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Location 
 
MPI for Metals Research, Stuttgart 
Heisenbergstraße 03, D-70569 Stuttgart, 
Germany 
 
 
 
 
Aim  
 
Joining efforts on both sides of the world 
in the scope of planned networking 
between Kyoto University and the 
BIOKON location Stuttgart, to enhance 
and consolidate the cooperation.   

 
 

. 

 
 
 
 
Funding 
 
Source 21st Century COE.  
BIOKON, Federal Ministry for Education 
and Research  

Japanese-German 
Workshop on 

Entomomimetics: taking 
ideas from insects 

 
日独エントモミメチック

ワークショップ：昆虫か

ら学ぶ 
 
 
 
 
 
 
 
 

26th September 2006 
 

  
 

Scientific program 
 
8:30 Welcome and introduction; 

keywords about BIOKON 

PD Dr. S. N. Gorb, Evolutionary 
Biomaterials Group, Dept. Arzt, MPI 
Stuttgart, Germany 
 
8:45 Presentation of the COE: 

Innovative food and 
environmental studies pioneered 
by entomomimetic sciences 

Prof. Dr. K. Fujisaki, Program Leader, 
Professor/Division of Applied 
Biosciences, The Graduate School of 
Agriculture, Kyoto, Japan 
 
9:10  Virtual reality experiments in 

insect olfactory behaviour 

Prof. Dr. M. Sakuma, Professor/Division 
of Applied Biosciences, Graduate School 
of Agriculture, Kyoto, Japan 
 

9:35  Assessment of the time required 
to olfactory information 
processing in an insect brain 

Dr. K. Okada, Post-Doctoral Researcher, 
Division of Applied Biosciences, 
Graduate School of Agriculture, Kyoto, 
Japan 
 

10:00 Tea/Coffee break 
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10:30 Desert ants, Cataglyphis fortis: 
navigation cues and error 
compensation 

Prof. Dr. H. Wolf, Department 
Neurobiology, University of Ulm, 
Germany 
 

10:55 Take-off behaviour and 
aerodynamics in aerial dispersal 
of spider mites 

Prof. Dr. M. Osakabe, Associate 
Professor/Division of Environmental 
Science & Technology, Graduate School 
of Agriculture, Kyoto, Japan  
 

11:20 Wing folding in insects  

Dr. F. Haas, Staatliches Museum für 
Naturkunde, Stuttgart, Germany 
 

11:45 Characterization of mechanical 
and electrical properties in 
insects and mammals using AFM 
and laser interferometry  

Prof. Dr. M. Langer, Sensory Biophysics 
Group, Department of Applied Pysiology, 
Universität Ulm, Germany  

 

12:10 Caterpillar head anatomy: little 
known and newly discovered 
structures 

F. Vegliante, Staatliche Naturhistorische 
Sammlungen, Museum für Tierkunde, 
Dresden, Germany 

 
12:30 Lunch at the MPI 

 

13:30 Attachment of the beetle 
Gastrophysa viridula on the 
Rumex obtusifolius leaf surface 

Dr. O. Gorb, Evolutionary Biomaterials 
Group, Dept. Arzt, MPI Stuttgart, Germany  
 
13:55 The wet step: visualisation of the 

liquid bridges in the attachment 
pads of the beetle Gastrophysa 
viridula, basics for 
entomomimetics 

Dipl.-Biol. J. Schuppert, Evolutionary 
Biomaterials Group, Dept. Arzt, MPI 
Stuttgart, Germany 
 
14:20 The limits of adhesive ability of 

insect's attachment devices 

Dr. N. Hosoda, National Institute for 
Materials Science, Ecomaterials Center, 
Eco-Device Group, Ibaraki, Japan 
 
14:45 The role of insect robots in 

farming 

Prof. Dr. M. Umeda, Professor/Division of 
Environmental Science & Technology, 
Graduate School of Agriculture, Kyoto, 
Japan 

15:10 Tea/Coffee Break 
 
15:30 Water striders functional 

morphology and biomechanics 

Dr. P. Goodwyn, Post-Doctoral 
Researcher, Division of Applied 
Biosciences, Graduate School of 
Agriculture, Kyoto, Japan 
 
15:55 Stalking along trichomes: 

biomechanics of plant-bug 
interactions 

Dr. D. Voigt, Evolutionary Biomaterials 
Group, Dept. Arzt, MPI Stuttgart, 
Germany 
 
16:10 Discussion, Summary, 

Conclusion, Outlook 

PD Dr. S. N. Gorb, Evolutionary 
Biomaterials Group, MPI Stuttgart, 
Germany 

and 

Prof. Dr. K. Fujisaki, Program Leader, 
Professor /Division of Applied 
Biosciences, The Graduate School of 
Agriculture, Kyoto, Japan 
 
16:30 Laboratory introduction and 

sightseeing 
  
18:30 Dinner
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Abstracts 
 
Presentation of the COE: Innovative Food and Environmental Studies 
Pioneered by Entomomimetic Sciences 
 
Kenji Fujisaki, Laboratory of Insect Ecology, Division of Applied Biosciences, Graduate School of 
Agriculture, Kyoto University, Kyoto, Japan 
 
The Ministry of Education, Culture, Sports, Technology and Science of Japan established 
a budget to launch in FY 2002 a new initiative called the 21st Century COE Program.  The 
COE is the abbreviation of Center of Excellence. This program works to cultivate a 
competitive academic environment among Japanese universities by giving targeted 
support to the creation of world standard research and education bases in a range of 
study areas. 
The Graduate School of Agriculture and Field Science Education and Research Center of 
Kyoto University have started the 21st Century COE Program entitled “Innovative Food 
and Environmental Studies Pioneered by Entomomimetic Sciences” from 2004. 
Entomomimetic Sciences are innovative entomological sciences to aim at exploring and 
learning from insects.    
Insects are the largest group of animal species on the earth and have survived over long 
evolutionary history spanning 400 million years. As a result, they developed sophisticated 
morphology with superior functions, and constructed a complicated ecological network 
with other organisms such as plants in the ecosystem.   
The concept of Entomomimetic Science is regarded as follows. Firstly, insects are 
regarded as model. That is, Entomomimetic Science is a new entomological science that 
emulates insect’s designs, functions and behaviors to solve human problems such as 
food and environmental issues.  Secondly, insects are regarded as measure.  This means 
that Entomomimetic science uses an ecological standard which has been created by 
insects through their long evolutionary history to judge the “rightness” of our innovations. 
Because insects have lived through 400 million years of violent environmental change, 
they would teach us, what works, what is appropriate, and what is sustainable. Thirdly, 
insects are regarded as mentor. Entomomimetic science is a new way of viewing and 
valuing nature, which will lead to the desirable relationship between nature and humans. 
We have set up three main subjects for Entomomimetic Sciences. The first is “Adaptability 
to environments”. The research on this subject would contribute to the monitoring of 
global warming by using insects as an indicator. The second is “Communication systems”. 
The research on this subject would lead to the development of environmentally benign 
insect-pest control method. The third is “Designs and functions”. The research on this 
subject would contribute to the biomimetics, robotics, and industrial applications. The 
expected results of our research on these subjects would contribute to the solutions of 
food and environmental issues in the 21st Century. 
 
 
 
Virtual Reality in Insect Olfactory Behaviour 
 
Masayuki SAKUMA, sakuma@kais.kyoto-u.ac.jp, Lab. Insect Physiology, Div. Applied 
Biosciences, Grad. School of Agriculture, Kyoto Univ., Kyoto, Japan 
 
When orientating, animals use external cues to modulate their behaviour in a manner that 
guides them towards a goal. To investigate the cause of this type of behaviour, cues 
should be presented to the animals being tested in a controlled way. Conventional 
experiments in a wind tunnel or arena, however, allow test animals some degree of 
freedom, so the cues they receive are not fully predetermined. An experimental 
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arrangement that overcomes this problem is the 'servosphere', a locomotion-
compensating device. A feedback system of this device continually rotates the sphere so 
that a freely walking test animal is kept at the top of the sphere, thus cues can be 
presented in a precisely controlled manner. If this apparatus is refined by recent 
technology and then combined with an actuator that generates the cue-like odour, wind, 
image, etc., a virtual sensory field can be created and the orientation manoeuvring of the 
animal in response to it can be investigated in a fully automated experiment. In some 
studies using the classical servosphere, the cue was controlled by the animal's absolute 
position, independently of the animal's movement, but this may not reflect the cue 
perception of the animal, which is more likely to be influenced by relative and directional 
factors. A programmed system for cue presentation in real time may make it possible to 
produce a more realistic representation of the animal's perceived environment. The aim is 
to conduct a virtual-reality experiment, by presenting odour to the test animal in exactly 
the way it would occur during actual manoeuvring to a natural odour source. If the animal 
successfully reached a goal set on a virtual plane, it can be concluded that the animal 
employs the same tactics as those written in the computer program. In this paper, male 
silk moths, the German cockroaches were guided towards respective sex and 
aggregation pheromone sources set on the virtual plane. 
 
 
 
Assessment of the Time Required to Olfactory Information Processing  
in an Insect Brain 

 
Koutaroh Okada 
kokada@kais.kyoto-u.ac.jp 
Division of Applied Biosciences, Graduate School of Agriculture, Kyoto, Japan 
 
Olfactory system in an insect brain has been investigated well. Odorant information 
detected by receptor cells of antennae is propagated to an antennal lobe, which is the first 
olfactory center in an insect. An antennal lobe plays roles of odor discrimination and 
calculation of odorant concentration. Those two roles of antennal lobe have been mainly 
examined using intracellular staining - recording method, however those mechanisms are 
still unknown.   
In response to this problem, we tried different approach with previous studies. In order to 
get a brain system property which is information processing time in the brain, we 
measured time from the onset of stimulation to beginning a behavior, as information 
processing time of an insect brain. We have considered that the processing time may 
reflect process algorithm in the brain.   
One of the major experimental animal, American cockroach Periplaneta americana (L), 
was used. Before the processing time measurements, we needed several preparations. 
At first, we should make clear monitoring part of processing time measurement in the 
insect body. The latency time of maxillary palp movement with odor stimulation was the 
shortest, compared to the neck, six legs, and abdominal movements. Then, we adopted 
maxillary palp as a monitoring part of an olfactory information processing time. To monitor 
the movement with high temporal resolution, we measured muscle potentials from the 
flexor muscle in maxillary palps. Next, we confirmed using morphological technic that any 
antennal receptor cells does not have monosynaptic connections with the motor neurons 
of maxillary palp muscles. This suggests that the movement of the maxillary palp was 
driven by result of information processing in the brain rather than reflection of odor 
stimulation to the antennae. As a final of the preparation, we made small wind tunnel in 
order to realize temporal accuracy of olfactory stimulation. This wind tunnel enables us to 
monitor stimulation timing to the antennae with an error of less than one millisecond.   
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After finishing the preparations, we examined processing time with a task of calculation of 
an odorant concentration. The processing time showed two steps shaped decreasing 
curve according to increasing of odorant concentration. This result suggests that the task 
of calculation of an odorant concentration has two process modes. One works within low 
to middle concentration of odorant with relatively long processing time, and the other 
works within middle to high concentration of the odorant with short time.   
Now we are examining processing time with a task of odor discrimination. With this work, 
we expect to obtain novel restriction conditions in information processing system, and the 
restriction conditions may be helpful to modeling of neural network system. 
 
 
 
The role of insect robot for farming 

 
Prof. Dr. Mikio UMEDA 
Lab. Field Robotics 
Graduate School of Agriculture, Kyoto University 
 
Ministry of Education, Culture, Sports, Science and Technology of Japan set up 274 
center of excellence (COE) at Graduate School all over Japanese universities between 
2004 and 2006. The COE consists of about 30 faculty member’s researchers and about 
10 post doctoral researchers. Such COE program is called 21 century program. This 
study has been done on 21 century program “Innovative Food and Environmental Studies 
pioneered by Entomomimetic Science”. Environmental friendly agriculture becomes more 
and more important. Precision agriculture (PA) is one of innovative food production and 
environmental friendly agriculture, thus PA research has been widely done all over the 
world. 
In this report, first concept of PA in Europe, USA, Asia and Japan is introduced. In PA, 
field information collection is important. Remote sensing (RS) and yield monitoring by 
combine are usually used. RS has advantage to collect simultaneously plant growth data 
at large area but RS data is rough resolution and high cost. Small robots to collect field 
data have been developed in particular at University of Illinois. Such small robotics 
competition for students also has held in Europe since 2004. Most robots in the 
competition have wheel or crawler. The legged robot has an advantage to move on rough 
terrain like arable land. If a legged robot as sensor carrier can be developed, the robot to 
collect field data can be smaller than wheel type robot. Small robot has an advantage on 
energy consumption. The information collected by the robot can compensate rough 
information collected by RS. 
First the concept of the developing robot is introduced. There are three insect gaits i.e. 
hexapod, tripod and tetrapod gait. On hexapod gait, 3 legs set moves alternatively. On 
tripod gait, 2 legs set moves in turn. On tetrapod gait, a leg moves independently in turn. 
An insect choices appropriate gait from above-mentioned 3 gait style depending on terrain 
condition. The robot also must choice appropriate gait depending on terrain condition. The 
developing robot tests 3 gait systems on different terrain conditions. 
The 2 functions are required to the robot. One is odor chasing and other is desired route 
moving. Both functions are important to collect data for farming and to generate field 
information maps. Developing CO2 sensor and walking on the field are introduced. Finally 
further works are discussed. 
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The limits of adhesive ability of insect's attachment devices 
 
Naoe Hosoda 
National Institute for Materials Science, Ecomaterials Center, Eco-Device Group, Ibaraki, Japan 
 
The leaf beetle Gastrophysa viridula (Coleoptera, Chrysomelidae) lives on its host plant 
Rumex obtusifolius. The beetle bears adhesive setae on its legs, serving for attachment 
to various surfaces. To understand the functional mechanism of the attachment system, 
effects of the surface energy and surface roughness on the beetle adhesive force were 
studied. The traction force of male beetles on different surfaces was estimated using force 
transducer. Surface energy was measured with the contact angle measurement device. 
The roughness was measured with atomic force microscope. There was not a statistically 
significant difference between traction forces on the substrates with the surface energies 
of 14 – 58 mN/m. A strong effect of surface roughness on the traction force was 
observed: the force decreased with the decreasing surface roughness having the 
minimum at substrates with RMS=100nm. The measured traction force was also 
depended on the height and wavelength of surface structures. The results show that the 
beetle adhesion is more influenced by the surface geometry than by surface chemistry. 
Thus the surface structure seems to be the most important factor for development of anti-
adhesive coatings against insects. 
 
 
 
Take-off behavior and aerodynamics in aerial dispersal of spider mites 
 
Mh. Osakabe, H. Isobe, A. Kasai, S. Kubota and M. Umeda 
Division of Environmental Science & Technology, Graduate School of Agriculture, Kyoto, Japan 
 
Passive aerial dispersal may be important for spider mites inhabiting unstable habitats to 
redistribution on the new habitats. Evidence for behavioral control of take-off has been 
well documented for spider mites and also for phytoseiid mites, which are natural enemies 
of spider mites. This movement can also have a strong effect on spider-mite 
management, e.g., development of acaricide resistance and persistence of prey-predator 
interactions. However, biology and dynamics of the take-off behavior are still very much 
unknown. After preliminary observation of take-off behavior of the two-spotted spider mite, 
Tetranychus urticae Koch, in a wind tunnel, we measured body sizes of T. urticae and the 
citrus red mite, Panonychus citri (McGregor), using a scanning electron microscope. 
Based on these measures and additional information in literature, three-dimensional (3D) 
models of computer graphics were constructed. Hydrodynamic analyses were performed 
using the 3D model. We focused two distinct take-off behaviors by T. urticae that raise 
their first legs and by P. citri that hang down from leaves. Of T. urticae, aerodynamic 
effects of a posture of take-off (raising first legs) were evaluated by comparing with an 
ordinary posture. 
 
 
 
Desert ants, Cataglyphis fortis: navigation cues and error compensation  
 
Prof. Dr. H. Wolf, Department Neurobiology, University of Ulm, Germany 
 
The navigation system of desert ants is versatile and robust, despite inevitable 
inaccuracies and errors in the respective orientation mechanisms. This robustness is 
accomplished, first, by the combination of several orientation cues, including sky light 
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compass, stride odometry, landmark orientation, and olfactory and anemotactic 
orientation. Second, the ants employ sophisticated strategies that deal with and minimise 
orientation errors. The major aspects of this navigation system shall be presented, 
including strategies that may be useful for the construction of artificial navigation systems.  
 
 
 
Wing Folding in Insects 
 
Dr. F. Haas, Staatliches Museum für Naturkunde, Stuttgart, Germany 
 
Insect fold their hind wings because of quite simple reasons. With flexed and folded 
wings, it is easier to hide, to use small crevices and shelters against the impact of 
weather, e.g. wind and rain, and to escape predators, to name just a few reasons. The 
fitness advantage is so great that wing folding convergently evolved in a large number of 
separate insect ‘orders’, using superficially different mechanisms. The Dermaptera, 
Blattodea and Coleoptera were examined in more detail. Included in the comparative 
study were other, technical and ornamental folded structures such as Origami models. 
The comparison showed despite very many differences some common features: almost 
all fold structures consist of Basic Mechanisms, an arrangement of four plates and four 
folding lines intersecting in one point. In hind wings, Resilin is ample; energy needed to 
unfold and/or fold the wings and prevents wear at critical locations in the wing. Often the 
folding lines in the wing are not morphologically differentiated (at least at LM and SEM 
level), but some specialised structure, typical for taxonomic families and orders do occur. 
The actual mechanic used in folding and unfolding, respectively, are fundamentally 
different: Coleoptera use their thoracic muscle to Unfold the wing, but the elytra and the 
abdomen to fold it again. In Dermaptera, the wing is unfolded with the cerci, and folded 
with intrinsic elasticity stored in the many, strategically placed Resilin patches. Technical 
folded structure such as airplanes’ wings are comparatively simple, and take advantage of 
the option to have additional tools & mechanisms for (un-)folding, as well interrupting the 
structural integrity for a short period of time. So they become unfunctional for a spell, 
which is no option for biological structures. 
 
 
 
Characterization of mechanical and electrical properties in insects and 
mammals using AFM and laser interferometry 
 
Matthias Langer, Sensory Biophysics Group, Department of Applied Physiology, University of Ulm, 
Albert-Einstein-Allee 11, D-89143 Ulm, Germany 
 
Atomic Force Microscopy (AFM) is a power tool to study functional properties in various 
biological systems on the micrometer and nanometer scale. In a first example AFM was 
combined with patch clamp allowing the investigation of mechanosensitive ion channels in 
hair cells of the mammalian inner ear. Hair bundles are displaced with nanometer 
precision by AFM while patch clamp measures the corresponding transducer current. 
Since AFM uses a very sharp stylus with a typical radius of 10 nm it was possible to 
displace individual stereocilia of cochlear hair bundles. In a second example the 
mechanism of fly attachment on various substrates was investigated. Attachment pads of 
fly legs are covered with setae, each ending in small terminal plates covered with 
secretory fluid. Previous works assumed that cohesive forces, and molecular adhesion 
are involved in the fly attachment mechanism. However, which forces mainly contribute to 
the overall attachment force remained unknown. Multiple local force-volume 
measurements were carried out on individual terminal plates of the setae by application of 
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AFM. Local adhesion is about two times stronger in the centre of the plate than on its 
border. Adhesion strongly decreases as the volume of the footprint fluid decreases, 
indicating that a layer of pad secretion, covering the terminal plates is crucial for 
generation of the strong attractive force. 
 
 
 
Caterpillar head anatomy: little known and newly discovered structures 
 
Francesca Vegliante, Staatliche Naturhistorische Sammlungen, Museum für Tierkunde, Dresden, 
Germany 
 
An accessory mandibular gland of unknown function has been observed in larvae 
belonging to different families of Lepidoptera.  
The labio-hypopharyngeal complex of some caterpillars is traversed by two epidermal 
ligaments. The anterior one connects the two sides of the labio-hypopharynx, while the 
posterior ligament links the apodemes of the mandibular adductor muscles of both sides. 
A branch of the mandibular nerve runs just above the ligaments, fuses with the 
contralateral one and ends medially in the hypopharyngeal surface. The ligaments may 
help in coordinating movements of labio-hypopharynx and mandibles, while the odd 
nervous termination may be involved in stretch reception.  
Gustative sensilla, innervated by the labral nerve, were observed for the first time in the 
foregut of a caterpillar. 
Putative stretch receptors were observed in the larval foregut of a ditrysian, Heterogynis 
penella and of a representative of the most primitive lepidopterous family, Sabatinca sp. 
(Micropterigidae). A comparison of their position in the two species allows to assess the 
homology of the oblique cibarial dilator muscles, typical of ditrysian larvae.  
Accessory labial glands are variously developed in the larvae of different species of 
Lepidoptera; their function is unknown. 
 
 
 
Attachment of the beetle Gastrophysa viridula on the Rumex obtusifolius 
leaf surface 
 
Elena Gorb and Stanislav Gorb, Evolutionary Biomaterials Group, Department Arzt, Max Planck 
Institute for Metals Research, Heisenbergstr. 3, Stuttgart, 70569, Germany 
 
Broad-leaved dock Rumex obtusifolius L. (Polygonaceae) is the main host plant of the 
green dock beetle Gastrophysa viridula Deg. (Chrysomelidae, Coleoptera). The beetle is 
able to attach and walk on leaves of this plant. Leaf surface is rather uneven because of 
prominent epidermal cells with the maximum height of about 9 µm. The surface is covered 
with a smooth wax layer having relatively low free surface energy (FSE).  
It has been previously reported for many insect species that they attach well to smooth 
plant surfaces, but fail on substrates covered with crystalline wax. The aim of this study 
was to measure the attachment force of adult insects on the leaf surface and other 
substrates in order to understand the effect of surface architecture and physico-chemical 
properties on insect attachment. We compared forces on (1) the upper leaf surface with 
(2) a smooth silinized glass plate having low FSE and (3) the polishing paper having 
slightly lower FSE and similar surface roughness (particles’ size = 9 µm). Smooth plate 
made of normal untreated glass with high FSE was used as a reference substrate. On the 
leaf surface and the polishing paper, attachment forces were lower compared with both 
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glass samples. There was no significant difference in force values on leaves and the 
polishing paper. Forces on both glass surfaces were much higher being significantly 
different from all other substrates. On the basis of our results, we concluded that 
hydrophobicity of the substrate slightly decreases the attachment force, but the 
combination of the hydrophobicity with roughness affects in nearly four-fold force 
reduction.  
 
 
 
The wet step: Visualisation of the liquid bridges in the attachment pads of 
the beetle Gastrophysa viridula 
 
J. Schuppert and S.N. Gorb, Evolutionary Biomaterials Group, Department Arzt, Max Planck 
Institute for Metals Research, Heisenbergstr. 3, Stuttgart, 70569, Germany 
 
It is well known that many insect species use pad secretion to enhance adhesion between 
hairy (covered by setae) attachment pads and the substrate. Since the diameter of setal 
tips range from 1-10 µm, visualisation of such single contacts in fresh (wet) condition at 
the nanoscale is not possible using conventional SEM preparation methods, because of 
the high vacuum in the SEM chamber or/and the use of organic solvents during the 
dehydration procedure. Here we have developed a preparation method for Cryo-SEM, 
enabling visualisation of menisci surrounding spatulae of single tenent setae, and 
secretion prints remaining on the substrate after pad removal. We applied this technique, 
in order to visualise liquid bridges between setal tips and substrate and to quantify the 
fluid thickness in contacts in the three types of tenent setae of the beetle Gastrophysa 
viridula (Coleoptera, Chrysomelidae): (1) mushroom-like, (2) spatula-like, and (3) filament-
like. We show that different types of setae have different form of the contact with the 
substrate and different kind of wetting behaviour. Fluid has the thickness gradient, ranging 
from 50 nm to 2 µm from the distal to ventral part of each spatula. Additionally, the distal 
tips have considerably lower fluid layer thickness compared to the proximal ones. 
Mushroom-like and filament-like tips have strong surface corrugations on their ventral 
sides, whereas spatula-like tips bear rather smooth ventral surfaces. Results are related 
to the data on the beetle attachment forces on substrates with various surface energies. 
 
 
 
Stalking along trichomes: biomechanics of plant-bug interactions 
 
Dagmar Voigt, Elena Gorb and Stanislav Gorb, Evolutionary Biomaterials Group, Department Arzt, 
Max Planck Institute for Metals Research, Heisenbergstr. 3, Stuttgart, 70569, Germany 
 
The omnivorous mirid bug Dicyphus errans Wolff (Heteroptera, Miridae) lives on hairy 
plants and preys on a variety of phytophagous arthropods. It shows morphological (slim 
body, long slender legs, elongated curved claws) and behavioural (locomotion) 
adaptations, which allow close interactions between hairy plant substrates and the bug. 
Several life parameters are enhanced when living on hairy plants, such as higher 
predation effectiveness and fecundity as well as shorter larval developmental time. To 
study the physical influence of different types of plant leaf surface on D. errans, 
biomechanical experiments with a variety of plant species were carried out. Furthermore, 
the morphometrical analysis of plant trichomes was conducted. 
A screening of leaf surfaces of 40 plant species, belonging to 25 families showed better 
attachment ability of bugs on plant substrates covered with both glandular and non-
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glandular trichomes. Besides traction force tests were carried out over 15 different leaf 
surfaces. Insects performed clearly better on hairy substrates than on any other one. The 
generated force ranged from 0.07 mN on Brassica oleracea L. (Brassicaceae) to 1.21 mN 
on Solanum melongena L. (Solanaceae). On the hairy substrates, the force depended 
significantly on the trichome length (r2=0.93, p<0.001) and the trichome diameter (r2=0.80, 
p<0.001). However, the density of trichomes did not influence the traction force 
(r2=0.3619, p>0.05). The results show that hairy plant surfaces provide a suitable 
environment for D. errans. The trichome’s morphology has a direct influence on the 
attachment ability and traction performance, and thus on the fitness of this predatory mirid 
bug. 
 
 
 
Water striders functional morphology and biomechanics 
 
Perez Goodwyn, JSPS Post-Doctoral Researcher, Division of Applied Biosciences, Graduate 
School of Agriculture, Kyoto, Japan 
 
The water striders (Gerridae) are small to large Heteropterans which skate rapidly on the 
water surface. They are predaceous or scavengers of animals trapped in the water 
surface of ponds, lakes, rivers and some also in the sea. The Gerrids are able to float on 
the water by means of superficial tension, and propel themselves using the water menisci 
formed by the legs as oar blades.  
In the present project under development, we make a comparative approach to the study 
of the influence of the wing polymorphism, gender and ecology of a selected group of 
Gerridae species on the functional morphology and biomechanics of the water-locomotory 
system. Careful research on the morphology of the hair layers covering the legs in contact 
with water, patterns, density, and function deduction is made using SEM. The 
morphometry of the body in relationship with the legs and the portion of them in real 
contact with the water are critically assessed. Force measurements of the legs stroke on 
the water, effectiveness, and relationship with the above-mentioned factors are carried 
out. 




