties of substituted 
benzoquinone compounds. In order to get a better understanding 
of the genetic and molecular basis of defensive secretions, we 
performed transcritptomics in a newly emerging insect model, the 
red flour beetle Tribolium castaneum (Coleoptera: Tenebrionidae). 
To detect genes that are highly and specifically expressed in 
the odoriferous gland tissues that secret defensive chemical 
compounds, we compared them to a control tissue, the anterior 
abdomen. 511 genes were identified in different subtraction groups. 
Of these, 77 genes were functionally analyzed by RNA interference 
(RNAi) to recognize induced gland alterations morphologically 
or changes in gland volatiles by gas chromatography-mass 
spectrometry. Three of these genes showed specific quinone-
less (ql) phenotypes: Tcas-ql VTGl; Tcas-ql ARSB; Tcas-ql MRP. 
Molecular characterization identified their expression in both types 
of the secretory glandular cells. Phylogenetic analyses of these 
three genes indicate that they have evolved independently and 
specifically for chemical defense in beetles (Li et al. 2013. PLoS 
Genetics, in press). In addition we obtained by the systematic 
reverse genetic screen “iBeetle” additional 60 genes based on their 
gland phenotype, which are currently analyzed.

OP-SS II-15

 

MOLECULAR AND PHARMACOLOGICAL 

CHARACTERIZATION OF SEROTONIN 5-HT2α AND 5-HT
7
 

RECEPTORS IN THE SALIVARY GLANDS OF THE BLOWFLY 

CALLIPHORA VICINA

W. Blenau1, C. Röser2, A. Baumann3, B. Walz2, O. Baumann2 
1Goethe University Frankfurt, Institute for Bee Research, 
Oberursel, Germany  
2University of Potsdam, Institute of Biochemistry and Biology, 
Potsdam, Germany  
3Research Center Jülich, Institute of Complex Systems (ICS-4), 
Jülich, Germany 

Secretion in blowfly (Calliphora vicina) salivary glands is stimulated 
by the biogenic amine serotonin (5-hydroxytryptamine, 5-HT), 
which activates both inositol 1,4,5-trisphosphate (InsP

3
)/Ca2+ and 

cyclic adenosine 3´,5´-monophosphate (cAMP) signalling pathways 
in the secretory cells. In order to characterize the signal-inducing 
5-HT receptors, we cloned two cDNAs (Cv5-ht2α, Cv5-ht7) that 
share high similarity with mammalian 5-HT

2
 and 5-HT

7
 receptor 

genes, respectively. RT-PCR demonstrated that both receptors 
are expressed in the salivary glands and brain. Stimulation of Cv5-

ht2α-transfected mammalian cells with 5-HT elevates cytosolic 
[Ca2+] in a dose-dependent manner (EC

50
 = 24 nM). In Cv5-ht7-

transfected cells, 5-HT produces a dose-dependent increase in 
[cAMP]

i
 (EC

50
 = 4 nM). We studied the pharmacological profile for 

both receptors. Substances that appear to act as specific ligands of 
either Cv5-HT2α or Cv5-HT

7
 in the heterologous expression system 

were also tested in intact blowfly salivary gland preparations. We 
observed that 5-methoxytryptamine (100 nM) activates only the 
Cv5-HT2α receptor, 5-carboxamidotryptamine (300 nM) activates 
only the Cv5-HT

7
 receptor, and clozapine (1 µM) antagonizes the 

effects of 5-HT via Cv5-HT
7
 in blowfly salivary glands, providing 

means for the selective activation of each of the two 5-HT receptor 
subtypes. This study represents the first comprehensive molecular 
and pharmacological characterization of two 5-HT receptors in the 
blowfly and permits the analysis of the physiological role of these 
receptors, even when co-expressed in cells, and of the modes of 
interaction between the Ca2+- and cAMP-signalling cascades.
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Tyrosinase and hemocyanin: new insights in activation and 
catalysis
E. Jaenicke1, P. Fronk1, H. Hartmann 1, H. Decker1 
1Johannes Gutenberg Universität Mainz, Institut für Molekulare 
Biophysik,, Mainz, Germany 

The oxygen carrier hemocyanin and the enzyme tyrosinase belong 
to the type 3 copper proteins and share similar active sites (1). 
There two copper atoms bind one molecule oxygen in a side 
on coordination. Especially tyrosinase is found in all organisms 
and is often involved in essential processes such as defending 
pathogenous invaders, wound healing, sclerotisation after molting, 
colouring of skin, hair and eyes. Hemocyanin can also be converted 
into tyrosinase after limited proteolysis or by treatment with SDS. 
The activation mechanism is similar to that normally found in 
tyrosinase, which converts the inactive pro-form into the active 
enzyme. In this way a blocking domain or amino acid is moved in 
order to provide free access to the active site for bulky substrates 
(2). The protein matrix gives a first orientation of the substrate 
which is orientated by a π-π integration with one of the copper 
coordinating histidines. The proposed mechanism demonstrates 
that a monophenol (e.g. tyrosine) is converted directly to the 
reactive quinones which form a coloured polymer, melanin. The 
crucial point is that the hydroxyl-group of monophenols reacts with 
the CuA site (3). Otherwise only a catechol oxidase reaction will 
occur. Molecular dynamics reveals that a shielding phenylalanine 
residue may swing out of the entrance of catechol oxidases to 
allow tyrosinase activity binding of monophenols.

Granted by DFG.
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Chem.276: 15563-15566
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•	 Rolff M., Schottenheim J., Decker H., Tuczek F. (2011)
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Ovastacin, a cortical granule protease, is not oocyte specific
H. Westphal1, K. Karmilin1, A. Hildebrand1, I. Yiallouros1, W. 
Stöcker1 
1Johannes Gutenberg-University, Institute of Zoology, Cell and 
Matrix Biology, Mainz, Germany 

The mammalian genome contains six genes encoding 
metalloproteases of the astacin family. They are characterized by 
the typical structure of their zinc-binding catalytic domains and by 
their unique cleavage at the aminoterminal side of acidic residues. In 
mammals five of these proteases can be grouped into the subfamilies 
of the tolloid-like proteases (3 genes) and the meprin proteases (2 
genes). The sixth gene codes for a different protease, which cannot 
be classified into these two groups. This enzyme was first found in 
oocytes of mice, rats and humans and therefore called ovastacin 
(Quesada et al., 2004). Being similar to so-called hatching enzymes 
of lower vertebrates (e.g. Xenopus leavis), ovastacin was thought 
to cleave the envelope of the early embryo prior to implantation 
into the uterus. However, recent studies have shown that ovastacin 
is rather involved in the prevention of polyspermy, by cleaving a 
distinct protein within the zona pellucida, which renders the zona 
impermeable for additional spermatozoa (Burkart et al., 2012). 
So far, ovastacin was described as oocyte specific. Recently 
however, we were able to detect ovastacin expression also outside 
the ovary, namely in heart, liver and spleen on the protein level 
by western-blot analysis and by immunostaining of tissue sections 
using antibodies directed against two different ovastacin specific 
antigens. The function of ovastacin outside the ovary is presently 
investigated by comparison of ovastacin null mice and wild-type 
mice.

OP-SS II-18

Metalloprotease mediated cleavage of GARP  
A Receptor for latent TGF-beta
S. Fridrich1, M. Leuck1, M. Felten1, W. Stöcker1 
1Johannes Gutenberg-University, Institute of Zoology, Cell and 
Matrix Biology, Mainz, Germany 

GARP (glycoprotein A repetitions predominant) is a receptor able 
to bind the latent form of TGF-beta. This receptor is exclusively 
expressed on platelets and a special subset of CD4+ T-cells. 
These T-cells are called regulatory T-cells (Tregs) and are 
known to suppress autoreactive helper T-Cells and balance 
immune homeostasis. The loss of Treg’s suppressive capacity is 
connected to severe autoimmune diseases resulting in multiple 
organ inflammation. In addition, many other diseases like multiple 
sclerosis or rheumatoid arthritis are characterized through an 
autoimmune reaction and may be connected to failure in the 
Treg mediated suppression. Although many molecular details 
of how Tregs suppress other T-Cells are still unclear and the 
question remains, why they can’t balance autoimmunity under 
such pathological circumstances. Recent studies have shown an 
important role for GARP in the suppressive machinery.

At the molecular level GARP belongs to the family of leucine-
rich repeat proteins like Toll-like receptors or matrix proteins like 
biglycan. GARP consists of 20 leucine-rich repeats (LRR), a LRR 
flanking domain followed by a transmembrane region and a short 
14 aa cytosolic tail. Two small regions, between LRR 10 / 11 and 
LRR 15 / 16 seem to form flexible non-LRR structures. These sites 
probably play a role in protein-protein interaction or to contain 
potential cleavage site for different proteases.

We speculate a disease-linked, metalloprotease dependent 
cleavage of GARP, which then results in a loss of function.

To confirm our hypothesis a soluble GARP receptor was generated 
and purified from cell culture supernatants. This sGARP was then 
tested for cleavability by several proteases known to play a key 
role in autoimmune diseases.
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Inhibition of Astacin Metalloproteases by Mammalian Fetuins
K. Karmilin1, Y. Gottenbusch1, A. Hildebrand1, K. Meyer1, H. 
Westphal1, I. Yiallouros1, R. Weiskirchen2, W. Jahnen Dechent3, 
W. Stöcker1 
1Johannes Gutenberg-University Mainz, Institute of Zoology, Cell 
and Matrix Biology, Mainz, Germany  
2RWTH University, Institute of Clinical Chemistry and 
Pathobiochemiostry, Aachen, Germany  
3RWTH University, Helmholtz Institute for Biomedical Engineering, 
Biointerface Laboratory, Aachen, Germany 

Astacins generate and modify intercellular signals by selective 
proteolysis and ectodomain shedding. Thereby they play significant 
roles in development, matrix assembly and tissue differentiation. 
Mammals contain six astacin genes encoding three BMP1/
Tolloid proteases (plus variants caused by alternatively spliced 
transcripts), two meprin proteases and ovastacin. Other vertebrate 
and invertebrate species generally have a higher number of astacin-
like enzymes (e.g. 16 in the fruit fly Drosophila melanogaster 
and 40 in the nematode worm Caenorhabditis elegans). 
The astacin-family is part of the metzincin superfamily, which 
include the matrix metalloproteinases (MMPs) and the ADAMs 
(A Disintegrin And Metalloprotease), among others. However, 
unlike MMPs and ADAMs, astacins are not inhibited by the tissue 
inhibitors of metalloproteases (TIMPs). Many astacins are inhibited 
by the unspecific plasma inhibitor alpha-2-macroglobulin. Recently, 
other biological inhibitors of astacins have been discovered. These 
are the soluble ectodomain of frizzled-like receptors, termed 
sizzled (Bijakowski et al., 2012), and members of the cystatin 
superfamily such as cystatin-C and plasma fetuins (Hedrich et 
al., 2010). Fetuins are highly glycosylated plasma proteins with 
multiple functions. Fetuin A has been shown to be important for the 
regulation of calcification; less is known about the role of fetuin-B 
(Lee et al., 2009). This presentation focuses on novel surprising 
discoveries, which became feasible due to the availability of 
homogeneous preparations of recombinant fetuin A and fetuin B 
(Dietzel et al., 2013). This unravels for the first time the stunningly 
different potencies and specificities of these plasma proteins in 
protease inhibition.
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Chopping actin stress fibers: Remodeling of the actin 
cytoskeleton in human airway epithelial cells by a bacterial 
toxin, S. aureus hemolysin A
I. Hermann1, H. Kische1, S. Räth1, S. Ziesemer1, J.- P. 
Hildebrandt1 
1Ernst Moritz Arndt-University, Zoology, Animal Physiology and 
Biochemistry, Greifswald, Germany 

Human airway epithelial cells (16HBE14o-, S9) respond to 
treatment with recombinant Staphylococcus aureus hemolysin A 
(rHla) with retraction of cellular processes, partial dissolution of 
cell-cell contacts and cell rounding, thereby generating paracellular 
gaps in the previously confluent cell layer. To change shape, cells 
need to partially dissolve their cell-cell junctions, their cell-matrix 
contacts and reorganize their actin cytoskeleton. Monitoring 
changes in abundance and subcellular localization of major focal 
adhesion proteins (vinculin, paxillin) and of actin stress fibers in 
human airway epithelial cells by confocal microscopy confirmed 
a net loss of focal contacts and actin stress fibers in cells treated 
with 2,000 ng/ml rHla. These processes started within 1 h upon 
addition of rHla. Cellular changes were accompanied by alterations 
in the phosphorylation states of key proteins of focal adhesion 
remodeling (focal adhesion kinase, FAK and paxillin) and the 
actin-depolymerizing protein cofilin. FAK became phosphorylated 
at positions that mediate enzyme activation, but also at positions 
which mediate destabilization of focal contacts. Paxillin was 
phosphorylated at amino acid positions 31 and 118 and was lost 
from focal adhesions in cellular lamellipodia. On the other hand, 
dephosphorylation of cofilin, which activates its depolymerizing 
activity, resulted in a net loss of cell stabilizing actin stress fibers 
and in an accumulation of short actin filaments in the cellular 
periphery. We conclude that the rHla-mediated loss of actin stress 
fibers in the cells and the partial loss of matrix attachment favor 
formation of gaps in the cell layer and may compromise epithelial 
barrier function.
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Fish-Fetuin: An Inhibitor of Astacin Metalloproteases
K. Meyer1, M. Olf1, M. Felten1, I. Yiallouros1, W. Stöcker1 
1Johannes Gutenberg-University Mainz, Instiute of Zoology, Cell 
and Matrix Biology, Mainz, Germany 

Astacins are generally involved in proteolytic networks regulating 
cell-cell and cell-matrix interactions on and beyond the cell surface. 
Nephrosin, one of the newer members of the astacin family, 
was detected in the head kidney of cyprinid fishes and thought 
to be involved in the immune defense, due to its occurrence in 
hematopoetic tissues (Hung et al., 1997) and especially in 
granulocytes (Song et al., 2004). In 2004, Tsai et al. isolated 
nephrosin in complex with a specific endogenous inhibitor, which 
turned out to be homologous to mammalian plasma proteins termed 
fetuins. Fetuins belong to the cystatin superfamily, originally defined 
as cysteine protease inhibitors. We were able to heterologously 
express and purify both nephrosin and fish fetuin-L, its endogenous 
inhibitor. Here we present our data about the proteolytic activity of 
nephrosin and about the inhibitory capacity of fish fetuin against 
metalloproteases. 

KM and MO contributed equally.
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The Globin gene repertoire of an ancient vertebrate: The 
complexity of the origin of the globin gene family arise
K. Schwarze1, F. G. Hoffmann 2, J. F. Storz 3, K. L. Campbell4, T. 
Burmester1 
1University of Hamburg, Zoological Institute and Museum, 
Sparrieshoop, Germany  
2Mississippi State University, Department of Biochemistry and 
Molecular Biology, Institute for Genomics, Biocomputing and 
Biotechnology, Starkville, United States  
3University of Nebraska, Lincoln, United States  
4University of Manitoba, Department of Biological Sciences, 
Winnipeg, United States 

The sea lamprey (Petromyzon marinus), a cyclostome vertebrate, 
occupies a key position in the vertebrate tree of life and can thus 
contribute to reconstructing the origin of the globin gene repertoire 
of vertebrates, the gene superfamily that includes hemoglobin 
and myoglobin. We report the results of a phylogenetic and 
comparative genomic analysis of the globin gene repertoire of 
the sea lamprey. Using a combination of bioinformatic methods 
we identified 33 putatively functional globin genes in the sea 
lamprey genome, comprising of two paralogs of globin X, plus 31 
sequences that group with the vertebrate-specific globins. This 
latter group of lamprey globins includes a gene of 30 globins that 
derive from cyclostome-specific duplications plus a gene of unclear 
phylogenetic affinities. As in several other deuterostomes, several 
of these globin genes are arranged in clusters, some of which 
include relatively old duplications. The genomic location of these 
clusters share sytenyc genes with the globin loci of gnathostome 
vertebrates. These results suggest that the globin repertoire of 
the sea lamprey expanded by a combination of gene and genome 
duplications, but that the genes expanded were different in the 
two lineages. Analyses of gene expression indicate that one of 
these lamprey globins is restricted to muscle as is the myoglobin 
of gnathostome and might play a similar role in oxygen supply in 
the lamprey. Thus, the genome of the sea lamprey comprises a 
diverse array of globins that have apparently play similar roles 
to the hemoglobin and myoglobin of gnathostomes despite their 
independent evolutionary origin.
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OP-SS III-1

RECONSTRUCTING NEURAL CIRCUITS IN THE FLY VISUAL 

SYSTEM WITH SERIAL-BLOCK-FACE-SCANNING-EM

C. Kapfer1, K. Boergens2, M. Helmstaedter2, A. Borst1 
1Max-Planck-Institute of Neurobiology, Circuits – Computation – 
Models, Martinsried, Germany  
2Max-Planck-Institute of Neurobiology, Research Group-Structure 
of Neocortical Circuits, Martinsried, Germany 

For visual course control, flies crucially rely on optic flow generated 
by their ego-motion. We study the neural mechanisms leading 
from moving retinal images to appropriate course control signals 
ultimately reaching the wings and legs of the animals. Anatomically, 
the fly optic lobe is divided into four layered structures: lamina, 
medulla, lobula and lobula plate (LP). These structures are 
composed of repeated columns. Each column corresponds to the 
relative position of facets in the eye and consists of stereotyped, 
layer specific ensembles of neurons. Within the LP, a group of 
motion-sensitive visual interneurons, the lobula plate tangential cells 
(LPTCs) spatially integrate the output signals of columnar neurons 
of the medulla and lobula and respond to visual motion within large 
parts of the visual field in a directionally selective way. Despite 
increasing evidence on the visual motion processing network 
presynaptic to LPTCs the exact organization of the complete LP 
circuitry on a synaptic level is largely unclear. To establish such a 
functional circuit diagram for the LP precise anatomical data on the 
neuronal connectivity are needed. We intend to provide these data 
by a 3D reconstruction of the fly visual ganglia at the ultrastructural 
level using the Serial-Block-Face-Scanning-EM technique 
(SBEM). Implementing specifically developed techniques to label 
the complete Drosophila melanogaster brain enabled us to acquire 
a high resolution SBEM volume dataset of the complete optic lobe 
at a single voxel resolution of 11 (X) x 11 (Y) x 25 nm (Z). Starting 
from a complete volume reconstruction of all LPTCs we aim to 
elucidate the neuronal network intrinsic to the LP and the circuitry 
presynaptic to LPTCs.
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OP-SS III-2

Disentangling retinal connectomics with 3D electron 
microscopy
M. Heß1, P. Koch1, M. Scheungrab1, G. Wanner1 
1Biozentrum LMU, Department Biologie II, Planegg-Martinsried, 
Germany 

Neural networks, as structural basis for biological (animal) 
information processing, largely resist functional-morphological 
analysis partly due to their complexity, but even more due to 
technical difficulties during acquisition and display of structural 
data in the required quality. In the case of the vertebrate retina 
a representative clipping of the connectome with all involved cell 
types appearing at least once extends about 60 x 60 x 150 µm in 
space. At the same time the resolution has to be 8-12 nm/px to 
clearly see membranes and synaptic structures. The only way to 
image the volume of interest is a 3D electron microscopic approach 
combined with manual segmentation and subsequent 3D rendering. 
Serial ultrathin sectioning (ssTEM) severely suffers from distortion 
artefacts (requiring elastic image registration) and casual loss of 
slices. Almost free of distortions, however, and with acceptable 
contrast and resolution two options of block-face scanning EM 
are available: (1) the mechanical “Heidelberger Hobel” with voxel 
sizes down to 11 x 11 x 25 nm over large areas (but critical heavy 
metal staining) and (2) cross-beam workstations (electron beam 
+ focussed ion beam) with 8-10 nm isotropic resolution (but only 
a rather small field of view). Using the example of the European 
anchovy we show the groundbreaking potential of the latter method 
to display and analyze the morphology and wiring rules of retinal 
neurons on the track to a better understanding of the two-channel 
contrast mechanism of their unique polycone system.

OP-SS III-4

SYNCHROTRON TOMOGRAPHIES OF EARLY MIOCENE 

FRESHWATER OSTRACODS (CRUSTACEA) WITH SOFT 
PART PRESERVATION FROM THE BITESANTENNARY SITE; 

NW QUEENSLAND; AUSTRALIA

R. Matzke-Karasz1, R. J. Smith2, J. V. Neil3, R. Symonova4, L. 
Morkovsky4, P. Cloetens5, P. Tafforeau5 
1Paläontologie & Geobiologie; GeoBioCenter, Department of 
Earth and Environmental Sciences, LMU, München, Germany  
2Lake Biwa Museum, 1091 Oroshimo, Kusatsu, Shiga, Japan, 
Japan  
3La Trobe University, School of Civil Engineering and Physical 
Sciences, Bendigo, Australia, Australia  
4Charles University, Faculty of Sciences, 128 00, Prague, Czech 
Republic  
5European Synchrotron Radiation Facility, Grenoble, France, 
France 

Ostracods sampled from the limestone and guano deposit of the 
Early Miocene Bitesantennary Site from the Riversleigh Station 
in Queensland, Australia, were first reported in 1989, but not 
investigated in detail until recently. A closer light- and scanning 
electron microscopic study of the fauna starting in 2009 revealed 
the presence of soft part preservation in 26 of about 800 specimens 
recovered.

To identify possible preservation of internal structures in ostracod 
specimens from this fauna, propagation phase contrast X-ray 
synchrotron microtomography has been recently undertaken at 
the European Synchrotron Radiation Facility in Grenoble. Sixty-
seven specimens were tomographed at a 0.56 µm voxel size, with 
29 specimens revealing preserved inner anatomical features. Due 
to its strong sclerotization in the living animal, the oesophagus 
is preserved in all these specimens. A subsequent synchrotron 
nanotomography revealed further details on cellular and subcellular 
level.

Resulting 3D models of the investigated microfossils, presented 
in comparison to those of Recent specimens of the same genus, 
will exemplify the usefulness of synchrotron microtomography in 
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studying morphological evolution by using (micro)fossils with soft 
part preservation.

OP-SS III-5

GEOMETRIC MORPHOMETRICS OF WATERFLEAS

S. Kruppert1, M. Rabus2, L. Weiss1, M. Horstmann1, C. Laforsch2, 
R. Tollrian1 
1Ruhr-University Bochum, Dept. Animal Ecology, Evolution and 
Biodiversity, Bochum, Germany  
2University of Bayreuth, Animal Ecology I, Bayreuth, Germany 

An organism’s morphology is in general adapted to meet the 
requirements of its natural environment. This is especially obvious 
in the development of the well-described predator-induced 
defenses in Daphnia. Geometric morphometrics serve as a 
useful tool for investigating morphological structures in the light 
of their ecological function. However, the accuracy of this method 
depends on the distinctness and reliability of measuring points, 
so-called landmarks. Structures characterized by curved and 
homogenous (iterant patterned) surfaces, such as the Daphnia’s 
body, pose a challenge for the determination of landmarks and 
their morphometric description. We here present an approach to 
accurately describe homogenous morphological structures using 
the model freshwater crustacean Daphnia pulex.

We investigated eight congo-red stained Daphnia pulex image 
stacks, scanned with a confocal laser scanning microscope 
and determined 184 evenly distributed landmarks by using 
a grid. Subsequently, we transferred these landmarks into a 
three dimensional cartesian coordinate system. Based on these 
coordinates we created a generalized surface-model of the 
Daphnia’s body morphology. Such a generalized model of Daphnia 
now allows the comparison of different morphotypes that result 
from changing environmental conditions. This includes so far 
unrecognized defensive traits of predator-induced morphotypes.
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OP-SS III-6

 

Structural conservation versus contrast: insights into 
practical issues of serial-block-face-imaging and EM-
reconstruction of arthropod sensilla
C. Müller1, T. Witschel1, T. Hörnschemeyer2, M. Laue3, A. Sombke1 
1Ernst-Moritz-Arndt-Universität Greifswald, Zoologisches Institut 
und Museum, Lehrstuhl Cytologie und Evolutionsbiologie, 
Greifswald, Germany  
2Georg-August-Universität Göttingen, Johann-Friedrich-
Blumenbach-Institut für Zoologie und Anthropologie, Göttingen, 
Germany  
3Robert-Koch-Institut, Berlin, Germany 

The 3D reconstruction of organs of small animals, as based 
on histological section series, has become standard in 
zoomorphological studies. To enhance spatial resolution and 
to get an even deeper, multidimensional look into an organ’s 
architecture, 3D reconstruction of serial sections was expanded 
on the level of electron microscopy. Covering the submicroscopic 
level, however, requires an almost gap-less series of ultrathin 
sections. Due to a multitude of technical problems, such perfect 
section series are only rarely obtained and, if at all present, 
suffer from deformation artefacts. In contrast, serial-block-face-
imaging, either accomplished by ion milling with a focused ion 
beam (FIB) or by highly sophisticated microtomy within a scanning 
electron microscope (GATAN-3View), allows obtaining such a 
complete series of micrographs. However, as this is a growing 
field of research, standard preparation protocols still have to be 
established. This talk addresses the particular problem which 
kind of fixation and contrasting method should be used to gain 
the best possible basis for 3D EM reconstruction, exemplified by 
our work on antennal sensilla of the house centipede Scutigera 

coleoptrata (Chilopoda). We compared chemically fixed with high-
pressure cryo-fixed sensilla and evaluated the practical benefits of 
using both fixation methods in combination with the GATAN-3View 
system.

OP-SS III-7

Serial Block-Face imaging and its potentials for 
reconstructing diminutive structures - a case study from 
arthropods
E. Lipke1, T. Hörnschemeyer2, A. Pakzad3, C. Booth3, P. Michalik1 
1University of Greifswald, Zoological Instiute and Museum, 
Greifswald, Germany  
2Georg-August-University Göttingen, Institute of Zoology and 
Anthropology, Göttingen, Germany  
3Gatan, Inc., Pleasanton, United States 

Until recently, three-dimensional reconstruction on an ultrastructural 
level was only possible using serial section transmission electron 
microscopy (ssTEM). However, ssTEM is highly challenging and 
prone to artifacts as e.g. section loss. New methods, such as serial 
block-face scanning electron microscopy (SBFSEM) overcome 
these limitations and promise a high lateral resolution, adequate 
for ultrastructural analysis. However, only little is known about the 
usability of SBFSEM in diminutive but complex structures. We 
used spider sperm (~3µm) that fulfill these conditions to analyze 
the potential of SBFSEM compared to ssTEM. Our data suggest 
that the resolution obtained by SBFSEM allows depicting structures 
on a cellular level and is sufficient to discriminate subcellular 
components but is highly dependent on previous staining 
procedure. Moreover, we compare and discuss artifacts obtained 
by both methods that should be taken into account if quantitative 
analyses of subsequent reconstructions are required.
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OP-SS III-8

AUTOMATIC LARGE SCALE VOLUME ASSEMBLY FROM 

SERIES OF ULTRA-THIN SECTIONS

S. Saalfeld1, R. Fetter2, A. Cardona2, P. Tomancak1 
1Max Planck Institute of Molecular Cell Biology and Genetics, 
Tomancak Lab, Dresden, Germany  
2HHMI Janelia Farm, Ashburn, VA, United States 

A classic method for high resolution anatomy reconstruction is to 
image the specimen as a series of ultra-thin sections, each as a 
mosaic of overlapping tiles. In order to reconstruct the volume, 
the individually prepared and imaged sections need to be re-
assembled into a continous 3d space. Each section and tile may be 
deformed significantly. We have developed a registration method 
that simultaneously maximizes the overlap of corresponding image 
content and minimizes the deformation applied to each single 
image through a global elastic constraint. The method has been 
used to automatically restore large Electron Microscopy section 
series consisting of more than 33,000 individual images. It is 
implemented as Open Source software and available trhough the 
ImageJ distribution Fiji.

OP-SSIII-K-1 

COMBINING MICROCT, LIGHT MICROSCOPY AND TEM IN 3D
S. Handschuh1,2, N. Baeumler3, T. Schwaha4, B. Ruthensteiner3 
1University of Veterinary Medicine Vienna, VetCore Facility for 
Research/Imaging Unit, Vienna, Austria  
2University of Vienna, Department of Theoretical Biolology, 
Vienna, Austria  
3Zoologische Staatssammlung München, Munich, Germany  
4University of Vienna, Department of Integrative Zoology, Vienna, 
Austria 

Currently, a huge variety of different techniques is available for 
the structural examination of small animal samples. Since every 
imaging method is physically limited by certain parameters, a 
correlative use of complementary methods yields significant 
advantages. In this talk we present a straightforward workflow for 
a correlative examination by means of microCT, light microscopy 
(LM), and TEM investigation. A sample was routinely processed for 
TEM (post-fixation in osmium tetroxide and embedding in epoxy 
resin) and scanned by microCT. Then, the same sample was 
serially sectioned for LM investigation. The serial section images 
were aligned and specific organ systems were reconstructed 
based on manual segmentation and surface rendering. Specific 
LM sections were detached from the slides, re-mounted on resin 
blocks and re-sectioned for TEM. For analysis, image data from 
the three different modalities was co-registered into a 3D scenery 
using the software AMIRA®. Based on co-registered datasets 
the excretory organs, which were chosen as ROI for this study, 
could be investigated regarding their ultrastructure, their position 
in the organism, and their spatial relationship to adjacent tissues. 
We conclude that the presented approach allows a coherent 
analysis and presentation of a small object regarding both the 
overall organization as well as cellular and subcellular details. Co-
registration of datasets from different imaging modalities offers 
new opportunities for understanding and communicating structural 
relationships within organisms and tissues. Re-sectioning of 
LM sections seems suitable for speeding up TEM examination 
substantially, while microCT could become a key-method for 
complementing EM examinations.
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OP-K-1

Brain power: Energy use as a constraint on CNS design and 
information processing

D. Attwell1 
1University College London, London, United Kingdom 

A universal constraint on the evolution of brains is that the nervous 
system’s computational power is limited by its energy supply. By 
devising an energy budget for the grey matter of the mammalian 
CNS, I will explain how key design features of the brain, such as 
the millisecond timescale of neural processing, the properties of 
glutamate receptors and the size of synaptic boutons, are partly 
determined by the energy supply the brain receives as oxygen 
and glucose. I will examine why the white matter uses less energy 
than the grey matter, whether myelination really saves energy, 
and whether internodal axons need metabolic support from their 
myelinating glia. I will present a simple account of how information 
flow through synapses relates to the energy used by the synapses 
and show that this explains why synapses are unreliable 
transmitters of information. I will demonstrate that the primary 
locus of control of the brain’s energy supply is in capillaries rather 
than arterioles. Finally, I will describe how, in diseases like stroke, 
cerebral palsy and spinal cord injury, failure of the energy supply 
leads to glutamate transporter reversal, which damages neurons 
and oligodendrocytes and causes mental and physical disability. 
Thus, brainpower depends on brain power.
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OP-K-2

Das Prinzip Metaorganismus: Mikroben als Partner der 
Evolution der Tiere
T. C. G. Bosch1 
1Christian-Albrechts-University Kiel , Zoological Institute , Kiel, 
Germany 

Eine neue Generation von Technologien hat in den letzten zwei 
Jahrzehnten eine große Zahl von Mikroben aufgedeckt, die mit 
Pflanzen, Tieren und dem Menschen in einer partnerschaftlichen 
Beziehung stehen. Galt lange Zeit galt den Krankheitserregern 
die ganze Aufmerksamkeit, so ist heute die wachsende Kenntnis 
einer breiten Palette von Tier-Bakterien-Interaktionen dabei, unser 
Verständnis der tierischen Biologie grundsätzlich zu verändern. 
Tier und Mensch sind keine homogene Einheiten, sondern 
als „Metaorganismen“ komplexe Lebensgemeinschaften aus 
vielen Arten, die sich während der vergangenen Millionen Jahre 
gemeinsam entwickelt haben. Ein von Mikroben abhängiger 
Lebensstil hat tiefgreifende evolutionäre Konsequenzen und lässt 
einen Paradigmenwechsel in der Immunologie erkennen: das 
Immunsystem ist auch entstanden, um Wirt-Mikroben Interaktionen 
zu definieren und über lange Zeit stabil zu erhalten. Im Grenzgebiet 
von Immunologie, Genetik, Ökologie und Medizin entwickelt sich 
derzeit eine neue Forschungsrichtung, die auf den Erfolgen der 
Genomanalyse aufsetzt und sich um ein Verständnis von der 
Entstehung und Funktionsweise von solchen Metaorganismen 
bemüht.

OP-K-3

Soziale Repräsentationen in der Hirnrinde der Ratte
M. Brecht1 
1Humboldt University, Bernstein Center for Computational 
Neuroscience, Berlin, Germany 

Soziale Signale in Nagern sind ausführlich im frühen olfaktorischen 
System dieser Tiere charakterisiert worden, wir wissen aber 
nur wenig über soziale Repräsentionen in der Hirnrinde. Wir 
untersuchen diese Fragestellungen bei sozialen Gesichtskontakten 
von Ratten. Es zeigt sich, dass soziale Tastberührungen in der 
somatosensorischen Hirnrinde stärkere Antworten auslösen 
als beispielsweise Objektkontakte. Diese Antworten in der 
somatosensorischen Hirnrinde sind sexuell dimorph. Männliche 
Tiere antworten stärker auf Sozialkontakte als weibliche Tiere und 
in weiblichen Tieren werden variieren Antworten erheblich mit dem 
Östrus. Viele Hirnrindenareale antworten auf Sozialkontakte, wobei 
sich systematischen Unterschiede in den Antwortcharakteristika 
zwischen Arealen finden. Unsere Befunde deuten daraufhin, dass 
soziale Signale in der Hirnrinde der Nager prominent repräsentiert 
sind. In einem bemerkenswerten Kontrast zu den Befunden in der 
Hirnrinde stehen Ergebnisse im dorsalen Hippocampus, in dem 
Zellen räumliche Signale repräsentieren, aber nur wenig soziale 
Antwortmodulation zeigen.
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OP-K-4

New insights into locomotion and vertebral construction in 
the earliest tetrapods
J. A. Clack 1 
1University Museum of Zoology, Cambridge, Cambridge, United 
Kingdom 

The transition from water-dwelling fish to land-living tetrapods has 
been a subject of interest for more than a century. Until recently, very 
little data supported hypothetical scenarios of the locomotory and 
morphological transitions that were involved. Over the last 20 years, 
many specimens of animals representing stages in this transition 
have been discovered, and even more recently, techniques have 
been developed that can explore their potentials in fine detail. I 
present some recent work by myself and colleagues focusing on 
the Devonian tetrapods Ichthyostega and Acanthostega. We have 
discovered some surprising new morphologies in the axial skeleton 
and unexpected possibilities and limitations in the locomotory 
repertoire of Ichthyostega. I shall look at how the ranges of 
movement of its limbs and the construction of its vertebrae are quite 
different from how they have been viewed in previous studies. The 
contrasts between Ichthyostega and Acanthostega show that early 
tetrapods were experimenting with a range of modes of locomotion 
during the transition.

OP-K-5

The computational principles underlying perceptual decision 
making during song recognition in insects
J. Clemens1 
1Princeton University, Princeton Neuroscience Institute, Princeton, 
United States 

Understanding decision making in naturalistic contexts is a 
formidable challenge. Traditional approaches often rely on 
simple stimuli and well-trained animals engaged in artificial tasks. 
However, ordinary behavior is usually based on natural stimuli, 
which are highly dynamic and complex. Here, we chose female 
decision making during acoustic courtship in insects as an innate 
and robust model behavior. We developed a framework that can 
identify the stimulus features underlying song recognition. In 
addition to revealing the nature of the relevant stimulus cues, it 
also includes a model of how these features can be extracted from 
a dynamic stimulus. 

Our approach explains the behavioral preference for courtship 
song in many species of insects. As an example, I will show that the 
approach reveals the computations underlying song recognition in a 
species of grasshoppers in a detailed manner. I will then generalize 
the results from several species to show that there exists a simple 
and systematic mapping between the behavioral selectivity for 
song and the shape of the underlying stimulus feature.

Due to its generality the framework is a valuable tool for studying the 
adaptation of signals and signal recognition during the evolution of 
communication systems. Furthermore, this data-driven approach 
has the potential to advance our understanding of decision making 
in other systems and can inform the search for the neural correlates 
of behavior.
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OP-K-6

COLLECTIVE DISEASE DEFENCE IN ANT SOCIETIES

S. Cremer1 
1IST Austria , Klosterneuburg, Austria 

Individuals living in social groups face an increased risk of disease 
contraction compared to solitary species. To counteract this threat, 
the societies of social insects (bees, wasps, ants and termites) 
have evolved colony-level disease defences in addition to the 
individual immune systems of their members. These comprise (1) 
sanitary behaviours like allogrooming, (2) the use of antimicrobial 
compounds such as tree resin and formic acid, and (3) the 
modulation of interaction fequencies upon parasite exposure. We 
study, which sanitary actions (both behavioural and chemical) ants 
take to treat their diseased nestmates, and how this affects social 
interaction networks, disease spread, and the immune status of 
all group members. Epidemiological modelling further allows us 
to disentangle the effects of individual versus social immunity on 
disease dynamics in insect societies.

OP-K-7

Natural Experiments

M. Dawson1 
1School of Natural Sciences, University of California, Merced, 
Merced, United States 

The challenge for observational sciences is to extract from complex 
natural data the information that accurately describes relationships 
between processes and patterns. The challenge for experimental 
sciences is to make robust inferences about processes acting on 
different scales in systems of natural complexity. Thus, the topic 
for this discussion—the comparative method—is how to bridge 
and build on the strengths of both observational and experimental 
sciences. Particularly, I consider comparisons of sister taxa, natural 
laboratories, and synchronously diverging co-distributed species, 
each of which may mimic many aspects of the experimental 
approach in natural settings. I suggest that to make strong 
inferences about the natural world we should more often seek out 
the hidden wealth of natural experiments that provide particularly 
clear opportunities to study the factors that influence patterns of 
biodiversity.
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Colony personalities and the importance of behavioral 
variance for insect societies

S. Foitzik1 
1Johannes Gutenberg University, Evolutionary Biology, Mainz, 
Germany 

Social insect colonies - also called superorganisms - may exhibit 
personalities, similar to other animals, in which individuals 
consistently differ in behavior. However, insect societies can not 
only vary in the mean, but also in the variance of a behavior. Our 
recent studies on ants demonstrate that ecological factors select 
for different colony personalities and for different degrees of 
behavioral variance or specialization.

Temnothorax longispinosus ant colonies vary in behavior and 
certain behavioral types are associated with environmental factors 
such as competition or parasitism. Ant colonies in high density 
areas are more aggressive and these behavioral differences 
persist under standardized lab conditions and with the emergence 
of a new worker generation. Colonies with more aggressive 
behavioral types did better in the field against the invasion of 
Protomognathus slavemaker queens, their most important social 
parasite. Moreover, aggressive colonies better fend of slave raids, 
suggesting that parasite pressure selects for host aggression. 
Indeed, a comparison of 17 host populations showed that host 
colony aggression and flight behavior co-varies with parasite 
pressure over large geographic scales.

Division of labor, a key trait of social insects, relies on intracolonial 
behavioral variation, but fitness benefits of behavioral variation are 
largely unexplored. By testing individual workers of T. longispinosus, 
we demonstrated that colonies with higher behavioral variance are 
more productive under field and lab conditions. However, under 
variable environments and early in colony development, colonies 
with less specialized workers do better.

Finally, our recent transcriptome study showed typical gene 
expression patterns of different behavioral worker castes and 
the queen. Genes overexpressed in workers were more derived 

than queen-specific genes, suggesting more recent evolutionary 
changes in genes controlling worker behavi
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OP-K-9

Hallo Korallenriff - Diaspora eines gefährdeten Ökosystems
H. Fricke1 
1Max-Planck-Institut Bremen, Leibniz Institut für 
Meereswissenschaften Kiel, Tutzing, Germany 

Die Korallenriffe unserer Erde sind in Gefahr. Weltweit sind bereits 
30 % unwiderruflich zerstört, 60 % werden in den nächsten zwei 
Dekaden folgen. Israelische Forscher sagen für die Korallenriffe 
im Golf von Aqaba im Roten Meer einen ökologischen Kollaps 
voraus - sie gehen totaler Zerstörung entgegen, wenn nicht 
Sofortmaßnahmen erfolgen.

Vor 40 Jahren hat Hans Fricke, damals Doktorand von Konrad 
Lorenz, die Roten Meer Riffe studiert. Über 10.000 Stunden war 
er - selbst mit einem Tauchboot - bis in 420 m Tiefe unterwegs. Mit 
identischen Methoden an identischen Orten untersucht er jetzt den 
Zustand der Riffe. Sind sie wirklich dem Untergang geweiht?

Die globale Klimaerwärmung macht den Korallen das Leben 
schwer. Nur ein bis anderthalb Grad wärmeres Wasser führt zur 
Korallenbleiche, ein weltweites Problem. Die Riffbewohner des 
Roten Meeres haben einen Fluchtweg ins Mittelmeer entdeckt: 
den Suezkanal. Man nennt sie nach dem Erbauer des Kanals 
Lessep´sche Migranten. Sie erreichten bereits Spanien und das 
Schwarze Meer im Norden. Experten sprechen schon von einer 
Tropikalisierung des Mittelmeeres, die Tier- und Pflanzenwelt der 
beiden Meere werden sich angleichen.

Hans Fricke berichtet über die Wiedergeburt der Korallenriffe, über 
Lessep´sche Migranten und die weltweite polwärts gerichteter 
Flucht vieler Riffbewohner tropischer Meere.

OP-K-10

Modern electron microscopy provides a new window into 
cellular morphology
D. Nicastro1 
1Brandeis University, Life Sciences Faculty, Waltham, MA, United 
States 

Serial-section transmission electron microscopy (ssTEM) and 
cryo-electron tomography (cryoET) are powerful techniques for 
visualizing the 3D ultrastructure of cells and tissues. We use cilia 
as a model system to advance high-resolution imaging. Cilia are 
conserved and ubiquitous eukaryotic organelles with important 
roles in motility and sensation, and defects in their assembly and 
function are linked to severe human diseases.

Peripheral sensory neurons allow animals to detect and respond to 
their environment. These neurons have highly specialized cilia with 
diverse morphologies that are important for their specific sensory 
functions. Using ssTEM and ET of high-pressure frozen and freeze-
substituted C. elegans, we reconstructed and modeled all cilia in 
the worm’s anterior sensory organs. Our data provide new insights 
and unprecedented details about morphological diversity, cellular 
organization and interactions, and will be an important basis for 
future work addressing mechanisms by which these distinct cilia 
types assemble and function.

The beating of motile cilia is driven by thousands of dynein 
motors. Despite their importance, much remains to be learned 
about the structure and function of dyneins, and about the 
regulatory mechanisms that coordinate dynein’s activity in cilia. 
Our comparative approach integrates cryoET and subtomogram 
averaging, with genetics and biochemical methods, to deconstruct 
the structural proteome and function of cilia. We have now 
characterized the cilia of 4 species in WT and >20 mutants, 
dissecting the structures of major complexes at ~3nm resolution. 
A comprehensive molecular blueprint of cilia will provide a better 
understanding of the inner workings of these intriguing nano-
machines.
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Adaptation Genetics
D. Tautz1 
1MPI for Evolutionary Biology, Ploen, Germany 

The identification of genes that are directly involved in adaptive 
processes remains one of the largest challenges of current biological 
research. It is also directly linked to understanding the genetics of 
adult traits, since these are most directly exposed to environmental 
interactions and thus most often subject to adaptations. Adult traits 
are usually driven by the rules of quantitative genetics, i.e. multiple 
genes are involved in single traits, or secondary use of signaling 
processes that are already required for embryonic development, 
i.e. pleiotropic effects of genes. These problems usually preclude 
the use of classical single-gene genetic methods, such as 
knock-out studies. It is therefore necessary that new avenues 
are explored, which will require a combined understanding of 
developmental genetics, population genetics, evolutionary history 
and environmental interactions. We are using natural populations 
of the house mouse to approach these questions. They have a well-
defined history of population expansions and colonization of new 
habitats, ranging from desert climates to sub-Antarctic islands. The 
mouse has also a broad behavioral repertoire making it suitable for 
analyzing social communication and mate choice. I will report on 
the experimental approaches that we are using to better understand 
the genetics of adaptation and population differentiation. We can 
make full use of the genomic resources that were developed for 
the laboratory mouse, allowing us to do genome scans for adaptive 
trait genes, map the genetic basis for complex traits, such as the 
unusual growth of mice on some islands or the morphology of the 
skull and approach the genetic basis of behavioral features, such 
as mate discrimination between populations.
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Das kleinste Tagebuch der Welt - Untersuchungen an 
Heringslarven

A. Trede1 
1N.N., Kühren, Germany 

 
Fischlarvenotolithen zeichnen Informationen über das Alter und 
vergangenes Wachstum auf. Da Otolithenradius und Larvenlänge 
in einem bestimmten Verhältnis zueinander stehen, ist es im 
Nachhinein möglich, die Größe einer Larve zu einem früheren 
Zeitpunkt zu berechnen. Es wurden Larven mit unterschiedlicher 
Lebensdauer untersucht, um dem Grund für das abrupte 
Wegsterben der Heringslarven am Ende der Frühlingslaichzeit im 
Nord-Ostseekanal, welches aus den Aufzeichnungen der letzten 
Jahre hervorgegangen ist, näherzukommen. Die Otolithen aus 
Larven des Jahres 2007 wurden herauspräpariert, ihre Inkremente 
(Tageswachstumsringe) unter dem Mikroskop vermessen und 
ausgewertet. Die beiden konkreten, zu beantwortenden Fragen 
hierbei waren: 1. Überleben die Größeren? und 2. Sind die 
überlebenden Larven in einem bestimmten Zeitfenster geschlüpft? 
Tatsächlich überlebten in diesem Fall die größeren Larven und 
auch ein Zeitfenster konnte gefunden werden, aus dem der größte 
Teil der überlebenden Larven stammt.

OP-BB-1

Why it may be misleading to expect covariation of birds’ 
male-to-female testosterone with sexual dimorphism, mating 
system, and coloniality
W. Goymann1 
1MPI für Ornithologie, Verhaltensneurobiologie, Seewiesen, 
Germany 

Testosterone is a key hormone for the development of secondary 
sexual characters in male vertebrates. Because females often 
express detectable levels of testosterone, it may also play a role 
in the modulation of secondary sexual traits in females. Previous 
comparative analyses in birds demonstrated a relationship between 
male-to-female testosterone and the degree of sexual dimorphism. 
Furthermore, these studies suggested that female maximum 
testosterone were related to mating system and coloniality. Here, 
we reconsider these previous ideas using phylogenetic analyses 
and effect size measures for the relationship between male-
to-female maximum testosterone. Further, we investigate the 
seasonal androgen response of females (the difference between 
baseline and maximum testosterone), which is related to mating 
system in males. The phylogenetic analysis did not confirm any 
relationship between male-to-female testosterone or maximum 
female testosterone concentrations with sexual dimorphisms in 
plumage or size, coloniality, mating system or latitude. Unlike males, 
also the seasonal androgen response of females was not related 
to mating system. We discuss why it may be misleading to expect 
covariation of male-to-female testosterone or female testosterone 
per se with any of these traits. Furthermore, we suggest that 
effects of pharmacological testosterone concentrations may have 
led to an overrating of the role of physiological testosterone in the 
expression of competitive traits in female birds.
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A First Glance At Song And Dance
R. Ullrich1, C. Scharff1 
1Freie Universität Berlin, Animal Behaviour , Berlin, Germany 

Many animals use multimodal communication to get their 
message across. Signaling via more than one sensory channel 
is a strategy to potentially maximize information transmission and 
reception. When male zebra finches sing towards a female during 
courtship, called directed song, a stereotyped dance accompanies 
the singing and the calls preceding or following song. Whereas 
thousands of publications focus on zebra finch song itself, only a 
single study analyzed the choreography accompanying courtship 
song [1]. We therefore wondered whether song and dance were 
just co-occurring or integrated in a coordinated fashion. To address 
this, we video recorded male zebra finches during courtship song 
and dance. During the dance, the male approaches the female in 
a zig-zag waltz, turns his body axis around, and wipes his beak 
frequently on or above the perch. We operationally defined these 
movement patterns and quantified their incidence. Results show 
that “beak wipes” and “hops” occurred significantly more often at 
the start of song than during or at the end of song. In contrast, 
‘turn-arounds” were mostly associated with the start and end of 
song. Interestingly, when birds sang the introductory notes that 
typically initiate a song, hops coincided with these call-like notes 
more than with the silent intervals between them. Hops were 
significantly associated with other calls as well, but not obligatorily 
performed together. The results provide a first glance at gestural 
communication of the zebra finches while courting. They might 
motivate some thoughts regarding mechanisms and consequences 
of multimodal communication and they offer a rich substrate for 
future investigations into the neural mechanisms of song and 
dance.

[1] H. Williams (2001), Choreography of song, dance and beak 
movements in the zebra finch, JEB: 204

OP-BB-3

Adaptive mating behaviour depending on social environment 
in a bushcricket (Orthoptera: Tettigoniidae)
G. U. C. Lehmann1 
1Humboldt Universität zu Berlin, Department of Biology, Berlin, 
Germany 

Bushcricket males signal their willingness to mate through their 
mating songs, which give females the opportunity to choose 
between different males without direct contact. The songs are 
assumed to communicate a male’s quality and fitness. One 
of the males’ qualities is the transfer of large nuptial gifts at 
mating. A male’s fitness is reflected in his investment in song and 
spermatophore production. The perceived assessment of mating 
opportunities on the one hand and the potential risk of competition 
by rival males on the other hand make male tettigoniid reproductive 
investments highly dynamic.

In single choice experiments, female accept males for matings 
regardless of their condition. Otherwise in two choice-experiments, 
females show a clear preference for the better-conditioned male, 
which transfer a heavier spermatophore. Behavioural landmarks in 
matings differ substantially between species and change between 
single-choice and two-choice-experiments.

A special situation is found in females confronted with a new choice 
paradigm allowing physical engagement with a focus male, but 
preventing them from physical contact with the competitor. In this 
situation, female mate decisions took significantly longer. My data 
clearly show that multiple stimuli (acoustic and physical contact) 
are important for a female’s mate assessment. Contrary to previous 
data from experiments allowing direct contact between rival 
males, focus males do not alter their spermatophore investment in 
response to these singing competitors.
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NOT AROUND THE CHILDREN, HONEY: MALE BURYING 
BEETLES ADJUST MATING RATE ACCORDING TO THE 

PROMISE OF SUCCESS 

K. Engel1, C. von Hoermann1, A.- K. Eggert2, J. Müller3, S. 
Steiger1 
1University of Ulm, Institute of Experimental Ecology, Ulm, 
Germany  
2Illinois State University, Behavior, Ecology, Evolution and 
Systematics Section, Normal, United States  
3University of Freiburg, Department of Evolutionary Biology and 
Ecology, Freiburg, Germany 

Because sperm is not an infinite resource and the production of 
sperm is costly, the theory of prudent sperm allocation predicts that 
males should adjust their investment in sperm transfer (adjusting 
copulation frequency, mating duration, or number of sperm 
transferred) according to the situation they are confronted with. 
Such situations arise, for example, when sperm competition is likely 
to occur or when they are confronted with a novel female. Also 
males that are able to recognize their mate’s reproductive quality 
should have a fitness advantage. Here we show for the first time 
that male insects can flexibly adjust mating rate during the period 
of parental care. Detailed video observations of Nicrophorous 

vespilloides pairs while caring for their brood revealed that males 
mated repeatedly in the beginning of the reproductive bout when 
the female is most likely to oviposit, but copulation rate dropped 
shortly before larvae hatched. Females caring for larvae do not lay 
any further eggs, but if none of their larvae reaches the carcass 
females will resume egg-laying. When we manipulated females 
into producing such replacement clutches by withholding their 
larvae, we found that males did not cease to mate, but continued to 
engage in frequent copulations with their partner. Moreover, further 
experiments demonstrated that males do not use the presence or 
absence of larvae as a cue to adjust copulation rate, but instead 
use female-specific cues to determine female reproductive state 
and adjust mating rate accordingly. Therefore, our study reveals 
that female beetles express cues or signals that display their 
reproductive condition and males have evolved the ability to detect 
these cues and respond with prudent allocation of sperm.



88 89

OP-BB-5

Reproductive Costs and Homosexual Behavior in Male 
Arthropods
I. Scharf1, O. Martin2 
1Tel Aviv University, Department of Zoology, Tel Aviv, Israel  
2ETH Zurich, Institute of Integrative Biology, Zurich, Switzerland 

We reviewed the literature for two related topics: reproductive 
costs for male arthropods and evidence for homosexual male 
behavior despite such costs. Reproductive costs for males are 
found to be substantial and often resemble the more thoroughly 
studied female reproductive costs. Males incur costs during 
different reproductive phases, such as searching for females, 
courting and mating. Costs can be referred to as trade-off costs, 
where investment in reproductive activity comes at the expense of 
another important activity or fitness component. In contrast, flawed 
performance is perceived as a mechanistic trade-off, because it 
affects fitness indirectly through a mediator (i.e. parasites). Finally, 
direct costs refer to measurements of the energy expenditure 
during involvement in reproduction-related activities. Reproduction 
often leads to decreased longevity compared to unmated males. 
Despite these extensive costs, arthropod males are frequently 
involved in homosexual behavior, and whilst costs are obvious, 
positive contributions to fitness remain unclear. Explanations for 
homosexual behavior in arthropods are less diverse than those 
given for vertebrates. Adaptive explanations, such as gaining 
experience by young males, are of limited general significance. The 
passive (being courted/mounted) male is sometimes responsible 
for this „mistake“ by releasing sex pheromones or carrying female 
pheromones that were attached to his cuticle during prior mating 
activity. Homosexual behavior in arthropods is predominantly based 
on mistaken identification and is probably maintained because the 
cost of rejecting opportunities to mate with females is greater than 
that of mistakenly mating with males. 

OP-BB-6

ELECTRO-COMMUNICATION AND SOCIAL BEHAVIOUR IN 

GROUPS OF DIFFERENT SIZES IN TWO SPECIES OF PULSE-

TYPE WEAKLY ELECTRIC FISH (MORMYRIDAE, TELEOSTEI) 
G. Neusel1, M. Smeets1, G. von der Emde1 
1Universität Bonn, Institute of Zoology, Bonn, Germany 

Weakly electric mormyrid fish can not only receive electrical 
stimuli from their environment, they also emit weak electric signals 
(electric organ discharges, EOD) with an electric organ in their tail. 
These EOD are used for object detection (active electrolocation) 
and for electro-communication. Because of their stereotypic, 
species-specific EOD waveforms, mormyrids are able to recognize 
each other’s presence and identity and their behavioural status. 
In addition, inter-discharge intervals (IDI) can be highly variable 
and allow the fishes to communicate with each other by sending 
specific temporal pulse patterns. In this project, we investigated 
social group behavior in two species of mormyrids (Gnathonemus 

petersii, Campylomormyrus elephas), which were kept in 
homogeneous groups of different sizes. We looked at different 
types of behaviours, such as resting, foraging and aggressive 
encounters during day and night and before and after feeding. In 
addition, certain group behaviours, e.g. group foraging or resting in 
groups, were quantified. In a second step, we analyzed temporal 
EOD patterns occurring during the different behaviours. Our first 
results show that both species were more active during the night 
than during daylight hours. The overall level of aggression was 
lower in larger groups compared to smaller groups. We found 
that both species performed complex situation-specific electric 
communicative patterns, e.g. synchronised discharging, signalling 
in a fixed order or echo-responses. In the future, more research 
needs to be done on other mormyrid species for an overall 
comparison in the form of a behavioural index.
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MULTISENSORY OBJECT DISCRIMINATION IN THE WEAKLY 

ELECTRIC FISH GNATHONEMUS PETERSII

S. Schumacher1, G. von der Emde1 
1University of Bonn, Department of Zoology, Bonn, Germany 

The weakly electric fish Gnathonemus petersii is able to recognize 
objects by perceiving the changes they evoke in a self generated 
electrical field, a process called active electrolocation. As shown in 
previous experiments, G. petersii can discriminate between a wide 
range of different objects during active electrolocation. In addition 
to its electrical sense, these fish also possess a specialized 
visual system and a mechanosensitive lateral line system for 
hydrodynamic perception. Here, we tested whether these fish are 
also able to use vision or its lateral line to discriminate between 
two objects, and whether they are able to perform multisensory 
integration.

Individual fish were trained to discriminate between two differently 
shaped objects of the same volume in a two-alternative forced-
choice procedure. Fish could use either all their senses or were 
trained with electrically “neutral” agar-objects which prevented the 
usage of active electrolocation. During test trials, trained fish could 
use only certain senses for object discrimination.

After training with all senses, fish learned to discriminate between 
the objects after an average of 13 days, while with only visual 
training they did not learn the discrimination task yet even after 
28 training days. Out of six fish, which were trained with all sense, 
so far only one individual was able to discriminate between the 
objects without using its electric sense. These results show that G. 

petersii mainly use active electrolocation for object discrimination 
and are only in exceptional cases able to use vision for a learned 
object discrimination.

OP-BB-8

Motor pathways synergistically control body posture in 
flying Drosophila

R. Berthé1, F.- O. Lehmann1 
1University of Rostock, Department of Animal Physiology, 
Rostock, Germany 

Body posture control is a key feature of locomotion in birds, 
bats, and insects, requiring a finely tuned motor system. Since 
weight support and the control of locomotor forces for maneuvers 
reside in the same system, even subtle changes in wing motion 
produce pronounced amounts of rotational moments for flight 
control. Besides wing flapping, insects use two additional motor 
systems for motor control: the legs and abdominal posture. Both 
systems interfere with wing steering in two independent ways: (i) 
aerodynamically, owing to drag production on legs and abdomen 
during forward flight and (ii) by shifting the fly’s center of mass 
(COM). To determine the contribution of each control system to 
flight behavior in Drosophila, we estimated turning moments in 
freely flying flies from 3-D reconstructions of body posture and 
wing motion and scored the dependencies using a numerical 
framework based on aerodynamic considerations. We found 
that the contribution of drag produced by legs and abdomen is 
moderate, amounting to only 3% of total moments, while shifting 
the fly’s COM affects moments more severely of up to 17% total 
moments. While a control system based on leg and abdominal 
drag directly contributes and thus finely tunes rotational moments, 
the COM based control system act like a gear, modulating the 
moments produced by wing flapping. Our results thus suggest a 
high degree of complexity, demonstrating that aerial steering relies 
on the interaction between drag and COM based motor control 
systems.
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Visual discrimination abilities of 2D geometrical symbols and 
the perception of illusionary contours in grey bamboo sharks 
(Chiloscyllium griseum).
T. Fuss1, H. Bleckmann1, V. Schluessel1 
1Rheinische Friedrich-Wilhelms-Universität Bonn, Institut für 
Zoologie, Abteilung für vergleichende Neurobiologie, Bonn, 
Germany 

This study assessed visual discrimination abilities of 2D geometrical 
symbols and the perception of illusionary contours in bamboo sharks. 
First, sharks learned to distinguish between a square (positive 
stimulus, S+) and several negative stimuli (S-), e.g. triangles, circle, 
rhomboid or cross. Although there was no significant difference 
between the amount of sessions to reach the learning criterion and 
the average trial time needed to solve each new task, the number 
of correct choices per session increased significantly with on-going 
experiments. The results indicate that sharks seemed to learn not 
only each new S- but also had to ‘relearn’ the S+ during each phase. 
All sharks were able to distinguish between any of the 2D stimulus 
pairs at a learning rate corresponding to that found in teleosts. As 
expected, it took sharks longer to learn a reversal task (new S+) 
than one of the ‘new’ stimulus pairs. Present results indicate that 
bamboo sharks can both learn a visual discrimination task and 
retain some information from one task to the next. In a second 
experiment sharks were trained to distinguish between squares and 
rhomboids. After successful training, sharks were then presented 
with Kanisza figures and subjective contours with grating gaps 
and phase-shifted abutting gratings in a series of transfer tests. 
Both types of tests revealed that sharks can perceive illusionary 
contours. Sharks chose the correct Kanisza figure in 80% of the 
time compared to randomized Pacmen figures. Additionally, they 
were able to distinguish subjective contours defined by grating 
gaps and phase-shifted gratings by choosing the correct figure in 
75% of the time. The perception of illusionary contours has been 
found in several vertebrates and even invertebrates.

OP-BB-10

 

ACOUSTIC MIRRORS AS SENSORY TRAPS FOR BATS?
S. Greif1, S. Zsebok1, D. Schmieder1, B. Siemers1 
1Max Planck Institute for Ornithology, Sensory Ecology Group, 
Seewiesen, Germany 

For echolocating bats smooth surfaces are like acoustic mirrors: 
their calls are reflected away for the most part, effectively returning 
no echo to the bat. Only when they get close enough to the smooth 
surface they may receive an echo from those parts of the call that 
hit the surface perpendicularly.

In an earlier study we showed that bats perceive any extended, 
smooth, horizontal surface as a water body. However for smooth 
surfaces in a vertical position, such as glass windows or doors, 
observations of bats colliding with them, suggest that they might 
have problems recognizing them and consider them fly-through 
possibilities. We investigated this behavior in a laboratory and field 
setting, and analyzed the factors contributing to this erroneous 
decision. These factors are angle of approach, amount of 
echolocation calls, and time spent in close vicinity to the surface. 
Reporting on anecdotal casualties from the wild, we argue that it is 
necessary to more closely monitor these situations in the future, as 
humans introduce an increasing number of these sensory traps in 
nature and the true frequency of these collisions is not clear.
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Iridescence can function as a warning signal: experimental 
evidence from Oreina beetles
S. Waldron1,2, A. Honma 2, S. Dobler1, J. Mappes2 
1Universität Hamburg, Molecular Evolutionary Biology, Hamburg, 
Germany  
2University of Jyväskylä, Department of Biological and 
Environmental Sciences, Jyväskylä, Finland 

Iridescence, the property of certain surfaces changing colour as 
the angle of view or the angle of illumination changes, is caused 
by microstructures that produce directional, highly reflective, 
non-pigment colours. Despite its commonness there is a lack of 
empirical tests showing whether iridescence can serve as a warning 
signal for predators. We manipulated the iridescent elytra of Oreina 

cacaliae, a chemically defended, alpine leaf beetle, by applying a 
clear-coat solution that retained hue but suppressed reflection and 
directionality. We used blue tits (Cyanistes caeruleus) as predators 
to examine whether iridescence vs. no iridescence affected their 
initial latency to attack the prey, speed of avoidance learning and 
generalization. The birds initially avoided iridescent prey more than 
non-iridescent prey but there was no difference in learning rate. 
Interestingly, learning was generalized asymmetrically: birds that 
learned to avoid non-iridescent beetles avoided iridescent beetles 
equally strongly, but not vice versa. We conclude that iridescence 
per se, can function as a warning signal and this may partially 
explain the high frequency of iridescent coloration in both terrestrial 
and aquatic systems. We believe that this is the first experimental 
evidence where iridescence has been directly manipulated to test 
for warning signal interactions between predator and prey.

OP-BB-12

The impact of coloration on the predation risk of subadult 
Fire salamanders (Salamandra salamandra)

I. J. Hermanski1, C. Wiesbrock1, E. T. Krause1, S. Steinfartz1, B. A. 
Caspers1 
1Bielefeld University, Department of Animal Behaviour, Bielefeld, 
Germany 

In order to avoid or minimize the risk of predation, several 
species have evolved a conspicuous coloration to deter potential 
predators. While there is a substantial body of evidence that 
conspicuous coloration is decreasing predation risk, it is not 
exactly known whether the conspicuous coloration itself is costly 
to produce and whether the relative proportion of coloration has an 
impact on predation risk. Our study aimed to investigate the costs 
of aposematic coloration and its impact on predation risk in fire 
salamanders, Salamandra salamandra. After metamorphosis, fire 
salamanders are completely terrestrial and develop a conspicuous 
colour pattern with bright yellow dots and/or stripes on their black 
dorsal body part. They produce toxic alkaloids in specific dorsal 
glands that are excreted when individuals are attacked. In early 
post-metamorphosed fire salamanders, birds and carabid beetles 
are supposed to be the main predators. We found that individuals 
raised under good nutritional conditions during the aquatic larval 
phase, had a higher amount of yellow after metamorphosis, 
compared to those raised under poor nutritional conditions. We 
developed therefore an experiment to test whether the specific 
coloration protects subadults from predation and whether they 
benefit from a relative higher amount of yellow. Accordingly, we 
placed clay models with different amounts of yellow in a natural 
habitat of salamanders and analysed whether potential predators 
avoided salamanders with a high amount of yellow. Our data 
shows that the proportion of yellow had a significant impact on 
predation. We conclude that the development and maintenance 
of the yellow colour pattern in fire salamanders is costly and that 
subadult salamanders could benefit from a higher amount of yellow 
and the conspicuous coloration by a reduced rate of predation.
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Male tolerance and male-male bonds in a multi-level primate 
society 
J. Fischer1 
1German Primate Center, Cognitive Ethology Lab, Göttingen, 
Germany 

Identifying the factors that drive the evolution of social systems is 
fundamental for our understanding of the emergence of cooperation 
and social intelligence, and ultimately human evolution. Members 
of the genus Papio constitute an important model in this context, 
as they reportedly comprise two different social systems. While 
savannah baboons (P. anubis, P. cynocephalus, and P. ursinus) 
live in relatively stable multi-male multi-female groups, hamadryas 
baboons (P. hamadryas) exhibit a multi-level organization with 
one-male units as the smallest entities. Notably, West-African 
Guinea baboons (P. papio) have been barely studied in the wild 
and their social system has been disputed. Here we report the 
results of the first systematic study of wild, individually identified 
Guinea baboons, ranging in the Niokolo-Koba National Park in 
Senegal. Combining spatial, observational and genetic data, we 
show that Guinea baboons exhibit a multi-level system consisting 
of subgroups (“parties”) comprising 3-4 males and several females. 
Some but not all male members of a given party may be highly 
related. Specific parties regularly formed a “gang” that shares its 
home range with other gangs of the same “community”. Guinea 
baboon males reveal extraordinary male-male affiliation. Bonding 
patterns among males were, however, not correlated with genetic 
relatedness, supporting the view that bonds per se may be adaptive. 
Notably, females enjoy considerable freedom in partner choice. 
We suggest that Guinea baboons constitute a valuable model for 
elucidating the emergence of male cooperation and tolerance, and 
the dynamics of social evolution more generally. 

OP-BB-14

CULTURALLY TRANSMITTED DIALECTS IN A POLYGYNOUS 

BAT

M. Knörnschild1, M. Nagy2, M. Metz1, M. Eckenweber1, S. 
Klopsch2, F. Mayer2 
1University of Ulm, Institute of Experimental Ecology, Ulm, 
Germany  
2Museum für Naturkunde, Leibniz-Institut für Evolutions- und 
Biodiversitätsforschung, Berlin, Germany 

Regional dialects are frequently found in humans and vocal learning 
birds but they are comparatively scarce in non-human mammals. 
Most mammalian dialects can be attributed to genetic differences 
between populations, whereas vocal learning plays a less important 
role since many mammals are incapable of acquiring vocalizations 
through learning. Nevertheless, some mammalian dialects can be 
attributed to vocal learning abilities and thus cultural transmission, 
for example in cetaceans and pinnipeds. We studied the 
occurrence of regional dialects in a vocal learning bat, the greater 
sac-winged bat, Saccopteryx bilineata. Male S. bilineata have 
elaborate territorial displays including complex territorial songs that 
adolescent bats learn by imitating tutor males. We analysed 150 
territorial songs of different males from twelve different populations 
(5-20 per population) in Costa Rica and Panama. The twelve 
different S. bilineata populations belonged to three different genetic 
lines. We compared acoustic, genetic and geographic differences 
between populations using partial Mantel tests. Our results revealed 
distinct regional dialects in territorial songs. The strongest acoustic 
differences existed between different genetic lines. Within each 
genetic line, acoustic differences between populations could not 
be linked to geographic distances, indicating that regional dialects 
are acquired by and maintained through vocal learning. Our work 
constitutes the first in-depth study of learned bat dialects, making 
S. bilineata a promising new species to investigate the process of 
dialect origin and, ultimately, cultural evolution in mammals.
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SOCIAL LEARNING IN THE MOUSE-EARED BATS, MYOTIS 

MYOTIS AND MYOTIS OXYGNATHUS

T. Clarin1, I. Borissov1,2, R. Page3, J. Ratcliffe4, B. Siemers1 
1Max Planck Institute for Ornithology, Sensory Ecology Group, 
Seewiesen, Germany  
2Tel Aviv University, Department of Zoology, Tel Aviv, Germany  
3Smithonian Tropical Research Institute, Panama, Panama  
4University of Southern Denmark, Department of Biology, Odense, 
Denmark 

Social learning describes information transfer between individuals 
(typically of the same species) by means of observation or direct 
interaction. Social learning in bats has been documented in a variety 
of contexts, and bats have proven to be valuable model systems 
for better understanding social learning and its mechanisms. 
Not only do bats live, and sometimes hunt, in large groups, such 
groups often comprise several species. Bats are thus well suited for 
investigating possible inter-specific information transfer. However, 
it has yet to be convincingly demonstrated that social learning 
occurs across species boundaries in bats. Furthermore, it is not 
fully understood what level of interaction between demonstrators 
and students is necessary for social learning. We address these 
questions by comparing the efficiency of two levels of interaction 
in intraspecific learning, and by investigating the occurrence of 
interspecific learning in sympatric bat species. Demonstrator-bats 
learned to identify food using an associated light cue and passed 
this information on to their students. We show that intraspecific 
social learning exists in the greater mouse-eared bat (Myotis 

myotis), and that direct interaction with a demonstrator enhances 
information transfer. In our paradigm, strict observational learning 
- without direct interaction - does not appear to be as efficient for 
information transfer as does direct interaction. Additionally, we did 
find some evidence for interspecific information transfer from M. 

myotis to Myotis oxygnathus. Our study adds to our understanding 
of learning and information transfer in wild-living animals.

OP-BB-16

Giant otters (Pteronura brasiliensis) discriminate 
conspecifics based on individual cohesion calls
C. A. S. Mumm1, M. C. Urrutia2, M. Knörnschild1 
1University of Ulm, Institute of Experimental Ecology, Ulm, 
Germany  
2University of Würzburg, Department of Animal Ecology and 
Tropical Biology, Faculty of Biology, Würzburg, Germany 

The ability of discriminating and recognizing individual conspecifics 
is important in mediating social interactions. Identity signals and 
their recognition by receivers faciliates appropriate behavioural 
responses. Individually distinct contact calls serve to coordinate 
group movements, find and reunite separated animals or to keep 
a group together, even with group members being out of sight. 
Endemic to Amazonian rainforests and wetlands, giant otters live 
in social family groups with a pronounced helper system. Elder 
siblings help rearing the young and babysit at the den, while 
the family goes for fishing. During their fishing bouts, individuals 
often get separated from the group. The otters use two cohesion 
calls: the contact calls is emitted in situations of visual separation, 
whereas the hum is uttered in close proximity, serving to manage 
group movements and to soothe group members. We expected the 
giant otters to show individual discrimination and vocal individuality 
in both cohesion calls. We measured calls from wild and captive 
individuals and conducted habituation-dishabituation playbacks 
with two captive groups. The giant otters distinguished individuals 
in both cohesion calls tested. A discriminant function analyses 
revealed a strong individual signature in contact calls and a weak 
individual signature in hums. The latter result likely has been due to 
the lower quality of the recorded hums compared to contact calls. 
We conclude that giant otters not only use the individual signatures 
for group cohesion and the management of group movements, but 
that individual discrimination is an advantage within their helper 
system, where kin recognition is insufficient to identify equally 
related individuals.
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Horseshoe Bats Can Use Information in Echoes of 

Conspecific Calls for Spatial Orientation
K. Koselj1, B. Siemers1 
1Max Planck Institute for Ornithology, Sensory Ecology Group, 
Seewiesen, Germany 

Bats in the wild often echolocate in the presence of other 
echolocating individuals. It is currently unclear if, in such situations, 
an individual bat experiences jamming by conspecific sonars or uses 
the information generated by conspecifics for its own means. We 
conducted behavioral experiments to address whether horseshoe 
bats are able to use spatial information in echoes reflected 
from conspecifics’ calls. Greater horseshoe bats (Rhinolophus 

ferrumequinum) were trained to fly laps in a square flight tunnel 
that was lined with sound-absorbing foam. Pairs of bats were 
then introduced into the tunnel. When the two bats were passing 
a corner, a rapidly moving object was triggered using computer-
controlled light barriers. The front bat that has already turned the 
corner can detect the object with its own echolocation calls as it is 
now directly in front of him. The hind bat that is still approaching 
the corner can only detect the moving object behind the corner in 
the echoes of the front bat’s calls, since they are less attenuated 
on the way to the hind bat than the hind bat’s own calls. These are 
attenuated twice by diffraction on the way to the caller, whereas the 
echoes of front bat’s calls diffract only once on the way to the hind 
bat. The control experiment confirmed that the hind bat reacted to 
the moving object only when it was ensonified by the front bat’s 
calls. This is the first conclusive evidence that echolocators use 
information in the echoes of extraneous sonars. Such ability could 
facilitate sensory cooperation among echolocating bats.

OP-BB-18

Impact of urbanization on wildlife: causes and consequences 
of song plasticity in city birds
H. Brumm1 
1Max Planck Institute for Ornithology, Communication and Social 
Behaviour Group, Seewiesen, Germany 

Next to climate change, urbanization is regarded as the biggest 
environmental challenge of our time. When animals live in cities, 
they have to adjust their behaviour to novel environments. Noise 
pollution puts a severe constraint on vocal communication by 
interfering with the detection of acoustic signals. Recent studies 
show that many city birds produce mating signals (songs) at a 
higher pitch than their conspecifics in non-urban habitats. This 
has been interpreted as an adaptation to counteract masking by 
traffic noise. However, this notion is debated, for the observed 
frequency shifts seem to be not very efficient in maintaining signal 
transmission, and it has been suggested that urban birds might use 
higher-frequency song elements because they can be produced 
at higher amplitudes. I will present physiological, behavioral and 
ecological data on the causes and consequences of variation 
in song amplitude and frequency in urban and forest birds. 
Bioacoustic measurements show that frequency and amplitude 
are strongly and positively correlated in the common blackbird 
(Turdus merula), a successful urban colonizer. Moreover, city 
blackbirds preferentially sing higher-frequency elements that can 
be produced at higher intensities and, at the same time, happen to 
be less masked in low-frequency traffic noise. Thus, high-pitched 
urban songs might simply be an epiphenomenon of singing at 
high amplitudes. By quantifying the metabolic and social costs of 
singing at high amplitudes, we could show the production of loud 
songs is mainly constrained by social aggression. In conclusion, I 
advocate that cities can be used as a natural laboratory to study 
the plasticity and adaptation of animal behaviour.
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OP-IV-BB-1

A new promising behavioral paradigm for auditory learning 
and perception in mice
S. Kurt1 
1Medizinische Hochschule Hannover, Klinik für Hals-Nasen-
Ohrenheilkunde Exzellenzcluster , Hannover, Germany 

Understanding neural mechanisms of brain plasticity due to 
motor, auditory and perceptual learning in mammals requires a 
reliable training and test apparatus, well controlled procedures 
for measuring learning progress as well as success in an easily 
accessible animal model. In the talk I will present examples for 
auditory discrimination learning in mice using a shuttle-box to test 
discrimination of auditory stimuli, auditory perception, knowledge 
transfer and the development of sensory-motor learning. 
Genetically modified mice, serving as model organisms for certain 
diseases, are used to test the specific influences of a certain gene 
on the mentioned parameters (behavioural phenotyping).

The results indicate that mice are a promising animal model of 
general relevance for research on genetics of auditory perception 
and learning. In conclusion the shuttle-box auditory discrimination 
learning paradigm opens up a new window to study brain functions 
in mice via a behavioural approach.

OP-IV-BB-2

Multiple traits, multiple messages, multiple receivers? The 
information encoded in nightingale song.
S. Kipper1 
1Freie Universität Berlin, AG Biokommunikation und Verhalten, 
Berlin, Germany 

Sexually selected signals serve in general two functions: to attract 
a mate and to outcompete same-sex rivals. The singing of male 
song birds is one of the best-investigated signalling systems in this 
regard. Recent research focused on the triangular relation between 
1. male characteristics reflecting quality; 2. song characteristics 
that convey information about quality-reflecting traits; and 3. the 
evaluation and use of this information by receivers. In my talk I 
will present recent studies on the singing of common nightingales, 
a species were males possess extraordinarily large song type 
repertoires and sing at night while still unmated. We studied free-
living male nightingales for several successive breeding seasons 
and collected data on singing behaviour, several male traits 
and mating or breeding success. This extensive data collection 
was accompanied by playback experiments testing how song 
structures are evaluated by male and female conspecifics. Due to 
their complex singing style, nightingales can encode information 
about their constitution and/or motivation on several hierarchically 
organized song levels: element characteristics within song, the 
sequential order of successive songs and even in the patterning of 
song exchange in singing interactions among males. I will present 
examples for information encoding on these different levels, 
drawing particular attention to the meaning for male and female 
receivers. This approach addresses questions on the evolution of 
complex signalling systems as well as on behavioural-physiological 
mechanisms being important in honest signalling of male quality 
and motivation.
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PP-BB-1

DO ORGANISMS EXPLOIT FOOD ANTIOXIDANT 

PROPERTIES TO IMPROVE OXIDATIVE BALANCE DURING 

THERMAL CHALLENGES?
M. Beaulieu1, A. Haas1, H. M. Schaefer1 
1Universität Freiburg, Biologie 1, Faculty of Biology, University of 
Freiburg, Department of Evolutionary Biology and Animal Ecology, 
Hauptstr. 1, 79104 Freiburg, Germany, Freiburg, Germany 

Thermal stress leads to increased production of Reactive Oxygen 
Species (ROS). In case of insufficient antioxidant defenses, this 
may lead to increased oxidative damage that may alter health and 
fitness. Cold and heat stresses are therefore associated with higher 
demand for antioxidants than neutral temperatures. Accordingly, 
artificially supplementing the diet of thermally-stressed organisms 
enhances their antioxidant defenses and reduces their oxidative 
damage. However, whether organisms can supplement themselves 
with dietary antioxidants to alleviate temperature-induced oxidative 
damage is unknown. Here, we show that captive Gouldian finches 
(Erythrura gouldiae) consume more seeds rich in antioxidants when 
exposed to a temperature below their thermoneutral zone than 
when experiencing a temperature within their thermoneutral zone. 
In contrast, their consumption of seeds poor in antioxidants does 
not vary between both thermal environments. Moreover, having 
access to seeds rich in antioxidants decreases birds’ oxidative 
damage, when they are exposed to cold temperature. These 
results indicate that, when facing a thermal challenge, animals are 
able to take advantage of the antioxidant properties of their food to 
improve their oxidative balance. In the context of climate change, 
having access to food resources rich in antioxidants may therefore 
help organisms to cope with oxidatively challenging conditions due 
to abnormal temperature regimes.

PP-BB-2

Hey Mom, what’s for Dinner?Post-weaning Maternal Food 
Provisioning in a Bat with a Complex Hunting Strategy
I. Geipel1, E. Kalko1,2, K. Wallmeyer3, M. Knörnschild1 
1University of Ulm, Institute of Experimental Ecology, Ulm, 
Germany  
2Smithsonian Tropical Research Institute, Panama, Germany  
3University of Tuebingen, Tuebingen, Germany 

Adult animals of many taxa exhibit extended parental care by 
transferring food to inexperienced offspring, thus allocating 
nutritional and sometimes even informational benefits such as 
the acquisition of adult dietary preferences and foraging skills. In 
bats, post-weaning food provisioning is severely understudied, 
despite the taxon’s diverse and complex foraging strategies. The 
Neotropical Common Big-eared Bat Micronycteris microtis preys 
on relatively large insects gleaned from vegetation, finding its 
silent and motionless prey by echolocation. The demands of this 
cognitively challenging hunting strategy make M. microtis a likely 
candidate for maternal post-weaning food provisioning. We studied 
five free-living mother pup pairs in their night-roost using infra-
red video recordings. Each mother exclusively fed her own pup 
and mother-pup recognition was mutual. Provisioned pups were 
volant and had started own hunting attempts. Weaned pups were 
provisioned for five subsequent months with a variety of different 
insects, reflecting the adult diet. Mothers transferred over 50% of 
their prey intakes to pups. Maternal prey transfers declined as pups 
matured, whereas the pups’ self-hunted prey intakes increased. 
During prey transfers, aggressive behaviour between mothers 
and pups was scarce. We argue that post-weaning maternal 
food provisioning might yield two informational benefits for M. 

microtis pups: First, learning how to handle large and defensive 
prey is mandatory for inexperienced pups and could be practiced 
with prey items provided by their mothers. Second, acoustically 
characteristic echo images of prey items could be gained during 
mother-pup prey transfers, probably facilitating the successful 
acquisition of M. microtis’ complex hunting strategy.
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PP-BB-3

How to pass the gap - Functional morphology and 
biomechanics of spider bridging threads.
J. Wolff1, J. Schneider2, S. Gorb1 
1University of Kiel, Zoological Institute, Kiel, Germany  
2University of Hamburg, Zoological Institute, Hamburg, Germany 

Many spiders use airborne silk threads for locomotion purposes 
or web initiation. In the case of bridging, the thread is used to 
span and cross a gap between two microhabitat structures. In 
the orb web spider Larinioides sclopetarius, the secreted bridging 
line is composed of a double thread of minor ampullate silk with 
a dense coverage of very thin aciniform silk threads in the distal 
parts. We investigated the adhesion of the bridging line to different 
substrates, with smooth and rough, hydrophilic and hydrophobic 
surfaces. We found the thread adhering to all tested surfaces. 
Thread fastening presumably works through the combination of 
plastic deformation and intermolecular forces or by mechanical 
interlocking with substrate asperities. The loose bundling of 
the minor ampullate main thread and the loop-building very thin 
aciniform fibrils presumably affects the detachment force from the 
substrate and may cause a spreading of the contact area over the 
target surface, when shear force along the substrate is applied to 
the bridging line. The bridging line adhesion to the substrate must 
not totally resist the spider weight caused pulling, as it is partly 
absorbed by thread deformation and fibril separation.

PP-BB-4

Lesser Mouse Eared Bats Perform Better in Obstacle Course 
than Greater Mouse Eared Bats
D. Schmieder1,2, S. Zsebők1,3, B. Siemers1, K. Safi2,4 
1Max Planck Institute for Ornithology, Sensory Ecology Group, 
Seewiesen, Germany  
2International Max-Planck Research School for Organismal 
Biology, University Konstanz, Konstanz, Germany  
3MTA-ELTE-MTM , Ecology Research Group, Budapest, Germany  
4Max Planck Institute for Ornithology, Radolfzell, Germany 

The sibling bat species Myotis myotis and Myotis blythii oxygnathus 
(Chiroptera, Vespertillionidae) are morphologically very similar, 
although in most cases the lesser mouse-eared bat (M. blythii 

oxygnathus) is slightly smaller. Yet, the two species are known to 
feed on different range of prey species, despite partially roosting 
together, showing a clear behavioral divergence in habitat selection. 
Since the lesser mouse-eared bat hunts in more structured habitats, 
we hypothesized that its wing morphology should be generally 
more adapted to slow, maneuvered flight. We tested whether 
wing shape differed between the lesser and greater mouse-eared 
bats following standard measurements including wing shape 
ratios/indices that were partly size independent. Aditionally, in a 
laboratory experiment, we measured maneuverability (ability to fly 
through limited space avoiding obstacles) of the two species.

We found clear differences in size dependent wing and body 
measurements, with the exception of the tail lenth and tail area. 
When comparing wing ratios, however, we couldn’t find clear 
differences in flight morphology between the greater and lesser 
mouse-eared bats. Only tip length ratio (ratio of hand wing 
length to arm wing length) was significantly higher in M. blythii 

oxygnathus, indicating lower maneuverability. In our obstacle 
avoidance experiments, however, M. blythii oxygnathus was in 
fact more maneuverable than M. myotis. Our results advocate for 
a careful interpretation of differences in flight behavior based on 
morphological differences between closely related species where 
these differences can be subtle.
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PP-BB-5

Animal Personality and Cognitive Abilities of Eurasian 
Harvest Mice (Micromys minutus)

A. da Luz Correia1, A. Schuster1, K. Foerster1 
1Eberhard Karls University Tübingen, Comparative Zoology, 
Tübingen, Germany 

Cognitive abilities have been studied in several animal species 
including non-model vertebrates. Thereby, previous studies have 
rather focused on specific cognitive abilities of these different 
species than on intra-specific variability of cognitive styles within 
populations. However, recent studies focus more and more on 
the relation between individual cognitive variation and animal 
personalities. Animal personalities are known as correlated 
individual behaviours throughout time and different situations. 
This intra-specific variation in animal behaviour has been studied 
in almost all animal taxa until today and it is likely to also exist 
in our study species, the Eurasian Harvest Mouse (Micromys 

minutus). We tested male and female adult Eurasian Harvest Mice 
in different laboratory behavioural tests and one cognitive test. We 
detected constant individual behaviour with high repeatability in 
two exploratory tasks (novel environment and novel object) and 
in activity patterns. Our results show that harvest mice explore 
constantly in different situations and throughout time, which 
confirms the existence of animal personalities in this species. 
Cognitive data are currently gathered to explore the relationship 
between personality and cognitive ability in this species. We 
hypothesize that animals show constant individual cognitive styles 
and assume that more explorative animals show better cognitive 
abilities than less explorative animals due to a more directed 
exploratory behaviour.

PP-BB-6

JUVENILE HORMONE INFLUENCES ON AGGRESSIVE 

BEHAVIOR IN MALE CRICKETS

A. Wirmer1, C. Ott1 
1University of Ulm, Institute for Neurobiology, Ulm, Germany 

Aggressive behavior in vertebrates is strongly influenced by 
steroids like testosterone and the gonadotropins FSH and LH. 
In insects, juvenile hormone (JH) incorporates functions of both 
vertebrate steroid hormones and gonadotropins. As a pleiotropic 
hormone, JH does not only influence an insect’s development and 
reproduction but also its behavior, including aggressive behavior.

This study investigates the effects of JH III on the agonistic behavior 
of male Gryllus bimaculatus crickets. Male crickets express 
aggressive behavior toward other males, competing for females 
and territory. Well described aggressive interactions are associated 
with certain fight intensity levels which follow a stereotypic 
sequence. Higher levels in fighting intensity are reached only after 
passing all lower levels. Factors influencing a male’s motivation to 
engage in fights have also been identified. Amongst these are the 
time of isolation, previous fighting experience and the octopamine 
titer in the hemolymph.

This excellent data basis makes cricket agonistic behavior a 
valuable behavioral model for testing the effects of juvenile hormone 
on aggression in insects and to unravel interesting parallels to the 
vertebrate system.
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Influence of male age on the attractiveness of calling songs 
in a synchronizing bushcricket
M. Hartbauer1, H. Römer1, M. Siegert1 
1Karl-Franzens University Graz, Zoology, Graz, Austria 

Age-based mate preference is evident in many mating systems 
and constitutes a special case of the good genes model of sexual 
selection. Depending on ecological factors and age-dependent 
survival, females either prefer younger and intermediate-age males 
or preferentially orient towards older males. In this longitudinal 
study we recorded songs of males of the synchronizing katydid 
Mecopoda elongata two weeks after final molt (young male) and 
repeated sound recordings nine weeks after final molt (old males). 
Additionally, we studied a possible age-based mate preference 
of females in a two-choice situation, which was accompanied by 
examination of neurophysiological responses to these signals.

On average, chirps produced by young males were significantly 
shorter, exhibited a stronger amplitude modulation of loud and 
soft hemisyllables and contained less energy compared to chirps 
of old males. In duetting males, age did not correlate with the 
establishment of the leader role, defined as the male who initiates 
acoustic interactions more frequently. Females showed a significant 
preference for a typical ‘young chirp’ timed 70 ms in advance of the 
‘old chirp’, whereas choice was arbitrary when the ‘old chirp’ was 
broadcast as leader. Neurophysiological results revealed that the 
‘young leader chirp’ elicited a much stronger neuronal response in 
the bilateral activity of a pair of ascending neurons compared to the 
‘old leader chirp’.

In M. elongata a preference for the signals of young males probably 
evolved as a counter strategy that prevents females from mating 
with an old male having a higher risk of infestation caused by 
acoustically-orienting tachinid flies. However, signal parameters 
enabling female choice are still unclear.

PP-BB-8

LONG-TERM ALARM CUE EXPOSITION INCREASES 

JUVENILE SHOALING IN A CICHLID FISH

D. Meuthen1, S. Baldauf1, T. C. M. Bakker1, T. Thünken1 
1University of Bonn, Institute for Evolutionary Biology and 
Ecology, Bonn, Germany 

Adaptive behavioral plasticity as antipredator strategy relies on 
both long-term and short-term information about predation risk. In 
fishes, chemical alarm cues released by injured conspecifics as 
well as visual and tactual cues are common signals to determine 
predation risk. Here, we investigate how long-term alarm cue 
exposition as a proxy for predation risk affects shoaling in juveniles 
of the West African river cichlid Pelvicachromis taeniatus. In our 
experiment, we exposed juvenile shoals obtained from a split-clutch 
rearing design (raised with a daily dose of either conspecific alarm 
cues, heterospecific alarm cues or distilled water) to a standardized 
tactual stimulus by hitting mechanically against one side of the 
experimental tank. Because denser shoals are less susceptible 
towards predation we expected denser shoals in the conspecific 
alarm cue treatment. To evaluate shoaling density, we measured 
inter-individual distances (IID) as well as nearest-neighbor 
distances (NND) prior and following the tactual stimulus. We found 
no significant differences in shoaling density between treatments 
prior to the stimulus. However, shoals exposed to conspecific alarm 
cues strongly reduced both their IID and NND after perceiving the 
tactual stimulus. In contrast, shoals from control groups did not 
change their density. These results suggest that shoals exposed to 
conspecific alarm cues are more sensitive to signals that imply a 
threat and adjust shoaling behavior accordingly.
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PP-BB-9

Archerfish adjust their fast-start decisions to systematic later 
changes in prey trajectory
S. Müller1, S. Schuster1 
1University of Bayreuth, Department of Animal Physiology, 
Bayreuth, Germany 

Archerfish down aerial prey, e.g. flies, with a jet of water and catch 
it at the water surface. After a successful shot they have to be 
fast in order not to lose their food to competitors. To manage this 
archerfish launch a predictive start based on a brief sampling of 
the initial motion of their falling prey. The predictive start accurately 
turns the fish towards the prey‘s later point of impact.

Here we ask what would happen to the initial open-loop phase if 
the landing points systematically deviate from the predicted ones?

To test this we exposed archerfish to a situation in which the vast 
majority of trajectories hit onto a reflector that change the course 
by 45 degree. In this situation, the initial motion still determined 
the landing point, but the relation between the initial motion and 
the landing point is dramatically changed. Would the fish learn 
to postpone their starts to a time after the reflection? Would they 
abandon their open-loop strategy and track the falling target in a 
closed-loop mode? We show here that the fish adapt their predictive 
starts and respond with equal latency but taking the later reflection 
into account right at start. To critically test this adaptation we 
interspersed rare tests in which trajectories were not reflected. In 
these tests the fish aimed towards the modified (‚reflected‘) landing 
points thus showing that their start decision had internalized the 
reflection.

PP-BB-10

Exploration behaviour of European Bison after reintroduction 
into the wild.
P. Schmitz1, K. Witte1 
1University of Siegen, Research Group Ecology and Behavioural 
Biology, Department Chemistry –Biology, 57068 Siegen, Germany 

On 11th of April 2013 a herd of European Bison(Lowland-Caucasian 
line)was released into the wild in Germany for the first time. Before 
reintroduction the herd was kept in an 86 ha enclosure in this area 
for three years. The European Bison was extinct in the wild since 
1921 and survived only due to intensive conservation breeding in 
captivity.

This herd was reintroduced in an intensively used working forest 
of low mountain range with a medium human population density of 
249 inhabitants / km² and 1.5 million tourists per year. The habitat 
mainly consists of beech- and spruce stands, interspersed with 
meadows and grasslands. We investigated the habitat utilization 
(kernel home ranges h

ref
, minimum covered distances and 

distance to the former enclosure) using GPS-telemetry and direct 
observation.

The animals left the enclosure for short explorations first time after 
5 days. The first long-lasting exploration occurred from day 11 
to 17. In a second phase the daily core home ranges were more 
stationary and covered areas of 33 ± 28 ha (50% kernel ± SD) with 
a daily minimum distance of 4.7 ± 1.5 km.

One day previous to birth of a calve the home range area and the 
minimum covered distance increased but dropped afterwards for 
about one week.

The distance to the enclosure was 1.3 ± 0.7 km and never longer 
than 3.2 km. These findings give insight into the explorative 
behaviour of European Bison reintroduced to new areas and show 
the impact of calves on habitat exploration.
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EFFECTS OF ALARM PHEROMONES ON ESCAPE 

BEHAVIOUR IN LARVAL ZEBRAFISH (DANIO RERIO)

M. Zapka1, A. Ramsperger1, S. Schuster1 
1Universität Bayreuth, Tierphysiologie, Bayreuth, Germany 

In adult zebrafish alarm pheromones released from injured skin 
(i.e. during predator attack) trigger a characteristic alarm response 
in nearby conspecifics. The alarm response is an antipredator 
behaviour causing a dramatic change in locomotion. This response 
is characterized by increased shoal cohesion, faster swimming with 
spontaneous rapid turns and at least markedly increased bottom 
dwelling.

The effects of alarm pheromones on adult fish are already well 
described, however, almost nothing is known about their impact on 
larval fish, especially on their escape behaviour.

Therefore 6 days old zebrafish larvaes were exposed to alarm 
pheromones isolated from adult zebrafish and their escape 
behaviour was analyzed. Escape behavior was triggered by a 
mechanosensory stimulus and recorded by digital highspeed 
video. Subsequently the kind of reaction, latency and kinematics of 
the responses were evaluated.

Comparing control groups and larvae receiving alarm pheromone 
treatment revealed differences in the type of responses. Long 
latency escape responses almost abolished, instead an increase 
in swimming, scooting and bursting was observed. Furthermore 
short latency responses showed kinematic differences.

These findings strongly indicate that the effect of alarm pheromones 
is innate and already affect the behaviour of larval zebrafish.

PP-BB-12

Surface wave sensitivity of Crocodilians
N. Grap1, H. Bleckmann1 
1University of Bonn, Institute of Zoology, Bonn, Germany 

Crocodiles are the top predators in many freshwater ecosystems. 
For prey detection they not only use visual, auditory and olfactory 
cues but also water surface waves. Most likely they detect these 
waves with their Dome pressure receptors (DRPs) that are located 
in the cranial region. The aim of this study was to determine and 
compare the hydrodynamic thresholds of Caiman crocodilus 
(Alligatoridae) and the Crocodylus niloticus (Crocodilidae) to 
sinusoidal water surface waves. Using operant conditioning, 
two Nile crocodiles and one caiman were trained to respond to 
sinusoidal surface waves (duration 1150 ms, frequency 15, 30, 40, 
60 and 80 Hz), produced by blowing air onto the water surface. 
An orienting movement to the wave source indicated that the 
experimental animals had perceived the surface wave stimulus. 
Our studies show that caimans and crocodiles can detect a 15 Hz 
surface wave, even if the wave amplitude is only 10 to 13 mm 
peak-to-peak displacement. Nile crocodiles also respond to 30, 
40 and 60 Hz surface waves, threshold values were 1.15, 0.97 
and 0.75 mm peak-to-peak displacement. Whether caimans also 
respond to higher frequency surface waves remains to be shown.
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JUVENILE PERFORMANCE IN A CICHLID FISH IS AFFECTED 

BY SOCIAL ENVIRONMENT AND KINSHIP

T. Thünken1, S. Hesse1 
1University of Bonn, Bonn, Germany 

Living in groups is a widespread phenomenon in many animal 
taxa. The reduction of predation risk is thought to be an important 
cause for the formation of groups. Consequently, grouping 
behavior is particularly pronounced during vulnerable life stages, 
i.e. as juveniles. However, the adaptive significance of living and 
also developing in a group independent from predation risk has 
received relatively little attention although this might have important 
implications on the evolution and maintenance of group living. Group 
living does not only provide benefits but it also implies costs on 
group members for example increased competition for food. Thus, 
benefits of grouping behavior might not be evident when predation 
risk is absent. The aim of the present study was to examine whether 
the social environment affects juvenile performance in the cichlid 
fish Pelvicachromis taeniatus and whether kinship affects social 
behavior. Kin selection theory predicts benefits from grouping with 
kin. Here, we demonstrate that juveniles reared in a group grew 
faster compared to juveniles reared in isolation under standardized 
laboratory conditions without predation risk. Furthermore, we 
found significant differences in social behavior between juveniles 
reared in a group and reared in isolation. As expected, genetic 
relatedness influenced social behavior as well. Dyads of juveniles 
consisting of kin showed increased group cohesiveness compared 
to non kin dyads. Our findings suggest that juvenile P. taeniatus are 
adapted to and profit from group living and that shoaling with kin is 
advantageous.

PP-BB-14

PER CONDITIONING OF VISUAL STIMULI IN WORKERS AND 

DRONES OF THE BUMBLEBEE BOMBUS TERRESTRIS

L. Lichtenstein1, F. Sommerlandt1, J. Spaethe1 
1University of Würzburg , Department of Behavioral Physiology 
and Sociobiology, Würzburg, Germany 

Learning visual cues is essential in bees for orientation, recognition 
of nest sites, food sources and mating partners. To study learning 
abilities in bees under controlled conditions, the proboscis 
extension reaction (PER) provides a well-established behavioural 
assay. If the antennae of a bee come in contact with sugar solution 
(unconditioned stimulus, US), the bee will reflexively extend its 
proboscis. This unconditioned response (UR) can be associated 
with a conditioned stimulus (CS), e.g. a light stimulus, by a repeated 
paired presentation of US and CS, until the CS alone provokes the 
UR. While many studies exist about olfactory learning, only little is 
known about PER conditioning of visual stimuli in bumblebees. In 
the present study, we tested intact B. terrestris workers and drones 
in different visual learning tasks using classical PER conditioning. 
Different monochromatic light stimuli (435, 455, 488, and 528nm) 
in combination with different grey filters (transmission: 24 and 51%) 
were used to ensure that the bumblebees can only use chromatic 
information. Individuals were confronted with absolute (A+) and 
differential (A+ vs. B-) conditioning tasks. Furthermore, workers and 
drones were tested if they can retrieve the learned association after 
two hours (mid-term memory). Our results indicate that workers 
and drones are capable of discriminating between monochromatic 
light stimuli, and retrieve the learned stimulus after two hours. 
Drones attain performance levels similar to that of workers.

This approach will allow us to investigate colour discrimination 
abilities of bees in different parts of the colour space by increasing 
the similarity between colour stimuli in differential conditioning 
under controlled conditions.
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INFLUENCE OF MOBILE FISH AVATARS ON DECISION 

MAKING IN GROUPS OF WEAKLY ELECTRIC FISH

M. Worm1, G. von der Emde1 
1Institute of Zoology, Bonn, Germany 

Mormyrid weakly electric fish possess an active electrogenic 
system that allows orientation and communication at night or 
in murky water habitats where other sensory systems such as 
vision fail. They produce short, biphasic electric organ discharges 
which are generated by an electric organ situated in the tail. The 
resulting electric field is perceived by epidermal electroreceptor 
organs. Inter-discharge intervals are highly variable, depend 
on the animal’s current behavioural state and can be used as 
signals in intra-specific communication. Previous work has 
revealed activity dependent discharge rates and synchronization 
patterns that rapidly switch between individuals in a group. 
Here we show how certain discharge patterns are sufficient to 
trigger and coordinate complex group dynamics like for example 
group-foraging behaviour. The goal of this study is to integrate fish-
like robots into groups of real fish based on electro-communication. 
To do so, we equipped mobile fish dummies with active electrodes 
that can produce electrical playbacks of behaviour-specific 
discharge patterns. The avatars provoked both following reactions 
and electrical responses in real fish and could influence real fish 
behaviour as a group under daylight conditions as well as in 
the dark. These experiments provide insight into how different 
sensory modalities govern collective behaviour in groups of weakly 
electric fish. Simultaneous recordings of electrical behaviour and 
spatial positions provide a framework for closed feedback loop 
experiments, in which groups of weakly electric fish can interact 
with artificial agents in a mixed society.

PP-BB-16

LOCALIZATION OF ARTIFICIAL FLATFISH BREATHING 

CURRENTS BY HARBOR SEALS (PHOCA VITULINA)

B. Niesterok1, Y. Krüger1, G. Dehnhardt1, W. Hanke1 
1University of Rostock, Sensory and Cognitive Ecology, Rostock, 
Germany 

Harbor seals feed on a variety of different prey species. One part of 
their diet consists of flatfish, which can be covered by sediment and / 
or show the color pattern of the sediment below (camouflage). Video 
recordings of harbor seals living in the wild document harbor seals 
hunting successfully for flatfish. However, in those video recordings 
flatfish were not visible at all prior to capture. Since harbor seals 
can detect very slow water movements and also hydrodynamic 
trails we hypothesize that harbor seals use the breathing currents 
of flatfish to detect and localize them. To test this we designed an 
experimental platform suspended 1 meter below the water surface 
in a netting enclosure in the Baltic Sea (Marine Science Center at 
the University of Rostock). This platform has 8 different openings 
of which only one emits an artificial breathing current at a time. The 
active opening is chosen randomly. We trained two harbor seals 
to search the platform area for the hydrodynamic stimuli while 
wearing an eye mask to exclude vision. The seals were trained to 
station at the active opening for 5 s in case of sensing the artificial 
breathing current. The artificial breathing currents were imitated 
in accordance to flow measurements of breathing currents in real 
flounders. For both types of breathing currents we used Particle 
Image Velocimetry (PIV) to measure and visualize the flow field. 
Here we show our data on the seals’ ability to detect and localize 
artificial breathing currents measured as success rate and time 
needed for the search. We furthermore evaluated behavioral 
aspects such as the search trajectory and the cruising speed of the 
searching seal.
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The evolution of brood care behaviour in dictyopteran 
insects and its fossil record
M. K. Hörnig1, A. Sombke1, C. Haug1, J. T. Haug1 
1Ernst-Moritz-Arndt-Universität Greifswald, Zoological Institute 
and Museum, Cytology and Evolutionary Biology, Greifswald, 
Germany 

Dictyoptera is a group of insects, represented by three 
morphotypes: cockroaches, mantids, and termites. Dictyopterans 
are abundant in the extant fauna, but also possess a long-ranging 
fossil record. Early ‚roachid‘ dictyopterans are among the dominant 
faunal elements in Carboniferous forests of about 300 million years 
in age, but also in younger fossil deposits numerous dictyopterans 
can be found e.g., in the 110 million years old Crato formation, or 
in about 50 million years old Baltic amber. Modern dictyopterans 
exhibit a wide range of brood care adaptations: carrying an ootheca, 
ovovivipary and feeding of young, or sub-social and even eu-social 
behaviour. The fossil record can provide important additional data 
for reconstructing the evolution of morphological traits, but rarely 
does so for the evolution of behavioural aspects.

We present examples of cases in which fossils provide direct 
or indirect evidence of aspects of brood care in Dictyoptera. 
Earliest known dictyopterans still possess a long ovipositor, 
a symplesiomorphy shared with orthopterans and other 
polyneopterans, indicating that 300 million years ago roachids did 
not protect their eggs by carrying an ootheca. Dictyopterans with 
external ovipositors still occur up to about 110 million years ago. Co-
occurring with these forms are ootheca-carrying cockroaches and 
early representatives of Mantodea. Cockroach nymphs preserved 
in 50 million years old amber indicate further reaching brood 
care behaviour: aggregations of blind hatchlings demonstrate a 
dependence on the parents in early stages. These examples can 
be integrated into a more holistic approach to the understanding of 
the evolution of brood care within Dictyoptera.

PP-BB-18

Behaviour of extinct organisms: synchronised moulting in 
half a billion years old arthropods
C. Haug1, J.- B. Caron2, J. T. Haug1 
1Ernst-Moritz-Arndt-Universität Greifswald, Zoological Institute 
and Museum, Cytology and Evolutionary Biology, Greifswald, 
Germany  
2Royal Ontario Museum, Department of Natural History, Toronto, 
Canada 

Behavioural biology of extinct organisms is more challenging to 
infer than that of extant organisms, which can be directly observed 
in most cases. Cases in which behaviour of extinct organisms is 
indirectly accessible are restricted to few cases. Certain aspects can 
be inferred from functional morphological reconstructions, others 
can include predator-prey or parasite-host interactions. Here we 
present possible fossilised examples of demecological interactions, 
which means interactions on population level, between conspecific 
individuals. Arthropods grow by moulting. Among extant arthropods 
living in groups several examples are known in which some 
members of the group or even the entire group synchronise their 
moulting. Such an interaction at the demecological level can also 
be found in the fossil record. Examples of synchronised moulting 
have been reported for fossil crustaceans, trilobites and also sea 
scorpions. Especially for trilobites and sea scorpions this behaviour 
has been interpreted as being coupled to mass mating. We report 
here cases of synchronised moulting in two different species of 
arthropods from the half a billion years old Burgess Shale fauna. 
In one case, the moulted organisms clearly represent juveniles, 
contradicting a mating-related explanation. We discuss possible 
different interpretations of these and other fossil mass occurrences 
of even-sized exuviae in the fossil record; reduction of predatory 
pressure and cannibalism are among the best candidates. Also 
possible mechanisms for triggering the synchronised moults are 
discussed, based on extant comparisons. Most plausible is that 
a pheromone communicating system was present in these half a 
billion years old, putatively “primitive”, organisms.
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ECHOLOCATION CALL-MEDIATED HETEROSPECIFIC 

RECOGNITION IN A WILD MYOTIS BAT SPECIES

T. Hügel1,2, B.- M. Schuller1, V. van Meir1, B. Siemers1, H. R. 
Goerlitz1 
1Max Planck Institute for Ornithology, Sensory Ecology Group, 
Seewiesen, Germany  
2Julius-Maximilians-University Würzburg, Department of Animal 
Ecology and Tropical Biology, Würzburg, Germany 

The heterospecific recognition hypothesis predicts that animals 
recognize heterospecifics and respond with species-specific 
adaptive behaviours. This ability should be adaptive, provided 
that species-specific reactions to interspecific encounters are 
advantageous, for example by following foraging individuals that 
occupy a similar ecological niche. Bat echolocation calls, although 
primarily used by the call-emitting individual for orientation and 
foraging, are also conspicuous to other individuals. Increasing 
evidence shows that echolocation calls enable communication 
between individuals within a species, yet data about the role of 
echolocation calls for interspecific information transfer is scarce. To 
test if bats are attracted more to the echolocation calls of species 
that occupy the same foraging niche, independent of the calls’ 
spectro-temporal structure, we used wild-caught Myotis capaccinii, 
a European insectivorous trawling bat. Individuals were allowed to 
forage for equally distributed food for several days in a flight room, 
which was separated into two compartments. On the test night, 
we did not offer any food, but presented echolocation calls of four 
foraging heterospecific bat species one after the other in randomly 
selected compartments. Following a 2x2 design, we selected 
species with similar or dissimilar foraging ecology and spectro-
temporal call structure relative to M. capaccinii. Bats were video-
recorded to analyse the percentage of time spent in the playback 
compartment as a measure for their attraction to heterospecific 
calls. Our data provide new insight into the ability of bats to extract 
ecological information from heterospecific echolocation calls.

PP-BB-20

„PERSONALITY“ IN LABORATORY MICE: A WAY OF 
UNDERSTANDING STANDARDIZATION-RESISTANT 

VARIABILITY?
L. Lewejohann1,2, B. Zipser2, N. Sachser2 
1University of Osnabrueck, Behavioral Biology, Osnabrueck, 
Germany  
2University of Muenster, Behavioural Biology, Muenster, Germany 

The mouse, including countless lines of transgenic and knockout 
mice, has become the most prominent model organism in 
biomedical research. Behavioral characterization is often 
conducted in batteries of short tests on locomotion, anxiety, 
learning and memory, etc. In such tests, any individual differences 
within groups are usually considered to be disturbing variance. 
Hence, in order to reduce this variance in experimental animal 
research, enormous efforts of standardization have been made. 
Fundamentally, the genetic variability of mice has been minimized 
by means of inbreeding for many generations. While a substantial 
reduction of variability has been reached compared to the earlier 
years of experimental animal studies a considerable amount 
of inter-individual differences still seems to escape all efforts of 
standardization. This effect is demonstrated and evaluated by 
recent data from highly standardized experiments conducted with 
inbred mice. Interestingly, behavioral patterns of individual animals 
seem to be correlated across contexts and time. In evolutionary 
biology, ‚animal personalities‘ have been discussed recently to 
comprise such stable patterns. We argue here, that non-random 
behavioral correlations across contexts and time might underlie 
the variability commonly found in highly standardized experiments 
such as biomedical mouse studies.
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Acoustic defence in the tettigoniid Poecilimon ornatus: 
evidence for sex-specific differences
K. N. Kowalski1, G. U. C. Lehmann2, R. Lakes-Harlan1, J. Strauß1 
1Justus-Liebig-Universität Gießen, AG Integrative Sensory 
Physiology, Institute for Animal Physiology, Gießen, Germany  
2Humboldt Universität zu Berlin, Department of Biology, 
Behavioural Physiology, Berlin, Germany 

Tettigoniids (Insecta: Orthoptera) commonly use acoustic signals 
for mate attraction. In addition, the production of sound to startle 
or repel a predator (defence stridulation) has been documented 
in some species. Since usually the males bear tegminal sound-
producing organs, females are often unable to produce either 
sounds for pair formation or defence. In the species Poecilimon 

ornatus (Schmidt 1850), both males as well as females produce 
sounds for mating and for defence against predators. Acoustic 
defences in tettigoniids have so far not been studied for possible 
sex-specific differences.

We documented the use and intensity of acoustic defence between 
sexes, and compared the temporal pattern of the defence sounds 
given by females and males. Assuming that a selection pressure 
for specific features of acoustic defence would result in similar 
temporal patterns of sounds in both sexes, the adaptive value of 
defence sounds in females and males can be judged.

Both P. ornatus females and males produce defence stridulation 
upon touching or grabbing the pronotum or hind legs. In both 
sexes, the reaction pattern is independent from the touched body 
region, but males generally respond more likely to any disturbance. 
In males, defence sound is less structured than calling song, and 
their verse duration is less variable than in females. The number 
of impulses per verse in male defence sound is higher with longer 
verse duration in comparison to females. These findings suggest a 
stronger predation pressure on males, which is consistent with the 
males’ phonotactic role in P. ornatus.

PP-BB-22

HYDRODYNAMIC CUES FROM THE ESCAPE RESPONSE OF 

FISH

J. Knobloch1, B. Niesterok1, W. Hanke1 
1University of Rostock, Rostock, Germany 

The well investigated escape response of fishes known as 
„C-Start“ is one of the major mechanisms to avoid predators. This 
fast start creates a typical flow pattern containing three jets (Tytell 
and Lauder 2008). We hypothesize that these water movements 
may be analysed by predators to find their prey. Niesterok and 
Hanke measured the jets produced by fast-starting rainbow trouts 
(Oncorhynchus mykiss) using particle image velocimetry (PIV). The 
PIV method was adapted for quasi-simultaneous measurements in 
multiple planes using a rotating mirror drum. Flow was measured 
in 12 horizontal layers which were equally distributed (1 cm apart 
from each other) over the vertical axis. We chose five recordings 
of good quality to investigate the following features of the flow 
pattern: 1) the threedimensional shape of the first emerging jet (jet 
1), which is caused by the tail fin; 2) the travel distance of each of 
the three jets; 3) the durability of the jets. The results showed that 
1) the three-dimensional shape closely resembles a circular vortex 
ring; 2) jet 1 travelled slightly, but not significantly faster than jet 2 
(the jet produced by the fish’s body during the C-bend); jet 3 (the jet 
produced by the fish’s body later on) had the lowest travel velocity. 
3) Jet 1 lasted longest, followed by jet 2 and jet 3. All jet types could 
last several minutes even in the presence of moderate background 
flow. The results support the study of Niesterok and Hanke (2013). 

Niesterok B, Hanke W (2013) Hydrodynamic patterns from fast-
starts in teleost fish and their possible relevance to predator-prey 
interactions. J Comp Physiol A 199:139-149

Tytell ED, Lauder GV (2008) Hydrodynamics of the escape 
response in bluegill sunfish, Lepomis macrochirus. J Exp Biol 
211:3359-3369
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FLIGHT PATH ANALYSIS BY MEANS OF PHYLOGENETC 

METHODS - EVALUATION OF FLIGHT PERFORMANCE OF 

DAUBENTON‘S BAT

S. Zsebők1, L. Wiegrebe2 
1MTA-ELTE-MTM Ecology Research Group, Budapest, Hungary  
2Ludwig-Maximilians-University Munich, Planegg-Martinsried, 
Germany 

Evaluating behaviour of animals based on large number of 
parameters needs special data processing and analyzing 
methods. Flight paths of bats can be described by several spatial 
coordinates and in this way each path can be represented as a 
point in the multidimensional space, where the number of the 
dimensions equals the number of the coordinates. This approach 
can make it possible to calculate a distance between the flight 
paths that corresponds to the similarity between the paths. Not 
only a dendrogram can be made with cluster analysis based on 
the distance matrix, but the structure of the tree can be compared 
to other experimental or biological variables with the help of 
phylogenetic methods. We present an example for these methods 
using the dataset of a laboratory experiment where we studied the 
foraging behaviour of Daubenton’s bats over water and artificial 
grass. The analyses show the effects of the surface and the prey 
height on the bat’s flying behaviour.

PP-BB-24

Male mate choice in two orb weaving spiders (Argiope) from 

Costa Rica

A.- S. Ganske1, J. A. Maeder1, S. Stefan2, G. Uhl1 
1University of Greifswald, Department of General and Systematic 
Zoology, Greifswald, Germany  
2Technical University Braunschweig, Institute of Organic 
Chemistry, Braunschweig, Germany 

Once male spiders are mature, they leave their web in search for 
mates. Males are strongly selected to find virgin females if there 
is first male sperm precedence or if plugs are applied during 
mating that impede or prevent subsequent matings. Male mate 
choice has to be especially pronounced if males run the risk of 
being cannibalized. From only few species we know that males 
are attracted by volatile compounds emitted from the female silk 
or cuticle. In Argiope bruennichi virgin females were shown to emit 
a trimethyl methylcitrate from their webs whereas subadult and 
mated females did not emit the citrate. Males are attracted to low 
levels of synthetic citrate in the field and start courtship behaviour 
when in contact (Chinta et al. 2010). We investigated if males of 
two Costa Rican Argiope species (Argiope argentata and Argiope 

blanda) likewise prefer virgin females over other reproductive 
stages and if they discriminate conspecific from congeneric 
females. We performed choice situations where the males were 
confronted with two silk threads from webs of subadult, virgin and 
mated females of the same or different species. To complement 
our behavioural observations, we analyzed silk extracts of both 
species and of all reproductive stages for the presence of trimethyl 
citrate or other candidate pheromones using gas chromatography. 
Our data will help to clarify if A. argentata and A. blanda males 
prefer virgin females as was shown for A. bruennichi (Schulte et 
al. 2010) and whether there are species specific recognition cues.

Chinta, S.P., Goller, S., Lux, J., Funke, S., Uhl, G., Schulz, S. 
2010. The sex pheromone of the wasp spider Argiope bruennichi. 
Angewandte Chemie Int. Ed. 49: 2033-2036.

Schulte, K.F., Uhl, G., Schneider, J.M. 2010. Mate choice in males 
with one-shot genitalia: limited importance of female fecundity. 
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EXTERNAL FEMALE GENITAL MUTILATION IN AN ORB-

WEAVING SPIDER 

J. Prügel1, U. Thom1, G. Uhl1, J. Kupryjanowicz2 
1University of Greifswald, Zoological Institute and Museum, 
Greifswald, Germany  
2University of Bialystok, Institute of Biology, Bialystok, Poland 

Optimal mating rates may differ considerably between males and 
females. If females mate with more than one male their sperm 
compete for fertilization of the eggs and females may preferentially 
use sperm from a rival male. Consequently, males are prone to 
evolve adaptations that reduce female remating probability. Mating 
plugs consisting of amorphous material or even parts of the male 
genitalia are well known as adaptations to secure paternity. An as 
yet unknown potential strategy to prevent females from remating 
is the external female genital mutilation (EFGM) by the male. 
Judging from taxonomic literature, this strategy seems to occur 
in more than 100 spider species. Within orb weaving spiders 
(Araneae) EFGM seems to be especially widespread. Here, the 
copulatory organs of the male grasp prominent structures around 
the female genital opening during mating. Removal of the external 
female coupling structure may significantly reduce the probability 
that a female can mate with another male. We focused on the orb-
weaving spider Larinia jeskovi that was reported often to lack the 
coupling structure in adult females. To investigate the frequency 
of EFGM in L. jeskovi, adult females were collected in the Biebrza 
National Park in East Poland from 2010 to 2012. 81-96 % of 
adult females had a broken off genital structure. Mating trials that 
were conducted in the laboratory with virgin females showed that 
mutilation was indeed a consequence of copulation, however, with 
a lower frequency of EFGM (30-64 %). The study demonstrates 
that EFGM represents a substantial component of the mating 
system in L. jeskovi. Investigations on the adaptive value of EFGM 
are in progress.
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VOCALISATION INTERACTIONS AT DIFFERENT STAGES OF 

THE BREEDING CYCLE IN SMALL GROUPS OF CAPTIVE 

ZEBRA FINCHES (TAENIOPYGIA GUTTATA)

L. Gill1, A. Ter Maat1, W. Goymann1, M. Gahr1 
1Max Planck Institute for Ornithology, Seewiesen, Germany 

Vocal communication has been extensively studied and there is 
wide evidence that it plays a vital role for individual survival and 
reproduction in many animal species. In songbirds, most studies 
to date have focused mainly on conspicuous song or alarm and 
contact calls. Less is known about quiet calls, which occur between 
individuals acting at close range, despite being almost omnipresent 
in some species.

This lack of information seems to be due to technical limitations. 
Firstly, it is difficult to capture quiet vocalisations over distance or 
through noisy environments, and secondly, assigning a recording 
to the correct signal-emitting individual may be complicated as 
soon as more than one are potentially involved. This information, 
however, is crucial for the understanding of proximate and ultimate 
factors shaping vocal communication.

In our study, we recorded different vocalisations including quiet 
ones from single individuals within four small groups of captive 
zebra finches (Taeniopygia guttata) by means of microphone 
telemetry. In each of the four experiments, four males and four 
females previously unknown to each other were allowed to form a 
small colony and establish breeding pairs. Using individual acoustic 
recordings in addition to behavioural observations, breeding 
success and hormone data, we were able to describe temporal 
vocal interactions between individuals inside a group and analyse 
their role especially for pairs, at different stages of the breeding 
cycle and according to other social and environmental factors.

PP-BB-27

Testing olfactory behavior of Tribolium castaneum during the 
postmetamorphic period in a two-choice olfactometer
C. Wendlandt1, M. Kollmann1, S. Dippel2, J. Schachtner1 
1Philipps-University Marburg, Dept. Biology, Animal Physiology, 
35032 Marburg, Germany  
2Georg-August-University Göttingen, Developmental Biology, 
Johann-Friedrich-Blumenbach-Institute of Zoology and 
Anthropology, Göttingen, Germany 

In the past, different behavioral assays have been constructed 
for olfactory tests to evaluate the behavioral reaction of the red 
flour beetle Tribolium castaneum to different odors. In this study, 
a two-choice assay has been used in which beetles are presented 
with odorant from one side of a PTFE channel and are able to 
walk freely within this channel. The channel is supported with 
incoming air flow from both ends: on one side the air flow passes 
a filter which holds the odorant, diluted in methanol (1µl). The first 
tested odorant was 4,8-dimethyldecanal (DMD), the aggregation 
pheromone of T. castaneum which is emitted mainly by male but 
which acts as an attractant to both sexes. The following behavioral 
parameters have been tested: Time spent on the side where the 
odorant was given, and walking activity (covered distance). Data 
were obtained for males and females directly after (A0) and 7 
days after adult eclosion (A7). At concentrations from 1·10-10 to 
1·10-4, DMD acted as an attractant, with the greatest effect at 
[1·10-4]. In contrast, low concentrations (1·10-14, 1·10-12) and high 
concentrations (1·10-2) showed no significant effect in comparison 
to the control. In total, A7 beetles spent significantly more time on 
the odor side than A0 beetles, suggesting a higher responsiveness 
of A7 beetles. To examine the influence of odor input on olfactory 
behavior during postmetamorphic phase, we are currently testing 
olfactory behavior of A7 animals which were isolated shortly before 
adult eclosion, isolated animals with added DMD, leaf alcohol (cis-
3-Hexen-1-ol, a food related odor) or the insect repellent (DEET).
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Reproductive division of labor in a clonal ant, Platythyrea 

punctata

A. Bernadou1, G. Alciatore 1, D. Cardoso1, M. Cristiano1, J. 
Heinze1 
1University of Regensburg, Evolution, Behaviour & Genetics 
Biology I, Regensburg, Germany 

Division of labor is considered to be one of the main causes of the 
ecological success of ants, bees, wasps and termites. Individuals 
can be morphologically or functionally specialized for different 
tasks, e.g. the queens ensure the reproduction while workers 
take over all non-reproductive tasks in the nest. Several factors 
- genetics, morphology, age, and individual experience - have 
been put forward to explain division of labor in insect societies. 
For example, the probability of individuals to perform a specific 
task may depend on their genetic background. As a consequence, 
the co-occurrence of workers with different genetic backgrounds 
in a colony could improve the efficiency with which tasks are 
carried out and therefore increase colony fitness. Nevertheless, 
a division of labor exists also among individuals that lack genetic 
and morphological differences, such as clonal ants. Workers of the 
tropical ant Platythyrea punctata are capable of producing female 
offspring from unfertilized eggs; thus, most colonies of this species 
are clones. However, data from the field suggest that colonies may 
fuse and form genetically heterogeneous colonies.

In this study, we investigated if different clones show different 
propensities to take over certain tasks, such as becoming a 
reproductive individual or a non-reproductive worker. Through 
behavioral observations, we followed the formation of hierarchies 
in groups of two callows with different genetic background. 
Preliminary results show that individuals form a hierarchy in a few 
days but until now we failed to document a clear clone genetic 
effect in division of labor.

PP-BB-29

IMPACT OF LIGHT AND NOISE POLLUTION ON THE SINGING 

BEHAVIOUR OF RUFUOS COLLARED SPARRROWS

A. Dorado-Correa1,2, M. Rodríguez-Rocha2, H. Brumm1 
1Max-Planck-Institute for Ornithology, Communication and Social 
Behaviour Group, Seewiesen, Germany  
2Foundantion Chimbilako, Bogota, Colombia 

The main function of bird song is territory defense and mate 
attraction. It is often observed that birds in cities sing earlier in 
the morning than their conspecifics in forests or rural areas. This 
shift in the onset of song timing is frequently attributed to the 
light pollution in cities. However, this traditional view has been 
challenged by a study that suggested that traffic noise in urban 
has a much stronger influence on the timing of singing activity than 
levels of artificial light. To test which consequence of urbanization, 
noise or light pollution, has a stronger impact on the dawn chorus 
of birds, we investigated the singing behaviour of rufous collared 
sparrows (Zonotrichia capensis) in Bogota, one of the noisiest 
cities in the world. We will present data on the onset of singing 
activity in relation to measures of noise and light pollution from 
the territories of the birds. The main noise sources at the study 
sites were car traffic and flying over airplanes. The variation in both 
noise and light levels between recording sites was considerable, 
with average noise values ranging from 45,3- 66,6 dB(A) SPL and 
average light levels at dawn varying between 0,73 - 7,32 lux. The 
results will yield new insights into how urbanization affects wild 
animals and how individual phenotypic plasticity allows birds to 
adjust their behaviour to new environments. 
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THE GALLOPING DUNG BEETLE: A NEW GAIT IN INSECTS
J. Smolka1, M. J. Byrne2, C. H. Scholtz3, M. Dacke2,1 
1Lund University, Lund, Sweden  
2Wits University, Johannisburg, Sweden  
3University of Pretoria, Pretoria, South Africa 

An estimated three million insect species walk using the alternating 
tripod gait. At any one time, these animals hold a triangle of legs 
steady while swinging the opposite triangle forwards. Here, we 
report the discovery that three species of flightless desert dung 
beetles (Pachysoma) use an additional gallop-like gait, which has 
never been described in any insect before. Like a bounding hare, 
the beetles propel their body forward by synchronously stepping 
with both middle legs and then both front legs. We tested three 
hypotheses about why this gait has evolved:

1. Galloping might provide higher speeds, as seen in a similar gait 
used by primitive bristletails. We found no such speed advantage 
in galloping Pachysoma. 

2. Galloping may aid visual navigation by helping to stabilise 
vision on rough terrain. We found head orientation (yaw) to be 2x 
as variable in tripod-walkers as in gallopers. We also compared 
eye morphology across 12 species. In all galloping species, the 
ventral eyes are drastically reduced in size.

3. Pachysoma use stride integration to measure homing distance. 
We argue that the sharper step profile of the gallop (fast forward 
motion followed by period of rest), may provide a more reliable 
input for a stride integration odometer.

Conclusion: Why these beetles have shifted so radically away 
from what is the most widely used walking style on our planet is 
as yet unknown. Future research into this novel gait will further our 
understanding of insect locomotory biomechanics, evolution and 
navigation.

OP-DB-1

EXPRESSION OF THE DECAPENTAPLEGIC ORTHOLOG IN 

EMBRYOS OF THE ONYCHOPHORAN EUPERIPATOIDES 

ROWELLI

S. Treffkorn1, G. Mayer1 
1University of Leipzig, Institute of Biology, Leipzig, Germany 

The gene decapentaplegic (dpp) and its homologs are essential 
for establishing the dorsoventral body axis in arthropods and 
vertebrates. However, the expression of dpp is not uniform 
among different arthropod groups. While this gene is expressed 
along the dorsal body region in insects, its expression occurs in 
a mesenchymal group of cells called cumulus in the early spider 
embryo. A cumulus-like structure has also been reported from 
centipedes, suggesting that it might be either an ancestral feature 
of arthropods or a derived feature (=synapomorphy) uniting 
the chelicerates and myriapods. To decide between these two 
alternatives, we analysed the expression patterns of a dpp ortholog 
in a representative of one of the closest arthropod relatives, the 
onychophoran Euperipatoides rowelli. Our data revealed unique 
expression patterns in the early mesoderm anlagen of the 
antennal segment and in the dorsal and ventral extra-embryonic 
tissue, suggesting a divergent role of dpp in these tissues in 
Onychophora. In contrast, the expression of dpp in the dorsal limb 
portions resembles that in arthropods, except that it occurs in the 
mesoderm rather than in the ectoderm of the onychophoran limbs. 
A careful inspection of embryos of E. rowelli revealed no cumulus-
like accumulation of dpp expressing cells at any developmental 
stage, thus supporting the assumption that the cumulus might be a 
potential synapomorphy of chelicerates and myriapods.



136 137

OP-DB-2

FGF signalling controls anterior extraembryonic and 
embryonic fate in the beetle Tribolium

R. Sharma1, A. Beermann2, R. Schröder1 
1Universität Rostock, Rostock, Germany  
2Universität Tübingen, Tübingen, Germany 

The fibroblast growth factor (FGF) signalling-pathway is a key 
pathway and is required for many vital processes as different 
as axis formation, cell migration and organ/tissue specification 
during early embryonic development of both vertebrates and 
invertebrates. Here we aim to characterize the Fgf1 ortholog in the 
beetle Tribolium that is not represented in the Drosophila genome 
to gain some novel insights into FGF1-dependent signalling in an 
insect.

When Tc-fgf1b function in Tribolium was impaired using RNA 
interference, we observed a clear alteration in the fate map of 
the blastoderm. While the anteriormost extraembryonic fate 
was reduced, an anterior shift of embryonic fate and a loss or 
malformation of anterior embryonic structures was also evident. 
Without intact extraembryonic membranes the serosa and the 
amnion, Tc-fgf1b-RNAi embryos did not undergo morphogenetic 
movements and remained posteriorly localized throughout 
embryogenesis. In principal, the overall topology of the dorsal-
ventral axis seemed unaffected in Tc-fgf1b-RNAi embryos. We 
also find an expansion of dorsal epidermis expressing Tc-dpp at 
a higher level in affected embryos. Only weakly affected embryos 
developed into a cuticle that show dorsally curved bodies with 
head defects and a dorsal opening.

We provide the first evidence that FGF1b is important for patterning 
of the anterior-posterior axis in an insect, which parallels the 
vertebrate situation. We also show that Tc-fgf1b balances the 
expression level of Dpp in the dorsal epidermis, a tissue critically 
involved in dorsal closure. 

OP-DB-3

The evolution of metamorphosis: an example from achelate 
lobsters
J. T. Haug1, C. Haug1 
1Ernst-Moritz-Arndt-Universität Greifswald, Zoological Institute 
and Museum, Cytology and Evolutionary Biology, Greifswald, 
Germany 

Metamorphosis is one of the most intriguing developmental 
processes. The morphology of an organism changes drastically 
within a short period of time, usually accompanied by a change in 
life habits. Among arthropods, achelate lobsters (slipper lobsters 
and spiny lobsters) are an example of extreme metamorphosis. The 
larva of achelate lobsters is called phyllosoma. This name already 
describes much of the morphology of the animal: The head region 
is translucent and leaf-shaped, the thoracic region is also flattened 
and transparent, the shrimp tail is small and inconspicuous; the 
thoracic appendages are elongate and thin and are arranged in 
a circular pattern; locomotion is provided by the exopods (outer 
rami) of the posterior appendages. Within a single moult, this 
larva transforms into the so-called puerulus or nisto, which largely 
resembles the adult morphology with a principal lobster habitus.

All modern representatives of Achelata develop through this drastic 
metamorphic pattern. Yet, early fossil representatives of Achelata 
appear to have developed through a less drastic developmental 
pattern. We present fossil achelate larvae of 150 and 90 million 
years age (Mesozoic), which possess a mixture of phyllosoma and 
post-phyllosoma type characters. Six different types of larvae have 
been recognised, all possessing different degrees of character 
mixtures, thus not representing direct ontogenetic sequences. 
We discuss possible evolutionary scenarios leading from a less 
metamorphic pattern seen in the Mesozoic representatives to the 
drastic developmental pattern of modern forms, including possible 
selective pressures which led to this decrease in larval type 
diversity.
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Tribolium germ cell less: mirror-image abdomina in a short 
germ beetle differ from bicaudal phenotypes in Drosophila

N. Troelenberg1, V. A. Dao2, T. Richter1, G. Bucher3, M. Klingler1 
1Friedrich-Alexander-Universität Erlangen, Developmental 
Biology/ Zoology, Erlangen, Germany  
2University of Cologne, Developmental Biology/ Zoology, Cologne, 
Germany  
3Georg-August-University Göttingen, Johann-Friedrich-
Blumenbach Institute/ Developmental Biology, Göttingen, 
Germany 

Of the three maternal morphogens establishing the anterio-
posterior-axis of the Drosophila embryo, only the Torso pathway is 
known to play a conserved role in the short germ beetle Tribolium 

castaneum. Through the genome-wide RNAi screen, iBeetle, 
we were able to identify a new maternal factor determining the 
fate map of the anterior terminal region of Tribolium blastoderm 
embryos. Knockdown of germ cell-less (Tc-gcl) results in mirror 
image embryos with two complete abdomina. Although a second 
gene with duplicated abdomina was identified among the ca. 
5000 genes screened to date, no homolog of the bicaudal class of 
genes in Drosophila turned up, suggesting such phenotypes have 
differing causes in long and short germ insects.

We analysed various expression markers and the results suggest 
that the serosa primordium near the anterior pole is replaced by 
an inverted segment addition zone (growth zone) in Tc-gcl RNAi 
embryos, patterning a 2nd complete abdomen. Tc-Gcl appears to 
be required in wildtype to transform the anterior terminal region to 
fates different from those at the posterior pole.

OP-DB-5

RNAi-SEQ REVEALS TARGET GENES OF WNT AND HH 

PATHWAYS DURING TRIBOLIUM EMBRYOGENESIS

G. Bucher1, G. Oberhofer1 
1Georg-August-University, Blumenbach Institute of Zoology, 
Göttingen, Germany 

The insect head is composed of several segments and anterior 
non-segmental tissue. While pattern formation of the segmented 
part of the body is well understood in Drosophila, patterning of the 
anterior non-segmental region remains enigmatic. We use the red 
flour beetle Tribolium castaneum as model for head development 
because of its insect typical non-involuted larval head.

The Wnt and hh pathways are likely to play crucial roles in early 
patterning of head and growth zone of the red flour beetle because 
the respective ligands are expressed in adjacent domains in both 
body regions. Therefore we asked, in how far the interactions and 
target gene sets are different. In order to identify the target genes 
of the pathways, we have knocked down pathway components by 
RNAi and sequenced the transcriptomes of knock down embryos 
(RNAi-seq). In order to distinguish between the target gene sets 
of the head and the growth zone, we added RNAi-seq of genes, 
which remove head and trunk, respectively.

We find that the two pathways interact in a different way in the 
head compared to the growth zone. In the RNAi-seq approach, we 
find many key genes of posterior segmentation in the posterior but 
not the anterior gene set, as expected. Further, control stainings 
show that the approach is able to enrich specifically expressed 
genes. Surprisingly, the gene sets of the growth zone are much 
larger than the ones of the head. We discuss the approach and the 
confirmed target genes.
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CHANGES IN ANTERIOR HEAD PATTERNING UNDERLIE THE 

EVOLUTION OF LONG GERM EMBRYOGENESIS

G. Bucher1, S. Kittelmann1 
1Georg-August-University, Blumenbach Institute of Zoology, 
Göttingen, Germany 

The dipteran Drosophila melanogaster develops as long germ 
embryo where the head anlagen form a cap at the anterior pole of 
the blastoderm. Consequently, the anterior and terminal maternal 
systems give crucial input for head patterning. However, in the 
short germ beetle Tribolium castaneum, like in most insects, 
the head anlagen are located at a ventral position distant from 
the anterior pole of the blastoderm. In line with these different 
embryonic anlagen, several differences in axis formation between 
these insects have been discovered.

Here, we ask in how far patterning and morphogenesis of the 
anterior median region (AMR) of the head including clypeolabral 
and stomodaeal anlagen, differ between these insects. 
Unexpectedly we find that Tc-huckebein is not a terminal gap 
gene and is not involved in Tribolium head development unlike its 
Drosophila ortholog. Instead, Tc-six3 acts upstream of Tc-crocodile 
and Tc-cap’n’collar to pattern posterior and anterior parts of the 
AMR, respectively. Further, we find that Tc-crocodile instead of 
huckebein is required for stomodaeum development by activating 
Tc-forkhead. Finally, a morphogenetic movement not found in 
Drosophila shapes the embryonic head of Tribolium. Apparently, 
with anterior displacement of the head anlagen during long germ 
evolution of Drosophila, the ancestral regulation by the bilaterian 
anterior control gene six3 was replaced by the anterior and terminal 
maternal systems, which were further elaborated by adding bicoid, 
tailless and huckebein as anterior regionalization genes.

OP-IV-DB-1

Establishing Quiescence in Primodial Germ Cells of the 
Polychaete Platynereis dumerilii

A. K. Lidke1, A. Grund1, A. Löwer1, N. Rebscher1 
1Phillips-Universität Marburg, Morphologie and Evolution of 
Invertebrates, Marburg, Germany 

Cell proliferation is subjected to tight control mechanisms, the failure 
of which might lead to the formation of cancer. Understanding its 
molecular bases is of crucial importance, but hardly addressable in 

vivo due to variable cell numbers and the presence of surrounding 
tissues in most model organisms.

In the polychaete Platynereis, exactly 4 primordial germ cells (PGCs) 
develop during early gastrulation at the surface of the embryo. They 
then remain mitotically and transcriptionally quiescent throughout 
larval and juvenile development. Its constant PGC number in 
combination with the availability of hundreds of synchronously 
developing, transparent embryos renders Platynereis an excellent 
model for assessing the control of cell numbers experimentally.

Upon exposure to the mitogenic steroid hormone 17β-estradiol, 
Platynereis embryos form supernumerary PGCs. The same 
effect can be obtained by stabilization of β-catenin using the 
GSK3β inhibitor 1-azakenpaullone. Nuclear β-catenin, a known 
transcriptional activator of cell cycle proteins, is not detectable 
in the PGCs of Platynereis (Schneider & Bowermann, 2007). 
We therefore hypothesize, that β-catenin exclusion from the 
PGCs is a crucial step in the establishment of the mitotic block. 
Azakenpaullone as well as estradiol via non-genomic signaling (Ge 
et al. 2012) are known to inhibit GSK3β and therefore might overrun 
this block, driving the PGCs into over-proliferation. Interestingly, 
PGCs of embryos older than 8 hpf lose their responsiveness for 
mitogenic cues. At the same time, a loss in H3K4-methylation, an 
epigenetic marker for transcriptionally active chromatin, occurs. 
This suggests the existence of an additional long term anti-
proliferative mechanism in the PGCs.
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OP-IV-BB-2

Macroevolutionary history of the sensory and central 
nervous system in vertebrates
T. Domazet-Lošo1,2, M. S. Šestak1 
1Ruđer Bošković Institute, Evolutionary Genetics, Zagreb, Croatia  
22Catholic University of Croatia, Zagreb, Croatia 

The vertebrate head is a highly derived trait with a heavy 
concentration of sophisticated sensory organs and a tripartite brain 
that allow complex behaviour in this lineage. These head structures 
arise during vertebrate development from ectodermal tissues. 
However, despite the obvious importance of ectoderm-derived 
head organs for vertebrate biology, their evolutionary history is still 
uncertain. To give a fresh perspective on the adaptive history of the 
vertebrate head, we applied genomic phylostratigraphy to large-
scale in situ expression data of the developing zebrafish Danio 

rerio. Contrary to traditional predictions, we found that dominant 
adaptive signals in the analyzed head structures largely precede 
the evolutionary advent of vertebrates. The leading adaptive signals 
at the bilaterian-chordate transition suggested that the visual 
system was the first sensory structure to evolve. The olfactory, 
vestibuloauditory, and lateral line sensory organs displayed a 
strong link with the urochordate-vertebrate ancestor. The only 
structures that qualified as genuine vertebrate innovations were the 
neural crest derivatives, trigeminal ganglion and adenohypophysis. 
Similarly, the overall adaptive profiles reveal three phases in the 
evolution of the vertebrate brain. The first phase corresponds to the 
emergence of the nervous system in the eumetazoan ancestor. The 
second phase suggests that the basic plan of the vertebrate brain 
organization was laid down already in the ancestor of chordates. 
Finally, dorsal telencephalon showed a dominant link with the origin 
of the vertebrate ancestor. Taken together, our findings reveal pre-
vertebrate roots and a stepwise adaptive history of the vertebrate 
brain and sensory systems.

PP-DB-1

EXPRESSION PATTERNS OF PAX3/7 GENES IN EMBRYOS 

OF THE ONYCHOPHORAN EUPERIPATOIDES ROWELLI

F. A. Franke1, I. Schumann1, G. Mayer1 
1University of Leipzig, Animal Evolution & Development, Institute 
of Biology, Leipzig, Germany 

Segmentation genes, including pair-rule and segment polarity 
genes, control the genetic organisation of the body into segments 
during development in arthropods. While pair-rule genes are 
responsible for the establishment of segments and act at a 
double-segment periodicity, segment polarity genes determine the 
antero-posterior patterning of each segment and are expressed 
in segmentally iterated stripes along the body. Interestingly, some 
of the genes belonging to the Pax3/7 family show two different 
expression patterns among arthropods. While they are expressed 
in a segmentally repeated fashion in myriapods and chelicerates, 
corresponding to a segment polarity function, they initially act 
as pair-rule genes and change their role to segment polarity 
genes during further development in crustaceans and insects. 
Antibody labelling against Pax3/7 proteins in tardigrades indicates 
that the segment polarity role of this gene family is ancestral 
in Panarthropoda (Onychophora + Tardigrada + Arthropoda). 
However, corresponding data are missing from onychophorans. 
To clarify whether both functions, or only one of them, occur in 
Onychophora, we analysed the expression patterns of selected 
Pax3/7 genes in the onychophoran Euperipatoides rowelli. So far, 
our data revealed segmentally repeated stripes in every developing 
segment, whereas we found no evidence of double-periodicity 
throughout development. This expression pattern corresponds 
to the segment polarity rather than pair rule function of Pax3/7 
genes in Onychophora. We therefore suggest that these genes 
exclusively acted as segment polarity genes in the last common 
ancestor of Panarthropoda, whereas their additional role as pair-
rule genes evolved in arthropods.
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PP-DB-2

Developmental studies on the cucullaris muscle in the 
Mexican Axolotl (Ambystoma mexicanum)

B. Naumann1, L. Olsson1 
1Friedrich-Schiller-Universität Jena, Inst. für Spezielle Zoologie 
und Evolutionsbiologie, Jena, Germany 

An important evolutionary feature of early tetrapods was the 
disconnection of the pectoral girdle from the head and the 
acquisition of a functional neck. This occurred just prior to the 
evolution of the first terrestrial vertebrates and therefore might be 
a precondition for the transition to terrestrality. Although the bony 
connection between head and shoulder girdle was reduced, a 
muscle connection via the cucullaris/trapezius remained, largely 
orchestrated by the neural crest (NC), as shown by data from 
mouse and chicken. The origin and character (head or trunk) of 
this muscle remains controversial in studies of amniotes. It has 
recently been shown, by using long-term fate mapping in the 
Mexican Axolotl (Ambystoma mexicanum), that the cucullaris is at 
least partly somitic in origin and that NC cells do not contribute 
to its connective tissue, which they do in amniotes. A main object 
of our research is to do further studies on the ontogenetic origin 
of this muscle by testing whether the somatopleura contributes 
to the muscle, using classical extirpation as well as immuno-
histo-chemistry, in-situ hybridisation techniques and CT scans for 
visualisation. First results show support for a somitic, or trunk origin 
of the cucullaris muscle and bring its cranial identity into question. 
Therefore we will perform over-expression or/and gene knock-
down experiments of Pax3/Pax7 to test whether the muscle obeys 
the head or trunk myogenic program.

PP-DB-3

Nosing around: a histological analysis of the developing 
olfactory organs of Xenopus borealis 

J. Middel 1, C. Nowack1 
1University of Kassel, Department of Zoology/Developmental 
Biology, WG Functional Vertebrate Anatomy, Kassel, Germany 

A great number of frog species possesses three different 
olfactory organs as an adult, namely the main olfactory organ, the 
vomeronasal organ and a structure called the recessus olfactorius 
(RO). By contrast, adult tongueless frogs (Aglossa, Pipidae) like 
Xenopus exhibit a main olfactory organ, a vomeronasal organ and 
the so called middle chamber epithelium (MCE, water-nose). It 
is debated whether the recessus olfactorius of ordinary frogs is 
homologous to the MCE of Aglossa. In the ontogenetic development 
of X. laevis a recessus olfactorius, which is formed in addition to the 
MCE, has been observed by PATERSON (1951). These results rule 
out a homology of the two structures. Nevertheless other authors 
consider the recessus olfactorius and the MCE to be homologous.

In the present study different ontogenetic stages of X. borealis, as 
a representative of the family Aglossa, are analyzed histologically 
for the first time, in comparison with existing studies on the closely 
related X. laevis.

One aim of our study is to determine whether the intranasal 
development of X. borealis corresponds with that of X. laevis. 
Furthermore we aim to comprehend the findings made by Paterson, 
in an attempt to confirm or disprove her statements. Our results 
hopefully will help to clarify the phylogenetic relation between the 
recessus olfactorius and the middle chamber epithelium.
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V-ATPases and Na/H-exchangers are involved in regulating 
the intracellular pH of migrating follicle cells during 
Drosophila oogenesis

I. Weiß1, J. Krüger1, J. Bohrmann1 
1RWTH Aachen, Institut für Biologie II, Abt. Zoologie und 
Humanbiologie, Aachen, Germany 

In developing systems, electrochemical cues like gradients of 
electrical potentials and ion concentrations are known to play 
decisive roles. In ovarian follicles of Drosophila, stage-specific 
patterns of extracellular currents, membrane potentials and 
intracellular pH (pHi) can be observed. Using the fluorescent pH-
indicator 5-CFDA,AM we found significant differences between 
oocyte, nurse cells and follicle cells. Besides gradients along the 
anteroposterior and the dorsoventral follicle axes, also differences 
between various follicle-cell populations were observed. Especially 
migrating cells, like border cells and centripetal follicle cells, exhibit 
significantly different pHi-values compared to neighbouring follicle 
cells and germ-line cells. These observations suggest a correlation 
between stage-specific pHi-patterns and migration processes. In 
addition, the two major regulators of pHi, the V-ATPases and the 
Na/H-exchangers (NHE), show characteristic distribution patterns. 
Therefore, we suspect that the specific distribution and activity 
of these ion transporters are required for the directed migration 
of border cells and centripetal follicle cells during the course of 
oogenesis.

PP-DB-5

DISTAL-LESS IS REQUIRED FOR CYMBIUM SIZE DURING 

SPIDER PEDIPALP METAMORPHOSIS

N.- M. Prpic-Schäper1, M. Pechmann1 
1Universität Göttingen, Blumenbach Institut, Abt. 
Entwicklungsbiologie, Göttingen, Germany 

The pedipalp is the most versatile appendage in spiders and has 
been nick-named as the spiders´ “Swiss Army Knife”. One function 
is in sperm transfer using a storage structure (bulb) surrounded 
by sclerites that fit the female genitalia like lock-and-key. Their 
shapes are species-specific, providing a link with prezygotic 
isolation, mate choice and speciation. The spider pedipalp is 
therefore a useful model to study the developmental genetics 
of the stepwise phenotypic changes that characterize selection 
responses. The bulb forms during the subadult stage in a process 
similar to insect metamorphosis. Because so far no gene involved 
in bulb development is known, we studied the general appendage 
gene Distal-less (Dll) in Parasteatoda tepidariorum. We have 
adapted RNAi to the postembryonic stages and thus are able to 
target bulb metamorphosis specifically. We have also modified in 
situ hybridization for whole-mount detection of gene expression 
in pedipalp metamorphosis. We show that Dll is expressed in the 
cymbium (male tarsus) and Dll silencing during metamorphosis 
leads to a smaller cymbium after metamorphosis. This is 
consistent with the known role of Dll in embryonic development. 
Our results show that pedipalp metamorphosis is accessible for 
gene function manipulations. In a next step, we will therefore use 
genomewide analyses to identify genes involved in sclerite shape. 
We have produced a reference transcriptome of our Göttingen 
strain of P. tepidariorum, and its genome is currently being 
structurally annotated. We will use these resources for differential 
gene expression studies on pedipalp transcriptomes at different 
metamorphosis stages. Comparative studies will also be performed 
in the closely related species P. lunata.
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OP-E-1

Threatened endemic birds and island environment: case 
study on structural change, habitat use, and population 
dynamics
I. Hahn1, P. M. Vergara2, J. Baumeister3, G. Soto2 
1Animal Ecology and Biogeography Group, Inst. Landscape 
Ecology, Univ. Münster, Münster, Germany  
2Dep. Argiculture und Ecology, Univ. Santiago de Chile, Santiago 
de Chile, Chile  
3Bezirksregierung Münster, Abt. 51 Umwelt und Fischerei, 
Münster, Germany 

Robinson Crusoe Island is one of the endemism hotspots in Chile 
and hosts several endangered island birds. The ecological reasons 
for their threat are not fully understood yet (Hahn 2006, Hahn et al. 
2011). Generally, the level of specialization of endemic island birds 
to their native habitats could contribute importantly to increase 
their extinction risk. We used abundance data obtained from line 
transect count, mist-netting, and radio telemetry to determine 
the population development and habitat use pattern of Juan 
Fernandez Tit-tyrants (Anairetes fernandezianus) within native 
forest and exotic shrub. Line transect monitoring since the year 
1994 shows a recent decrease in overall population size (across 
all habitat types). In a first attempt, mist net results indicated high 
home range fidelity. Tit-tyrant movements tracked with telemetry 
showed an establishment of home ranges exclusively in core native 
forest areas. Natural heterogeneity in micro-habitat conditions also 
affected the micro-habitat selection pattern, with use probabilities 
and abundance increasing with proximity to the humid sites at the 
Plazoleta de Yunque dominated by Gunnera peltata. These findings 
demonstrate that tit-tyrants prefer native forest sites. Therefore, the 
recovery of the declining tit-tyrant population could be improved 
by incorporating such macro- and micro-habitat preferences in 
conservation management programs.

Hahn, I. (2006): First reproductive records and nest sites of the 
endemic Juan Fernández Tit-tyrant Anairetes fernandezianus 
(Philippi 1857) (Aves: Tyrannidae) from Robinson Crusoe Island, 
Chile. Zoologische Abhandlungen 55: 177-190.

Hahn, I., P. Vergara & U. Römer (2011): Habitat selection and 
population trends in terrestrial bird species of Robinson Crusoe 
Island: habitat generalists vs. forest specialists. Biodiversity and 
Conservation 20: 2797-2813.
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TESTING MAJOR INVASION HYPOTHESES WITH THE 

HIERARCHY-OF-HYPOTHESES APPROACH

J. Jeschke1, T. Heger1 
1Technische Universität München, Restoration Ecology, Freising, 
Germany 

Major biological hypotheses are typically formulated in a way 
that they are broadly applicable, e.g. across taxonomic groups 
and habitats. This is also true for hypotheses about invasive 
alien species. For example, the biotic resistance hypothesis (also 
known as diversity-invasibility hypothesis) posits that ecosystems 
with high biodiversity are more resistant against invaders than 
ecosystems with low biodiversity. Another example is the enemy 
release hypothesis which posits that the absence of predators 
or parasites in the exotic range is a cause of invasion success. 
These and other major invasion hypotheses cannot be tested by a 
single empirical study. Instead, each empirical study typically tests 
a certain specific formulation of a major hypothesis, under specific 
conditions and for one (or a limited number of) focal species. 
In order to assess the validity of major hypotheses, we have 
developed the hierarchy-of-hypotheses approach where a given 
major hypothesis is subdivided into more specific formulations 
that are tested by empirical studies. The approach thus allows to 
synthesize empirical studies on major hypotheses, and to analyze 
the validity of specific formulations of these hypotheses. We 
illustrate the approach for the biotic resistance and enemy release 
hypotheses, thereby revealing significant differences among 
specific formulations of these hypotheses.

OP-E-3

The invasive ladybird Harmonia axyridis carries bioweapons 
against native competitors

A. Vilcinskas1, H. Schmidtberg2, H. Vogel2,3 
1Justus-Liebig-University of Giessen, Institute of Phytopathology 
and Applied Zoology, Giessen, Germany  
2Fraunhofer Institute of Molecular Biology and Applied Ecology, 
Bioresources, Giessen, Germany  
3Max-Planck-Institute of Chemical Ecology, Entomology, Jena, 
Germany 

The harlequin ladybird, Harmonia axyridis, has emerged as a 
model species for invasion biology, reflecting its remarkable 
capacity to outcompete native ladybird species when introduced 
into new habitats. This ability may be associated with its prominent 
resistance to pathogens and intraguild predation. We discovered 
that the constitutive antibacterial activity present in its hemolymph 
can be attributed to the chemical defence compound harmonine. The 
invasive success of the species may reflect its well-adapted immune 
system, a hypothesis we tested by analysing the transcriptome of 
beetles challenged with bacteria or fungi. We identified more than 
50 inducible AMPs (the highest number reported from an organism) 
belonging to seven different gene families (Vilcinskas et al., 2013a). 
In addition, we discovered that Harmonia carries abundant spores 
of obligate parasitic microsporidia. These microsporidia, although 
not harmful to the carrier, are lethal toward the native ladybird 
Coccinella septempunctata. We propose that intraguild predation, 
representing a major selective force among competing ladybird 
species, causes the infection and ultimate death of native ladybirds 
when they feed on microsporidia-contaminated Harmonia eggs or 
larvae. Consequently, these parasites are used like bioweapons 
against native competitors (Vilcinskas et al. 2013b)

Vilcinskas et al. 2013a: Expansion of the antimicrobial peptide 
repertoire in the invasive ladybird Harmonia axyridis. Proc Royal 
Soc B 280 (1750), 20122113.

Vilcinskas et al. 2013b: Invasive harlequin ladybird carries biological 
weapons against native competitors. Science 340, 362-363.
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The impact of domestic honeybees and land use on a native 
pollinator genus (Bombus)

W. Kämper1, N. Blüthgen2, T. Eltz1 
1Ruhr University Bochum, Department of Animal Ecology, 
Evolution and Biodiversity, Bochum, Germany  
2TU Darmstadt, Darmstadt, Germany 

Western honeybees (Apis mellifera) are economically important 
invaders that due to their role as pollinators are referred to as 
the globally most appreciated insects. However, they are under 
suspicion of having a detrimental effect on native flower visitors, 
especially wild bees, due to their large numbers, generalist resource 
use, and competitive strength. Bumblebees (Bombus) have 
suffered major range declines in the past 60 years, presumably 
due to changes in land use. Land use reduces resource availability 
and changes flower composition, and this may also enhance the 
competitive effects between honeybees and bumblebees, which 
share a substantial fraction of their food plants.

Using 50 grassland experimental plots (EPs) of the Biodiversity 
Exploratory ‘Schwäbische Alb’, we investigated whether 
honeybees, land use, or a combination of the two factors affect 
bumblebees, looking at both the population and the colony level.

By means of flower visitor census, we found that worker bumblebees 
visited different sets of flowering plants on EPs where honeybees 
were present during our visits. Yet, this change in resource use did 
not translate into a reduced bumblebee worker size, a proposed 
effect of competitive exclusion from food resources.

In 2013, we installed one bumblebee (Bombus terrestris) colony on 
each of 30 Swabian Alp EPs covering a broad land use gradient, 
and another 10 colonies in immediate proximity to clusters of 
honeybee hives. Their performance is presently being monitored. 
This experimental set-up will give us insight into the effects land 
use and honeybees have on bumblebee colonies.
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Climate change impacts on fresh-water lakes: Increased CO
2
 

disables inducible defences in Daphnia pulex

L. Weiss1, A. Steiger1, L. Pötter1, R. Tollrian1 
1Ruhr Universität Bochum, Evolutionsökologie & Biodiversität der 
Tiere, Bochum, Germany 

Globally rising CO
2
 -concentration have two disastrous effects: 

global warming and ocean acidification. Ocean acidification 
is acknowledged to have a major impact on marine calcifying 
organisms and furthermore negatively affects anti-predator 
defences in marine fish species. With the predicted progression 
of global climate change not only marine waters are subject 
to acidification but also freshwater lakes could suffer from the 
effects of increasing CO

2
 levels. We therefore analysed data of 

water temperature, oxygen content and pH value over a period 
of 30 years from German freshwater reservoires. We observed a 
continuous increase of the average water temperature, correlated 
with rising atmospheric temperatures. Furthermore, a negative 
trend of pH-values was detected. This data indicated that climate 
change might also impact freshwater lakes. While predictions have 
been made about temperature effects less is known about effects 
of CO

2
 in freshwater. Consequently, we performed a predation 

bioassay under elevated pCO
2
 conditions using the predator-

prey interaction between the phantom midge larvae Chaoborus 
spec. and the freshwater crustacean Daphnia pulex. D. pulex was 
induced using different concentrations of Chaoborus-Kairomone 
combined with ambient and decreasing pH-values of 6.9 and 
6.7 (achieved by CO

2
 bubbling). Reduced pH-values resulted in 

a decrease of predator-induced morphological defences making 
D. pulex more vulnerable to Chaoborus predation. As Daphnia is 
a keystone species in freshwater ecosystems, acidification could 
have far-reaching effects on ecosystems and biodiversity.

OP-E-6

Detecting community-wide patterns of competitive and other 
interactions: a case study using tropical ant communities
F. Ellwood1, N. Blüthgen2, F. Menzel3 
1University of the West of England, Department of Applied 
Sciences, Bristol, United Kingdom  
2University of Darmstadt, Faculty of Biology, Institute of Zoology, 
Darmstadt, Germany  
3University of Mainz, Institute of Zoology, Mainz, Germany 

The way in which ecological communities are assembled remains 
contentious. In nature, species co-occurrence patterns are created 
by positive associations (e.g. facilitation, parasitism) as well as 
negative interactions (e.g. interspecific competition). Studies often 
analyse communities as a whole, allowing these antagonistic 
effects to cancel each other out, and thus making it impossible to 
detect which mechanisms are structuring the communities. Here, 
we measure the specific association frequencies, i.e. the number 
of times that two species occur together, for species of ants living 
inside bird’s nest ferns (Asplenium nidus) in a tropical rainforest in 
Malaysia. We compare the observed association frequencies of 
every single species and of every single combination of species, 
with the expected association frequencies of null models. This 
study provides a novel insight into the structure of genuine animal 
communities. Ants compete aggressively for nest sites and we 
expected to find evidence of interspecific competition through 
species segregation. Instead, we found species segregation 
only among large ants and between species within the subfamily 
Ponerinae, which are known to be highly aggressive. The overall 
network showed species aggregation, the opposite of segregation. 
We also detected aggregation rather than segregation in an 
Australian ant mosaic known to be made up of competing 
species. These results show that asymmetric competition may 
lead to opposing patterns in the structure of natural communities. 
Our approach represents a powerful way of identifying tolerant 
and intolerant species, of separating the effects of mutualism 
versus interspecific competition, and of detecting structure and 
compartmentalisation in ecological communities.
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OP-E-7

 

Interaction of social and ecological parameters on offspring 
survival in a wild primate
A. Engelhardt1,2, D. Kerhoas1,2,3,4, D. Perwitasari-Farajallah5,6, M. 
Agil7, A. Widdig3,4 
1German Primate Center, JRG Primate Sexual Selection, 
Göttingen, Germany  
2University of Göttingen , CRC Evolution of Social Behaviour, 
Götingen, Germany  
3Max Planck Institute for Evolutionary Anthropology, JRG Primate 
Kin Selection, Leipzig, Germany  
4University of Leipzig, Behavioural Ecology, Leipzig, Germany  
5Bogor Agricultural University, Primate Research Centre, Bogor, 
Indonesia  
6 Bogor Agricultural University, Faculty of Mathematics and 
Natural Sciences, Bogor, Indonesia  
7Bogor Agricultural University, Faculty of Veterinary Medicine, 
Bogor, Indonesia 

Loss of offspring severely limits parent direct fitness, particularly 
in species with low reproductive output. In gregarious mammals, 
both ecological and social variables impact offspring survival and 
may interact with each other. Although a number of studies have 
investigated factors influencing offspring loss in mammals, still 
little is known about the interaction of these factors. We therefore 
investigated foetal and infant mortality in three large groups of 
wild crested macaques (Macaca nigra) over a period of five years 
including potential social and ecological causes in a multivariate 
survival analysis. Infant but not foetal survival was most impaired 
by a recent take-over of the alpha-male position by an immigrant 
male. Infant survival was furthermore affected by the interaction 
between the number of group females and food availability. This 
interaction also influenced foetal survival, but was additionally a 
function of maternal rank. Our results show that the interaction of 
ecological and social variables can influence offspring survival and 
thus stress the importance of survival analyses using a multivariate 
approach. They further show that these variables may vary between 
different offspring stages and thus point out the importance of 
studies encompassing more than a single offspring stage when 
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investigating parent fitness determinants. Results will be discussed 
on the background of the socio-ecological model.

OP-E-8

FOOD HYGIENE AND NEST SANITATION IN THE 

EMERALD COCKROACH WASP AMPULEX COMPRESSA 

(HYMENOPTERA: AMPULICIDAE)
G. Herzner1 
1University of Regensburg, Zoological Institute, Regensburg, 
Germany 

In their ever ongoing struggle with competitive and pathogenic 
microorganisms all higher organisms have to deploy appropriate 
antimicrobial strategies to secure their survival and/or well-being. 
Here we describe a hygienic behavior of the Emerald Cockroach 
Wasp Ampulex compressa. This wasp relies on cockroaches like 
the American cockroach Periplaneta americana as food for its 
progeny. The wasp larvae develop on and inside their cockroach 
hosts, which represent both their food and microenvironment. 
P. americana is known to harbor various and numerous 
microorganisms, including entomopathogenic strains that might 
threaten A. compressa larvae. We could show that in order to 
defend their food resource and themselves against antagonistic 
microbes, A. compressa larvae impregnate their hosts with large 
amounts of an antimicrobial secretion. The two dominant chemical 
compounds in the larval secretion are mellein and micromolide. 
In bioassays the larval secretion inhibited growth of the Gram-
negative entomopathogen Serratia marcescens and the Gram-
positive Staphylococcus hyicus. The activity of the larval secretion 
against S. marcescens was explained by mellein alone, and the 
activity against S. hycius was explained by the combined action 
of mellein and micromolide. Our own results, together with several 
published data on the antimicrobial activity of mellein against 
bacteria, fungi, and a virus, as well as the activity of micromolide 
against mycobacteria suggest that the ecological function of the 
larval secretion is the protection of the developing wasp offspring 
against a wide range of putrefactive and pathogenic microbes.
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OP-E-9

Transgenerational immune priming effects in Manduca sexta 

are dependent on the offspring developmental stage
U. Trauer-Kizilelma1, M. Hilker1 
1Freie Universität Berlin, Berlin, Germany 

In insects, a parental immune challenge can prime offspring 
immune activity. Yet, no study has tracked such transgenerational 
immune priming (TGIP) across the entire development of a 
generation. However, different developmental stages may be 
exposed to different risks and show different susceptibility to TGIP. 
Here, we tested the hypothesis that TGIP effects on the immunity 
and performance of the offspring vary among the different 
developmental offspring stages. We used Manduca sexta as a 
model and measured immune parameters (phenoloxidase (PO) and 
antimicrobial activity, transcript levels of immune relevant genes) 
and fitness parameters of unchallenged and immunochallenged 
offspring. Our results show that the offspring individuals respond 
stage-specifically to the parental immune legacy. The parental 
immune challenge primes PO activity of unchallenged offspring 
larvae (L2 to L4) and leads to a faster development of these stages; 
thus, TGIP might improve the larval ability to cope with parasitic 
attack. The parental immune challenge further primes antibacterial 
activity of immunochallenged larvae and pupae which are exposed 
to the risk of pathogen infection especially in the pupal stage when 
digging into the soil. However, our data indicate that the adult 
offspring needs to pay for the benefits that they gain during juvenile 
development from TGIP; offspring adults from immunochallenged 
parents show reduced fecundity and reduced ability to maintain 
high antibacterial activity. We suggest that TGIP effects are adapted 
to the needs of the different offspring developmental stages and to 
the risks that they experience.

Trauer & Hilker (2013) PLoS ONE 8(5): e63392.

OP-E-10

What makes a forager leave a resource patch? Confronting 
models with reality
T. Hoffmeister1, E. Wajnberg2, P. Coquillard2, A. Thiel1, J. Uhlig1 
1University of Bremen, Institute of Ecology, Bremen, Germany  
2INRA, Sofia Antipolis, France 

Imagine an animal searching for patchily distributed resources. At 
what point in time should the forager decide to leave the patch 
and search for another patch? And what information may it use 
for its decision? Optimal foraging models like the marginal value 
theorem suggest for time limited foragers how to optimize time 
allocation across resource patches. Yet, the model does not 
provide mechanisms true foragers may employ. Several proximate 
patch leaving rules have been proposed, mainly taking into 
account the motivation to continue searching on the patch. Events 
like detecting resources are suggested to drive the motivation, 
yet the behaviours that keep the foragers in the patch or drive 
them off the patch remain elusive. We developed individual 
based optimization models that optimize movement patterns for 
foragers searching for patchily distributed resources, such that 
they optimize patch residence times. The tendency to remain on 
the patch is driven by changes along a gradient form exploitative to 
explorative movement patterns that are a function of search time, 
resource encounters and resource distribution. We confront these 
models with data from parasitoids foraging for hosts that are either 
dispersed or aggregated across patches and test whether changes 
in movement patterns predicted by theory are found in live animals.
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OP-E-11

DETECTION OF THE TRAVEL DIRECTION OF SINGLE 

VORTEX RINGS BY A STATIONARY HARBOUR SEAL (PHOCA 

VITULINA)

Y. Krüger1, S. Wieskotten1, L. Miersch1, G. Dehnhardt1, W. Hanke1 
1University of Rostock, Institute Biosciences, Sensory and 
Cognitive Ecology, Rostock, Germany 

Seals often face the problem of limited vision while hunting in 
dark and turbid waters. Harbour seals (Phoca vitulina) possess 
highly sensitive mystacial vibrissae or whiskers representing 
hydrodynamic sensors that allow the animals to detect and track 
hydrodynamic trails left by prey fish. Most hydrodynamic trails 
consist of a chain of linked vortex rings with a median jet flow. 
However, for water movements resulting from an escape response 
of some fish species, like e.g. a C-start, single vortex rings have 
been described. In this study, the ability of a blindfolded stationary 
harbour seal to perceive and detect the travel direction of single 
vortex rings was investigated. In an experimental pool, two vortex 
ring generators were fixed on either side of a point directly ahead 
of the stationary animal. Single vortex rings with predefined sizes, 
velocities and accelerations, similar to those produced by fish, 
were generated. In every trial, only one of the two generators 
was oriented towards the animal in order to produce a vortex 
ring travelling to the seal’s vibrissae. The blindfolded seal was 
able to perceive these single vortex rings and detect their travel 
direction, either coming from the right or the left side. The animal’s 
performance was highly significant irrespective of the vibrissal 
stimulation (ipsilateral or contralateral) and stayed at this high 
level for all vortex rings tested (above 80% correct choices). This 
ability is advantageous for the harbour seal when hunting a prey 
fish showing an escape response since it is not confronted with a 
complex hydrodynamic trail but needs to filter information about 
the prey item from only one single vortex ring.

OP-E-12

Munnopsidae (Crustacea, Isopoda, Asellota) in Icelandic 
waters
S. Schnurr1, A. Brandt2, S. Brix1, P. Martinez Arbizu3 
1Senckenberg Research Institute, German Centre for Marine 
Biodiversity Research (DZMB), Hamburg, Germany  
2University of Hamburg, Zoological Museum, Hamburg, Germany  
3Senckenberg Research Institute, German Centre for Marine 
Biodiversity Research (DZMB), Wilhelmshaven, Germany 

The Greenland-Scotland Ridge (GSR) is a major topographic 
feature, extending from Greenland to Scotland in a southeastern 
direction. It constrains the water exchange between the northern 
North Atlantic and the GIN Seas (Greenland, Iceland and 
Norwegian Seas) and thus forms a potential barrier for faunal 
exchange between the Arctic and the North Atlantic (and vice 
versa). Composition and distribution of six selected isopod genera 
of the family Munnopsidae Lilljeborg, 1864 in Icelandic waters were 
studied based on samples of the BIOICE (Benthic Invertebrates of 
Icelandic Waters) and IceAGE (Icelandic marine Animals:Genetics 
and Ecology) projects. Moreover, data from the NISE (Norwegian 
Icelandic Seas Experiment) project were used to model long-
term near-bottom mean temperature and salinity values, which 
were afterwards connected to species data and further used for 
species distribution modeling. In total 10,787 individuals could 
be assigned to 15 species. Due to the presence of the GSR as 
well as differences in environmental settings significant faunal 
dissimilarities in the faunal composition between the two study 
areas had been expected. However, most species (8) were present 
on both sides of the GSR, while four species were restricted to 
the region north of Iceland, and three to the region south of the 
ridge. Depth (or factors related to depth) appeared to be the most 
important factor in driving the distribution patterns of the studied 
species. Temperature was also an important driver, while salinity 
and sediment type did not have much influence on the distributional 
patterns. Apparently, the presence of the ridge does not restrict 
the faunal exchange between the North Atlantic and the GIN Seas 
within the evaluated species. 
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OP-IV-E-1

The influence of chemical defense on soil predator-prey-
dynamics
M. Heethoff1 
1University Tübingen, Institute for Evolution and Ecology, 
Tübingen, Germany 

Oribatid mites are among the oldest groups of soil organisms, facing 
predators since the very beginning of the evolution of terrestrial soil 
food webs. A huge diversity of defensive traits - morphological and 
chemical - have evolved, most of them so effective that oribatid 
mites were hypothesized to live in an enemy-free space, although 
surrounded by many and powerful predators.

Most oribatid mites possess a pair of exocrine glands, the so-called 
oil glands, producing a complex blend of hydrocarbons, aromatics, 
terpenes and alkaloids. These compounds are stored in reservoirs 
and serve as allomones when predators attack mites. Hence, every 
attack reduces the defensive potential of the attacked specimen 
by the amount of discharged secretions - and is costly since 
the reservoirs have to be refilled. These processes of secretion 
discharge and regeneration significantly influence the dynamics 
of predator-prey interactions and lead to yet unrecognized 
phenomena in food web ecology...

OP-IV-E-2

Perfume making and signal evolution in orchid bees
T. Eltz1 
1Ruhr-Universität Bochum, Evolutionsökologie und Biodiversität 
der Tiere, Bochum, Germany 

Communication between the sexes by means of chemicals is 
widespread among insects and the norm in bees. In most cases bee 
pheromones are endogenous in the sense that they are produced 
from simple metabolic precursors. However, in orchid bees (Apinae, 
Euglossini) the males have replaced endogenous pheromones by 
a wide range of environmental chemicals, including terpenoids and 
aromatics harvested from plants and other volatile sources in their 
habitat. Male orchid bees collect complex blends of volatiles in a 
way similar to ‚enfleurage‘ of the traditional perfume industry, and 
later broadcast such ‚perfumes‘ during courtship display. In my talk 
I discuss how male orchid bees manage to accumulate chemically 
species-specific perfumes in heterogenous and fluctuating odor 
‚markets‘ through a combination of innate chemical preference 
and learned avoidance of locally abundant odors. Using molecular 
phylogenetic data I show that perfume composition is distinct 
even among closely related species, supporting the notion that 
perfumes diverge through reproductive character displacement. 
Finally I highlight the role that peripheral olfaction may have played 
in the evolution of chemical preferences of males and, ultimately, 
species divergence.
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PP-E-1

The Role of Eco-Evolutionary Experience in Invasion 
Success

W.- C. Saul1, J. M. Jeschke1, T. Heger1 
1Technische Universität München, Restoration Ecology, Freising, 
Germany 

Invasion ecology has made considerable progress in identifying 
specific mechanisms that potentially determine success and failure 
of biological invasions. Increasingly, efforts are being made to 
interrelate the growing number of hypotheses in order to gain a 
more comprehensive and integrative understanding of invasions. 
We argue that adopting an eco-evolutionary perspective on 
invasions is a promising approach to achieve such integration. This 
perspective emphasizes the evolutionary antecedents of invasions, 
i.e. the species’ evolutionary legacy and its role in shaping novel 
biotic interactions that arise due to invasions.

We present a conceptual framework consisting of five hypothetical 
scenarios about the influence of so-called ‘eco-evolutionary 
experience’ in resident native and invading non-native species on 
invasion success, depending on the type of ecological interaction 
(predation, competition, mutualism, and commensalism). Several 
major ecological invasion hypotheses, including ‘enemy release’, 
‘EICA’, ‘novel weapons’, ‘naïve prey’, ‘new associations’, ‘missed 
mutualisms’ and ‘Darwin’s naturalization hypothesis’ can be 
integrated into this framework by uncovering their shared implicit 
reference to the concept of eco-evolutionary experience. We 
also present a routine for the assessment of eco-evolutionary 
experience in native and non-native species using a food web-
based example and propose two indices (xp

Focal
 index and xp

Residents
 

index) for the actual quantification of eco-evolutionary experience. 
Our study emphasizes the strong explanatory potential of an 
integrative treatment of conclusions derived from findings in both 
ecological and evolutionary research in invasion ecology.

PP-E-2

PLEAD AGAINST VANDALISM

B.- M. Schuller1, E. Bitzilekis2, B. Siemers1, H. R. Goerlitz1 
1MPI für Ornithologie, Sensory Ecology Group, Seewiesen, 
Germany  
2Ludwig-Maximilians-Universität, München, Germany 

Scientific equipment, such as animal traps and autonomous data 
collection systems, is regularly left in the field unattended, making 
it an easy target for vandalism or theft. We tested the effectiveness 
of three label types, which differed in contextual and propositional 
information content and in the tone of the message, for reducing 
incidents of vandalism and theft of unattended scientific field 
equipment.

We distributed sixty dummies that resembled scientific devices in 
four public parks in Munich, Germany, and counted the number 
and severity of interactions by park visitors with the dummies. The 
three label types with differing tone and content of their information, 
i.e., personal, neutral, or threatening, were evenly distributed over 
the semi-hidden dummies.

While the label type had no effect on the severity of the interactions 
with our equipment dummies, we found an overall significantly 
reduced number of interactions with dummies showing the personal 
label, compared to those with the other label types.

We suggest that researchers, in addition to securing their valuable 
field equipment, label it with personal and polite messages that 
inform about the ongoing research and directly appeal to the public 
not to disturb the equipment. Besides reducing negative impacts 
on the ongoing research, we believe that informing the public is 
also prudent when considering that scientific research is typically 
tax-payer funded and to help raising the awareness about science 
and its appreciation in the general public.
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PP-E-3

The influence of ambient UV light on sperm quality and 
sexual ornamentation in a fish
I. Rick1, M. Mehlis1, E. Eßer1, T. Bakker1 
1University of Bonn, Institute for Evolutionary Biology and 
Ecology, Bonn, Germany 

Exposure to enhanced levels of ambient ultraviolet radiation (UVR) 
can have adverse effects on aquatic organisms including damage 
at the cellular and molecular level and impairment of development, 
fecundity and survival. Much research has been conducted on the 
role of the harmful ultraviolet-B radiation (UVB). However, due to 
its greater penetration in water the more abundant ultraviolet-A 
radiation (UVA) can also act as an environmental stressor. Little is 
known about UVR effects on sperm characteristics although sperm 
cells should be especially prone to UV-induced oxidative stress. 
Moreover, UV-related changes in oxidative status may affect the 
phenotypic expression of energetically costly sexual ornaments. 
We investigated the effects of long-term exposure to ecologically 
relevant levels of simulated UVA radiation on sperm quality and 
sexual ornamentation in three-spined sticklebacks (Gasterosteus 

aculeatus). Therefore males were assigned to three spectral 
exposure treatments differing in the UV spectral part so that they 
received either enhanced, moderate or no UVA radiation. The 
results reveal that increased UVA levels had detrimental effects 
on both male breeding coloration and sperm velocity providing 
evidence that UVR affects traits targeted by pre- and post-
copulatory sexual selection. Thus, exposure to enhanced ambient 
UVA levels is energetically costly for stickleback males and thereby 
acts on different components of reproductive effort. By highlighting 
the role of UVA as a factor influencing fitness relevant traits, our 
findings may contribute to a better understanding on consequences 
of current and future levels of solar UVR for mating systems and 
life history.

PP-E-4

DO ENHANCED LEVELS OF AMBIENT UVB-RADIATION 

AFFECT THE IMMUNE CAPACITY OF THREE-SPINED 

STICKLEBACKS (GASTEROSTEUS ACULEATUS)?
S. Vitt1, L. Drolshagen1, A. K. Rahn1, I. P. Rick1, T. C. M. Bakker1 
1University of Bonn, Institute for Evolutionary Biology and 
Ecology, Bonn, Germany 

Ultraviolet radiation (UVR) can act as an important ecological 
stressor on aquatic organisms. The ozone-related increase in solar 
UVR, especially in the UVB range (280-320 nm), can have effects 
and responses on cellular, molecular, morphological and behavioral 
levels. In fish, UVB was shown to influence physiological and 
immunological functions at least when individuals were exposed 
to artificially high amounts of radiation for short terms. However, 
evidence for impacts of long-term exposure to ecologically relevant 
levels of UVB light is comparably scarce. The present work focused 
on long-term effects of low-dose UVB on the immune capacity of 
three-spined sticklebacks (Gasterosteus aculeatus). Therefore 
groups of juvenile sticklebacks were held under semi-natural 
conditions in outdoor mesocosms for several weeks. Fish were 
exposed to two different spectral irradiation conditions so that they 
received either artificially enhanced but ecologically relevant levels 
of UVB or only naturally occurring solar levels of UVB radiation. 
Individuals from both groups were compared with regard to 
effects of UVB on different immunological variables. Organ sizes, 
respiratory burst activity and lymphocyte proliferation of head 
kidney leukocytes were determined to gain information on potential 
interactions between immune status and abiotic conditions in terms 
of increased UVR levels.
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PP-E-5

CIRCUMVENTING THE CONSTRAINTS OF SUCTION 

FEEDING: NECTAR WATER EVAPORATION BY LONG-
TONGUED ORCHID BEES

T. Pokorny1,2, K. Lunau2, T. Eltz1 
1Ruhr University Bochum, Bochum, Germany  
2Heinrich-Heine University Düsseldorf, Düsseldorf, Germany 

Orchid bees (Apidae, Euglossini) possess long tongues and employ 
suction feeding to exploit a variety of nectar sources. Captive 
bees can often be observed exhibiting a conspicuous behaviour 
following nectar uptake. For this the bee will sit nearly motionless, 
only moving the proboscis, which is held under the body and split at 
the base with a thin film of liquid visible between galea, glossa and 
labial palps. In this study we analysed the effect of this behaviour 
on the sugar concentration of honey crop content. Captive bees 
of two Euglossa species were fed with sugar-water solutions of 
differing concentrations and observed for up to five hours after 
feeding activity had begun. After this, honey crop content was 
sampled and analysed for its sugar concentration. Though not 
always all individuals showed the described behaviour, its duration 
was positively correlated with the resulting sugar concentration in 
the honey crop. The optimal sugar intake of suction feeders is at 
lower sugar concentrations than that of bees using a lapping style 
of nectar uptake. Therefore, this behaviour might help to offset any 
energetic disadvantages of imbibing dilute nectar by subsequent 
water evaporation, leading to a better energy/weight ratio of honey 
crop content.

PP-E-6

Dispersal behavior in the wasp spider Argiope bruennichi 

(Araneae)
J. Krüger1, H. Krehenwinkel2, D. Bonte3, G. Uhl1 
1University of Greifswald, Department of General and Systematic 
Zoology, Greifswald, Germany  
2Max Planck Institute for Evolutionary Biology, Department of 
Evolutionary Genetics, Plön, Germany  
3Ghent University, Terrestrial Ecology Unit, Gent, Belgium 

Central life history traits for most animals are when to leave a 
habitat and where to move. Dispersal was shown to depend on 
the organisms physiological conditions. The intrinsic motivation 
to disperse may be determined by maternal components 
such as egg provisioning in case of dispersal of hatchlings. 
Non-flying arthropods such as spiders, spider mites and moth 
larvae, can disperse not only by walking short distances but can 
use silk-related aerial dispersal methods commonly referred to as 
„ballooning“. Spiders show distinct pre-ballooning behaviors that 
demonstrate their motivation to become airborne.

We investigated the motivation and mode of dispersal in the orb-
weaving spider Argiope bruennichi in relation to developmental 
stage and weight. We further tested if strategies were consistent 
among siblings. A. bruennichi is especially suitable to investigate 
dispersal strategies since it epitomizes rapid range expansion 
in arthropods. Adult female A. bruennichi were collected during 
summer 2012 at the northern range limit in Sweden and Estonia. 
Females oviposited in the laboratory and egg sacs were kept 
under overwintering conditions until spring 2013. Spiderlings that 
emerge from the cocoon are in their second instar. In wind channel 
experiments we tested the motivation to balloon and the mode 
of dispersal behaviour in second and third instar spiderlings. We 
show that not only individuals in the second instar are dispersively 
active, but also animals in later developmental stages. There was 
no effect of spiderling weight on the probability to perform aerial 
dispersal. However, there was a strong family effect suggesting 
that key determinants of dispersal are either genetic effects or 
maternal effects other than egg provisioning.
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PP-E-7

Population genetics of bat-associated bed bugs Cimex 

lectularius

B. Sánchez Navarro1, K. Reinhardt1 
1University of Tuebingen, Animal Evolutionary Ecology, Tubingen, 
Germany 

The common bed bug, Cimex lectularius, is one of the most 
widely recognized insects in the world as it prefers to feed on 
human blood. Its close association with humans dates back to 
some four millennia. Due to its economic interest several studies 
report on different aspects of this pest species. Human-associated 
populations are highly inbred and founded by individual females. 
The introduction of novel genotypes by immigrants is rare because 
populations will be exterminated by pest control activities before 
new females arrive by chance. In contrast, little is known about 
natural populations of C. lectularius. In central Europe, bed bugs 
also occur in bat colonies. Bat-associated populations may also be 
founded by individual females as observed in related species. But 
here, there might be enough time to allow for chance arrivers to 
contribute genetically. In this study, we investigate the population 
genetics of different European natural populations of the bed bug 
C. lectularius. We predict that natural bat-associated populations 
show a higher genetic diversity and lower differentiation between 
infestations than human-associated bed bugs.
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OP-EB-1

 

AUDIENCE EFFECT IN ZEBRA FINCHES (TAENIOPYGIA 
GUTTATA CASTANOTIS) DURING MATE CHOICE FOR NOVEL 

PHENOTYPES: SEXES DIFFER
N. Kniel1, S. Bender1, K. Witte1 
1University of Siegen, Research Group Ecology and Behavioral 
Biology, Section of Biology, Department of Chemistry and Biology, 
Siegen, Germany 

The social environment has been shown to influence the decision-
making process of individuals in many ways. The audience effect 
for example, can drive an individual to change his or her mate 
choice when another individual is watching. We tested whether 
female and male zebra finches (Taeniopygia guttata castanotis) 
show an audience effect in mate choice with a novel phenotype. 
In a first mate-choice test, test females could choose between an 
unadorned male (wild-type) and an adorned male (a red feather 
on the forehead). In a second mate-choice test, we added an 
additional cage that contained an audience female that could 
observe the test female choosing between the same two males. 
We also performed controls, in which the cage did not contain an 
audience female during the second mate-choice test, therefore 
testing females’ consistency in mate choice. The same experiment 
and control were performed with male zebra finches and adorned 
and unadorned females. Females showed no change in mate 
choice when an audience female was present, but their choosing 
motivation decreased significantly. Males showed an audience 
effect when another male was watching and spent significantly 
more time with the adorned and less time with the unadorned 
female, but did not decrease in choosing motivation. In controls 
both, females and males, chose consistently. Thus, males but 
not females show an audience effect in mate choice with a novel 
phenotype.

OP-EB-2

Impacts of sexual and natural selection on male-female co-
evolution.
O. Martin1 
1ETH Zurich, Institute for Integrative Biology (IBZ) , Zurich, 
Switzerland 

The environmental context can strongly influence both pre- and 
postcopulatory sexual selection and alter the balance between 
reproductive costs and benefits. The ways that sexual selection 
intensity, environmental heterogeneity, parasite pressure and 
population characteristics interact to shape reproductive success 
are assessed in the red flour beetle Tribolium castaneum. 
Specifically, I will outline the use of multiple targeted experimental 
evolution approaches supported by studies focussing in detail on 
reproductive, immune and fitness traits. I will present a summary 
of key results from this research programme to demonstrate 
how sexual selection intensity, environmental heterogeneity and 
population characteristics may hape reproductive success singly 
or in combination. Overall, the balance between costs and benefits 
is strongly dependent on the environmental context, with potentially 
drastic consequences for population fitness. Furthermore, both 
females and males are affected by selection history, and the 
nature of patterns depends on the presence of sexual selection 
in experiments. In addition, findings suggest that contrasting 
environments should be incorporated more routinely in the study 
of sexual selection and conflict.
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THAT’S ONE SMALL STEP FOR AN INDIVIDUAL, ONE 
GIANT LEAP FOR POPULATIONS - DISENTANGLING THE 

CUES FOR MATE RECOGNITION IN THE EARLY PHASE OF 

POPULATION DIFFERENTIATION

M. Linnenbrink1, S. von Merten1, D. Tautz1 
1Max Planck Institute for Evolutionary Biology, Evolutionary 
Genetics, Ploen, Germany 

Understanding population differentiation includes uncovering the 
genetic structure of populations as well as identifying precedent 
mechanisms driving population separation. Divergence of cues 
for mate recognition play a specific role in this. Mate recognition 
in mice has been largely ascribed to olfactory cues but there is 
increasing evidence for a role of ultrasonic vocalization. We ask 
how the individual level differentiation can lead to population 
specific differences that could initiate population subdivision. In 
a previous study (Montero et al. 2013) we analyzed mate choice 
between two wild caught populations of M.m.domesticus, from 
France (F) and Germany (G). As these two populations diverged 
only recently they serve as a perfect model to study the early phase 
of population divergence. Individuals of both populations were 
housed together in a semi-natural environment and had free choice 
of mating partners. F1 offspring showed a specific assortative 
pattern, namely a preference for paternally matching mates. This 
study raised the possibility of paternal genomic imprinting and/or 
early learning driving the decision for a certain mating partner. The 
current study aims at disentangling the cues for such population-
specific mate recognition. We study the association preference of 
the same mouse populations under controlled cage conditions. 
The mice can choose between partners of the same and different 
population origin (FF or GG) and hybrids of both (FG and GF; 
maternal origin given first). Also the choosing mice consist of all 
four possible genotypes. The aim of this study is to elucidate the 
direction of mate choice (who chooses whom?) and the extent to 
which paternal genomic imprinting and early learning contribute to 
it.

OP-EB-4

No wings, no weapons, no female choice - sexual selection 
in wingless ant males
I. Kureck1, S. Foitzik2 
1Universität Siegen, Biologie, Siegen, Germany  
2Johannes-Gutenberg Universität Mainz, Evolutionary Biology, 
Mainz, Germany 

Sexual selection has led to male morphologies and behaviours 
that often either increase male attractiveness or their success in 
male-male competition. I investigated male traits under selection 
in the ant Hypoponera opacior, in which wingless males mate 
with pupal queens inside their natal colony and guard their 
partners by embracing their cocoons. The lack of female choice 
and fights among adult males makes this species an ideal study 
system to investigate sexual selection in the absence of these 
usually important selective forces. I found that males are able to 
precisely adapt their mate guarding duration to the competitive 
situation in the nest. Moreover, they sometimes embrace male 
pupae, a behaviour, that often results in the death of the embraced 
individuals and thus might be a strategy to actively eliminate future 
competitors.

In this mating situation, early emerged and long-lived males 
mated more often and longer, most likely because they are less 
time-constraint and benefit from more mating opportunities, lower 
competition and a higher chance of killing future competitors in 
their pupal stage. Further, large males obtained more matings. 
Body size might be important because larger males either produce 
more sperm or perform better in mounting females. There was no 
evidence for a trade-off between body size and emergence time. 
In conclusion, these sib-mating ant males are under selection to 
develop fast, to live long, to be large and to be able to respond to 
the competitive situation in the nest.
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Pathogen adaptation to individual versus social immune 

defences of ants
M. Stock1, A. V. Grasse1, S. Cremer1 
1IST Austria, Institute of Science and Technology Austria, 
Klosterneuburg, Austria 

Social insects fight diseases not only by the hygiene behaviour and 
physiological immune system of individual group members, but also 
by collectively performed defences, including mutual grooming and 
application of antimicrobials. Parasites and pathogens infecting 
social insect colonies thus have to overcome both individual and 
social immune responses. To disentangle the effects of these 
different selection pressures on parasite evolution, we performed 
a selection experiment, in which workers of the Argentine ant, 
Linepithema humile, were repeatedly exposed to its fungal 
pathogen Metarhizium, whereby ant workers were reared either in 
isolation or in groups with healthy nestmates. We used a mix of six 
Metarhizium strains that were isolated from the field to represent 
the ecological and genetic diversity of this general insect pathogen 
in natural populations. We found that fungal strain composition and 
virulence changed over the course of the evolution experiment, 
yet differently under the two selection regimes. This reveals that 
the additional level of social immunity present in insect societies 
changes the selection pressures on their coevolving pathogens with 
measurable effects on disease dynamics. Moreover, our results 
suggest that the ecological diversity of the different Metarhizium 

strains likely reflects adaptations to a diversity of hosts, being both 
solitary and social species. 

OP-EB-6

Individual and colony-level effects of social immunisation in 
ants

M. Konrad1, K. Seif1, S. Cremer1 
1IST Austria, Klosterneuburg, Austria 

It has long been unclear why sick members of insect societies are 
typically not excluded from the colony, but instead are taken care 
of intensively by their healthy nestmates. Though being beneficial 
for the diseased individuals, this social care of sick group members 
comes at the risk of contracting the disease themselves for the 
healthy helper individuals and thus of spreading the disease in the 
colony.

We have recently shown that workers of the invasive garden ant 
Lasius neglectus do indeed contract fungal conidiospores when 
taking care of nestmates that have been exposed to the fungal 
pathogen Metarhizium. However, we found that in the majority of 
cases, the obtained conidiospore dosages were so low that they 
only led to non-lethal micro-infections. Survival tests as well as 
functional immune assays indicated that micro-infected ants had a 
higher resistance against the fungal disease than naive ants, which 
had no previous contact to pathogen-exposed nestmates (Konrad 
et al. 2012, PLoS Biol 10(4)). We can thus conclude that taking care 
of sick nestmates can result in a protective immune stimulation 
increasing the ants‘ survival upon further pathogen challenges, 
thereby providing a direct benefit for the caretaking individual.

We now study whether this protection by ‚social immunisation‘ has 
a broad efficiency against a range of fungal pathogens, or whether 
it may be highly specific to the same fungal species or even clone, 
similar to reports of highly specific individual immune priming in 
insects such as e.g. in flower beetles (Roth et al. 2009, Proc B 
276(1654)). We also test if socially immunised ants change their 
behaviour towards sick and healthy nestmates and whether this 
affects pathogen spread within a colony.
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New insights into the evolutionary history and the present 
distribution of the common Southern Ocean pycnogonid 
Colossendeis megalonyx

L. Dietz1, C. Held2, C. Mayer3, F. Leese1 
1Ruhr-Universität Bochum, Lehrstuhl für Evolutionsökologie und 
Biodiversität der Tiere, Bochum, Germany  
2Alfred-Wegener-Institut, Bremerhaven, Germany  
3Zoologisches Forschungsmuseum Alexander Koenig, Bonn, 
Germany 

Colossendeis megalonyx, one of the most widespread Southern 
Ocean sea spiders, has long been considered a species with 
typical circumpolar distribution. However, a recent study found 
that C. megalonyx consists of several clearly distinct mitochondrial 
(CO1) lineages with a narrower distribution. Here we complement 
these data with sequences of the nuclear ribosomal Internal 
Transcribed Spacer (ITS) for most mitochondrial clades and a wide 
geographical sampling. The results only partially agree with the 
CO1 data. The previously identified mitochondrial clades can be 
grouped into larger widely distributed groups that are also mostly 
monophyletic according to ITS data. However, the population 
genetic structure within these groups differs between ITS and 
CO1 data, suggesting that individuals within each group can 
freely hybridize. In addition, we find that some specimens belong 
to a different clade according to ITS data than according to CO1, 
showing that limited hybridization between different groups is also 
possible. Our results imply that even clearly delimited mitochondrial 
clades with over ten percent of CO1 sequence divergence may not 
necessarily represent cryptic species. Besides the ITS data, we 
also present preliminary results from next-generation restriction-
enzyme associated DNA sequencing (RAD-seq) of representative 
specimens from the C. megalonyx complex. We discuss the 
implications of these new findings for the phylogeographic history 
of the C. megalonyx complex and Antarctic benthos in general.

OP-EB-8

UNLOCKING THE GENETIC ARCHIVES: DEVELOPMENT OF 
MARKERS FOR USE ON HIGHLY DEGRADED SAMPLES

P. Turko1, J. Rusek2, C. Tellenbach1, J. Wolinska2, P. Spaak1 
1ETH Zürich, Eawag, Aquatic Ecology, Dübendorf, Switzerland  
2Ludwig-Maximilians Universitat München, Evolutionary Ecology, 
München, Germany 

Unbiased detailed micro-evolutionary histories can rarely be 
reconstructed. We must often rely on snapshots in time, inferring 
evolutionary change by comparing recently diverged populations. 
Longer temporal sequences can be produced by examining 
dormant propagules that have been layered in lake sediments 
or soils, but it remains unclear whether studies of this type are 
biased by asymmetric propagule production or variable rates of 
decomposition. To avoid these biases, while producing genetic 
data for multiple populations over dozens of generations, we 
developed methods for exploiting zooplankton samples preserved 
in formalin. These samples have been routinely collected and 
stored in collections worldwide for over 100 years, and represent 
unbiased quantitative samples of whole communities. Preservation 
in formalin complicates extraction of nucleic acids due to its 
crosslinking of them with proteins, and complicates analysis 
of them by fragmentation. We overcame these difficulties by 
development of novel extraction techniques and development of 
genetic markers short enough for use on fragmented DNA. We are 
now using these markers to study the micro-evolutionary response 
of multiple populations with unprecedented temporal reach and 
resolution. 
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Strongly male-biased effective population in a polyandrous 
wader
C. Küpper1, J. DaCosta2, M. Sorenson2, T. Székely3, S. Edwards4 
1University of Sheffield, Department of Animal and Plant 
Sciences, Sheffield, United Kingdom  
2Boston University, Department of Biology, Boston, United States  
3University of Bath, Department of Biology and Biochemistry, 
Bath, United Kingdom  
4Harvard University, Museum of Comparative Zoology, 
Cambridge, United States 

Population genetic theory predicts that polygamous mating systems 
will lead to biased representation of sexes in effective populations 
(N

e
). Polygyny should lead to a female-biased N

e
 and polyandry 

to a male biased N
e
. However, support from empirical studies for 

this is scarce, or based on a small number of genetic markers only. 
RAD sequence markers offer a new yet rarely used opportunity to 
robustly estimate sex bias in N

e
. Here we examine N

e
 and gene 

flow in a polyandrous wader, the Snowy Plover Charadrius nivosus. 
Snowy Plovers are highly polygamous: many females may have 
two or more mates in a breeding season, whereas males tend to 
have a single mate. In the congeneric species, the Kentish Plover 
(C. alexandrinus) that has a very similar mating system as the 
Snowy Plover, we recently estimated a highly skewed male-biased 
adult sex ratio using demographic modelling. Based on these 
results we predicted a male-biased N

e
 when examining Snowy 

Plovers samples from six different geographic locations. Using 
1407 polymorphic sequence markers located on the autosomes 
and the Z chromosome, we first established that the most likely 
male proportion of N

e
 is 0.85. We also found that female Snowy 

Plovers contribute about four times more to gene flow than their 
proportion of N

e
 implies. Taken together, our results provide 

valuable insights on how social selection shapes genomic variation 
and genetic diversity.

OP-EB-10

Genotypic diversity in a clonally reproducing fish, Poecilia 

formosa

K. Lampert1 
1University of Bochum, Bochum, Germany 

Sexual reproduction includes high costs e.g. the production of male 
offspring that does not reproduce itself but also the costs of passing 
only 50% of the own genome to the next generation. In addition 
there are costs for breaking up favorable gene combinations, mate 
search and the probability of reproductive failure due to the inability 
to find a mating partner. Clonal organisms should therefore have 
a demographic advantage over sexually reproducing organisms. 
In the animal kingdom, however, sexual reproduction is far more 
common than clonal reproduction. A number of hypotheses tried to 
explain this paradox of sex focusing on the disadvantages of clonal 
reproduction. Two main disadvantages are correlated with clonal 
reproduction: the accumulation of deleterious mutations and the 
low genotypic variability of the offspring which should result in low 
adaptability of clonal species. Using the Amazon molly, Poecilia 

formosa, as a model organism we analyzed the levels of genotypic 
diversity in several P. formosa populations using microsatellite 
markers. Contrary to our expectations we found that (with one very 
interesting exception) this clonal species shows unexpectedly high 
levels of genotypic variability.
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A genomic and ecological dissection of the recent range 
expansion of the European wasp spider Argiope bruennichi - 

Consequence of climate change? 
H. Krehenwinkel1, M. Graze2, G. Uhl2, D. Tautz1 
1Max Planck Institute for Evolutionary Biology, Evolutionary 
Genetics, Ploen, Germany  
2University Greifswald, Zoologisches Institut und Museum, 
Greifswald, Germany 

Rapid, poleward range expansions are observed for an increasing 
number of species and commonly attributed to global warming. The 
role of contemporary adaptation in facilitating such range shifts is 
often neglected and remains to be discussed.

Originally inhabiting the Mediterranean region, the European wasp 
spider Argiope bruennichi has greatly expanded its range in the 
past century and can now be found as far north as Finland.

Using whole genome sequencing of native and invasive 
spider populations, we present first insights into genome-wide 
genetic differentiation during such rapid range expansions 
along environmental gradients. The genome analysis is nested 
in a range wide phylogeographic study, based on more than 
2000 contemporary samples and about 500 historical museum 
specimens from the time before the range expansion. Our study 
is complemented by morphological data, thermal tolerance and 
-preference tests and a reciprocal transplant experiment of native 
and invasive European wasp spider populations (Krehenwinkel 
and Tautz, Mol Ecol 22, 2232, 2013).

We show that the spider’s range expansion is accompanied by an 
increasing admixture of formerly isolated, genetic lineages. At the 
same time, morphological changes are evident in invasive spiders. 
The reciprocal transplant experiment indicates local adaptation 
of recently established populations to their colder overwintering 
conditions. Moreover, our experiments show that invasive spiders 
have lowered their temperature tolerance and -preference, 
indicating a shift of their temperature niche.

OP-EB-12

Testing phylogeographic scenarios with mitochondrial genes 
and genome-wide RAD markers in a montane caddisfly 
(Thremma gallicum)

F. Leese1, J.- N. Macher1, A. Rozenberg1 
1Ruhr University Bochum, Lehrstuhl Evolutionsökologie und 
Biodiversität der Tiere, Bochum, Germany 

Mitochondrial genes are traditionally used to infer patterns 
of intraspecific diversity and test phylogeographic scenarios; 
yet, the predominantely uniparental inheritance, virtual lack 
of recombination, and other characteristics specific to the 
mitochondrial genome limit its utility. With the advent of the high-
throughput RAD-seq (Restriction-site Associated DNA sequencing), 
genetic variation can be studied at hundreds to ten thousands of 
loci scattered over the whole genome, even for species that lack a 
reference genome. 

In this study, we compared the capability of the mitochondrial CO1 
gene and RAD markers to infer patterns of intraspecific diversity and 
test phylogeographic scenarios for the montane caddisfly Thremma 

galicum in Europe. Patterns of mitochondrial polymorphisms for 
the 352 specimens sampled across the whole distribution range 
revealed the absence of recent gene flow between the four major 
regions (the Cantabrian Mountains, Pyrenees, Massif Central 
and the Black Forest) and supported a Pleistocene northward 
expansion of populations from southern Europe. The RAD data 
inferred from only subsets of two to ten specimens per region had a 
much greater resolution than the mitochondrial data. For example, 
patterns of heterozygosity averaged over up to 31,933 loci per 
individual supported a prominent signature of high genetic diversity 
in the southern “rear edge” (Cantabrian Mountains) as compared 
to low genetic diversity in the northern “leading edge” (Black 
Forest). The results support the great resolution and potential of 
the independent RAD markers to test evolutionary scenarios with 
comparatively few individuals per population as compared to the 
commonly used mitochondrial CO1 gene.
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Reproduction, lifespan and aging in ant males 
S. Metzler1, J. Heinze1, A. Schrempf1 
1Biologie 1, Universität Regensburg, Regensburg, Germany 

Social insects are especially interesting with regard to aging, as the 
reproductive queens outlive the non-reproductive workers and thus 
do not show the typical trade-off between aging and reproduction. 
Moreover, it has been shown recently that there is no decline in 
queen fecundity with proceeding age compared to many other 
species.

On the contrary, ant males are usually short lived according to a 
generally short mating episode often on the wing. This is different 
in the genus Cardiocondyla, where wingless males mate inside the 
nest with young virgin queens. Males fight against each other and 
are able to monopolize all virgin queens for up to several months. 
Their spermatogenesis is life-long and they therefore possess an 
“unlimited” sperm supply.

To investigate whether ant males - different from queens - face the 
“typical” trade-off between reproduction and longevity, and whether 
they suffer from aging, we will track wingless males throughout their 
life and manipulate the number of their mating partners as well as 
their nutritional status. Males under high nutritional conditions as 
well as starved males will be a) kept virgin (zero reproduction), b) 
put together with a single virgin queen each week (low reproductive 
investment), c) put together with two virgin queens every two days 
(high reproductive investment) or d) put together with five to ten 
virgin queens per day (extreme reproductive investment) until the 
death of each male. Subsequent dissection of the spermatheca 
of all mated queens will allow us to measure sperm traits, e.g. 
number, length, viability, and variability of sperm in each ejaculate 
for each male. This will show us whether lifespan and / or number 
of mating partners affects sperm quality.

OP-EB-14

Inbreeding depression in an insect with maternal care: 
influences of family interactions, life-stage and offspring sex.
J. Meunier1, M. Kölliker2 
1Johannes Gutenberg-Universität Mainz , Institut für Zoologie, Abt 
Evolutionsbiologie , Mainz, Germany  
2University of Basel, Department of Environmental Sciences, 
Zoology and Evolution , Basel, Switzerland 

Although inbreeding is commonly known to depress individual 
fitness, the severity of inbreeding depression varies considerably 
across species. Among the factors contributing to this variation, 
family interactions, life-stage and sex of offspring have been 
proposed, but their joint influence on inbreeding depression 
remains poorly understood. Here, we demonstrate that these 
three factors jointly shape inbreeding depression in the European 
earwig, Forficula auricularia. Using a series of cross-breeding, 
split-clutch and brood size manipulation experiments conducted 
over two generations, we first showed that sib-mating (leading 
to inbred offspring) did not influence the reproductive success of 
earwig parents. Second, the presence of tending mothers and the 
strength of sibling competition (i.e. brood size) did not influence 
the expression of inbreeding depression in the inbred offspring. 
By contrast, our results revealed that inbreeding dramatically 
depressed the reproductive success of inbred adult male offspring, 
but only had little effect on the reproductive success of inbred adult 
female offspring. Overall, this study demonstrates limited effects 
of family interactions on inbreeding depression in this species 
and emphasizes the importance of disentangling effects of sib-
mating early and late during development to better understand the 
evolution of mating systems and population dynamics.
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BIGGER MOTHERS ARE BETTER MOTHERS: 
DISENTANGLING SIZE-RELATED PRE- AND POSTNATAL 

MATERNAL EFFECTS 

S. Steiger1 
1University of Ulm, Institute of Experimental Ecology, Ulm, 
Germany 

Body size is a key feature that shows considerable variation within 
and between species. Maternal effects have been found to play 
a fundamental role in determining body size, and even maternal 
body size itself can provide a specific environment that gives rise 
to maternal effects and influence offspring size. Despite a vast 
literature on the factors controlling adult size, few studies have 
investigated how maternal size affects offspring size independent 
of direct genetic effects, thereby separating prenatal from postnatal 
influences. I used a novel experimental design that combined a 
cross-fostering approach with phenotypic manipulation of maternal 
body size that allowed me to disentangle prenatal and postnatal 
maternal effects. Using the burying beetle Nicrophorus vespilloides 
as model organism, I found that a mother’s body size affected egg 
size as well as the quality of postnatal maternal care, with larger 
mothers producing larger eggs and raising larger offspring than 
smaller females. However, with respect to the relative importance 
of prenatal and postnatal maternal effects on offspring growth, 
only the postnatal effects were important in determining offspring 
body size. Thus, prenatal effects can be offset by the quality of 
postnatal maternal care. This finding has implications for the co-
evolution of prenatal and postnatal maternal effects as they arise 
as a consequence of maternal body size. In general, my study 
provides evidence that there can be transgenerational phenotypic 
plasticity, with maternal size determining offspring size leading to 
a resemblance between mothers and their offspring above and 
beyond any direct genetic effects.

OP-EB-16

WHY SEX PHEROMONES DIVERSIFY. LESSONS FROM 
NASONIA

I. Putz1, D. Pothmann1, J. Ruther1 
1Universität Regensburg, Institute of Zoology, Regensburg, 
Germany 

Sex pheromones may play important roles in speciation, but the 
ecological forces driving the diversification of sex pheromones are 
not well understood. Males of all species in the parasitoid wasp 
genus Nasonia release a two-component sex pheromone to attract 
females. Nasonia vitripennis (Nv) is the only species to have 
evolved a third component. The underlying genetic mechanisms 
have been recently clarified but the reasons as to why Nv has 
modified its sexual communication system are widely unknown. Nv 
occurs micro-sympatrically with N. giraulti (Ng) in eastern North 
America. Interspecific mating is possible but results in all-male 
broods due to Wolbachia-mediated cytoplasmic incompatibility. Ng 
males invest in pheromone production although a sex pheromone 
appears to be superfluous in this species: Ng males inseminate 
the majority of conspecific females already within the host. Here, 
the pheromone is not released and, after emergence, Ng females 
no longer respond to the conspecific odor. In contrast, Nv females 
emerge as virgins and thus face the risk of interspecific mating. To 
avoid the associated costs, Nv females have evolved a preference 
for the conspecific three-component pheromone blend and show 
an age-dependent plasticity of their sexual behavior. Hence, data 
show that communication interference of sympatric species using 
similar sexual signals can generate selective pressures that result 
in their diversification.
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PHEROMONE EVOLUTION IN INSECTS: DIVERSIFICATION 
OF CHEMICAL MESSENGERS EVOLVES A DEFENSIVE 

COMPOUND INTO A CUE AND SIGNAL

J. Stökl1, I. Weiss1, T. Rössler1, J. Hofferberth2, M. Brummer1, J. 
Ruther1 
1University of Regensburg, Institute for Zoology, Regensburg, 
Germany  
2Kenyon College, Department of Chemistry, Gambier, United 
States 

The evolution of chemical communication and the origin of 
pheromones are among the most challenging issues in chemical 
ecology. Current theory predicts that chemical communication can 
arise from compounds primarily evolved for non-communicative 
purposes but experimental evidence showing a gradual evolution 
of non-informative compounds into cues and true signals is scarce. 
Here we report that females of the parasitic wasp Leptopilina 

heterotoma use their defensive compound (-)-iridomyrmecin in 
two communicative functions. Females of L. heterotoma use 
(-)-iridomyrmecin as a semiochemical cue to avoid interference 
with con- and heterospecific competitors and as main component 
of a species-specific sex pheromone. While competition avoidance 
is mediated by (-)-iridomyrmecin alone, several structurally 
related minor compounds are necessary to enable reliable mate 
attraction and recognition by the responding males. Our findings 
provide novel insights into the evolution of insect pheromones by 
demonstrating that the increasing specificity of information during 
the putative evolution from a defensive compound to a competition 
avoidance cue and a sex pheromone is accompanied by the 
addition of related molecules to give a species-specific pheromone 
and the evolution of a corresponding response in the receiver.

OP-EB-18

 

Multiple adaptations of specialized Lygaeinae (Heteroptera, 
Lygaeidae): strategies to cope with host plant cardenolides 
C. Bramer1, G. Petschenka2, F. Friedrich1, S. Dobler1 
1Biozentrum Grindel und Zoologisches Museum, Molekulare 
Evolutionsbiologie, Hamburg, Germany  
2Cornell University, Ecology and Evolutionary Biology, Ithaca, 
United States 

Aposemematically colored species of the hemipteran subfamily 
Lygaeinae feed primarily on plants that contain cardenolides. These 
toxic secondary plant compounds specifically inhibit the Na,K-
ATPase. Oncopeltus fasciatus, one of the best investigated species, 
obtains cardenolides from Asclepias species (Apocynaceae) and 
displays intricate adaptations to store the compounds and avoid 
toxic effects. In O. fasciatus cardenolide resistance is mediated 
by a Na,K-ATPase possessing reduced sensitivity to cardenolides 
(target site insensitivity). Besides Oncopeltus the majority of 
lygaeine species are closely associated with cardenolide sources, 
too.In this study we examined whether the adaptations observed 
in O. fasciatus are prevailing features of the whole subfamily. To 
this aim we established a phylogeny of the Lygaeinae and tested 
for morphological and physiological adaptations associated with 
cardenolide sequestration in representative species. Cardenolide 
sequestration and metabolism were assessed by feeding studies 
with radioactive tracers. Scintillation counting combined with 
radio TLC showed that all tested species of Lygaeinae sequester 
cardenolides and metabolize the apolar digoxin into more polar 
compounds. To evaluate whether the species’ Na,K-ATPase is 
resistant to cardenolides, in vitro assays of Na,K-ATPase and 
gene sequence analyses were conducted. These demonstrate 
that all investigated Lygaeinae possess Na,K-ATPases that have 
extremely reduced sensitivity to cardenolides. Finally we can 
reveal a morphological adaptation that originated at the basis of 
the Lygaeinae and includes a modified integument (dorsolateral 
space) specialized for cardenolide storage. The necessary 
adaptations for cardenolide handling must have arisen at the basis 
of the Lygaeinae whereas the morphological structures must have 
been refined during the evolution of the subfamily.
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Identification of genes involved in spicule formation of 
calcareous sponges (Porifera, Class Calcarea)
O. Voigt1, K. Sluzek1, M. Adamski2, G. Wörheide1, M. Adamska2 
1LMU Munich, Palaeontology & Geobiology, Munich, Germany  
2Sars International Centre for Marine Molecular Biology, Bergen, 
Norway 

Calcareous sponges (Porifera, Class Calcarea) are the only 
sponges, which are able to form calcite spicules. The spicules 
comprise a substantial proportion of the biomass of these sponges, 
and by supporting the tissue enables them to form larger bodies. 
Furthermore the spicules (or their arrangement) are a main 
character used in the taxonomy of the group. Without a doubt, the 
ability to form these type of skeletal elements can be considered a 
key innovation predating the radiation of extant Calcarea.

We identified some essential genetic components involved in 
the process of spicule formation in the emerging model system 
Sycon ciliatum from available genomic and transcriptomic data. 
Their involvement in biomineralization was verified by combining 
calcein staining methods with RNA in situ hybridization. Our results 
are discussed in the context of evolution of biomineralization in 
sponges and metazoans.
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SPERM PROTEIN EVOLUTION IN PRIMATES: 
ACCELERATION BY POST-MATING SEXUAL SELECTION 

AND CONSERVATION BY PROTEIN INTERACTIONS

J. Schumacher1, D. Rosenkranz1, H. Herlyn1 
1University of Mainz, Institute of Anthropology, Mainz, Germany 

In order to investigate the relative effect of functional constraint 
and post-mating (= postcopulatory) sexual selection on sequence 
evolution of reproductive proteins, we examined 170 primate sperm 
proteins. Their sequence evolution was studied based on cDNAs 
of eight primate species with varying mating systems (inclusively 
humans). We observed that adaptively evolving amino acids occur 
more frequently in sperm proteins engaged in post-mating functions 
such as capacitation, hyperactivation, acrosome reaction, and 
fertilization than in sperm proteins occupying pre-mating functions 
such as sperm composition and assembly. Moreover, post-mating 
sperm proteins evolve at elevated rates as compared to pre-mating 
sperm proteins. Our data further illustrate that sequence evolution 
of post-mating sperm proteins is particularly enhanced in multi-
male breeders, but not in uni-male, monogamous, and polyandrous 
species. Complementary analyses of non-reproductive proteins 
show that our observations cannot be explained by genome-wide 
(demographic) effects. A final database screening revealed overall 
more intracellular protein-protein interaction partners in pre-mating 
than post-mating sperm proteins which illustrates that proteins 
of the former group are more essential for sperm functioning 
than their counterparts. From this we conclude that accelerated 
sequence evolution of post-mating sperm proteins results from 
less functional constraint and more effective post-mating sexual 
selection in this group of proteins, while the opposite is true for pre-
mating sperm proteins. This suggests pre-mating sperm proteins 
as prime candidates for markers of reduced male fertility.

OP-EB-21

The dispersal of yeast by insect vectors
C. U. Baden1, D. Greig1 
1Max-Planck-Gesellschaft, Max-Planck-Institute for Evolutionary 
Biology, Plön, Germany 

Saccharomyces cerevisiae grows very well on sugary fruit, and it is 
used to transform grapes into wine. But in nature fruits are patchily 
distributed in both space and time, so how do non-motile yeast 
cells find them? We think that wild yeast use insects as vectors, 
both to move from fruit to fruit, and to migrate between fruits and 
low-sugar habitats like soil and oak tree bark, where they persist 
year-round.

Drosophila melanogaster fruit flies are strongly attracted to both 
fruit and yeast, which they feed on. Vegetative yeast cells are 
digestible and nutritious, but flies cannot digest yeast spores, which 
pass through the fly gut intact and viable. Our hypothesis is that the 
primary mode of yeast dispersal is by spores in insect faeces. This 
implies an evolutionary conflict: it is better for yeast if spores are 
eaten rather than vegetative cells, but it is better for flies to avoid 
the indigestible spores and use the vegetative cells as food. Here 
we investigate whether spores or vegetative cells of the wild yeast 
Saccharomyces paradoxus are preferred by D. melanogaster, and 
which of the two life-stages is better dispersed. We find that spores 
are dispersed by D. melanogaster better than vegetative cells, but 
that the flies have a strong preference for vegetative cells over 
spores.

Finally, we have been screening insects of many species to find the 
most prominent S. paradoxus vectors in nature. So far, wasps of 
the subfamiliy Vespinae seem to be the best candidates. 
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The evolution of directional hearing in crickets
A. K. Schmidt1, H. Römer1 
1Karl-Franzens-University, Zoology, Graz, Austria 

Sound localization in small insects can be a challenging task due to 
imposed physical constraints in deriving sufficiently large interaural 
intensity differences (IIDs) between both ears. Directional hearing 
in crickets is achieved by a modified system of trachea connecting 
the tympana of both ears with an external sound entrance. This 
sound mediating mechanical system forms the basis of a pressure 
difference receiver; it responds to the interaction of three different 
sound components at the site of the tympanum. The result is a 
directionality of the ear despite an unfavorable relationship between 
the wavelength of sound and body size.

Here we studied the morphological differences of the acoustic 
tracheal system in 40 cricket species and their allies of the suborder 
Ensifera comprising hearing and non hearing taxa. We revealed a 
surprisingly high diversity of acoustic tracheal morphology, which 
might reflect different steps in the evolution of such pressure 
difference receivers; with a precursor structure already present in 
primarily non-hearing species.

Most conspicuous in this respect was the morphological difference 
of the acoustic vesicle associated with a thin septum - a structure 
known to fulfill the important role of deriving high IIDs. We found that 
relative size of the acoustic vesicle tended to be larger for species 
with a more unfavorable body size to wavelength ratio in order to 
derive directional cues, thus suggesting a possible adaptive role 
due to different biophysical constrains. 

OP-EB-23

THE EVOLUTIONARY DYNAMICS OF COMPETITIVENESS

S. Baldauf1, L. Engqvist2, F. J. Weissing3 
1University of Bonn, Institute for Evolutionary Biology and 
Ecology, Bonn, Germany  
2Bielefeld University, Department of Evolutionary Biology, 
Bielefeld, Germany  
3University of Groningen, Theoretical Biology Group, Groningen, 
Netherlands 

Competition over resources is an important determinant of fitness 
in virtually all organisms. In many species, individuals express 
phenotypic characteristics that enhance their ‘competitiveness,’ 
that is, the ability of acquiring resources in competition with others. 
One might expect a single optimal level of competitiveness in each 
species, at which benefits of competitiveness are balanced by its 
costs. In contrast, there is compelling evidence that the degree 
of competitiveness strongly fluctuates in time and that there 
are often differences within populations. By means of a simple 
evolutionary model, we provide an explanation for these empirical 
patterns. Our model makes the crucial assumption that investment 
into competitiveness (e.g. the development of sensory organs 
for localizing resources or weapons for defending resources) 
enhances the probability to acquire a high-quality resource but 
at the same time reduces the efficiency by which this resource 
can be exploited. We demonstrate that under this assumption 
competitiveness does typically not converge to a monomorphic 
equilibrium. Instead, the populations either converged to a 
polymorphic state where individuals differing in competitiveness 
stably coexist or the level of competitiveness continuously 
changed in time. Here, episodes of high competitiveness are 
being followed by periods of low competitiveness, and vice versa. 
Female preferences for (or against) male competitiveness is also 
highly dynamic were competitiveness is sometimes favoured to a 
degree that females do not receive direct benefits anymore and 
sometimes strongly favouring ‘good fathers.’ On the male side, the 
evolution of competitiveness is even more ‘dynamic’ in presence of 
female choice.
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Stay cool during bad weather - Heterothermy in the Common 
Swift Apus apus 
A. Wellbrock1, C. Bauch1,2, K. Witte1, J. Rozman1 
1University of Siegen, Research Group Ecology and Behavioral 
Biology, Section of Biology, Department Chemistry & Biology, 
Siegen, Germany  
2Institute of Avian Research, „Vogelwarte Helgoland“, 
Wilhelmshaven, Germany 

The controlled reduction of body temperature has been found in 
several bird groups like mousebirds, nightjars and hummingbirds. 
Heterothermy in endotherm vertebrates is a vital mechanism to 
maintain energy homoeostasis during unfavourable periods like 
days of bad weather or cold nights. Experimental studies from 
Finland showed that juveniles as well as adult Common Swifts 
(Apus apus) are able to lower body temperature overnight to 
regulate their energy balance in times of food shortage and low 
ambient temperature. So far, knowledge of body temperature 
changes in resting Common Swifts is rare in the field. In our study, 
body temperature of resting swifts was indirectly inferred from 
temperature loggers that were placed in nests of a breeding colony 
close to the city of Olpe (North Rhine-Westphalia, Germany). Nest 
temperature was recorded during the entire breeding season to 
monitor the occurrence of heterothermic events at specific times (i.e. 
before egg laying, during incubation, after hatching). Additionally, 
nest attendance was controlled by video recordings. Nocturnal 
reduction in nest temperature by about 5 to 14°C could be detected 
throughout the entire breeding season, particularly in response to 
several rainy days. In contrast to the experimental measurements 
in the Finnish studies, the decrease of nest temperature in our 
study lasted for several hours only interrupted by short minimal 
temperature increases. The lowest temperature was hit in the early 
mornings, and nest temperature increased again within one or two 
hours. We will present results on frequency, duration and depth of 
hypothermic bouts, cooling and warming rates as well as whether 
there is an influence by the number of swifts resting in a nest on 
heterothermic events.
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First evidence of cryptic species diversity and significant 
population structure in a widespread freshwater nematode 
morphospecies (Tobrilus gracilis)
K. Ristau1, S. Steinfartz2, W. Traunspurger1 
1Bielefeld University, Animal Ecology, Bielefeld, Germany  
2Bielefeld University, Department of Animal Behaviour, Unit 
Molecular Ecology and Behaviour, Bielefeld, Germany 

Free-living nematodes are ubiquitous and highly abundant in 
terrestrial and aquatic habitats, where they are generally important 
for ecosystem processes. Nevertheless, very little is known about 
their true diversity and intraspecific population structure. Here, 
we present the first molecular study exploring cryptic species 
diversity and genetic population structure of the widespread 
freshwater nematode morphospecies, Tobrilus gracilis, from nine 
post-glacially formed European lakes. Taxonomic species status of 
individuals, analysed for fragments of the mitochondrial COI-gene 
and of the large (LSU) and small (SSU) ribosomal subunits, were 
determined by morphological characteristics. Mitochondrial and 
nuclear markers strongly supported the existence of three distinct 
genetic lineages (Tg I-III) within Tobrilus gracilis, suggesting 
that this morphospecies indeed represents a complex of highly 
differentiated biological species. High genetic diversity was 
also observed at the population level. Across the nine lakes, 19 
mitochondrial, seven (LSU), and four (SSU) nuclear haplotypes 
were determined. A phylogeographic analysis revealed remarkable 
genetic differentiation even among adjacent lake populations for 
one cryptic lineage. Priority and persistent founder effects are 
possible explanations for the observed population structure in the 
post-glacially occupied lakes, but ask for future studies providing 
direct estimates of freshwater nematode dispersal rates. Our study 
suggests therefore that overall diversity of limnetic nematodes 
has been so far drastically underestimated and challenges 
the assumed ubiquitous distribution of other, single freshwater 
nematode morphospecies.

OP-EB-26

 

Can a hybrid outcompete its parental species? - a story 
about a “super clone“ (Daphnia galeata × longispina hybrid) 
J. Griebel1, M. Poxleitner1, A. Navas Faria1, S. Giessler1, J. 
Wolinska1 
1LMU Munich, Evolutionary Ecology, Planegg-Martinsried, 
Germany 

The role of hybridization in evolution has been underestimated 
for a long time. For example, hybrids were often considered 
less fit then their parental species, due to genetic incompatibility. 
However, hybridization occurs frequently in plants and in animals. 
Our recently collected field data showed that a Daphnia community 
of a small quarry lake in Munich, normally consisting of parental 
species and hybrids belonging to the D. longispina complex, has 
become dominated by a single hybrid clone - the “super clone”. 
By creating artificial communities consisting of the “super clone” 
and other clones of the D. longispina complex, we proved the 
competitive strength of the “super clone”. After ~6 generations 
the “super clone” had increased from 8% to 100% in some of the 
artificial communities. Additionally, we studied fitness parameters 
of these clones, kept under two different temperatures. Here, there 
was no special performance of the “super clone”. Therefore we are 
currently comparing the carrying capacity of “super clone” with the 
other clones, by measuring the change in numbers of Daphnia over 
time, in a certain volume of water. Additionally, we will study fitness 
parameters of the clones under crowding (and control) conditions. 
The crowded media will be obtained from crowded stock cultures. 
We expect the “super clone” to have higher carrying capacity 
as well as to be less affected by crowded media than the other 
clones, thereby preventing the other clones from reproducing and 
establishing within the population. Finding the pattern that makes 
the “super clone” so special will contribute to a general knowledge 
about hybrid-specific traits and their contribution to evolutionary 
processes.
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A transcriptome derived female-specific marker in the 
invasive Western mosquitofish Gambusia affinis
D. Lamatsch1 
1University of Innsbruck, Research Institute for Limnology 
Mondsee, Mondsee, Austria 

Sex-specific markers are a prerequisite for understanding the 
reproductive biology, the genetic factors involved in sex differences, 
the mechanisms of sex determination and the evolution of sex 
chromosomes. The Western mosquitofish, Gambusia affinis is 
of particular interest as a model for sex chromosome evolution 
due to its female heterogamety (ZW/ZZ), but also because of its 
ecological relevance as world-wide invasive species.

Here, deep-sequencing transcriptomes were used to identify 
sequences that were highly transcribed in females but not in 
males. 179 primer pairs spanning 105 sequences were tested by 
PCR to identify sex-specific amplification products. From those 
one female-specific DNA marker was developed and validated in 
115 fishes. Sequence analyses revealed a high similarity to the 3´ 
UTR of the aminomethyl transferase (AMT) gene of the relatively 
closely related platyfish (Xiphophorus maculatus). This is the first 
time that such a methodological approach was successfully used 
in a fish species, and the identified sex-specific marker represents 
one of a handful of such markers in fish species.

OP-EB-28

 

Population structure of microparasites infecting Daphnia: 
spatio-temporal dynamics

J. Wolinska1, A. Petrusek2, J. Rusek1, E. Gonzalez Tortuero1, S. 
Giessler1 
1LMU Munich, Biology II, Planegg-Martinsried, Germany  
2Charles University in Prague, Faculty of Science, Prague, Czech 
Republic 

Detailed knowledge of the spatial and temporal genetic population 
structure of hosts and parasites is required for the understanding 
of coevolution. In contrast to the large body of work investigating 
host populations, surveys of microparasites infecting wild, non-
human hosts are still rare. Here, we traced genetic variation 
(based on sequence variants in the internal transcribed spacer 
region, ITS) among seven geographically isolated populations of 
the ichthyosporean Caullerya mesnili, a common parasite of the 
cladoceran Daphnia. At some sites, we additionally tested for 
variation over time and associations between parasite genotypes 
and host species. Parasites and Daphnia hosts were structured 
across space indicating limited dispersal. Interestingly, the 
distribution of parasite genotypes was more similar across different 
host species originating from the same lake than within host 
species from different lakes. Furthermore, parasite populations 
changed over time, demonstrating the evolutionary potential of 
Caullerya. Overall, our work is a first step in closing the existing 
gap in coevolutionary studies, as it detected genetic changes in 
parasite population structure over space and time, in a natural 
host-parasite system.



204 205

OP-EB-29

Deciphering the glacial history of the Western Antarctic Ice 
sheet using the genome of a brooding marine isopod
S. Agrawal1, F. Leese2, C. Schubart3, C. Mayer2,4, C. Held1 
1Alfred Wegener Institute for Polar and Marine Research, 
Bremerhaven, Germany  
2Ruhr University Bochum, Bochum, Germany  
3University of Regensburg, Regensburg, Germany  
4ZFMK, Bonn, Germany 

Geological data are commonly used to inform our understanding 
of the evolutionary history of organisms on the grounds that 
appearance or closure of barriers and connecting pathways 
influenced the evolution of organisms. It is rare that the genetic 
structure of a species is interpreted to complement an incomplete 
geological record, however. In this study we investigate the 
potential of information contained in the genomes of a brooding 
marine isopod (Glyptonotus sp.) to resolve the extent and timing 
of extensive glaciation of the West Antarctic Ice Sheet (WAIS). 
The WAIS is known to have undergone changes in extent and 
thickness but the geological record is ambiguous as to whether at 
any one time in the recent past the entire Western Antarctic Shelf 
was completely glaciated.

Two mitochondrial markers and 5 nuclear microsatellite markers, 
on samples obtained along the WAIS from the Antarctic peninsula 
unto the Ross Sea, indicate that several multi-locus genotypes 
are shared by the different geographic sampling locations. 
However, both type of markers indicate the presence of two 
distinct populations. We can reject an isolation by distance model 
or long distance dispersal events as possible explanations for this 
pattern. Furthermore, molecular dating analyses show that these 
lineages diverged before the LGM indicating that they probably 
survived in independent refugia. Ancestral state reconstruction 
analyses, suggest that these refugia were possibly located in the 
region around Antarctic peninsula and Bellingshausen Sea region. 
Overall, these results indicate that the WAIS did not completely 
reach the Antarctic continental shelf in all regions and benthic 
organisms survived in refugia even during the full extent of the 
LGM. Our results provide independent, high-resolution support for 

the reconstruction of Antarctic ice sheets.
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Testing the timeframe of the most recent Panama Isthmus 

closure from a marine point-of-view
N. Thiercelin1, C. D. Schubart1 
1Universität Regensburg, Biologie I - LS Heinze, Regensburg, 
Germany 

The closure of the Panama Isthmus was a major geological event 
resulting in the formation of a land bridge between the North 
and South American continents that allowed exchange between 
previously isolated terrestrial faunas. From a marine point-of-view, 
it physically separated the tropical Atlantic and Pacific oceans 
and isolated the corresponding animal and plant populations. 
Subsequent independent evolution of these populations along 
the two sides of the isthmus finally led to the formation of couples 
of „geminate species“ along the two coastlines of the American 
continent. This geological event was considered to be reliably 
dated at approximately 3 Mya and used for calibration of molecular 
clocks in many phylogeny reconstructions. However, several recent 
publications questioned this timeframe and suggested an earlier 
closure of the Isthmus during the Miocene 20 Mya, challenging by 
the same way the previously established molecular clocks.

In our study, we used crustacean communities present along the 
two sides of the Isthmus to test from a marine perspective the 
early and late closure hypotheses, to determine between these 
two the most congruent with the observed results. The mangrove-
dependent species Aratus pisonii, supposed to be among the last 
species to have experienced gene flow between the two sides of 
the Isthmus, exhibit genetic distance values between the Atlantic 
and Pacific oceans approximately three times lower than the rocky 
shore species Pachygrapsus transversus and Geograpsus lividus. 
These results support a later most recent closure of the Isthmus, 
and are only congruent with the Miocene hypothesis, if the isthmus 
closed more than once. Associated with recent studies based on 
terrestrial species, a mixed scenario with temporary early closure 
should be investigated.

OP-IV-EB-1

Hybridization as an evolutionary motor in fishes
A. W. Nolte1 
1Max – Planck Institute for Evolutionary Biology, Plön, Germany 

Freshwater fishes referred to as sculpins (Cottus) have recently 
hybridized as a result of manmade connections between river 
systems. A hybrid lineage emerged which invaded habitats that 
were not used by the parental species before. This processes as 
well as an increasing number of similar examples are in line with 
the idea that hybridization may play an important role but details 
about the evolutionary mechanisms are largely unknown. We are 
currently combining experiments, analyses of gene expression and 
genomics approaches to test hypothesis about hybrid speciation in 
invasive Cottus. A central idea is that hybridization leads to mixtures 
of genotypes, which have the potential for rapid adaptation to new 
environmental conditions. Another hypothesis that has received 
little attention to date is that segmental mutations are enhanced 
in hybrids and affect the evolutionary process. A microarray based 
transciptome analysis revealed unique patterns of gene expression 
that may explain the fitness properties of invasive Cottus. Further, 
genome wide ancestry of invasive Cottus supports the idea that 
genetic material from both parental Cottus species interacts to 
give a fitness advantage. We find evidence that the genome size 
of invasive Cottus has increased through multiple small scale 
increases of copy number. Importantly, this inflation is particularly 
pronounced in genes that we have identified as candidate genes 
for adaptive evolution. Our study provides first evidence that 
mutational mechanisms that are specifically enhanced in hybrid 
genomes contribute to genetic adaptation in an emerging hybrid 
species.
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Reproductive biology and life history evolution of caecilian 
amphibians
A. Kupfer1 
1University of Potsdam, Biology and Biochemestry, Potsdam, 
Germany 

Among modern amphibians, caecilians (Gymnophiona) express 
a considerable variation of reproductive modes including both 
oviparity and viviparity combined with highly unusual parental 
investment strategies (e.g., skin-feeding and intrauterine feeding). 
In contrast to other amphibians caecilians also exhibit internal 
fertilisation with the aid of a complex-build and highly diverse male 
intromittend organ (i.e., the phallodeum). The current knowledge 
on the reproductive biology of caecilians is reviewed and several 
aspects are compared to the reproductive strategies evolved in 
other vertebrate groups.

PP-EB-1

Tit for tat - Genome analysis of the bacterial endosymbionts 
of reed beetles (Donaciinae)
G. Kölsch1 
1University of Hamburg, Zoological Institute, Hamburg, Germany 

In most mutualistic symbioses of insects and intracellular bacteria, 
the endosymbionts provide nutrients to a host that feeds on an 
unbalanced diet. In contrast to this, we investigated an insect-
bacteria relationship with a primarily non-nutritional basis. The 
reed beetles (Chrysomelidae, Donaciinae) harbour bacteria that 
produce a secretion, which is used by the larvae for building a 
cocoon for pupation in the sediment under water. Beetles and 
symbionts went through a long period of strict co-speciation that 
lasted approximately 100 million years (=age of the subfamily 
Donaciinae), which marks an intermediate age for associations of 
bacteria and insects. The bacteria belong to the Enterobacteriaceae 
(gamma-proteobacteria), specifically to a clade that is made up 
of various symbionts of invertebrates (among them Buchnera). 
Both the intracellular endosymbiotic life style in general and the 
specific type of interaction (provision of the secretion) motivated 
our genome sequencing project to elucidate the evolution of the 
bacterial genome. We hypothesized that the bacterial genome 
experienced considerable reduction, and that the specific gene 
content is related to this peculiar interaction. It is of interest if the 
bacterial genome bears the signature of additional, nutritional 
interaction between host and symbionts. The genome will form the 
basis of investigations into the stage specific transcription pattern. 
In addition to the data on genome evolution, the potential of this 
new study system for transcription analysis at different life stages 
of host and symbionts, as well as for comparative genomics will be 
discussed.
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Diversity of bacterial endosymbionts within bees 
(Anthophila)
M. Gerth1, C. Bleidorn1 
1Universität Leipzig, Institut für Biologie, Molekulare Evolution & 
Systematik der Tiere, Leipzig, Germany 

Several evolutionary phenomena in arthropods were shown to 
be due to the presence of inherited symbionts, e.g., sex-ratio-
distortion, cytoplasmic incompatibility, conferring resistance to 
pathogens, nutritional mutualism and others. All these phenomena 
may be induced by Wolbachia, an alpha-proteobacterium that is 
estimated to occur in about two thirds of all terrestrial arthropods. 
Other endosymbionts are comparatively understudied and known 
only from a few model systems. Although Wolbachia is by far 
the most frequently found endosymbiont in arthropods, detailed 
screenings for other endosymbionts are lacking. Furthermore, 
potential interactions of various endosymbionts within one species 
are not well understood.

In the present study, we screened 307 individuals belonging to 170 
bee (Anthophila) species for the presence of the endosymbionts 
Wolbachia, Rickettsia, Spiroplasma, Cardinium and Arsenophus. 

Because Wolbachia is present in about 66% of all bees, we tested 
if species carrying this infection are more or less likely to carry 
other endosymbionts. Additionally, we tested if bee phylogeny or 
ecological factors can predict the endosymbiont community within 
bee species.

PP-EB-3

Influence of different stressors on reproduction and 
longevity of ant queens 
J. Giehr1, S. Cremer2, J. Heinze1, A. Schrempf1 
1Biologie 1, Universität Regensburg, Regensburg, Germany  
2IST Austria, 3400 Klosterneuburg, Austria 

Theories assume that it is beneficial for individuals to enhance their 
reproductive investment with proceeding age, especially when 
the expected future reproductive success is low. Hence, terminal 
investment before imminent death would be advantageous for 
individuals and could increase their fitness. Nevertheless, most 
species show a decline in reproduction with age and performance 
deteriorates with time and proceeding senescence.

Contrary, like in a few other species, egg laying rate of queens of 
the ant Cardiocondyla obscurior increases with age.

Here, we investigate whether and in which direction different 
stressors alter the reproductive output and longevity of queens 
by following the egg laying rate of ant queens during their entire 
life before and after being stressed with cold shock, heat shock, 
CO

2
 and Metarhizium infection. By doing so, we are not only 

able to investigate the influence of different factors on age and 
reproduction, but also whether females are able to assess their 
residual time to reproduce and push their fecundity accordingly. 
Finally, to test whether and up to which level females generally are 
able to adjust their egg laying rate, we daily removed or put marked 
eggs into experimental colonies.
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Sperm competition in three-spined sticklebacks 
(Gasterosteus aculeatus) - in vitro veritas

M. Mehlis1, M. K. Licht1, T. C. M. Bakker1 
1University of Bonn, Institute for Evolutionary Biology and 
Ecology, 53121, Germany 

Sperm competition is known to be a powerful selective force 
and in many species fertilisation success is suggested to follow 
a raffle-principle. This means that the chances of fertilisation are 
equivalent to one’s own sperm number in proportion to the total 
number of sperm. More recently, it has been recognised that not 
sperm number alone but also sperm quality traits influence a male’s 
fertilisation ability and hence his reproductive success. Males of 
the three-spined stickleback (Gasterosteus aculeatus) often try 
to steal fertilisations in nests of neighbouring males (sneaking), 
consequently resulting in sperm competition. In addition, stickleback 
males are sperm limited so that careful sperm allocation is a critical 
component of reproductive success. Whether sperm quantity or 
sperm quality (i.e. sperm velocity or morphology) is the crucial 
factor that determines fertilisation success under competitive 
conditions is unknown thus far. Moreover, it remains unclear up to 
which time point it is worth to sneak as fertilisation takes atypically 
long in this externally fertilising fish species. Therefore, twenty in 

vitro fertilisations were done using the previously counted sperm of 
two males and the same female eggs. For each fertilisation seven 
treatments were conducted; (1) same sperm quantity per male 
(250,000) added at the same time, (2) 10 sec delayed, (3) 30 sec 
delayed, (4) second male half as much sperm (125,000) added 
at the same time, (5) 10 sec delayed, (6) 30 sec delayed and (7) 
second male twice as much sperm (500,000) added at the same 
time. Parentage of the eggs (about 20 eggs per treatment) was 
assessed using microsatellites. The results are discussed in the 
context of post-copulatory sexual selection.

PP-EB-5

“Together we can make it” - Social buffering in parasitized 
ant colonies

S. Beros1, I. Scharf2, A. Modlmeier3, S. Foitzik1 
1University of Mainz, Evolutionary Biology, Mainz, Germany  
2University of Tel Aviv, Zoology, Tel Aviv, Israel  
3University of Pittsburgh, Biological Sciences, Pittsburgh, United 
States 

The exploitive behavior of parasites reduces the fitness of their 
host organisms. Parasites with complex life cycles are known in 
particular to modify the phenotype of their intermediate host to 
enhance transmission to their final host. Such alterations include 
the physiology, behavior and morphology, and are therefore 
directly connected to the host life-history traits like growth, 
longevity and reproduction. In case of insect societies, the impact 
of parasites should be evident at both the individual and colony 
levels. To test this, we examined behavioral, morphological and 
life-history changes induced by an endoparasite in the small 
cavity-dwelling ant Temnothorax nylanderi. This species serves 
as an intermediate host for the cestode Anomotaenia brevis. At 
the individual level we observed strong behavioral changes among 
the three different types of workers, including infected and healthy 
workers from parasitized and healthy workers from non-parasitized 
colonies. Infected individuals were less active but enhanced 
grooming behavior. Healthy workers displayed behavioral patterns 
intermediate to those of infected and healthy workers from non-
parasitized colonies. Besides being yellow coloured, infected 
individuals are generally smaller and had smaller heads as the 
parasite load increased. Furthermore, the sex-allocation ratio of 
parasitized colonies shifted, becoming more male-biased and 
producing more inter-caste individuals. However, for the per-

capita productivity, a relevant fitness parameter in social insects 
representing colony efficiency, we detected no association to 
infection status. This surprising result indicates that non-infected 
nestmates are able to buffer negative effects due to parasitism. 
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DECIPHERING THE SEX DETERMINATION MECHANISM IN 

THE BUMBLEBEE BOMBUS TERRESTRIS

M. Biewer1, S. Lechner2, M. Hasselmann1 
1University of Cologne , Institute of Genetics, Köln, Germany  
2CeGaT - Center for Genomics and Transcriptomics, Tübingen, 
Germany 

The sex determination mechanism in buff-tailed bumblebees 
(Bombus terrestris) is largely unknown. The common principle, 
shared by other hymenopteran species, is the haplodiploidy with 
a single genetic sex-locus. Interestingly the major regulatory 
gene within the sex determining pathway, feminizer (fem), which 
is an orthologue of transformer in Drosophila melanogaster, is 
duplicated. In the western honeybee Apis mellifera fem and its 
paralogous copy complementary sex determiner (csd) are key 
genes in the sex determining pathway. While csd represents a 
multiallelic gene and act as primary signal in the cascade of Apis, 
no allelic diversity is found in twin of feminizer (tof), the paralogue 
of fem in Bombus. However, tof might has developed a novel 
function in Bombus like csd in Apis, after both species split off 
about 80 million years ago. We assume two different hypotheses: 
First, a so far unknown multiallelic gene acts as a presignal for 
tof, for which two different splice variants are found. Second, tof 
is not involved in the sex determining pathway and another gene 
mediates sex specific splicing we observed for fem. A strong 
candidate gene being involved in the sex determining cascade, as 
shown for other insect species, is transformer2 (tra2), a protein-
RNA-binding cofactor. This gives us a vantage point to use tra2 as 
protein-hook. We aim to characterize the relevant genes involved in 
sex determination in Bombus by different assays of protein-protein 
and protein-RNA interaction. Analyzing the putative interaction of 
tra2 with fem and tof including additional, so far unknown genes 
associated to the pathway will provide further insights in the sex 
determination mechanism of bumblebees.

PP-EB-7

Phenotypic expression of olfactory related genes in sexuals 
and workers of the leaf-cutting ant A. vollenweideri
S. Koch1,2, C. J. Kleineidam1, B. S. Hansson2, E. Große-Wilde2 
1University of Konstanz, Konstanz, Germany  
2MPI for Chemical Ecology, Jena, Germany 

Leaf-cutting ants, as highly derived eusocial insects, have 
enormously large colony sizes and dominate many neotropical 
and subtropical habitats. Their division of labor is mainly based 
on olfactory communication, and the size-polymorphic workers 
perform different odor-guided behaviors [1]. The workers and 
sexuals (queens and males) have distinct antennal lobe (AL) 
phenotypes, indicating differences in odor information processing 
[2,3]. We investigate the molecular basis of the developmentally 
induced plasticity in A. vollenweideri by analyzing antennal 
transcripts and phenotype-specific microarrays.

Within the antennal dataset we could identify 70 odorant-receptor 
coding genes (OR), as well as the ortholog of the Olfactory Co-
receptor (Orco). Analyzing the microarray data revealed that 
one OR is highly expressed in large workers compared to 
tiny workers (relative expression >3). The corresponding OR 
expressing neurons, likely innervate one large glomerulus, the 
macroglomerulus (MG), not present in the other castes. Because 
the trail-pheromone is represented in the MG of large workers [2], 
this OR is a trail pheromone receptor candidate. In males, two ORs 
are highly expressed compared to queens. Males ALs contain three 
MGs which most likely are involved in sex-pheromone detection.

We identified 2 gustatory receptor coding genes (GR) expressed 
in the antenna, one of them an ortholog of the sugar receptor [4]. 
From the 5 ionotropic receptor coding genes (IRs) identified in 
A. vollenweideri, most are highly expressed in males compared 
to queens. 9 odorant binding coding genes (OBPs) and 12 
chemosensory protein coding genes (CSPs) were identified with 
some of them differentially expressed across the worker subcastes 
or the sexuals.

1 Kleineidam CJ et al, JInsectPhysiol 53
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2 Kuebler LS et al, JCompNeurol 518

3 Kelber C et al, DevNeurobiol 70

4 Kent LB et al, BMC EvolBiol 9

PP-EB-8

 

PERFUME EVOLUTION AND DIVERSIFICATION IN ORCHID 

BEES

L. Mitko1, S. R. Ramírez2, T. Eltz1 
1Ruhr-Universität Bochum, Evolutionsökologie und Biodiversität 
der Tiere, Bochum, Germany  
2University of California, Department of Evolution & Ecology, 
Davis, United States 

Male neotropical orchid bees (Euglossini) collect volatile 
substances from orchids and other sources and store them 
in tibial pouches, accumulating complex and species-specific 
blends. These perfumes are later exposed at display sites, 
presumably to attract females. Earlier analysis of sympatric 
species revealed substantial chemical disparity among all lineages 
with an outstanding divergence between closely related species. 
In this work we extended the database of analyzed perfumes 
taxonomically as well as geographically, including 642 individuals 
belonging to 66 species of the genus Euglossa from Mexico, Costa 
Rica, Panama, Columbia, Ecuador and French Guiana. We tested 
for overall chemical disparity of specific perfumes within and across 
localities, and for congruency of chemical diversification with a 
molecular-based phylogeny. We also analyzed patterns of gain 
and loss of major characteristic components in perfumes, with the 
aim of identifying behaviorally important key substances. In focal 
species we analyzed perfume variability between sample localities 
to investigate whether geographical clines present an opportunity 
for chemotype differentiation and perfume-driven speciation.
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PP-EB-9

What May Have Driven the Evolution of Cercal Lengths in 
Crickets (Ensifera: Grylloidea)?
M. Gebhardt1, S. Haidinger1, F. Walz1 
1Technische Universität München, Lehrstuhl für Zoologie, 
Freising, Germany 

Crickets stand out from other Ensiferans by their eye-catching 
long cerci. Cerci are posterior appendages commonly considered 
to serve for the sensation of air cur rents for the avoidance of 
predators. A recent study has revealed that cercal length varies 
within one group of Gryllidae independently of phylogeny indicating 
a specific selective pressures acting upon cercal length [1]. Cercal 
length varies between populations of Nemobius sylvestris possibly 
due to differential predator communities [2].

To address the question whether selective pressures other than 
predation may have shaped cricket cerci, we measured cercal 
lengths in cricket species from a broad systematic range (8 sub/
families). Multiple correlation analyses were applied to cercal lengths, 
additional morphometric characters, habitat type, burrowing habits, 
hindwing dimorphism and epiphallus morphology. A phylogenetic 
correction could not be applied to the analyses, since phylogenetic 
data of sufficient detail were not available. Specimens were kindly 
provided by the Zoologische Staatssammlung München.

Relative cercal lengths varied considerably between 25% and 80% 
of body length in the species examined. Absolute cercal lengths 
correlated closely with other size measures, but divided species 
into non-burrowing and ac tively burrowing ones. Our simplest linear 
model isolated ovipositor length, wing and epiphallus morphologies 
as most significant factors. Thus, ‚life style‘ and reproductive factors 
may also have shaped the evolution of cercal length.

[1] L Desutter-Grandcolas, E Blanchet, T Robillard, C Magal, F 
Vanier and O Dangles, 2010, Biol J Linn Soc, 614-631

[2] O Dangles, C Magal, D Pierre, A Olivier and J Casas, 2005, J 
Exp Biol, 208, 461-468

PP-EB-10

Intracolonial genetic variability in the massive coral Porites 

australiensis

M. Schweinsberg1, T. Gröning1, R. Tollrian1, K. P. Lampert1 
1Ruhr University Bochum , Department of Animal Ecology, 
Evolution and Biodiversity, Bochum, Germany 

Coral reef degradation is a major economical and ecological 
concern. Consequently, coral reef conservation is a main goal of 
environmental protection. To protect reefs effectively, information 
about the genetic diversity of populations and the gene flow between 
sites are necessary. Population genetic data on coral species are 
therefore of prime scientific interest. In addition, in recent years, 
the new phenomenon of intracolonial genetic variability within a 
single branching coral colony has been described. This connotes 
that branching coral colonies do not necessarily consist of only a 
single genotype, but contain several distinct genotypes. Harboring 
more than one genotype might allow for fast adaptation under 
rapidly changing environmental conditions. However, so far it is 
unclear if this phenomenon exists only in branching growth forms 
of corals or also in massive growth forms.

We investigated the occurrence of intracolonial genetic variability 
using ten microsatellite loci in 24 adult colonies of the coral Porites 

australiensis. For each of the coral colonies we analyzed five 
tissue samples and compared every single multilocus genotype 
within every coral colony. Our results indicate that several different 
genotypes can occur within the adult colony, and this phenomenon 
could be caused by chimerism and somatic mutations.

Understanding which coral species and coral growth forms consist 
of more than one single genotype and what the potential reasons 
for that new phenomenon are will help us to better understand 
coral reef genetic diversity and site connectivity.
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PP-EB-11

Unlocking poor quality Daphnia samples by SNP genotyping
J. Rusek1, G. Ayan1, P. Turko2, S. Giessler1, C. Tellenbach2, L. 
Theodosiou1, P. Spaak2, J. Wolinska1 
1LMU, Evolutionary ecology, Planegg-Martinsried, Germany  
2Eawag, Aquatic Ecology, Dübendorf, Switzerland 

In order to track temporal-evolutionary changes in the plakton 
communities, as an important issue remains the proper 
identification of species and their hybrids. For the analyses 
of Daphnia longispina complex, microsatellie genotyping is a 
commonly used method. However, we found these length-based 
markers unsuitable when analyzing poor quality samples. We 
propose SNP based genotyping, due to possibility of shorter 
fragment amplification. Furthermore, this method allows not only 
high-throughput genotyping, but the calibration among laboratories 
is also relatively precise. Therefore, we aim to develop a reliable 
method to identify species of the D. longispina complex and their 
hybrids by SNP genotyping. By comparing the transcriptome of D. 
galeata with D. pulex genome (wfleabase.org) we are identifying 
genes and their chromosomal location in order to obtain multi-loci 
markers, and corresponding primers are then being designed. After 
the sequencing and alignment of these genes for each species in 
the complex (D. cucullata, D. galeata and D. longispina), candidate 
SNPs are being identified. For the small scale confirmation of the 
diagnostic value of these candidate SNPs, we are sequencing a 
set of genetically well-defined clones from species and hybrids 
originating from diverse locations across Europe. For the large-scale 
screenings we are optimizing PCR reaction of short amplicons and 
SNP detection via SnaPshot Multiplex kit. To validate the results, 
we are applying the developed assay for the samples, which were 
previously analyzed with microsatellite markers. By multi-locus 
SNP genotyping we will be able to assess the population structures 
in long-term formaldehyde preserved samples of a hybridizing 
species complex.

PP-EB-12

Bioinformatic analysis of amplicon sequencing data to study 
spatial and temporal variation in a Daphnia microparasite
E. Gonzalez-Tortuero1, J. Rusek1, S. Giessler1, A. Petrusek2, J. 
Wolinska1 
1Ludwig-Maximilien-University, Munich, Department Biology II, 
Planegg-Martinsried, Germany  
2Charles University in Prague, Department of Ecology, Prague, 
Czech Republic 

Caullerya mesnili (Opisthokonta, Ichthyosporea) is an endoparasite 
infecting Daphnia (Crustacea, Cladocera) gut. This protozoan has 
high virulence and a strong genetic specificity for the infection, thus 
it seems to be a good model to study host-parasite coevolution 
dynamics. However, little is known about population structure of 
this microparasite. Previous work based on cloned sequences has 
shown that variation of the ITS region (internal transcribed spacer 
of ribosomal DNA) can be used to analyse spatial and temporal 
variation in C. mesnili. However, high-throughput next generation 
sequencing (NGS) allows much larger scale analyses. In this work 
we will present a bioinformatic pipeline analysing 392 bp long ITS 
amplicons from Caullerya obtained from 454 pyrosequencing. 
With this approach, it is possible to study in detail aspects such 
as the spatio-temporal distribution of Caullerya in different host 
populations or clones. We will also demonstrate the comparison of 
patterns obtained by cloning with the NGS approach.
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PP-EB-13

Extended mitogenomic taxon sampling in the phylum 
Mollusca

I. Stöger1, A. J. Poustka2, N. Wilson3, M. Schrödl1 
1Bavarian State Collection of Zoology, Munich, Germany  
2Max-Planck Institut fuer Molekulare Genetik , Berlin, Germany  
3Australian Museum, Sydney, Australia 

The origin of Mollusca among Lophotrochozoa is not yet well-
resolved and molluscan interclass relationships are disputed. 
Datasets dominated by ribosomal genes favour a taxon Serialia 
(Monoplacophora plus Polyplacophora), while most of the 
analyses based on protein coding nuclear genes indicate a basal 
molluscan dichotomy into Aculifera (including Polyplacophora) and 
Conchifera (including Monoplacophora). The first may have larger, 
denser and better balanced taxon sets, while the latter typically 
count with much larger gene sets. A third type of data, mitochondrial 
(mt) genomes, appeared promising but has not led to convincing 
results in our analyses of deep molluscan phylogeny. Evolution of 
protein coding mt genes is heterogeneous in several molluscan 
subgroups, leading to topological artefacts. We found the most 
aberrant sequences in molluscan groups with highly rearranged 
gene order. On the other hand, gene rearrangements may provide 
phylogenetic signal for several deep lineages, e.g. a cluster of 
tRNAs CYWQ plus GE seems to be synapomorphic for the phylum 
Mollusca. Our analyses of roughly 100 molluscan mt genomes 
covered 6 of 8 classes, with Solenogastres and Monoplacophora 
lacking. Taxon sampling thus was neither comprehensive nor 
balanced, with some classes represented by single or few species. 
Herein we add the first mt data on a monoplacophoran, i.e. 
Laevipilina antarctica, extracted from a whole genome sequencing 
approach. Will mt genomics provide some support for any of the 
contradictory hypotheses on the serialian versus conchiferan 
relationship of Monoplacophora? We address this question by (1) 
Maximum Likelihood based analyses of nucleotide respectively 
amino acid sequence data of mt protein coding genes and (2) 
comparing re-annotated gene arrangements of Mollusca and 
molluscan subgroups within a lophotrochozoan framework.

OP-M-1

New insights into the Xiphosuran circulatory system
T. Göpel1, C. S. Wirkner1 
1Universität Rostock, Institut für Biowissenschaften, Allgemeine & 
Spezielle Zoologie, Rostock, Germany 

Horseshoe crabs (Xiphosura) have been an object of zoological 
research for almost 200 years. Their unique morphology, their 
phylogenetic position as sister taxon to arachnids and an 
evolutionary history in which they seem to have gone through 
almost no major changes for 400 million years have attracted the 
interest of a number of researchers. Although some morphological 
work on the circulatory system has been done, however, the three-
dimensional structure of this complex organ system has never 
been shown satisfactorily and some crucial questions remain 
unanswered. We investigated the circulatory system using a 
powerful combination of an injection method and micro computer 
tomography (µCT). Data were processed and 3D-visualized 
using reconstruction software. In addition, some structures were 
investigated ultrastructurally via transmission electron microscopy. 
Our results show the high degree of complexity of the Xiphosuran 
circulatory system and provide insight into its three-dimensional 
structure and relationship to other organ systems such as the 
central nervous system. We were able to reveal structures which 
have not been described before and show that the major sinuses, 
previously described as vessel-like, though indeed highly ramified 
are clearly distinguishable from arteries. Similarities and differences 
between the Xiphosuran species and arachnids are highlighted 
and possible phylogenetic implications and evolutionary scenarios 
discussed.
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OP-M-2

Evolutionary morphology of the vascular and respiratory 
systems in harvestmen.
B.- J. Klußmann-Fricke1, C. S. Wirkner1 
1Universität Rostock, Allgemeine und Spezielle Zoologie, Rostock, 
Germany 

Of the 11 extant arachnid orders, Opiliones is the third largest in 
terms of species diversity. However, comparative knowledge of the 
internal morphology of these species is still fairly superficial. Using 
classical serial sectioning and modern methods such as MicroCT 
and cLSM in combination with computer-aided 3D reconstruction, 
we studied the morphology of the vascular and tracheal systems in 
Opiliones. Harvestmen possess a short tubular heart in the dorsal 
midline of the opisthosoma which is equipped with two pairs of 
incurrent ostia. Posteriorly, the heart extends into a short posterior 
aorta which supplies the hindgut and the posterior digestive 
glands. Anteriorly, the heart extends into the anterior aorta, which 
widens to envelop the complete prosomal ganglion. In this study 
we also analyzed the pattern of tracheae in the prosomal ganglion. 
Tracheae were found to emanate from the main tracheal trunks 
and run into the prosomal ganglion, ramifying into a large number 
of small tracheols to form a dense supply network. We can show 
that the pattern of tracheae corresponds with the organization of 
the fused neuromeres of the prosomal ganglion. The supplying 
tracheae always continue around the borders of the neuropile 
structures of a neuromere. In Scorpions, a similar pattern of supply 
in the prosomal ganglion is accomplished by arterial vessels off 
the anterior aorta. The question of how this analogous pattern of 
tracheae on the one hand and vessels on the other might have 
been established during arachnid evolution is discussed from both 
the functional and evolutionary morphological points of view.

OP-M-3

The great silk alternative: Multiple co-evolution of web loss 
and sticky hairs in spiders.
J. Wolff1, W. Nentwig2, S. Gorb1 
1University of Kiel, Zoological Institute, Kiel, Germany  
2University of Bern, Institute of Ecology and Evolution, Bern, 
Switzerland 

Spiders are closely associated with silk, a material, often seen 
to be responsible for their great ecological success and gaining 
high attention in life sciences. However, it is often overlooked that 
more than half of all Recent spider species have abandoned web 
building or never developed such an adaptation. These species 
must have found other, more economic solutions for prey capture 
and retention, compensating the higher energy costs of increased 
locomotion activity. Here we show that hairy adhesive pads 
(scopulae) are closely associated with the convergent evolution of 
a vagrant life style, resulting in highly diversified lineages of, at 
least, equal importance as the derived web building taxa. Previous 
studies often highlighted the idea that scopulae have the primary 
function of assisting locomotion, neglecting the fact that only the 
distal most pads (claw tufts) are suitable for those purposes. The 
former observations, that scopulae are used in prey capture, are 
largely overlooked. Our results suggest the scopulae evolved as a 
substitute for silk in controlling prey and that the claw tufts are, in 
most cases, a secondary development. Evolutionary trends in pad 
organization and seta morphology according to this functional shift 
are discussed further. A hypothesis about the origin of the adhesive 
setae is provided.
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OP-M-4

The head of the mandibulate ancestor: new evidence from a 
centipede
A. Sombke1, J. T. Haug1, C. Haug1 
1University of Greifswald, Zoological Institute and Museum, 
Greifswald, Germany 

The so-called ‘arthropod head problem’ refers to our still limited 
knowledge about the formation of the head in early evolution of 
sclerotized arthropods. The head in the earliest known sclerotized 
arthropods appears to have been composed of only the eye-
bearing segment (ocular or protocerebral segment) and the first 
post-ocular segment (usually homologized with the deutocerebral 
segment of modern arthropods). Yet, both segments possessed 
separate dorsal sclerotizations - that of the first post-ocular 
segment extended posteriorly and is called head shield at this 
evolutionary stage. All subsequent trunk segments also possessed 
separate tergites. Along the evolutionary lineage towards 
Euarthropoda, successively more segments became incorporated 
into the head; i.e., segments that plesiomorphically possessed 
separate tergites contribute apomorphically to a new type of head 
shield now arising from the dorsal area of more than one segment. 
According to established knowledge, the head of the mandibulate 
ancestor should comprise the ocular segment plus five post-
ocular segments. We present new evidence from a mandibulate 
species, the centipede Scutigera coleoptrata, that the head of the 
mandibulate ancestor was shorter than hitherto reconstructed, 
i.e., that it did not (yet) include the fifth post-ocular segment. This 
segment (second maxillary or labial segment) became most likely 
independently incorporated into the head in different mandibulate 
lineages. This example demonstrates that supposedly well-known 
morphologies should be reconsidered carefully and that supposed 
fixed points in evolutionary scenarios are less fixed in certain cases.

OP-M-5

Architecture of the serotonin transmitter system in the 
ventral nerve cord of Tetraconata - Support for a sister group 
relationship of Remipedia and Hexapoda?
T. Stemme1, M. Stern1, G. Bicker1 
1University of Veterinary Medicine Hannover, Division of Cell 
Biology, Hannover, Germany 

A close phylogenetic relationship of Crustacea and Hexapoda 
is now widely accepted, however the identity of the crustacean 
sister group to Hexapoda still remains elusive. Several taxa are 
suggested to be the closest relative to Hexapoda, for example 
Cephalocarida, Copepoda, Branchiopoda, Malacostraca, and more 
recently the Remipedia. These hypotheses are based on different 
kinds of analyses, such as traditional morphological comparisons 
and modern molecular sequencing information. Another approach 
comparing neuroanatomy and development has received attention 
especially in the last decade, with the intention to generate 
independent data for phylogenetic analyses. In this context, the 
distribution and projection pattern of serotonin immunoreactive 
neurons in the ventral nerve cord is well suited for phylogenetic 
comparisons because of low numbers of these individual 
identifiable neurons and large amounts of available data for diverse 
arthropod taxa. However, several key taxa have not been studied 
so far. A large gap existed for Remipedia and basal hexapods like 
Protura, Diplura, Collembola, Archaeognatha and Collembola. 
We investigated the pattern of serotonin immunoreactive neurons 
in Remipedia, Zygentoma, Collembola, and Archaeognatha with 
immunocytochemical methods and confocal laser-scanning 
microscopy. Additionally, we performed preincubation experiments 
with neurotransmitter-related compounds in order to describe the 
distribution of the serotonin transporter and tryptophan hydroxylase. 
A comparison of the ground patterns of immunocytochemical 
stainings to existing data on other taxa seems to be consistent with 
a close relationship of Remipedia to Hexapoda.
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OP-M-6

Developmental strategies in Cyclestheria, sistergroup to 
water fleas (Cladocera, Crustacea) - direct or pseudo-direct 
development?
S. Richter1, M. Fritsch1 
1Universität Rostock, Allgemeine & Spezielle Zoologie, Rostock, 
Germany 

Water fleas (Cladocera) have a heterogonous life cycle in which 
parthenogenetic reproduction with subitaneous eggs alternates 
with sexual reproduction with resting eggs. The same is true for 
the sister group of Cladocera, the Cyclestherida, and is suggested 
to be part of their common ground pattern.

It is generally assumed that the developmental strategy of both 
taxa involves ‘direct development’ throughout the life cycle, i.e. 
that a juvenile (resembling the adult) hatches from the egg. In 
Cyclestheria, however, we have shown that the developmental 
strategy in the parthenogenetic part of the life cycle is actually 
‘pseudo direct’, with ‘embyro-like’ larvae hatching from the 
subitaneous eggs, which are - like eggs and embryos - then carried 
under the carapace. The same has been described for various 
Cladocera.

In this paper we present data from the sexual part of the life cycle 
of Cyclestheria. The developmental stages are documented for 
the first time using cLSM in combination with autofluorescence 
for the external morphology and immunolabeling (alpha-tubulin, 
Sytox, 5HT) for the nervous system. Resting eggs are stored in 
an ephippium formed by the central region of the carapace. The 
developmental stages correspond to a remarkably high degree 
in their external and internal morphology to the stages in the 
parthenogenetic life cycle. Postembryonic development, however, 
proceeds in an inner egg membrane which becomes swollen after 
the outer egg shell is shed. If we consider the shedding of the outer 
egg shell to be the hatching process, the sexual part of the life cycle 
also represents a form of ‘pseudo-direct’ development. We suggest 
that the entire heterogonous life cycle of Cyclestheria is a good 
representative of the evolutionarily original life cycle of Cladocera.
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OP-M-7

PUTATIVE ROLE OF VENTRAL AND PREVENTRAL ORGANS 

AS ATTACHMENT SITES FOR SEGMENTAL LIMB MUSCLES 

IN ADULT VELVET WORMS (ONYCHOPHORA)
I. de Sena Oliveira1, G. Mayer1 
1Animal Evolution & Development, University of Leipzig, Institute 
of Biology, Leipzig, Germany 

The so-called ventral organs are one of the most mysterious 
structures in Onychophora, as their function is discussed 
controversially. Although these organs have been regarded as 
embryonic anlagen of segmental ganglia, recent studies indicate 
that they are not associated with the nervous system but instead 
persist as epidermal structures in adults. Moreover, the relationship 
of the ventral organs to the anteriorly located preventral organs, 
which have been commonly neglected in the literature, remains 
obscure. We therefore analysed the anatomy and development of 
the ventral and prevental organs in Onychophora. Our embryologic 
data revealed that these structures originate as segmental 
thickenings of the ventrolateral ectoderm, which contain numerous 
cell divisions. However, the massive growth of these thickenings is 
followed by a quick degeneration, due to numerous apoptoses in 
the interpedal body regions along the ventral midline. This results 
in two paired epidermal structures between each leg pair, i.e., the 
ventral and preventral organs. Our expression data of the genes 
Delta and Notch correlate with the embryonic fate of the ventral 
and preventral organs rather than with a neurogenic function of 
these genes, as suggested previously. Furthermore, phalloidin-
rhodamine labelling of fully developed embryos and postembryonic 
stages revealed that the ventral limb muscles attach to the 
sclerotized cuticle that covers the ventral and preventral organs 
and forms longitudinal, apodeme-like, median ridges. Based on 
these findings, we suggest that the onychophoran ventral and 
preventral organs serve as attachment sites for segmental limb 
muscles rather than being associated with the nervous system.

OP-M-8

Structure and anterior regeneration of musculature and 
nervous system in Cirratulus sp. (Cirratulidae, Annelida) 
M. Weidhase1, C. Bleidorn1, C. Helm1 
1University of Leipzig, Institute of Biology - Molecular Evolution & 
Animal Systematics, Leipzig, Germany 

Regeneration might be one of the most fascinating characters of 
annelids. While many annelid taxa possess excellent regeneration 
ability, only a few studies dealt with the re-development of organ 
systems like musculature and nervous system.

In order to gain more data concerning patterns of muscular 
and neuronal regeneration in annelids, we analyzed different 
regenerating stages of Cirratulus sp. by using immunocytochemical 
staining techniques in combination with subsequent confocal laser 
scanning microscopy (cLSM).

With focus on the re-development of musculature and nervous 
system, we used muscular (phalloidin-rhodamine) and neuronal 
(anti-FMRF, anti-serotonin) markers to analyze the process of tissue 
and body formation after decapitation. Thereby we could reconstruct 
the regeneration of the rope-ladder-like nervous system with its 
origin in the residual nervous system, starting with a three-loop-
structure. An origin in the corresponding structures of the residual 
body could also be shown for the longitudinal musculature. These 
morphologic investigations were supplemented by investigation of 
cell-proliferation during anterior regeneration.

Our findings help understanding basic patterns of reorganization 
within annelid organ systems and provide fundamental knowledge 
for further investigations.
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OP-M-9

Modality matters: The predator-specific inducible defenses 
of Daphnia barbata

Q. Herzog1, C. Laforsch2 
1LMU München, Dep. Biol II, Martinsriedd-Planegg, Germany  
2Universität Bayreuth, Tierökologie I, Bayreuth, Germany 

Inducible defenses are a widespread form of phenotypic plasticity, 
caused by an unpredictable and heterogeneous predation pressure. 
This heterogeneity is often used synonymously to quantitative 
changes in predation risk, depending on the abundance and impact 
of predators. However, differences in ‘modality’, i.e. the qualitative 
aspect of natural selection caused by predators, can also cause 
heterogeneity. For instance, predators of the small planktonic 
crustacean Daphnia have been divided into vertebrate and 
invertebrate predators, known to cause different inducible defenses. 
Yet, different vertebrate predators are considered to pose a similar 
threat to daphnids and the same holds for invertebrate predators. 
Our study questions that thought and shows that two invertebrate 
predators induce different shapes of the same morphological 
defensive traits in Daphnia barbata. Helmets, tail spines and the 
dorsal ridge are shaped in a different way, rather than showing 
gradual or opposing reaction norms. Interestingly one of the two 
specific defenses offers the same level of protection against the 
mismatching predator as the matching defense. To explain why D. 

barbata shows nonetheless not one general but two distinctively 
defended morphotypes, we introduce a “concept of modality” in 
multipredator-regimes. Besides describing the optimal response 
for different predator environments, the concept also characterizes 
the costs of inducible defenses according to differences in modality. 
Finally, with our concept, we suggest that ‘modality’ is an important 
factor in understanding and explaining the evolution of inducible 
defenses.

OP-M-10

Ultrastructural analysis of male secretion release in the 
dwarf spider Oedothorax retusus (Linyphiidae: Erigoninae)
K. Kunz1, P. Michalik1, G. Uhl1 
1University of Greifswald, General and Systematic Zoology, 
Greifswald, Germany 

Male secondary sexual traits can extent to glandular structures 
that play a role during courtship and mating. Glandular secondary 
sexual traits are particularly common in dwarf spiders (Linyphiidae, 
Erigoninae). Dwarf spider males are characterized by cephalic 
modifications which produce secretions that females contact with 
their mouthparts during courtship and/or copulation. We used the 
dwarf spider Oedothorax retusus as a model species to investigate 
if and when the contents of the glands are released during a mating 
sequence and if so, if the gland reservoirs are refilled after mating. 
We qualitatively and quantitatively compared the glandular tissue on 
the ultrastructural level between 1) inexperienced males, 2) males 
that performed courtship, 3) males immediately after copulation, 
and 4) males three days after mating. We assessed whether the 
treatment groups differed in the filling state of the conducting canals 
and receiving canals (reservoir regions) of the glandular units. Our 
results showed that courting males as well as males three days 
after mating did not differ significantly from inexperienced (control) 
males in the presence of secretions. However, males exhibited 
significantly less secretion immediately after mating. This strongly 
suggests that the secretion has a gustatorial and not a pheromonal 
function.
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Neurogenesis in the indirect-developing enteropneust 
Balanoglossus misakiensis (Deuterostomia; Hemichordata): 
no signs of a ubiquitous epidermal nerve-net 
S. Kaul-Strehlow1, A. Wanninger1 
1University of Vienna, Department for Integrative Zoology, Vienna, 
Austria 

The mechanisms underlying the evolution of the complex central 
nervous system (CNS) of chordate deuterostomes from a simple, 
basiepidermal nerve-net remain unclear. Currently, two major 
contradicting theories are under debate. In chordates an anterior 
brain is present that continues into a dorsal nerve cord (neural 
tube), forming a CNS, while in cnidarians the nervous system 
comprises a net-like arrangement around the body without any 
obvious centralisations. The nervous system of hemichordate 
enteropneusts, a group closely related to chordates, is of special 
interest as it features a basiepidermal nerve-net around the 
body as well as a dorsal and a ventral nerve cord. This initial 
histological description lead to the suggestion that a simple nerve-
net was present in the last common ancestor of Deuterostomia 
(LCAD). However, more recent studies based on ultrastructural 
and molecular data have failed to detect this ubiquitous nerve-
net and in contrast claim that the enteropneust nervous system 
mainly consists of centralized parts and therefore, a CNS has been 
present in the LCAD. In fact, these inconsistent interpretations of 
the enteropneust nervous system are only allowed by the scarcity 
of morphological data. In particular, data on the neurogenesis 
of the juvenile nervous system on a cytological level are entirely 
lacking. In order to fill this gap we investigated late tornaria 
larval stages through metamorphosis of B. misakiensis using 
immunocytochemical methods. Our data show that in most parts 
of the juvenile body a nerve-net is absent and that the nervous 
system is much more regionalised than previously thought. These 
results are compared with findings from other deuterostomes and 
phylogenetic implications are presented.

OP-M-12

ONTOGENY OF PHOTORECEPTION IN BRACHIOPOD 

LARVAE REVEALED BY IMMUNCYTOCHEMICAL DATA

N. Furchheim1, E. M. Ullrich-Lüter1, M. I. Arnone2, C. Lüter1 
1Museum fuer Naturkunde, Leibniz Institute for Research on 
Evolution and Biodiversity , Berlin, Germany  
2Stazione Zoologica Anton Dohrn, Cellular and Developmental 
Biology, Naples, Italy 

The ability to sense light is one of the main features of animals to 
interact with their environment. Despite the importance of this trait 
for animal evolution, the origin of photoreceptive organs (‚eyes‘) in 
the animal kingdom is far from being understood.

Light perception in brachiopod larvae is mediated by eyes 
consisting of two ciliary photoreceptor cells. One cell produces an 
intracellular lens, the other provides shielding against stray light via 
pigment vesicles. This unique morphology makes brachiopods a 
particularly interesting target to investigate the development of eyes 
and changed the view on eye evolution in Protostomia, which were 
thought to deploy rhabdomeric photoreceptors for vision. Here we 
present the first immunohistochemical data of c-opsin-expression 
in different larval stages of the laqueoid brachiopod Terebratalia 

transversa supporting our previous results. The antibody stainings 
clearly illustrate the connection of up to 16 larval eyes with the 
nervous system in the apical lobe of the Terebratalia larva. Before 
the larval eyes are developed in the late trilobed stage, clusters 
of histaminergic nerve cells seem to enable the younger stages 
to detect light, as these cell clusters express c-opsin, too. The 
c-opsin expression in these cell clusters vanishes once the larval 
eyes are fully functional, i.e. light perception in mature and pre-
mature brachiopod larvae is mediated by two different cellular 
arrangements.
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OP-M-13

Same same but different: Ptychoidy in Enarthronota (Acari, 
Oribatida)
S. Schmelzle1, R. A. Norton1, M. Heethoff1 
1University of Tuebingen, Evolutionary Biology of Invertebrates, 
Tübingen, Germany 

Ptychoidy is the most complex morphological defensive mechanism 
in oribatid mites. Here, the animals can retract their legs and 
coxisternum into the opisthosoma and seal themselves off with the 
prodorsum. In this encapsulated state the animals expose no soft 
membranes, leading to a presumably effective protection against 
predators. This defensive mechanism has probably evolved three 
times independently within the Oribatida: once in the Ptyctima 
and twice in the Enarthronota (in the Protoplophoridae and the 
Mesoplophoridae, respectively). Its functional morphology has been 
well studied for the Ptyctima but is unknown for the Enarthronota. 
Using SR-µCT and videography, we studied the exoskeletal and 
muscular organization as well as the motion sequence and muscular 
dynamics in species of the Mesoplophoridae (Mesoplophora 

cubana) and the Protoplophoridae (Prototritia major) and compare 
the results to the Ptyctima. The most difficult functional problem of 
ptychoidy - regulation of high differences in the internal hydrostatic 
pressure - is solved very differently in all studied groups. Hence, 
the overall similar external morphology can be regarded as a 
convergent evolution, driven by functional constraints rather than 
phylogenetic relatedness.

OP-M-14

Ultrastructure of cuticular vesicles in Anthelidae (Insecta, 
Lepidoptera)
P. Bergmann1,2, A. Zwick1 
1Staatliches Museum für Naturkunde Stuttgart, Entomologie, 
Stuttgart, Germany  
2University of Tübingen, Institute for evolution and ecology, 
Evolutionary biology of the Invertebrates, Tübingen, Germany 

Caterpillars of the indo-australian lepidopteran family of Anthelidae 
are characterised by numerous small, firmly attached, spherical 
vesicles. These vesicles are filled by an organic substance, and 
are scattered over the lateral and dorsal surface of the caterpillars. 
Their function is still obscure. Our aim is to gain insight in the inner 
structure of these vesicles and adjacent tissues in order to better 
understand their functional significance.

To achieve this goal, serial sectionings of Anthela ocellata (Walker, 
1855) are being analysed by light- and electron microscopy. We 
present ultrastructural detail of the vesicles, their connection to the 
integument, endocuticular structures, and associated cells that are 
linked to the source and transport of the vesicle content.
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OP-M-15

Biomineralization and material characterization in 
invertebrates
M.- L. Lemloh1, F. Brümmer2, J. Bill3, F. Marin4, I. M. Weiss1 
1INM – Leibniz Institute for New Materials, Saarbruecken, 
Germany  
2University of Stuttgart, Biological Institute, Zoology, Stuttgart, 
Germany  
3University of Stuttgart, Institute for Materials Science, Stuttgart, 
Germany  
4UMR CNRS 6282 Biogéosciences, Université de Bourgogne, 
Dijon, France 

Biomineralization and biominerals are not only interesting from 
a biological point of view, they are also often used as a source 
of inspiration for bio-mimetic processes and materials. However, 
the biomineralization process itself by which living organisms 
mineralize materials as well as the reasons for outstanding material 
properties of biominerals are up to now only partially understood 
and investigated for only a few species. Since any development in 
this field is still based on the understanding of the biomineralization 
within the organisms, in vivo studies are irreplaceable. They enable 
us to study biomineralization principles and also to manipulate 
biominerals in vivo.

The Ciliate (Protozoa) Coleps hirtus is covered by a kind of cell 
armour which is composed of several alveolar plates. Genesis 
of the alveolar plates as well as the exact composition of the 
plate material was investigated by electron microscopy, energy-
dispersive X-ray spectroscopy and X-ray diffraction. Analysis of 
dividing stages of C. hirtus showed a mesh-like organic precursor 
structure (template) that is mineralized after a certain time 
span. The inorganic part of the alveolar plates was identified as 
amorphous calcium carbonate (ACC). Larvae of the sea urchin 
species Arbacia lixula (Echinoidea) were selected to investigate an 
in vivo-manipulation approach of the biomineral. Material properties 
of the endoskeleton (spicula) were examined by nanoindentation 
measurements and revealed a modified hardness and Young‘s 
modulus in respect to the Mg content. It seems to be promising 
to expand biomineralization studies to more species from different 

phyla, both to unveil general biomineralization principles and to 
reveal further material properties.
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MODELING OF BLOOD VOLUME SHIFTS DURING 

PULMONARY BYPASS IN CROCODILES

R. Campen1, M. Wittmann1, P. L. Rautenberg1, D. Metzler1, M. 
Starck1 
1LMU München, Department Biologie II, Planegg-Martinsried, 
Germany 

The anatomy of the crocodilian heart and outflow tract allows blood 
volumes to bypass the pulmonary circulation and to be redirected 
into the systemic circulation instead. Reason for this is the unique 
position of the left aorta, which emerges from the right ventricle 
together with the pulmonary arteries. Additionally, blood flow 
through two structures connecting the left and right aorta is possible: 
the Foramen Panizzae and the aortic anastomosis. Pulmonary 
bypass and flow between the aortae does not only influence blood 
flow to the lungs, but also changes blood supply to other regions 
of the crocodilian body, possibly with physiological consequences. 
Based on the vascular arrangement of crocodiles, four areas of 
the crocodilian body can roughly be distinguished: The capillary 
beds of the lung, the digestive tract, the anterior body and posterior 
body. We developed a computational multi-compartment model for 
the simulation of blood volume shifts between these areas caused 
by pulmonary bypass and blood flow between the aortae. Results 
from the simulation show that pulmonary bypass has a much larger 
impact on the perfusion of the capillary beds than flow through 
the Foramen Panizzae and the aortic anastomosis. Fill level and 
perfusion of the digestive tract increases with increasing pulmonary 
bypass, whereas fill level and perfusion of the lung and the anterior 
and posterior body decrease. The direction of flow between the 
aortae is determined by the existence of pulmonary bypass, and 
it is quantitatively influenced by the extent of pulmonary bypass. 
Without pulmonary bypass, flow through the Foramen Panizzae 
and the aortic anastomosis is from the right into the left aorta. With 
the occurence of pulmonary bypass, flow direction is inverted.

OP-M-17

The impact of preen oil and artificially induced ageing on 
water repellency of barn owl (T. furcata pratincola) and 
pigeon (Columba livia domestica) feather vanes 

B. Ott1, S. Blazek1, C. Effertz2, H. Wagner1 
1RWTH Aachen, Institute for Biology II / Animal Physiology, 
Aachen, Germany  
2RWTH Aachen, I. Physikalisches Institut (IA), Aachen, Germany 

Feathers have several functions. Apart from their ability to provide 
flight they play an important role in display, thermal insulation and 
they are remarkably hydrophobic. Water repellency is essential 
for good flight performance, because wet feathers are heavy and 
would increase body weight.

We artificially aged feather vanes of barn owl and pigeon feathers 
by mechanical strain and UV-B irradiation. Contact angles of water 
drops on the feather vanes’ surface were measured by sessile 
drop method before and after the manipulations.

Mechanically aged feathers showed reduced water repellency. The 
loss of hydrophobicity was less distinct in barn owl feathers than 
in pigeon feathers. The effect of mechanically induced ageing was 
more distinct than the effect of UV-B irradiation.

In further experiments, we plan to investigate the impact of preen 
oil on the hydrophobicity of the feathers.
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Family Ties or You Are What You Eat - Analyzing the effects 
of diet, size, and taxonomy on the shape of the rodent 
mandible
A. C. Schunke1, D. Tautz1 
1Max-Planck-Institute for Evolutionary Biology, Plön, Germany 

The rodent mandible is a well-known model structure for the 
investigation of numerous genetic, ecological, and evolutionary 
questions. However, the majority of analyses so far were restricted 
to relatively small subgroups like populations or species. Here a 
sample of 488 specimens belonging to 79 genera from 15 different 
rodent families was used as basis for the comparison of parallel 
shape changes correlated with size, diet, and taxonomy. From 
each specimen 20 3D landmarks per hemimandible were digitized 
from micro CT scans and averaged for specimen, species, and 
genus. Besides standard morphometric methods new approaches 
were developed in order to provide a more detailed characterization 
of shape changes in individual landmark positions. The results 
showed approximately equal signal strength for all three factors, 
but it decreased with broader sampling for taxon, while it increased 
for size and diet when more groups were combined. The displayed 
direction and degree of displacement depended strongly on the 
method used for superimposition.

OP-IV-M-1

Sticky stuff: adhesion in fishes and amphibians
T. Kleinteich1, D. K. Wainwright2, A. Kleinteich3, A. P. Summers3, 
S. N. Gorb1 
1Christian-Albrechts-Universität Kiel, Funktionelle Morphologie 
und Biomechanik, Kiel, Germany  
2Duke University, Durham, NC, United States  
3University of Washington, Friday Harbor Laboratories, Friday 
Harbor, WA, United States 

During the last decade, research on adhesion in biological systems, 
e.g. on the feet of geckos, insects or tree frogs, substantially 
increased our knowledge on surface interactions and inspired the 
development of new biomimetic attachment devices. Here we will 
introduce two less well-studied examples for biological adhesive 
systems: (1) the suctorial disk of the Northern Clingfish Gobiesox 

maeandricus and (2) the adhesive tongues of frogs. The two 
examples require adhesion to maintain a strong contact with the 
opposing surface. The Northern Clingfish is using its suctorial disk 
to adhere to rocks in the intertidal zone to withstand crushing waves 
and strong water currents; frogs strike with their tongues to adhere 
to elusive prey items. Both these systems appear to perform well on 
different surfaces. In clingfish we found that they can easily stick to 
a wide range of rough substrates on which artificial rubber suction 
cups fail; frog tongues adhere to a variety of different surfaces 
like insect cuticle and fur. In the frog Ceratophrys cranwelli, we 
measured the adhesive forces against glass during feeding. We 
found that the tongue adheres with more than the body weight of 
the frog, which clearly outweighs any potential prey item. In both 
adhesive systems presented here, patches of hair-like integument 
outgrowths are present on the surface. This is similar to other 
biological adhesive systems, e.g. the feet of geckos. However, 
between different species of frogs we found notable differences in 
the shape and distribution of the surface structures. Further, fishes 
and amphibians employ wet adhesion that involves viscous mucus 
that is also likely to play an important role for attachment.
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OP-IV-M-2

INSECT MORPHOLOGY IN THE PHYLOGENOMIC AGE - ITS 

IMPACT ON THE RECONSTRUCTION OF PHYLOGENY AND 

EVOLUTION

F. Friedrich1 
1Hamburg University, Biocenter Grindel & Zoological Museum 
Hamburg, Hamburg, Germany 

In the last decades molecular systematics has profoundly changed 
the way phylogenetic hypotheses are generated. Today extensive 
molecular data sets (e.g., genomes) can be generated in short 
time and cost-effectively. Therefore morphology has been largely 
replaced as primary data source for phylogenetic reconstructions. In 
Holometabola, recent reconstructions based either on morphology 
or on molecular data yielded largely congruent topologies. 
Differences stimulated discussion and more detailed investigations 
on both sides.

In the last decade the acquisition of anatomical data was also 
strongly improved by new techniques (e.g., CLSM, tomography) 
and powerful tools used for evaluation and visualization (e.g., 
3D-reconstruction). This led to a ‘renaissance of morphology’ not 
only in insect systematics. Improved techniques allowed to focus 
on internal structures, i.e. soft parts with representative taxon 
samplings. Nevertheless, even sizeable morphological matrices 
obtained with modern approaches are dwarfed by the extreme 
size of molecular data sets. Recent analyses of genomic data 
of Holometabola result in stable, well-supported phylogenetic 
trees. However, without morphological information these “naked” 
tolopologies do not provide deeper insights into the evolution of the 
group. Complex evolutionary scenarios require information on the 
morphology, ecology, physiology, etc. Moreover, morphology is the 
only available source of data to place fossils in phylogenetic trees, 
for instance to calibrate ‘molecular clocks’.

Despite of the progress in the acquisition and visualization of 
morphological structures, the accessibility for non-morphologists is 
still very low and greatly impeded by non-standardized descriptions.

PP-M-1

Extremely long mouthparts in flower-visiting insects: form, 
function and evolution
H. W. Krenn1, J. Bauder1, F. Karolyi1 
1University of Vienna, Department of Integrative Zoology, Vienna, 
Austria 

Extremely long mouthparts that serve for the uptake of nectar in flower 
visiting insects provide ample opportunity to examine constraints 
in organ evolution. The majority of the flower visiting insects are 
regarded as short-tongued since their mouthparts are shorter 
than the head, while extremely long proboscides, i.e., exceeding 
body length, are rare. Advantages of long proboscides have been 
previously formulated and tested in nectar feeding from long 
spurred flowers. The study represents the first attempt to evaluate 
the costs and possible disadvantages of very long mouthparts by 
comparing insects which have an average-sized tubular proboscis 
with related species having extremely long mouthparts. The 
study includes Neotropical butterflies (Hesperiidae, Riodinidae), 
orchid bees (Euglossini), and South African tangle-veined flies 
(Nemestrinidae). We found that anatomical costs are optimized 
in those regions of the proboscis which are disproportionately 
elongated to the extent that they contain fewer muscles and 
sensillae compared to corresponding regions in average-sized 
proboscides of closely related species. Flower handling times and 
cibarial muscle mass increase in butterflies and nemstrinid flies in 
species exhibiting extremely long proboscides.



246 247

PP-M-2

DIVERSITY OF MITOCHONDRIAL STRUCTURES

K. Jakob1, P. Brzęk2, J. M. Starck1 
1LMU Munich, Dep. Biol.II , Planegg-Martinsried, Germany  
2University of Bialystok, Institute of Biology, Bialystok, Poland 

Mitochondria can change both, size and location in a living cell. 
However, it was previously believed that the basic structures of 
mitochondria are the same under normal physiological conditions: 
a smooth outer membrane that includes an inner membrane and 
a protein-rich matrix. The inner membrane folds into invaginations 
(cristae) that cause an enlargement of the reactive surface and 
thus the place of the metabolically relevant processes. Recent 
studies have shown that there are quite significant differences in the 
morphology of mitochondria within an organism. Mitochondria of 
different organs and tissues differ from each other. This is probably 
due to the variable requirements to the different physiological 
demands. A central aim of this study is to create a reference 
system for size and shape of mitochondria of a mammalian model 
(Mus musculus) under standardized laboratory conditions. The 
reference system describes the morphology of mitochondria of 
different organs with respect to the same parameters (shape, 
size, structural characteristics). For this, we used tissue samples 
of the muscles, heart, lung, liver, colon and kidney. Mitochondria 
of these tissues were first assessed for their size and the degree 
of crosslinking and branching. Furthermore we did a descriptive 
analysis of the extent of the mitochondrial matrix and the density of 
the folding of the cristae. We expect significant differences in the 
mitochondria of various organs because mitochondria adjust their 
shape to differing metabolic conditions.

PP-M-3

Hydrodynamic perception in seals
L. Miersch1, S. Wieskotten1, Y. Krüger1, W. Hanke1, M. Witte2, M. 
Brede2, A. Leder2, G. Dehnhardt1 
1University Rostock, Sensory & Cognitive Ecology, Rostock, 
Germany  
2University Rostock, Institute of Fluid Mechanics, Rostock, 
Germany 

In terrestrial mammals a typical vibrissal hair-shaft is round in 
cross-section, while those of eared seals and walruses as well 
as those of some phocid species like the bearded seal are oval. 
As in terrestrial mammals, vibrissal hair-shafts of all eared seals, 
walruses, the bearded seal, and Monk seals are smooth in outline. 
In contrast, those of all other phocid species are extremely flattened 
and have waved surfaces.

While moving through the water, unlike as in cylindrical structures, 
the undulatory shape of harbor seal whiskers suppresses effectively 
the flow generated Karman vortex-street, so that the noise, usually 
caused by vortex-induced vibrations (VIV), is significantly reduced. 
This noise reducing effect enables the animal to keep its whiskers 
almost quiescent while searching for relevant information, 
e.g. vortex structures. That makes seal vibrissae optimized 
hydrodynamic sensors with a high signal to noise ratio (SNR).

Micro-PIV measurements explain the underlying mechanism and 
reveal a spanwise shifted simultaneous shedding of two counter 
rotating vortices which minimizes the effective fluid structure 
interaction by compensating each other. Thus a reduction of the 
acting lift and drag forces by 90% compared to a cylinder is achieved. 
These characteristics offer a high potential for bionical applications 
ranging from sensor development to technical installations.
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Mobility versus movement: the range of long axis rotation in 
the hip joint of Iguana

P. Arnold1, M. S. Fischer1, J. A. Nyakatura1 
1Friedrich-Schiller-Universität Jena, Germany, Jena, Germany 

Long-axis rotation of the stylopodium during the step cycle is 
an important feature to distinguish between sprawling and erect 
gaits. Especially in lizards, femoral rotation plays fundamental 
role in maintaining caudally directed thrust during retraction phase 
through minimizing required rotation in the mesotarsal joint. Long-
axis rotation can only be measured directly using 3D methods 
and has therefore rarely been quantified. X-ray reconstruction of 
moving morphology (XROMM) enables in vivo quantification of the 
3D movements of skeletal elements including long-axis rotation. 
We systematically compared steady-state treadmill locomotion 
and cadaver manipulation of the same green iguana (Iguana 

iguana) individuals with high-speed, bi-planar x-ray recordings 
revealing how the range of long-axis rotation and actual femoral 
rotation during locomotion are related to one another. Additionally, 
we present a systematic quantification of the effect of soft 
tissues on the rotation in the hip joint by step-wise removal of the 
integument, the superficial and deeper muscles. Results show that 
actual femoral rotation during the step cycle is nearly the same as 
possible rotation determined via cadaver manipulation. The range 
of long-axis rotation increases with step-wise soft tissue removal. 
Significantly, the range of internal rotation is not determined by 
muscles or ligaments, but is only limited by the flexibility of the 
integument. During in-vivo locomotion as well as in cadaver 
manipulation and soft tissue removal there is only little external 
rotation. Thus, all hip structures affect the range of long-axis 
rotation of the hip joint leading to the substantial internal rotation 
required for minimizing mesotarsal rotation.

PP-M-5

Comparative Study of the Skeletal and Muscular System 
of the Thorax in Representatives of the Ensifera (Insecta, 
Orthoptera)

F. Leubner1, S. Bradler1 
1Georg-August-Universität Göttingen, Morphologie, Systematik 
und Evolutionsbiologie, Göttingen, Germany 

Ensiferans (crickets and katydids) form an extremely diverse and 
species-rich lineage among the “Lower Neoptera” or Polyneoptera. 
Numerous studies based on morphological and molecular data 
have led to largely incongruent results, and the phylogenetic 
relationships within the Ensifera still remain unresolved. For 
instance, the phylogenetic affinities of schizodactylids, a 
presumably relict group of orthopterans comprising only two extant 
genera, are inconsistent across previous studies. Phylogenetic 
trees either favour a close relationship with the gryllid clade (true 
crickets and allies), or a systematic position within the tettigoniid 
clade (cave crickets, wetas, Jerusalem crickets, bush crickets, 
katydids). Already back in 1939, Kjell Ander used characters 
concerning the skeletal and muscular system of the thorax to infer 
the relationships within Ensifera. To corroborate these traditional 
hypotheses and to find novel potentially informative characters, 
we conducted a comparative anatomic study of this character 
complex. The thorax anatomy was investigated using several non-
invasive methods such as confocal laser scanning microscopy, 
scanning electron microscopy and micro computer tomography. 
Computer-based 3D reconstructions were applied to document 
the examined structures and to visualize the different character 
states. Here we present preliminary results of this study comparing 
a schizodactylid (Schizodactylidae: Comicus calcaris) with cave 
cricket (Rhaphidophoridae: Troglophilus sp.) and a true cricket 
(Gryllidae: Gryllus bimaculatus).
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Comparison of the musculature in the probosces in Naididae 
and Propappidae (Oligochaeta)
K. Peth1, A. Schmidt-Rhaesa1 
1University of Hamburg, Dept. Biology, Hamburg, Germany 

The anterior structures of some species of Naididae and 
Propappidae (Annelida, Oligochaeta) are characterized by a trunk-
like elongation of the prostomium. The function and structure 
as well as the evolutionary origin of this so called proboscis are 
widely unexplained. Brinkhurst & Jamieson (R. O. Brinkhurst & B. 
G. M. Jamieson, Aquatic Oligochaeta of the World. Oliver & Boyd. 
Edinburgh. 1971) assume a multiple independent evolution within 
the Naididae. Bely & Wray (A. E. Bely & G. A. Wray. Molecular 
phylogeny of naidid worms (Annelida: Clitellata) based on 
cytochrome oxidase I. Molecular Phylogenetics and Evolution 30: 
50-63. 2004) specify this assumption based on their phylogenetic 
results by presuming an at least twice evolution of the proboscis, 
once in the genus Pristina and second in an ancestor of Stylaria, 
Ripistes and Arcteonais. In order to test these hypotheses, we 
compare the proboscis structure of species from the Naididae 
as well as from Propappus volki (Propappidae), which also has a 
proboscis. The musculature is investigated by Phalloidin staining 
and confocal laser scanning microscopy. The proboscis of all 
species investigated show circular and longitudinal musculature, 
but some differences exist, making the convergent evolution of 
proboscis likely.

PP-M-7

Tagmatisation in mantis shrimps (Stomatopoda, 
Malacostraca, Crustacea s. l.)
V. Kutschera1, J. T. Haug2, W. S. Sallam3, A. Maas1, D. Waloszek1, 
C. Haug2 
1University of Ulm, Biosystematic Documentation, Ulm, Germany  
2University of Greifswald, Zoological Institute & Museum, Dept. 
Cytology & Evolutionary Biology, Greifswald, Germany  
3Suez Canal University, Department of Marine Science, Ismailia, 
Egypt 

Tagmatisation, the subdivision of a segmented body into functional 
units or tagmata, is an important aspect to be considered in the 
research of arthropod evolutionary biology. Evolutionary changes 
in tagmatisation may mark the starting point for an adaptive 
radiation and often represent key novelties of diversifying 
groups. Identification of tagmata bases upon four major criteria: 
1, conjunction of segments; 2, similar dorsal morphology; 3, 
similar ventral morphology and appendage morphology; 4, close 
spatial association of segments. As an example, we examined 
and documented specimens of the mantis shrimp Erugosquilla 

massavensis (Kossmann, 1880), taking advantage of their 
autofluorescence capacities resulting in a significantly enhanced 
contrast between slerotised and membranous areas. This process 
allowed the identification of six tagmata: the sensorial unit, the 
anterior food-processing unit, the posterior food-processing unit, 
the region of walking appendages, the respiratory-swimming 
region, the tail fan. The described tagmosis pattern differs in many 
aspects from current textbook knowledge. For example, a distinct 
dorsal region of the sixth appendage-bearing segment and a 
dorsal fusion of appendage-bearing segments seven and eight has 
not been reported before. Furthermore, the tagma borders do not 
always concur on the dorsal and the ventral side. These details are 
of significance for understanding the evolution of Stomatopoda.
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The role of bypass elements in leucon-type canal systems: 
A fluid dynamic study using particle tracking velocimetry in 
Tethya wilhelma.
H. Jahn1, J. Herzen2, F. Beckmann2, M. Nickel1, J. Hammel1 
1Friedrich-Schiller-Universität Jena, Institut für Spezielle Zoologie 
und Evolutionsbiologie, Jena, Germany  
2Helmholtz-Zentrum Geesthacht, Zentrum für Materialforschung 
und Küstenforschung, Geesthacht, Germany 

Sponges are filter feeders relying on an efficient fluid transport 
system to capture food. In the classical model of flow the aquiferous 
system consists of incurrent -and excurrent canal system and 
choanocyte chambers. However, morphological studies in the last 
years revealed yet another architectural structure in leucon-type 
canal systems, the so called bypass elements. These structures 
lead to a direct connection between incurrent and excurrent canal 
system elements without passing choanocyte chambers. Due to their 
interconnected nature they are opening up alternative flow pathways. 
In order to study the fluid mechanics impact of bypass elements in 
Tethya wilhelma we investigated internal flow fields and canal system 
architecture. A virtual 3D canal system model was developed based 
on SRµCT data. This model was utilized in FEM flow simulations. 
In vivo particle tracking velocimetry measurements of oscular 
outflow velocity served as initial boundary conditions. Microscopic 
investigations supplemented detailed morphometric information on 
the cellular level for various elements of the aquiferous system (e.g. 
apopylar and prosopylar openings). Results of the simulation were 
verified in an experimental setup making use of a rapid prototype 
model. Flow trajectories were visualized by high-speed videography. 
Our preliminary results indicate a recirculation of water within in 
the canal system. Within the FEM-models it was not possible to 
introduce passive flows. The same holds for the developed rapid 
prototype model. However, principle flow patterns observed in the 
FEM simulation could be verified. In contrast to a water flow being 
channeled through bypass elements leading to a reduced flow in 
the remaining parts of the canal system a recirculation is expected 
to result in an improved filtering efficiency.

PP-M-9

NEW INSIDE TO THE EVOLUTION OF EYE ONTOGENESIS OF 

PANORPA VULGARIS IMHOFF AND LABRAM, 1836
B. D. Saltin1,2 
1 , , Rottenburg, Germany  
2Eberhard Karls Universität Tübingen, Zoologische 
Schausammlung des Lehrstuhls für Vergleichende Zoologie, 
Sigwartstr. 3 , D-72076 Tübingen, Germany 

What can be learned by studying eye development in a 
holometabolous insect like Panorpa vulgaris? While the eye 
development of some insects (like Diptera, see Ready, 1989) are 
relatively well understood, from an evolutionary perspective the 
question remains: „What happened to the other Holometabola?“

M. Friedrich (Friedrich, 2006) suggested that Panorpidae would be 
suitable for addressing this question. Observations and preliminary 
experiments, as well as a model of a complete adult head are 
shown. Histological and semi-thin sectioning techniques, 3-D 
models as well as scanning and transmission electron microscopy 
are used.

Contrary to previous literature (Bierbrodt, 1963) the „pale band“ 
around the eye does not constitute a proper criteria for stage 
definition. As opposed to the supposed Holometabola “Grundplan” 
the number of the ommatidia varies significantly from stage to stage 
of larval development (Kruskal Wallis Monte-Carlo-Significance = 
0,001; N=46; df:3).

Unlike in other Holometabola the number of ommatidia in the 
different stages of larval development is not constant (Kruskal 
Wallis Monte-Carlo-Significance = 0,001; N=46; df:3). It has been 
shown that the larval ommatidia are not part of the adult eye, at least 
not as a functional constituent. So far the fate of their constituents 
remains unknown.
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Pseudo-4D reconstruction of the head region of Engraulis 

encrasicolus (Engraulididae, Teleostei) 
Authors: Anastasia de Motte, Martin Heß 

Affiliation:Biozentrum LMU München, Großhaderner Straße 

2, 82152 Planegg-Martinsried, Germany, hess@bio.lmu.de

A. de Motte1, M. Heß1 
1Biozentrum LMU Munich, Department Bio 2, Planegg - 
Martinsried, Germany 

The technology of computer-aided 3D-reconstruction of semi-thin 
section series (here: surface rendering) most recently allows for a 
visualization and analysis of complex interwoven organ systems. 
The individual components cannot only be examined in any 
combination and perspective concerning their shape, constellation 
and correlation with the original sections, but also be quantified 
volumetrically. For example one can gain a novel “4D” insight 
into the ontogeny of the head region of a species by comparing 
selected developmental stages. The heads of six larval stages of 
the European anchovy (Engraulis encrasicolus, SL 3 -20 mm) were 
fixed, embedded in Epon, serially sectioned (400 - 2000 sections 
at 2 µm), stained with Richardson´s reagent and photographed 
(Olympus dotSlide System, 10x objective). Using Amira® software, 
these digital image stacks were aligned, segmented, rendered, 
volume measured and, if necessary, smoothed. Digital surface 
models of the following organ systems were generated after 
individually labeling the organs at a spatial resolution of 0.6 µm x 
0.6 µm x 4 µm on each section: chondrocranium, osteocranium, 
masticatory muscles, brain, eyes, retinae, lenses, optical nerves, 
eye muscles, and the vestibular system. The comparison of 
selected organ systems (3D) of successive developmental stages 
allows for the understanding of the changes of shape and volume 
during their development (i.e. pseudo 4D) and for recognizing the 
mutual influences of directly adjacent organs. Based on this data 
the modifications of the complex head region during the larval-
period can be modeled almost seamlessly (morphing).

PP-M-11

Flow parameters of a leucon-type canal system in vivo: a 
case study in the freshwater sponge Spongilla lacustris

S. Zade1, M. Nickel1, J. Hammel1 
1Friedrich-Schiller-Universiät Jena, Institut für Spezielle Zoologie 
und Evolutionsbiologie, Jena, Germany 

The canal system is an essential piece of the sponge anatomy 
related to a great number of physiological processes, morphological 
elements and growth form. Our knowledge about the aquiferous 
system is limited in terms of structural and fluid dynamical senses. 
This is a consequence of the complex architecture and the fact not 
being able to study the system in vivo ‘at work’ in most sponges. 
Gemmule hatched specimens of freshwater sponges like Spongilla 

lacustris are an exception representing an ideal model to study 
internal flow regimes in leucon-type canal systems. In this study we 
used 7 to 14 day old partially translucent sponges to visualization 
internal flow trajectories by means of high speed videography. 
We applied particle tracking velocimetry to sandwich cultures of a 
thickness of 50 µm - 100 µm to measure flow velocities at different 
positions within the canal system. Determined flow velocities are 
highest at ostia (~ 1.5 mm/s) and at the osculum (~ 1 mm/s). Within 
the excurrent system flow velocities are almost constant at around 
0.5 mm/s. Particles entering the subdermal space are slowed 
down and travel at ~ 0.4mm/s in the remaining part of the incurrent 
system. These observations well support results from a finite 
element fluid dynamics model. However, flow velocities differ from 
predictions based on the classical model of flow for sponges which 
proposes an increase of flow velocities within the excurrent canal 
system towards the osculum. The inverse holds for the incurrent 
canal system. Whether this is specific for the altered morphology 
and canal system architecture in sandwich cultures remains to 
be tested. Nevertheless, our results allow for refining current flow 
models which takes into account morphometric and hierarchical 
parameters of the canal system in order to describe fluid dynamic 
parameters of leucon-type sponge canal systems. 
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CAMERA RECORDINGS OF A PREVIOUSLY UNDESCRIBED 

HIGH-SPEED JUMP IN THE GENUS TANYCYPRIS 

(CYPRIDOIDEA, OSTRACODA) 
C. Nagler1, R. Matzke-Karasz2, S. Hofmann3 
1Technische Universität München, Wissenschaftszentrum 
Weihenstephan, Freising, Germany  
2Ludwigs-Maximilians Universität, Department of Earth and 
Environmental Sciences, Palaeontology and Geobiology, 
Germany, Germany  
3FH Regensburg, Elektro- und Informationstechnik, Regensburg, 
Germany 

During an ostracod sampling campaign in the city of Munich, 
Germany, samples were taken from containers in a greenhouse 
of the Munich Botanical Garden. The ca 1m2 large containers 
accommodate non-native hydrophytes growing on sandy and 
muddy sediment in 1-10 cm depths of water.

Among others, the samples contained four alien species of the 
subfamily Cypricercinae, including Tanycypris centa (Chang, Lee 
& Smith, 2012), and a yet undescribed Tanycypris species. Natural 
occurrences of the genus Tanycypris Triebel, 1959 have so far 
been reported from Asia, South America and Madagascar.

Freshwater ostracods usually move on or in the sediment by using 
their first and second antennae, walking legs and - if not reduced 
- their caudal rami. During (non-swimming) locomotion of most 
freshwater ostracods with well-developed caudal rami, they help 
push the body forward by being used as a lever. This movement 
can be a fast walk, but has never been reported to include sudden 
jumps.

In contrast, both investigated Tanycypris species sometimes 
moved extraordinarily fast, too fast to be resolved by the naked 
eye. Recordings with a high-speed camera identified a powerful 
jump, propelled by a very rapid repulsion of the caudal rami from 
the ground. Although sized only around 1 mm, the observed 
specimens reached top speeds of up to 0.3 m/sec. Anatomically, 
this speed is obtained by the exceptional length of the caudal rami 

in Tanycypris, combined with an extraordinarily well-developed 
musculature. The jump resembles that of springtails or fleas, where 
the energy is previously stored in an elastic proteinaceous material; 
however, in Tanycypris no such mechanism could be detected and 
thus the energy for the jump is here tentatively considered to be 
purely muscular.
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Neuroarchitecture of the optic lobes and the brain of the 
water flea Daphnia magna

T. Kress1, H. Dircksen1, S. Harzsch2 
1Stockholm universitet, Zoologiska institution, Stockholm, Sweden  
2Universität Greifswald, Cytologie und Evolutionsbiologie, 
Greifswald, Germany 

The ”cyclopean” compound eye of the water flea Daphnia magna 
contains 22 ommatidia, the receptor cells of which are connected 
to the first unpaired optic neuropile, the lamina (La). The La is 
connected to separate visual tecta (VT) via parallel-running fibres 
according to the ground pattern of non-malacostracan crustaceans. 
The VTs connect the optic system to the brain. Semi-thin osmium-
ethyl-gallate-stained epoxy-sections and neuron-specific markers 
for synapsin and several neuropeptides (PDH, ASTA, Lom-TK) and 
neurotransmitters (Histamine) were used to classify all neuropiles 
of the proto- and deutocerebrum (PC, DC). The PC consists of 
an unpaired nauplius eye neuropile, the large paired lateral 
neuropiles and the central complex comprising the protocerebral 
bridge connected to the prominent central body and the lateral 
accessory lobes. Two unpaired neuropiles along the midline occur 
that are absent in other branchiopods. The DC contains only one 
paired, non-glomerular neuropile which may reflect the minute 
olfactory input from the tiny first antennae as traced by retrograde 
DiI-labelling. The pair of large secondary antennae nerves is 
rooted in the tritocerebrum (TC). However, the TC contains no 
distinct neuropiles but is dominated by through-running axons from 
the PC to the connectives. Our findings led to the first complete 
3D-reconstruction of all neuropiles, major commissures and cell 
clusters as an important basis for further research on the Daphnia 
nervous system.

PP-M-14

Do ootheca structures reflect phylogenetic relationships in 
praying mantises (Insecta, Mantodea)?
U. Eulitz1 
1Senckenberg Natural History Collections Dresden, Museum of 
Zoology, Dresden, Germany 

The ootheca is a specialized egg case consisting of a frothy mass 
that is secreted by asymmetrical accessory glands and thereby 
provides protection to the eggs. Mantodean oothecae are attached 
to walls, stones or leaves, wrapped around twigs or stems, and 
even buried in the soil. In contrast to Blattodea, mantodean 
egg cases exhibit an enormous morphological diversity which 
shows characteristic, taxon-specific features. To date there have 
been hardly any studies on oothecae focused on phylogenetic 
relationships within Mantodea. The aim of this study will be to test 
the hypothesis if morphological variations in mantodean egg cases 
reflect phylogenetic relationships.
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„Finding Nemo is just easy. But what about sea anemones?“
T. Bartnik1, S. Holst2, A. Schmidt-Rhaesa1 
1University of Hamburg, Zoologisches Museum / Niedere Tiere I, 
Hamburg, Germany  
2 Forschungsinstitut Senckenberg, DZMB, Hamburg, Germany 

The sea anemones Actiniaria (Cnidaria) have a diploblastic 
organisation. In face of that uniformity, Schmidt (Schmidt, H.: 
Taxonomie, Verbreitung und Variabilität con Actinia equina Linne 
1766 (Actiniaria; Anthozoa) Zoologisches Institut Universität 
Heidelberg. 1971) describes that the Actiniaria differ from other 
species as well as within the same species in size, colour and 
specific aspects of morphology. In the past, several authors got 
different results describing the same species of Anthozoa, by 
reason of their high variability. Besides that, the resolution of 
obsolete imaging procedures have complicated the identification 
of fine anatomic structures. As an autapomorphic attribute, 
every Cnidaria possess different kinds of nematocysts that are 
classified by Östmann (Östmann, C.: A guideline to nematocyst 
nomenclature and classification, and some notes on the systematic 
value of nematocysts, Scientia Marina. 2000). On the basis of 
beadlet anemone (Actinia equina) specimens, we researched the 
external morphology, typal anatomic structures like the presence 
of Acrorhagi and nematocysts of different body parts using modern 
imaging techniques (SEM). The results have been evaluated 
statistically and qualitatively by comparing to literature. We agree 
to Fabián et al., (Fabián et al: Importance of Nematocysts in 
Taxonomy of Acontiarian Sea Anemones (Cnidaria, Actiniaria): A 
Statistical Comparative Study. Zool. Anz. 242 (2003): 75-81. 2003) 
and confirm that a complementary analysis of nematocysts is a 
usefull taxonomic tool to identify anthozoan species. In addition 
with further criteria (external and functional morphology, generative 
modi, distribution) this method can lead to more distinct results.

PP-M-16

Hold on to your kleptocnides! 3D-microanatomy of 
meiofaunal Pseudovermis (Nudibranchia, Gastropoda, 
Mollusca)

T. Stoschek1, A. Rabe1, A. Migotto2, G. Haszprunar3, T. Neusser1, 
K. Jörger1 
1BioZentrum, LMU, Department Biologie II, München, Germany  
2Universidade de São Paulo, Centro de Biologia Marinha, São 
Sebastião, Brazil  
3Staatlich Naturwissenschaftliche Sammlungen Bayerns, 
Zoologische Staatssammlung München, München, Germany 

In the evolution of heterobranch gastropods several lineages 
have independently colonized the marine mesopsammon. 
Pseudovermidae are a small family of aeolidioidean gastropods 
inhabiting interstitial spaces of subtidal sands worldwide and they 
represent the only mesopsammic radiation of nudibranch sea 
slugs. Anatomical knowledge on these minute ‘pseudo-worms’ 
is scarce and currently hinders phylogenetic assessment of 
Pseudovermidae.

We recollected two species of Pseudovermis at their type localities in 
Southern Brazil and on the Solomon Islands. Based on histological, 
semi-thin section series we three-dimensionally reconstructed the 
microanatomy of P. mortoni Challis, 1969 and P. salamandrops Ev. 
Marcus, 1953 with Amira software. Our microanatomical studies 
confirm the original descriptions and add considerable details 
e.g. on the central nervous systems. Morphological comparison 
of the two species reveals major differences in the reproductive 
system (i.e. diaul in P. salamandrops vs. triaul in P. mortoni). The 
digestive system shows similar characteristic and surprisingly the 
reduced cerata of both species contain undischarged nematocysts 
in cnidosacs, which could be linked to those of a co-occurring 
interstitial cnidarian Halammohydra. Whether kleptonids in 
Pseudovermis are used for defense or present an evolutionary 
relict from a benthic aeolidioid ancestor serving as an inactivating 
storage device still remains to be investigated.

The presented redescriptions of two Pseudovermis species are 
a first step towards the in-depth revision of Pseudovermidae and 
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contribute reliable morphological information to future phylogenetic 
studies on aeolidioid Nudibranchia.

PP-M-17

Fluid-Structure-Interaction: How cellular structures affect 
local flow in sponge canal systems.
J. Hammel1 
1Friedrich-Schiller-Universität Jena, Institut für Spezielle Zoologie 
und Evolutionsbiologie, Jena, Germany 

Sponges possess a highly efficient fluid transport system. As in 
other biological fluid transport systems the general architecture 
is supposed to be optimized for minimal flow resistance and 
consequently requires minimum work to move the fluid. Apart 
from the general architecture, especially small sized openings 
account for the largest contribution to flow resistance. Within the 
sponge canal system such structures are ostia, prosopylar and 
apopylar openings and the microvilli collars of choanocytes. In the 
demosponge Tethya wilhelma another cellular structure with only 
minute openings is present in the canal system. These are the 
so called reticuloapopylocytes which span the apopylar opening 
with their sieve like cell morphology. Up to now, their function is 
unknown. Due to their location a role in flow regulation seems 
likely. In order to study their influence on local flow within the canal 
system I have developed two finite element models of a choanocyte 
chamber connected to a canal segment with and without 
reticuloapopylocets. By comparing local hydrodynamic parameters 
it is possible to test for fine-tuning local flow by changes in open/
close states of reticuloapopylocyte fenestra. The contribution of 
reticuloapopylocytes to flow resistance could be extracted from 
comparative analysis of both models. Most prominent changes 
in flow occur in boundary layer thickness of the connected canal 
segment. As the present analysis is limited to a local scale the 
exact consequences of an altered boundary layer thickness in the 
excurrent canal system on transport processes on an organismic 
scale remain to be clarified.
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COMPARATIVE SACOGLOSSAN MICROANATOMY

P. Kohnert1,2, B. Brenzinger1,2, K. Jensen3, V. Padula1,2, M. 
Schrödl1,2 
1SNSB - Zoologische Staatssammlung München , München, 
Germany  
2Ludwig-Maximilians-Universität , Department Biologie II und 
GeoBio-Center , München, Germany  
3Natural History Museum of Denmark, Zoological Museum, 
Copenhagen, Denmark 

The putative basal panpulmonate order Sacoglossa comprises 
about 300 species of relatively small, suctorial herbivore 
animals that are characterized by having a special structure for 
the storage of worn radula teeth, called ascus. The division 
of the Sacoglossa into shelled Oxynoacea and non-shelled 
Plakobranchacea is undisputed, but family relationships are still in 
doubt. Morphological characters, such as the presence of a shell, 
parapodia or dorsal cerata are more or less obvious, others might 
be hard to recognize, especially in highly aberrant or tiny forms 
of some derived families (e.g. Limapontiidae). We herein present 
detailed microanatomical data from semi-thin histology sections 
and subsequent 3D-reconstructions using AMIRA software. 
Representatives of the shelled Oxynoacea (Oxynoe antillarum), 
a putative basal plakobranchacean (Gascoignella aprica) and a 
derived plakobranchacean (Ercolania sp.) were selected. Potential 
apomorphies are mapped on a sacoglossan tree, and some 
evolutionary traits inferred.

PP-M-19

Numb genitalia? - First evidence of sensory afferents in the 
male palpal organ of spiders (Araneae)
E. Lipke1, P. Michalik1 
1University of Greifswald, Zoological Instiute and Museum, 
Greifswald, Germany 

Spider males have evolved a remarkable way of transferring 
sperm into the female by using their modified pedipalps, the so-
called palpal organs. After uptake from the sperm web, seminal 
fluid is stored in the spermophore (sperm duct) of the palpal organ 
before being transferred into the female genital system while 
mating. Interestingly, it is assumed that the palpal bulb lacks any 
kind of innervation since no nerves, sense organs, or muscles 
haven been detected so far. This is of particular interest for spider 
taxa with simple palpal organs which are lacking structures such 
as apophyses and sclerites that interact with the female genitalia 
during copulation. We investigated the simple male palp of the 
Tasmanian cave spider Hickmania troglodytes (Austrochilidae) 
by means of X-ray micro computed tomography (µCT), light and 
transmission electron microscopy in order to evaluate whether 
sensory structures are present in the male palpal bulb. We could 
not observe any external cuticular structures, muscles, and efferent 
neurons. However, we identified few sensory cells attached to 
the cuticle whose afferents form a small nerve running along the 
spermophore. These neurons are located near the opening of the 
spermophore indicating a potential function in the mating process. 
For the first time, our data suggest that male spider genitalia are 
not just numb copulatory organs and we will discuss the functional 
and evolutionary implications of these putative proprioceptors.
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Fine structure of epidermal organs in Phascolion caupo 
(Sipuncula): Do gland characters support an ingroup 
relationship of sipunculans to Polychaeta?
C. Müller1,2, J. Hylleberg3, P. Michalik3,4 
1Ernst-Moritz-Arndt-Universität Greifswald, Zoologisches Institut 
und Museum, Lehrstuhl Cytologie und Evolutionsbiologie, 
Greifswald, Germany  
2Robert-Koch-Institut, Berlin, Germany  
3Aarhus University, Institute of Biology, Dept. of Marine Ecology, 
Aarhus C, Germany  
4Ernst-Moritz-Arndt-Universität Greifswald, Zoologisches Institut 
und Museum, Greifswald, Germany 

The epidermal organs of Sipuncula house sensory cells and various 
types of secretory cells. In most cases, sensory and secretory cells 
are co-located in the same organ. Amongst Phascolionidae, there 
are six different types of epidermal organs. Two are restricted to 
the distal part of the introvert, whereas another one remains close 
to the posterior end of the trunk. Papillated, smooth and holdfast 
epidermal organs occur on the posterior part of the introvert and 
may be present on the entire trunk. Our multimodal microscopic 
approach comprising histology, immunohistochemistry, SEM, 
TEM, and micro-tomography revealed that the latter three types 
of epidermal organs include at least one type of gland cell that 
discharges two kinds of secretion: microfibrils and amorphous 
material. Amorphous substance is discharged via merocrine 
secretion along the apical cell membrane, whereas microfibrils 
are released from the tip of microvilli. This bimodal secretion 
pathway represents an intermediate stage of epidermal cells and 
merocrine secretory cells and appears to be unique for Polychaeta 
and Sipuncula. Moreover, it may be seriously discussed whether 
bimodal secretory cells may have evolved only once in Polychaeta 
and Sipuncula, thus supporting recent molecular sequencing 
analyses that suggest a placement of Sipuncula within Polychaeta 
(Polychaeta sensu latu).

PP-M-21

THE EVOLUTION OF HEAD STRUCTURES IN ADULT 

CADDISFLIES (INSECTA, TRICHOPTERA)
F. Friedrich1, M. Kubiak1 
1Hamburg University, Biocenter Grindel & Zoological Museum 
Hamburg, Hamburg, Germany 

Caddisflies are traditionally divided into three major lineages 
(Annulipalpia, Integripalpia and Spicipalpia). Comprehensive 
data on the internal adult structures are extremely scarce and 
fragmentary. This impedes the understanding of the evolution of 
major morphological and behavioral traits in Trichoptera.

Goals of this study are the acquisition of detailed morphological data 
covering the major trichopteran lineages and the reconstruction 
of the groundplan conditions and morphological evolution of the 
order focusing on adult head structures. Ten representatives 
covering all suborders were investigated using a combination of 
micro-computed-tomography, histology and scanning electron 
microscopy.

The presented data give detailed insights into morphological 
modifications during the evolution of the trichopteran head. Potential 
groundplan features of Trichoptera are: (1) moderately sized and 
well sclerotized mandibles, (2) a small, granulose haustellum, (3) 
five-segmented maxillary palps, (4) an apically pointed, flexible last 
maxillary palpomere, and (5) well-developed mandibular muscles. 
Some of these features undergo remarkable modifications within 
Integripalpia: The haustellum is broadly enlarged, whereas the 
mandibles are strongly reduced. In contrast representatives 
of Annulipalpia and most spicipalpian groups retained these 
groundplan features almost unchanged. It remains unclear whether 
the reduction of the dorsal tentorial arms, as occurring in non-
integripalpian groups, has to be considered as a groundplan feature 
of Trichoptera. The tentorium is strongly sclerotized in Integripalpia 
and also in several groups of Lepidoptera. As basal lepidopterans 
do not possess distinct dorsal arms the convergent reinforcement 
of the endoskeleton within Trichoptera and Lepidoptera seems 
reasonable.
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An immunohistochemical study on the olfactory lobe of 
Scutigera coleoptrata: Insights into evolutionary trends in 
Mandibulata?
J. Brennecke1, S. Harzsch1, A. Sombke1 
1University of Greifswald, Zoological Institute and Museum, 
Greifswald, Germany 

In mandibulate arthropods, primary olfactory centers in the 
deutocerebrum are characterized by their subdivision into 
structural and functional subunits called olfactory glomeruli. Within 
these primary centers, afferents of olfactory sensory neurons 
target dendritic arborizations of local interneurons, and projection 
neurons. This synaptic interaction is the first step in the complex 
mechanisms of odor recognition and discrimination. The principal 
organization of the olfactory lobes in Chilopoda (centipedes) were 
homologized with that of Tetraconata (Crustacea + Hexapoda) 
based on their innervation by afferents from olfactory sensory 
neurons on the first antenna and the composition of distinct 
olfactory glomeruli (Sombke et al. 2012; BMC Neuroscience 13:1).

Considering that the olfactory lobes of Tetraconata share specific 
apomorphies (Schachtner et al. 2005; Arthropod Structure & 
Development 34: 257-299), the question arises whether tetraconate 
apomorphies exist in representatives of Myriapoda as well. 
These apomorphies are in particular: cholinergic uniglomerular 
afferent neurons, at least one single serotonergic interneuron, 
multiglomerular GABAergic interneurons, and projections neurons 
of similar morphology. This study sets out to analyze if similar 
characters are also present in Myriapoda to find out more about 
their phylogenetic affinities and chose the centipede Scutigera 

coleoptrata as a representative. Our investigations are based on 
neuroanatomical observations visualized with immunohistochemical 
labeling and confocal laser scanning microscopy.
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Morphological and Chemical Analyses of Adhesive Tarsus 
Structures in Nicrophorus nepalensis and Nicrophorus 

vespilloides (Silphidae)
J. Braun1, O. Betz1 
1Universität Tübingen, Evolutionsbiologie der Invertebraten, 
Tübingen, Germany 

Insects are able to adhere to even smooth surfaces during 
locomotion. The adhesive performance is provided by morphological 
features of the tarsal surface as well as by the chemical properties 
of adhesive liquids. To understand the mechanisms underlying the 
adhesive process we conduct both morphological examinations of 
the tarsus structure as well as chemical analyses of tarsal liquids. 
The comparison of the two burying beetle species Nicrophorus 

nepalensis and Nicrophorus vespilloides (Silphidae) is of particular 
interest due to the fact that the former adheres to smooth vertical 
structures whereas the latter is not able to do so. To understand this 
phenomenon adhesion and friction force measurements via nano 
tribometer are evaluated in combination with data obtained using 
scanning electron microscopy (SEM) as well as analyses of semi-
thin sections of the tarsi. Furthermore the chemical composition of 
the adhesive liquid is identified by chemical analysis like 1-D gel 
electrophoresis.

PP-M-24

Comparison of morphological and genetic analyses 
reveals higher diversity in Potamon ruttneri and Potamon 

gedrosianum complex.
A. Keikhosravi1, C. D. Schubart1 
1University of Regensburg, Regensburg, Germany 

One of the crucial regions that is in need of more concern is the 
westernmost distribution of Potamon in the Middle East where 
the distribution surprisingly exceed the range and enters to the 
western tributaries of Indus river. Many species and subspecies 
were introduced from this region mainly by Pretzmann studies. 
Later on, Brandis et al. (2000) synonymised them and ranked them 
to species level. Based on the latest study, there are two species 
of Potamon known from this region; Potamon gedrosianum Alcock, 
1909 and Potamon ruttneri Pretzmann, 1962. Therefore, current 
study uses genetic information accompanied with morphological 
techniques in order to find whether the current classification is 
reliable and reflects actual species boundaries between species? 
and also to find the possible hidden diversity.

For phylogenetic construction, data based on two mitochondrial 
gene fragments; ribosomal RNA gene (16S) and Cytochrome 
oxidase subunit I (Cox1), were earned from some freshly collected 
specimens and museum vouchers. The results suggest that some 
populations are very divergent than others and it also questions the 
taxonomic position of P. ruttneri and P. gedrosianum. Therefore, 
overall species diversity seems to be considerably higher than 
currently recognized and some synonymised species deserve to 
be revalidated to species level.
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Elementary receptor potentials of pheromone receptor 
neurons in Bombyx mori, Manduca sexta, and Macroglossum 

stellatarum

K.- E. Kaissling1 
1MPI Seewiesen, Starnberg, Germany 

Weak stimuli of bombykol or of bombykal elicit “elementary receptor 
potentials” (ERPs) which consist of one or several “bumps”, 
transient negative deflections of the transepithelial potential 
recorded from the tips of single trichoid sensilla (K. and Thorson 
1980). According to electrophysiological and radiometric studies 
the ERPs may be elicited by single pheromone molecules (K. and 
Priesner 1970). The analysis of the electrical sensillum circuit in B. 

mori revealed that the amplitude of the bumps (around half a mV) 
can be explained by an increase of the membrane conductance by 
about 30 pS, which could be produced by opening of a single ion 
channel such as the acetyl choline channel of the motor endplate. 
In B. mori the number of bumps per ERP, the duration of the bumps 
and of the gaps between bumps were used to calculate three 
apparent rate constants: for the activation of the bombykal-receptor 
complex, for the return from activation, and for the dissociation of 
the pheromone-receptor complex. From these rate constants the 
residence time of a pheromone molecule at the receptor molecule 
could be calculated for two neurons (153 ms and 135 ms) (Minor 
and K. 2003). While the ERPs of B. mori may elicit one, seldom 
two or three nerve impulses, the ERPs of the two sphingid moths 
upon stimulation by their pheromone component bombykal elicited 
bursts up to 5 nerve impulses per ERP.

Literature reviewed in: Kaissling KE (2013) J Comp Physiol-A DOI 
10.1007/s00359-013-0812-z

Karl-Ernst Kaissling,

Max-Planck-Institut Seewiesen, priv.: Nixenweg 4, 82319 
Starnberg, Germany

Kaissling@orn.mpg.de 

http://www.orn.mpg.de/www.orn.mpg.de/Emeriti/Kaissling
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Floral preference is reflected in the neuroanatomy of the 
olfactory system in mason bees (Osmia) 

C. Kelber1, T. Schmitt1,2, W. Rössler3 
1TU Darmstadt, Department of Biology, Ecological Networks , 
Darmstadt, Germany  
2Uni Würzburg, Department of animal ecology and tropical 
biology, Würzburg, Germany  
3Uni Würzburg, Department of Behavioral Physiology and 
Sociobiology, Würzburg, Germany 

Locating food sources is important for all insects, and in many 
species the olfactory system is crucial for finding suitable sources. 
Two main strategies can be found: either to be able to use many 
different food sources (generalists) or to be specialized on a single 
or only few food sources (specialists). In bees, both generalist and 
specialized species can be found that collect pollen and nectar 
either from many plant families (polylectic) or from only few species 
(oligolectic). In some cases, both types of food preferences can 
be found within the same genus, like in the mason bee genus 
Osmia. We investigate how the floral preference is reflected in the 
neuroanatomy of the olfactory system. We employed quantitative 
analyses of major neuropile volumes, counted the number of 
functional units (glomeruli) within the antennal lobe and quantified 
synaptic structures in higher-order sensory integration centers 
(mushroom bodies). The investigated Osmia species showed 
significant differences in selected neuropile volumes and also a 
large interspecies variance in glomerular numbers, correlated to 
floral preference. The strictly oligolectic species Osmia adunca 
showed the smallest number of glomeruli, whereas all polylectic 
species showed larger glomerular numbers. The mushroom 
bodies of polylectic and oligolectic species showed the same 
density of synaptic structures, but expressed significant volume 
differences in the subregions that process olfactory information. 
Chemical analyzes of host-plant odors and behavioral tests will be 
next steps to understand the large impact of floral preference on 
the complexity of the olfactory system in bees. Funding: DFG KE-
1701 1/1.

OP-NB-3

NEURONAL MECHANISMS OF ODOR LEARNING IN 

DROSOPHILA: A THERMOGENETICALLY INDUCED MEMORY 
ENGRAM IN KENYON CELLS DRIVES LEARNED BEHAVIOR

D. Vasmer1, A. Pooryasin1, T. Riemensperger1, A. Fiala1 
1Georg-August-Universität Göttingen, Dept. of Molecular 
Neurobiology of Behavior, Göttingen, Germany 

Experience-dependent plasticity in odor-driven behavior is a 
property not only of higher vertebrates, but also of insects. A key 
question is where and how in the insect brain learned relevance of 
odor information is acquired and stored. Drosophila melanogaster 
represents a model organism for analyzing how neuronal circuits 
process odor information and mediate olfactory learning and 
memory. Fruit flies can be trained to avoid an odor that has been 
presented simultaneously with a punitive electric shock. In the 
mushroom bodies of the fly’s brain odors are encoded as sparsely 
activated ensembles of Kenyon cells, and these neurons are 
required for associative odor learning and memory retrieval. It 
remains, however, unknown whether the mushroom body circuitry 
is indeed sufficient for odor learning. We show that associative 
learning can be artificially induced by thermogenetically activating 
random ensembles of Kenyon cells using a fluorescence-
tagged, temperature-dependent cation channel (dTRPA1) in 
coincidence with a punitive stimulus. We find that the animals 
learn to adjust their behavior in a subsequent test situation and 
actively avoid reactivation of these Kenyon cells. Since the 
targeted, thermogenetic induction of learning bypasses sensory 
input, and mushroom body output is dispensable for learning, 
our data substantiate that associative learning can be allocated 
to the mushroom body. Learned avoidance behavior is driven by 
a reactivation of the trained Kenyon cell ensembles. Implications 
of these findings on odor processing and odor learning by insect 
brains will be discussed. 
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Orcokinins as major neuropeptide components in the 
crayfish olfactory system
H. Dircksen1, T. Kress1, C. Wegener2, S. Harzsch3 
1Stockholm University, Dept. Zoology, Stockholm, Sweden  
2Universität Würzburg, Neurobiology and Genetics, Würzburg, 
Germany  
3Universität Greifswald, Zoologisches Institut, Greifswald, 
Germany 

Orcokinins first discovered as hindgut-bioactive peptides in the 
crayfish Orconectes limosus belong to a large peptide family found 
in almost all arthropods. Here, we show orcokinins (OKs) as major 
components of the olfactory system of this crayfish species. OKs 
occur almost exclusively in all primary olfactory sensory neurons 
(OSNs) of the outer flagellum aesthetascs of the first antennae 
(Ant1) projecting directly into the olfactory lobe (OL) of the brain. We 
have cloned mRNA-precursors for OKs from Ant1-s and the brain 
encoding 7 copies of Asn13-OK and single copies of three OK-
isoforms and sequenced the main peptide Asn13-OK from Ant1-
extracts by mass spectrometry. OK-immunoreactive (OK-ir) cell 
bodies of OSNs fill more than 95% of the olfactory nerves entering 
the cap-structures of OL-glomeruli as revealed by Vibratome 
sections. Numerous OK-ir local interneurons are associated with 
the glomeruli and fibre networks occur throughout the accessory 
lobes. A few large OK-ir projection neurons probably connect the 
OL with centres in the eyestalk medulla terminalis. Thus, we have 
for the first time in crustaceans fully identified members of the OK-
neuropeptide family in the crayfish OSNs and olfactory pathways. 
OKs also occur in many other brain neurons suggesting OKs as 
wide-spread and important elements of sensory and interneuronal 
information processing in crayfish.

OP-NB-5

Glia associated with central complex lineages in the 
embryonic brain of the grasshopper Schistocerca gregaria

Y. Liu1, G. Boyan1 
1Biozentrum der LMU, Neurobiologie, Planegg, Germany 

Glia play important roles in the insect brain. In the midbrain, for 
instance, glia and their processes compartmentalize the central 
complex (CX) - a highly organized set of neuropils that play key 
roles in sensory/motor coordination,spatial memory and orientation. 
Such glia not only infiltrate those neuropils by projecting their 
processes onto an established scaffold of neuronal fibers, but 
also delimit neuroblast lineages whose progeny contribute to the 
CX. We have investigated the pattern of glia associated with such 
lineages in the embryonic brain of the grasshopper Schistocerca 

gregaria. Using the glia-specific marker Repo, we identify glia 
associated externally with those lineages, termed lineage-extrinsic 
glia, and glia located internally within the lineages, termed lineage-
intrinsic glia. Populations of both glial types increase up to 60% 
of embryogenesis, and thereafter decrease. Extrinsic glia change 
their locations over time, while intrinsic ones are consistently found 
in the more apical part of a lineage. Apoptosis is not observed 
for either glial type, suggesting migration is a likely mechanism 
accounting for changes in glial number. Proliferative glia are 
present both inside and outside of lineages, and two glial clusters 
associated with the lineages, one apically and the other basally, 
may represent sources of such glia. Our data further suggest that 
at least one intrinsic proliferative glia from each lineage represents 
a transit amplifying intermediate progenitor. Comparisons of our 
data on CX lineages with those from Drosophila reveal common 
patterns of gliogenesis in the brain of these insects.
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OP-NB-6

Drosophila Voltage Gated Calcium Channels: From Function 
to Behavior and Speciation
S. Ryglewski1, C. Duch1 
1Johannes Gutenberg University Mainz, Mainz, Germany 

This study employs targeted genetic manipulation of voltage gated 
calcium channels (VGCCs) in identified Drosophila motoneurons 
to test (i) which channels underlie which calcium currents, (ii) the 
function of these channels for generating correct firing pattern in 
larval crawling versus adult flight and courtship song, and (iii) to 
probe for a possible function of VGCCs in speciation.

As in spinal motoneurons, larval crawling motoneurons Cav2 
channels (Dmca1D) encode somatodendritic L-type calcium 
currents which serve to boost synaptic drive to dendrites. By contrast, 
adult flight/courtship motoneurons express somatodendritic LVA 
T-type current and HVA N-type like currents, as well as presynaptic 
P-/Q-type current, all three of which are mediated by the Cav2 
homolog, Dmca1A. Therefore, at least 3 different calcium currents 
are encoded by one gene in the same neuron. We now test the 
relative contributions of differential splicing, A-I RNA editing, and 
interactions with other subunits in controlling which current is 
produced by Dmca1A channels.

Interestingly, genetic manipulation of adult motoneuron Dmca1A 
based HVA and LVA somatodendritic calcium currents affect male 
courtship song, which in turn significantly affects mating success. 
As song structure is species specific in Drosophila this may produce 
prezygotic isolation. With more than 1000 possible transcript 
variants, the cacophony gene provides a suitable substrate for soft 
selection. Importantly, altered Dmca1A currents will also affect the 
neural basis of audition, thus affecting sender and receiver. We 
now produce splice variant specific knock-ins in a null background 
to test their functions for motoneuron calcium currents, courtship 
song, and mating success.

OP-NB-7

GERBILS AT A COCKTAIL PARTY: LOOKING AT AUDITORY 
PROCESSING MECHANISMS UNDERLYING SPATIAL 

RELEASE FROM MASKING

A. Klinge-Strahl1, R. Beutelmann1, G. Klump1 
1University of Oldenburg, Cluster of Excellence „Hearing4all“, 
Animal Physiology and Behaviour Group, Department for 
Neuroscience, Oldenburg, Germany 

The auditory system of animals and humans developed 
processing mechanisms to cope with situations in which 
behaviorally important sound signals are masked by competing 
sounds. Experimentally, these can be studied by determining 
the amount of masking in relation to the sound characteristics 
of signal and masker. For example, detecting a signal 
can be facilitated by spatially separating it from a masker.  
Psychoacoustic studies on spatial (or binaural) masking release 
(SMR) were mostly focused on humans. Combinations of 
neurophysiological and behavioral experiments in the same 
animal species that would allow directly relating changes in neural 
responses to behaviorally observed SMR are lacking. Here, we 
determined behavioral masked thresholds and the amount of 
SMR in gerbils for combinations of five masker types and two 
spatial configurations (pure tone signal and masker co-located or 
spatially separated) in a low and a high frequency region (1 and 8 
kHz). Results were compared to masked thresholds determined 
from neural responses in gerbil inferior colliculus (IC). As many 
natural sounds are composed of harmonic complexes and 
harmonicity is a very important cue in auditory scene analysis 
we constructed harmonic and inharmonic complex maskers. 
Behavioral experiments showed that masked thresholds 
significantly depended on the masker type. However, SMR was 
found only for the 8 kHz region. Harmonicity facilitated the detection 
of the target in the harmonic maskers. Responses of neurons 
in the IC significantly differed for the different masker types and 
depended on the spatial location of signal and masker for both 
frequency regions.
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Precise Timing of Glycinergic Inhibition Modulates 
Coincidence Detection in the Auditory Brainstem
M. Myoga1, S. Lehnert1, C. Leibold1, F. Felmy1, B. Grothe1 
1Ludwig-Maximilians-Universität München, Neurobiologie, 
München, Germany 

Spike generation by precisely-timed synaptic inputs is a hallmark of 
neuronal computations. Unlike many types of neurons throughout 
the central nervous system, neurons in the brainstem nucleus of 
the medial superior olive (MSO) detect the coincidence of only a 
few excitatory and inhibitory inputs from both sides and encode 
interaural time differences (ITDs) with microsecond precision. 
Synaptic inhibition has been implicated in tuning ITD functions, but 
the cellular mechanisms underlying its specific role in coincidence 
detection remain elusive. In the present study we measured 
excitatory and inhibitory synaptic responses in adult MSO slices 
and investigated the influence of inhibition on coincidence detection 
using conductance clamp. We found that fast hyperpolarizing 
inhibition shifted the peak timing of excitation, thereby biasing the 
timing of best coincidence detection in a manner that is consistent 
with the role of inhibition observed in vivo. Shifts were sensitive to 
the strength, timing, and balance of excitation relative to inhibition 
and modestly to low-threshold potassium (K

LTA
) channels. Our 

results provide evidence that interactions between inhibition and 
excitation on microsecond timescales are indeed important for 
binaural processing.

OP-NB-9

OUT OF PHASE: IMPORTANCE OF THE MEDIAL SEPTUM 
FOR DIRECTIONAL HEARING IN CRICKETS

S. Hirtenlehner1, A. K. Schmidt1, H. Römer1 
1University of Graz, Department of Zoology, Graz, Austria 

Female crickets face a severe problem when localising the calling 
song of males: The small body size in relation to the relatively 
large wavelength of the calling song prevents the establishment 
of large interaural intensity differences (IIDs) through diffraction. 
The apparent solution to this problem is a sophisticated pressure 
difference receiver, with a complex anatomical arrangement 
of connecting trachea between the ears in the foreleg and the 
spiracles in the thorax, with a medial septum in the midline of the 
connecting trachea.

The functional role of the medial septum as a phase shifter 
to establish sufficient IIDs has been demonstrated for Gryllus 

bimaculatus using laser vibrometry measurements [1]. In these 
experiments destruction of the septum resulted in a dramatic 
reduction in the amount of IIDs, suggesting that directional cues 
for sound localisation were virtually not available.

We re-evaluated the role of the septum in behavioural and 
physiological experiments. We tested the phonotactic behaviour of 
female Gryllus bimaculatus in no-choice experiments before and 
after perforation of the medial septum. Our data reveal that despite 
the destruction of the septum female crickets have no problem in 
localizing a sound source in their natural habitat, although they take 
longer detours with a reduced walking speed. We also examined 
the amount of IIDs by determining the tuned directionality of the 
peripheral auditory system. Although the destruction of a septum 
caused a decline in IIDs by 6 dB, the overall amount of directional 
cues provided by the tracheal system still averaged at 9 dB, thus 
providing a reliable proximate basis for the observed behavioural 
performance.

Michelsen & Löhe. Tuned Directionality in Cricket Ears. Nature 375
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Gait parameters at different walking speeds in the desert ant, 
Cataglyphis fortis

H. Wolf 1, V. Wahl 1, M. Wittlinger 1 
1University of Ulm , Institute for Neurobiology, Ulm, Germany 

Path integration is a form of dead reckoning and thus inherently 
error-prone. It is nonetheless a common navigation strategy in 
animals, particularly where environmental orientation cues are 
rare or absent. The desert ant Cataglyphis is a prominent example, 
covering well above 10,000 body lengths on foraging excursions, 
primarily guided by path integration. Sun and polarization 
compasses provide reliable external direction cues for navigation, 
making Cataglyphis’distance gauge, a stride integrator (Ronacher 
and Wehner, 1995; Wittlinger et al., 2006, 2007), the probable 
major source of path integration errors.

A detailed analysis of walking behaviour in Cataglyphis is thus of 
primary importance for assessing possible sources of navigation 
errors and potential compensation strategies. Zollikofer (1994) 
demonstrated consistent use of the tripod gate in the desert ants, 
and he suggested a unexpectedly constant stride length as a 
possible means of reducing navigation errors. Here we extend 
these studies by more detailed analyses of walking behaviour 
across a large range of walking speeds.

Most notably, stride amplitude (leg movement in relation to body 
coordinates) is not related to walking speed, while stride length (leg 
movement in relation to substrate coordinates) increases linearly 
with walking speed. Swing phase parameters stay constant across 
the whole range of walking speeds examined, 40-520 mm/s. 
Walking speed is increased by shortening of the stance phase 
duration, of the stance phase overlap, and by increasing stride 
frequency.

OP-NB-11

Physiological Properties of the Archerfish Mauthner-Cell
P. Machnik1, K. Leupolz1, B. Bausewein1, W. Schulze1, S. 
Schuster1 
1University of Bayreuth, Department of Animal Physiology, 
Bayreuth, Germany 

Archerfish execute a plastic predictive start during their unique 
hunting behaviour, which shares all hallmarks of the fast escape 
C-start shown by most teleosts. Two reticulospinal Mauthner 
(M)-cells form the centre of the neural pathway underlying this 
C-start response. Therefore, we investigated the physiological 
properties of the archerfish M-cell and its associated network. First, 
the archerfish M-cell can be identified definitely. Morphological 
sections show that the M-cell soma is up to 100µm in cross-
sectional diameter. It has two major dendrites, a lateral and a 
ventral one (diameter up to 40µm for the first and up to 30µm for 
the latter). The M-axons are the largest fibres in the spinal cord 
(diameter about 75µm). Latency of antidromic evoked M-spike is 
extremely short (about 0.3ms) and confirms a high conductance 
velocity in the M-axon. Extracellular recordings demonstrate that 
the M-cell has a high resistive axon cap: M-cell activation results 
in an axon cap-associated extracellular all-or-none field potential 
(amplitude about 25mV near the axon hillock) that guides the 
microelectrode to the soma for intracellular measurement. Second, 
stimulation of the M-cell activates associated inhibitory networks. 
We observed feedback- and feedforward-inhibition. Comparing our 
results with the extensive data generated in goldfish demonstrate 
a similar organisation of the recurrent collateral network. Third, 
visual stimulation brings the M-cell to spike even in surgically 
anaesthetised animals. Thus we are in a position to use the 
same visual stimuli in both electrophysiological and behavioural 
experiment setup to study plasticity at the single cell level in detail.
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SIMULTANEOUS IMAGING OF BOTH MAUTHNER-CELLS 

AND C-START KINEMATICS REVEALS RAPID ADAPTATION 

AFTER COOLING IN LARVAL ZEBRAFISH

A. Hecker1, W. Schulze1, S. Schuster1 
1University of Bayreuth, Department of Animal Physiology, 
Bayreuth, Germany 

A fundamental question in neuroscience is how a certain behavior is 
generated and how it remains adaptive in a changing environment. 
We observed the short latency escape (C-Start) and its related 
neural network at 28.5 °C (raising temperature) and 19.5 °C in 
larval zebrafish, respectively. First, we demonstrate that the latency 
of an acoustical elicit C-Start shows a rapid adaptation after an 
initial temperature dependent slowdown at 19.5 °C. The C-Start 
is triggered by the Mauthner (M)-cells, a pair of neurons located 
in the hindbrain of most fish and amphibians. We used live-cell 
calcium imaging of both M-cells and simultaneously monitored the 
C-Start escape over 10 h at two different temperatures (100 min at 
28.5 °C and 500 min at 19.5 °C) in semi fixed larvae. The [Ca2+]-
signal is lower in the beginning of the cold phase (ΔF/F: 19 %) 
after repetitive stimulation, but is compensated after some hours 
to the same extent as the latency (ΔF/F: 27 % compared to 28 % 
at 28.5 °C). Although the [Ca2+]-signal occurs much later than the 
C-start it correlates tightly with response latency and presumably 
reflects the aftereffect of postsynaptic potentials at the M-cell. For 
the first time we demonstrate a concurrent and rapid adaptation of 
the latency of the C-start and its underlying neural network in the 
CNS after cooling.

OP-NB-13

The neural basis of polarization vision in bees and locusts: 
similarities and differences
K. Pfeiffer1, M. Held1, B. el Jundi2, U. Homberg1 
1Philipps-Universität Marburg, Marburg, Germany  
2Lund University, Vision Group, Lund, Sweden 

Many insects are able to perceive the polarization pattern of the 
blue sky and to use it for spatial orientation. Both honeybees and 
desert locusts have been extensively used as model organisms to 
study polarization vision at the behavioral (bees), anatomical, and 
electrophysiological level (locusts).

In order to compare the polarization vision systems of bees and 
locusts, we used neuronal tracing to anatomically characterize 
the polarization vision pathway of bees.Using dye injections, we 
were able to trace a pathway from the polarization-sensitive dorsal 
rim area of the compound eye, via the dorsal medulla, and the 
lower subunit of the anterior optic tubercle to the lateral accessory 
lobe. To establish a potential connection to the central complex, 
we injected tracer into the anterior optic tubercle and used an 
antiserum against GABA to label tangential neurons of the central 
complex.

The gross morphologies of these pathways were surprisingly similar 
between the two species, however there were some conspicuous 
differences. Line tangential neurons in the medulla extended from 
the dorsal to the ventral edge in locusts whereas they invaded only 
the dorsal two thirds in the bee. TuLAL1 neurons projecting from 
the anterior optic tubercle to the lateral accessory lobe terminated 
large knob-like structures, which in locusts are presynaptic to 
GABA-immunoreactive tangential neurons of the central complex. 
In bees only a subpopulation of these neurons seemed to connect 
to GABA-immunoreactive neurons.

Our study shows that the polarization vision system is conserved 
between locusts and honeybees, but bears some species specific 
differences that should be attractive for further investigation.
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Transgenic shh-GFP line suggests hedgehog signaling in 
larval zebrafish optic tectum and cerebellum
M. F. Wullimann1, D. Biechl1 
1Ludwig-Maximilians-Universität Munich, Department BiologieII-
Graduate School of Systemic Neurosciences, Planegg, Germany 

In addition to the classical activity of sonic hedgehog (shh) in the 
floor plate along the central nervous system neuraxis, hedgehog 
signalling has been reported in dorsal alar plate areas in amniotes, 
that is isocortex, optic tectum and cerebellum. We used an existing 
zebrafish transgenic line Tg(2.4shha-ABC-GFP)sb15; Shkumatava 
et al 2004) in order to show this gene activity and to sort out its 
cellular localization in the larval zebrafish brain. A comparison of 
the transgenic GFP expression revealed correspondence with 
known expression of shh, for example in the retina, floor plate, and 
hypothalamus. In addition, the occurrence of GFP positive cells 
in the larval optic tectum and cerebellum was clearly revealed. 
A subsequent detailed cellular marker analysis in the cerebellum 
showed in more detail the larval distribution of Purkinje cells 
(parvalbumin, zebrinII), one class of eurydendroid cells (calretinin), 
relative to the two proliferative zones (PH3) previously described 
(Wullimann et al 2011), i.e., the ventral cerebellar proliferative 
zone and the upper rhombic lip-derived external granular layer. In 
comparison with previous work (Kani et al 2010; McFarland et al 
2008), our data indicate that the shh-GFP+ cells are represented 
in the developing zebrafish cerebellum by olig2 expressing larval 
eurydendroid cells.

OP-NB-15

Transfer of optic flow information between the eyes and 
between odometers  
in the desert ant Cataglyphis bicolor

M. Wittlinger1, K. Schwannauer1, S. Pfeffer1 
1University of Ulm, Institute of Neurobiology, Ulm, Germany 

Cataglyphis desert ants are great navigators, travelling hundreds 
of meters during foraging trips. The ants employ a path integrator, 
monitoringdirection anddistance of their path segments and 
integrating these two parameters. This constantly provides them 
with current direction and distance back to the nest. The odometer 
is primarily astride integrator; however,optic flow is also involved in 
gauging travel distance.

Both distance cues, stride integration and optic flow, are normally 
available to walking individuals. Nevertheless, (ventrally) 
blindfolded ants are still capable of correctly gauging travel 
distance, exclusively relying on stride integration. Are ants that have 
only optic flow cues available also able to assess homing distance 
correctly? We examined ants that were carried by a transporter 
ant, assuming a body posture which exposes them to the same 
absolute optic flow as that experienced by the carrier ant. If the 
carried ants have to walk home on their own after separation from 
the carrier, they gauge transported distance correctly, exclusively 
relying on optic flow.

(i) Here, we show in behavioural experiments that distance 
information gained from the optic flow integrator cannot be 
transferred to the stride integrator. That is, carried ants measure 
their walking distance back home by optic flow alone, too. This is 
suggested by carried ants that had their (ventral) eyes covered 
before being released and were unable to home, searching around 
the spot of release.

(ii) We further demonstrate that inter-ocular transfer of optic 
flow input occurs. This is suggested by unilaterally blindfolding 
transported ants and occluding the opposite eye only after 
separation from the carrier ant, which allowed correct homing.
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SPECTRAL SENSITIVITY IN ONYCHOPHORA (VELVET 
WORMS), AS REVEALED BY BEHAVIOURAL AND 
ELECTROPHYSIOLOGICAL EXPERIMENTS

H. Beckmann1, P. A. Stevenson2, G. Mayer1 
1University of Leipzig, Animal Evolution & Development, Institute 
of Biology, Leipzig, Germany  
2University of Leipzig, Physiology of Animals and Behaviour, 
Institute of Biology, Leipzig, Germany 

In addition to their compound eyes, most arthropods possess 
ocelli as a second visual organ system. Their closest relatives, the 
Onychophora, however, are equipped with only a pair of simple 
eyes, which might be homologous to the median ocelli of arthropods. 
Hence, analysing this type of visual organs might provide insights into 
the organisation of the visual system in the last common ancestor of 
Onychophora and Arthropoda. Since little is known about the visual 
properties of the onychophoran eye, we performed behavioural 
experiments to clarify the spectral sensitivity of negative phototaxis 
in four onychophoran species, including the Blind Tasmanian 
Velvet Worm Tasmanipatus anophthalmus. Surprisingly, our data 
show that the putatively blind Tasmanian species does react to 
light, as it clearly exhibits negative phototaxis. According to our 
behavioural data, there are no significant differences in spectral 
sensitivity between the onychophoran species studied, with an 
estimated range of absorbance between 400 and 550 nm. To 
further specify the absorption peak of visual pigment, we performed 
electrophysiological recordings in representatives of two distantly 
related onychophoran species, the peripatopsid Euperipatoides 

rowelli and the peripatid Principapillatus hitoyensis and found that 
the spectral sensitivity in these two species peaks in the blue-
green light range (~480 nm). Taken together, our findings suggest 
that the visual organs of the last common ancestor of Onychophora 
and Arthropoda afforded monochromatic vision in the blue-green 
light range and support the notion that the diversification of visual 
opsins first occurred in the arthropod lineage.

OP-NB-17

In and out of the box: How bees orient in an ambiguous 
environment

N. Boeddeker1,2, W. Stürzl2,3, S. Jetzschke1, M. Mertes2, L. 
Dittmar2 
1Universität Bielefeld, Department of Cognitive Neuroscience, 
Bielefeld, Germany  
2Universität Bielefeld, Neurobiology, Bielefeld, Germany  
3German Aerospace Center (DLR) , Institute of Robotics and 
Mechatronics, Wessling, Germany 

Bumblebees and honeybees were trained to locate food in one of 
the four corners of a rectangular box that provided symmetrically 
arranged colour cues. They confuse the two diagonally opposite 
corners, i.e. they do not only search at the rewarded corner, but 
also at the diagonally opposite corner, which is fully equivalent 
from a purely geometric point of view. These “rotational errors“ 
have been found in several animal species (including humans and 
insects) in similar experimental environments. Several authors 
have proposed that information about the shape of the rectangular 
environment is encoded in a dedicated “geometric module” in the 
animal’s brain.

We extended the simple and well known “rectangular box 
paradigm” by adding distant visual cues outside the box. We find 
that when visual cues outside the box were provided, bees were 
able to locate the correct corner and thus, distinguish between 
two places of similar appearance. In a cue-conflicting task, bees 
even relied more strongly on these distant cues than on the local 
colour cues in the box to identify the correct corner. By means of 
computer simulations, we show that this performance cannot be 
explained by matching of views from inside the box. The bees 
indeed established a different behavioural strategy: they actively 
acquired information by leaving the experimental box and flying 
towards the distant cues. From there they re-entered the arena 
at the side of the correct corner. Thus, they seem to integrate the 
cues in a route memory. Using such route memories, bees were 
then able to resolve the ambiguity and distinguish between two 
similar looking places. Since in a natural situation a goal location is 
not only characterised by its visual appearance but also by the path 
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towards it, relying on route memories in an ambiguous homing 
task, is in fact, a clever and robust solution.

OP-NB-18

AXON COUNTS IN FOUR CRANIAL NERVES OF HARBOR 

SEALS (PHOCA VITULINA) AND HOODED SEALS 

(CYSTOPHORA CRISTATA)

F. Hanke1, D. Wohlert1, J. Kröger1, M. Witt2, A. Wree2, N. Czech-
Damal3, L. Folkow4, U. Siebert5, G. Dehnhardt1 
1University of Rostock, Institute for Biosciences, Rostock, 
Germany  
2University of Rostock, Institute for Anatomy, Rostock, Germany  
3University of Hamburg, Biocenter Grindel and Zoological 
Museum, Hamburg, Germany  
4University of Tromsö, Department of Arctic and Marine Biology, 
Tromsö, Norway  
5University of Veterinary Medicine Hannover, Institute for 
Terrestrial and Aquatic Wildlife Research, Büsum, Germany 

While our knowledge about the sensory systems of pinnipeds has 
increased over the last decades almost nothing is known about the 
organization of the respective neuroanatomical pathways. In a first 
approach to this field of research we assessed the total number of 
myelinated axons of four cranial nerves in two phocid seals, the 
harbor seal (Phoca vitulina, Pv) and the hooded seal (Cystophora 

cristata, Cc). Axons were counted in semithin sections (0.5 - 1 µm) 
of the nerves embedded in epon and stained with toluidine blue. 
In both species the highest axon number was found within the N. 

opticus (Pv 187,054 ± 5,598 axons, Cc 482,490 axons). However, 
considering absolute axon numbers, far more axons were counted 
within the N. opticus, N. trigeminus (Pv 136,736 ± 1,743 axons, Cc 
177,629 ± 6,518 axons) and N. facialis (Pv 17,375 ± 708 axons, 
Cc 28,583 ± 639 axons) in hooded seals in comparison to harbor 
seals. The axon counts of the N. vestibulocochlearis (Pv 87,085 ± 
5,726 axons, Cc 86,638 ± 1,892 axons) are almost equal for both 
species. To conclude we present the first comparative analysis of 
four cranial nerves in two phocid seals. While the cranial nerves of 
these closely related species share some general characteristics, 
pronounced differences in axon numbers are apparent. These 
differences might reflect differences in e. g. size, habitat and/or 
functional significance of the innervated sensory systems.
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MECHANORECEPTION IN AQUATIC VERTEBRATES - 

CATCHING FISH USING HYDRODYNAMIC TRAILS

W. Hanke1 
1University of Rostock, Sensory and Cognitive Ecology, Rostock, 
Germany 

In the underwater environment, where vision is generally limited 
and often completely excluded, the perception of water movements, 
or hydrodynamic stimuli, provides important information to both 
predators and prey. Hydrodynamic stimuli are generated by any 
object that moves through the water, such as a prey animal. They 
are usually limited to the near field of the animal. However, as 
animals move along, they leave trails of water movements behind 
which are still detectable at large distances from the trail generator. 
These have been termed hydrodynamic trails (Hanke et al., 2000) 
and have been studied in detail (e. g. Niesterok and Hanke, 
2013). It has been shown that pinnipeds can detect and follow 
the hydrodynamic trails generated by objects that mimic prey fish 
(review by Hanke et al., 2013). Hydrodynamic trail following has 
also been described in piscivorous fishes that detect and follow 
live prey fish. The swim paths of predator and prey are similar 
prior to prey capture in a significant fraction of prey capture events 
by piscivorous fishes. However, from the limited available data I 
conclude that hydrodynamic trail following plays a different role in 
the behavioural context in fishes than in pinnipeds. It appears likely 
that the detection of infrasound generated by the prey and the 
direct stimulation of the lateral line play an important role for fishes.

Hanke W, Brücker C, Bleckmann H (2000) The ageing of the low-
frequency water disturbances caused by swimming goldfish and 
its possible relevance to prey detection. J Exp Biol 203:1193-1200

Hanke W, Wieskotten S, Marshall CD, Dehnhardt G (2013) 
Hydrodynamic perception in true seals (Phocidae) and eared seals 
(Otariidae). J Comp Physiol A 199:421-440

Niesterok B, Hanke W (2013) Hydrodynamic patterns from fast-
starts in teleost fish and their possible relevance to predator-prey 
interactions. J Comp Physiol A 199:139-149
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Neurobiology of Avian Magnetoreception
D. Heyers1 
1University Oldenburg, AG „Neurosensory Sciences“, Oldenburg, 
Germany 

The exceptional navigational abilities of migratory birds have 
remained unchallenged by human navigators until the emergence 
of GPS satellites. Although migratory birds have convincingly 
been shown to use the Earth´s magnetic field as an orientation 
cue on their journeys between breeding and wintering grounds, 
magnetoreception remains one of the few unsolved mysteries in 
sensory sciences.

Currently, three sensory systems are discussed to be putatively 
involved in magnetoreception:

1) A putative magnetosensor embedded in the visual system, based 
on light-sensitive, radical-pair forming molecules in the retina. 
Depending on the relative orientation of these sensor molecules to 
the magnetic field lines, visual signals might be modulated, thereby 
“translating” magnetic information into a visual pattern.

2) The upper beak, suggested to contain a second magnetosensor 
based on iron-rich cells linked to the trigeminal nerve. Although 
a new study identified most iron-rich cells in the upper beak as 
macrophages - immune not magnetosensitive cells, there is 
evidence, that some kind of magnetoreceptor located in or near 
the upper beak does exist.

3) The vestibular system, in which iron accumulations have been 
described in different otolithic organs.

This talk aims to give an overview on the current state of knowledge 
on the neuronal correlates underlying magnetoreception in birds, 
spanning from behavioral to molecular biological, biophysical 
and neurobiological approaches, which, in recent years, have 
proven a powerful tool to elucidate major questions on avian 
magnetoreception.

PP-NB-1

The Sensillum coelocapitulum in ants (Camponotus rufipes) 

contains warm- and cold-receptive neurons
M. Nagel1, C. J. Kleineidam1 
1University of Konstanz, Neurobiology, Konstanz, Germany 

Selecting favorable temperature conditions are an important 
measure for successful brood care in social insects, which 
ultimately leads to fast colony growth. Ants, as wingless social 
insects, build elaborate nests for microclimatic control and react 
to temperature changes by translocating their brood. In behavioral 
test, ants can discriminate temperature differences of only 0.2°C 
(Roces & Núñez, 1995). Temperature preferences shown in the 
extremely fine-tuned brood-tending behavior depends on the time 
of day (circadian rhythm), and is also modulated by the thermal 
experience during pupal development (Weidenmüller et al., 
2009). We ask the question, whether behavioral changes involve 
modifications of the sensory system, e.g. changes in the physiology 
of receptor neurons.

Based on extracellular recordings of the receptor-neurons 
associated with the S. coelocapitulum (SCA), we identified three 
thermo-receptive neurons with distinct dose-response properties.

A cold-receptive neuron that is highly sensitive to temperature 
within a very narrow working range between 28°C -32°C may 
function like a thermal switch (TS-neuron). The working range 
matches the preferred brood temperature, and we speculate that 
the switch-like response to slightly different temperatures triggers a 
behavioral response during brood care. The second and also cold-
receptive neuron shows a phasic-tonic response to temperature 
changes, with a halftime of adaptation of about 60sec (TT

Slow
-

neuron). The third neuron is a warm-receptive neuron, responding 
like a thermometer (TM-neuron) with its neuronal activity correlated 
to the prevailing steady-state temperature condition.

Currently, we investigate the physiological properties of the three 
thermo-receptive neurons as a function of the circadian phase and 
of the previous experience the ants had during their development.
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INNERVATION PATTERN OF THE INFRARED SENSITIVE PIT 

MEMBRANE OF RATTLESNAKES

M. Bothe1, H. Luksch1, T. Kohl1 
1Technische Universität München, Chair of Zoology, Freising-
Weihenstephan, Germany 

Pitvipers (Crotalinae)sense infrared (IR) radiation with their loreal 
pit organs. The pit organ consists of a 10-15 µm thick membrane, 
whichis innervated by three branches of the Nervus trigeminus 
(N. V. opthalmicus, deep branch and superficial branch of the 
N. V. maxillaris) that project to an exclusively infrared sensitive 
nucleus in the hindbrain (LTTD). Prior to entering the pit membrane 
each main branch furcates into several subbranches. Inside the 
membrane the subbranches ramify into secondary and tertiary 
branches, which give raise to form a dense sheet of terminal nerve 
masses (TNMs).

We used an in-vitro whole brain preparation to anatomically 
investigate the innervation pattern of the pit membrane. Fluorescent 
neuronal tracer substances were first applied to the main branches 
of the N. trigeminus. In subsequent experiments subbranches were 
separately stained. We found that the pit membrane is divided into 
three well-defined areas, with each area exclusively innervated by 
one of the three main branches. Although there was no overlap 
between the areas innervated by the three main branches, we 
found a considerable overlap when tracing adjacent subbranches 
of the superficial N. V. maxillaris. Each subbranch builds a major 
area of dense TNMs and additionally innervates the bordering area 
of TNMs formed by adjacent subbranches. This innervation pattern 
suggests the possibility of a functional relevance for neuronal 
processing in the LTTD.
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ELECTRIC IMAGES OF RESISTIVE AND CAPACITIVE 

OBJECTS AT THE HEAD OF THE WEAKLY ELECTRIC FISH 

GNATHONEMUS PETERSII

M. Gottwald1, L. Hamann1, R. Bott1, S. Rau1, G. von der Emde1 
1University of Bonn, Institute of Zoology/Department of 
Neuroethology, Bonn, Germany 

African weakly electric fish Gnathonemus petersii generate 
electrical current pulses (electric organ discharges, EOD) to scan 
their surroundings with electric fields for object detection and 
analysis, a process called active electrolocation. Nearby objects 
interacting with the field cause local modulations of the amplitude 
and waveform of the EOD at certain regions of the animal’s 
electroreceptive skin. These amplitude and waveform modulations 
form 2-dimensional electric images of the objects on the fish’s 
skinsurface. By analyzing these electric images, G. petersii can 
sense an object’s distance, dimensions, shape and material 
properties.

The aim of this project is to investigate the formation of amplitude 
and waveform images at the animal’s head region caused by 
resistive and capacitive objects of various shapes, orientations and 
distances. To do so, object induced electric images were mapped 
2-dimensionally along the side of the fish’s head.

We show that certain shapes of resistive objects affect electric 
image parameters in a characteristic manner, whereas vertical 
object rotations can alter the image alignment but do not cause 
fundamental image changes. For image analysis, we propose 
new 2-dimensional image parameters, which are based on (I) the 
image modulation summed up above a certain threshold (overall 
image intensity) and (II) the threshold defined image area. Finally, 
we measured electric images of capacitive objects. First results 
show that the concepts of image analysis so far used exclusively 
for amplitude modulations can be transferred to waveform images.

PP-NB-4

MINIATURIZATION OF THE OLFACTORY SYSTEM IN 

STINGLESS BEES (MELIPONINI)
E. Klug1, C. Kelber2, W. Rössler1, J. Spaethe1 
1University of Würzburg, Department of Behavioral Physiology 
and Sociobiology, Würzburg, Germany  
2Technical University of Darmstadt, Department of Biology, 
Ecological Networks, Darmstadt, Germany 

Stingless bees show an eusocial lifestyle and are important 
pollinators in the tropics and subtropics. The tribe Meliponini 
contains more than 370 species that show large differences in 
colony size and an exceptional variation in size, ranging from less 
than one millimeter to several millimeters thorax width. Therefore, 
stingless bees are a well suited system to study the effects of 
miniaturization of the neuronal system. We investigated a wide 
range of neuroanatomical traits in ten species with the focus on 
the olfactory system of the workers. In particular, we measured 
glomerular number in the first olfactory neuropil (the antennal lobe), 
the number of olfactory sensilla (the pore plates) on the antennae, 
and the total number of olfactory receptor neurons by means of 
confocal and ultra-thin electron microscopy. In the antennal lobes, 
we found a large variation of glomerular number among all species 
(191 - 271), but no correlation with body size. In contrast, the 
absolute number of olfactory sensilla on the antennae correlates 
with body size. The smallest species investigated (thorax width: 0.8 
mm) possesses significantly fewer pore plate sensilla (147) than the 
largest species (2.61 mm, with 1264 pore plate sensilla); however, 
poreplate density does not correlate with size. Our results provide 
first evidence that smaller species trade in absolute sensitivity for 
high glomerular number and thus olfactory complexity.
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Immediate early gene activation in weakly electric fish 
(Gnathonemus petersii) during learning and recall of a spatial 
memory task
S. Kuenzel1, U. Mayer2, J. Engelmann1 
1Bielefeld University, Faculty of Biology, Active Sensing, Bielefeld, 
Germany  
2University of Trento, Center for Mind/Brain Sciences, Rovereto 
(TN), Italy 

The present study focuses on the examination of forebrain 
activation during electrosensory navigation using the immediate 
early genes (IEGs) c-Fos and MPK1. We will analyse the 
differences in activation between learning and recall of a spatial 
task in Gnathonemus petersii.

The expression of the IEGs MPK1 and c-Fos can be indicative 
of brain area activation, where IEGs are transiently activated to 
initiate the transformation of short term enhancement of synaptic 
efficiency into long-term efficiency changes what is equivalent to 
learning [e.g. 1].

We here address which telencephalic brain areas may be involved 
in active electric spatial orientation. The task consists of the 
finding of a food reward in a circular arena. Fish are filmed under 
IR illumination while acquiring this ability. Following learning, 
brains will be examined for IEG density and distribution. Brains of 
fishes early on in the training as well as fishes performing similar 
activity without spatial learning will serve as controls to separate 
the effects of learning or recall. Our preliminary experiments show 
that c-Fos and MPK1 labeling in fish brain is activity dependent. 
Moreover, MPK1 seems a suitable candidate protein to analyze 
pre-telencephalic sensory recipient levels as well. Through the 
combination of this novel IEG marker with c-Fos we expect to 
be able to better understand and localize thalamic areas and 
hippocampal areas in weakly electric fish [2, 3].

[1] Guzowski, J.F., 2002. Hippocampus 12, 86-104.

[2] Portavella, M. and J.P. Vargas, Eur J Neurosci, 2005. 21(10), 

2800-2806.

[3] Horita H. et al., J Comp Neurol, 2010, 2873-2901.
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SENSORIMOTOR PATTERNS DURING ELECTROLOCATION 

BEHAVIOR OF MORMYRID FISH

V. Hofmann1, J. I. Sanguinetti-Scheck2, B. Geurten3, L. Gómez-
Sena2, J. Engelmann1 
1Universität Bielefeld, Active Sensing, Fakultät für Biologie, 
Bielefeld, Germany  
2Universidad de la Republica, Ciencias, Neuromathematicas, 
Montevideo, Uruguay  
3Georg-August-Universität Göttingen, Zelluläre Neurobiologie, 
Schwann-Schleiden-Forschungszentrum, Göttingen, Germany 

Weakly electric fish create an electric field around their body through 
discharges of their electric organ (EOD = electric organ discharge). 
This field is distorted by objects with a conductivity differing from 
water, leading to a modulation of the voltage distribution across the 
animals’ skin. These modulations are called the “electric image” of 
an object. Electroreceptors in the animals’ skin allow the animals to 
extract information about their environment based on these electric 
images.

Electrolocation behavior in Mormyrids is complex and 
characterized by the temporal pattern of EODs in relation to motor 
behavior. Electric images therefore depend on various aspects of 
the electric scene including body-object relation and posture. In 
principle fish could actively sculpt their sensory input by deciding 
when to sample and how to move. In contrast to single electric 
images, electrosensory flow for naturalistic behavior has not been 
characterized thoroughly so far.

In our study we investigate unrestrained electrolocation behavior of 
Gnathonemus petersii. Based on kinematic parameters (thrust, slip 
and yaw velocity) we extract a quantitative set of basal movement 
categories, so called “prototypical movements” (PM). Based on 
this we are able to analyze the link between such locomotive 
behavior and the electric signaling behavior in a sensory context. 
Furthermore we reconstruct the electrosensory input by calculating 
electric images using a BEM approach. By investigating the 
sensorimotor integration we aim on getting insight on how electric 
fish influence their sensory input in order to optimize electrosensory 

information extraction.
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OBJECT DETECTION AND DISTANCE DISCRIMINATION BY 

MORMYRID ELL NEURONS

V. Hofmann1, S. Künzel1, J. I. Sanguinetti-Scheck2, J. Engelmann1 
1Universität Bielefeld, Active Sensing, Fakultät für Biologie, 
Bielefeld, Germany  
2Universidad de la Republica, Ciencias, Neuromathematicas, 
Montevideo, Uruguay 

Weakly electric fish, e.g. Gnathonemus petersii, are able to find 
prey, detect objects and navigate by aid of active electrolocation. 
This depends on electroreceptors that are distributed across the 
animal´s skin and respond to the environmental modulations of the 
self-generated electric field. Electroreceptor signals are conveyed 
to different maps within the electrosensory lateral line lobe (ELL). 
Resistive objects modulate the field amplitude locally which is 
encoded by units in the medial zone of the ELL.

Previous studies investigated receptive field organization and 
receptive field sizes, but the distance to which ELL neurons respond 
to objects is presently unknown. Therefore we recorded responses 
of single ELL neurons in the medial zone to objects placed at 
differing lateral distances (metal or plastic cubes: 1, 3.375 or 8 cm3; 
1 - 30 mm) in an EOD-playback in vivo recording preparation.

ELL responses were quantified by computing receiver operating 
characteristics (ROC) for potential coding parameters e.g. 1st spike 
latency and spike rate per EOD. Object detection capability of 
ELL neurons was computed comparing response distributions for 
conditions with an object present and without an object present. In 
addition we estimated the (theoretical) capability of object distance 
discrimination, by comparing between the response-distributions 
of conditions with different lateral distances. Our preliminary 
results indicate that detection range for the majority of units is in 
the range of a few centimeters and that distance discrimination 
works on the range of a few millimeters. These physiological 
results were corroborated with a theoretical approach considering 
the corresponding sensory input modeled.

PP-NB-9

The avian head creates acoustic cues of elevation
H. Schnyder1, D. Vanderelst2, S. Bartenstein1, U. Firzlaff1, H. 
Luksch1 
1Technische Universität München, Department animal sciences, 
Freising, Germany  
2University of Bristol, School of Biological Sciences, Bristol, UK, 
United Kingdom 

Birds face a strongly structured acoustical environment. Sitting 
in trees, flying through the air, they have to integrate the three-
dimensional information of their environment. While for ground 
dwelling vertebrates sound detection in the azimuth is essential, 
localization in elevation is crucial for birds. Horizontal sound source 
detection has been studied in various birds, but localization in 
elevation has mostly been analysed in owls. However, owls are 
unique among birds in having high frequency hearing, asymmetrical 
ears and a facial feather ruff which creates distinct cues for sound 
localization in elevation. As all other birds hear lower frequency 
ranges and have symmetrical ears without external ear structures, 
generalization of owl data to all birds is difficult.

We measured and calculated head related transfer functions 
(HRTFs) in three bird species: Gallus gallus, Anas platyrhynchos 

and Corvus frugilegus. We show that the avian head creates 
strong differences in sound pressure level (SPL) in elevation along 
a broad band of frequencies. Most interestingly, stimulation from 
a position exactly contralateral to the respective ear leads to an 
increase in SPL, flanked by two areas of decreased SPL. This 
focus/notch layout appears to depend on the diffraction of sound 
waves around the head and possibly the transmission through the 
interaural canal. We hypothesize that this contralateral focus/notch 
of gain in the SPL is used to localize sound sources by lining up 
the head to the position where the SPL difference in both ears is 
minimal. As most birds have laterally positioned eyes, this layout 
would orient the lateral fovea towards the sound source and thus 
facilitate further inspection.
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Tuning of myelinated axon properties to preserve temporal 
information in a mammalian sound localization circuit
M. Ford1,2, O. Alexandrova1, L. Cossell3, D. Attwell3, B. Grothe1 
1Ludwig-Maximilians-Universität München, Division of 
Neurobiology / Department Biology II, Planegg-Martinsried, 
Germany  
2Graduate School of Systemic Neurosciences, München, 
Germany  
3University College London, Department of Neuroscience, 
Physiology & Pharmacology, London, United Kingdom 

Submillisecond interaural time differences (ITDs) are the dominant 
cue for localizing sounds in azimuth. ITDs are first computed in the 
medial superior olive (MSO) by coincidence detection of excitatory 
and inhibitory inputs from both ears. While the excitatory spherical 
bushy cell (SBC) inputs innervate MSO neurons directly, the major 
inhibitory pathway includes an additional synapse in the medial 
nucleus of the trapezoid body (MNTB). There, excitatory input from 
globular bushy cells (GBCs) is converted into inhibitory output. 
Despite the additional synapse, excitatory and inhibitory inputs arrive 
at the MSO at similar times, suggesting structural specializations 
that adjust conduction speed. However, a detailed morphometric 
analysis of bushy cell axons is lacking. Using fiber tracing and 
immunolabeling of nodal marker proteins, we performed a detailed 
analysis of these axons. We found that GBC axons were more 
than twice as thick as SBC axons. Accordingly, internodes were 
longer in GBC than in SBC axons. Unexpectedly, the population of 
GBC axons was not structurally homogeneous. Axons terminating 
laterally in the MNTB were thicker and had an internode length to 
axon diameter ratio that was 35% smaller than the canonical value 
of 100 found in medially terminating ones. Using a computational 
model we estimate that these structural specializations increase 
speed by 37% as compared to medially terminating axons. We also 
found that internode lengths and node of Ranvier diameters were 
graded towards the end of GBC fibers. Our simulations suggest 
that these gradations aid impedance matching at the calyx of Held, 
and thus contribute to the reliable and precise transmission of 
information demonstrated experimentally in this circuit.
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Perception of spatial sound statistics by gerbils
A. Lingner1,2,3, D. Neusius1, B. Grothe1,3, M. Pecka1, L. Wiegrebe1,2 
1Ludwig-Maximilians-Universitaet, Department Biology II, Munich, 
Germany  
2BCCN, Munich, Germany  
3German Center for Vertigo and Balance Disorders (IFB), Munich, 
Germany 

In natural habitats, sound sources are typically spatially distributed. 
Any change in the present spatial distribution may indicate 
a vitally important change in the environment. Accordingly, 
electrophysiological recordings from the mammalian auditory 
brainstem indicate that binaural processing indeed is sensitive to the 
statistical distribution of sound source locations. However, to what 
extent the neural sensitivity to statistical probabilities is reflected in 
the behaviour of an animal is unclear. Here we probe the sensitivity 
of Mongolian Gerbils to detect changes in the spatial distribution 
by exposing the animals to stochastic distributed sound fields in a 
startle reflex paradigm. The sound field is created by presenting a 
train of 10ms noise bursts with 10ms gaps from switching sound 
source positions. In a deterministic control condition, the position 
of the sound source is static and switches by 180° in azimuth 200 
ms before a startle pulse. In the stochastic test conditions, the 
position of the sound source is probabilistically distributed between 
12 equidistant locations with a defined bias (between 10% and 
90%) towards one particular azimuth location. In analogy to the 
deterministic condition, the overrepresented location is switched 
200ms before a startle pulse.

The Gerbils’ sensitivity to spatial statistics is quantified in terms 
of prepulse inhibition, i.e., the decrease in the startle response 
elicited by the detection of the switch. Detectability is measured as 
a function of the probability-bias in the spatial distribution.

This paradigm will serve to elucidate the perceptual sensitivity for 
the evaluation of stochastically spaced sounds.

PP-NB-12

Activity-dependent inhibition gates information in an echo 
suppression circuit

J. Ammer1, F. Felmy1 
1Ludwig-Maximilians-Universität München, Dep. Biology II, Div. 
Neurobiology, Planegg-Martinsried, Germany 

To localize sounds faithfully in reverberant environments, the 
auditory system selectively suppresses the directional information 
of echoes. An important step in this gating process is thought 
to be implemented in the circuitry of the dorsal nucleus of the 
lateral lemniscus (DNLL). The DNLL generates a GABAergic 
inhibition in the contralateral DNLL that lasts long enough to 
suppress responses to trailing sounds for tens of milliseconds 
even after offset of presynaptic spiking activity. As both synaptic 
and membrane time constants in adult DNLL neurons are fast, 
the cellular mechanism of this long lasting inhibition is unclear. As 
one possible solution, activity-dependent synaptic mechanisms 
have been proposed in juvenile gerbils to translate the high firing 
rates in DNLL neurons into a prolonged inhibitory output signal. 
Here, we identify several factors that are essential to generate long 
lasting inhibition in mature DNLL neurons in in vitro patch clamp 
recordings. First, transmitter spillover and asynchronous release 
prolong the decay of the GABAergic conductance in a graded and 
activity-dependent manner. Second, passive integration prolongs 
IPSPs preferentially for slow IPSCs in an amplitude dependent 
manner, indicating that a recruitment of more GABAergic inputs 
leads automatically to longer lasting inhibition. Finally, the very 
negative GABAergic reversal potential leads to hyperpolarizing 
IPSPs which are much more effective in suppressing action 
potentials than mere shunting inhibition. Thus, we identify general 
cellular mechanisms that produce a long lasting inhibition in the 
DNLL matching the inhibition in vivo that is important in the sensory 
processing of echoes.
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GABA
B
 receptor-mediated adaptation in medial superior olive 

neurons

A. Stange1, M. H. Myoga1, A. Lingner1, M. C. Ford1, O. 
Alexandrova1, F. Felmy1, M. Pecka1, I. Siveke1, B. Grothe1 
1Ludwig-Maximilians-University Munich, Division of Neurobiology, 
Department Biology II, Planegg-Martinsried, Germany 

Across all sensory modalities, the impact of context-dependent 
neural adaptation can be observed at every level from receptors to 
perception. Nonetheless, it has long been assumed that processing 
of binaural cues for sound localization at the initial site of binaural 
processing, the superior olivary complex, is non adaptive, as its 
outputs are directly mapped onto a hard-wired representation of 
space. However, recent studies have demonstrated substantial 
adaptation in the lateral superior olive that is mediated by retrograde 
GABA

B
 receptor signaling [Magnusson et al. 2008]. GABA

B
 receptor 

signaling has also been described in in vitro studies in the medial 
superior olive (MSO), which processes interaural time differences 
(ITDs) [Hassfurth et al. 2010; Fischl et al. 2012], but its functional 
role in vivo remains unknown.

Here we present evidence derived from in vivo extracellular 
recordings of single MSO neurons in adult Mongolian gerbils, in vitro 

and in vivo pharmacological as well as fiber-tracing experiments, 
which indicates that coincidence-detector neurons in the MSO 
modulate their sensitivity to ITDs via a disynaptic GABA

B
 receptor-

mediated feedback mechanism. We show that this GABA
B
 receptor-

mediated adaptation is frequency-specific and activity-dependent 
and influences the neuronal population code of auditory space. 
Furthermore, psychophysical tests reveal that the paradigm used 
to evoke neuronal GABA

B
 receptor-mediated adaptation causes 

the perceptual shift in sound localization in humans expected on 
the basis of our physiological results in gerbils.

PP-NB-14

Spectral and temporal integration in the auditory system of 
barn owls
L. Kettler1, H. Wagner1 
1RWTH Aachen, Department of Zoology and Animal Physiology, 
Aachen, Germany 

Barn owls localize sound sources in azimuth by detecting the 
arrival time differences between both ears (ITD). Narrowband 
noise carries ambiguous information about the position of a sound 
source. Phantom sources appear at positions differing from the 
real position by an angle that can be determined from the period 
at the signal’s center frequency and a factor converting ITD into 
space. Broadband noise helps in disambiguating the sound source 
position. We speculated that frequency modulation might also 
help in disambiguating the sound source. Owl chicks produce 
narrowband but highly frequency modulated chirps. Hence, 
localizing frequency modulated (FM) tones should be of relevance 
in natural behavior. In experiment one the owls had to localize 
stationary noise signals of different bandwidths. In experiment two 
the owls were stimulated with linear FM tones, called chirps, of 
different bandwidths and/or chirp rates. We analyzed the latencies, 
amplitudes, and direction of head turns, especially with respect 
to the number of phantom source localizations. The owls made 
localization errors in experiment one as long as the bandwidth of 
the stationary narrowband noise was below 3 kHz. Experiment two 
revealed that the number of head turns towards phantom sources 
decreased with increasing bandwidth and increasing chirp rate 
but was higher than in response to stationary noises covering the 
same frequency band. Our findings imply that barn owls are able to 
localize frequency modulated signals with an adequate chirp rate 
unambiguously.
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Vision and Audition in the Midbrain of the Mongolian Gerbil
T. Jennings1, B. Grothe1 
1Ludwig-Maximilians-Universität München, Biologie II, Planegg-
Martinsried, Germany 

The superior colliculus (SC) is the primary site of multisensory 
integration in the midbrain. It receives inputs from both the visual 
and auditory systems, as well as other senses like somatosensory. 
It is also known to have neurons sensitive to multiple sensory 
modalities. 

The central nucleus of the inferior colliculus (ICC), on the other 
hand, is one of the key stages in the auditory pathway. It is the 
primary site of convergence for both afferent and efferent fibers 
passing between the auditory brainstem and auditory cortex. It has 
many cells sensitive to particular auditory features, such as sound 
localization cues.

It also receives indirect projections from multimodal structures, 
including the SC and the primary sensory cortices. This suggests 
that multimodal information is likely reaching the ICC. Further, 
since many ICC neurons are sensitive to sound direction cues, 
and vision is an inherently directional sense in most vertebrates, it 
would be natural for visual inputs to modulate responses to sound 
localization cues in the ICC. However, unlike the SC, it has not 
been conclusively established that connections with other sensory 
modalities exist in the ICC.

The purpose of this study is two-fold. First, to combine visual inputs 
with auditory inputs in order to look for any visual influences on ICC 
single-neuron responses in-vivo. Second, to compare responses 
to identical multimodal stimuli in the SC and ICC. Responses were 
recorded extracellularly in anesthetized Mongolian gerbils.

As ICC and SC are nexuses of the auditory and multimodal 
pathways, respectively, understanding their full range of influences 
is critical to understanding how sensory information is processed 
and interpreted by the brain.

PP-NB-16

Temporal coding and spike time variability in across-
frequency integrating neurons of the barn owl
P. Tellers1, K. Bülles1, H. Wagner1 
1RWTH, Department of Zoology and Animal Physiology, Aachen, 
Germany 

The acoustic system needs not only to code where a sound source 
is located but also what kind of source it is. Keller and Takahashi (J 
Neurophysiol 84:2638 (2000)) showed that neurons of the central 
nucleus of the inferior colliculus (ICC) are able to code both, the 
azimuthal sound source position and the temporal structure of 
the stimulus. The location of a sound source was represented by 
the maximum firing rate in response to interaural time differences 
(ITD), while temporal feature of the sound were represented by the 
discharge pattern of the neurons.

The acoustic pathway branches at the level of the ICC to create 
a forebrain and a midbrain pathway. Both pathways integrate 
information of different frequency channels and the neurons of 
both pathways are significantly tuned to ITD.

We recorded extracellularly from single neurons of the external 
nucleus of the inferior colliculus (ICX, midbrain) and the auditory 
arcopallium (AAr, forebrain). We used different “frozen” noise 
samples to examine to what degree and how precise the temporal 
features of acoustic sounds are represented in these two nuclei.

Preliminary data suggest that the temporal coding differs between 
forebrain and midbrain pathway. AAr neurons have a more complex 
temporal response pattern and lower spike time variability than ICx 
neurons.
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Sites of calcium entry of neurons in the medial superior olive
S. Berner1, D. Franzen1, C. Kellner1, F. Felmy1 
1Ludwig-Maximilians University, Department Biology II, 
Martinsried, Germany 

Calcium exerts many functions in neurons. As sensory neurons 
change during development, their calcium influx and homeostasis 
might also change to promote different functions of this second 
messenger. In binaural coincidence detector neurons of the medial 
superior olive (MSO) the membrane properties and inputs become 
refined during late postnatal development. Here, we investigate the 
calcium entry and their developmental regulation in MSO neurons.

Whole-cell recordings in acute brain slices from Mongolian 
gerbils shortly after hearing onset of postnatal day (P) 13-15 and 
in matured stages (P60) where carried out at near physiological 
temperature to image somatic and dendritic calcium transients 
evoked by synaptic and action potential (AP) stimulations.

At P13, APs evoked calcium transients throughout the dendrite. 
However, no AP-induced calcium transients were detected at P60, 
as a consequence of strongly reduced AP amplitude and a possible 
change in calcium channel subsets. Indeed T-type calcium current 
dissipates rapidly from P13 to P15. EPSCs serve as a different 
source of calcium entry into neurons. At P13 and P60, EPSCs 
lead to a significant calcium influx at dendrites that is carried by 
AMPA and if present NMDA receptors. However, the EPSC-evoked 
calcium transients were smaller in P60 animals in respect to the 
evoked synaptic charge transfer. This developmental reduction in 
the EPSC-evoked calcium influx is consistent with an up-regulation 
of the GluR2 subunit.

Overall, our data suggests a developmental shift from a global plus 
local calcium influx to a more local EPSC-mediated influx. Thereby, 
the calcium entry shifts from its pre- and postsynaptic activity 
dependence to predominantly presynaptic activity dependence.

PP-NB-18

Maturation of Neurones in the Auditory Brainstem: 
Mathematical Modelling of Metabolism & Quantification of 
Metabolic Marker Levels
B. Trattner1,2, C. Gravot1,2, B. Grothe1, L. Kunz1 
1Ludwig Maximilians University Munich, Dept. Biology II, 
Neurobiology, Planegg-Martinsried, Germany  
2Ludwig Maximilians University Munich, Graduate School of 
Systemic Neurosciences, Planegg-Martinsried, Germany 

Generating action potentials is costly and neuronal activity is linked 
to ATP consumption. We hence studied metabolic changes in 
auditory brainstem neurones during postnatal development in the 
Mongolian gerbil (Meriones unguiculatus). Metabolic issues are 
important in these neurones, as they exhibit various biophysical 
adaptations and some of the highest firing rates in the brain to 
allow for fast and temporally accurate auditory processing. By 
means of immunohistochemistry we quantified levels of metabolic 
markers for energy consumption (Na/K-ATPase) and production 
(mitochondria, cytochrome c oxidase activity and glucose 
transporter 3 (GLUT3)) in three superior olivary complex nuclei 
(medial superior olive, MSO; lateral superior olive, LSO; medial 
nucleus of the trapezoid body, MNTB). We calculated neuronal 
ATP consumption for different postnatal ages (P0-90) based on 
published data. The mathematical model relates all neuronal 
processes to the regeneration of the Na+ gradient disturbed by 
neuronal firing and thus to ATP consumption by the Na/K-ATPase. 
The developmental changes of ATP consumption reflect well the 
time course of metabolic marker levels. In MSO and LSO, ATP 
consumption and marker levels rise both before and substantially 
after hearing onset, while in the MNTB this process is almost 
completed by hearing onset. Our study shows that neuronal 
metabolism develops not only before hearing onset but also in a 
period thereafter, when auditory inputs might be a further cue for 
maturation. ATP consumption exhibited the highest values in MSO 
neurones possessing the lowest input resistance. Therefore, we 
propose that temporally precise input integration is energetically 
more costly than high firing frequencies itself.
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A FINE-TUNED MOTOR DECISION REQUIRES LESS THAN 30 

MILLISECONDS OF SENSORY INPUT.
I. Rischawy1, M. Krause1, S. Schuster1 
1University of Bayreuth, Department of Animal Physiology, 
Bayreuth, Germany 

After displacing aerial prey with a jet of water, archerfish secure 
it with their predictive start: solely based on the initial motion of a 
ballistic falling object they select a suitable motor program to reach 
the later landing point just in time. Experiments show that the latency 
for this fine-tuned motor decision is less than 100 milliseconds. 
However, the actual amount of time needed to collect visual 
information for this particular decision remains unknown so far. In 
the present study we therefore experimentally restricted the interval 
in which the fish could sample visual information about the initial 
trajectory of a falling object. Here we show that much less than 100 
milliseconds of visual input suffice to elicit the archerfish’ predictive 
start. Even the drastic limitation to less than 30 milliseconds of 
observable initial movement neither affects latency nor accuracy 
of the following decision. One major consequence of this finding 
is that the underlying neuronal circuitry has to be restricted to few 
and presumably large neurons. Previous work already suggests 
that the archerfish’ high-performance predictive C-starts are 
driven by the Mauthner-cell associated circuitry. But many more 
reticulospinal neurons and even interneurons at the motor-output 
level could possibly contribute to the fine-tuning of the predictive 
start. With less than 30 milliseconds sensory input necessary and 
sufficient for accurate starts the present experiments show that the 
actual decision requires a subset of the largest and fastest neurons 
and suggest that the Mauthner-cell associated circuitry is indeed 
the site where the plastic decision is made.

PP-NB-21

Inhibitory Mechanisms in the Mauthner Neurons of 
Archerfish
B. Bausewein1, P. Machnik1, S. Schuster1 
1University of Bayreuth, Department of Animal Physiology, 
Bayreuth, Germany 

The predictive start is an inherent part in archerfish hunting behaviour. 
It shares all hallmarks of teleost escape C-start response, which is 
initiated by the two reticulospinal Mauthner (M)-cells. Therefore, we 
investigated the physiological properties of the archerfish M-cell and 
its associated networks. Here we focus on inhibitory mechanisms, 
which play a crucial role in M-cell tuning. We observed feedback- 
and feedforward-inhibition of the archerfish M-cell and present two 
types of inhibition. First, familiar synaptic inhibitory mechanisms 
affect the M-cell. This chemical inhibition induced in the M-cell 
by the collateral network is called late collateral inhibition (LCI). 
Its kinetics are revealed by the inhibitory conductance underlying 
the inhibitory postsynaptic potential (IPSP). The LCI generates a 
shunt of test antidromic M-cell spikes with paired spinal or sensory 
stimulations, delivered at gradually increasing intervals. Using KCl-
filled electrodes enables measuring inverted collateral IPSPs in 
the M-cell directly. Second, extrinsic hyperpolarisation potentials 
(EHP) can be observed during extracellular measurement in the 
M-cell axon cap. They indicate a non-synaptic electrical type of 
inhibition, which is called early collateral inhibition (ECI). It depends 
on extracellular potential changes, which passively hyperpolarise 
the axon-hillock region of the M-cell. It is caused by collective 
activation of passive hyperpolarisation potential (PHP)-neurons in 
response to antidromic or orthodromic stimulation of the M-cell.
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Development of cerebellar function in Xenopus laevis 

C. Gravot1, H. Straka1 
1Ludwig Maximilians Universität, Department II, Neurobiology, 
Planegg-Martinsried, Germany 

The cerebellum plays an important role in the adaptive plasticity 
of eye movements. Its relatively simple structure in amphibians 
facilitates morpho-physiological analyses of the developmental 
events that control the formation of afferent connections from 
the sensory periphery and the establishment of Purkinje cell 
projections to brainstem gaze control networks. Here, we studied 
the progression of cerebellar circuit formation during the ontogeny 
in Xenopus laevis. The immunoreactivity for the calcium-binding 
protein Calbindin-D28k, which specifically identifies cerebellar 
Purkinje cells, was examined at different larval stages and in 
adults in combination with labeled VIIIth nerve terminations in 
the cerebellum. Between stage 47 and stage 55 a considerable 
augmentation of Purkinje cells in the Corpus cerebelli was 
observed with a further increase after metamorphosis. In addition, 
the layering of the cerebellum matures during the early larval 
period to reach adult appearance between stage 52 and 55. 
Simultaneously, the projection density of vestibular nerve afferents 
increased continuously during larval development. Ongoing 
experiments will reveal potential regional differences in terminal 
distributions of afferent fibers in the cerebellum with respect to 
their peripheral labyrinthine origin. The presence of Purkinje cells 
with axonal projections to the brainstem at relatively young larval 
stages suggests that the cerebellar influence on eye movements 
might occur early during ontogeny. The functionality of this circuitry 
will be tested in Pharma-physiological experiments that will exploit 
the known role of the cerebellum in the adaptive plasticity of eye 
movements during visuo-vestibular mismatch.

PP-NB-23

 

Locomotion-related corollary activity in mechanoreceptor 
efferent neurons modulates peripheral sensory processing
R. Banchi1, B. Chagnaud1, H. Straka1 
1LMU Munich, Department Biology II, Planegg, Germany 

Major consequences of animal locomotion are undesired 
reafferent signals related to self-motion in space. In order to limit 
the deteriorating impact of the latter signals on sensory perception 
while retaining adequate sensitivity, an adaptation of the respective 
sensory encoding system is necessary. Spinal locomotor pattern 
generator-derived corollary discharge is a feed-forward mechanism 
that informs sensory systems about impending reafferent activity. 
Here, we show in an isolated in vitro preparation of Xenopus 
tadpoles that locomotor efference copies modulate the sensitivity 
of lateral line and vestibular afferents via mechanoreceptor-related 
efferent neurons that project to the respective sensory epithelia. 
Multi- and single unit activity, recorded from the proximal end 
of mechanoreceptor (vestibular, lateral line) nerves along with 
spinal ventral root activity during spontaneous swimming revealed 
a rhythmic modulation of efferent neurons that is timed to the 
locomotor behavior, in phase with the spinal discharge on the 
ipsilateral side. Calcium imaging of hindbrain efferent neurons 
during fictive swimming confirmed the coupling of the respective 
nerve activity with the spinal locomotor commands. With respect 
to signal content, the major parameters of locomotion such as 
frequency, duration and amplitude are represented in the corollary 
discharge in the mechanoreceptor-related efferent neurons. As a 
functional consequence, the gain of the modulated spike activity of 
vestibular and lateral line nerve afferents during natural stimulation 
is considerably reduced in the presence of fictive locomotion. This 
reafferent signal suppression thus eliminates undesired sensory 
perturbations during active motor behavior.
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Parallel signaling pathways as principle for vestibulo-ocular 
reflexes in Xenopus laevis 
K. Gensberger1, H. Dietrich1,2, H. Straka1 
1Biozentrum der LMU, Dep. Biology II - Neurobiology, Planegg-
Martinsried, Germany  
2Graduate School of Systemic Neurosciences, Planegg-
Martinsried, Germany 

Vestibulo-ocular reflexes (VOR) are a major contributor to gaze 
stabilization during passive or self-generated head and body 
movements in all vertebrates. The large dynamic range of natural 
head displacements necessitates a large spectrum of neuronal 
subtypes at each synaptic level from the sensory periphery to the 
extraocular muscles. Such an organization is required in order to 
ensure a continuous generation of spatio-temporally appropriate 
eye movements. With special focus on the horizontal angular 
VOR network, the current study aims to investigate the cellular 
diversity with respect to different activation patterns and discharge 
properties of vestibular nerve afferent fibers and extraocular 
motoneurons. Experiments were performed on semi-intact in vitro 

preparations of larval Xenopus with intact vestibular endorgans for 
natural activation, a fully functional central VOR circuitry and motor 
effectors that allow a behavioral readout as motor command or eye 
motion. Extracellular recordings of horizontal semicircular canal 
nerve afferent responses during head rotation indicated a clear 
categorization into neurons with either phasic or tonic response 
properties. Equivalent response characteristics were also found 
in abducens motoneurons, which integrate and transform the 
respective vestibular inputs into reactive motor commands for 
compensatory eye movements in the horizontal plane. Compatible 
with the known dual organization of second-order vestibular 
neurons, the present results strongly support the notion of a 
parallel processing and mediation of signals underlying the VOR 
in frequency-tuned channels that either transform and code rapid, 
high-dynamic head turns and slower, tonic movements in separate 
pathways, respectively.

Acknowledgements: IFBLMU TR-F15, SFB 870
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Effects of neonicotinoid insecticides on motor and neuronal 
activity in the honeybee
M. Triltsch1, J. Fischer1, K. Kabat vel Job1, B. Grünewald1 
1Goethe-Universität Frankfurt am Main, Biowissenschaften, 
Frankfurt am MAin, Germany 

Neonicotinoid insecticides are agonists of insect nicotinic 
acetylcholine receptors. Applications of sublethal insecticide doses 
lead to motor abnormalities in honeybees. We investigated the 
effects of clothianidin, imidacloprid, or thiacloprid on the locomotor 
activity of bees. First we monitored their walking movements for 
3 min in a small arena (glass petri dish, 13.6 cm diameter, 2.2 cm 
height) under dark red light before and after feeding with either 10 
µL of sucrose solution (control) or sucrose plus clothianidin (0.4µM) 
or thiacloprid (400µM). The bee’s walking speed was increased 
after clothianidin- and decreased after thiacloprid-treatments.

To analyze the effects on muscle activity in detail we recorded 
electromyographs of the head muscle M17 before and during 
application of clothianidin, thiacloprid, or imidacloprid (1 µL, 1µM) 
into the head capsule (control: 1µL of phosphate-buffered saline). 
Muscle spikes and proboscis extensions were elicited by antennal 
sucrose stimulations. We investigated neonicotinoid-induced 
changes by determining the number of spikes at various intervals 
after substance application. Clothianidin significantly increased 
the number of muscle spikes and in some animals induced tonic 
spiking without stimulation. By contrast, imidacloprid and thiacloprid 
reduced the spike activity during the whole recording period (1h). 
Our results indicate distinct effects of the various insecticides on 
honeybee motor activity. We are currently investigating the effects 
of insecticides on the nervous system of the bee assuming that 
the observed effect is induced via modulating neuronal cholinergic 
transmission.

PP-NB-26

Short- and long-term depression in Area X of juvenile zebra 
finches
S. Wohlgemuth1, C. Scharff1 
1Freie Universität Berlin, Abt. Verhaltensbiologie, Berlin, Germany 

Vocal learning in songbirds depends on a specialized pathway 
through the basal ganglia, including the striatal song nucleus, 
Area X. The vast majority of neurons in this nucleus are spiny 
neurons, which receive pallial and dopaminergic inputs providing a 
candidate substrate for tuning the motor output to the tutor model 
during song learning.

We examined plasticity at glutamatergic synapses of spiny neurons 
in a slice preparation of Area X from juvenile male zebra finches 
during the song learning period. High-frequency stimulation 
of afferent inputs to spiny neurons paired with postsynaptic 
depolarization induced depression of glutamatergic synaptic 
transmission, consistent with limited previous data (Ding and 
Perkel, 2004). Responses recovered to baseline levels within 15 
minutes in some neurons but persisted for up to 30 minutes in 
others. The synaptic depression was associated with an increased 
paired-pulse ratio, which suggests a presynaptically mediated 
mechanism.

Bird song as well as speech learning require adequate amounts 
of the transcription factor FoxP2. We have previously shown that 
deficits in vocal learning occur after experimental reduction of 
FoxP2 in Area X. Thus, we are also investigating a possible link 
between FoxP2 levels and synaptic plasticity at Area X spiny 
neurons, consistent with findings in mouse models (Groszer et 
al. 2008). To elucidate the effects of FoxP2 on intrinsic neural 
properties and synaptic plasticity we are analyzing Area X slice 
preparations of young zebra finches previously injected in one 
hemisphere with virus mediating FoxP2 knockdown and control 
virus in the other hemisphere. Our results promise insight into 
the impact of pathological altered FoxP2 levels on physiological 
mechanisms underlying vocal learning.



324 325

PP-NB-27

SONGBIRD BRAIN-DERIVED NEUROTROPHIC FACTOR 

VARIANTS

M. Hertel1, F. Dittrich1, A. Lohrentz1, J. Kammerlander1, C. 
Reusch1, I. Ruczyńska1, C. Frankl-Vilches1, M. Gahr1 
1MPI for Ornithology, Seewiesen, Germany 

Songbirds differ from other bird groups in the presence of a network 
of brain nuclei that control the production of learned vocalizations, 
the song control system. In most songbird species of the temperate 
zone the song control system is sexual dimorphic with males only 
expressing fully developed song control nuclei and courtship 
song. We have already shown that over-expression ofbrain-
derived neurotrophic factor (BDNF) in song control nucleus HVC 
supports song development in birds. Further, that regulation of 
BDNFexpression in HVC is a central mechanism for the modulation 
of the song control system development by sex hormones. To gain 
insights into the molecular mechanisms of sexual dimorphic BDNF 
expression in the song control system of birds we elucidated here 
the exon-intron structure of the songbird BDNF gene by 5‘-RACE 
experiments and transcriptome analyses. Differential activities of 
the BDNF promoters were detected in brain tissues, in the HVC 
during tutor song copying and in juvenile forebrain cell cultures 
after depolarization in the presence of KCl. To identify potential 
songbird-specific regulatory mechanisms of BDNF expression 
we compared the BDNF gene structure of songbirds and non-
songbirds.

PP-NB-28

Spatial tuning of linear vestibulo-ocular reflexes during 
Xenopus laevis development
F. Branoner1, H. Straka1 
1Ludwig-Maximilians-Universität München, Planegg-Martinsried, 
Germany 

Angular and linear vestibulo-ocular reflexes (aVOR, lVOR) assist 
in the maintenance of visual perception during body motion in 
space. The precision of gaze-stabilizing eye movements requires 
spatially specific connections between vestibular endorgans and 
eye muscles. The functional organization of the aVOR is based 
on the perpendicular arrangement of the semicircular canals that 
approximately match the eye muscle pulling directions. The spatial 
specificity of the lVOR depends on connections between defined 
utricular epithelial sectors with particular hair cell directional 
sensitivities and appropriate sets of extraocular motoneurons. 
However, so far, it is unknown how the observed spatial tuning 
of the lVOR is achieved during ontogeny. Thus, we studied the 
maturation of the lVOR in larval Xenopus by recording the 
discharge modulation of the superior oblique nerve in semi-intact 
in vitro preparations during sinusoidal linear acceleration across 
360° in the horizontal plane. The spatial tuning of the responses 
was determined in progressively older larval stages and revealed 
a significant developmental plasticity. In young tadpoles (stage 
46-48), no preferential direction selectivity of the superior oblique 
extraocular response vector was observed, while older tadpoles 
(stage 52-54) exhibited a directional selectivity that was aligned 
with the ipsilateral posterior semicircular canal plane as expected 
from the respective aVOR behavior. Since the specification occurs 
after the onset of semicircular canal function, it is possible that the 
spatial tuning of the lVOR relies on Hebbian plasticity that involves 
coactivation of inputs from semicircular canal and utricular sectors 
with directionally matching hair cell polarity.
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Synchronization of motoneurons in a vocal network is 
facilitated by a hyperpolarizing conductance
B. Chagnaud1, A. Bass2 
1Ludwig Maximilians University, Munich, Germany  
2Cornell University, Department of neurobiology and behavior, 
Ithaca,NY, United States 

Synchronous firing is essential to brain function as it coordinates 
the activity of neurons within and across neuronal populations. 
Using in vivo intracellular recordings in a highly vocal fish, the 
Gulf toadfish (Opsanus beta), we show that a set of intrinsic and 
network properties, especially a voltage dependent potassium 
conductance activated only during network activity, generates a 
physiological gap of reduced probability of motoneuron activity 
leading to increased synchrony. Motoneurons lacked spontaneous 
activity, only firing action potentials at high frequencies matched to 
excitatory input from pacemaker neurons and concurrent with each 
distinct spike of a vocal nerve volley that arises from motoneuron 
synchrony and directly determines natural call frequency and 
duration. Intracellular current injections further revealed low 
somato-dendritic, voltage-dependent excitability with rapid 
accommodation of action potential frequency to current steps. 
Antidromic activation of motoneurons via the vocal nerve, including 
collision tests with intracellularly evoked action potentials, provided 
evidence for electrotonic coupling. A pharmacologically identified 
voltage-dependent potassium conductance led to a gap of 
reduced probability of motoneuron activation during vocal activity 
and after antidromic vocal nerve stimulation. This hyperpolarizing 
conductance, together with other motoneuronal properties, namely 
a strong inexcitability upon intracellular current injection, phasic 
excitatory and tonic inhibitory inputs, and gap junction coupling, 
leads to an extreme level of neuronal synchrony.

PP-NB-30

A LED-based Microscope to Manipulate Neuronal Activity in 
Axolotl

S. Direnberger1, R. Banchi1, R. Uhl2, F. Felmy1, H. Straka1, L. 
Kunz1 
1LMU Munich, Division of Neurobiology, Martinsried, Germany  
2LMU Munich, BioImaging Zentrum, Martinsried, Germany 

The combination of imaging methods, such as calcium imaging 
and optical manipulation of neuronal networks becomes a 
progressively important feature in neuroscience. Here we introduce 
a new epifluorescence microscope concept which enabled us 
to implement two separated excitation pathways using low-cost, 
high-power LEDs. The two optical paths hold multiple LEDs of 
various wavelengths. Apertures integrated in each of the paths 
allow an independent adjustment of the area of excitation in size 
and position. The multiple LED arrangement and the separation 
of excitation paths allow us to accomplish different imaging 
approaches simultaneously. Combining these optical features 
with electrical stimulations and electrophysiological recordings 
becomes a powerful tool to investigate function and connectivity of 
neuronal pathways.

The performance of the microscope was tested using semi-intact 
head preparations of axolotl (Ambystoma mexicanum) larvae. This 
preparation allows studying neuronal systems with all sensory 
pathways intact and can be maintained up to one week. Thus, 
we were able to use calcium imaging to record sensory evoked 
neuronal responses of central vestibular neurons elicited by electric 
stimulation of specific semicircular canals. Further, we used LED-
UV-uncaging of glutamate to optically evoke action potentials in 
patched vestibular neurons. Combining UV-uncaging and imaging 
we could monitor calcium responses using caged-excitatory/
inhibitory neurotransmitter (glutamate/GABA). Moreover, with this 
technique we were able to manipulate sensory evoked calcium 
responses by optically inhibiting excitatory inputs.
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APPLICATION OF A REFERENCE GENE SET FOR 

QUANTITATIVE GENE EXPRESSION STUDIES IN MULTIPLE 

AVIAN SPECIES

I. Adam1, C. Scharff1, A. Meyer2, A. D. Gruber2, P. Olias2 
1Freie Universität Berlin, Department Animal Behavior, Berlin, 
Germany  
2Freie Universität Berlin, Institut für Tierpathologie, Berlin, 
Germany 

Quantitative real-time PCR (qRTPCR) rapidly and reliably quantifies 
gene expression levels across different experimental conditions. 
Selection of suitable reference genes is key for normalization 
and thus meaningful interpretation of data. In recent years, avian 
species other than the chicken have been investigated molecularly, 
highlighting the need for an experimentally validated pan-avian 
primer panel for reference genes. Here we present a primer set for 
fourteen candidate reference genes (18S; ABL; GAPDH; GUSB; 
HMBS; HPRT; PGK1; RPL13; RPL19; RPS7; SDHA; TFRC; VIM; 
YWHAZ) validated on nine avian species spanning the entire 
phylogenetic tree of birds. Seven primer sets were successfully 
established on all nine species. Stability of expression was 
investigated further in zebra finch tissue using three statistical 
programs, geNorm, NormFinder and BestKeeper. As an example 
of use, we investigated the upregulation of immediate early gene 
expression in Area X of male zebra finches after undirected song in 
comparison to non-singing birds. We determined the most suitable 
genes for normalization out of our primer set. In conclusion, the 
newly developed pan-avian primer set will help researchers working 
on avian samples to find genes for accurate normalization and 
quantification of gene expression data as shown for our exemplary 
data set.

PP-NB-32

Microglomerular Synaptic Complexes in the polarization 
Vision Pathway of the Honeybee
M. Held1, U. Homberg1, K. Pfeiffer1 
1Philipps-Universität Marburg, Marburg, Germany 

Like many other insects, honeybees are able to exploit the sky 
polarization pattern for spatial orientation. While sky compass 
orientation of the honeybee has been investigated in a large 
number of behavioral studies, the underlying neuronal systems 
and mechanisms are still largely unknown.

In the polarization vision pathway of desert locusts (Schistocerca 

gregaria) neurons from the anterior optic tubercle connect to 
GABA-immunoreactive tangential neurons of the central complex 
via conspicuous microglomerular synaptic complexes. 

In the present study, we used dye injections combined 
with immunocytochemical staining to investigate whether 
microglomerular synaptic connections also exist in the polarization 
vision pathway of the honeybee. To this end we labeled projection 
neurons of the anterior optic tubercle (TuLAL1 neurons) by injection 
of Dextran-Texas Red and tangential neurons from the central 
complex with antibodies against GABA.

In many preparations, we found microglomerular synaptic 
complexes formed by large cup-shaped terminals of the TuLAL1 
neurons that enclosed processes from GABA-immunoreactive 
(-ir) tangential neurons of the central complex. However, unlike 
in locusts, only a subpopulation of TuLAL1 endings contributed to 
these microglomerular complexes. Others terminated in areas that 
were void of GABA staining. Another apparent difference to the 
locust system was that in honeybees all TuLAL1 terminals were 
of similar shape, whereas in locusts there was more variability. 
Our results show, that while at a general level polarization vision 
systems are conserved between locusts and honeybees, there are 
species specific differences.
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Visual search in barn owls: From feature to conjunction 
search

J. Orlowski1, F. Rohn1, P. Nikolay1, H. Wagner1 
1RWTH Aachen, Department of Zoology and Animal Physiology, 
Aachen, Germany 

Mechanisms of visual attention have a long history of research in 
humans and primates, but whether these mechanisms are universal 
in all vertebrates remains unclear. We study these processes in 
barn owls; namely, whether search strategies in simple (parallel) 
and complex (serial) search tasks are as described in primates. 
Since they have no eye movements, barn owls move their head 
to fixate visual targets. Due to that, their gaze can be tracked 
with a head mounted microcamera, the Owlcam. We analyze the 
gaze path and fixations of barn owls in an open field setting while 
owls investigate patterns containing an odd target placed among 
identical distractors on the ground. Initial findings suggested that 
barn owls look more often and prolonged at target items in different 
single feature searches (shape, orientation, and luminance 
contrast), even if they have no direct search task. Then we choose 
two feature searches and trained the owls to search for the target 
items while using different set sizes. The features were either 
differently oriented bars or grey discs of differing intensity. Finally, 
these were merged to a conjunction task; here the odd target was a 
unique conjunction of orientation and intensity. Our results suggest 
that barn owls search as humans do.

PP-NB-34

The pattern of triple cone pedicles in the anchovy retina
K. Schulze1, M. Heß1 
1BioZentrum LMU Munich, Dept. Bio 2, Munich, Germany 

In the teleost “outer” retina a regular array of morphologically (and 
mostly spectrally) different cone photoreceptor types samples the 
photic scenario in the eye’s visual field. The excitation pattern of 
neighboring cones, compound and separate ones, is transmitted 
into the ”inner” retina via their pedicles in the outer plexiform layer 
(OPL). To maintain retinotopy and to provide correct wiring for 
contrast generation the pedicle array has to exactly correspond 
with the receptive cone array across the outer nuclear layer (ONL). 
Albeit a matter of course, it still has to be proven morphologically 
for a given species and retinal area as a first step, if one intends to 
uncover the wiring rules of the retinal connectome by 3D electron 
microscopy.

In most parts of the anchovy retina polycones made of two alternating 
cone types with orthogonal e-vector sensitivity (for polarization 
contrast vision) are found. A corresponding tessellate pedicle 
pattern in the OPL was disclosed for Engraulis encrasicolus in an 
earlier study. At the dorsal and ventral margins of the anchovy’s 
eyecup, however, rows of triple cones (and interspersed unequal 
double cones in transition regions) support bichromatic color 
vision. The corresponding pedicle pattern was tracked throughout 
the ONL and some fine structural characteristics were investigated. 
Indeed the central (small) component of the triple cone terminates 
between those of the (large) lateral components, with less synaptic 
ribbons and higher electron density of the cytoplasm.

These findings can now be used to start a 3D reconstruction of 
the retinal network in the triple cone region, e.g. to correctly assign 
synaptic contacts between different horizontal and bipolar cells 
and the cone photoreceptor types.
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Combinatorial analysis of zebrafish olfactory sensory 
neurons and their primary projections shown with Ca-
binding proteins
D. Biechl1, S. Kress1, M. F. Wullimann1 
1Ludwig Maximilians-Universität (LMU), Biologie Department II 
Neurobiologie, Planegg-Martinsried, Germany 

In the three zebrafish olfactory sensory neuron (OSN) types, 
i.e. ciliated, microvillous and crypt cells, calretinin and S100 
are mainly expressed in ciliated or crypt OSNs, respectively. In 
contrast parvalbumin and calbindin has not been investigated in 
the zebrafish olfactory epithelium. We present here a combinatorial 
analysis of all four Ca-binding proteins (CBPs) including their 
expression in OSNs as well as their axonal projections to the 
olfactory bulb (OB) in larval and adult zebrafish. We confirm a 
major expression of calretinin and S100 in ciliated and crypt cells, 
respectively, with some expression of S100 in microvillous cells. 
Parvalbumin is strongly expressed in ciliated and microvillous 
cells, but not in crypt cells. Calbindin is in ciliated and microvillous 
cells, not in crypt cells, but is in adults restricted to ciliated cells. 
Thus, microvillous cells are divided at least in parvalbumin+ and 
parvalbumin+/S100+ subpopulations. OB projections visualized 
with CBPs show subtle differences. For example, S100+ terminals 
are only seen in a mediodorsal glomerulus and they develop after 
day 3. Parvalbumin+ projections into this and many other glomeruli 
appear much earlier. Calretinin and calbindin do not project to this 
medial glomerulus. Possibly, these S100 fibers develop in correlation 
with the olfactory imprinting process (day 6). Calbindin fibers 
show a more restricted projection than calretinin fibers, but largely 
overlap. Also, a ventromedial glomerulus receives parvalbumin, 
but not calretinin fibers. In conclusion, CBPs combinatorially define 
subpopulations of OSNs. It will be interesting to see if for example 
the two subpopulations of microvillous cells correspond to V1R and 
V2R receptor cell populations.

PP-NB-36

c-Fos can be used to detect neuronal activity in the olfactory 
system of the fire-bellied toad Bombina orientalis

K. Schröder1, C. Nowack1 
1University of Kassel, Department of Zoology/Developmental 
Biology, WG Functional Vertebrate Anatomy, Kassel, Germany 

The olfactory system of many anuran amphibians, including the 
fire-bellied toad Bombina orientalis, consists of three different 
chemosensory organs: a main olfactory organ, a vomeronasal 
organ and a so called recessus olfactorius. The biological function 
of these three organs and the chemical stimuli that are detected 
by each organ respectively, for anurans has not been studied in 
detail so far.

The cellular protein Fos (c-Fos) is an immediate early gene product, 
which is expressed in quiescent neurons only in very low, whereas 
in stimulated neurons in larger quantities. For this reason c-Fos 
can be used for neuronal activity.

In the present study c-Fos is used to investigate the three 
olfactory organs of B.orientalis in view of their respective activating 
through chemical stimuli. For detection of c-Fos the animals were 
stimulated, following narcotization and decapitation. The heads 
were embedded in paraffin; a rotary-microtome was used to produce 
series of coronal sections. Subsequently the immunhistochemical 
investigation was conducted using a polyclonal anti c-Fos antibody 
raised in rabbit with the ABC-method as detection system for 
primary antibody-binding.

Our study is the first successful attempt to establish the 
immunohistochemical detection of c-Fos for investigation of 
neuronal activity in the olfactory system of anuran amphibians.
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How plastic is the neuropeptide repertoire in the Tribolium 

central olfactory pathway?
M. Binzer1, S. Ries1, J. Kahnt2, J. Schachtner1 
1Philipps-University Marburg, Dept. Biology, Animal Physiology, 
Marburg, Germany  
2Max Planck Institute for Terrestrial Microbiology, Marburg, 
Germany 

Neuropeptides represent the largest and most diverse group of 
signaling molecules in the CNS. They are able to shape the activity 
pattern of neuronal circuits and are thus accepted to be of major 
importance for the functional condition and output pattern of the 
CNS. Furthermore, neuropeptides are thought to be involved in 
processes related to neuronal plasticity, the substrate for learning 
and memory. But, how plastic is neuropeptide expression in adult 
insects? We started to examine neuropeptide plasticity in the 
antennal lobes (ALs) of the red flour beetle Tribolium castaneum 
during the time period after adult eclosion when the adult animals 
are for the first time confronted with odors from the environment. 
The paired ALs of insects are the first integration centers for the 
processing of olfactory information in the insect brain. A typical 
character of adult insect ALs is a variety of neuropeptides located 
mainly in local interneurons but also in other neuron types including 
olfactory sensory neurons, projection neurons and centrifugal 
neurons. In antennal lobes of adult T. castaneum we described 28 
neuropeptides from 10 precursor genes by direct profiling using 
matrix-assisted laser desorption/ionization-time-of-flight (MALDI-
TOF) mass spectrometry and peptide localization in neurons was 
subsequently revealed by immunohistochemistry. In the presented 
project we investigate changes in the neuropeptide repertoire of the 
ALs of freshly eclosed adult T. castaneum (A0) and from animals 
seven days after adult eclosion (A7). To assess AL neuropeptides, 
isolated tissue samples were subjected to direct peptide profiling 
by MALDI-TOF mass spectrometry. To quantify relative differences 
of selected neuropeptides we use synthetic peptide analogues as 
stable isotope-incorporated internal standards.

Supported by the DFG priority program SPP 1392 “Integrative 
Analysis of Olfaction“ (SCHA 678/13-1)
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Identification of GABA/GAD and TKRP-immunoreactive 
neurons in the olfactory system of Tribolium castaneum
S. F. Crombach1, P. Christ1, M. Kollmann1, M. Binzer1, J. 
Schachtner1 
1Philipps-Universität, Animal Physiology, Marburg, Germany 

GABA (y-aminobutyric acid) mediated inhibitory signaling plays 
an important role in information processing in the insect brain. 
Amongst the most extensively investigated GABA governed neural 
network is the insect antennal lobe (AL) - the first integration 
center for olfactory information. The presence and importance 
of GABAergic local interneurons (LNs) in the olfactory circuit of 
various insect species is well established. Another typical character 
of adult insect ALs is a variety of neuropeptides located mainly in 
LNs. In ALs of adult T. castaneum we described 28 neuropeptides 
from 10 precursor genes by direct profiling using matrix-assisted 
laser desorption/ionization-time-of-flight (MALDI-TOF) mass 
spectrometry and their localization in neurons was subsequently 
revealed by immunohistochemistry. The functions of the many 
neuropeptides in adults as well as during development still remain 
enigmatic. Only for one neuropeptide family, the tachykinin related 
peptides (TKRPs), a role for the modulation of olfactory circuitry 
could be demonstrated in Drosophila (Ignell et al. 2009. PNAS. 
106(31):13070). In T. castaneum, we find about 300 AL associated 
GABA/GAD-immunoreactive LNs. First analyses of TKRP 
immunoreactivity revealed about 40 LNs in the adult AL of which 
only one fourth colocalizes with GAD (glutamate decarboxylase) 
immunoreactivity.

This work was supported by the DFG priority program SPP 1392 
‘Integrative analysis of olfaction’ (SCHA 678/13-1).

PP-NB-39

Function of adult-generated dopaminergic interneuronsin the 
olfactory bulb glomerular layer
W. Bywalez1, M. Mörschel1, P. Serr1, J. Ninkovic2, M. Götz2, V. 
Egger1 
1LMU Munich, Muenchen, Germany  
2Helmholtz Zentrum, Neuherberg, Germany 

Adult-born interneurons play an important role in remodeling circuits 
in the mammalian olfactory bulb (OB). Subsets of both glomerular 
neurons (GNs) and granule cells experience a life-long turnover. 
The GN population is classified into several subtypes based 
mainly on neurochemical markers and morphology, yet the specific 
functional impact of the respective subtypes is barely known. 
The dopaminergic (DA) subtype of GNs constitutes a substantial 
fraction of adult-born interneurons. DA GNs appear to profoundly 
influence odor processing via complex synaptic arrangements 
that involve direct reciprocal interaction of their dendrites with 
olfactory nerve (ON) input but also intraglomerular dendrodendritic 
feedback loops with tufted and mitral cell (MC) apical dendrite tufts. 
To investigate the properties of these neurons, we use a mutant 
that expresses GFP in adult-born DA neurons upon tamoxifen 
induction (DAT::CreERT2). We imaged dendritic Ca2+ transients using 
two-photon microscopy of patch-clamped GFP+ cells in acute brain 
slices of adult mice and found interesting morphological features 
and acquired physiological data in single cell investigations.

Histochemical data shed some light on the distinct connections of 
the DA+ cell type within the glomerular network.

The functional impact of these cells in the OB on a network level was 
experimentally tested in Pax614Neu mutants with reduced numbers 
of DA GNs. We observed Ca2+ responses in populations of MCs 
labeled via the bolus loading technique in acute slices following ON 
stimulation that was modeled on in vivo activity patterns and found 
differences in the firing patterns within the wild-type group as well 
as between wild-type and the mutant.

Thus we have by now established paradigms to further examine 
the specific contribution of DA GNs to olfactory processing.
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A novel Semi intact IN SITU nose-OLFActory Bulb-brainstem 
preparation (NOBBP) of rat
F. Perez1, D. Farmer2, D. Stanic2, M. Dutschmann2, V. Egger1,3 
1LMU, UR, MArtinsried, Germany  
2Florey Institute of Neuroscience and Mental Health, Melbourne, 
Australia  
3Regensburg University, Zoology, Regensburg, Germany 

In the present study we adapted an established technique, the in situ 
working heart brainstem preparation, to develop a NOBBP. In brief, 
rats were deeply anesthetized and after precollicular decerebration 
the preparation was perfused with a blood-like solution via the 
descending aorta. While the brainstem (BS) is oxygenated via the 
basilar artery, the olfactory bulb (OB) is perfused in parallel via the 
ophthalmic artery. While the forebrain is completely removed, the 
anatomical integrity of olfactory nerves innervating the OB and nasal 
trigeminal afferents innervating the BS still allow for studies of odor 
processing with the OB and the respiratory BS in situ. Recording 
of OB field potentials revealed spontaneous activity, particularly in 
the granular cell layer. Exposure of the nasal mucosa to odorants 
(menthol, lavender, peppermint, rose scent) using either a small 
perfusion pump (constant airflow) or an animal ventilator (rhythmic 
airflow) reliably produced evoked OB field potentials. In parallel, 
odors triggered significant and specific respiratory modulations via 
the trigeminal pathway. Application of room air resulted in weaker 
activation of the OB compared to odor exposure. Moreover, 
irrigating the nose with cold water did not evoke any field potentials 
in the OB but triggered the expected breath hold due to the airway 
protective diving reflex.

We conclude that the NOBBP is an exciting new tool that allows for 
studies of primary odor processing in the OB and in BS respiratory 
circuits, from the molecular to the systems level, while maintaining 
in vivo-like neural network function.
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Neuroprotection and neuroregeneration in insects: in 

vivo and in vitro evidence for pre-vertebrate evolution of 
erythropoietin (EPO) signalling in tissue protection
R. Heinrich1, N. Miljus1, H. Ehrenreich1 
1Georg-August-University Göttingen, Dept. of Cellular 
Neurobiology, Göttingen, Germany 

Erythropoietin (EPO) initiates adaptive cellular responses to both 
moderate environmental challenges and tissue damaging insults 
in various non-hematopoietic mammalian tissues including the 
nervous system. EPO’s neuroprotective and neuroregenerative 
functions are mediated through janus kinases (JAK) / signal 
transducers and activators of transcription (STAT) transduction 
pathways.

Homologs of the human EPO gene have been identified in various 
species including other mammals, amphibia and fish. Our studies 
on insects revealed similar neuroprotective and regenerative 
functions of EPO as described by numerous studies on mammalian 
nervous tissues. Recombinant human (rh) EPO accelerated the 
functional regenerationof sound source localization after unilateral 
auditory nerve crush in grasshoppers, increased the survival of 
primary cultured grasshopper brain neurons in a concentration 
dependent manner, accelerated neurite regeneration of these 
neurons and increased neuronal survival under hypoxia and in the 
presence of the apoptosis-inducing drugs H-7. rhEPO‘s protective 
effects on cultured grasshopper brain neurons were abolished 
by pharmacological inhibition of janus kinase (with AG49), PI3-
kinase (with LY294002) and STAT5 activation (with sc-355797), 
suggesting that EPO-stimulated intracellular signalling cascades 
are similar in insects and mammals.

The results of our studies on EPO-mediated neuroprotection in 
insects indicate that a ligand/receptor system with high structural 
and functional similarity to the mammalian EPO/EPO receptor 
system mediates neuroprotective and neuroregenerative effects 
in insects and probably also in other invertebrates. EPO-like 
signalling involved in tissue protection appears to be an ancient 
beneficial function shared by vertebrates and invertebrates.
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A new method for operant conditioning in honey bees
N. Kirkerud1,2, D. Gustav1, G. Galizia1 
1University of Konstanz, Neurobiology, Konstanz, Germany  
2International Max Planck Research School for Organismal 
Biology, Konstanz, Germany 

Learning and memory enables animals to cope with their 
environment. They try to anticipate the consequences of their 
behavior and learn to perform behaviors that lead to pleasurable 
experiences and - on the other hand - to avoid behaviors that lead 
to negative experiences: touching a hot plate leads to a burned 
finger and to aversion to touch hot plates in the future. This operant 
or instrumental conditioning has been shown in both vertebrates 
and invertebrates.

Although the honey bee Apis mellifera is an important model 
organism for investigating learning and has been studied for more 
than a century, most studies investigating honey bee learning 
deal with classical conditioning, and only few operant conditioning 
paradigms have been established.

We recently developed a semi-automatic conditioning device for 
classical conditioning of honey bees (APIS) which has now been 
successfully adapted for operant avoidance learning. Bees are 
introduced into a walking chamber where odors or colors can 
be combined with electric shocks. Moving from one side of the 
chamber (where a predictor, e.g. an odor, is set) to the other stops 
the electric shocks. We quantified learning by analyzing the turning 
reactions of the bees away from the predictors, their escape 
behavior and their general sojourn time on the “shocked side” and 
the “safe side”. Our results show that honey bees learn to avoid the 
predictor after two trials, and that there are significant differences 
between their reactions to the reinforced and the non-reinforced 
predictor in all parameters analyzed.

PP-NB-43

COMPARISON OF ARTHROPOD NEUROENDOCRINE 

SYSTEMS

A. Wirmer1, A. Dünnebeil1, M. Seibold1 
1University of Ulm, Institute for Neurobiology, Ulm, Germany 

Bilaterally symmetric metazoans possess neurohemal organs 
which release signaling substances (hormones) into the 
circulatory system concerting organ functions with the behavioral 
and environmental situation. Present similarities between the 
neuroendocrine systems of bilaterians could originate from similar 
selective pressures or might be due to homology. In the latter 
case, the neuroendocrine systems of bilaterians should not only 
resemble each other in function but also in physiology and cell type 
composition.

In insects, corpora cardiaca (CC) and corpora allata (CA) serve 
as neuroendocrine organs. Controlled by neurons in brain and 
subesophageal ganglion they release their hormones into the 
insect’s hemolymph. Parallels to CC and CA were detected in other 
arthropods, for instance the Gabe organ in myriapods or the sinus 
gland in crustaceans. It is mostly unclear, however, which part of 
the insect neuroendocrine system is represented in these organs, 
or if CC and CA have a counterpart in other arthropods at all.

We investigate the neuroendocrine glands of myriapods, chelicerates 
and crustaceans by immunocytochemical and histological means 
and compare findings to the insect neuroendocrine system.
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Neuroanatomy of the central complex in the brain of the 
honeybee
A. Kaiser1, U. Homberg1, K. Pfeiffer1 
1Philipps-Universität Marburg, Marburg, Germany 

The central complex is a group of four interconnected, midline 
spanning neuropils in the center of the insect brain. It consists 
of the upper (CBU) and lower (CBL) division of the central body 
and, more posteriorly, the protocerebral bridge (PB) and a pair of 
ventral noduli. Different lines of research have proposed a role 
of the central complex in sensory integration, motor control, and 
spatial learning. The CBU and CBL as well as the PB are divided 
into sixteen columns. The central body neuropils are additionally 
divided into several layers.

The neuroanatomy of the honeybee‘s central complex has so far 
not been analyzed in detail. To examine the anatomical organization 
of the bee`s central complex, we used immunohistochemical 
stainings with antibodies against allatostatin, FMRFamide, gastrin 
and citrullin. Based on immunostaining against allatostatin we 
were able to distinguish three layers in the CBU and two layers in 
the CBL. Antisera against allatostatin and FMRFamide revealed 
staining patterns of irregularly patched processes and terminals 
in the anteriormost part of the CBU. Rather than colocalized, the 
staining patterns of these two antisera were largely interleaved. 
Antibodies against gastrin revealed intense staining of the CBL 
columns and moderate labeling of the PB and the dorsal part of the 
CBU. Citrullin antibodies suggesting the presence of NO producing 
neurons labeled the dorsal part of the CBU.

Our results show, similarly to other species, the presence of 
horizontal layers in the central body. For a more comprehensive 
understanding of the neuroarchitecture of the bee’s central 
complex, investigations with additional antibodies are required. 
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Invertebrate FoxP: A case for deep homology?
A. Schatton1, E. Mendoza1, G. Leboulle2, S. Sigrist3, C. Scharff1 
1Freie Universität, Verhaltensbiologie, Berlin, Germany  
2Freie Univertität, Neurobiologie, Berlin, Germany  
3Freie Universität, Genetik, Berlin, Germany 

Human language and birdsong share a set of behavioral, neural and 
molecular features. The transcription factor FoxP2 is relevant for 
auditory guided vocal motor learning in striatal circuits in humans and 
songbirds. In mice striatal Foxp2 function is implicated in sensory-
guided motor learning. Because sensory-motor integration is an 
evolutionary ancient trait we wondered whether the invertebrate 
FoxP homologue might similarly be relevant for sensory-motor 
integration. Intrigued by the recent findings of Brembs et al. (2011) 
that FoxP Drosophila melanogaster (Dm) mutants can learn an 
operant procedure only with reference to external stimuli but not 
with reference to self, we set out to analyze the neural substrates 
expressing FoxP in Dm and Apis mellifera (Am). To start identifying 
the neurotransmitter profiles of FoxP-expressing neurons in Am 
we also performed double FISH. To query protein expression 
pattern and neuroanatomy we designed antibodies and a Gal4-
UAS transgenic fly using a candidate FoxP promoter region. In Dm 
we isolated a previously not described FoxP isoform, in addition 
to the two known ones. Our ISH data show expression in Am 
largely being confined to clearly delineated clusters of cell bodies 
whereas FoxP expression in Dm, while also specific to subregions, 
was more evenly distributed within them. Using double-FISH, 
we confirmed that the FoxP expressing neurons in Am are not 
GABAergic but glutamatergic and cholinergic. In summary, these 
data will set the stage for a more comprehensive evolutionary-
developmental concept of the function of FoxP and its associated 
molecular modules in divergent nervous systems.
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Modulation and regulation of electrical synapses in the leech.
G. Welzel1, S. Schuster1 
1University of Bayreuth, Animal Physiology, Bayreuth, Germany 

Since it has become clear that electrical synapses play an 
essential role for the development and function of neuronal circuits, 
the modulation and regulation of gap junctions gains increasing 
appreciation. However, a simple system is missing in which 
changes in gap junction conductance can directly and accurately 
be measured without confounding effects of chemical transmission, 
series resistance or modulations that affect membrane resistance. 
Here we provide an attractive system to study modulatory and 
regulatory effects on innexin-based gap junctions: By using a 
classic leech preparation and two synchronized voltage-clamp 
amplifiers we were able to quantitatively and directly monitor 
changes in gap junction conductance. We show a maintained 
increase in conductance after prolonged activity in one of the two 
Retzius cells, providing what seems to be the first demonstration 
of activity-dependent gap junction plasticity in an invertebrate. 
Furthermore we show that the widespread neuromodulator 
serotonin can rapidly and very strongly decrease gap junction 
conductance. The findings make the leech Retzius cells an ideal 
assay system for a large-scale screen for chemicals that modulate 
and regulate gap junctions and for discovering shared principles of 
innexin- and connexin-based gap junctions.
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NEURONAL TRACING OF CEPHALIC NERVES IN THE 

VELVET WORM EUPERIPATOIDES ROWELLI - IMPLICATIONS 

FOR THE EVOLUTION OF THE ONYCHOPHORAN MOUTH

C. Martin1, G. Mayer1 
1Animal Evolution & Development, Institute of Biology, University 
of Leipzig, Leipzig, Germany 

Onychophora (velvet worms) and Tardigrada (water bears) are 
the closest relatives of Arthropoda, with which they are united 
in Panarthropoda. Hence, they are of pivotal importance for 
understanding the arthropod evolution. Currently, a particular 
controversy surrounds the evolution of the arthropod mouth, 
which is situated ventrally in onychophorans and arthropods but 
is terminal in tardigrades. To explore the evolutionary origin of the 
onychophoran mouth, we analysed the innervation pattern and 
morphogenesis of lips surrounding the mouth in the onychophoran 
Euperipatoides rowelli using immunocytochemistry and neuronal 
tracing techniques, in conjunction with confocal microscopy. Our 
embryological data revealed that the lips arise from two rather than 
three anterior-most body segments in the onychophoran embryo. 
This corresponds to the innervation of the adult lips from two rather 
than three anterior-most segmental regions of the central nervous 
system. These findings are in line with the bipartite organisation of 
the onychophoran brain and support the assumption that the adult 
mouth is a derived feature of Onychophora.
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The Perfect Wave - Communication between Neurons and 
Astrocytes by Calcium Waves in the Suprachiasmatic 
Nucleus (SCN) of Dsungarian Hamsters (Phodopus 
sungorus)

S. Steinlechner1, E. Lipokatic-Takacs1 
1University of Veterinary Medicine, Zoology, Hannover, Germany 

Purpose: Do neurons and astrocytes in the SCN communicate 
by calcium waves and what is the role of astrocytes in the 
synchronisation of individual daily rhythms of single neurons? 
Methods: Primary SCN cell cultures of Dsungarian hamsters were 
prepared. Calcium imaging was performed during stimulation of 
different glutamate receptors and blocking of the metabotropic 
glutamate receptor 5 (mGluR5). Additionally immuncytochemistry 
was performed for GFAP, CLOCK, Connexin43 (Cx43), mGluR5 
and IP3 receptor 3 (IP3R3) either as single-labelling as well as 
double-labelling. Results: After stimulating the cells with glutamate 
the calcium concentrations in both neurons and astrocytes were 
increased. Blocking of the mGluR5 prevented the increase of 
calcium after glutamate stimulation. The immuncytochemistry 
revealed positive staining for CLOCK, IPR3, mGluR5 and Cx43 in 
Neurons. In astrocytes a positive staining for GFAP, IPR3, mGluR5 
and Cx43 was recorded. Conclusions: With regard to present 
results we favour the following mechanism of communication 
betweeen neurons and astrocytes in the SCN: The release 
of glutamate increase Ca2+ levels in neurons and astrocytes 
by activation of mGlu5. Glutamate stimulates formation of 
inositoltrisphosphatate (IP3) which acts on IP3R3 to release Ca2+ 
from the endoplasmic reticulum. These elevated Ca2+ levels induce 
transcription in the nucleus via calmodulin kinase, phosphorylation 
of CREB and the release of glutamate. Furthermore neurons 
and astrocytes are connected by gap junctions and thus they 
communicate via IP3 which passes the gap junctions and causes a 
Ca2+ elevation in adjacent cells. In this way neurons and astrocytes 
could communicate and synchronise clock gene transcription via 
Ca2+-waves.
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The endocannabinoid system and discrimination learning in 
the zebrafish
N. Oellers1, G. von der Emde1, T. Ruhl1 
1University of Bonn, Institute for Zoology - Dept. Neuroethology, 
Bonn, Germany 

Previous studies identified the medial pallium (MP) of the dorsal 
telencephalon as the essential structure for emotional-associative 
memory in the teleost fish. In the zebrafish (Danio rerio), the 
MP possesses the highest density of the cannabinoid receptor 
1 (CB1) compared to all other forebrain regions. These findings 
lead to the assumption that the endocannabinoid system of the 
zebrafish is crucially involved in associative learning. By use of 
the receptor agonist Δ9-tetrahydrocannabinol (THC) and the 
receptor antagonist Rimonabant, we tested the influence of acute 
and chronic activation and inactivation of CB1 on discrimination 
learning in zebrafish.

In a food rewarded two-alternative choice test, wild-type zebrafish 
learned to discriminate between two colors, i.e. to choose green 
and avoid red. Animals learned to associate the different colors after 
3-5 training days, indicated by an increase of correct choices and 
a decrease of the time needed to make a decision. After reaching 
the learning criterion (75% correct choices on three consecutive 
days), we tested the influence of acute activation and inactivation 
of CB1 on memory retrieval. Furthermore, we investigated the 
effect of chronic administration of CB1 agonist and antagonist on 
acquisition learning, memory retrieval and reversal learning.

Neither the acute activation nor acute inactivation of CB1 had an 
effect on memory retrieval in the emotional-associative memory 
task. In addition, the chronic administration of receptor agonist or 
antagonist did not lead to a significant alteration of the fish behavior. 
However, chronic CB1 inactivation led to a significant improvement 
of reversal learning compared to control animals, while animals 
with chronic THC administration performed worst.
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The endocannabinoid system (ECS) is thought to be highly 
conserved among all vertebrate species. Neurocytochemical 
findings show that the cannabinoid receptor 1 (CB1) is distributed in 
those brain centers of teleosts which were identified to be functional 
homologues of corresponding structures in mammalian brains. This 
supports the zebrafish (Danio rerio) as a powerful model organism 
for investigating the function of the ECS in vertebrates.

The acquisition and storage of new information is one of the basic 
principles of memory and cognitive processing throughout the 
animal kingdom. Active-avoidance-learning (AAL) is an aversive 
emotional memory task, during which a neutral stimulus is always 
presented in combination with an aversive stimulus (US). By 
repetition, the neutral stimulus will be associated with the negative 
consequence and it becomes an aversively conditioned stimulus 
(CS). The extinction of aversive memory is a process, which occurs 
when the animal is no longer exposed to the CS. Experiments 
with CB1-deficient mice indicated that these animals showed only 
weak or no extinction of short-term and long-term auditory fear-
conditioning, while acquisition and consolidation during learning 
were unchanged.

In this study, we investigated this effect in zebrafish by use of 
an AAL paradigm in a fish shuttle-box. Zebrafish learned to 
recognize a red light as a conditioned stimulus to avoid an aversive 
stimulus. The influence of acute and chronic ECS-activation/-
inactivation was investigated by use of a receptor agonist (THC: 
∆9-tetrahydrocannabinol) and an antagonist (Rimonabant), 
respectively. Our data support the conserved role of the ECS in 
psychophysiological mechanisms among different vertebrate 
species.
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In insects, octopamine and its precursor tyramine are both known 
to act as

neurotransmitters and neuromodulators. Most cells are either 
purely tyraminergic or

tyraminergic/octopaminergic. However, in locusts, Kononenko et 
al. (2009)

identified descending interneurons, switching from tyramine to 
octopamine under

stressful conditions. This population of deutocerebral neurons 
descends from the brain to at least

the seventh abdominal ganglion. We currently aim to analyse the

cellular properties, morphologies and sensory inputs of these cells 
by intracellular recordings,

subsequent dye injections and immunocytochemistry. At present, 
we have characterised several

neurons which differ in their sensory inputs: all receive bilateral 
mechanosensory input from the

whole body but differential input from antennae.
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In the insect brain, neurogenesis occurs not only during 
development, but also during adult life. It was proposed that 
newborn neurons of the mushroom bodies (MBs) may play a role 
during olfactory processing and learning. In the red flour beetle 
Tribolium castaneum neuroblasts giving birth to MB Kenyon-cells 
remain active for more than one month after adult eclosion (Zhao 
et al. 2008. Devel Neurobio, 68: 1487-1502). Using different cell 
cycle markers including anti-PH3 and PCNA, we identified various 
mitotic active cells outside the MBs e.g. in the antennal lobes, 
another neuropil of the central olfactory pathway. In the current 
study, we use the 5-ethyl-2’-deoxyuridine (EdU) technique to label 
progenies of adult persisting neuroblasts. Currently, we combine 
EdU-staining with antisera against various neuromediators, 
including e.g. neuropeptides and NO-synthase and the glia-cell 
marker reversed-polarity to further determine the identity of the 
labeled mitotic active cells.
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Methyl-CpG binding protein 2 (MECP2) is a widely abundant, 
multifunctional regulator of gene expression with highest levels 
of expression in mature neurons. In humans, both loss-and 
gain-of-function mutations of MECP2 cause mental retardation 
and motor dysfunction classified as either Rett Syndrome (RTT, 
loss-of-function) or MECP2 Duplication Syndrome (MDS, gain-
of-function). There are currently no effective treatments for these 
conditions. At the cellular level, misregulation of MECP2 leads 
to both synaptic and dendritic defects; however, the underlying 
molecular pathways and cellular mechanisms are unknown. Here, 
we use Drosophila to investigate the mechanisms of MECP2 gain-
of-function involved in the regulation of dendritic growth. We have 
previously shown that expression of human MECP2 (hMECP2) in 
Drosophila leads to impairments in dendritic branching and flight 
behavior, and subsequently used RNA-Seq to determine genes 
differentially expressed with hMECP2. We find that hMECP2 leads 
to the upregulation of a small subset of genes linking to pathways 
regulating dendritic growth, and have validated the upregulation of 
one such gene, kibra, using quantitative RT-PCR. Kibra is a known 
regulator of the Hippo kinase cascade, a pathway with known 
ties to dendritic growth in both Drosophila and mammalian model 
systems. Additionally, in humans, KIBRA has been associated 
with learning and memory, two processes disrupted in both RTT 
patients. We have therefore identified kibra and the Hippo kinase 
cascade as a candidate pathway involved in the RTT associated 
dendritic impairments. Investigating this novel pathway identified 
in Drosophila could ultimately lead to novel therapeutic strategies 
for RTT.
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Honeybees, Apis mellifera, are a main-stream animal model in 
neuroethology. Yet, for all the knowledge acquired, crucial aspects 
of its reproductive behavior remain elusive. Male honeybees, the 
drones, are specifically adapted for mating. During mating season, 
thousands of them gather in drone congregation areas (DCA) 10-
40 m above ground. When a receptive female, a virgin queen, 
enters the DCA, drones are attracted to her by queen-produced 
pheromones. How drones and virgin queens find the DCAs is not 
fully understood yet. The possible existence of drone-produced 
aggregation pheromones has been proposed, but was never 
demonstrated. This integrative study aims at uncovering which 
odors are behaviorally relevant to drones and how queen-derived 
and putative male-derived odors are processed by their highly 
specialized nervous system.

We investigated innate odor preferences of drones under controlled 
laboratory conditions using a walking simulator. Drones were 
attracted by 9-oxo-2-decenoic acid (9-ODA), which is the major 
queen-derived sexual attractant and strongly dominates the odor 
bouquet of virgin queens, but not by queen mandibular pheromone 
(QMP), an artificial blend of 9-ODA and several other components, 
rather resembling the odor bouquet of a mated queen. By testing 
also male-derived odors, we demonstrated for the first time that 
honeybee drones are attracted by groups of other drones but not by 
the same number of workers. In order to understand how the drone 
olfactory system processes odors that are crucial for mating, we 
then investigated the anatomical and neurophysiological features 
of the primary olfactory center of the drone brain, the antennal lobe 
(AL), using confocal microscopy and functional in-vivo imaging.
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The reaction of glial cells toward brain injury comprises a proliferative 
response with some reactive astrocytes even reacquiring stem cell 
potential. Here we addressed first the question to which extent the 
type of injury selectively affects the proliferative response of glia 
and to which extent the proliferative reaction of astrocytes may be 
linked to the stem cell response. Both astrocytes and NG2 glia 
mounted a profound proliferation after acute invasive injury, while 
non-invasive injury models, such as amyloid plaque deposition or 
widespread neuronal death could not activate the proliferation of 
these macroglial cells, even microglia proliferated actively in all 
these lesion models. Furthermore, the proliferative response of 
astrocytes correlated to the activation of their potential to form self-
renewing, multipotent neurospheres and Sonic hedgehog (SHH) 
entering the brain from extraneural sources, such as the cerebro-
spinal fluid, activates astrocyte proliferation and neurosphere 
formation after the invasive injury. This proliferative response can 
be blocked by systemic injection of the SHH-signaling antagonist 
cyclopamine as well as inducible astrocyte-specific deletion of 
the receptor smoothened. Interestingly, SHH-agonists can boost 
proliferation of astrocytes in vivo and their subsequent neurosphere-
forming capacity, thereby providing a new approach how to activate 
this response in conditions where it is limited, as e.g. in age or non-
invasive injury conditions. Taken together, our work highlighted for 

the first time differences in the proliferative and stem cell response 
of reactive astrocytes in different injury paradigms and identified 
the SHH signaling pathway as a key signal in this response.
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Astrocytes have important functions in response to brain injury. 
They react strongly with changes in their expression profile, 
e.g. upregulation of intermediate filaments, hypertrophy and 
polarization. A subset of reactive astrocytes (14%) re-gains 
proliferative activity. Their increased numbers upon acute injury 
result solely by proliferation, as long-term in vivo live imaging using 
2-photon laser scanning microscopy (2pLSM) revealed no migration 
of astrocytes towards a stab wound lesion (Bardehle et al. 2013). 
Moreover, this study identified heterogeneous astrocyte reactions, 
with a small subpopulation preferentially dividing with the cell soma 
directly apposed to a blood vessel (i.e. juxtavascular). Further 
histological investigation confirms the existence of juxtavascular 
astrocytes as the population resuming proliferation in stab wound 
and in stroke models and also suggests a functional relevance 
of this population in a mouse model with reduced juxtavascular 
astrocyte proliferation.
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Polycomb Repressive Complex 1 and 2 (PRC1 and PRC2) are 
known to maintain cell stemness by repressing key developmental 
genes. In the canonical model, PRC2 would tri-methylate histone 
3 on lysine 27 (H3K27me3) and PRC1 would bind to this mark 
and promote chromatin compaction by mono-ubiquitylating histone 
2A on lysine 119 (H2AK119Ub). However, many different PRC1-
like complexes were described to act independently of PRC2 and 
to regulate transcription of genes that are partly different from the 
one bound by canonical PRC1. Despite these differences, the 
ubiquitin-ligase Ring1B was found in all PRC1 complexes so far 
characterised.

In the neural lineage, in vitro experiments indicated that genes 
required for neural differentiation are repressed by PRC2 in 
proliferating embryonic stem cells. Moreover, PRC1 catalytic 
protein Ring1B has been demonstrated to be crucial for the correct 
onset of gliogenic phase and for the repression of genes implicated 
in the neuronal glutamatergic lineage. However, little is known 
about PRC1 activity at adult stages in progenitors from the sub-
ependymal zone (SEZ) and in their progeny.

Here we investigate the role of PRC1 in lineage choices of adult 
neural stem cells, by analysing their differentiation potential in vitro 
and in vivo after deletion of Ring1B protein.
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The adult zebrafish has become a widely studied model for 
neurogenesis and regeneration. Unlike the adult mammalian brain, 
the adult zebrafish brain contains numerous neuronal progenitors in 
the neurogenic zones distributed throughout all brain subdivisions. 
Importantly, these progenitors, radial glia (RG) and their progeny, 
also become engaged in the regeneration of the injured brain, 
resulting in the tremendous regenerative capacity of the adult fish 
brain. As the activation of RG is crucial for the regeneration, we 
set out to analyze their reaction to stab-wound injury using clonal 
analysis and continuous live imaging.

We established for the first time in vivo imaging of RG cells in the 
adult brain that allowed us to follow a single RG cell up to 1 month. 
The live imaging revealed the increased activation of the quiescent 
RG cells in response to injury. However, we did not observe 
an increase in number of divisions within the single RG clone, 
suggesting the activation of quiescent RG as a mode to increase 
proliferation. Moreover, we observed migration of the RG progeny 
towards the injured brain parenchyma, probably engaging in the 
repair process. Finally, the clonal analysis revealed an increased 
number of mixed clones containing RG after injury, suggesting a 
change in the mode of the division of RG and increase of their 
asymmetric divisions.

Taken together, our data provide for the first time evidence of the 
single cell behavior of neural stem cells in vivo, suggesting their 

selective activation and engagement in the repair process.
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Direct conversion of differentiated cells into neurons represents a 
novel approach to tackle fundamental questions of developmental 
biology regarding cell plasticity, cell fate specification, and 
differentiation.

We previously showed that astroglia cultures obtained from postnatal 
mouse cerebral cortex could be efficiently converted into functional 
neurons upon over-expression of two proneural genes, Neurog2 

and Ascl1. To understand the molecular mechanisms underlying 
astroglia-to-neuron conversion, we employed a tamoxifen-inducible 
system, in which the cDNA of the proneural genes is fused to a 
modified estrogen receptor-binding domain (ERT2); indeed, we 
performed an unbiased transcription profiling on RNA extracted 
from astroglial cultures transduced with control or Neurog2- (or 
Ascl1)-ERT2 expressing viruses and treated with tamoxifen for 24 
hours. Interestingly, few genes were regulated by Neurog2ERT2 
and Ascl1ERT2, suggesting that the two proneural transcription 
factors activate different neurogenic programs already at a very 
early stage of reprogramming, presumably reflecting their capacity 
to direct astroglia towards distinct neuronal subtypes. We also 
identified a set of shared transcription factors likely to contribute to 
the execution of a generic program of neurogenesis. Knock-down 
and over-expression experiments suggested a prominent role of 
some downstream candidates in directing astroglia-to-neuron 

conversion. These data provide first insights into the early stages of 
direct reprogramming towards neurogenesis, highlighting the early 
activation of a neurogenic program, and identifying key factors 
required for the neuronal generation from postnatal astroglial cells.
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The size of an organ is regulated by a tight balance between 
the self-renewal of stem cells and their generation of amplifying 
progenitors enlarging the progeny number. This is of particular 
relevance in brain development. To identify novel factors regulating 
neural stem cell maintenance versus differentiation we performed 
genome-wide expression analysis of neural stem cells at different 
developmental stages (Pinto et al., 2008, Mol Cell Neurosci.) 
and in the adult (Beckervordersandforth et al., 2010, Cell Stem 
Cell). We focused our attention of transcriptional regulators that 
were highly expressed in neurogenic neural stem cells (isolated 
from E14 cerebral cortex and the adult subventricular zone) and 
comparatively lower in neural stem cells undergoing gliogenesis 
(E18 radial glia). This approach yielded several candidates and 
amongst them was Akna, an AT-hook containing transcription 
factor. As expected from the arrays, expression of Akna was high 
in neural stem and progenitor cells in the developing forebrain, 
but largely absent in the adult brain except in stem cell niches. 
Towards functional analysis we used in utero electroporation 
of cDNA plasmids (gain-of-function) and specific short hairpin 
RNA constructs (loss-of-function). This analysis revealed that 
Akna potently promoted neuronal differentiation. Already 1 day 
after electroporation, the proportion of Ki67+, Pax6+ NSCs was 
significantly reduced, while the proportion of postmitotic cells was 
increased. Three days after electroporation these had differentiated 
largely into NeuN+ neurons. Conversely, knock-down experiments 
resulted in a decrease in differentiation and extensive cell death, 
suggesting a vital role in embryonic neurogenesis.
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NG2-glia are the only proliferating cells outside the neurogenic 
niches in the adult brain and constitute a major fraction (5-10%) 
of the brain cells at this age. Despite their high numbers and 
substantial characterization, their actual function in the adult 
brain is still widely unknown. To address this, we used conditional 
genetic deletion of the Esco2 protein in the inducible Sox10-
iCreERT2xCAG-eGFPxEsco2fl mouse line (Simon et al. 2012) to 
specifically ablate proliferating NG2-glia, as the absence of Esco2 
is triggering apoptosis of dividing cells during M-phase (Whelan et 
al. 2012). As the proliferation of NG2-glia is >15 fold increased at 
3 days after stab wound injury (Simon et al. 2011), we reasoned 
this lesion might play an additional role in this context. Our results 
indicate that the Esco2 deletion in NG2-glia leads to a transient 
reduction of their numbers leading to long-term behavioral deficits 
in the non-injured animals.

To identify the molecular mechanisms by which NG2-glia may 
react and influence other cells after brain injury, we isolated Sox10-
GFP+ cells by FACS either from the intact or the lesioned cerebral 
cortex at three days after stab wound injury. Comparative genome-
wide expression profiling revealed exciting candidates for NG2-glia 
function in the physiological and pathological brain.
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Neurogenesis in the adult mammalian brain is restricted to 
specialized niches, the SEZ (subependymal zone) of the lateral 
ventricle and the SGZ (subgranular zone) of the dentate gyrus in 
the hippocampus. Numerous intrinsic fate determinants have been 
proposed to control the differentiation of the NSCs towards mature 
neurons in the olfactory bulb. A genome-wide transcriptome analysis 
of prospectively isolated NSCs and their progeny revealed that the 
mRNA, but not the protein, of neurogenic transcription factors was 
present already in the NSCs. The mechanisms maintaining the 
long lasting NSCs in the specific niche still remain elusive.

Here we report four candidate microRNAs, all resulting in a 
functional regulation in the luciferase assay that are involved in this 
regulation. We could detect two mature microRNAs in the population 
of FACS-purified NSCs. Overexpression in neural progenitors, 
including NSCs, lead to a reduced generation of neurons. These 
data suggest a role of miRNAs in suppressing neurogenesis from 
adult NSCs. Furthermore, we identified the choroid plexus (CP) of 
the lateral ventricle, as a possible source of the microRNA that is 
then via CSF transported to the SEZ. Taken together, our results 
suggest a novel mechanism to maintain the NSCs in the specific 
niche via CP secreted microRNAs that regulate neurogenic fate 
determinants in the NSCs.
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The only proliferating cells in the healthy, adult cerebral cortex 
outside the neurogenic niches are the NG2-glia or oligodendrocyte 
progenitor cells (OPCs). Adult NG2-glia regulate their proliferation, 
self-renewal and differentiation in a rather dynamic manner, with 
acute invasive injury promoting increased and faster proliferation, 
while running leads to their fast differentiation. Interestingly, 
also under physiological conditions NG2-glia proliferation and 
differentiation are differentially regulated between the white (WM) 
and grey matter (GM) of the cerebral cortex, with the one resident 
in the WM preferentially differentiating into mature, myelinating 
oligodendrocytes. Here we used cell transplantation experiments 
to determine to which extent this differential behavior is regulated 
by environmental signals differing between the WM and GM, 
or intrinsic fate determinants restricted to one or the other cell 
population. These experiments indicate that the WM promotes 
differentiation of NG2-glia to mature oligodendrocytes, as the 
rate of differentiation of GM cells increased when exposed to this 
environment. Interestingly, cells derived from the WM retained their 
higher differentiation rate also in a less supportive environment like 
the GM. These results reveal not only important environmental 
differences for NG2-glia maturation, but also support the concept 
of intrinsic heterogeneity among adult NG2-glia, persisting even 
when exposed to more inhibitory environments. Thus, this work 
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provides the basis to identify molecular pathways regulated 
by distinct niche/environmental signals and are involved in the 
heterogeneity of adult NG2-glia.
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Neural stem cells (NSCs) in different areas and at different time 
points during CNS development have to produce distinct types of 
cells in a precise manner and at accurate numbers. Accordingly the 
spatiotemporal control of proliferation and differentiation of NSCs 
is essential to produce a functional nervous system. In this study 
we revealed that canonical TGFβ signaling via Smad4 regulates 
this balance between proliferation and differentiation of NSCs in 
the entire developing midbrain. Smad4 deletion leads to horizontal 
expansion of NSCs due to increased proliferation, decreased 
differentiation, and decreased cell cycle exit. In contrast, in the 
developing cortex, ablation of Smad4 alone did not have any 
effect on proliferation and differentiation of NSCs. Strikingly, 
concomitant mutation of both Smad4 and Trim33 led to an increase 
of proliferative cells in the ventricular zone due to a decreased cell 
cycle exit, revealing a functional redundancy of Smad4 and Trim33 
on a genetic level. Furthermore, we show that in Smad4-Trim33 

double mutant embryos cortical precursor cells generate an excess 
of deep layer neurons concurrent with a delayed and reduced 
production of upper layer neurons and in addition fail to undergo 
the neurogenic to gliogenic switch at the right developmental stage. 
Thus, our data discloses that in different regions of the developing 
CNS different aspects of the TGFb signaling pathway are required 
to ensure proper development.
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Neurogenesis in the adult mammalian brain 
is restricted to specialized niches, the SEZ 
(subependymal zone) of the lateral ventricle 
and the SGZ (subgranular zone) of the 
hippocampus. In the SEZ, neural stem cells 
(NSCs) generate transit amplifying precursors 
that divide and give rise to neuroblasts, a 
transient progenitor population migrating to the 
olfactory bulb (OB). Numerous intrinsic fate 
determinants have been proposed to control the 
differentiation of NSCs towards mature neurons 
in the OB. A genome-wide transcriptome 
analysis of prospectively isolated NSCs and 
their progeny revealed that the mRNA, but not 
the protein, of neurogenic transcription factors 
(TF) was present already in the NSCs. As the 
NSCs are a specialized set of astrocytes, we 
compared the mRNA levels of the neurogenic 
fate determinants in postmitotic astrocytes 
and NSCs, which revealed significantly higher 
mRNA levels in the NSCs, suggesting the 
priming of NSCs towards neurogenesis. 
Towards a better understanding of these 
posttranscriptional mechanisms, we screened the 
3´UTRs of neurogenic TFs expressed in the 
NSCs for common binding sides recognized by 
the same miRNAs. Here, we found four 
candidate miRNAs, all resulting in a functional 
regulation in the luciferase assay. We could detect 
two of them in the population of FACSpurified 

NSCs. Overexpression in neural progenitors, 
including NSCs, lead to reduced 
generation of neurons. These data suggest a 
role of miRNAs in suppressing neurogenesis 
from adult NSCs. Furthermore, the expression 
patterns of mature and pre-miRNA suggest 
the choroid plexus (CP) as the source of 
one miRNA that is then transported via the 
cerebrospinal fluid to the SEZ. Taken together, 
our results suggest a novel mechanism to 
maintain NSCs in the specific niche via CP 
secreted miRNAs that regulate neurogenic fate 
determinants in the NSCs.
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PP-NB-66

The BAF complex interacts with Pax6 in adult neural 
progenitors to establish a neurogenic cross-regulatory 
transcriptional network
J. Ninkovic1,2, A. Steiner-Mezzadri2, M. Jawerka1, U. Akinci3, G. 
Masserdotti1,2, S. Petricca2, J. Fischer2, A. von Holst4, J. Beckers5, 
C. D. Lie6, D. Petrik7, E. Miller8, J. Tang8, J. Wu9, V. Lefebvre10, J. 
Demmers3, A. Eisch7, D. Metzger11, G. Crabtree8, M. Irmler12, R. 
Poot3, M. Götz1,2 
1Ludwig-Maximilians University Munich, Institute of Physiology, 
Munich, Germany  
2Helmholtz Zentrum Munich, Institute for Stem Cell Research, 
Munich, Germany  
3 Erasmus MC, Dept. of Cell Biology, Rotterdam, Germany  
4Heidelberg University, Dept. anatomy and Cell Biology, 
Heidelberg, Germany  
5Technical University Munich, Chair of Experimental Genetics, 
Freising-Weihenstephan, Germany  
6Helmholtz Centre Munich, Research center for environmental 
health, Munich, Germany  
7UT Southwestern Medical Center, Department of Psychiatry, 
Dallas, Germany  
8Stanford University School of Medicine , Howard Hughes Medical 
Institute, Stanford, Germany  
9UT Southwestern Medical Center, Department of Physiology and 
Developmental Biology, Dallas, Germany  
10Cleveland Clinic Lerner Research Institute, Department of Cell 
Biology, Cleveland, Germany  
11Université de Strasbourg, Institut de Génétique et de Biologie 
Moléculaire et Cellulaire , Strasbourg, Germany  
12Helmholtz Zentrum Munich, Institute of Experimental Genetics, 
Munich, Germany 

Numerous transcriptional regulators of neurogenesis have been 
identified in the developing and adult brain but how neurogenic fate 
is programmed at the epigenetic level remains poorly defined. Here, 
we report that the transcription factor Pax6 directly interacts with the 
Brg1-containing BAF complex in adult neural progenitors. Deletion 
of either Brg1 or Pax6 in the subependymal zone (SEZ) causes 
the progeny of adult neural stem cells to convert to the ependymal 

lineage within the SEZ while migrating neuroblasts convert to 
glial lineages en route to or in the olfactory bulb (OB). Genome 
wide analyses reveal that the majority of genes downregulated in 
the Brg1 null SEZ and OB contains Pax6 binding sites, and are 
also downregulated in Pax6 null SEZ and OB. Downstream of the 
Pax6-BAF complex, we find that Sox11, Nfib and Pou3f4 form a 
transcriptional cross-regulatory network that drives neurogenesis, 
and can convert postnatal glia into neurons. Taken together, our 
work identifies a tri-partite effector network activated by Pax6-BAF 
that programs neuronal fate.
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OP-P-1

Are roosting bats in torpor immune to anthropogenic noise?
J. Luo1, B.- M. Schuller1, I. Borissov1, B. Siemers1 
1Max Planck Institute for Ornithology, Munich, Germany 

Anthropogenic noise is negatively impacting a diverse number 
of animal species. However, many bat species are found to 
roost in areas with high levels of anthropogenic noise. Here we 
test the hypothesis that roosting bats in torpor may be immune 
to the negative effects of anthropogenic noise because many 
animals, including bats, become less sensitive to sound with 
decreasing body temperature. In a laboratory experiment, we 
recorded the skin temperature (Tsk) of individually roosting 
bats that were subjected to playbacks of different types of 
noise. We found that torpid bats with Tsk ~10 ºC lower than 
their active Tsk, responded to all types of noise with rising Tsk. 
We also found mixed evidence regarding the effect of Tsk-onset 

on the responses of bats to noise. On one hand, a lower Tsk-

onset
 did not contribute to noise tolerance as indicated both by 

the lost energy conservation and by the proportion of noise 
responses. On the other hand, the fact that the Tsk-onset was 
positively correlated with the highest skin temperature after 
the playback and the average skin temperature during the one-
hour noise playback suggested that torpid bats might possess 
an ability of defending a lower body temperature. Moreover, 
bats showed rapid noise habituation and the proportion of 
responses decreased significantly when they were exposed 
to the same noise in the second time. We conclude that noise 
stimulus alone disturbs torpid bats, whereas they might be 
capable of defending a lower body temperature from rising to 
the maximum.

OP-P-2

More than just saving energy: Torpor patterns in dormice 
point to hibernation as a predator avoidance strategy
C. Bieber1, T. Ruf1 
1University of Veterinary Medicine Vienna, Department of 
Integrative Biology and Evolution, Research Institut of Wildlife 
Ecology, Vienna, Austria 

Hibernation is known as a key strategy to survive unfavourable 
conditions like cold or drought. However, hypometabolism and 
hypothermia are associated with costs, such as decreased 
immunocompetence and possibly increased cellular damage. 
Hibernators should therefore minimise hibernation, and restrict 
torpor to very harsh environmental conditions. Surpisingly then, 
edible dormice are known to use hibernation to an extraordinary 
extend, much longer than environmental conditions would require.

To investigate temporal patterns of torpor and hibernation in this 
species we implanted 42 female edible dormice (Glis glis) with 
temperature-loggers. The animals were kept in outdoor enclosures 
in Vienna. We recorded that dormice used prolonged phases of 
hypometabolism during summer (summer dormancy or estivation). 
Additionally, we found that dormice with high energy reserves 
reduced their use of torpor during winter, but did not shorten the 
hibernation season although body condition and environmental 
conditions would have allowed doing so.

Our results point toward predator avoidance as possible explanation 
for these findings. Dormice seem to maximise survival by hiding 
motionless in underground burrows. Studies on high survival 
probabilities during hibernation in free-living populations support 
this hypothesis. Thus, prolonged hibernation/estivation increases 
survival rates in this species. We conclude that, beside energy 
saving mechanisms, predator avoidance needs to be considered 
to explain timing and duration of hibernation.
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OP-P-3

Structural changes of the airways are induced upon local 
activation of stress signalling systems
T. Roeder1, K. Uliczka1, K. Kallsen1 
1Christian-Albrechts University Kiel, Zoophysiology II, Kiel, 
Germany 

A number of different diseases of the lung including asthma and 
COPD are characterized by comprehensive structural changes 
comprising epithelial as well as subepithelial structures. Using 
the fruit fly Drosophila as a model, we could show that two stress 
associated signalling systems are of central importance for induction 
of these structural changes. Signalling systems converging 
onto NF-kB factors as well as those targeting the activation of 
FoxO factors have the capacity to induce these changes and 
manipulation of either of these signalling systems is sufficient to 
induce this. In addition, both signalling systems could be activated 
by a great variety of different airborne stressors that have been 
related to the diseases mentioned above. Amongst these stressors 
are hypoxia, temperature stress and UV-irradiation. This stress 
sensing system is not restricted to flies, as we were able to show 
very similar reaction types in human airway epithelial cells. Taken 
together, the NF-kB/FoxO axis functions as a stress sensor in the 
airway epithelium that is activated by a number of different airborne 
stressors. If the system is activated above a certain threshold, an 
emergency program is launched comprising structural changes 
that might be of central importance for a number of different chronic 
lung diseases.

OP-P-4

Cellular stress signaling in the nematode Caenorhabditis 

elegans

A. Keshet1, S. A. Winter1, A. Mertenskötter1, P. Gerke1, R. Paul1 
1University of Münster (WWU), Zoophysiologie, Münster, 
Germany 

In C. elegans and other animals, three cellular signaling pathways 
are particularly important for the processing of information on 
stressors, nutrients, or other external and/or internal stimuli. Firstly, 
mitogen-/stress-activated protein kinase (MAPK/SAPK) pathways 
provide, via three-stage amplification (MAP3K, MAP2K, MAPK) 
and cross-talk, manifold processing modes for environmental and 
organismal data. The most relevant SAPK pathways in C. elegans 
are the neuronal JNK-1 pathway as well as the widespread KGB-
1 and p38/PMK-1 pathways. Secondly, the insulin-like (DAF-2) 
pathway processes information on external nutrient availability and 
promotes stress tolerance and longevity in case of food shortage. 
Thirdly, the target of rapamycin (TOR) pathway processes 
information on internal nutrient availability and triggers protein 
biosyntheses and other growth-related mechanisms in case of good 
supply situations. All three types of signaling pathways interact and 
control together protein activations and/or gene expressions. In 
recent years, we have studied functions of the JNK-1, KGB-1, PMK-
1, and DAF-2 pathways upon different types of stress (cold, heat, 
hyperosmolarity, heavy metals). Some of the findings were: (1) the 
proof of promoting effects of neuronal JNK-1 on peripheral DAF-2 
signaling via peptide hormones (insulin-like peptides), (2) positive 
effects of the JNK-like KGB-1 pathway on protein biosynthesis and 
gametogenesis, (3) evidence for a higher heat resistance by PMK-
1 signaling, which promotes the expression of heat shock proteins, 
or (4) the proof of a higher resistance to heavy metals additionally 
provided by PMK-1 signaling. Main methods and results will be 
demonstrated and future research themes will be outlined. 
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OP-P-5

Comparative transcriptomic approaches reveal a complex 

evolutionary history of matrix metalloproteinases in Diptera
S. Martin1, K. Meusemann2, M. Petersen2, X. Zhou3, A. 
Vilcinskas4,5, B. Misof2, L. Podsiadlowski1 
1Universität Bonn, Institut für Evolutionsbiologie und Ökologie, 
Bonn, Germany  
2ZfMK, Zentrum für molekulare Biodiversitätsforschung, Bonn, 
Germany  
3BGI, Beijing Genome Institute, Beijing, China  
4Universität Giessen, Institut für Phytopathologie und Angewandte 
Zoologie Abteilung Angewandte Entomologie, Giessen, Germany  
5Fraunhofer Gesellschaft, Institute for Molecular Biology and 
Applied Ecology, Giessen, Germany 

Matrix metalloproteinases (MMPs) mainly serve for reconstructing 
the extacellular matrix (ECM) and tissue remodeling, but additional 
functions in signaling pathways have also been demonstrated. 
They were intensively studied in vertebrates, while very little 
is known about MMPs in arthropods. In previous analyses we 
could show that the Drosophilidae and Culicinae do not show the 
arthropod ground pattern representation of three MMPs. Some 
representatives of the Diptera seem to have lost one or gained 
additional candidates, indicating independent duplication events. 
To provide insights into the evolution of MMPs, containing matrixin 
domains in this group, we analyzed and compared transcriptomic 
datasets from holometabolan insects. In our analysis we benefited 
from the transcriptome data sets of the 1KITE-project (1K Insect 
Transcriptome Evolution, www.1kite.org), which aimed to provide 
transcriptomic data sets of 1000 insect species encompassing all 
recognized insect orders. Our phylogenetic analysis of the matrixin 
domain alignments revealed a complex evolutionary history. In 
addition, the tissue inhibitor of MMPs (TIMP), which regulates 
MMP-activity is highly conserved in this group and shows a simple 
evolutionary history.

OP-P-6

THERMOREGULATORY STRATEGIES IN PINNIPEDS

N. Erdsack1,2, G. Dehnhardt1,2,3, W. Hanke1,2,3 
1University of Rostock, Institute for Biosciences, Rostock, 
Germany  
2Marine Science Center, Rostock, Germany  
3,, Germany 

Pinnipeds have to face the challenging requirements of their 
amphibious lifestyle in keeping a stable body temperature, which 
involves coping with the high thermal capacity and conductivity 
of water as well as the low heat transfer rate of air. Depending 
on the degree of adaptation to the aquatic environment, which 
involves the type of thermal insulation, blubber or fur, different seal 
species developed different strategies to cope with these thermal 
requirements. Here we investigated thermoregulatory strategies 
comparatively in two highly differing pinniped species, the harbour 
seal (Phoca vitulina) and the Cape fur seal (Arctocephalus pusillus 

pusillus).

By means of infrared thermography the development of thermal 
windows on hauled out harbour was investigated and the amount 
of heat dissipation through these thermal windows was calculated. 
Furthermore the thermoregulation of the vibrissal follicles, important 
for the functioning of the tactile sense, was investigated. The first 
temperature measurements inside vibrissal follicles of a mammal, 
here, the harbour seal, showed that follicle temperature was 
constant and independent of ambient temperature. In this context 
hair density at the vibrissal pads was analyzed and compared 
with other body parts. Hair density was significantly higher around 
harbour seals’ vibrissae than on the trunk. Furthermore a unique 
fur composition was discovered at the vibrissal pads: hair bundles 
consisted exclusively of guard hairs. Investigations of the natal fur 
of Cape fur seal pups showed effective protection against heat 
and solar radiation. All these results indicate that thermoregulatory 
strategies vary not only between species but also between body 
parts and life phases.
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OP-P-7

MUTATIONS IN THE NA, K-ATPASE GENERATE 
ADAPTATIONS TO CARDENOLIDES

S. Dalla1, S. Dobler1 
1Universität Hamburg, Molekulare Evolution, Hamburg, Germany 

Na,K-ATPase is a heterodimeric plasma membrane protein 
responsible for cellular ionic homeostasis, in nearly all animal 
cells. This important transmembrane carrier is specifically 
inhibited by cardenolides (cardiac glycosides) such as ouabain 
that bind to a well described binding pocket on the extracellular 
side of the enzyme. Nevertheless, some insect species that 
feed on cardenolide-containing plants have a high tolerance to 
cardenolides. Genetic analysis of the Na, K-ATPase indicate that 
amino acid substitutions in the cardenolide binding pocket may 
be decisive for making the enzyme insensitive to cardenolides. 
We genetically engineered the D. melanogaster Na, K-ATPase α 
subunit to incorporate amino acid substitutions that we observed 
in cardenolide-adapted insects and expressed it together with the 
β subunit in Sf9 cells via the baculovirus expression system. To 
determine the functional importance of the introduced amino acid 
substitutions, [3H]-ouabain binding and the sensitivity of the ATPase 
activity to increasing ouabain concentrations were measured. 
Whereas the wild-type D. melanogaster Na,K-ATPase showed 
high affinity ouabain binding, the amino acid substitutions N122H, 
T797A, Q111T-N122H, Q111V-N122H observed in cardenolide-
adapted insects significantly decreased Na,K-ATPase sensitivity 
to ouabain. The combination of substitutions at positions 111 and 
122, which is also known from the highly resistant Na,K-ATPase 1α 
of the rat, proved to be the most effective modification. This striking 
adaptation to cardenolides in their host plants evolved at least five 
times independently in distantly related insect groups.

OP-P-8

Transporting toxic cargo: molecular adaptations to 
secondary host plant compounds in leaf beetles
M. Baum1, M. Körten1, S. Dobler1 
1Universität Hamburg, Zoologisches Institut, Molekulare 
Evolutionsbiologie, Hamburg, Germany 

The chemical arms race between plants and insects is characteristic 
of the evolutionary seesaw between selective pressure and 
adaptation. Chrysomelids, a large family of beetles feeding on 
numerous different plants, harbour many species which are not only 
able to tolerate toxic plant compounds, but also to sequester them 
and use them in their own defensive secretions against predators. 
This sequestration necessitates mechanisms to transport the 
corresponding toxins from the intestines to the defensive glands.

One prominent class of compounds that defend plants against 
herbivores are the cardiac glycosides (cardenolides and 
bufadienolides). Their ability to inhibit the ubiquitous Na,K-ATPase 
leads to a high potential toxicity throughout the animal kingdom. 
Nevertheless, specialized insects from different orders feed on 
cardenolide-containing plants. Several of them, e.g. the dogbane 
beetle Chrysochus auratus, possess an insensitive Na,K-ATPase. 
However, in the beetle‘s nervous system, representing the 
tissue most depending on a functional Na,K-ATPase, C. auratus 

expresses a sensitive form of the enzyme. This raises the question 
how cardenolides are prevented from accessing the nervous tissue.

We here investigate how the beetle protects its nervous system and 
transports cardenolides from intestine to defensive glands. Both 
processes require a cardenolide transport against concentration 
gradients. Two families of trans-membrane proteins have so 
far been reported to transport cardenolides: ABC (ATP-binding 
cassette)-transporters and Oatps (organic anion transporting 
polypeptides). Starting from a transcriptome of C. auratus, we 
cloned three candidates of each gene family and expressed 
them in different systems to test for their functional capability of 
transporting cardenolides in vitro.
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OP-P-9

SYNTHETIC DERIVATIVES OF THE SPONGE ALKALOID 

AGELADINE A AS TISSUE AND CELL SPECIFIC STAINS FOR 

LIVE IMAGING OF MARCROSTOMUM LIGNANO

R. Silalahi1, T. Goetz1, W. Loa Kum Cheung2, P. Karuso2, U. 
Bickmeyer1 
1Alfred Wegener Institute, Ecological chemistry, Bremerhaven, 
Germany  
2Macquarie University, Department of Chemistry and 
Biomolecular Sciences, Sydney, Australia 

The marine platyhelminth Macrostomum lignano lives in sediments 
of the Adriatic shores and experiences episodes of hypoxia and 
exposure to toxins and large temperature variations in its natural 
environment. The flatworm is robust and easy to maintain in co-
culture with its prey, the diatom Nitzschia spp. at 16:8 h light/dark 
cycle and 20 ± 2 °C. With a view to establishing this flatworm as 
physiological model for environmental stress, toxin exposure and 
organismic adaptations we have performed a series of live imaging 
techniques using established and new dyes (Rivera-Ingraham et 

al. 2013). Here we report the staining of M. lignano with synthetic 
derivatives of the sponge-derived natural product ageladine A. The 
new synthetic derivatives show different pH dependent excitation/
emission profiles and different staining characteristics. One 
compound in particular (P3) shows highly organ specific staining, 
staining only the rhabdites.

Rivera-Ingraham GA, Bickmeyer U, Abele D. J Exp Biol. 2013 Mar 
26. [Epub ahead of print] 

OP-P-10

Chopping actin stress fibers: Remodeling of the actin 
cytoskeleton in human airway epithelial cells by a bacterial 
toxin, S. aureus hemolysin A
I. Hermann1, J.- P. Hildebrandt1, S. Ziesemer1, H. Kische1, S. 
Räth1 
1Ernst-Moritz-Arndt-Universität Greifswald, Zoology, Animal 
Physiology and Biochemistry, Greifswald, Germany 

Human airway epithelial cells (16HBE14o-, S9) respond to 
treatment with recombinant Staphylococcus aureus hemolysin A 
(rHla) with retraction of cellular processes, partial dissolution of 
cell-cell contacts and cell rounding, thereby generating paracellular 
gaps in the previously confluent cell layer. To change shape, cells 
need to partially dissolve their cell-cell junctions, their cell-matrix 
contacts and reorganize their actin cytoskeleton. Monitoring 
changes in abundance and subcellular localization of major focal 
adhesion proteins (vinculin, paxillin) and of actin stress fibers in 
human airway epithelial cells by confocal microscopy confirmed 
a net loss of focal contacts and actin stress fibers in cells treated 
with 2,000 ng/ml rHla. These processes started within 1 h upon 
addition of rHla. Cellular changes were accompanied by alterations 
in the phosphorylation states of key proteins of focal adhesion 
remodeling (focal adhesion kinase, FAK and paxillin) and the 
actin-depolymerizing protein cofilin. FAK became phosphorylated 
at positions that mediate enzyme activation, but also at positions 
which mediate destabilization of focal contacts. Paxillin was 
phosphorylated at amino acid positions 31 and 118 and was lost 
from focal adhesions in cellular lamellipodia. On the other hand, 
dephosphorylation of cofilin, which activates its depolymerizing 
activity, resulted in a net loss of cell stabilizing actin stress fibers 
and in an accumulation of short actin filaments in the cellular 
periphery. We conclude that the rHla-mediated loss of actin stress 
fibers in the cells and the partial loss of matrix attachment favor 
formation of gaps in the cell layer and may compromise epithelial 
barrier function.
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OP-P-11

Long telomeres better predict survival and fitness proxies 
than short telomeres in a long-lived seabird
C. Bauch1, P. H. Becker1, S. Verhulst2 
1Institute of Avian Research, Wilhelmshaven, Germany  
2University of Groningen, Groningen, Netherlands 

Telomeres, DNA-protein complexes, form the ends of eukaryotic 
chromosomes and function in genome stability. Telomere length 
has been associated with cellular senescence, lifestyle and aging. 
Short telomeres indicate poor health in humans and reduced 
survival probability in several bird species. Within a cell telomere 
length varies between chromosomes and in-vitro studies revealed 
that cell senescence is triggered by the shortest telomeres. But 
whether the short telomeres also function as the best biomarker of 
aging is not known.

We measured telomere lengths in erythrocytes of free-living 
common terns Sterna hirundo of known sex and age using terminal 
restriction fragment analysis. This yields a distribution of telomere 
lengths for each sample. We evaluated how different subsets 
(percentiles) of the telomere distribution relate to age, survival and 
fitness components using cross-sectional as well as longitudinal 
data.

Longer telomeres within a genome lost more base pairs with age 
and better predicted survival and fitness proxies than shorter 
telomeres. This seems to contrast the finding that the shortest 
telomeres in a cell induce senescence. We suggest that as longer 
telomeres lose more base pairs per unit time, they better reflect the 
various forms of stress that accelerate telomere shortening. 

OP-P-12

Linking melanism to brain development: Expression of a 
melanism-related 

gene in barn owl feather follicles predicts sleep ontogeny
M. Scriba1,2, A.- L. Ducrest1, I. Henry1, A. L. Vyssotski3, N. C. 
Rattenborg2, A. Roulin1 
1University of Lausanne, Department of Ecology&Evolution, 
Lausanne, Switzerland  
2Max Planck Institute for Ornithology, Avian Sleep Group, 
Seewiesen, Germany  
3 University of Zürich and ETH Zürich, Institute of 
Neuroinformatics, Zürich, Switzerland 

The melanocortin system, involved in producing black, eumelanic 
pigmentation in the skin, is also active in the brain. In many animals, 
including barn owls, eumelanic pigmentation covaries with several 
physiological and behavioural traits, suggesting that this system 
has far reaching pleiotropic effects. Herein we show that this link 
extends to sleep in the developing brain.

We studied barn owl nestlings (N=66, age 27-59 d) in the field using a 
minimally invasive method for recording the electroencephalogram 
and sleep-related behaviour. Eumelanin-based coloration and 
the expression of prohormone convertase 2 (PC2), involved in 
melanogenesis, were measured in the feathers.

Whereas the time spent in non-REM sleep and wakefulness did not 
change with age, time spent in REM sleep declined significantly 
with age (P=0.0008). In addition, whereas the duration of REM 
sleep bouts did not change significantly with age, bouts of non-REM 
sleep and wakefulness increased with age (P=0.0001, P=0.0006). 
PC2 expression was negatively correlated with time spent in REM 
sleep (P=0.005) and REM sleep bout duration (P=0.006), and 
positively correlated with non-REM sleep time (P=0.019) and bout 
duration (P=0.023). PC2 expression was positively correlated with 
eumelanin pigmentation in the feathers (P=0.0006).

As in altricial mammals, REM sleep declines with age in altricial 
barn owls, suggesting that this is a fundamental aspect of sleep 
not only in mammals, but also in birds. The lower amount of REM 
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sleep in owlets expressing higher PC2 suggests a more precocial 
pattern of brain development. Given its role in brain development, 
variation in nestling REM sleep may lead to variation in adult 
brain organization, and thereby contribute to the behavioral and 
physiological differences observed between adults expressing 
different degrees of melanism.

OP-IV-P-1

THE REGULATION OF SEASONAL ADAPTATIONS IN 

MAMMALS: A CENTRAL ROLE FOR THYROID HORMONES?
A. Herwig1 
1University of Hamburg, Hamburg, Germany 

Changes in day length induce massive physiological changes in 
many seasonal mammals over the course of the year. Djungarian 
hamsters (Phodopus sungorus) lose up to 30% body weight, 
spontaneously display daily torpor and cease reproduction when 
exposed to short days (SD). The physiological changes result 
from multiple gene expression changes in the hypothalamus that 
potentially control key functions of energy balance and reproduction. 
We have strong evidence that thyroid hormone (T3) availability to 
the hypothalamus is essential for the photoperiodic response in 
Djungarian hamsters and other mammals. T3 concentration in 
the hypothalamus is regulated by tanycytes, specialized glial cells 
that line the 3rd ventricle. Tanycytes express thyroid hormone 
transporter (Mct8) as well as type 2 and type 3 deiodinase enzymes 
(Dio2 and Dio3) that either activate or inactivate T3 respectively. 
We have shown that in Djungarian hamsters, expression levels 
of transporter and deiodinase enzymes are strongly responsive 
to photoperiod. Expression patterns are regulated dynamically 
and depend on the time after a photoperiodic switch preceding 
the visible physiological changes. Studying mRNA expression 
levels though bears disadvantages because it does not allow 
continuous measurements of actual hormone concentrations, 
which is important to understand a dynamically changing system. 
We now aim to develop methods to locally measure and precisely 
manipulate hypothalamic thyroid hormone concentrations in vivo to 
better understand the mechanisms of action of thyroid hormones 
in the brain and eventually identify targets for the long term 
manipulation of energy balance.
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OP-IV-P-2

Coping with variable oxygen and temperature conditions: 
differential protein expression in Daphnia and consequences 
for the animals’ physiology 

B. Zeis1, R. Paul1 
1WWU Münster, Institut für Zoophysiology, Münster, Germany 

Planktonic invertebrates are challenged by rapid and severe 
temporal and spatial variation of abiotic parameters in aquatic 
habitats, which can impede oxygen delivery to the cells and may 
cause oxidative stress. The response to acute or chronic changes 
in oxygen and temperature conditions was studied in Daphnia. 
Adjustments of the amount and functional qualities of the animals’ 
oxygen-transport protein are realized by differential induction of 
hemoglobin isoforms, as revealed by proteomic and transcriptomic 
data. Moreover, acclimation to hypoxia and different temperatures 
affect carbohydrate and protein metabolism. Upon acute transfer to 
elevated temperature, an increase of chaperones of the heat shock 
protein family HSP90 was observed. The hemoglobin induction 
process is correlated to changes in reactive oxygen species (ROS), 
which showed characteristic oscillations upon acute exposure to 
oxygen or temperature stress. Their role in signal transduction for 
increased gene expression requires further analyses.

The observed molecular adjustments resulted in shifts of the 
optimum window for the animals’ individual performance as revealed 
by studies of motility, respiration or oxygen transport variables 
(ventilation, perfusion). Finally, the temporal and local distribution 
in the habitat is connected to the animals’ protein equipment. 
Examples from field-studies indicate a role for oxygen transport 
proteins for the potential to inhabit the oxygen-depleted layers of 
the meta- or hypolimnion of lakes. Moreover, the abundance of 
individuals carrying specific isoform variants of glycolytic enzymes 
is correlated to the seasonal changes of water temperature, raising 
questions on their role for the animals’ thermal optimum. 

PP-P-1

Response of enzymatic antioxidant defense to temperature 
in Nile tilapia liver and white muscle 
M. Abdelmoneim Mostafa Hegazi1, Z. Ibraheim Aly Attia1 
1Faculty of Science, Tanta University, Zoology, Tanta, Egypt 

Abstract

The effect of acclimation to the temperatures 15, or 26°C for 
four weeks on the antioxidant enzymes of liver and white muscle 
ofNiletilapia juveniles (16±2.6 g) was studied. Since liver is a 
central organ in xenobiotic metabolism and muscle tissues, 
which comprise about 60-65% of fish weight, the extent of 
adaptation of enzyme activity and oxidative metabolism generally 
corresponds to the whole-animal metabolism (Hazel and Prosser, 
1974, Physiol. Rev., 54, 620-677.). The studied enzymes were 
antioxidant enzymes superoxide dismutase (SOD), catalase (CAT), 
glutathione-peroxidase (GPx), glutathione-S-transferase (GST), 
and glutathione reductase (GR), γ-glutamylcysteine synthetase 
(γ-GCS) and γ-Glutamyl transferase (γ-GT) related to glutathione 
synthesis in liver and white muscles. The activity of enzymes in 
liver and white muscle increased by more than two folds in fish 
acclimated to 26°C in comparison with that acclimated at 15°C.

Keywords: antioxidant enzymes, glutathione related enzymes, 
γ-glutamylcysteine synthetase, γ-Glutamyl transferase.
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Development of in vitro and in vivo assays for the analysis of 
antibodies against the poultry red mite Dermanyssus gallinae

G. R. Makert1,2, S. Chabierski1, S. Vorbrüggen2, M. E. Krautwald- 
Junghanns2, F. Mozafar3, M. Voss3, S. Ulbert1 
1Fraunhofer Institute for Cell Therapy and Immunology, 
Department of Immunology, Leipzig, Germany  
2Leipzig University, Clinic for birds and reptiles, Leipzig, Germany  
3Lohmann Tierzucht GmbH, Cuxhaven, Germany 

The poultry red mite (PRM) Dermanyssus gallinae is an 
ectoparasite, which causes high economical costs in the poultry 
industry. To develop technologies for the immunological control 
of this parasite we have first immunized Gallus gallus domesticus 
with PRM extracts for the production of specific antibodies against 
PRM. Through immunoassays and protein biochemistry we 
detected an increase of PRM specific IgY titers produced in the 
immunized chickens. To detect antibodies which are positively 
correlated with the mortality of PRM, we performed a PRM in 

vitro feeding assay using chicken blood spiked with different IgY 
fractions. In addition, the immunization with different PRM extract 
fractions and different adjuvants were tested, and a system for the 
in vivo testing of vaccine candidates was developed. The results 
show the high potential of this approach for the development of a 
vaccine against PRM.

Key words: poultry health, blood sucking ectoparasite, vaccine 
development, immunity, economic losses

PP-P-3

Globins in a shell: 
The globin repertoire of the Chinese soft-shelled turtle 
(Pelodiscus sinensis)

K. Schwarze1, T. Burmester1 
1University of Hamburg, Zoological Institute and Museum, 
Hamburg, Germany 

Globins are small heme-containing proteins that reversibly bind 
oxygen and play an important role in respiration, but may also have 
other roles. Globins offer unique opportunity to study the functional 
evolution of genes and proteins. We identified eight distinct globin 
types in the genome of the Chinese soft-shelled turtle (Pelodiscus 

sinensis), representing the full globin repertoire of vertebrates. 
Phylogenetic analyses revealed an early divergence of distinct 
globin types and a closer relationship of myoglobin and globin 
E on the one hand and hemoglobin and globin Y on the other. 
Quantitative real-time RT-PCR experiments reveal a tissue-specific 
expression of the globins. Like in birds, globin E is restricted to the 
eye (Blank et al., 2011) and expressed in the pigment epithelium 
of P. sinensis. Globin E may either play a myoglobin-like role in 
oxygen supply in the metabolically active cells or have functions in 
detoxification of reactive oxygen species (ROS).

References:

Blank M., Kiger L., Thielebein A., Gerlach F., Hankeln T., Marden 
M.C. and Burmester T. (2011) Oxygen supply from the bird‘s eye 
perspective: Globin E is a respiratory protein in the chicken retina. 
J Biol Chem. 286: 26507-26515.
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Heat shock proteins 90 (HSP90s) of the microcrustacean 
Daphnia pulex

N. Hoffschröer1, E. Klumpen1, E. Dohmen1, A. Keshet1, D. 
Becker1, B. Zeis1, R. Paul1 
1University of Münster (WWU), Institute of Zoophysiology, 
Münster, Germany 

HSP90s are molecular chaperones more specific in their substrate 
spectrum than other HSPs. During non-stress conditions, they are 
preferentially engaged in the maturation/maintenance of proteins, 
which are involved in signal transduction. HSP90s also interact with 
the 26S proteasome and play a role for its assembly/maintenance. 
Up-regulation of HSP90 gene expression upon cell stress ensures 
the ongoing protection of signaling pathways or proteasomes 
(maintenance of the ‘HSP90 capacitor’), despite the increased 
burden of protecting other kinds of proteins. Microarray analyses 
in D. pulex revealed 49 putative HSP90 genes concurrently up-
regulated upon acute heat stress, with maximal transcript levels 
after two hours of stress. From the 49 genes, just one showed 
all motifs of the highly conserved HSP90 domains, and five 
genes exhibited at least one motif of every HSP90 domain. The 
(computer-created) 3d structures of these six HSP90s, and that 
of human HSP90 as well, were very similar, whereas the others 
HSP90 genes represented only one HSP90 domain. This raises 
the question if these genes express ‘HSP90 modules’, which can 
be combined after translation. To study HSP90 gene control, gene 
structures were analyzed and scanned for transcription factor 
binding sites. Predominantly, heat shock elements (HSE) and heat 
shock associated sites (HSAS) were detected, and HSP90 genes 
with a higher number of HSE and HSAS sites showed a higher 
expression level after two hours of heat stress. Hypoxia responsive 
elements (HRE) were also found in the promoter regions of the 
HSP90 genes, but their number was not correlated with expression 
level.

PP-P-5

Functions of HIF-1 (hypoxia-inducible factor 1) in Daphnia 

pulex and Daphnia magna during temperature changes or 
starvation

E. Klumpen1, I. Buers1, M. Rüppel1, B. Zeis1, R. Paul1 
1University of Münster (WWU), Institute of Zoophysiology, 
Münster, Germany 

The hypoxia-inducible factor 1 (HIF-1) is a transcription factor, 
consisting of two subunits and binding to specific target gene 
sequences (HRE, hypoxia-responsive elements) in case of low 
oxygen partial pressures. The α-subunit becomes hydroxylated 
by PHD (prolyl hydroxylase) under normoxic conditions, which 
leads to inactive HIF-1 due to proteasomal degradation of this 
subunit. Since PHD activity requires oxygen, PHD acts as oxygen 
sensor. In addition, PHD activity depends on co-factors such as 
2-oxoglutarate and Fe2+, with concentration of the latter diminished 
by reactive oxygen species (ROS-mediated oxidation of Fe2+ to 
Fe3+). In our investigations, we studied cell responses in Daphnia 

pulex and Daphnia magna to different environmental stressors with 
attention to stress-related proteins such as HIF-1 and hemoglobin 
(Hb). Acute exposures to cold (from 20°C to 5/10°C) or heat (from 
20°C to 30/35°C) induced elevated HIF-1 levels (maxima after two 
hours of exposure) in D. magna, which were likely due to hypoxia-
induced ROS production. Starvation induced in D. magna, aside 
from decreasing ROS levels, increases in HIF-1, hb mRNA, and hif-

1 mRNA levels, with HIF-1 stabilization and hb (hif-1 ?) expression 
likely evoked by a deficiency of 2-oxoglutarate and/or Fe2+ due to 
hunger. Lastly, ROS, hb mRNA, and hsp70 mRNA levels showed a 
coordinated cell response to acute heat stress (from 20°C to 30°C), 
which was much faster in D. pulex than in D. magna indicating 
species-specific gene control processes. These results suggest 
that PHD is a multi-sensor, which integrates information from ROS 
production and oxygen and nutrient provision.
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P38 MAPK (PMK-1) and DAF-2 signaling as well as ABC 
transporters provide multiple protection of Caenorhabditis 

elegans against cadmium stress
S. A. Winter1, A. Keshet1, A. Mertenskötter1, V. Brinkmann1, R. 
Paul1 
1University of Münster (WWU), Institute of Zoophysiology, 
Münster, Germany 

Exposure to the heavy metal stressor cadmium is a substantial risk 
for the health of organisms. The nematode Caenorhabditis elegans 
has been proven as well-suited model organism to study cadmium 
effects and associated stress responses. This study on C. elegans 
wildtype and mutants for the P38 MAPK PMK-1 (pmk-1Δ), the 
DAF-2 receptor (daf-2Δ), the DAF-16 transcription factor (daf-

16Δ), and diverse ABC transporters revealed reduced cadmium 
tolerance in pmk-1Δ, improved cadmium tolerance in daf-2Δ and 
daf-16Δ, and contributions of the multidrug resistance-associated 
proteins (MRPs) MRP-1 and MRP-4 to cadmium resistance. By 
next generation sequencing (RNA-Seq), the reduced tolerance 
of pmk-1Δ to cadmium stress could be attributed to several 
factors. Non-activation of the PMK-1-dependent transcription 
factor SKN-1 resulted in a reduced expression of SKN-1 target 
genes (glutathione metabolism, redox regulation), weakening 
antioxidant defense and detoxification mechanisms. Surprisingly, 
pmk-1Δ also showed a reduced expression of DAF-16 target 
genes (chaperones, metallothioneins) under cadmium stress, 
which additionally impedes the stress tolerance of the mutant. The 
non-activation of DAF-16 target gene expressions may be related 
to target-of-rapamycin (TOR) signaling. As a down-regulation 
of genes for protein biosynthesis in pmk-1Δ indicates a missing 
promotion of TOR signaling by PMK-1, a compensatory increase 
in the number of TOR complexes (including Raptor/DAF-15) might 
well be regarded as an attempt to maintain protein biosynthesis 
at a reasonably stable level. Actually, the expression level of daf-

15 was elevated in pmk-1Δ, and as daf-15 expression requires 
non-nuclear DAF-16, down-regulation of DAF-16 target gene 
expression is the inevitable consequence.

PP-P-7

How to live on Stinky Willie
R. Romey1, A. Donath2, S. Dobler1 
1Universität Hamburg, molekulare Evolutionsbiologie, Hamburg, 
Germany  
2Zoologisches Forschungsmuseum Alexander König, Bonn, 
Germany 

Stinky Willie (Senecio jacobaea) is one of the plants which use 
toxic secondary plant compounds as defense mechanism against 
herbivores. Like several other Asteracaea, e.g. the devil weed 
Chromolaena odorata, S. jacobaea synthesizes pyrrolyzidine 
alkaloids (PAs). After ingestion by a herbivore, the chemical 
structure of PAs is changed from a non-toxic N-oxide form to a 
toxic free base by the mildly reducing conditions in the intestine. 
The free base then exerts various toxic effects for the animals. 
Nevertheless, many different insects feed on plants containing PAs, 
e.g. the arctiid moth Tyrea jacobaea, the grasshopper Zonocerus 

variegatus or the flea beetle Longitarsus jacobaeae. One possibility 
to handle PAs is to convert the free base to the original non-toxic 
N-oxide form, as described for T. jacobaea and Z. variegatus. Both 
insects recruited a flavin-dependent enzyme for the conversion of 
free base PAs, the flavin-dependent monooxygenase (FMO).

Our previous investigations showed that L. jacobaeae can likewise 
convert free base PAs into N-oxides yet the enzyme responsible for 
this reaction is still unknown. Therefore we searched a transciptome 
of the beetle for sequences which are similar to known FMOs. Two 
candidate genes were identified, cloned and expressed in insect 
cell culture. We currently characterize the purified protein and test 
the proteins’ ability to oxidize the free base form of PAs.
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DAILY AMBIENT TEMPERATURE CYCLES INFLUENCE 

THE EXPRESSION OF SPONTANEOUS DAILY TORPOR 

(SDT) IN JUVENILE DJUNGARIAN HAMSTERS (PHODOPUS 

SUNGORUS)

J. Bank1, V. Diedrich1, S. Steinlechner1 
1University of Veterinary Medicine Hannover, Institute of Zoology, 
Hannover, Germany 

The Djungarian hamster is well adapted to cope with extreme 
seasonal environmental changes. In this study, the acclimation 
of 40 juvenile hamsters to winter-like conditions was investigated 
under artificial short photoperiod (8L:16D) and either constant 
(18°C) or fluctuating ambient temperature (T

a
).

Beginning at week two after birth, body temperature (T
b
) was 

measured two, four and six hours after “lights on” via implanted 
transponders. At five weeks of age, 20 animals were exposed to a 
daily temperature cycle with T

a
 lowered to 5°C during darkness. The 

occurrence and characteristics of SDT (T
b
<32°C) were analyzed 

and during the torpor period, the hamsters’ metabolic rate was 
measured via indirect calorimetry.

At constant T
a
, SDT occurred first in week nine and was observed 

for five to eleven weeks with a frequency of 39 ±19%. A lower T
a
 

during darkness led to a delayed onset and a shorter duration of 
torpor period as well as a significantly lower torpor frequency. In 
contrast to the group under constant T

a
, torpor onset was limited to 

the early light phase and torpor bouts longer than four hours were 
rare. Although the hamsters under low T

a
 during darkness were 

exposed to a considerable energy challenge (indicated by a higher 
metabolic rate), they did not increase SDT frequency to save 
energy. This might be associated with an enhanced development 
of insulating winter fur. The results show that a daily T

a
 rhythm 

negatively affected the occurrence of SDT in juvenile hamsters.

PP-P-9

Deliberation process preceding a movement decision in 
human motor cortices revealed by high-density EEG
D. F. Kutz1, B. M. ’t Hart1, W. Hürster2, F. P. Kolb1, J. Nida-
Rümelin3 
1University of Munich, Physiological Genomics, Munich, Germany  
2Research & Consulting, Ulm, Germany  
3University of Munich, Philosophy IV, Munich, Germany 

Question: Deliberation is the process of weighing alternatives. 
The aim of this study was to investigate neuronal correlates of such 
a process leading to a motor decision.

Methods: In this study 26 young, right-handed subjects participated 
in an experiment based on the Stroop effect. They had to decide 
between responding with the right hand during the match condition, 
or with the left hand during the mismatch condition. High-density 
multi-channel EEG activities as well as behavioural data were 
recorded. In addition, reaction times of the deliberation tasks were 
compared with those of a corresponding simple motor task.

Results: The reaction time in the deliberation task was significantly 
different from that observed during the simple motor task. Moreover, 
the EEG patterns recorded from above the motor cortices during 
both tasks show clear differences. Time-frequency analysis shows 
task-dependent differences in lateralisation in the alpha band 
[8-12Hz] and the beta1 band [13-20] Hz after stimulus onset. In 
addition, event-related potentials (ERPs) show strong negativity 
approximately 300 ms before movement onset.

Conclusions: These results suggest that the deliberation process 
during movement decision is represented by an increasing negativity 
in the motor region before movement onset. As both hemispheres 
show a similar activation it is assumed that competing motor plans 
are processed simultaneously. This result supports the idea for an 
involvement of the motor cortices in the deliberation process.

Supported by the Munich-Center for NeuroSciences - Brain and 
Mind (Nida-Rümelin 2011).
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INSIGHTS ON LOCALIZED ROS FORMATION AND PH IN 

ISOLATED BIVALVE GILLS: A LIVE-IMAGING APPROACH
G. A. Rivera-Ingraham1, I. Rocchetta1,2, U. Bickmeyer1, D. Abele1 
1Alfred Wegener Helmholtz Institute for Polar and Marine 
Research, Bremerhaven, Germany  
2University of Buenos Aires, Biological Chemistry, Buenos Aires, 
Germany 

Live-imaging techniques (LIT), using specific dyes and quantifying 
the resulting fluorescence signals under a confocal microscope, 
have traditionally been used with isolated cells and tissues, to 
study various physiological parameters in-vitro. In the present 
study we report the successful application of LIT to complete gill 
filaments for the analysis and characterization of reactive oxygen 
species (ROS) and nitric oxide (NO) formation. Our results 
indicate that H

2
O

2
 (hydrogen peroxide), HOO• (peroxyl radical) 

and ONOO- (peroxynitrate anion) radicals (assessed through 
C-H

2
DFFDA staining) are mainly formed in the blood sinus of 

the filaments. Contrary, in the periphery of the filaments, with the 
lateral cilia and highest mitochondrial densities (MTK Deep Red 
633 staining), staining with O

2
•- (DHE) and NO (DAF-2) sensitive 

dyes was highest. These peripheral areas also show the most 
acidic pH values (as observed with the dye ageladine-a) and 
mitochondria with low membrane potentials (JC-1), suggesting 
that the high amounts of ATP required for ciliary beating may be 
produced via a non-mitochondrial pathway such as the enzymatic 
activity of an ATP-regenerating kinase. On the ventral bend of the 
gills a high number of subepithelial vesicles were observed, which 
were especially numerous in the areas close to the mouth. These 
vesicles were brightly stained with NO and O2•- reactive dyes, 
while other ROS were absent. We hypothesize that these vesicles 
may be involved in mucus production in the gills and, given the 
antimicrobial properties of O2•-, release of this radical together 
with the mucus may be playing an important role in avoiding the 
development of microbial biofilms on the gill surface.

PP-P-11

Spontaneous daily torpor versus fasting-induced torpor: 
Further respirometric characterization in Dsungarian 
hamsters (Phodopus sungorus)

V. Diedrich1, S. Steinlechner1 
1University of Veterinary Medicine Hannover, Institute of Zoology, 
Hannover, Germany 

Short photoperiod (SP)-induced spontaneous daily torpor (SDT) is 
considered as one important energy saving mechanism in winter-
acclimatized Dsungarian hamsters (Phodopus sungorus). While 
investigating proximate SDT induction, an energetic challenge 
by fasting increased SDT incidence in SP-exposed hamsters, but 
also induced torpor in long photoperiod (LP)-exposed animals. 
However, state of acclimation and reproduction as well as torpor 
bout morphology characterize SDT and fasting-induced torpor 
(FIT) as distinct phenomena. But the animals’ metabolic state 
before and during FIT has not been examined yet. It would offer 
the possibility to specify the differentiation between SDT and FIT, 
and to clarify whether SDT-expressing hamsters suffer from acute 
energy challenge.

Our experiments investigated the efficiency of different fasting 
protocols to induce FIT. In this context, corresponding metabolic 
profiles of FIT-expressing hamsters could be compared to those of 
SDT-expressing animals. Therefore, LP-hamsters were exposed 
to either acute fasting at different ambient temperatures or to 
moderate long-term fasting. Body temperature and locomotor 
activity were measured via implanted transmitters, whereas 
metabolic rate measurement was performed via indirect calorimetry. 
Although it was possible to induce FIT via acute fasting at low 
ambient temperature, moderate long-term fasting was the more 
efficient protocol. The metabolic profile of FIT-expressing hamsters 
could be clearly differentiated from that of SDT-expressing 
animals. Significantly lower basal metabolic rate and respiratory 
quotient at the beginning of FIT indicated an energetic challenge 
resulting in lipid utilization, while SDT-expressing hamsters could 
rely on carbohydrate-based metabolism. This difference further 
emphasizes that energy saving is at least not the only purpose of 
SDT.
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A high-fat diet does not impair weight loss during short-day 
acclimation in seasonal Djungarian hamsters
F. Scherbarth1 
1University of Veterinary Medicine, Zoology, Hannover, Germany 

In response to short photoperiod (SP), Djungarian hamsters 
(Phodopus sungorus) lose up to 40% of their body weight, 
predominantly due to a reduction of fat mass. It has been shown 
that the gradual decrease in body weight is accurately controlled. 
To test whether precise weight regulation even makes the hamsters 
resistant to diet-induced obesity, we simply used mixtures of plant 
seeds as high-fat diet.

In the first experiment, hamsters fed seeds (SE; sunflower seeds 
25%, millet seeds 25%, oats 25%, sesame 12.5%, linseed 12.5%; 
supplemented by mealworms twice a weak) increased body weight 
during exposure to long photoperiod (LP) compared to animals fed 
hamster chow (HC; Altromin 7014, Germany). Interestingly, within 
the following 5 weeks of SP exposure, the SE group showed a higher 
percentage decrease in body weight than the HC group, despite 
the severalfold fat content of food (~25% vs. 5%). In the second 
experiment, the SE group had ad libitum access to millet seeds, 
oats, sesame and linseed. In addition, the animals were provided 
with HC (ad lib.) to prevent nutritional deficiencies. Food choice 
resulted in dietary fat of >15%. Although the results on changes in 
body weight under both LP and SP confirmed the previous findings, 
the data after 16 weeks of SP exposure indicated that the nadir in 
body weight remains unaffected by high-fat feeding. In conclusion, 
the mechanisms underlying the SP-induced decline in body weight 
appear to be fueled by fat rather than being challenged, resulting 
in a facilitated loss of body weight. 
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WHAT THE EXPRESSION OF ENERGY METABOLISM GENES 

IN THE CEREBRAL CORTEX OF THE HOODED SEAL TELLS 

ABOUT THE BRAIN OF A DIVING MAMMAL

M. L. M. Hoff1, N. Czech-Damal1, M. Schneuer1, L. Folkow2, T. 
Burmester1 
1University of Hamburg, Institute of Zoology and Zoological 
Museum, Hamburg, Germany  
2University of Tromsø, Department of Arctic Biology, Tromsø, 
Norway 

When submerged, diving mammals aim to maintain constant 
O

2
 supply to the brain. During prolonged dives, however, they 

may not be able avoid hypoxic periods in brain tissues. It has 
been demonstrated that neurons of hooded seal (Cystophora 

cristata) are more hypoxia-tolerant than those of mice. For better 
understanding of the adaptations in the energy metabolism, the 
expression levels of selected metabolic genes in the cerebral 
cortex of hooded seal and mouse were quantified using qRT-PCR 
. We found higher levels of the glycolytic enzymes hexokinase 1, 
phosphofructokinase M and lactate dehydrogenase A (Ldha) in 
the cortex of the hooded seal than in mouse. The seal cortex had 
also higher levels of the aerobic enzymes pyruvate dehydrogenase 
and citrate synthase. These findings suggest that the brain of the 
hooded seal has a higher metabolic capacity than that of mice 
and efficiently consume carbohydrates anaerobically as well 
as aerobically. The high levels of Ldha suggest that anaerobic 
glycolysis is a prominent energy pathway in the seal‘s brain. We 
suppose this higher anaerobic capacity of the hooded seal’s brain 
could support energy production during O

2
-constraint episodes and 

thus contribute to tolerate hypoxia. Whether these findings actually 
reflect diving adaptations will be evaluated further.

Keywords: hooded seal‘s brain, expression of energy metabolism 
genes, hypoxia-tolerance

Supported by the DFG (Bu 956/12). Mariana L M Hoff is supported 
by a PhD Scholarship of DAAD and CAPES/Brazil (5125/11-1).
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STRUCTURE-ACTIVITY RELATIONSHIP OF AKH 

ANALOGUES IN A SPHINGID MOTH

H. Marco1, G. Gäde1 
1University of Cape Town, Biological Sciences, Rondebosch, 
South Africa 

The sphingid moth Hippotion eson synthesises the highest number 
of adipokinetic hormones (AKHs) ever recorded, viz.five, in its 
corpus cardiacum: two octapeptides (pELTFTSSW amide and 
pELTFTSTW amide), two nonopeptides (pELTFTSSWG amide 
and pELTFTSTWG amide) and one decapeptide (pELTFSSGWQ 
amide) [Gäde et al. 2013: Regul. Peptides 184, 85-95). These five 
endogenous AKHs are all fully active to mobilise stored lipids from 
the fat body.

The present study investigates structure-activity relationships 
in order to get insights into the ligand-receptor interaction. 
Decapeptides with a lysine or glycine at position 10 are fully 
active in our homologous in vivo bioassays. Analogues with an 
acetylated glutamate at position 1 (instead of a pyroglutamate), 
or an asparagine at position 3 (instead of threonine), or a proline 
at position 6 (instead of serine), are somewhat tolerated but not 
as active as the native amino acids. An isoleucine at position 2 
(instead of leucine) is fully active, whereas a valine at this position 
is much less active. When tryptophan at position 8 is replaced by 
alanine, no AKH activity is recorded.

Thus, it appears that all positions (except the tenth) are very 
important for receptor activation and even the slight change from 
leucine/isoleucine to valine is unfavourable for full ligand binding.

This work was financially partially supported by a grant form the 
National Research Foundation (Pretoria, RSA). 
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THE ADIPOKINETIC PEPTIDES OF THE MOST BASAL 

INSECT ORDERS, ARCHAEOGNATHA AND ZYGENTOMA: A 
GLIMPSE INTO THE EVOLUTION OF THE AKH FAMILY? 
G. Gäde1, P. Simek2, H. Marco1 
1University of Cape Town, Biological Sciences, Rondebosch, 
South Africa  
2Institute of Entomology, Czech Academy of Sciences, Biology 
Center, Department of Analytical Biochemistry, Ceske Budejovice, 
Czech Republic 

Today, two separate orders of primitively wingless insects are 
generally recognised: the monocondylous Archaeognatha (or 
Microcoryphia), the bristletails, and the dicondylous Zygentoma, 
silverfish and firebrats. The Archaeognatha is the oldest order of 
the extant Insecta and forms a sister group relationship with the 
order Zygentoma plus Pterygota (thus, all winged insects).

Our aim was to chemically identify the primary structure of the most 
abundant neuropeptide in the retrocerebral corpora cardiaca, which 
is a peptide belonging to the well-researched adipokinetic hormone 
family. This family is characterised by peptides with a chain length 
of 8 to 10 amino acids, a blocked pyroglutamate residue at the 
N-terminus, a blocked carboxyamide residue at the C-terminus, a 
phenylalanine (or tyrosine) residue at position 4 and a tryptophan 
residue at position 8.

After dissection of the neurosecretory glands, these were 
investigated with a linear quadrupol ion trap mass spectrometer 
equipped with an electrospray ion source. The sequence for the 
AKH of the bristletail Petrobius maritimus was established as an 
octapeptide: pGlu-Val-Asn-Phe-Ser-Pro-Ser-Trp amide (code-
name: Anaim-AKH). The firebrat Thermobia domestica also has an 
octapeptide, its sequence is: pGlu-Val-Asn-Phe-Ser-Pro-Asn-Trp 
amide (code-name: Peram-CAH-I).

We propose that Anaim-AKH is the AKH ancestral peptide in the 
class Insecta and a point mutation at position 7 leads to the sister 
group Zygentoma, whereas the most basal order of the Pterygota, 
the Ephemeroptera, also have the Anaim-AKH.

This work was financially partially supported by a grant form the 
National Research Foundation (Pretoria, RSA). 
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INTRA-HYPOTHALAMIC MICRODIALYSIS IN DJUNGARIAN 

HAMSTERS (PHODOPUS SUNGORUS): A NOVEL APPROACH 
TO STUDY SEASONAL ADAPTATIONS IN MAMMALS

J. Bank1, A. Herwig1 
1Universität Hamburg, Hamburg, Germany 

Seasonal mammals show massive physiological adaptations 
throughout the year that are driven by changes in day length. 
Djungarian hamsters shut down reproduction, decrease their 
body mass by 30% and express spontaneous daily torpor when 
exposed to short photoperiod. We have evidence from gene 
expression studies that the physiological changes are controlled by 
the hypothalamus. The drawback of these studies is however, that 
they do not allow continuous measurements over several weeks 
- the time it takes for the physiological changes to be completed. 
Continuously monitoring energy metabolism and homeostasis of the 
brain for several weeks would be an important step to understand 
regulatory systems underlying seasonal physiology. Microdialysis 
is the only in vivo sampling technique that permits a long-term 
collection of cerebral substances. Our aim is to establish in vivo 
microdialysis with a horizontal probe within the hypothalamus 
of freely moving Djungarian hamsters. A microdialysis probe 
is implanted into the medial basal hypothalamus. Perfusion of 
Ringer´s solution through a semi-permeable membrane allows 
passive diffusion of small molecules, peptides and small proteins 
into a collecting outlet system. Currently we focus on measuring 
thyroid hormone levels in the hypothalamus in vivo that have 
been suggested to play a major role in the seasonal body mass 
regulation in Djungarian hamsters. Coupled with metabolomic 
approaches to identify hitherto unknown substances and reverse 
microdialyis to pharmacologically manipulate signalling systems, 
microdialysis provides a very powerful tool to shed light on 
regulatory mechanisms of seasonal adaptations and the long-term 
regulation of energy balance in mammals.

PP-P-17

 

Quantitative Analysis of Gut Associated Immunity in 
Manduca sexta

Y. Kühnel1, C.- R. von Bredow1, J. Dvořák2, F. Škanta2, T. E. 
Trenczek1 
1Justus-Liebig-Universität Gießen, Allgemeine Zoologie und 
Entwicklungsbiologie, Gießen, Germany  
2Academy of Science of the Czech Republic, Institute of 
Microbiology, Prague, Czech Republic 

The midgut epithelium of insects is an important immune competent 
tissue, which functions passively as a barrier against pathogens and 
actively after recognition of pathogen associated molecular patterns 
(PAMPs) by the release of antimicrobial molecules. To determine 
the role of the midgut in immune answers of M. sexta, larvae were 
either fed with entomopathogenic Bacillus thuringiensis kurstaki 
spores to simulate a natural occuring gut inflammation, injected 
with Escherichia coli K-12 to simulate contact of the hemocoel 
with microorganisms or injected with saline to simulate wounding. 
The gene expression level of following genes was measured with 
quantitative real time PCR (qPCR): peptidoglycan recognition 
protein 1 (PGRP-1), immunolectin 3 (IML-3), lysozyme and 
scolexin A (ScoA) in midgut, fatbody, hemocytes and hematopoietic 
organs of M. sexta in larval stage 5 day 2. As reference lysozyme 
expression in the midgut epithelium of early prepupa (L5 d12/d13) 
was also determined.

The expression levels of the before mentioned genes in the various 
organs changed significantly between the treatments. Inflammation 
of the midgut did not only influence the gene expression levels of 
the midgut tissue but also of the other immune competent tissues. 
Therefore a crosstalk between the midgut and other tissues in 
case of immune stimulation can be claimed. In contrast a systemic 
immune stimulation (E. coli injection) or epidermal wounding 
(saline injection) altered the expression level of the target genes 
significantly in hemocytes, hematopoietic organ and fatbody, but 
not in midgut tissue.
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Evaluation of wtCFTR-mRNA transfection efficiency in 
Human Airway Cells
E. Fernandez Fernandez1, E. Casser1, K. Tomczak1, N. Bangel-
Ruland1, W.- M. Weber1 
1University of Muenster, Insitute of Animal Physiology, Muenster, 
Germany 

Due to an ion transport imbalance the most severe symptoms of the 
inherited disease Cystic Fibrosis are found in the respiratory tract. 
This dysregulation is mainly characterized by a defective chloride 
secretion caused by a mutation of the cAMP-regulated Cl- channel 
CFTR (cystic fibrosis transmembrane conductance regulator). The 
most common mutation, ∆F508, leads to degradation of the CFTR 
protein. In order to recover the CFTR expression in the apical 
membrane of airway epithelial cells, this study used optimized 
wtCFTR-mRNA as a new therapeutic approach to restore 
functional Cl- secretion. In previous studies, the human bronchial 
epithelial cell line CFBE41o- that stably expresses ∆F508-CFTR 
was transfected with mRNA and subsequently Ussing chamber 
measurements were performed. The cAMP-induced CFTR 
currents were similar to the values seen in healthy bronchial cells 
(16HBE14o-). These data were confirmed by immunofluorescence 
and western blot analyses. To build a bridge to the in vivo situation, 
we analyzed the CFTR expression in primary human epithelial 
cells (HNE). We reduced the wtCFTR-mRNA amount stepwise 
to determine the minimal concentration that is needed for the 
most efficient restoration of the functional Cl- secretion. In Ussing 
chamber experiments we showed a doubled increase in the cAMP-
stimulated CFTR current in HNE, which could also be inhibited by 
the CFTR blocker CFTRinh172. A reduction of the used mRNA 
resulted in a proper functional Cl- secretion that is comparable to 
higher concentrations. In conclusion, our data reveal that CFTR-
mRNA transfection of epithelia cells may serve as a novel concept 
for the treatment of CF. 

PP-P-19

MODULATION OF ENAC EXPRESSION IN EPITHELIAL CELLS 

USING DEXAMETHASONE

I. Höben1, A.- K. Woiki1, N. Bangel-Ruland1, K. Tomczak1, W.- M. 
Weber1 
1University of Muenster, Institute of Animal Physiology, Muenster, 
Germany 

Ion transport abnormalities in Cystic fibrosis (CF) are characterised 
by a reduced Cl- secretion and an increased Na+ absorption mediated 
by the amiloride-sensitive epithelial sodium channel (ENaC). ENaC 
consists of four homologous subunits (α, β, γ, δ). The α-subunit is 
mainly expressed in epithelial cells and usually forms functional 
channels with β- and γ-subunits. We have detected an enhanced 
expression of α-, β- and γ- subunits in human nasal epithelia (HNE) 
of CF compared to that of non-CF patients (Bangel et al. 2008). In 
further studies we could demonstrate that the δ-subunit expression 
in CF tissue is also increased and that the δ-subunit contributes up 
to 50% to the ENaC mediated Na+ transport (Bangel-Ruland et al. 
2010).

To characterize the δ-mediated Na+ transport in more detail we 
used the human bronchial epithelial CF cell line CFBE41o- which 
forms polarized cell monolayers with a sufficient transepithelial 
resistance allowing functional measurements. In Ussing chamber 
measurements these cells failed to show an appropriate amiloride-
sensitive ENaC current. Therefore, we attempt to induce ENaC 
expression using the glucocorticoid dexamethasone (DEX), which 
is known to be a potent activator of ENaC expression. First we 
successfully cloned and sequenced the glucocorticoid receptor 
(GR) in CFBE41o- cells and its appropriate control (16HBE41o-). 
After 3 and 24h of DEX incubation we could show an increase 
in the amiloride-sensitive current in Ussing chamber experiments. 
Thus, a modulation of ENaC expression in these cells using DEX is 
possible and enables further investigations in a CF like cell model.
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PP-P-20

Filter properties of artificial lateral line systems
F. Kaldenbach1, A. Klein1, H. Bleckmann1 
1Universität Bonn, Institut für Zoologie, Bonn, Germany 

Fish can detect weak water motions with their mechanosensory 
lateral line. Fish use the lateral line to detect predators and prey, for 
schooling, collision avoidance and energy efficient locomotion in 
unsteady flow. Fish that live in different habitats may be exposed to 
different hydrodynamic noise levels (e.g. still water vs fast running 
water) and to different hydrodynamic stimuli. Most likely the lateral 
line has adapted to the various types of hydrodynamic environments 
fish are exposed to. This assumption is in line with the observation 
that the morphology of the peripheral lateral line is highly diverse. 
For instance, the sensory structures (neuromasts) of the lateral line 
may occur freestanding on the skin (superficial neuromasts) or in 
fluid filled canals (canal neuromasts). Most fish species have one 
trunk lateral line canal on each body side (e.g. Carrasius auratus), 
but some fish (e.g. Brachydanio rerio) have either no or up to four 
trunk canals (e.g. Xiphister atropurpureus) on each body side. The 
diameter of the canals, the size of the canal pores as well as the 
inter pore distances also vary across species. Unfortunately the 
functional significance of the morphological diversity of the fish 
lateral line is still not understood.

We have built various types of artificial lateral line canals. We 
varied the number of canal pores, pore size and canal fluid. In 
addition we have covered the canal pores with flexible membranes. 
Our measurements show that all these parameters significantly 
influence the sensitivity and the temporal filter properties of 
artificial lateral line canals. Thus artificial lateral line systems can 
be adapted to certain technical applications. Our data also indicate 
that the morphological diversity of the fish lateral line indeed is an 
adaptation to the hydrodynamic habitat.

Supported by the DFG (Graduiertenkolleg Bionik GRK1572)

PP-P-21

Antimicrobial peptide diversity among Hexapoda as revealed 
by a detailed survey of transcriptome data from more than 
300 species

P. Lesny1, M. Petersen2, K. Meusemann2, X. Zhou3, A. 
Vilcinskas4,5, B. Misof2, L. Podsiadlowski1 
1Universität Bonn, Inst. Evolutionsbiologie, Bonn, Germany  
2ZFMK, Zentrum für Molekulare Biodiversitätsforschung, Bonn, 
Germany  
3BGI, Beijing Genome Institute, Beijing, China  
4Justus-Liebig Universität, Inst. Phytopathologie & Angew. 
Zoologie, Giessen, Germany  
5Fraunhofer Gesellschaft, Inst. Molekularbiologie & Angew. 
Ökologie, Giessen, Germany 

Several families of antimicrobial peptides (AMP) have been found 
in hexapods, e.g. defensins, attacins and cecropins, which play 
an important role when dealing with pathogenic infection. Our 
comparative analysis is based on transcriptome data from the 
1KITE-project (www.1kite.org), currently providing transcriptome 
data from more than 300 insect species, representing all insect 
orders. HMM models were generated from alignments of already 
known AMPs and used in the search for candidate AMP transcripts. 
These candidates were further validated (or rejected) and 
comparatively analysed in a phylogenetical framework. The arsenal 
of AMPs varies in different taxa of Hexapoda. Whereas defensines 
are found almost in all hexapods, attacines and cecropines are 
predominantly present in holometabolous insects. Only a small 
number of putative peptides with similarities to attacin and cecropin 
are found outside of the clade Holometabola. Interestingly, there 
are also differences in the number of defensine genes found in the 
individual groups of hexapods, e.g. species from Odonata express 
up to seven different genes with a defensine domain, while many 
other hexapod species just have one or two of these AMP genes. 
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Water Flow Alongside Realistic Fish Models
M. Weger1, J. Hellinger2, A. Klein3, H. Bleckmann3 
1RWTH Aachen, Institute for Biology 2, Aachen, Germany  
2Ruhr-Universität Bochum, Lehrstuhl für Allgemeine Zoologie und 
Neurobiologie, Bochum, Germany  
3Universität Bonn, Institut für Zoologie, Bonn, Germany 

Fish have developed morphological and behavioral adaptations 
for drag reduction. To learn more about some aspects of drag 
reduction we investigated the water flow alongside the surface of 
lifelike fish models. Models of 11 fish species were produced at a 
scale 1:1. The fish models not only had a lifelike body shape but 
also a surface structure that was identical to the surface structure 
of the real fish. Fish models were exposed to laminar water 
flow, flow velocities were varied between 3 cm/s and 12 cm/s. 
2D-Particle Image Velocimetry was used to characterize the water 
flow alongside the surface of the widest horizontal cross section 
of the fish models. Our data show that close to the surface of the 
fish models flow fluctuations developed. These fluctuations were 
minimal in the anterior half of the fish but developed at posterior 
regions. At a given body position flow fluctuations increased with 
increasing free stream velocity. Flow fluctuations were larger in 
models that were based on limnophilic fish species than on models 
based on rheophilic fish species. In addition a more rapid decrease 
of water velocity in the boundary layer was observed along the 
limnophilic fish models. This indicates a facilitated flow separation 
in limnophilic fish. Our results suggest that the body shapes of 
rheophilic fish are more suited for drag reduction than the body 
shapes of limnophilic fish.

PP-P-23

Tricaine (MS-222) as an effective anesthetic agent for 
blocking sensory-motor responses in Xenopus laevis 

tadpoles. 
C. Ramlochansingh1, H. Straka1, F. Branoner1, B. Chagnaud1 
1Ludwig-Maximilians-Universität München , Planegg-Martinsried, 
Germany 

Anesthetic substances such as benzocaine are agents that remove 
sensation through their ability to interrupt axonal transmission, to 
relieve pain and to abolish body movements by skeletal muscle 
relaxation. In contrast, paralytic and analgesic agents paralyze 
skeletal muscles or relieve pain, respectively, without blocking 
sensory inputs or motor outputs. Tricaine (MS-222) is classically 
considered as standard anesthetic for poikilothermic animals such 
as fish and amphibians. However, its ability to suppress neural 
activity in sensory nerves has been questioned. This prompted 
us to evaluate the potency and dynamics of MS-222 on blocking 
action potentials in sensory and motor nerves. We examined the 
anesthetic-induced effect on the sensory-motor transformation 
underlying the generation of compensatory eye movements 
during body motion in isolated, semi-intact in vitro preparations of 
Xenopus laevis tadpoles. In vitro electrophysiological recordings 
of extraocular motor discharge and vestibular nerve afferent 
activity during natural head rotation were measured before, during 
and after administration of MS-222 (0.005%, 0.01% and 0.05%), 
benzocaine and pancuronium. Both MS-222 and benzocaine unlike 
pancuronium provoked a significant concentration-dependent, 
reversible blockade of extraocular motor nerve activity. In addition, 
MS-222 blocked the spike discharge in lateral line and vestibular 
sensory nerves in a dose-dependent manner. The recovery of 
the neuronal firing was also dose-dependent since the return to 
baseline firing was fastest following application of the lowest 
concentration. This result indicates that MS-222 like benzocaine 
blocks the activity of both sensory and motor nerves compatible 
with the mechanistic action of effective anesthetic drugs. 
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LOBOPHYTUM, SARCOPHYTON: MOLECULAR 
IDENTIFICATION OF TWO WIDESPREAD ALCYONIIDS 

GENERA (OCTOCORALLIA: ALCYONACEA) FROM 
WESTERN AUSTRALIAN SHALLOW-WATER 

A. Poliseno1, M. Bryce2, S. Vargas1, G. Wörheide1,3,4 
1Ludwig-Maximilians-Universtität München, Department of 
Earth- and Environmental Sciences & GeoBio-Center, München, 
Germany  
2Western Australian Museum, Department of Aquatic Zoology, 
Welshpool DC, Australia  
3Ludwig-Maximilians-Universität , GeoBio-Center, München, 
Germany  
4Bayerische Staatssammlung für Paläontologie und Geologie, 
München, Germany 

The zooxanthellate octocoral genera Lobophytum, Sarcophyton are 
dominant in many benthic communities from the Indo-Pacific and 
the Red Sea, occupying large portions of the primary substrate and 
forming, in some localities, reef-like structures. High intra-specific 
morphological variability is common among these organisms 
making many species difficult to identify in the field and making the 
use of molecular methods, such as DNA-barcoding, attractive as 
complementary sources of taxonomic information. We investigate 
the use of the mitochondrial locus mutS that is exclusively found 
in the mitochondrial genome of octocorals to assess the genetic 
relatedness of recently collected Sarcophyton and Lobophytum 
species from Cassini Island and Long Reef, Northern Australia 
and shed light on its phylogenetic position in relation to specimens 
from different geographical areas. Our results show that Northern 
Australia representatives of Sarcophyton and Lobophytum belong 
to each of the three main clades previously reported for these 
genera and allows to compare the phylogeny diversity of this region 
with that of other localities in the Indo-Pacific.

OP-ZS-2

SLIME PROTEIN PROFILING - A NON-INVASIVE TOOL FOR 

SPECIES IDENTIFICATION IN ONYCHOPHORA

A. Baer1, I. de Sena Oliveira1, G. Mayer1 
1University of Leipzig, Institute of Biology, Leipzig, Germany 

Onychophorans (velvet worms) use an adhesive, protein-based 
slime secretion for prey capture and defence. The glue-like slime is 
ejected via a pair of modified limbs and the sticky threads entangle 
the victim. In this study, we analysed the protein composition of slime 
in twelve species of Onychophora from different parts of the world, 
including two species of Peripatidae from Costa Rica and Brazil, 
and ten species of Peripatopsidae from Australia, using sodium 
dodecyl sulphate polyacrylamide gel electrophoresis. Our results 
revealed high intraspecific conservation in protein composition of 
slime among the species studied. In contrast, the protein profiles 
differ considerably in both number and position of bands between 
the species. We observed the highest number of differences (in 
20 out of 33 considered band positions) between a peripatid and 
a peripatopsid species, whereas the lowest number of differences 
(in 4 band positions) occurs between two closely related egg-laying 
species. The reconstructed neighbour joining cladogram, based 
on the electrophoretic characters, largely reflects the phylogenetic 
relationships of the species studied, suggesting that the slime 
protein profiles contain useful phylogenetic information. Based 
on these findings, we suggest that the slime protein profiling is a 
valuable, non-invasive method for identifying the onychophoran 
species. This method might also help to discover potentially 
new species, given that the <200 described species most likely 
underrepresent the actual diversity of the group.
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10000 birds on one tree? Lessons from molecular 
phylogenetics of a well-studied taxon
L. Podsiadlowski1 
1Universität Bonn, Evolutionary Biology, Bonn, Germany 

Birds provide a good example of a species-rich taxon of animals 
with broad representation of genetic data in public databases. 
Species level molecular phylogenetics of the complete taxon is not 
far away. Some lessons from analysing this bulk of data may be of 
general interest. (1) Inaccuracy of public data. Critical evaluation 
of GenBank data led to the identification of a number of inaccurate 
sequence/taxon assignments, as well as outdated species names 
and species limits (2) Mitochondrial versus nuclear data. Due to 
the uniparental inheritage of mitochondrial genomes introgression 
and incomplete lineage sorting is assumed to occur more 
frequently than with nuclear markers. Misidentification of nuclear 
pseudocopies is an additional problem. Mitochondrial sequences 
are widely used in bird phylogeny on lower taxonomic levels but 
seem to be problematic for higher level phylogenetics. Old studies 
provided support for controversial hypotheses never found with 
any other data source. More sophisticated modeling of substitution, 
e.g. the use of site-heterogeneous model by Phylobayes, provides 
a kind of rescue of mitochondrial genome data, demonstrating that 
mitochondrial sequences provide a reliable source of data even for 
high-level systematics of birds. (3) The prospect of whole genome 
data. In recent years the use of additional genomic information 
like retroposons insertions, ultraconserved elements, indel sites 
became popular. More complete genomes and genome snapshot 
data will surely establish much more phylogenetic markers. 
Integrating information from different marker systems will be one 
of the upcoming tasks.

OP-ZS-4

A species level phylogeny of flamingos 
(Phoenicopteriformes) supports the algae feeding specialists 
as a monophylum and implies two recent long-range 
dispersal events
H. Giebner1, A. Manegold2, L. Podsiadlowski1 
1University Bonn, Evolutionary Biology, Bonn, Germany  
2Senckenberg Forschungsinstitut, Ornithologie, Frankfurt, 
Germany 

The six species of flamingos have a unique beak morphology 
adapted to filter-feeding of algae and insect larvae in shallow 
waters. While three of the six species (Genus Phoenicopterus) 
are more general in feeding on insect and mollusc larvae, artemia 
shrimps, and algae, the other three have a more specialized beak 
and feed exclusively on algae. From these specialized feeders two 
occur in the highlands of South America (Phoenicoparrus andinus 
and P. jamesi), while the third one is found in Africa and tropical 
Asia (Phoeniconaias minor). The question was if the specialized 
beak was developed independently in the genera Phoeniconaias 
and Phoenicoparrus or if this is a shared derived character of the 
three species. We sequenced a total of eight genes from five of the 
six species: two mitochondrial protein coding genes (cox1, nad2), 
one nuclear protein coding genes (rag1) and six nuclear intron 
sequences. A few available GenBank sequences were added for 
these genes. Phylogenetic analysis from the mitochondrial dataset 
gives a well supported tree, with support for the specialized algae 
feeders (Phoeniconaias, Phoenicoparrus) and the other clade 
of large species (Phoenicopterus). The nuclear protein coding 
gene rag1 was almost identical in the analysed species and thus 
not analysed. Nuclear introns provide a similar topology for the 
flamingos, but with less support of the basal split, probably due to 
the restricted amount of outgroup data. The phylogenetic results 
imply that the specialized beak evolved once in flamingos and that 
there was probably two recent colonisations of the old world over 
large distance, one by a „generalist“ (Phoenicopterus roseus) and 
the other by a specialist (Phoeniconaias minor).
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Phylogeography and taxonomy of Polygordius species and 
the colonization of the Mediterranean Sea
P. Ramey-Balci1, D. Fiege1, T. Struck1 
1Zoological Research Museum Alexander Koenig, Bonn, Germany 

Species of Polygordius (Polygordiidae, Annelida) like many annelid 
taxa are prominent members of marine interstitial habitats. Being 
well adapted to the interstitial realm species of Polygordius are 
characterized by a simple body organization with relatively few 
morphological characters available for species distinction. They are 
thread-like, cylindrical worms with a pair of anterior palps,, nuchal 
organs, and a pre-terminally inflated pygidium often containing 
cirri and encircled by adhesive glands. Other features of Annelida 
like parapodia and chaetae are lacking. Thus, the taxonomy of 
and species delimitation in Polygordius is problematic based on 
external morphology alone. Herein we used molecular data of 
mitochondrial genes to address the taxonomy and phylogeography 
of Polygordius populations from the Atlantic Ocean and the 
Mediterranean Sea. Based on our phylogenetic and population-
genetic analyses six species of Polygordius can be recognized: P. 

lacteus, P. neapolitanus, P. appendiculatus, P. jouinae, P. triestinus 
and an unidentified species. Delineation of these species based 
solely on morphology is challenging as no unique morphological 
character delineates a species from all others. For example, the 
external morphology of P. lacteus and P. neapolitanus is virtually 
identical. Moreover, our data reveal that after the Messinian crisis 
three different species independently colonized the Mediterranean 
Sea. Finally, the molecular data also show that the dispersal 
potential is very different among species, which may be related 
to differences in life history. Although P. lacteus/P. neapolitanus as 
well as P. appendiculatus inhabit the same range in our study, gene 
flow is strongly restricted in the former complex.

OP-ZS-6

Hybridization versus variability - what determines 
morphology in the Atlantic brachiopod genus Terebratulina?
N. Ebeling1, C. Lüter1 
1Museum für Naturkunde, Leibniz-Institute for Research on 
Evolution and Biodiversity, Berlin, Germany 

The articulate brachiopod genus Terebratulina (Cancellothyridoidea) 
in the Atlantic is represented by two species, T. retusa and T. 

septentrionalis. Whereas T. retusa is restricted to the NW Atlantic 
and the Mediterranean, its sister species is predominantly 
distributed on the shelf along the North American and Canadian 
East coasts. Molecular clock estimates date the speciation event 
back to the Lower Triassic (~60 mya). This would be in line with 
the development of the N Atlantic through tectonic separation of N 
America and Europe and could explain the speciation as a result of 
vicariance. In certain European regions such as Iceland and Norway 
both species can be found to live in sympatry. Despite their overall 
similarity, the species can be reliably told apart based on both 
morphological (shell) and molecular characters. However, where 
both species occur together morphological intermediates have 
been described since the 1940s suggesting that either the species 
interbreed to form hybrids or that one species is morphologically 
more plastic than previously thought. Investigating samples of both 
species from Iceland using two different mitochondrial markers, we 
detected that T. septentrionalis and T. retusa have clear sequence 
divergencies irrespective of potential intraspecific mismatches 
of shell morphologies. Ten specimens turned out to be genetic 
„retusas“ sitting in a „septentrionalis“ shell. If these specimens were 
hybrids, their mother(s) would belong to T. retusa. As these results 
do not exclude morphological plasticity in T. retusa accounting for 
this morphological mismatch, we checked a third, nuclear marker 
for signs of recombination.
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Current affairs in deep non-bilaterian phylogenomics
G. Wörheide1, T. Nosenko1, M. Dohrmann1 
1LMU München, Dept. of Earth and Environmental Sciences, 
München, Germany 

Despite many years of effort, phylogenetic relationships between 
the five major animal lineages Porifera, Placozoa, Ctenophora, 
Cnidaria, and Bilateria remain a subject of intense discussion 
and controversy. Molecular phylogenetic and phylogenomic 
studies did not resolve but rather fuelled debates initiated by 
morphologists many years ago. Recent attempts to address this 
difficult phylogenetic question using large molecular datasets failed 
to find an agreement especially on the position of ctenophores and 
placozoans relative to the other metazoans but many different, 
often contradictory, hypotheses with often spectacular implications 
for animal evolution have been proposed based on these studies.

Here, we will provide a brief overview about the current affairs of 
non-bilaterian phylogenomics and mirror phylogenomic results 
with more classical perceptions based on morphological character 
analyses. We will also present recent data showing that different 
gene sampling in multi-gene partitions of a large phylogenomic 
supermatrix is associated with different levels of saturation likely 
causing Long Branch Attraction artifacts. Different saturation levels 
in these partitions provide an additional source of systematic error 
that affects the resulting phylogenetic inferences, as does the 
evolutionary model used and outgroup taxon sampling. Additional 
sequence-independent genomic markers are likely necessary to 
test competing phylogenetic hypotheses.

OP-ZS-8

NEW TYPES OF BACTERIAL ENDOSYMBIOSES IN 

GASTROPODS

G. Haszprunar1,2, A. Hawe1, J. Judge3 
1Dept. Biologie II andGeoBio-Center of the Ludwig-Maximilians-
Universität München, Planegg, Germany  
2SNSB-Zoologische Staatssammlung München, Munich, 
Germany  
3University of California, Berkeley, Dept. Integrative Biology, 
Berkeley, United States 

Endosymbiotic bacteria (i.e. being digested by the host) in molluscs 
are usually housed either within the microvillous border or in 
vacuoles of so-called bacteriocytes forming parts of the epithelium 
of the gill or of gut derivates. Recent microanatomical and 
ultrastructural (TEM) investigations on various gastropod groups 
have revealed to further types of endosymbiosis in gastropods:

Lepetellid limpets (Vetigastropoda) live within dead, chitinous 
tubes of certain polychaetes (genus Hyalinoecia). Their unique 
alimentary tract gut is characterized by a specific radula type, huge 
oesophageal pouches, the lack of a true stomach, an extensive 
multi−lobed midgut gland, and a short intestine. Additionally, a 
subdermal extensive bacteriocyte system consisting of epithelial 
tubes surrounds the entire mantle rim and occupies a large portion 
of the haemocoel. Probably the limpets combine nutrition from the 
sugar phosphate polymer worm tube and chemoautotrophy.

The orbitestellid species Lurifaxvitreus Warén & Bouchet, 2001 
(basal Heterobranchia) inhabits deep-sea hydrothermal vents 
and shows a regular alimentary tract. However, a large area of 
the posterior mantle cavity is covered by an atypical “granular-
glandular” epithelium, which consists entirely of bacteriocytes 
filled with bacteria. This is the first record of bacteriocytes in a 
heterobranch gastropod.

In both cases the fine-structure of the bacteria suggests that these 
are gram-positive ones, but up to now it has not been possible to 
get molecular data for detailed classification. Such classification 
should also shed light to the exact physiology and the functional 
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correlation to the gastropod host. OP-ZS-9

ANALYSES OF THE GLYCERID VENOM COCKTAIL

S. Richter1, F. Schwarz1, L. Hering2, B. von Reumont3, R. Jenner3, 
G. Schiavo4, C. Bleidorn1 
1University of Leipzig, Institute of Biology - Molecular Evolution 
and Systematics of Animals, Leipzig, Germany  
2University of Leipzig, Institute of Biology - Animal Evolution and 
Development, Leipzig, Germany  
3Natural History Museum, Department of Life Sciences - LS 
Aquatic Invertebrates Division, London, United Kingdom  
4Cancer Research UK, London Research Institute, Lincoln‘s Inn 
Fields Laboratories, Molecular Neuropathobiology Laboratory, 
London, United Kingdom 

Venom systems evolved in a broad phylogenetic range of animals 
several times independently. Thereby, different proteins have 
been convergently recruited into the venom of phylogenetically 
distant taxa. Glyceridae (bloodworms) are venomous annelids that 
possess an eversible pharynx. The pharynx bears four teeth which 
are equipped with venom glands. The venom cocktail of these 
venomous annelids has been so far only scarcely investigated. 
However, for Glycera tridactyla a neurotoxin named α-glycerotoxin 
(GLTx), has been examined more precisely on the protein level. 
This glycoprotein causes the specific activation of presynaptic 
Ca

v
2.2 channels and its effects seem to be completely reversible. 

In recent studies, we established transcriptome libraries of venom 
gland tissue from three different Glycera species using Illumina 
sequencing technology. Our analyses revealed the existence of 
several convergently recruited venom proteins. Moreover, we were 
also able to identify for the first time the coding sequence of the 
GLTx-gene which might be member of a larger gene family. In 
addition, we were able to identify a great part of the intron-exon 
structure of this gene. The origin of this unusual neurotoxin remains 
still unclear. Generally the GLTx seems to be a hitherto unknown 
protein restricted to Glyceridae.
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Crypsis and lability among eastern Pacific octocorals: 
implications for systematics and evolutionary research
S. Vargas1, S. Ament1, O. Breedy2, G. Wörheide1 
1LMU München, München, Germany  
2CIEMIC, University of Costa Rica, San Jose, Costa Rica 

Gorgoniian octocorals, commonly known as sea fans or sea whips, 
are diverse and abundant in the shallow (<50m) waters of the 
eastern Pacific, from the Gulf of California to Ecuador. About ten 
years of sustained research on the group, mainly along the coasts 
of Costa Rica and Panamá, have resulted in the description of 
several new species for the region and provided a robust taxonomy 
that can serve as a basis for evolutionary and ecological research. 
Recent exploration efforts combined with molecular systematic 
studies on eastern Pacific octocorals have revealed unexpected 
phylogenetic positions for a number of species occurring in the 
region. Here, based on mitochondrial and nuclear markers, we 
present a phylogeny of eastern Pacific octocorals and show that 
character lability, cryptic speciation, and, likely, hybrid speciation 
are among the evolutionary forces driving the generation of 
octocoral diversity in the seas. These findings pose limitations 
on the independent use of morphological and molecular datasets 
and calls for an integrative approach to the study of octocoral 
systematics and evolution.

OP-ZS-11

The enigma from the deep - Integrative study of a remarkable 
heterobranch sea slug (Mollusca) from off Mozambique
T. Neusser1,2, B. Brenzinger1,2, E. E. Strong3, M. Schrödl1,2 
1Biozentrum LMU, Department II, Planegg-Martinsried, Germany  
2SNSB, Bavarian State Collection of Zoology, Munich, Germany  
3Smithsonian Institution, Washington, D.C., United States 

During the MAINBAZA cruise in April 2009, two small specimens of 
unknown and enigmatic sea slugs were collected from 260 - 440 m 
depth in the Mozambique Channel off South Mozambique. At first 
glance, the specimens could not be unambiguously assigned to 
any of the major heterobranch molluscan groups.

To assess their affinities, we examined these specimens using an 
integrative approach. One specimen was embedded in Epon and 
histological semi-thin serial sections of 1.5 µm were prepared. A 
computer-based three-dimensional reconstruction of all major 
organ systems was performed using AMIRA software. Externally, 
specimens are bilaterally symmetrical with the head-foot posteriorly 
covered by a rounded notum on top of the viscera. The head bears 
pairs of well-developed labial tentacles and rhinophores. Pigmented 
eyes are situated dorso-laterally behind the rhinophores. The 
broad foot bears sickle-shaped propodial tentacles and has a free 
tail which tapers to a pointed tip. The epidermis is invested with a 
proliferation of diverse gland cells. There are no remnants of a shell, 
mantle cavity or gill. The central nervous system is prepharyngeal 
with separate cerebral and pleural ganglia and four distinct ganglia 
on the euthyneurous visceral nerve cord, plus a putative osphradial 
ganglion. The excretory system is located dorsally and consists of 
a ramified, thin-walled vessel system. The hermaphroditic genital 
system appears to be monaulic, with a partially external sperm 
groove leading to a cephalic copulatory organ. First molecular 
phylogenetic results will help to infer the origin and relationships of 
this highly mysterious deep sea slug.
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BASE BY BASE AND SCALE BY SCALE: DEFINING THE 
BIODIVERSITY OF MEIOFAUNAL SOLENOGASTRES 

(MOLLUSCA) VIA INTEGRATIVE TAXONOMY
F. Bergmeier1, R. Hochberg2, K. M. Kocot3, J. Norenburg4, C. 
Todt5, G. Haszprunar1,6, K. M. Jörger1,6 
1Ludwig-Maximilians-Universität München, Department Biologie 
II, Martinsried, Germany  
2University of Massachusetts Lowell, Lowell, United States  
3Auburn University, Department of Biological Sciences, Auburn, 
United States  
4Smithsonian Institution, Department of Invertebrate Zoology, 
Washington, DC, United States  
5University Museum of Bergen, Bergen, Norway  
6Zoologische Staatssammlung München, München, Germany 

The fauna of the marine mesopsammon is still poorly known. Recent 
molecular approaches to species delineation have revealed a high 
degree of cryptic speciation raising doubts as to whether traditional 
taxonomy reliably reflects biodiversity patterns. Solenogastres 
(Neomeniomorpha) are prominent members of the molluscan 
meiofauna and can be found world-wide in sediment samples from 
the intertidal to the deep sea. However, only few of these minute, 
interstitial ‘worm-mollusks’ have been formally described and the 
traditional taxonomic characters are mainly limited to radula and 
sclerites investigated by light microscopy. We performed a multi-
barcoding and molecular species delineation approach based 
on three mitochondrial and nuclear markers analyzing interstitial 
Meiomeniidae from Bermuda, Florida (USA), Belize, Panama and 
several collecting sites in Brazil. Furthermore, we redescribed 
the valid Meioherpia and Meiomenia species in our material 
using scanning electron microscopy and 3D-microanatomical 
reconstructions from histological semi-thin sections, mining 
for additional characters for species delineation in meiofaunal 
Solenogastres. Our study revealed deep mitochondrial divergences 
in the collected material supporting several independently evolving 
lineages, which only partially can be assigned to existing species. 
The newly discovered species can be well delineated integrating 
morphological, biogeographical and molecular data. Traditional 
taxonomic characters however, would have been insufficient to 

address the biodiversity of meiofaunal Solenogastres, which has 
been considerably underestimated in the past.
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Mechanisms underlying transitions from sexual reproduction 
to parthenogenesis in insects

T. Schwander1 
1University of Lausanne, Department of Ecology and Evolution, 
Lausanne, Switzerland 

The maintenance of alternative genetic and reproductive systems 
critically depends on the ease of transitions between different 
systems. Transitions from sexual reproduction to parthenogenesis 
have occurred repeatedly and independently in insects, whereby 
the probability for successful transitions to parthenogenesis 
varies widely among orders. Much of this variation may stem from 
developmental and life-history traits favoring or constraining the 
evolution of parthenogenesis in specific groups. Using examples 
from three different orders (Phasmatodea, Hymenoptera and 
Thysanoptera), I will discuss different evolutionary pathways that 
can lead to the establishment of a new parthenogenetic lineage, 
depending on the genetic system present in the sexual ancestor. I 
will also discuss how different routes to parthenogenesis may affect 
the competitiveness and persistence of parthenogenetic lineages 
in the face of competition with sexual relatives.

OP-IV-ZS-2

The slow and the furious - sponge evolution revisited
D. Erpenbeck1 
1Ludwig-Maximilians-University Munich, Department of Earth- and 
Environmental Sciences, Palaeontology & Geobiology, Munich, 
Germany 

Sponges (Porifera) play important roles in a wide range of fields 
in science and economy, but rather distant from the focus of 
public and medial interest. They have pivotal ecological function 
due to their filtrating nature in almost all aquatic habitats, they 
were dominating reef builders in the past, and they are one of 
the most potent marine sources for bioactive compounds in 
biochemical research - a fact that also ensured their survival for 
the past hundreds of million years. Furthermore, Porifera is the 
probably oldest Recent metazoan phylum, which is of particular 
importance form an evolutionary perspective for our understanding 
of metazoan morphological and genomic evolution. Nevertheless, 
all evolutionary research on sponges requires a robust knowledge 
on their phylogenetic relationships to other phyla, as well as on 
their internal relationships.

Historically, sponges were difficult to classify due their lack of 
complex morphological characters. However, in the past decades, 
research on the evolution and systematics of sponges has 
experienced a renaissance due to the application of molecular 
markers for phylogenetic and phylogenomic approaches. 
Consequently, our understanding of sponge internal and external 
phylogenetic relationships changed drastically over the past few 
years. Here, an overview on the most important phylogenetic 
findings, peculiarities, and evolutionary implications is given.
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TOWARDS A GLOBAL INVENTORY OF ANIMAL SPECIES

T. Kunze1, Y. Roskov1 
1The University of Reading, School of Biological Sciences, 
Reading, United Kingdom 

The Catalogue of Life (CoL) is aiming to be a taxonomic inventory 
of all known living species on earth. The latest annual edition (AC 
2013) of the CoL covers 1.35 million species supplied by 132 
taxonomic databases around the world (www.catalogueoflife.org/
annual-checklist/2013). This might represent about 70% of the 
global species diversity recognised by taxonomists.

989,533 spp, 75% of all species in the CoL, belong to kingdom 
Animalia. 24 of 36 phyla are covered with complete global checklist 
(e. g. Chordata, Porifera, and Bryozoa). Major gap areas in the 
CoL remain in the phyla Mollusca (completed for 42%), Nematoda 
(completed for 14%) and Platyhelminthes (completed for 45%). 
The biggest gap is in the insect order Coleoptera, where CoL has 
198,582 of 360,000 estimated species (55%).

In order to manage species of all animal phyla but also Plantae, 
Chromista, Protista, Funghi, Archaea, Bacteria and Viruses in an 
equal way the CoL provides a simplified management classification. 
Only the major ranks are represented and no intermediate ones 
(expect superfamily) are covered. This causes differences to other 
used classification but makes it very comparable and handy.

The CoL is the primary source of taxonomic checklists and 
management classification for global biodiversity. It provides the 
taxonomic backbone to Global Biodiversity Information Facility 
(GBIF) and Encyclopedia of Life (EoL). In i4Life project (EC-FP7-
i4Life-project-261555) it also serve taxonomic data to European 
Nucleotide Archive (ENA), the Barcode of Life Initiatives, IUCN 
Red Lists and LifeWatch.

PP-ZS-2

THE CATALOGUE OF LIFE: PLANT SPECIES FOR 
ZOOLOGISTS

Y. Roskov1, T. Kunze1 
1The University of Reading, School of Biological Sciences, 
Reading, United Kingdom 

The Catalogue of Life (CoL), Annual Checklist 2013 with 1.35M 
species covers about 70% of all known diversity worldwide 
(www.catalogueoflife.org/annual-checklist/2013). It intends to 
provide simplified taxonomic checklist with unified management 
classification through all taxa on the planet. If you are not a specialist 
in taxonomy of particular group of organisms, you may use CoL as 
the only source where you can quickly find a global list of species, 
its position in single classification, limited species information on 
distribution, common names, ecological environment, associated 
references, and get further links to richer online resources. The 
CoL can be useful source of primary taxonomic knowledge on 
plants, fungi, microorganisms, bacteria and viruses for zoologists. 
It may help to map your own taxa with their hosts, parasites, food 
sources, symbionts, members of ecological associations, etc.

The CoL contains 251,161 plant species in total (about 63% of 
Plantae kingdom), including mosses, liver- & hornworts, lycopods, 
horsetails, ferns, cycads, conifers and flowering plants. They belong 
to 12,667 plant genera, 584 families, 99 orders and 19 classes. 
The information is supplied by 21 taxonomic databases around 
the world. The CoL contains complete global checklists for all top 
five largest flowering plant families (Asteraceae, Orchidaceae, 
Fabaceae, Rubiaceae & Poaceae) as well as includes complete 
checklist of 73K monocot species. Global checklists are contributed 
in the CoL by leading plant database projects.

Webservices & download facilities provides opportunity to 
populate CoL data in other biodiversity portals (EC-FP7-i4Life-
project-261555).



434 435

PP-ZS-3

Pallenopsis patagonica (Hoek, 1881) (Pycnogonida) - a 
species complex revealed by morphology and DNA 
barcoding
A. Weis1, R. Meyer1, L. Dietz2, J. Dömel2, F. Leese2, R. Melzer1 
1Zoologische Staatssammlung München, München, Germany  
2Ruhr Universität Bochum, Deptartment of Animal Ecology, 
Evolution and Biodiversity, 44801 Bochum, Germany 

Pallenopsis patagonica (Hoek, 1881) is one of the most 
taxonomically problematic and variable pycnogonid species 
and distributed around the southern South American coast, the 
Subantarctic and Antarctic areas. We conducted a phylogenetic 
analysis of mitochondrial COI sequences of 47 Pallenopsis 

specimens, including 39 identified as P. patagonica, five P. pilosa, 
one P. macneilli, one P. buphtalmus and one P. latefrontalis. 
Furthermore, we studied morphological differences using light 
and scanning electron microscopy, including also material of 
Loman’s and Hedgpeth’s classical collections as well as Hoeks 
type material of P. patagonica from 1881. The molecular results 
unambiguously reveal that P. patagonica is a complex of several 
divergent clades, which also includes P. macneilli, P. buphtalmus 
and P. latefrontalis. Based on the material available, two major 
clades could be identified, namely a “Falkland” clade, which we 
assign to nominal P. patagonica, and a “Chilean” clade, which 
is distinct from the former. All molecular results are confirmed 
by specific morphological characteristics that are discussed in 
detail and compared to Pallenopsis species closely related to the 
P. patagonica complex. Our results reveal that P. patagonica is 
a species-rich complex that is in need for a thorough taxonomic 
revision using both, morphological and genetic approaches.

PP-ZS-4

A HOTSPOT OF MARINE DIVERSITY AT THE END OF THE 

WORLD - STATUS AND PERSPECTIVES

R. Meyer1, D. Henkel2, C. Spano3, R. Melzer1, K. M. McConnell4, 
U. Pörschmann4, D. Bellhoff4, G. Försterra3, V. Häussermann3 
1Zoologische Staatssammlung München, München, Germany  
2Universität Kiel, Kiel, Germany  
3Pontificia Universidad Católica de Valparaíso, Valparaiso, Chile  
4Fundación Huinay, Puerto Montt, Chile 

With a coastline of more than 80.000 km, the Chilean fjord region 
is the most extensive fjord region in the world hosting a unique 
diversity of marine life including a high level of endemic species. 
However, this region is exposed to various anthropogenic impacts 
such as global warming and intensive aquaculture projects that are 
negatively impacting marine life.

The Huinay Scientific Field Station research is strongly focused on 
the investigation of the biodiversity of the fjords of Southern Chile 
extending from Puerto Montt to Cape Horn. Since 2005 15 ”Huinay 

fiordos” (HF) expeditions established marine species inventories of 
least studied regions. In April 2013 the destination of the “HF 16” 
expedition was GuarelloIsland (50°21‘54.15“S, 75°20‘29.66“W) 
located in the remote archipelago Madre de Dios, XII Región de 
Magallanes y de la Antártica Chilena.

Species were obtained by scuba diving and hand collection after 
in situ documentation in depths between 0 and 30m. In total 647 
samples consisting of 28 taxa were collected with a considerable 
number of species new to science (e.g. ~ 15 new poriferan species). 
Moreover presence or absence of a number of selected species 
was examined, different biocoenoses were investigated and their 
status recorded including unique communities such as hydrocoral 
reefs. Using classical as well as integrative taxonomy we analyse 
species delimitations, speciation processes and species distribution 
patterns in the context of postglacial recolonisation of the Southern 
Chilean Magellanic region.
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The stick insects of Madagascar: Ancient lineages or recent 
adaptive radiation?
J. Goldberg1, K. Stey1, S. Bradler1 
1Georg-August-University Göttingen, Johann-Friedrich-
Blumenbach-Institut für Zoologie und Anthropologie, Göttingen, 
Germany 

Madagascar is one of our planet’s leading biodiversity hotspots 
exhibiting an extraordinarily distinct and diverse biota. Many 
elements of its fauna are still poorly documented and remain 
largely unexplored. One example is the Malagasy stick insects 
(Phasmatodea) whose evolutionary history is entirely obscure. 
Stick insects are large terrestrial arthropods with limited direct-
dispersal abilities, forming at least four distinct taxonomic groups 
on Madagascar, i.e. endemic families and subfamilies. Their 
phylogenetic affinities to continental lineages are completely 
unresolved. We present informative sets of molecular and 
morphometric data to investigate the origin and evolution of 
Malagasy stick insect lineages. Analysing a representative taxon 
sampling we demonstrate that the stick insects of Madagascar 
are more closely related to each other and much younger than 
previously suggested in traditional classifications, representing a 
classical example of adaptive radiation in geographic isolation. 
The application of a comparative morphospace analysis to 
the obtained phylogeny additionally provides an opportunity to 
compare unrelated and geographically distant radiations among 
phasmatodeans, for instance those of Madagascar compared to 
a diverse lineage of Australasian stick insects (Lanceocercata). 
Thereby, we detect an impressive degree of convergence between 
these otherwise distinct communities.

PP-ZS-6

A Glimpse Into Early Evolution of Heterobranch Gastropods 
- Microanatomy of Rhodopemorph Seaslugs and 
Murchisonellid Snails
B. Brenzinger1, N. G. Wilson2, G. Haszprunar1,3, M. Schrödl1,3 
1Bavarian State Collection of Zoology, Munich, Munich, Germany  
2The Australian Museum, Sydney, Australia  
3Ludwig Maximilians University Munich, Department Biology II, 
Munich, Germany 

The Heterobranchia are the largest gastropod taxon, containing 
roughly 50 percent of total species diversity. There are various 
lineages of small-bodied “basal” heterobranchs that show affinities 
with the remaining “prosobranch” gastropods. Little is known 
about these lineages, but their study is relevant to understanding 
the evolution of Heterobranchia per se. However, their study with 
traditional methods is often difficult.

The Murchisonellidae are minute, high-spired snails associated 
with sea grass in coastal waters worldwide, but except for shell data, 
almost nothing is known about their biology and anatomy. Current 
classifications list them as members or allies of the speciose, 
externally similar family Pyramidellidae. In contrast, the enigmatic 
Rhodopemorpha are a small group of highly aberrant marine 
slugs that externally resemble turbellarians and show progenetic 
tendencies. They are also minute, and belong to the meiofauna of 
coastal algae and sand habitats. Recent molecular data surprisingly 
indicated that both taxa are sistergroups in a lower heterobranch 
position. Our current research now focuses on comparing 
microanatomical data in search of putative synapomorphies that 
are conserved between these highly divergent sister taxa.

We present detailed microanatomical data on all major organ 
systems, based on 3D reconstruction of semithin histological 
sections. Our study includes data on the murchisonellid Koloonella 
Laseron, 1959, species of Rhodope Kölliker, 1847, and Helminthope 
psammobionta Salvini-Plawen, 1991, the most worm-like free-
living gastropod. Potential shared characters are evaluated, and 
systematic relationships and evolution are discussed. This sheds 
light into the evolution of potentially one of the oldest slug lineages.



438 439

PP-ZS-7

CLEANING UP THE LEFTOVERS: FIRST MOLECULAR AND 
MORPHOLOGICAL INSIGHTS INTO THE PHYLOGENY AND 

BIODIVERSITY OF ANTARCTIC URISTIDAE (CRUSTACEA, 
AMPHIPODA, LYSIANASSOIDEA) 
M. A. Seefeldt1, T. Feldkamp1, C. Held2, R. Tollrian1, F. Leese1 
1Ruhr University Bochum, Animal Ecology, Evolution and 
Biodiversity, Bochum, Germany  
2Alfred Wegener Institute for Polar and Marine Research, 
Bremerhaven, Germany 

Although few would deny that the abundant and speciose lysianassoid 
amphipods occupy a central position in the scavenging guild of the 
Southern Ocean, many specialists have kept a respectful distance 
due to the seemingly uniform bauplan and scarcity of characters. 
As a result, the delimitation of species and their taxonomy is poorly 
known. This is particularly true for the Uristidae Dana, 1849 for 
which a revision is long overdue. We address this challenging 
task here by concentrating on Southern Ocean representatives 
using a combined molecular and morphological approach. Our first 
molecular results (mitochondrial COI, 18S and 28S rDNA) are in 
conflict with the current morphological concept of the Uristidae and 
confirm with the results of recent publications that the Uristidae 
are not monophyletic. Uristes adarei (Walker, 1903), Uristes gigas 

Dana, 1849 and Uristes murrayi (Walker, 1903) are paraphyletic 
to members of the tryphosines such as Hippomedon major (K.H. 
Barnard, 1932) and Tryphosella intermedia (Schellenberg, 1926). 
Although the morphological analyses (morphometric, scanning 
electron microscopy) are not yet completed the results so far 
support the paraphyletic status of the mentioned Uristes species. 
Thus, the 7/4 setal-tooth crown arrangement of maxilla 1 as well 
as the structure of the molar process of the mandible are not 
apomorphic characters for species discrimination. Instead, the 
length/width ratio of the merus of pereopod 3, coxal plates of 
gnathopod 1 and pereopod 4 seem to be appropriate characters. 
The preliminary results of this integrative taxonomic approach are 
used to discuss the phylogenetic placements of the species under 
study.
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A Multilocus Perspective of The Taxonomic Status of The 

Dimorphic Squat Lobster (Munida gregaria; Decapoda: 
Galatheidae)
C. Wang1, C. Held1 
1Alfred Wegener Institute Heimholtz Center for Polar and Marine 
Research, Bremerhaven, Germany 

In Patagonia and New Zealand squat lobster Munida gregaria 
(Fabricius, 1793; Decapoda: Galatheidae) is abundant in shallow 
water, playing an important role of the benthic community. Although 
M. subrugosa Dana, 1852 is currently regarded as a junior 
synonym of M. gregaria, their taxonomic status remains debated 
because 1) of the distinctly differentiated morphology and ecology; 
2) the absence of fast evolving nuclear markers in earlier molecular 
studies.

In order to exclude alternative explanations of the observed lack 
of genetic differentiation we increased the geographical coverage 
and added several independent loci (COI, 18S V4 region) including 
fast evolving microsatellites from the nuclear genome.

These markers were applied to specimens from six areas in New 
Zealand (NZ) and South America (SA). 40 sequences (191bp) of 
18S V4 region were invariant and identical, whereas 80 sequences 
(620bp) of COI showed 20 variable sites, interspecific Kimura 
2-parameter (K2P) distance was not significantly different from the 
mean intraspecific distances (P=0.57). Results from the admixture 
analysis performed in STRUCTURE assuming K=2, based on 9 
new developed microsatellites, showed weak structure that was 
not congruent with morphotypes. In addition to the microsatellite 
data, pairwise population differentiation comparison using AMOVA 
Fst showed that divergence among morphotypes between NZ and 
SA was at least one order of magnitude greater than within SA.

In summary, our results rule out recent speciation, low mutation 
rates or the occurrence of pseudogenes as reasons for the genetic 
uniformity and suggest that the ‘gregaria’ and ‘subrugosa’ morpho- 
and ecotypes are the result of an extreme dimorphism within a 
single species M. gregaria.
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ASSESSING EFFICIENCY OF SPECIES IDENTIFICATION FOR 

TWO MITOCHONDRIAL MARKERS IN THE SPIDER GENUS 

OEDOTHORAX (ERIGONINAE, LINYPHIIDAE, ARANEOIDEA)
L. Lopardo1, G. Uhl1 
1University of Greifswald, Zoological Institute and Museum, 
Greifswald, Germany 

DNA taxonomy and barcoding based on the CO1 mitochondrial 
genetic marker have been effective in delimiting and identifying 
species in several taxonomic groups, including spiders. However, 
it has been suggested that for pholcid spiders (Pholcidae) and 
other few non-spider taxa, the mitochondrial 16S RNA gene leads 
to better taxon separation and is a more reliable marker for species 
identification methods. Assessing the contribution and suitability of 
each marker to the re-identification of species, measured by their 
recovery of morphological species, is critical for reliable results. 
Investigation of four European Oedothorax species (52 individuals, 
7-25 specimens/species from different populations) revealed 
discrepancies in the patterns of relationships when analyzing CO1 
and 16S independently. The 16S partition recovers monophyly 
of the four sampled species. Conversely, only one species is 
monophyletic by the CO1 analysis, indicating that CO1 might not 
be a reliable marker for taxon identification in this genus. We tested 
efficacy of mitochondrial markers by calculating identification 
success rates using distance- and tree-based measures; and we 
also assessed presence/absence of barcode gap among species 
following the guidelines of the Consortium for the Barcode of Life. 
Most tree-based measures suggest higher reliability in the 16S, and 
barcode gaps were only present in the 16S marker. We therefore 
propose that for Oedothorax species the 16S marker is superior for 
DNA taxonomy and species identification than the CO1.

PP-ZS-10

THE ENEMY INSIDE YOUR SEA SLUG - ENDOPARASITES OF 

THE FAMILY SLANCHNOTROPHIDAE (COPEPODA)
M. Schrödl1, R. Anton1 
1SNSB - ZSM, München, Germany 

Splanchnotrophid copepods exclusively infest nudibranch or 
sacoglossan sea slugs, but little was known on biological interactions 
and evolution. Our morphology-based phylogenetic hypothesis 
suggests that copepods invaded dorid nudibranchs once, and then 
switched to sacoglossans at least twice independently. Nudibranch 
and sacoglossan lineages already separated in the early Mesozoic 
at least, so this scenario is surprising, but supported herein by first 
sequence analyses.

Molecular species delimitation using COI trees and ABGD analyses 
confirm the morphology-based taxonomy of Ismaila species. 
In central Chile there is a flock of parasite species that possibly 
diverged sympatrically via switching and specializing to a certain 
host species. Our findings of genetically similar but morphologically 
distinct Ismaila individuals in phylogenetically distant host taxa 
might be suggestive for recent adaptation and ongoing speciation. 
Some European splanchnotrophid species rather than infesting 
various different host taxa may be complexes of specialized cryptic 
species also.

Our 3D models of splanchnotrophid microanatomy induce some 
conclusions on parasite functions and interactions with their 
host. For example, the sac-like digestive tract of Ismaila aliena 

lacking any intestine or anus supports our earlier assumption on a 
hemolymph-uptake rather than eponymous tissue-feeding at least 
in certain splanchnotrophids. The combination of modern software-
based imaging techniques, molecular sequence analyses and 
evolutionary reconstructions is powerful and eventually will lead to 
a deeper understanding of sea slug hosts and their most significant 
parasites in a functional and evolutionary framework.
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BARCODING FAUNA BAVARICA: GASTROPODA
K. Koller1, M. Schrödl1 
1Bavarian State Collection of Zoology, Munich, Germany 

At the Bavarian State Collection of Zoology (ZSM) we are 
developing collections of specimen and DNA vouchers and a 
COI library of Bavarian gastropods; this takes place within the 
framework of the „Barcoding Fauna Bavarica“ (BFB) and „German 
Barcode of Life“ (GBOL) projects. Currently a dataset including 
partial COI sequences of 342 specimens out of 129 gastropod 
species is available. This already covers roughly 50% of the 
assumed total gastropod species diversity in Bavaria (256 species). 
Herein we present a preliminary phylogenetic tree (RAxML) which 
supports monophyly of several major traditional lineages, down 
to genera and species. Many of the usually shell-based species 
determinations are confirmed; especially taxa with shells showing 
noticeable structures such as teeth or folds (Clausiliidae) thus 
seem to be detectable by either morphological characters or 
COI barcodes reliably. However, there are many other clades in 
the COI-tree that show discrepancies to the current taxonomy. 
Particularly families, which are known to be problematic by having 
variable, simple, reduced or even lacking shells (slugs, semi-slugs) 
are affected, emphasizing the need of sound taxonomic revision. 
Integrative data comparing molecular results with traditional 
taxonomy is particularly relevant for gastropod groups of socio-
economic interest (e. g. slugs as pests or certain snails hosting 
pathogens), ecological importance or special role as bioindicators, 
such as the FFH-genus Vertigo. Supplementing our species 
sampling and analyzing further molecular markers in comparision 
with morphological and biological data we aim to establish a solid 
and integrative taxonomic basis of Bavarian gastropods.

PP-ZS-12

Differentiating between variability and variation in 
Spinicaudata (Crustacea: Branchiopoda) using the example 
of Eocyzicus

L. Tippelt1, M. Schwentner1, S. Richter1 
1Universität Rostock, Allgemeine und Spezielle Zoologie, Rostock, 
Germany 

The taxonomy and morphological identification of spinicaudatan 
species is difficult because of their high intraspecific variability and 
low interspecific variation. Thus, unambiguously delimiting new 
species is often impeded by the inability to clearly differentiate 
variability from variation and to identify diagnostic characters. In 
our study we have focused on species of the genus Eocyzicus from 
Australia. All individuals were genetically analyzed prior to their 
morphological assessment. In addition to the two described species 

Eocyzicus parooensis Richter & Timms, 2005 and E. argillaquus 

Timms & Richter, 2009, eight new species were identified. The 
findings were the starting point for further examinations to detect 
morphological characters which can be used to differentiate these 
new species. Our analysis revealed a very high intraspecific 
morphological variability. The majority of characters scored 
with the aid of the taxonomic software DELTA (Dallwitz, Paine 
& Zurcher, 1999) exhibit many different states. This applies to 
characters with defined states as well as numerical ones. Hence, 
a clear differentiation of species is not possible based on several 
characters and suggests that morphological polymorphisms 
are retained over long evolutionary times and independent of 
speciation events. Nevertheless, a successful delimitation of most 
Eocyzicus species can be achieved by using ranges of characters 
instead of particular states. As males and females differ in many 
characteristics, their variability should be assessed separately. This 
may require identification keys exclusively for males or females.
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TRANSCRIPTOME ANALYSES IN ONYCHOPHORA SUGGEST 

TWO PIGMENT DISPERSING FACTOR GENES IN THE LAST 

COMMON ANCESTOR OF PANARTHROPODA

L. Hering1, H. Dircksen2, G. Mayer1 
1University of Leipzig, Animal Evolution and Development, 
Institute of Biology, Leipzig, Germany, Germany  
2Stockholm University, Department of Zoology, Stockholm, 
Sweden, Sweden 

The pigment dispersing factor and pigment dispersing hormone 
genes (pdf and pdh) encode for neuropeptides, which occur in the 
nervous system of a variety of invertebrates, including molluscs, 
nematodes, insects and crustaceans. The function of these 
peptides ranges from a role in the integumental colour change and 
the dispersion of eye pigment to an involvement in circadian clock 
mechanisms. So far, a remarkable diversity of these peptides has 
been described from insects, crustaceans and nematodes, but 
their evolutionary history remains unknown. To shed light on the 
origin and diversification of pdf/pdh homologs in Panarthropoda 
(Onychophora + Tardigrada + Arthropoda), we analysed deep 
transcriptome datasets from five distantly related onychophoran 
species, including representatives of the two major subgroups, 
Peripatidae and Peripatopsidae. Our local BLAST searches 
revealed two putative pdf paralogs (ony-pdf-I and ony-pdf-II) in 
each onychophoran species studied. According to our phylogenetic 
analyses, ony-pdf-I forms the sister group to a monophyletic clade 
of pdf/pdh orthologs from arthropods and tardigrades (clade 
A), whereas ony-pdf-II clusters either with a clade consisting 
of ony-pdf-I plus clade A, or to a clade of pdf-2 homologs from 
nematodes. These findings suggest that the last common ancestor 
of Panarthropoda possessed two pdf genes, one of which (ortholog 
of ony-pdf-II) may have been lost in the arthropod or arthropod/
tardigrade lineage.

PP-ZS-14

Preliminary data on geographic structure and genetic 
connectivity in the endangered Brazilian freshwater crayfish 
Parastacus brasiliensis (Crustacea: Parastacidae)
I. Miranda1, M. P. Almerão2, P. B. Araujo2, C. D. Schubart1 
1UR, Biologie, Regensburg, Germany  
2UFRGS, Zoology, Porto Alegre, Brazil 

Parastacus brasiliensis (von Martens, 1869) is a crayfish endemic 
to Rio Grande do Sul, in southern Brazil, classified in the last 
evaluation as “Near Threatened” according to the IUCN criteria. 
The restricted distribution, combined with the limited available 
information concerning the biology of the species, increase the 
risk of extinction and highlight the need for studies focusing on the 
conservation status of its constituent natural populations. In this 
context, knowledge about the genetic composition and population 
size can provide the necessary tools to propose measurements in 
order to maintain these population stocks and preserve its genetic 
diversity. We analyze partial fragments of the mitochondrial genes 
16S and Cox1 for several populations of P. brasiliensis along its 
natural distribution. Preliminary results indicate restricted gene 
flow among streams within the geographic distribution, suggesting 
isolation by distance. If forthcoming data confirm this scenario, 
it would underline the need for regional conservation strategies, 
since each “population” of P. brasiliensis may be characterized by 
genetic endemicity corresponding to the one found among cryptic 
species. 
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A New Piece in the Puzzle for the Riverine Slugs of the 
Acochlidiidae (Gastropoda: Panpulmonata: Acochlidia)
B. Brenzinger1, T. P. Neusser1,2, M. Glaubrecht3, K. M. Jörger1,2, 
M. Schrödl1,2 
1Bavarian State Collection of Zoology, Munich, Munich, Germany  
2Ludwig Maximilians University Munich, Department Biology II, 
Munich, Germany  
3Museum für Naturkunde Berlin, Leibniz-Institut für Evolutions- 
und Biodiversitätsforschung an der Humboldt-Universität zu 
Berlin, Berlin, Germany 

Gastropods of the family Acochlidiidae are a unique taxon of 
centimeter-sized slugs found exclusively in coastal rivers and 
creeks of tropical islands in the Indo-West Pacific. They evolved 
an amphidromic lifestyle, and adults predate on the calcareous 
egg-capsules of co-occuring freshwater snails (family Neritidae). 
Historically, the family is the longest known among the order, 
but only recently research has shown that Acochlidiidae are a 
derived clade among otherwise marine, meiofaunal and therefore 
considerably smaller Acochlidia.

Up to now, two morphologically distinct lineages were known 
among acochlidiids: one with the slender, uniformly reddish 
colored Strubellia (2 described species) which is similar to the 
Pseudunelidae, the marine sister group of the Acochlidiidae. The 
second lineage is seemingly more derived, containing flattened and 
pigmented, brown or greenish Acochlidium (3 sp.) and Palliohedyle 
(2 sp.).

A 2010 survey of freshwater gastropods on the Moluccan island 
of Amboina, Indonesia, discovered two specimens of a hitherto 
unknown acochlidiid that shows intermediate features. Externally, 
the specimens resemble a blue-green Strubellia, and digestive and 
excretory systems reconstructed 3-dimensionally from semithin 
histological sections are also similar. The same dataset and 
scanning electron microscopy, however, shows that the species 
also possesses the complicated trap-like copulatory organ found 
in Acochlidium. These observations, coupled with a molecular 
phylogeny of acochlidiids using multilocus markers, confirm that 

the species is indeed sister to a clade including Acochlidium 
and Palliohedyle and represents a new genus. Furthermore, this 
suggests that a complex copulatory organ evolved earlier than 
the Acochlidium-like morphotype with a flattened visceral sac and 
modified internal organs.
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RECONSTRUCTING THE BASE OF THE ANNELID TREE 

USING TRANSCRIPTOMICS

A. Weigert1, C. Helm1, M. Meyer2, B. Nickel2, G. Purschke3, K. M. 
Halanych4, S. Santos4, T. H. Struck5, C. Bleidorn1 
1University of Leipzig, Molecular Evolution and Animal 
Systematics, Leipzig, Germany  
2Max Planck Institute for Evolutionary Anthropology, Leipzig, 
Germany  
3University of Osnabrueck, Department of Zoology and 
Developmental Biology, Osnabrueck, Germany  
4University of Auburn, Molette Biology Laboratory for 
Environmental and Climate Change Studies, Auburn, United 
States  
5Zoological Research Museum Alexander Koenig, Bonn, Germany 

Annelida represents an animal taxon, which is adapted to marine, 
freshwater and terrestrial habitats including more than 15,000 living 
species described. They are a key taxon for understanding major 
transitions in animal evolution such as the origin of segmentation, 
evolution of the nervous system or larval types like the trochophore 
larvae. Phylogenetic relationships of this group were poorly 
understood for a long time but a recent study has resurrected the old 
annelid systematization by reestablishing Errantia and Sedentaria, 
which were rejected by a majority of researches in the 20th century. 
Furthermore, Chaetopteridae, Myzostomida, and Sipuncula 
grouped outside this core Annelida in the basal part of the tree. 
However, support for the relationship of the basal branching annelids 
was weak and crucial taxa with respect to basal relationships 
of Annelida were lacking. To resolve the base of the annelid tree 
and elucidate ancestral conditions of annelid traits we generated 
additional transcriptome libraries covering numerous annelid 
families and potential basal branching taxa. Our analyses include 
overall 93 taxa and up to 600 orthologous genes. We recovered a 
well-supported phylogeny with strong support for two major splits 
(Errantia and Sedentaria) including the biggest fraction of annelid 
diversity. Moreover, we got strong support for the basal part of the 
annelid, including taxa like Oweniidae, Magelonidae, Sipuncula, 
Amphinomidae, Chaetopteridae and Apistobranchidae. The early 
annelid evolution is discussed in the light of the fossil record. 

PP-ZS-17

Acochlidian sea slugs (Mollusca) on shore leave - another 
invasion of the land
T. P. Neusser1,2, Y. Kano3, M. Schrödl1,2 
1Biozentrum LMU, Department II, Planegg-Martinsried, Germany  
2SNSB, Bavarian State Collection of Zoology, Munich, Germany  
3Ocean Research Institute, University of Tokyo, Department of 
Marine Ecosystems, Kashiwa, Chiba, Japan 

Invasion of the land has been a considerable challenge for most 
aquatic taxa due to e.g. gravity and desiccation stress. Thanks 
to the hard shell protecting the soft body, gastropod molluscs are 
among the most successful animals in this habitat shift from the 
sea to the land. Apparently, shell-less groups are more prone to 
desiccation and have had difficulties in the acquisition of suitable 
anatomical and physiological characteristics for the invasion. Land 
slugs therefore have usually been thought as descendants of 
land snails, which had gradually lost their shells in order to inhabit 
protective spaces such as rock fissures.

We report an example of terrestrial invasion by a lineage of aquatic 
slugs of the order Acochlidia on Palau Island. The Acochlidia are 
generally regarded as aquatic heterobranch slugs including minute 
marine species in the interstitial waters of coastal sands worldwide 
and several large species living benthically in coastal rivers on 
western Pacific islands. The recent description of two amphibious 
species of Aiteng (Aitengidae) from a mangrove forest in Thailand 
and the upper intertidal in Japan extended the morphological 
and ecological diversity of the Acochlidia. In the present study, 
specimens were collected from leaf litter in a tropical rain forest 
several hundred meters away from the sea. Through an integrative 
approach including molecular phylogeny and 3D-reconstruction of 
internal organs, we conclude that the terrestrial slug from Palau 
represents a new species of the genus Aiteng. Our study indicates 
a habitat shift of ancestrally aquatic Acochlidia to a completely 
terrestrial life style with the invasion of the land from the upper 
littoral zone in the Cenozoic. This is the first land slug outside 
Eupulmonata.
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