
progress report 2005
CEES

          



Colofon

Coordinator: Joke Nunnink

Cover design: Dick Visser
Graphics: Dick Visser (in part)
Lay-out: Dick Bekker, Detail

Printed by: Scholma Druk Bedum b.v., Bedum

Published by: Centre for Ecological and Evolutionary Studies (CEES)
University of Groningen

          



Contents

Centre for Ecological and Evolutionary Studies (CEES): board and members

CEES Highlights in 2004 5
Dissertations granted by the institution in 2005 13
PhD students in 2005 14
PhD projects - theses in preparation 22

Animal Ecology
Composition of the group 25
Introduction 27
Overview of academic results 28
Publications 2005 53

Community and Conservation Ecology
Composition of the group 65
Overview of academic results 67
Publications 2005 85

Ecophysiology of Plants
Composition of the group 95
Overview of academic results 96
Publications 2005 104

Evolutionary Genetics
Composition of the group 107
Overview of academic results 108
Publications 2005 119

Marine Biology
Composition of the group 121
Overview of academic results 123
Publications 2005 140

Microbial Ecology
Composition of the group 149
Overview of academic results 150
Publications 2005 164

Theoretical Ecology
Composition of the group 167
Introducing the group 168
Overview of academic results 170
Publications 2005 188

          



CEES Progress Report 2005

4

Centre for Ecological and Evolutionary Studies (CEES)

Address: Biological Centre
P.O. Box 14
9750 AA Haren Gn
The Netherlands
Telephone: (0)50 - 3632311
Telefax: (0)50 - 3632273
email: j.h.m.nunnink@rug.nl
http://www.rug.nl/cees

Board: Prof.Dr. J.T.M. Elzenga, Director
Prof.Dr. L.W. Beukeboom, Chairman
H.J.W. de Baar, J.P. Bakker, J.D. van Elsas, H. Olff, J.L. Olsen,
T. Piersma, F.J. Weissing

Members: Tel. numbers:

Baar, Prof.Dr.Ir. H.J.W. de 0222-369465
Bakker, Prof.Dr. J.P. 3632221
Beukeboom, Prof. Dr.L.W. 3638448
Bijlsma, Prof.Dr. R. 3632117
Dietz, Dr. M.W. 3632235
Diggelen, Dr. R. van 3632233
Elsas, Prof.Dr.Ir. J.D. van 3632151
Elzenga, Prof.Dr. J.T.M. 3632307
Gieskes, Prof.Dr. W.W.C. 3632241
Grootjans, Dr. A.P. 3632229
Heip, Prof.Dr. C.H.R. 0113-577300
Hemelrijk, Dr. C.K. 3638084
Herndl, Prof.Dr. G.J. 0222-369507
Klaassen, Dr. W. 3636141
Kok, Dr. L.J. de 3632277
Komdeur, Prof.Dr. J. 3632056
Kwak, Dr. M.M. 3632227

Olff, Prof.Dr. H. 3632214
Olsen, Prof.Dr. J.L. 3632260
Pegtel, Dr. D.M. 3632230
Pen, Dr. I.R. 3632290
Piersma, Prof.Dr. T. 3632037

0222-369485
Rijnsdorp, Prof.Dr. A.D. 0255-465670
Stam, Prof.Dr. W.T. 3632252
Stamhuis, Dr. E.J. 3632078
Stulen, Dr. G. 3632373
Tieleman, Dr. B.I. 3638096
Tinbergen, Prof.Dr. J. 3632373
Videler, Prof.Dr. J.J. 3632077
Weissing, Prof.Dr. F.J. 3632131
Wolff, Prof.Dr. W.J. 3632260
Zande, Dr. L.P.W.G.M. van de 3632126

          



CEES Highlights in 2005

The year 2005 was a hectic year for the Center for Ecological and Evolutionary Studies.
Again there were a number of changes in the staff (listed below). We also received the,
overall very favourable, results of the international evaluation committee, that on the
basis of a self evaluation “Merging Ecology and Evolution - quality assessment of
research life sciences 1998-2004” and a site visit wrote their report. Quoting from their
assessment: “CEES is an excellent institute that has grown during 1998-2004 period by
about 50% in total staff, funds procured and number of PhD students. During the same
period the number of publications increased by about 20%. CEES papers have made
significant impact, as evident in the significant high ratio of citations relative to world
citation average and with 43 papers in the most frequent cited category.” and “The pro-
fessional quality of the staff, the diversity and complementary nature of research areas
and the structure of CEES therefore have created a vibrant academic structure that has
improved during the 1998-2004 time span and that has achieved well-merited recogni-
tion within the Netherlands, Europe and the world.”

In the Topmaster programme ‘Evolutionary Biology’ almost all the students of the first
cohort obtained their masters degree on time and with honours. The interest of students,
both in Groningen and internationally, for the programme has increased gradually. 

In the structure of CEES a major change was implemented in December 2005, when the
Department of Marine Biology split into two new basiseenheden - Marine Benthic
Ecology and Evolution (MarBEE) and Ocean Ecosystems (OE). Over the past 20 years
the Department of Marine Biology has grown and diversified as marine biological scien-
ces have become broader and deeper with specialties focused on the ocean’s unique
organisms and ecosystems. The two new basiseenheden will continue to integrate their
expertise in the BSc and MSc opleidingen Marine Biology. Thus 2005, marks the last
year of reporting as a single group. 

Personalia
Wim J. Wolff retired as Chairman of the Department of Marine Biology in November
2005 completing a 40-year career in marine science and conservation. In honor of the
occasion, a 2-day symposium at the Biological Centre entitled, “Ecosystems in
Changing Environments” was organized by the Department of Marine Biology with
sponsorship from the Estuarine & Coastal Sciences Association. The symposium was
capped with Wim’s farewell lecture/afscheidscollege entitled, “Op hoop van zegen?
Visserij, biodiversiteit en onderzoek in zee” in the great hall of the main academic buil-
ding of the University.
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On 4th October 2005 Jan Komdeur held his inaugural speech on the occasion of his
nomination to the chair Avian Evolutionary Ecology. The title of his lecture was De eco-
logie van ouderschap: samenwerking en conflict (The ecology of parenthood: coopera-
tion and conflict).

Irene Tieleman was appointed to the position of Rosalind Franklin Fellow on 1st

October 2005.

Winfried W.C. Gieskes has been appointed to the chair Ecophysiology of Marine
Microalgae on behalf of the Foundation “Leonardo da Vinci”.

Miscellaneous
Monday 10th October 2005 the Animal Ecology Group in close cooperation with
Staatsbosbeheer festively opened the test unit used to measure personalities in Great tits
in the Lauwersmeer study population.

Books
The expanded version of De onvrije Natuur originally published in 2000 appeared (now
in English) as Seeking Nature’s Limits, Ecologists in the Field (KNNV Publishing,
Utrecht). This collection of 40 essays (edited by Rudi Drent, Joost Tinbergen, Jan
Bakker and Theunis Piersma) provides a cross-section of recent ecological research
mainly undertaken by CEES staff and PhD students (50 in all, many now dispersed far
and wide at universities and research instututes elsewhere). The book closes with an
‘Afterword’ by Koos van Zomeren and is richly illustrated to give a feel for the research
areas and techniques employed. Topics are drawn from animal and plant ecology, beha-
vioural ecology, conservation biology, marine biology and theoretical biology. The
essays (314 pages) are introduced by Drent emphasizing the anchor of field-based
research for evolutionary ecology (‘Working in Nature’s Laboratory’). The contribu-
tions are aimed at elucidating how organisms cope with the challenges posed by each
other and their environment, forced by their physiological limitations (‘constraints’) to
choose among a limited suite of options to survive and reproduce. Natural selection is
the final arbiter, although often decades of work are needed to evaluate this. References
to the original scientific papers are included, but the book is pitched towards a broad
readership.

Publication of Charlotte’s boek: C.K. Hemelrijk (Ed.) 2005. Self-organisation and evo-
lution of social systems. Cambridge, UK: Cambridge University Press.

CEES Progress Report 2005

6

          













CEES Progress Report 2005

12

Prizes and awards
The “Van Swinderen Prize 2005” was awarded to Karen Bouwman for the summary of
her thesis “The Illusion of Monogamy: Patterns of extra-pair paternity in the reed bun-
ting (Emberiza schoeniclus)”.

NWO awarded Niels Dingemanse a VENI grant for his project proposal “Evolutionary
ecology of animal personality”.

Sander van Doorn was presented the Dutch Zoology Prize 2005 by the ‘Koninklijke
Nederlandse Dierkundige Vereniging’ (KNDV) for his thesis “Sexual selection and sym-
patric speciation” (promotor Prof.dr. F.J. Weissing) during a symposium at the
Biological Centre on 28 april 2005.

Oscar Bos won the North Sea Award 2005 presented by the “Vlaams Instituut voor
Zeeonderzoek in Oostende” for his PhD thesis, “Recruitment variation of Macoma balt-
hica (L.): Is there a role for larval food limitation?”

Galice Hoarau was awarded one of the prestigious NWO-ALW “Veni” post-doctoral
fellowships (2006-2009) to work on, “Gamete recognition genes and speciation in
Fucus”.

Conferences
On the occasion of the award of the Zoology Prize 2005 by the Royal Dutch Zoological
Society, Theoretical Biology organized a symposium on Sexual Selection on April 28,
2005.
A CEES symposium was organized on 7th July 2005. This symposium was a review of
monitoring effects of soil subsidence on Ameland-Oost after 18 years of gas extraction.
“Ecosystems in Changing Environments” was organized by the Department of Marine
Biology with sponsorship from the Estuarine & Coastal Sciences Association (26-28
November 2005, Biological Center).
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Dissertations granted by the institution in 2005

P.F.P. Arens Living in fragments - Genetic variation in spatially structured
populations. Promotor Prof.dr. W. van Delden, co-promotor 
Dr. B. Vosman, University of Groningen.

J.M. Arrieta López de Uralde
Diversity and activity in marine prokaryotes. Promotor Prof.dr.
G.J. Herndl, University of Groningen.

O.G. Bos Recruitment variation in Macoma balthica (L.): is there a role for
larval food limitation? Promotor Prof.dr. W.J. Wolff, copromoto-
res Dr. C.J.M. Philippart and Dr. J. van der Meer, University of
Groningen.

K.M. Bouwman The illusion of monogamy - Patterns of extra-pair paternity in
the reed bunting (Emberiza schoeniclus). Promotores Prof.dr.ir. 
J. Komdeur and Prof.dr. R.H. Drent, University of Groningen.

Y. Bozec Process studies of the biological pump of carbon dioxide in the
North Sea and Southern Ocean. Promotores Prof.dr. H.J.W. de
Baar and Prof.dr. H. Thomas (Dalhousie University, Canada),
University of Groningen.

M. Durenkamp Metabolism of atmospheric hydrogen sulfide in onion. Promotor
Prof.dr. J.T.M. Elzenga, co-promotores Dr. L.J. de Kok and Dr.
G. Stulen, University of Groningen.

S.K. Heijs Microbial communities at deep-sea mud volcanoes in the Eastern
Mediterrranean Sea. Promotores Prof.dr. J.D. van Elsas and
Prof.dr. L.J. Forney, University of Groningen.

F. Hoffmann Biodiversity and pollination. Flowering plants and flower visiting
insects in agricultural and semi-natural landscapes. Promotor
Prof.dr. J. van Andel, co-promotor Dr. M.M. Kwak.

Y. Malherbe Adaptation to environmental stress in different life stages of
Drosophila melanogaster. Promotor Prof.dr. W. van Delden, co-
promotores Dr. A. Kamping and Dr. L.P.W.G.M. van de Zande,
University of Groningen.
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E.P. Morris Quantifying primary production of microphytobenthos: applica-
tion of optical methods. Promotor Prof.dr. C.H.R. Heip, co-pro-
motores Dr. J.C. Kromkamp and Dr. R.M. Forster, University of
Groningen.

M.J.A. Rijkenberg Photochemistry and organic complexation of iron: Interactions in
the Southern Ocean. Promotor Prof.dr.ir. H.J.W. de Baar, co-pro-
motores Dr. L.J.A. Gerringa and Dr. A.G.J. Buma, University of
Groningen.

L. Yang SO2 nutrient or toxin for Chinese cabbage. Promotor Prof.dr.
J.T.M. Elzenga, copromotores Dr. L.J. de Kok and Dr. G. Stulen,
University of Groningen.

PhD Students in 2005

Y. Afeworki WOTRO - Marine Biology
Seasonal dynamics in the trophic ecology and energetics of an
important grazer (the parrot fish Scarus ferrugineus) on the 
coral reefs of Eritrea in the Southern Red Sea

A.C. Alderkamp Marine Biology
The role of laminaran within the microbial loop following a
Phaeocystis bloom

A.H. Ambrosio de Castro
Ecophysiology of Plants
Signal metabolites involved in the coordination between nitrate
and sulphate assimilatory pathways

A. Ayrinhac IOP Genomics - Evolutionary Genetics
Evolution of ageing

M. te Beest NWO-ALW Pionier/Community and Conservation Ecology
The invasion of Chromolaena odorata in South African savannas

T.W. Berngruber UE bursary - Theoretical Biology
Constraints on viral evolution

          



E. Boon RUG Bursary-Marine Biology
Colonization history of the genus Fucus in the North Atlantic

F.G.H. Boersma Microbial Ecology
The role of a plasmid with high mobilizing and retromobilizing
capacity on the ecological behaviour of plant-associated bacteria

V.S. Brauer UE bursary - Marine Biology / Theoretical Biology
The effect of temperature on diversity, dynamics and abundance
of phytoplankton: towards a synthesis of matter and energy-
based approaches

L. Brouwer NWO-WOTRO-Animal Ecology
Population regulation and persistence of small isolated popula-
tions

D.M. Buehler UE bursary-Animal Ecology
The effect of genetic and environmental variation in immuno-
competence on long distance migrations in Red Knots

E.R. Chang Community and Conservation Ecology/Dept. of Botany
University, Toronto, RUG Bursary/Nat. Sci. and Engin. Res.
Council of Canada
Seed bank dynamics in a natural salt-marsh system

M.S.C.O.M. Chevolot
NWO-ALW (PRIORITEIT) - Marine Biology
Population structure and population dynamics in species with
low dispersal capacity (rays) based on high resolution genetic
markers and metapopulation modelling

T. Compton UE bursary-Marine Biology/Animal Ecology/NIOZ
Biodiversity of tellinid bivalves on a tropical mudflat: bird and
fish predation as a driving force

J.P.G.M. Cromsigt WOTRO/Community and Conservation Ecology
Resource partitioning among grazers of different actual and 
functional body weight in spatially structured savannas of South
Africa

M. Durenkamp Ecophysiology of Plants
Whole plant regulation of sulfate uptake and assimilation

Highlights
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G. Eichhorn UE bursary-Animal Ecology/Community and Conservation
Ecology
Nutritional ecology and migratory strategy of a herbivore
migrant bird - the barnacle goose Branta leucopsis

C. Eikenaar ALW VICI/Animal Ecology
Long-term inclusive fitness consequences of sex allocation in the
Seychelles Warbler

B.V. Feldmeyer Robert Bosch Stiftung bursary - Theoretical
Biology/Evolutionary Genetics
Temperature-dependent sex determination

S. Ferber Marine Biology
Mechanisms underlying the genetic structure of seagrass
meadows: historical stochastic events versus adaptation

H. Flores NWO-ALW (NAAP) - Marine Biology / Alterra
Seabird foodchains in the Antarctic seasonal sea-ice zone: 
challenging the dominant role of krill

E.O. Folmer Animal Ecology/Community and Conservation Ecology
Patchiness of food and the structure of shorebird communities

B.P. Freymann Robert Bosch Stiftung/Community and Conservation Ecology
Interactions between invertebrates and vertebrates in savanna
ecosystems: consequences of elevated temperature

R. Gesser Marine Biology
Flatfish flight in a salinity gradient

C.M. Gosling NWO-ALW Pionier bursary
Biotic determinants of functional heterogeneity in a tropical
savanna

A.J. van der Graaf Animal Ecology/Community and Conservation Ecology
Herbivore facilitation in salt-marsh systems: from temperate to
arctic

B. Grillenberger Evolutionary Genetics
Population genetics and biogeography of Nasonia

CEES Progress Report 2005
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D. Haydar NWO-ALW (PRIORITEIT) - Marine Biology
Introduction of exotic species: a process contributing to coastal
marine biodiversity

S.M.A.C. van Heuven
EU Carbo Ocean - Marine Biology
Meridional carbon transport in the North Atlantic Ocean

M.E. de Heij ALW-Animal Ecology
Defining limitations to egg care in avian life histories

M. Hinsch ALW VICI/Theoretical Biology/Animal Ecology
Evolution of sex-specific reproductive tactics under density-
dependent selection

G. Hopcraft NWO-ALW Pionier bursary/Community and Conservation Ecology
Animal movement, resource protection and the maintenance of
biodiversity: ideas for further research

P.J. van den Hout NIOZ-Animal Ecology
NIOZ Adaptive responses of non-breeding shorebirds to avian predators

P.J. Janknegt Marine Biology
Oxidative stress in marine Antarctic phytoplankton resulting
from exposure to solar ultraviolet radiation

J. Jansen NIOO-CEME - Marine Biology
Exploring ecotypic variation in European shellfish populations

R.K.H. Kats NWO-Alterra Texel/Animal Ecology
ALTERRA Rise and fall of the Common Eider population in the Dutch

Wadden Sea in relation to shellfish stocks

N.S. Klomp NIOO-CEME - Marine Biology
Food quality in the Wadden Sea

A. Koralewska Ecophysiology of Plants
Significance of expression level versus activity of sulfate trans-
porters in Brassica - on a whole plant level - in the regulation of
uptake, transport and subcellular distribution of sulfate in relation
to sulfur requirement for growth

Highlights

17

          



M.A. Kozielska Evolutionary Genetics/Theoretical Biology
Evolution of sex determining mechanisms in the housefly

C. Kraan NIOZ-Animal Ecology
NIOZ Spatial dynamics of macrobenthos in the western Wadden Sea

S. v.d. Laan Marine Biology/Centrum Isotopenonderzoek 
Greenhouse gas and trace gas measurements at Lutjewad,
Groningen. Measuring CO2, CH4, CO, N2O, SF6 and 222Radon to
determine their atmospheric concentrations and source/sink func-
tions

J. Leyrer Animal Ecology/NIOZ/MAVA Foundation
Survival repercussions of individual differences in the timing of
a migration from West Africa to Central Siberia

T. Lok Animal Ecology
Comparative demography of migratory and resident spoonbill
(Platalea leucorodia) populations with overlapping ranges

I. Luykx Marine Biology/Centrum Isotopenonderzoek
The role of the oceans in the global carbon cycle. Measurements
on a platform in the North Sea and at the Dyfamed site in the
Mediterranean

I.V. Mateo Leach UE bursary - Evolutionary Genetics
Genetics of sexual and parthenogenetic reproduction

S.P.M. Michler ALW VICI/Animal Ecology
Offspring fitness and sex-specific dispersal in great tits

D. Micu National Institute for Marine Research ‘Grigore Antipa’ - Marine
Biology
Diversity and ecology of the malacofauna of the Romanian
Black Sea

J. Mieog WOTRO - Marine Biology / Australian Institute of Marine Science
Understanding the flexibility of the coral-algal symbiosis on the
Great Barrier Reef (Australia) as a mechanism to respond to
environmental change

CEES Progress Report 2005
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H. Moradi Republic Iran - Ecophysiology of Plants
Physical and molecular characterization of chloride channel
mutants in Arabidopsis thaliana. Implications for salt stress
adaptation.

H. Najafi Zarrini Republic Iran - Ecophysiology of Plants
The role of receptor-like kinases in salt, drought and osmotic
stress

M. Nicolaus UE bursary / Animal Ecology
Offspring fitness and density dependent dispersal: an experi-
mental study in the great tit

D. den Os NWO-AWL - Ecophysiology of Plants
Integration of light- and ABA-signalling processes in leaf 
development

V.S. Parada Koninklijk NIOZ / ALW
Virioplankton dynamics and diversity in relation to bacterio-
plankton diversity in open ocean systems

A. Peire Morais Evolutionary Genetics
Genetics of reproductive isolation in Nasonia

H.P. Perez de Vladar
RUG bursary / Theoretical Biology
Molecular evolution under population constraints

A.M.T. Piquet Marine Biology
Adaptations of marine bacteria to (increased) solar ultraviolet - 
B radiation and consequences for the decay of diatom blooms

M. van de Pol Animal Ecology / Theoretical Biology
State-dependent life-history strategies: a long-term study on
Oystercatchers

A. Purwoko Asian Development Bank / Marine Biology
Factors determining the benthic fauna of Sembilang Peninsula,
Sumatera, Indonesia

D.A.P. Reid RUG bursary / Theoretical Biology
Self-organisation of fish schools

Highlights
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J. Reszka UE Bursary - Evolutionary Genetics
Genetic basis of inbreeding depression in two insect species

T.A. Revilla-Rimbach
NWO Computational Life Sciences / Theoretical Biology
Emergence of biocomplexity

M. Roodbergen NWO-ALW-ALTERRA/Animal Ecology
ALTERRA Pollutant induced changes in life support functions of soils and

its impact on meadowbird populations

M. van Rijswijk Evolutionary Genetics
Dispersal and local adaptation in experimental metapopulations
of Drosophila melanogaster

C. Schmitz Robert Bosch Stiftung - Ecophysiology of Plants
Universal temperature dependece of plant growth: physiological
and biochemical principles

M. Schotten Marine Biology / University of Hawaii
Use of echo location and communication signals of wild dol-
phins

J. Schröder Animal Ecology
Individual fitness correlates in Black-tailed Godwits (Limosa l.
limosa)

M.W. Smith-Kleefsman
Evolutionary Genetics
Determinants of metapopulation dynamics: stochastic processes
versus adaptation

J. Steinhauser RUG bursary / Theoretical Biology
Self-organisation of social behaviour in primate societies

P. Stevens Microbial Ecology
Adaptation of Ralstonia solanacearum to temperate climates

C. Trierweiler Animal Ecology/Stichting Werkgroep Grauwe Kiekendief
Demography and conservation of Montagu’s Harrier in an agri-
cultural area

CEES Progress Report 2005
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R. Trifonova Microbial Ecology
Microbial maturation of novel substrates

K. Troost NWO-ALW - Marine Biology
Will an introduced species, the Japanese cupped oyster
Crassostrea gigas, force Dutch estuarine ecosystems in a new
stable state?

G.F. Veen Van der Leeuw NWO Pionier/Community and Conseravtion
Ecology
Interactions between above- and belowground organisms in grazed
ecosystems: consequences for spatial patterns and diversity

T. Veen NWO-ALW - Theoretical Biology
Evolution of mating decisions in hybrid zones

R.M. Veeneklaas Community and Conservation Ecology / Evolutionary Genetics
Dispersal and adaptation in two salt-marsh plant species

Y. Verkuil Animal Ecology
Population structure in Ruffs

J.A. Warmink Microbial Ecology
Bacterial interactions with soil fungi

M. Wolf RUG bursary / Theoretical Biology
The evolution of animal personalities

H.E. Wolters Community and Conservation Ecology
Restoration of salt marshes

L.P. Yang WOTRO - Ecophysiology of Plants
Impact of atmospheric sulfur and nitrogen deposition on crop
cultivars in relation to fertilizer practice in rapidly developing
regions in China

A. Zipperle UE-bursary - Marine Biology
Inter-relationships between reproductive ecology, genetic structu-
re and fitness in populations of the seagrass Zostera noltii in the
Wadden Sea - North Sea

21
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PhD Projects - theses in preparation

J. Bakker NWO-WOTRO - Theoretical Biology/Evolutionary Genetics
Dynamics and significance of genetic variation in a metapopula-
tion context: an integrated theoretical and experimental approach

M. Berg UE bursary/Animal Ecology
Mutual sexual selection in the European wren

H. Beukema WOTRO/Community and Conservation Ecology/ICRAF-Indonesia
Pteridophyta in rubber agroforests at a range of management
intensities and the choice between segregation and integration of
biodiversity conservation and agricultural productivity

G. Boedeltje RWS/Community and Conservation Ecology/Radboud University
Establishment of species-rich canal verges

M.K. de Boer NWO/ALW - Marine Biology
Raphidophyceae, microalgae potentially hazardous to marine life
in Dutch coastal waters: environmental control of neurotoxicity

J.C.A. Creuwels GOA-Marine Biology/Animal Ecology/Alterra
ALTERRA Individual quality of Antarctic petrels

R. Geerts Evolutionary Genetics
Genetic dissection of long-term evolved insecticide resistance in
Drosophila: In search of compensatory evolution

A.V. de Groot NWO-ALW/KVI/Community and Conservation Ecology
Rejuvenation of salt marshes

N. Hagenah Wageningen University/Community and Conservation Ecology
The interplay of small mammals with large herbivores

G.N.J. ter Heerdt Community and Conservation Ecology/RIZA
Development of helophytic vegetation as related to hydrological
management in inland polders

F. Hoffmann NWO-ALW/Community and Conservation Ecology
Pollinators and flowering plants: metacommunity dynamics and
biodiversity in the agricultural landscape

CEES Progress Report 2005
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K. Hutchings NWO-VICI/University of East Anglia
Gastrointestinal parasites, MHC genes and fitness in a wild avian
population

F. de Jong CWSS - Marine Biology
Marine eutrophication: ecology and policy

J. de Jong Animal Ecology
Ecology of the barn-owl

D. Joubert Evolutionary Genetics
Fluctuating asymmetry as a monitor for genetic and environmen-
tal stress in Drosophila: Fundamental and applied aspects

R.H.G. Klaassen Netherlands Institute of Ecology, Centre for Limnology/ Animal
NIOO Ecology

Foraging in a spatially patterned world: Migratory swans
(Cygnus columbianus) seeking buried pondweed (Potamogeton
pectinatus) tubers

A. Klimkowska IMUZ/OECD/PIN-MATRA (Min. Agr.)/Prins Bernhard Cultuur
Fonds
The ecological feasibility of fen restoration - Opportunities and
constrains of top-soil removal?

P. Korsten ALW-Animal Ecology
Sex-biased investment in blue tits (Parus caeruleus): primary sex
ratio and paternal quality

M.P. McDonnell Alexander
EU bursary-Community and Conservation Ecology/Ecophysiology
of Plants
Plant competition and coexistence in successional grasslands:
effects of heterogeneous soil conditions

L. Mendes Universidade de Lisboa, Portugal/NIOZ/Animal Ecology
The role of parasites and immuno competence in habitat selec-
tion of waders

J.J. Poos NWO-PRIORITEIT-RIVO/Animal Ecology
RIVO The dynamics of effort allocation of fishing fleets with special

emphasis on spatial scale of exploitation

Highlights
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J. Reneerkens NIOZ-Animal Ecology
NIOZ Preen waxes of marine birds: is sexual selection involved in the

evolution of complex chemical compounds?

A.L. Rutten STW-Alterra/Animal Ecology
ALTERRA Long-term effects of human disturbance on waders feeding on

intertidal flats: the use of telemetry and cage experiments

H. Schekkerman Animal Ecology/Alterra
ALTERRA Growth and survival of the black-tailed godwit Limosa limosa in

relation to habitat use in an agricultural landscape

E.W.M. Stienen Animal Ecology/Alterra
ALTERRA Population persistence of the sandwich tern Sterna sandvicensis

in relation to the local food stocks

W.K. Vahl Breedtestrategie 1 - NIOZ/Theoretical Biology/Animal Ecology
Interference competition and carrying capacity

H.M.C. Verhagen Community and Conservation Ecology/Fryske Gea
Nature restoration on mineral soils

M. Vorenhout WWF/VUA/Community and Conservation Ecology
Estuarine and coastal ecosystems affected by pollutants

B.K. Wesenbeeck NWO-ALW/NIOO-CEMO/Community and Conservation Ecology
Rejuvenation of salt marshes

CEES Progress Report 2005
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Animal Ecology
www.rug.nl/biologie/animalecol

Group leader Prof.Dr T. Piersma

Composition of the group in 2005:

Tenured staff source fte period
dr. M.W. Dietz RUG 0.6
prof.dr.ir. J. Komdeur RUG 1.0
prof.dr. T. Piersma RUG 0.7
dr. B.I. Tieleman Rosalind Franklin Fellowship 1.0 051001
dr. J.M. Tinbergen RUG 1.0

Post-docs
dr. C. Both NWO-VICI 0.5 031001-081001

RUG 0.5 031001-081001
dr. N.J. Dingemanse NWO-ALW 0.8 050101-060401

NWO-VENI 0.5 060401-090401
dr. E. Kalmbach EC Fellow 1.0 030201-050201
dr. B.I. Tieleman NWO-VENI 1.0 050101-051001

PhD-students
drs. L. Brouwer WOTRO 1.0 030201-070201
drs. D.M. Buehler Can.Nat.Res.Council 1.0 040201-060201

RUG-Ubbo Emmius 060201-080201
drs. G. Eichhorn Fischer Stiftung (D) 1.0 020301-040301

RUG-Ubbo Emmius 1.0 040301-060501
drs. C. Eikenaar NWO-VICI 1.0 031001-071001
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We try to keep an open mind to what new findings and developments in other fields of
biological enquiry (such as theoretical biology, ethology, biophysics, genetics, endocri-
nology, immunology and molecular genetics) have to offer. Indeed, we particularly
encourage the use of modern molecular techniques, both to determine genetic relation-
ships between competing and cooperating individuals in a population and to decipher
the long-term demographic and genetic histories of populations with a suite of conse-
quences for today’s functioning. Most work is on higher vertebrates, especially birds,
but in several cases studies of predator-prey interactions have lead to detailed work on
(invertebrate) food organisms as well. And, as described below, the work on the causes
and consequences of personality differences in birds and mammals has now lead to
detailed work on personalities in a fish species, the three-spined stickleback, turning
naturally occurring variations in predator abundance into an experimental tool.

Overview of academic results

A silver spoon for a golden future: long-term effects of natal origin on fitness
Martijn van de Pol, Leo W. Bruinzeel, Dik Heg, Henk P. van der Jeugd & Simon Verhulst

Many studies have shown that rearing conditions can have important consequences for
offspring quality and juvenile survival. However, few studies have investigated the
long-term consequences of early conditions, especially in relation to the breeding career.
In this study we investigate the effects of natal habitat quality on fitness components
early as well as late in life. For this we analyzed the data of a 21-year population study
on free-living Oystercatchers (Haematopus ostralegus) on the Dutch Wadden Sea island
of Schiermonnikoog. We specifically quantify the relative contribution of short and
long-term consequences of early conditions, to test the common conception that effects
of rearing conditions are most pronounced early in life. 

We compared the lifetime performance of Oystercatchers born in either high or low
quality habitat. Rearing conditions in high and low quality natal habitat mainly differ
due to the fact that chicks from high quality natal habitat are escorted by their parent to
the adjacent feeding areas and can feed there, while chicks from low quality natal habi-
tat cannot reach the feeding areas and have to wait for their parents to transport all the
food to them. 

We show that individuals born in high quality habitat have 1.3 times higher juvenile sur-
vival, and a 1.6 times higher adult non-breeder survival than individuals born in low
quality habitat. Strikingly, also late in life (age 3-11 years) individuals of high quality
natal origin were an enormous 3.2 times more likely to acquire a high quality breeding
territory. This means that the silver spoon (i.e. being reared in high quality habitat) is
inherited from parent to offspring in Oystercatchers. As a consequence, the fitness of
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This study illustrates that using short-term fitness measures can give misleading results
(see Fig. 2) and that long-term effects, up to ten years later, can be very important for
understanding the selection pressures acting one these traits. For example, positive long-
term effects of early conditions might shift the optimal solution of the trade-off between
the number of offspring and the quality of these offspring towards producing fewer
offspring of higher quality. Furthermore, the long-term consequences of early conditions
are also important for population dynamics. Breeders in high quality habitat not only
produce 2.5 times more offspring each year than breeders in low quality habitat, but also
produce offspring of 2.4 times higher quality. Consequently, breeders in low quality
habitat only contribute marginally to the total growth rate of this population. We hope
this study illustrates that for understanding both life-history evolution as well as popu-
lation ecology long-term population studies in which individuals are followed over their
entire lifetime are crucial.

A reconstruction of the paleaoflyways of red knots (Calidris canutus)
Debbie M. Buehler & Theunis Piersma

Red knots are long distance migrant shorebirds whose population biology and physio-
logy in relation to their circumpolar migrations have long fascinated ornithologists.
These birds breed in the high arctic tundra and each year embark on migrations of up to
15,000 km to marine staging and wintering areas at different latitudes throughout the
world (Figure 4). 

One intriguing question about red knot migrations is how their current flyways came to
be. Our work incorporates two approaches to examine this question. First, we used mito-
chondrial control region DNA sequences and a mathematical technique known as
coalescent analysis to obtain estimates of population divergence times in knots. We then
coupled this information with a review of polar-centred palaeovegetation and intertidal
habitats world-wide to present a hypothesis for the evolution of red knot flyways. 

We found population divergence dates indicating that C. c. canutus diverged from the
most recent common ancestor of red knots about 20,000 (95% CI 60,000-4,000) years
ago. More recently, about 12,000 (95% CI 45,000-3500) years ago this most recent com-
mon ancestor diverged into two lineages, now represented by the North American bree-
ding C. c. roselaari, C. c. rufa and C. c. islandica and the Siberian breeding C. c. piers-
mai and C. c. rogersi, respectively. Divergence times of these two Siberian breeding
subspecies are about 6500 (95% CI 25,000-1,000) years ago, and populations of the
North American breeding subspecies diverged within about the last 4000 years (Figure
4). These divergence times suggest that all ancestral populations of knots emerged very
recently (i.e. estimates are all within the last glacial maximum of the Pleistocene and the
Holocene, and credibility intervals are within the last glacial period of the Pleistocene).
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because of the protection against the strong winds during the SE season (Figure 22). For
the territories situated in the ‘rich area’, the average food abundance was higher during
the SE season than during the NW season, whereas for the territories situated in the
‘poor area’ the average food abundance was lower during the SE season than during the
NW season. Furthermore, for territories situated in the rich area the lower value of food
abundance measured during the NW season was still more than twice as high as the food
abundance for territories situated in the poor area measured during either season (Figure
22).

The nestbuilding activity of Seychelles warblers varied greatly across the annual cycle.
Each year (January 1986 to September 1990) the majority of territories (85% of territo-
ries) had nests in the middle of the SE season, around June-July (Figure 23). There was
a secondary annual peak in breeding activity in the months January to March in the middle
of the NW season. If we now consider in closer detail the ‘poor (south-eastern)’ and
‘rich (north-western)’ areas separately, we see that the secondary peak of nesting in the
NW season did occur in some years in both areas (as in 1986/1987), whereas it was res-
tricted to the ‘poor area’ in other years (notably 1988/1989 and 1989/90) (Figure 3). In
the ‘rich area’, the percentage of territories with a nest was three times higher in the SE
monsoon season than in the NW monsoon season, whereas in the ‘poor area’ the nest
building peak during the NW monsoon season was as prominent as the nest building
peak during the SE monsoon season. During the NW season, the percentage of territo-
ries with a nest in the ‘poor area’ was two times higher than in the ‘rich area’, despite
the much lower food abundance of territories in the ‘poor area’ (Figures 22 and 23). This
suggests that not all individuals timed their reproduction to match the nestling stage of
their offspring to the period when food is most abundant. We found that not all territo-
ries contained fledglings when food was most abundant (Figure 23). 

The finding of annual breeding in the protected ‘rich area’ during the SE season and
mainly semi-annual breeding in the exposed ‘poor area’ during the SE and the NW sea-
sons appear to reflect the adaptive plasticity of expression of seasonal breeding cycles.
In the ‘rich area’ of Cousin breeding in the SE monsoon is often successful and, if so,
the best strategy possibly is not to breed there again in the NW monsoon so as not to
interfere with their chances in the subsequent SE monsoon. In the poorer south-eastern
area breeding in the SE monsoon occurs at a time of low local food availability, but the
NW monsoon now appears to offer an attractive second breeding opportunity. Only by
virtue of precise timing mechanisms these birds can make the locally appropriate choice
between evident seasonal strategies. The mechanism for keeping track of the external
calendar may well be common to all warblers in different areas on the island, although
the choice of strategy employing this mechanism evidently varies between individuals
and their territories. We have to bear in mind that our study did not include timing deci-
sions of individual birds into account. An analyses using the individual bird as unit will
shed light on individual decisions with respect to reproductive timing. 
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Overview of academic results

The Community and Conservation Ecology group studies the mechanisms that structu-
re ecological communities, and tries to provide insight in how such communities can
best be managed, restored and protected. This includes studies on different trophic levels
(soil biota, plants, herbivores, predators) with emphasis on understanding the conse-
quences of the interactions between trophic levels for the structure of ecological com-
munities. We do this by studying the key processes that determine the abundance and
distribution of species in ecological communities, as competition, facilitation, resource
partitioning, dispersal, plant-herbivore and predator-prey interactions. 
The research is organized in three themes: biocomplexity, coastal conservation ecology
and restoration ecology. We work both in the tropics (savannas, tropical rainforest) and
in the temperate zone (salt marshes, coastal dunes, inland wetlands)

The interplay of biodiversity and heterogeneity in tropical savannas

Work under this theme is mostly organized through is the PIONIER project by Han Olff
which studies a new, and potentially major underlying explanation of biodiversity pat-
terns: Biodiversity may promote itself by feedbacks upon the same spatial structure of
resources that it needs for its maintenance. This idea is explored through a combination
of theoretical, observational and experimental work. Recently theory predicts hypothe-
sis how species can coexist on fractal (spatially self-similar) resources. The next neces-
sary steps are to test this hypothesis, and to explain how species not only respond to the
geometry of their resources but also modify that geometry (via resource depletion,
effects of consumers on interactions and pattern formation in plants and prey). Insight
into this interplay may produce new ‘scaling rules of community assembly’ that predict
diversity. This research agenda is being developed using plant-herbivore systems, with
a focus on diverse tropical savannas in South and East Africa (South Africa, Tanzania,
Kenya). The central goal of the project is to make quantitative predictions of communi-
ty structure and species richness. This is done by combining scaling relationships at the
community level with their regional environmental and biogeographic constraints. This
requires further development of theory, modelling, field experiments, and analyses of
databases of large-scale macroecological patterns and trends. 
The central idea of this PIONIER project, that ‘diversity begets diversity’ through the
dynamic interplay of the scaling of organismal resource use and the scaling of environ-
mental resource supply, is new and of large potential impact. Several PhD and postdoc
projects are running in the Hluhluwe-Umfolozi Park (HUP) in South-Africa within this
PIONIER project, plus several postdoc projects in the Netherlands, focusing on theore-
tical aspects. In this park, our group collaborates with the Kwazulu-Natal Wildlife - a
conservation organization that manages the 10.000 ha park area for the protection of bio-
diversity, and with the University of Kwazulu-Natal at Durban. The park houses a full
range of large herbivores and their predators, such as elephant, white and black rhino,
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has been studied in detail. It was shown that large, free-ranging mammalian grazers
directly impact primary production by accelerating nutrient cycling via raising the plant-
available levels of nitrogen and sodium in grazed areas. So far though the ecological
importance especially of termites, but also of dung beetles, with respect to the nutrient
cycle dynamics of this grassland habitat has been poorly studied. We studied the distinct
spatially heterogeneous distribution of termite mounds on catenae of the mixed grass
plains of SNP. 
This observational insight stimulated us to formulate the Nutrient Trap Hypothesis: By
foraging on mammalian dung, termites and dung beetles locally accumulate nutrients by
preventing loss through run-off. This may contribute to spatial distinct nutrient hotspots
which facilitate primary productivity. Because of their nutritional demands, mammalian
herbivores could be attracted to these areas (potentially with implications for the choice
of their migratory pathways), resulting in an enhanced dung deposit rate in the very
same areas. Therefore the nutrient hotspots created by termites and dung beetles act as
spatial and temporal nutrient traps within a positive feedback system. In a first experi-
mental study we tested some fundamental assumptions of our hypothesis. We found a
statistical significant higher abundance of termite mounds as well as a significant higher
dung removal activity of termites on the top of catenae compared to the bottom. These
results confirm the suggested pattern, but further mechanistic studies on its origins are
needed. 

Interactions between above- and belowground organisms in grazed ecosystems, con-
sequences for spatial patterns and diversity

Ciska Veen started her PhD-project in 2005. Plants provide a linkage between above-
and belowground systems. While belowground organisms may consume roots and plant
nutrients, the leaves are eaten by aboveground herbivores. Consequently, the above- and
belowground subsystems may have an influence on each other using the plant as a
mediator. Hence, the interaction between above- and belowground herbivores may be
very important in determining plant community diversity and vegetation mosaics.
However, it has been studied rarely. Nowadays, it becomes increasingly recognized that
it is important to use an above-belowground approach to understand the functioning of
terrestrial ecosystems. In my PhD-project I will study the consequences of interactions
between above- and belowground communities for spatial heterogeneity and diversity in
several field and greenhouse experiments. In 2005 two experiments were set-up:
1. To get a general idea of the impact of aboveground vertebrate grazers on belowground
organisms a long-term exclosure experiment in the Junner Koeland nature reserve in
Overijssel (NL) was used. In previous studies cattle grazing has been shown to increase
plant species diversity. I expect to find the same effect for soil dwelling nematode spe-
cies, because several nematode species are specifically linked to plant species.
Moreover, the composition of the plant community and the presence of litter may affect
the functional composition in the nematode community. For example, in plots with a
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Pollinators and flowering plants: diversity of flower-visiting insects, pollination and
pollen flow in the agricultural landscape

Frank Hoffmann defended his PhD-thesis ‘Biodiversity and Pollination - Flowering
plants and flower-visiting insects in agricultural and semi-natural landscapes’ in 2005.
In agricultural landscapes, values for nature conservation are concentrated in habitat
fragments, which are highly dynamic. For many plant species and flower-visiting insects
these patches are a refugium. In 2000 a project studying the relations between flower-
visiting insects and plants in road verges in an agricultural landscape was started. The
main question was: Is a high biodiversity important for the pollination of plants visited
by insects in agricultural and fragmented landscapes? 

Diversity of flowering plants
In the province of Drenthe, 51 verges of 100 m were selected after inspection of ca. 325
km of road verges and ditch banks. The verges differed in the diversity of the surroun-
ding landscape (varying from intensive agriculture to nature reserves). Most of the ver-
ges were mown once or twice a season, few up to six times a season or were not mown.
Various plant species re-flowered after mowing. In total, in 2000, 361 insect species
visiting 99 flowering plant species (24 families) were observed; in 2001, 204 insect spe-
cies on 74 species (20 families) were scored (transect observations). These data bases
were analyzed in different ways depending on the questions to be answered. In addition,
experiments with selected plant species were performed.
Both plant and insect species can be considered as specialist or generalist, depending on
few or many other insect or plant species. This strong or weak dependence influenced
the importance of diversity for pollination. The impact of biodiversity for pollination is
influenced by: flower morphology in relation to size and especially tongue length of
insect visitor, population size, community composition and the fragmentation of the
habitat.
The diversity of flowering plants and their abundance were influenced by habitat frag-
mentation and land use in the vicinity: in intensive agricultural areas fewer plant species
and flowers were found. Diversity of insects was (seems to be) influenced by plant spe-
cies diversity and abundance in combination with the management of road verges. The
more flowering plant species and flowers, the more insect species and individuals were
observed. 

Diversity of insects
Insect groups frequent as flower visitors were bees (bumblebees, honeybees, solitary
bees) and flies including syrphids. Less frequently occurring were wasps, ants, butter-
flies and beetles.
Apiaceae, four species were studied, showed the highest diversity of visiting insect spe-
cies, in total between 92 and 123 species (called linkage level), a typical generalist spe-
cies group. Per census these values are much lower: 8.7-12.7 species (census: a transect
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between the number of species and diaspores dispersed and discharge levels of the canal,
supporting the flood pulse concept. This concept is based on the idea that the restoration
of natural hydrological conditions in streams and rivers is a prerequisite for facilitating
the spatial movement of large numbers of species and of diaspores during high flows. 

Propagule banks
Diaspores that reach the backwaters by dispersal may persist in the water column, at the
sediment surface or in the sediment for a shorter or longer period of time. Whether and
to what extent such sediment propagule banks can contribute to the establishment of
submerged vegetation is the main question addressed in Part II. From 180 sediment
samples of 1 L collected in backwaters at varying stages of development after construc-
tion, 272,000 individuals of vascular plants representing 113 species emerged. The
major components of the propagule banks were emergent aquatic, riparian and terres-
trial species. There was low similarity in the species composition between the esta-
blished vegetation and the propagule banks. Despite the overall species richness, the
numbers of individuals of submerged species in the propagule banks were low. 

Abiotic conditions
Part III focuses on the abiotic factors that influence the species composition of the aqua-
tic vegetation of backwaters. It was found that the major variation in species composi-
tion of aquatic vegetation in 80 different backwaters could be explained by water
column and sediment characteristics. The vegetation in which rooted submerged species
dominated was preferably found under clear-water conditions in 3-5-year-old sites
where a thin (< 2 cm) layer of organic sediment had been deposited with relatively low
pore water ammonium concentrations. Vegetation types dominated by Phragmites aus-
tralis, free-floating duckweeds or the non-rooted Ceratophyllum demersum, on the other
hand, were generally observed in sites with relatively turbid water, thick layers of depo-
sited organic sediment and high ammonium concentrations in water column and pore
water. 

Experiments on abiotic factors
This part additionally explores experimentally the combined effects of three potential
stressors (low light, nutrient-rich, muddy sediment and high water column nitrate con-
centrations) on the growth of a characteristic submerged species (Potamogeton alpinus).
Compared with ambient irradiance, the growth of P. alpinus was strongly reduced under
the low light conditions that exist in the canal and in canal-influenced backwaters. Water
column nitrate concentrations similar to those in eutrophic canals negatively affect the
growth of P. alpinus, especially on a sandy sediment. The biomass of P. alpinus incre-
ased more on an organic, muddy sediment with relatively high ammonium concentra-
tions than on a sandy sediment with relatively low ammonium concentrations. However,
on a muddy sediment, plants had a lower root/shoot ratio than on sand. These results
imply that a low root/shoot ratio may be expected for submerged species growing in
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for facilitating the spatial movement of diaspores during high floods, should therefore
be applied in the restoration of riverine wetlands and backwater habitats.
3) In newly created backwaters, submerged species are confronted with several stressors
of which light limitation caused by resuspension of sediment, eutrophication and accu-
mulation of nutrient-rich sediment are the most important. As canals have been dug for
the sake of navigation, boat traffic is inherent to these waterways as are the resuspen-
sion of sediment and the subsequent deposition and accumulation of it in calm parts of
canal-connected backwaters. Consequently, the establishment and maintenance of a
biodivers submerged vegetation is unlikely.
4) The above does not alter the fact that some rooted submerged species adapted to eu-
trophic, relatively turbid conditions such as Elodea nuttallii, Callitriche obtusangula
and Potamogeton pectinatus may become established for a certain period of time.
Together with the nutrient-tolerant, rootless Ceratophyllum demersum which is also
common in turbid backwaters, this vegetation may sustain a much higher diversity of
invertebrates compared to canals with steep banks and provide recruitment areas for fish
absent from navigated canals without backwaters. The biodiversity of navigation canals
is furthermore enhanced by the establishment of dense Phragmites australis stands in
backwaters. This indicates that backwaters indeed function for the purpose for which
they were designed.
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fluxes that are induced by systemin, from almost intact tissues. Our experiments confirm
that systemin induces an alkalinization of the apoplast, as a result of an increased influx
of H+ (Fig. 2A) and an efflux of potassium-ions. Due to the resolution of the MIFE-tech-
nique oscillations in the H+ and K+ fluxes where observed which correlate with the pre-
vious observed oscillations of internal Ca2+ concentrations. But more importantly and
surprisingly, identical responses to systemin were observed with tissues from the cu-3
tomato mutant (Fig. 2B). Moreover, we were unable to detect systemin-induced changes
in H+-fluxes from the transgenic tobacco-line that was generated by the group of Ryan
and which should functionally express the SR160 gene, while all other plant-species tes-
ted displayed the response, that they were expected to do, based on their phylogeny.
Our data demonstrate that the cu-3 mutant plant of tomato still perceives systemin. This
means either that SR160 is not the systemin-receptor or that the truncated SR160-recep-
tor can still perceive systemin in association with an additional component transduces
the signal, although our results with the transgenic tobacco line suggests the first.
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Metabolism of atmospheric H2S in onion
M. Durenkamp & L.J. De Kok

Amongst other elements sulfur is present in plant tissue only in minor quantities only.
Plants generally utilize sulfate taken up by the root as sulfur source for growth and sul-
fate needs to be reduced to sulfide, before it is metabolized into organic sulfur com-
pounds (Fig. 3). The predominant proportion of the sulfur is present in proteins, as cys-
teine and methionine residues, wherein it is highly significant in the structure, confor-
mation and function. Sulfur is also required for the synthesis of various other com-
pounds, as thiols (glutathione), sulfolipids and secondary sulfur compounds (alliins, glu-
cosinolates, phytochelatins), which play an important role in the physiology of plants
and in the protection and adaptation of plants against stress and pests (Fig. 3). Allium
species viz. onion, garlic, leek and chive, contain a variety of secondary sulfur comp-
ounds: γ-glutamyl peptides and alliins (S-alk(en)ylcysteine sulfoxides). They form a

          





understanding of the regulation of sulfur metabolism in plants and specifically to inves-
tigate the significance of sec-ondary sulfur compounds as possible sink for foliarly
absorbed sulfur in onion and how this may affect the metabolism of H2S and the uptake
and assimilation of sulfate. 
In onion, the H2S uptake followed saturation kinetics with respect to the H2S concen-
tration. The maximum H2S uptake rate (JH2Smax) was approx. 1 µmol g-1 fresh weight h-1

and the KH2S (H2S concentration at which 1/2 J H2Smax was reached) was approx. 1.5 µl l-1,
which demonstrated that onion had a rather high H2S uptake rate when compared with
other species. Upon exposure of onion to 0, 0.075, 0.15, 0.225 and 0.3 µl l-1 H2S for two
weeks, growth was only slightly reduced at 0.3 µl l-1 H2S. H2S exposure resulted in an
increased content of sulfate, total thiols and total sulfur in the shoot, while that in the
roots was unaltered. There was a slight increase in total nitrogen content in the shoot,
whereas the content of nitrate and amino acids was hardly affected. Prolonged exposure
to 0.15 µl l-1 H2S resulted in an accumulation of sulfate and organic sulfur and in a de-
crease in the organic N/S ratio in shoots of different cultivars of Allium cepa, A. fistulo-
sum and A. porrum. The organic N/S ratio decreased with the H2S concentration, which
could be attributed to an increase in non-protein organic sulfur compounds. The molar
ratio of N/S in γ-glutamyl peptides and alliins is ≤ 2. Therefore, the substantial increase
in the organic sulfurfraction in the shoot was probably due to an increase in the content
of secondary sulfur compounds, e.g. γ-glutamyl peptides and/or alliins.
Onion was able to use atmospheric H2S as sole sulfur source for growth. Sulfate depri-
vation for a two-week period resulted in a decreased biomass production of the shoot, a
subsequently decreased shoot to root ratio and an increased dry matter content in shoot
and roots. Furthermore, it resulted in decreased contents of total sulfur, sulfate and orga-
nic sulfur and in a decreased sulfate to total sulfur ratio. Symptoms of sulfur deficiency
disappeared upon simultaneous exposure to relatively low levels of H2S (0.05, 0.1 and
0.15 µl l-1), which showed that H2S could be used as a sulfur source for growth. H2S
exposure even resulted in a slightly increased biomass production in sulfate-sufficient
plants, which could not be explained. The foliarly absorbed H2S was rapidly metaboli-
zed into water-soluble non-protein thiol compounds, including cysteine, and subse-
quently into other sulfur compounds in the shoot. In H2S exposed plants, the accumula-
tion of sulfur compounds in the shoot was nearly linear with the con-centration and
duration of the exposure. Exposure of onion to levels of 0.15 - 0.6 µl l-1 H2S for up to
one week did not affect the sulfur content of the roots. Secondary sulfur compounds pro-
bably formed a sink for the foliarly absorbed sulfide and the sulfur accumulation upon
H2S exposure might for a great part be ascribed to an increase in the content of γ-gluta-
myl peptides and/or alliins. Furthermore, there was a substantial increase in the sulfate
content in the shoot upon H2S exposure. The accumulation of sulfate both originated
from the pedosphere and from oxidation of absorbed atmospheric sulfide and/or from
degradation of accumulated secondary sulfur compounds. From studies on the interac-
tion between atmospheric and pedospheric sulfur nutrition, it was evident that H2S
exposure did not result in a down-regulation of the sulfate uptake by the roots.
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The occurrence of toxic effects of H2S in onion depended not only on the atmospheric
H2S level but also on the duration of the exposure. Prolonged exposure (38 days) of
onion to 0.3 µl l-1 H2S resulted in a strong reduction in shoot biomass production. H2S
exposure resulted in a decrease in the organic N/S ratio at all levels (0.15 to 0.6 µl l-1

H2S), which could be attributed to an increase in the pool of secondary sulfur com-
pounds and not to changes in the sulfolipid content. The latter even decreased upon H2S
exposure when expressed on a lipid basis. SO2 exposure resulted in an enhanced con-
tent of sulfate and total sulfur in the shoot, whereas roots were not affected (Fig. 3). In
contrast to exposure to H2S, SO2 exposure did not result in an increase in non-protein
organic (secondary) sulfur compounds, which showed that these compounds only were
a sink pool for reduced atmospheric sulfur, when both the uptake of sulfate by the roots
and its reduction in the shoot were by-passed.
The occurrence of high amounts of secondary sulfur compounds, which might act as a
sink for sulfur, as well as its low susceptibility to the toxic effects of H2S, makes onion
an interesting species in studying the impact of H2S on sulfur metabolism. H2S expo-
sure resulted in an accumulation of total sulfur in all species and cultivars of Allium.
Determining the composition of the accumulated sulfur compounds proved to be a gre-
ater challenge. A large part consisted of sulfate (40-50 %, mainly depending on the age
of the plants), the origin of which was not clear. Accumulation of organic sulfur could
be explained by increased contents of secondary sulfur compounds and thiols, but not
protein sulfur and sulfolipids. Data were largely corroborated by X-ray absorption near
edge structure (XANES) spectroscopy. Sulfate deprivation resulted in an increased sul-
fate uptake capacity, which was not accompanied by a clear increase in the expression
of sulfate transporters. Further research will be needed to investigate this intriguing
observation. In contrast to Brassica, H2S exposure did not affect the net sulfate uptake
in onion. Determining the expression of the genes, protein levels and activity of APS
reductase isoforms upon changes in atmospheric and pedospheric sulfur nutrition will
be the next step in studying the regulation of sulfur metabolism in onion.

SO2 - nutrient or toxin for Chinese cabbage
L. Yang, L.J. De Kok & I. Stulen

China has experienced an unprece-dented period of rapid economic growth resulting in
a high demand for energy. The enhanced energy consumption has resulted in high levels
of air pollution viz. SO2, NOx, particulates and in acid rain. As a consequence of the
increase in air pollution, visible injury and growth and yield reductions have been obser-
ved in and around several industrialized areas in China. Vegetables, fruit trees and agri-
cultural/horticultural crops appear most at risk, since most of them are grown close to
the densely populated areas. Moreover, during recent years sulfur deficiency has be-
come a major problem in agricultural crops throughout China, due to an imbalance of
sulfur in relation to N, P and K in the fertilizers applied. One-fourth of the tested Chinese

          



soils appeared to be sulfur deficient. Pot experiments in the field in the Beijing area
showed that shoot biomass production of Chinese cabbage was significantly enhanced
upon sulfur fertilization of the soil. A level of fertilization of 15 to 30 kg S ha-1 was suf-
ficient to optimize yield. However, the level of fertilization in other regions in China
might have to be adjusted to the level of local atmospheric sulfur deposition.
Chinese cabbage (Brassica pekinensis) is one of the most important high-yield vegeta-
ble crops in China, and is often cultivated around big cities. Atmospheric SO2 pollution
may affect Chinese cabbage, which is usually produced under intensive farming prac-
tice with low-sulfur or even sulfur-free fertilizers. In this project the interaction between
atmospheric SO2 and sulfate nutrition of the root was studied in order to evaluate
whether SO2 may be considered as toxin or nutrient for Chinese cabbage and to what
extent sulfur fertilization in the field needs to be adjusted to the level of atmospheric
SO2 pollution.
There was a linear relation between the uptake of SO2 by shoots of Chinese cabbage and
atmospheric SO2 over a wide concentration range. The impact of SO2 on Chinese cab-
bage seemed to be paradoxical. On the one hand, SO2 taken up by the shoot was bene-
ficial when sulfate was absent in the root environment, since an atmospheric SO2 level
as low as 0.06 µl l-1 appeared to be sufficient to cover the plants’ sulfur requirement for
growth. On the other hand, Chinese cabbage appeared to be rather susceptible to SO2.
Shoot biomass production was reduced upon prolonged exposure to ≥ 0.1 µl l-1.
Furthermore, SO2 exposure resulted in an increased level of sulfur metabolites (sulfate,
thiols and total sulfur) in the shoot with the atmospheric concentration (Fig. 3). The
absence of sulfate in the root environment resulted in a shift in shoot to root biomass
partitioning during growth in favor of that of the root, which was not alleviated when
SO2 was used as sulfur source for growth. The ability of Chinese cabbage to utilize SO2
as sulfur source appeared to be dependent on the sulfur status and developmental stage
of the plant. Upon sulfate deprivation, the sulfate uptake capacity of the root was strong-
ly increased, however, SO2 exposure did not affect sulfate uptake by the roots. It is evi-
dent that the ambiguous impact of atmospheric SO2 on crops complicates sulfur fertili-
zation recommendations, since it may act as both toxin and nutrient.

The impact of atmospheric NH3 on sulfur and nitrogen metabolism of curly kale 
A. Castro, I. Stulen & L.J. De Kok

A well-regulated nutrient uptake is of crucial importance for every organism. Plants, as
sessile organisms have developed different strategies to cope with environmental changes.
Therefore, the uptake of nitrogen and sulfur are regulated in a coordinate manner and
adjust to meet the nutrient requirement for growth. Nitrate and ammonium are the major
N forms that plants roots can use as nitrogen source for growth, while sulfate is the ma-
jor sulfur source. The uptake of nitrate and sulfate by the root are mediated by nitrate and
sulfate transporter proteins. The nitrate assimilatory pathways share various similarities
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When Brassica oleracea L. (curly kale) was exposed to 0, 2, 4, 6 and 8 µl l-1 NH3 during
one week it increased shoot biomass production at 2 and 4 µl l-1, but resulted in an inhi-
bition of shoot and root growth at 6 and 8 µl l-1. Shoot total N content was increased at
all levels, mainly due to the increase in free amino acids. Even at atmospheric NH3
levels, at which the foliarly absorbed NH3 would cover a proportion of N requirement
there was already an increase in the nitrogen content of the shoots and roots. Apparently,
there was no direct regulatory control of and/or interaction between atmospheric and
pedospheric nitrogen utilization in curly kale. It was establish to what extent NH3 can
contribute to the N budget of the plant or can be regarded as a toxin. In nitrate-sufficient
plants biomass production was not affected at 4 µl l-1 NH3, but reduced at 8 µl l-1 NH3.
In nitrate-deprived plants, shoot biomass was increased at both concentrations, but root
biomass decreased at 8 µl l-1 NH3. The measured nitrate uptake rates agreed well with
the plant’s N requirement for growth. The obtained data do not support the hypothesis
that NH3 toxicity is caused by a shortage of sugars or a lack of capacity to detoxify NH3
(Fig. 4). In the absence of an atmospheric N source, nitrate deprivation resulted in an
increase in total root length but did not affect root surface area, volume or average dia-
meter. There was lack of correlation between changes in thiol and OAS pools upon NH3
exposure, and nitrate and sulfate deprivation, indicating that their role in the coordina-
tion between the nitrate and sulfate metabolic pathways is likely limited. 

Publications 2005

Journal articles

De Kok, L.J., Castro A., Durenkamp, M., Koralewska, A., Posthumus, F.S., Stuiver,
C.E.E.,Yang, L. and Stulen, I., 2005. Pathways of plant sulfur uptake and metabolism -
an overview. Landbauforschung Völkenrode 283: 5-13

Durenkamp, M. and De Kok, L.J., 2005. Low levels of H2S may replace sulfate as 
sulfur source in sulfate-deprived onion. Phyton 45(3): 69-77

Garstka, M., Drozak, A., Rosiak, M., Venema, J.H., Kierdaszuk, B., Simeonova, E.,
Van Hasselt, P.R., Dobrucki, J. & Mostowska, A. (2005). Light-dependent reversal of
dark-chilling induced changes in chloroplast structure and arrangement of chlorophyll-
protein complexes in bean thylakoid membranes. Biochimica Biophysica. Acta, 1710:
13-23

Lanfermeijer, F.C., Warmink, J. & Hille, J. (2005) The products of the durable Tm-22

and the broken Tm-2 resistance genes from tomato differ in four amino acids. Journal
of Experimental Botany, 56: 2925-2933
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Mommer, L., Pons, T.L., Wolters-Arts, M., Venema J.H. & Visser, E.J.W,. 2005.
Submergence-induced morphological, anatomical, and biochemical responses in a ter-
restrial species affect gas diffusion resistance and photosynthetic performance. Plant
Physiology 139: 497-508

Quilambo, O., Weissenhorn, I., Doddema, H., Kuiper, P.J.C. and Stulen, I., 2005.
Arbuscular mycorrhizal inoculation of peanut in low-fertile tropical soil.I. Host-fungus
compatibility. Journal of Plant Nutrition 28: 1633-1644

Quilambo, O., Weissenhorn, I., Doddema, H., Kuiper P.J.C. and Stulen, I., 2005.
Arbuscular mycorhizal inoculation of peanut on low-fertile tropical soil. II. Allevation
of drought stress. Journal of Plant Nutrition 28: 1645-1662

Riemenschneider, A., Nikiforova, V., Hoefgen, R., De Kok, L.J. & Papenbrock, J.,
2005. Impact of elevated H2S on metabolite levels, acitvity of enzymes and expression
of genes involved in cysteine metabolism. Plant Physiology Biochemistry 43: 473-483

Rubinigg, M., Posthumus, F.S., Elzenga, J.T.M. & Stulen, I., 2005. Effect of NaCl
salinity on nitrate uptake in Plantago maritima L. Phyton (Austria) 45(3): 295-302

Venema, J.H., Linger, P., Van Heusden, A.W., Van Hasselt, P.R. & Brüggemann, W.,
2005. The inheritance of chilling tolerance in tomato (Lycopersicon spp.). Plant
Biology 7: 118-130

Wonisch, A., Weidner, W., Tausz, M., Westerman, S., De Kok, L.J. & Grill, D., 2005.
Interactions between atmospheric and pedospheric sulfur nutrition: Impact of short-
term H2S exposure on the uptake and distrubution of 35S-Sulfate in roots and shoots of
Curly Kale (Brassica oleracea L.). Phyton 45 (1): 45-50

Yang, L., Stulen, I. and De Kok, L.J., 2005. Sulfur status of Chinese soils and res-
ponse of Chinese cabbage to sulfur fertilization in the Beijing area. Landbauforschung
Völkenrode 283: 5-13

Book papers

Castro, A., Stulen, I. and De Kok, L.J. 2005. Impact of atmospheric NH3 deposition on
plant growth and functioning - a case study with Brassic oleracea L. In: Plant
Responses to Air Pollution and Global Change. Omasa, K., Nouchi, I. and De Kok,
L.J. (eds.), Springer-Verlag, Tokyo, Japan, pp. 13-20, ISBN: 4-431-31013-4
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Durenkamp, M. and De Kok, L.J. 2005. Sulfur metabolism in onion (Allium cepa L.):
Accumulation of sulfur compounds upon exposure to H2S. In: Sulfur Transport and
Assimilation in Plants in the Post Genomic Era. Saito, K., De Kok, L.J., Stulen, I.,
Hawkesford, M.J., Schnug, E., Sirko, A. and Rennenberg, H. (eds.), Backhuys
Publishers, Leiden, pp. 127-131, ISBN: 90-5782-166-4

Durenkamp, M., Posthumus, F.S., Stuiver, C.E.E. and De Kok, L.J. 2005. Metabolism
of atmospheric sulfur gases in onion. In: Plant Responses to Air Pollution and Global
Change. Omasa, K., Nouchi, I. and De Kok, L.J. (eds.), Springer-Verlag, Tokyo,
Japan, pp. 3-11, ISBN: 4-431-31013-4

Books and Special Journal Issues

De Kok, L.J. and Schnug, E. 2005. Proceedings of the 1st Sino-German Workshop on
Aspects of Sulfur Nutrition of Plants. Landbauforschung Völkenrode: Special Issue
283: 176 pp., ISBN: 3-86576-007-4

Omasa, K., Nouchi, I. and De Kok, L.J., 2005. Plant Responses to Air Pollution and
Global Change. Springer-Verlag, Tokyo, Japan, 300 pp., ISBN: 4-431-31013-4

Omasa, K., Nouchi, I., Goto, E., Oki, K., Shimizu, Y., De Kok, L.J., Grill, D. and
Stulen, I., 2005. Plant Responses to Air Pollution and Global Change. Phyton 45(4),
607 pp., ISSN: 3-85028135-3

Saito, K., De Kok, L.J., Stulen, I., Hawkesford, M.J., Schnug, E., Sirko, A. and
Rennenberg, H., 2005. Sulfur Transport and Assimilation in Plants in the Post
Genomic Era. Backhuys Publishers, Leiden, 270 pp., ISBN: 90-5782-166-4

Thesis

Durenkamp, M. Metabolism of Atmospheric Hydrogen Sulfide in Onion. 
Thesis University of Groningen, 28 oktober 2005, p. 1-94 (ISBN 90-367-2403-1)

Yang, L. SO2-nutrient or toxin for Chinese cabbage. 
Thesis University of Groningen, 5 december 2005, p. 1-86 (ISBN 90-367-2391-4)
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Evolutionary Genetics

Group leader Prof.dr. L.W. Beukeboom

Composition of the group in 2005:

Tenured Staff source fte period
prof.dr. L.W. Beukeboom RUG 1.0
prof. dr. R. Bijlsma RUG 1.0
dr. L.P.W.G.M. van de Zande RUG 1.0

Post-docs
dr. R.C. Bertossa NWO-PIONIER 1.0 051101-061101

PhD-students
drs. A. Ayrinhac SENTER-IOP 1.0 020915-060915

Genomics
drs.J. Bakker NWO-WOTRO 1.0 990901-030901
drs. R. Geerts NWO-ALW 1.0 000201-040201
drs. B. Grillenberger RUG Ubbo Emmius 1.0 040901-080901
drs. D. Joubert NWO-ALW 1.0 971001-020401
drs. M.A. Kozielska RUG 1.0 030923-070922
drs. I.V. Mateo Leach RUG Ubbo Emmius 1.0 020201-060201
drs. A. Peire Morais RUG 1.0 020301-060301
drs. J. Reszka RUG bursaal 1.0 050601-090601
ir. M.E.C. van Rijswijk RUG 1.0 020201-060201
drs. M.W. Smith-Kleefsman RUG 1.0 040116-080115

Technical and Administrative Staff
secretary
E.E.J. Plender-Hartman RUG 0.5
analyst/technician
A.C. Boerema RUG 1.0
P.J. Hes RUG 0.4
R.S.S. Houwerzijl RUG 1.0
A. Kamping RUG 1.0
J. Prijs NWO-PIONIER 0.7 020601-070601
A. Rumahloine DSW 1.0
R. Veenstra NWO-PIONIER 1.0 030315-070315
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Recent developments

In 2005, the two sub-programmes in the Evolutionary Genetics group, evolutionary
genetics and population & conservation genetics were further integrated by the start of
a joint Ph.D project (J. Reszka) on the genetics of inbreeding depression in two insect
species. Aim of this project is to compare Drosophila melanogaster and Nasonia vitri-
pennis for genes underlying inbreeding depression. Prof. R. Bijlsma became chair of the
steering committee of the ESF EuroCores programme “Integrating population genetics
and conservation biology: merging theoretical, experimental and applied approaches
(ConGen)”, which he successfully applied for. Willemien Smith-Kleefsman published
her report “Quantifying outcrossing probabilities of genetically modified plants: deve-
lopment of a predictive model” for the Commission Genetic Modification (COGEM
2005-3). Another noteworthy development was the approval of the Nasonia Genome
Project by NIH in March 2005 based on a White Paper (grant proposal for total genome
sequencing) written by an international team of Nasonia researchers including ourselves
(http://www.hgsc.bcm.tmc.edu/projects/nasonia/).

Overview of academic results

Our group aims at unraveling the interplay between genetic and evolutionary processes.
On the one hand we study how the course of evolution is affected by genetic constraints,
the mode of reproduction, and the availability of genetic variation. On the other hand,
we aim at understanding how evolutionary forces and processes (i) shape the structure
of genetic variation within and among populations, (ii) shape life histories and repro-
ductive systems, (iii) shape adaptations of organ-isms and populations to non-genetic
(environmental stress) and genetic (genetic load, inbreeding depression) challenges, and
(iv) shape and affect speciation and extinction probabilities.
In the broad field of evolutionary genetics the group addresses a variety of research
questions that are grouped in two research sub-programmes. Although each sub-pro-
gramme has a clear research focus, it is important to realize that the two units do not
work in isolation, and that many research problems are jointly, e.g. integrated and
bridged by Ph.D student projects that are co-supervised.
• The Evolutionary Genetics sub - programme seeks to understand the genetic regula-

tion of reproductive systems and how reproductive mode has shaped mating systems
and life-history characteristics. The main focus is on elucidating the underlying gene-
tics and evolution of sex determining mechanisms, sexual versus asexual reproduc-
tion and the process of speciation. In addition, we study the consequences of these
reproductive modes and processes for the structure of genetic variation in natural
populations. We use parasitoid wasps (Hymenoptera) and houseflies as model sys-
tems.
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• The Population and Conservation Genetics sub-programme is for an important part
targeted on investigating the genetic processes in small, fragmented and isolated popu-
lations, where genetic drift and inbreeding are predominant and result in genetic ero-
sion (loss of genetic variation and fitness). We aim (i) to elucidate the consequences
of genetic erosion for population persistence, particularly, in changing and deteriora-
ting environments, (ii) to evaluate the nature of genes involved in inbreeding depres-
sion, and (iii) to asses the role and importance of gene flow and local adaptation in
fragmented populations. We use Drosophila as a model organism to get fundamental
insights into these problems, but part of the research has also more applied goals and
studies these processes in natural popul-ations of endangered species. Other research
sub lines aim at understanding the consequences of different reproductive strategies
for the structure of genetic variation in plant and animal populations and at elucida-
ting the evolution of ageing and assessing the genes involved in this process.

Below we highlight some of the recent progress that has been made in a number of
research projects.

Evolutionary Genetics

Population genetics of Nasonia
(Master projects T. Koevoets, L. Ross, A. Ivens; Ph.D. project B. Grillenberger; colla-
boration with I. Pen of Theoretical Biology and S. West at Edinburgh)
Nasonia are parasitoids of the pupae of several fly species. Females colonize patches of
fly pupae in nest boxes and at carcasses. Offspring emerge at these local patches. Males
are flightless and mate with females in their natal patch. Females then disperse in search
of new hosts. As a consequence Nasonia has a highly subdivided population structure
and female biased sex ratios. Nasonia vitripennis has been the subject of much labora-
tory research and used extensively for testing sex allocation theory.
Sex allocation is one of the ‘success stories’ in evolutionary biology because theoretical
predictions have been met both qualitatively and quantitatively. In particular, Hamilton’s
Local Mate Competition (LMC) model has been tested. It applies to species that live and
mate in a patchy environment. A patch can be founded by multiple foundresses. The
sons of the foundresses compete among each other over the emerging females. After
mating females disperse. The optimal sex ratio a founding female should produce is
according to the model dependent on the number of foundresses in a patch. If a female
founds a patch alone, she should produce just enough sons to mate to all her daughters,
to prevent competition among her own sons. However, if a female founds the patch
together with or after other females in the same patch, she should produce more sons in
order to prevent her daughters to be inseminated by sons of other females and to enable
her sons to also inseminate daughters of the other females. Although laboratory experi-
ments have largely confirmed LMC predictions, information about sex ratios in the field
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Foundress numbers: We genetically analyzed these samples using microsatellite and
mitochondrial DNA markers to gain a deeper insight into the differences of the genetic
structure and the ecology of the members of this species complex. Such information is
crucial for a better understanding of the evolution of sex allocation in Nasonia.
Foundress numbers were determined for the nest boxes where both species were found.
They ranged from 1-9 in N. giraulti and 1-8 in N. vitripennis, again indicating that many
individuals may oviposit at a patch. The number of foundresses of both species in a nest
box is correlated positively with the number of pupae in a nest box (N. giraulti: R= 0.76,
p= 0.027, N. vitripennis: R= 0.43, p= 0.23). Therefore the number of foundresses
between the species is also correlated.

Sex ratios: sex ratios were determined for both species in all the pure and mixed pupae
in nest boxes where N. giraulti was found. In both species the offspring in the mixed
pupae had on average a higher sex ratio (more male biased) than the offspring in the pure
pupae, although the difference is not significant (t= 1.24, p=0.30 and t= 1.20, p= 0.28.)
This is what would be expected in the case of super parasitism between conspecifics, but
in this case there was super parasitism between two species. The results suggest that
both species have a similar response to super parasitism with their own species as with
the other species. In other words they cannot distinguish if a parasitized pupa is parasi-
tized by their own or by a different species (see below).
To test the sex ratio response for both species, their average sex ratios produced in the
pure pupae were plotted against the estimated number of foundresses. Figure 3 shows
the results for N. giraulti and N. vitripennis. In general, all nest boxes have on average
a female biased sex ratio except for one in each species. The high sex ratios in these lat-
ter nest boxes are caused by a number of pupae with all male broods. All male broods
in Nasonia can be due to females being unmated or to cytoplasmic incompatibility fol-
lowing an interspecific cross. This points to the importance of determining whether
interspecific matings occur in the field. The effect of foundress number on sex ratio was
highly significant (χ2 = 69.33, p < 0.0001 for giraulti and χ2 = 12.29, p = 0.0005 for vitri-
pennis) when all-male broods are omitted.

The average sex ratio in mixed pupae was higher than in single pupae (Figure 3). In
mixed pupae the response of sex ratio to the number of foundresses is less clear than in
the single pupae. Interestingly, N. giraulti always has a higher sex ratio than N. vitri-
pennis (t= 2.92, p= 0.033). Possible explanations are that N. giraulti is often the second
female to parasitize, or that N. giraulti reacts stronger to N. vitripennis than vice versa.

Interspecific LMC: In a laboratory study we addressed the question whether females
react differently to a conspecific or a heterospecific in their sex ratio response.
Interspecific Local Mate Competition (LMC) responses of N. vitripennis and N. longi-
cornis were studied. When parasitizing subsequently, females distinguish between con-
specifics and heterospecifics, however when parasitizing simultaneously females did not
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Publications 2005

Barke, J., Mateo Leach, I. & Beukeboom, L.W. (2005) Fitness of arrhenotokous and
thelytokous Venturia canescens. Proc. Neth. Entomol. Soc. Meet. 16: 27-35

Bertossa, R.C. (2005) Evolution of behaviour: bridging the gap between evolutionary
and developmental genetics. Bioessays 27: 1303-1304

Beukeboom, L. (2005) Insects and sex. Proc. Neth. Entomol. Soc. Meet.16: 9-16

Beukeboom, L.W. & Zwaan, B.J. (2005). Genetics. In: Insects as Natural Enemies. 
A Practical Perspective. M.A. Jervis (ed), Springer, Dordrecht, The Netherlands, pp.
167-218

Bijlsma, R. & Loeschcke, V. (2005) Environmental stress, adaptation and evolution:
an overview. J. Evol. Biol. 18: 744-749

Malherbe, Y., Kamping, A., van Delden, W. & van de Zande, L. (2005) ADH enzyme
activity and Adh gene expression in Drosophila melanogaster lines differentially
selected for increased alcohol tolerance. J. Evol. Biol. 18: 811-819

Meijer, K., Pen, I. & Beukeboom, L. (2005) How smart are Nasonia wasps? Limits to
the sex allocation response of superparasitizing females. Proc. Neth. Entomol. Soc.
Meet.16: 17-25

Pannebakker, B.A., Schidlo, N.S., Boskamp, G.J., Dekker, L., van Dooren, T.J.,
Beukeboom, L.W., Zwaan, B.J., Brakefield, P.M. & van Alphen, J.J. (2005) Sexual
functionality of Leptopilina clavipes (Hymenoptera: Figitidae) after reversing
Wolbachia-induced parthenogenesis. J. Evol. Biol. 18: 1019-1028

Pertoldi, C., Loeschcke, V., Randi, E., Madsen, A.B., Hansen, M.M., Bijlsma, R. &
van de Zande, L. (2005) Present and past microsatellite variation and assessment of
genetic structure in Eurasian badger (Meles meles) in Denmark J. Zool. 265: 387-394

Vermeulen, C.J., van de Zande, L. & Bijlsma, R. (2005) Resistance to oxidative stress
induced by paraquat correlates well with both decreased and increased lifespan in
Drosophila melanogaster. Biogerontology 6: 1-9
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Marine Biology

Group leader W.J. Wolff

Composition of the group in 2005:

Tenured Staff source fte period
prof.dr.ir. H.J.W. de Baar RUG 0.3
dr. A.G.J. Buma RUG/NWO-Meerv. 0.8
prof.dr. W.W.C. Gieskes RUG 1.0 till 051201
dr. W. Klaassen RUG 1.0
prof.dr. J.L. Olsen RUG 1.0
prof.dr. W.T. Stam RUG 0.6
dr. E.J. Stamhuis RUG 1.0
prof.dr. J.J. Videler RUG 1.0
prof.dr. W.J. Wolff RUG 1.0 till 051231

Post-docs
drs. M.K. de Boer RUG 0.7 051001-060301
dr. J.A. Coyer RUG 1.0 010401-060501
dr. G.G. Hoarau EU-Genomics 1.0 041001-051001
dr. M.A. van Leeuwe EU 0.5 051201-081201
dr. W.H. van de Poll NAAP 0.9 040501-060801
dr. H.J. van der Strate EU-Silibiotec 0.8 030101-060301

PhD-students
drs. Y. Afeworki WOTRO 1.0 041101-081101
drs. A.C. Alderkamp RUG 0.8 000701-050401
drs. E. Boon RUG 1.0 051115-091115
dipl.biol. V.S. Brauer RUG 1.0 040801-080801
drs. M.S.C.O.M. Chevolot NWO-ALW 1.0 020901-060901
T.J. Compton M.Sc. RUG Ubbo Emmius 1.0 020415-060415
drs. S. Ferber RUG-Breedtestrategie 1.0 030901-070901
dipl. biol. H. Flores NWO-ALW 1.0 031115-071115
dipl. biol. R. Gesser RUG 1.0 990901-050301
drs. D. Haydar NWO-ALW 0.8 031101-061231
drs. S.M.A.C. van Heuven EU Carbo Ocean 1.0 050901-090901
drs. P.J. Janknegt RUG 0.8 020615-070615
drs. J. Jansen NIOO-CEME - EU 1.0
drs. N.S. Klomp RUG 1.0 040815-080815
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drs. S. van der Laan RUG 1.0 050901-090901
drs. I. Luykx RUG 1.0 050501-090501
drs. J.C. Mieog WOTRO 1.0 040401-080401
drs. V.S. Parada Kon. NIOZ - ALW 1.0
drs. A.M.T. Piquet RUG Breedtestrategie 1.0 020301-060228
ir. A. Purwoko Asian Developm. Bank 1.0 030701-070701
drs. M. Schotten Various grants 1.0 031201-071201
drs. K. Troost NWO-ALW 0.8 031201-070401
dipl. biol. A.M. Zipperle RUG Ubbo Emmius 1.0 030901-070901

Technical and Administrative Staff
secretaries
G. van Roon-ter Horst RUG 0.5
J. de Vries-Veldkamp RUG 0.5
technicians
S.A. Boele-Bos RUG 0.5
H.W. de Groot RUG 1.0
J. Roggeveld EU 1.0 020901-050301
J.H.Veldsink RUG 1.0
L.A.H. Venekamp RUG 0.5
R.J.W.Visser RUG 0.5 till 050715

1.0 050715-060115
J.J. de Wiljes RUG 1.0

Guests/detachment
prof.dr. V.N. de Jonge D.Sc. RIKZ 1.0 010701-051231

Adjunct Chairs
prof.dr. C.H.R. Heip NIOO-CEME
prof.dr. G.J. Herndl NIOZ
prof.dr. A.D. Rijnsdorp RIVO
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Overview of academic results

The year 2005 has been one of continuing transition with yet another retirement, this
time of Prof.dr. Wim Wolf and the official decision, in December, to divide the basis-
eenheid into two new ones - ‘Marine Benthic Ecology & Evolution’ (MarBEE) and
‘Ocean Ecosystems’ (OE). For this year’s review, however, we will report as a single
basiseenheid with three programmes.

Programme ‘Marine Benthic Ecology’

One major focus of our research is in population genetics and phylogeography of ma-
rine plants (algae and seagrasses) and animals (rays and corals). The goal is to relate
genetic diversity and structure at different spatial scales with biotic and abiotic factors
affecting distribution, phylogeny and adaptation. 
Specific projects investigate (a) how clonal dynamics and sexual reproduction affect
population evolution and persistence of algae, seagrasses and rays; (b) historical and
contemporary factors affecting species distributions in the North Atlantic, North Sea,
Baltic and Mediterranean Seas, through the study of comparative and statistical phylo-
geography of species co-occurring in the same environments; and (c) hybrid zones and
their role in speciation of fucoid seaweeds. 

A second focus is on coral reefs and the adaptive significance of endosymbiont shuffling
on coral bleaching. This work is part of a collaboration with the Australian Institute of
Marine Sciences in Townsville. Until recently, it was assumed that corals harbored only
a single symibiont type. Using quantitative PCR, we have been able to show that low-
density background strains are present. Two puzzling questions remain: can adults change
the dominant strain and how do juveniles acquire their strains? 

A third focus is in invasive species biology in relation to coastal zone management and
conservation. This extends to both invertebrates and algae. Specific interests are in the
study of mechanisms underlying the ecological success of invasive species; and impli-
cations for coastal conservation and management.

This year has also marked the beginning of ecogenomic approaches in our group. To
date, our studies have been carried out using neutral molecular markers (mostly micro-
satellite loci), a situation that will change very soon as new classes of markers ‘under
selection’ are developed and brought on line as part of our ‘adaptive population diver-
gence’ line. In this regard, it’s been a year of ‘tooling up’ with the production of EST
libraries for Fucus vesiculosus (desiccation and high light) and F. serratus (temperatu-
re) totaling about 15,000 ESTs. We are also sifting through some 50,000 ESTs available
for a related brown alga, Ectocarpus and 10,000 ESTs for the seagrass Zostera marina.
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When comparing distribution patterns of these three groups, it is clear that a disjunct
amphi-Atlantic distribution pattern, characterized by presence on both Atlantic coasts, but
absence in arctic and sub-arctic waters, is much more common in epifaunal bivalves and
ascidians than in infaunal bivalves. The proportion of cryptogenic species in these groups
is much higher than in infaunal bivalves. Natural dispersal processes, such as larval dis-
persal by currents and rafting of adults or juveniles, do not explain these distribution pat-
terns. The consequence of this finding is that the number of invasions is greatly undere-
stimated for many invertebrate groups (e.g. hydroids, bryozoans, polychaetes, barnacles
etc.), and that historical shipping has played an important role in dispersal across the
North Atlantic Ocean. We must be aware of this possibility not only when studying inva-
sions, but also when investigating community structure and rate of evolution in the seas.

Ecological impact of invasive oysters. The ecological impact of Pacific oysters
(Crassostrea gigas), introduced in The Netherlands in 1964, on the coastal waters of The
Netherlands, especially on native bivalve filter feeders, is studied by PhD-student Karin
Troost. One way in which the Pacific oyster might affect native bivalves is by filtering
their pelagic larvae from the water column, thereby interfering with their recruitment. 

Pacific oysters are very similar to native bivalve filter feeders in terms of life cycle and
feeding mode. All bivalve filter feeders in Dutch estuaries have a pelagic larval stage.
Larvae spend 1 to 3 weeks swimming in the water column before settling down on or in
suitable substrate. All bivalve filter feeders filter particles from the water column and
therefore all bivalve filter feeders are potential threats to pelagic larvae. To discover
whether Pacific oyster larvae are filtered less by adult filter feeders than mussel larvae,
filtration of oyster and mussel larvae by adult oysters, mussels and cockles was studied,
as well as their escape behaviour and swimming speeds.

In the laboratory, filtration by adult Pacific oysters, mussels and cockles on oyster and
mussel larvae was studied. Larvae were added to individual grazing chambers and the
clearance rate was calculated after leaving them to feed for 1 to 1.5 hours. These cle-
arance rates when feeding on larvae were then compared to clearance rates when fee-
ding on algae. The expectation was that the clearance rate on larvae would be lower than
the clearance rate on algae if larvae are able to somehow avoid filtration by adult filter
feeders. It was also expected that oyster larvae avoid or escape filtration more strongly
than mussel larvae, resulting in lower clearance rates relative to the clearance rates on
algae. Clearance rates on oyster larvae were indeed lower than clearance rates on algae,
meaning oyster larvae avoid/escape filtration to a certain extent. No differences were
found for mussel larvae. A first examination of the fate of filtered mussel larvae showed
almost all larvae ended up in the stomach. The fact that almost no larvae or shell frag-
ments were found in the faeces shows that they were digested completely.

Both oyster and mussel larvae did not respond in any way to a simulated feeding cur-
rent. Suction was created using an automatic suction pipette. Movements of larvae in the
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resulting flow field were filmed digitally. Larvae of both species did not try to escape or
turn to swim against the suction current. 

Swimming speed measurements revealed that oyster larvae swim almost 3 times faster
than mussel larvae. In theory this will result in mussel larvae being filtered more than
oyster larvae by adult filter feeders in general. How this will affect the recruitment of
bivalves in Dutch coastal waters will be studied in 2006 using modeling tools.

Programme ‘Ecophysiology of Microalgae’

CO2 fluxes mediated by microalgae
Wim Klaassen, Henk de Groot, Sander van der Laan, Ingrid Luykx, Hein de Baar

In a joint project with NIOZ and CIO (Center for Isoptope Research) two PhD students
have started a Carbo-Ocean and BSIK funded project on CO2 fluxes from the Wadden
Sea and North Sea. North Sea fluxes will be measured from a NAM gas production plat-
form.Wadden Sea fluxes will be measured using the 60 m tall research tower at the coast
of the Wadden Sea near Hornhuizen. A start is made of the installation of the instru-
ments. Data of a try-out experiment by Steven van Heuven have been rechecked. The
results show that most of the CO2 flux, measured at 50 m height in the research tower
originated from the nearby land reclamation area and only a small fraction originated
from the tidal flat area. It was concluded that the tower based measurements should be
combined with in situ measurements over various Wadden Sea ecosystems. A manu-
script of the relation between atmospheric and surface fluxes is accepted for publication.

High irradiance stress in (Antarctic) marine microalgae 
Willem van de Poll, Paul Janknegt, Ronald Visser, Anita Buma

During the ongoing research for NWO/NAAP (project 851.20.015), we focussed on the
interaction of UV and excessive PAR. UV and excessive PAR effects (PSII efficiency,
viability loss) were assessed for the marine diatom Chaetoceros brevis that was cultiva-
ted under various irradiance and nutrient conditions, including nitrate, phosphate, sili-
cate and iron limitation. In addition, photoacclimation effects on UV and excessive PAR
induced photoinhibition and viability loss for an Antarctic and a temperate marine diat-
om (Thalassiosira antarctica and Thalassiosira weissflogii) were compared. We obser-
ved strong photoacclimation and nutrient availability effects on UV and excessive PAR
mediated photoinhibition and viability loss. This provided an explanation for the varia-
ble effects of these stressors that have been found in the field. We furthermore perfor-
med experiments that compared effects of dynamic and constant irradiance regimes on
excessive irradiance sensitivity of Emiliania huxleyi and T. weissflogii. In addition, labora-
tory experiments using a range of marine microalgae (temperate, polar, pelagic, benthic)
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once more confirmed that inter-specific differences in composition and levels of the
antioxidant enzyme superoxide dismutase (SOD) exist but that intracellular SOD levels
are hardly affected by environmental conditions such as high irradiance acclimation or
UV exposure. Finally, experimental work using a variety of microalgal species demon-
strated that malondialdehyde (MDA), which is considered a general indicator of oxida-
tive stress in a range of organisms (including humans) has to be used with care as an oxi-
dative stress indicator in marine microalgae. This is because MDA concentrations in
microalgae vary with environmental conditions (i.e. photosynthetic rate), irrespective of
the level of oxidative stress. Finally a new system was built in our laboratory to mimic
vertical mixing of algae in the field. This system was used in a large field campaign in
the Patagonia, Argentina, in January/February 2006, and will further be used in a pro-
ject that was granted by NWO/ALW/NAAP in 2005. 

Photobiology of marine microbial communities from Arctic and the Antarctic
regions 
Joint topic Depts. Marine Biology - Microbial Ecology: Anouk Piquet, Henk Bolhuis,
Anita Buma

Marine bacteria play a central role in marine systems by recycling nutrients and organic
carbon. Since many microorganisms are sensitive to UV-R stress, the level of organic
carbon cycling might be seriously affected under the enhanced UV-R levels as expe-
rienced during ozone depletion in these regions. A master project was conducted in 2005
on cultivated bacterial strains from glycerol conserved samples from the Davis samples
(Antarctic field campaign 2002/2003). These strains were used to create a laboratory-
generated community, which was exposed to artificial UV-R. Out of 4 strains compo-
sing the community only one, pigmented strain proved to be able to cope with the UV-
R stress, indicating that these pigments may have a photo-protective role. In the late
spring-early summer of 2005, a new set of experiments was conducted in collaboration
with the Alfred-Wegener-Institut für Polar- und Meeresforschung (Bremerhaven,
Germany). Fieldwork was done at Koldeway research station (Ny-Ålesund, Spitsber-
gen). In this period, a biogeographic and temporal study was conducted on the phyto-
plankton and microbial community of the Kongs- and Krossfjorden (Fig. 11). The com-
munity composition was determined using DGGE analysis and subsequent sequencing
of generated clone libraries. The data indicate that the Kongs- and Krossfjorden marine
microbial communities (phytoplankton and bacteria) are distinct from each other, sug-
gesting that factors within the fjords are driving community differentiation in the two
fjords. 

During the same campaign a series of minicosm experiment was conducted at Ny-Åle-
sund: series of 12L UV-R transmissive tanks were exposed to different visible irradiance
(PAR) (50% and 100%) and UV-R regimes. The effects of different PAR and UV-R
levels on the community composition was assessed by DGGE and subsequent DNA
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waters over the period 1990-2003. The Dutch coastal zone clearly meets the ecophysio-
logical requirements of F. japonica; in fact, this area possibly belongs to its northern bio-
geographic boundary, explaining why vegetative cells have never been observed at hig-
her latitudes. Moreover, the field data strongly suggest that besides F. japonica other rap-
hidophytes such as Chattonella spp. and Heterosigma akashiwo have established them-
selves in this region. In the surface water samples F. japonica and Chattonella spp. have
been observed almost whole year around even at low temperatures just above 4˚ C.
Clearly (also based on field data), F. japonica can dominate the phytoplankton commu-
nity in Dutch coastal waters during short term blooms, not only in summer but also at
lower temperatures (< 15˚ C) during spring. Despite the presence of haemolytic and toxic
components in this raphidophytes species, harmful events have not yet been observed
during these periods of F. japonica abundance. An Open Competition proposal for conti-
nuation of this research topic (end of 2005 onwards) was granted by NWO/ALW.

Do phytoplankton communities show universal temperature dependence?
Joint topic Marine Biology - Theoretical Biology: Verena Brauer, Victor de Jonge &
Franz Weissing

Based on the assumption that all biochemical reactions depend on temperature in an Arr-
henius-like way. It was hypothesized that there is a universal temperature dependence
(UTD) of biological rates at all scales, ranging from individual metabolism to whole-
community growth, to the energy flux through whole-ecosystems. In particular UTD imp-
lies that the thermal properties of communities do not depend on the underlying species
composition. Support for UTD mainly comes from compiled field data that were analy-
sed retrospectively, but so far experimental tests remain rare. An experimental study was
performed on the thermal properties of natural phytoplankton communities under maxi-
mum growth conditions. Algae were cultured in replicate as semi-continuous cultures
under five different temperatures for six days. A preliminary analysis of the results sug-
gests that maximum growth rate and maximum nutrient uptake rates of N, P, and Si are
indeed enhanced with increasing temperature. This seems to happen in a non-linear way,
while the stoichiometric demand seems to remain constant. Replicates at each tempera-
ture showed very similar results for all measured variables, suggesting that at least during
exponential growth, community processes are relatively predictable and strongly influen-
ced by temperature. We are currently evaluating whether or not community-level proces-
ses like the growth rate of total biomass or the energy flux through the community are
independent of the species composition of the community and of its species richness.

Silica biomineralization in diatoms
Han v.d. Strate, Winfried Gieskes, Engel Vrieling

Diatoms are also studied to unravel the formation of their typical (species specific) fea-
ture: the silicified part of the cell wall. Knowledge of the metabolic pathway of silicon
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Overview of academic results

The research programme in Microbial Ecology focuses on questions regarding the adap-
tation of prokaryotes to a variety of environmental niches, and the ways their genomes
allow plasticity to adapt. For most of the time since its assumed origin, life has been
exclusively prokaryotic. The fluctuating conditions in most ecosystems, microbial com-
petition, adaptation to biotic and abiotic factors and the consequent evolution have resul-
ted in the fascinating microbial diversity that is currently found in these habitats. We
now know that microorganisms inhabit almost every thinkable ecological niche on the
Planet. The diversity in the microbial world is daunting by its sheer magnitude, and so
far we understand just a minor fraction of it.
Prokaryotic microorganisms play crucial roles in essentially all biochemical processes
that drive ecosystems, such as the cycling of elements (carbon, nitrogen, sulfur, phos-
phorus, etc.). Without the role of microorganisms, life would certainly not exist the way
we know it. Understanding the ecology of the diverse microbial communities and their
interaction with the environment thus represents one of the major challenges of current
microbial ecology. At present, the studies of microbial diversity and function focus
mainly on organisms at the community level, using for instance the 16S ribosomal RNA
(rRNA) gene sequence as a marker of microbial diversity. Using culture-independent
methods, an inventory is made of the microbial diversity extant in target ecosystems
(soils, aquatic systems), and the putative ecophysiological role of members of that com-
munity is inferred from the data. However, finding similar populations of species in
similar or different environments does not necessarily mean that these are also func-
tionally identical. This is caused by the fact that microbial populations are genetically
much more diverse than can be concluded from the diversity of 16S rRNA genes, which
belong to the core set of bacterial genes. In fact, genetic diversification within microbial
populations is the key step in microbial adaptation and evolution. Several mutational
processes, ranging from horizontal gene transfer through genomic rearrangements to
mutations may yield variants with traits that enhance fitness. The genetic diversity within
a community or population of cells may thus often be missed by 16S rRNA gene-based
culture-independent methods, although we do not fully understand the limits to using
16S rRNA genes to infer community function. This lack of sound information forms a
basis for innovative work that aims to address key questions such as “how well does
community structural diversity reflect functional diversity” and “how does horizontal
gene transfer interfere with the putative relationship between structural and functional
diversity”. 
Hence, questions in respect of how bacteria adapt genomically to the environmental
challenges they encounter, on what occasions they show adaptive responses, how hori-
zontal gene transfer impacts on the adaptation process and at which speed adaptations
occur, represent main topics addressed in the Microbial Ecology research programme.
In terms of ecosystems, the focus is soil and soil-related habitats, as (1) in the light of
the multitude of niches and gradients present in this habitat, there are challenging and
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largely unstudied processes of niche adaptation and niche differentiation to be found in
this habitat, and (2) a number of key and major drivers of microbial activity, including
adaptational activity, such as plants and soil fungi, are available. Several other projects
deal with non-soil systems, such as freshwater, deep-sea and surface marine waters, sal-
terns and Antarctic systems.

Adaptational processes of bacteria in soil and the phytosphere
Like in any habitat, bacteria in soil and related systems can adapt to local conditions in
the niche they occupy via horizontal gene transfer, genomic rearrangements and muta-
tions. The former process allows for ‘quantum leaps’ in bacterial adaptation to the niche.
There is emerging strong evidence for the dominant role that horizontal gene transfer
(HGT) has played in the evolutionary shaping of bacterial communities in environmen-
tal habitats. Moreover, the impact of the putative capture of genetic material by bacteria
from plants is becoming clear. Mobile genetic elements (MGEs) influence the behaviour
of bacteria in their natural habitat, especially in the light of their occurrence in structured
communities such as biofilms. Selection within the highly-structured soil/plant environ-
ment is likely to represent a dominant force shaping the genetic make-up of plant-asso-
ciated bacterial communities, as it can act as an apparent accelerator of gene transfer.
However, the current understanding of the triggering and impact of horizontal gene
transfer remains limited by our lack of understanding of the nature of the selective for-
ces that act on bacteria in situ. Therefore, a full understanding of the role of HGT in the
adaptation of host bacteria to their environmental niche is still lacking. 

The ecological role of plasmids with high gene-mobilizing capacity in plant-associated
bacterial communities
In this Ph.D. project, the ecological impact of exogenously-isolated plasmids in bacte-
rial communities that inhabit the phytosphere of crop plants is studied. The project
makes use of the full sequence of a key gene mobilizer plasmid obtained via exogenous
isolation from the wheat rhizosphere, named pIPO2. The plasmid was shown to confer
gene-mobilizing and retromobilizing capacity to its host, and possesses the genetic
machinery for establishment of a type IV secretion system in its host. The project focu-
ses mainly on the abundance and divergence of this type of plasmids in different natur-
al system, with high emphasis on its type IV secretion system (T4SS). Furthermore,
research encompasses the search of the host of pIPO2 and its relatives in natural sys-
tems. Lastly, the role of an operon consisting of 8 small genes is investigated. 
In an attempt to determine the natural host, three primer sets were developed on key
regions of pIPO2 (targeting the type IV secretion system genes virB10 and virB4, and a
gene involved in replication: repA). So far, approximately 20 groups of different strains
were identified as putative carriers of pIPO2-like plasmids. Plasmid isolation revealed
the physical presence of plasmids of at least 30kb in all strains. 16S rRNA gene analysis
showed all strains belonged to the group of Proteobacteria. So far, none of these strains
show mobilizing capacity, a key characteristic of pIPO2. Further research is needed to
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Metagenomics - the quest for bacterial antibiotic biosynthetic operons from soil
Under the EU Metacontrol project, the Microbial Ecology group is involved in a meta-
genomics approach to the mining of the antibiotic biosynthetic machinery of soil bacte-
rial communities, and to assess the role of antibiosis in soil microbial communities. We
attempt to place the prevalence and diversity of such biosynthetic operons in the context
of the extant soil bacterial diversities. The search for interesting biosynthetic operons is
conducted in collaboration with several European partners. Evidence was obtained for
the presence in soil of sequences presumably belonging to novel polyketide biosynthe-
sis operons. We are currently investigating the role and evolution of such operons as
molecular ticks in soil microbial communities, as outlined in the following section.

Are bacterial antibiotic biosynthesis genes in soil part of the horizontal gene pool? 
Bacterial genes can be transferred by mobile genetic elements, such as plasmids. Even
thought it is hard to prove horizontal gene transfer unambiguously, genomic analysis has
shown that the transfer of genes occurs too often to be dismissed, even in natural soils.
During this project the mobility of antibiotic biosynthesis genes in soil has been studied. 
In the first part of this work, polyketide production loci were addressed. Polyketides are
structurally highly diverse bioactive compounds from actinomycetes, with anti-micro-
bial function. Different systems exist, typified by the KS (ketosynthase) components,
i.e. KS-I and KS-II. For the KS-II system, there exist strong indications of horizontal
transfer of genes between different Streptomyces isolates. Within our group, there were
also indications for a heterogramic transfer of a KS-II gene in soil bacteria from the
Gram-positive Streptomyces sp. to Gram-negatives such as Serratia sp. However, the
experiments performed in 2005 to address this putative heterogramic HGT could not
confirm the initial observation. More detailed studies of the selected isolates showed
that none of the Gram-negative isolates contained the selected KS-II gene. Hence, this
part of the project was not continued.
In a second part of this project, the mobility of pyrrolnitrin biosynthesis loci was addres-
sed. Pyrrolnitrin is a chlorinated phenylpyrrole antibiotic that has activity against sever-
al fungi as well as Gram-positive isolates. It is produced by a range of Gram-negative
isolates. A gene involved in the final formation of pyrrolnitrin from tryptophan, prnD,
was selected as a marker to study if the pyrrolnitrin biosynthetic gene cluster is mobile.
Initially, a screening was made for plasmids containing this gene, as a direct and
straightforward attempt to reveal mobility. The data so far could not confirm the linka-
ge of prnD to such mobile elements. In a second attempt to elucidate the issue, exoge-
nous isolation of pyrrolnitrin production is attempted, as this provides a more direct
approach to the question. This approach should show the degree of mobility of the gene
cluster. At the same time a screening has started for pyrrolnitrin biosynthetic loci in a
range of bacteria from culture collections and from soil. The screening of the genomic
localization of the pyrrolnitrin biosynthetic loci in these isolates will elucidate the diver-
sity of this operons, as well as the involvement of HGT processes in its spread.
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were able to migrate. These results suggest that bacterial migration via fungal hyphae
depends on TTSS. We postulate that TTSS plays an important role in the interaction of
bacteria with fungal hosts.

Adaptational processes that allow Ralstonia solanacearum to survive under temperate
climate conditions. 
The Gram-negative bacterium Ralstonia solanacearum is a plant pathogen that causes
bacterial wilt of a variety of plants and is responsible for great economic losses in tro-
pical and subtropical areas. The bacterium is highly diverse in host range, biochemical
properties and virulence. In the nineties, potato brown rot, caused by race3/biovar 2, was
increasingly observed in temperate climate zones. Despite efforts to prevent re-intro-
duction and spread, R. solanacearum was still detectable in the Netherlands in 2004. The
presence of the bacterium in surface water and the colonization of S. dulcamara (bitter-
sweet), a weed that grows along west European waterways, plays an important role in
survival and persistence in temperate climates.
It appears that the bacterium survives quite well in our local conditions and has in-
creased fitness in temperate climates. Nevertheless, these evolving strains have not been
characterized so far. In 2004 and 2005, R. solanacearum strains were isolated from canal
sediment, bittersweet and surface water in a region where infected potato fields were
reported in 1995. These strains were compared with other (sub)tropical biovar 2 strains
using different molecular techniques such as fingerprinting, pulsed field gel electropho-
resis and screening for IS elements. A genetically divergent group of strains was identi-
fied. These strains will be used to study (differences) in survival at low temperature 
In addition to using specific molecular techniques, the genomes of two strains (tropical
vs Dutch) were compared using suppressive subtractive hybridization. A deletion of ~
16Kb was detected in the Dutch strain and this region will be characterized further
(which genes are absent, excision mechanism). This strain will also be included in sur-
vival experiments at low temperature 

Microbial maturation of novel substrates
In this Ph.D. project, we aim to assess how micro-organisms are able to colonize ther-
mally-treated grass fibers. The project is executed in collaboration with Plant Research
International, Wageningen. What microbial players and what mechanisms play a role
and what is the outcome? Can microbiological stability, i.e. the medium- to long-term
persistence of a community of stable composition, be achieved? Can phytotoxic com-
pounds be removed by the microbial colonizers of the substrate? So far, the work has
focused on three major issues: the microbial colonisation of grass substrate, phytotoxi-
city diminishment in the grass fibers and a quest for the microbes which break down the
phytotoxins.
PCR-DGGE bacterial fingerprintings demonstrated diverse bacterial communities de-
veloped in both grass fiber and grass extract. Community differences were found accor-
ding to the inoculum and the nitrogen source used. Some populations were present
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during the total incubation period (7, 14, 21 and 28 days). Therefore, a stable commu-
nity might have established on the grass substrate.
Evidence was found for the contention that bacteria from different phylogenetic groups
(alfa-proteobacteria, gamma-proteobacteria, sphingobacteria) could colonise the grass
fibers. Increases in the populations of bacterial spores, oligotrophic bacteria, filamen-
tous actinomycetes and fungi were found upon inoculation of grass with a strongly dilu-
ted cell extract from soil. 
Lettuce seed germination was strongly inhibited by extract from thermally-treated grass,
which indicates that grass contains undesirable phytotoxic compounds. A ‘fireside’ soil
microbial community was found to be a reliable source for isolation of strains in a com-
parison with two other soil communities (Wildekamp and forest soils) used as initial
inocula for grass colonisation. After three subsequent enrichments, 44 strains were iso-
lated. These were tested for their ability to diminish the phytotoxicity in the grass sub-
strate. Five strains revealed enhanced seed germination.

Microbial diversity, bio-exploration and suppression of invasiveness
Molecular techniques have been used to characterize the prokaryotic communities of a
wide range of natural environments. Paradoxically, little is known about the microbial
communities in human-related environments such as urban sediments. The Microbial
Ecology group is investigating the community structure of urban sediments as part of
two projects: the EU-funded Metacontrol and a NATO “Security through science” col-
laboration with the University of Guelph, Sofia University and the Institute of Soil
Biology in the Czech Republic. 
A fosmid clone library has been constructed from environmental DNA extracted from
an urban sediment sample. The clones are being screened for a range of genetic systems
of biotechnological and/or medical relevance. The bacterial and actinomycete commu-
nities of diverse urban sediments (Brussels, Groningen, Paris, Worthing (United
Kingdom) and Ceske Budejovice - Czech Republic) have been compared with those of
soils from tropical, temperate and subarctic climates as well as soil animals. Urban sedi-
ments have a more diverse actinomycete community and show more β diversity than
soils. Soils are relatively enriched in verrucomicrobia and a novel, as yet uncultivated
actinomycete group. Climate, parent material and vegetation had little effect on the
microbial community when compared to urbanization. Type I polyketide specific primers
are also being used to compare these samples. 
The suppressiveness of soils and urban sediments to invasive bacterial species is also
being compared both in their natural state and after biocidal treatments that may reduce
their microbial diversity. This is being done through microcosm experiments in which
E. coli is introduced to soil that has been fumigated with several levels of chloroform.
Chloroform fumigation was shown to reduce soil suppressiveness of invasion, and it
changed eubacterial community structure.
Future work will focus on the putative relationship between microbial diversity and sup-
pression of invasive species, as well as the potential of urban sediments as sources of
novel bioactive compounds. 

CEES Progress Report 2005

156

˘

          



Biological hydrogen production (EET-BWPII)
There are limited reserves of fossil fuels on Earth and the combustion of fuels leads to
serious problems such as global climate changes. It is widely acknowledged that hydro-
gen is an attractive clean energy source, which can be produced from biomass, as a pro-
duct of biosynthesis. Energy crops or organic waste streams are thereby replacing the
conventional fossil fuels. Biomass conversion can be realized by photosynthetic bacte-
ria using sugars from lignocellulosic materials. The overall Biohydrogen project (EET-
BWPII), in which the RUG participates, is a multi-step process, aiming at the complete
conversion of biomass, energy crops or organic waste streams, into hydrogen and car-
bon dioxide. In short, it comprises three process units: (1) Biomass pretreatment; (2)
dark fermentation; (3) photoheterotrophic fermentation. 
The RUG is involved in the third process. Photosynthetic purple non-sulfur (PNS) bac-
teria are able to convert short-chain organic acids to hydrogen and carbon dioxide. PNS
bacteria utilize sunlight to ‘push’ this reaction. Light energy is absorbed by their photo-
systems and used to liberate reducing equivalents from the organic acids and water.
Supplied with reducing equivalents, the nitrogenase enzyme-complex is able to reduce
protons to hydrogen. Although the main function of the nitrogenase enzyme-complex is
to fix nitrogen during nitrogen-limitation, as a byfunction it can also catalyze the for-
mation of hydrogen from protons, even in the absence of nitrogen. This process has been
studied for many years. However, acetate was only rarely used as a potential substrate.
Theoretically, 4 moles of hydrogen can be produced from 1 mole of acetate, but part of
the acetate consumed will also be used for biomass production. The objective of the
RUG is to characterize the metabolism of acetate, especially from various
Rhodopseudomonas strains, as well as Rhodobacter capsulatus.
First of all, R. capsulatus proved to be a more ideal organism for the application in a
photo bioreactor, since R. palustris showed increased biofilm-formation (on the inner
glass wall of the chemostat) upon nitrogen limitation. This biofilm formation, most likely
due to extracellular polysaccharide synthesis, resulted in reduced light input (light limi-
tation) and thereby caused a decrease in the efficiency of H2 production. Therefore, a
model was proposed for the efficiency of H2 production, using R. capsulatus as selected
model-organism in long term studies in chemostats at H2-producing conditions, varying
acetate as well as NH4

+ input.
When using a fixed acetate input concentration (19 mM), there was a good correlation
between NH4+ input and biomass formation (Table 1). With limiting NH4

+ input con-
centrations (<4 mM) H2 production was clearly induced. However, when using less than
3 mM NH4

+, not all acetate was consumed and thus washed out. It is suggested that the
specific H2-production rate (µmol H2/hr mmol biomass) was limited during these con-
ditions as a result of light limitation. This is supported by the fact that specific H2 pro-
duction decreased with increasing biomass concentrations (Table 1). Based on these
experiments, it was calculated that 87% of the acetate consumed was converted to H2,
when the fermented was operated with 1 mM NH4

+.
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D. Oesterhelt and F. Pfeiffer (Max Planck Institute for Biochemistry, Martinsried,
Germany) and F. Rodriguez-Valera (Universidad Miguel Hernandez, Alicante, Spain) to
sequence and analyze the genome of H. walsbyi. The genome has now been fully
sequenced and annotated and revealed several unique traits that aid the squares in survi-
ving the extreme hypersaline condition of its natural habitat. Among these are the largest
archaeal protein known to date, a 9159 aa long protein encoding a mucin like extracel-
lular protein termed Halomucin. Other unique proteins not found in any other
(halo)archaea are involved in phosphate metabolism, including a phosphonate uptake
and metabolism cluster, proteins involved in biosynthesis of an extracellular capsule and
so forth. Equally unique is the genome itself. With a GC content of 47% this strain is an
exception amongst haloarchaea that normally have a GC content between 60 and 70%.
In addition the gene-density is rather low, only 75% of the genome encodes for open rea-
ding frames. 25% of the genome is non-coding or consists of fragments of genes (pseu-
dogenes) and remnants of insertion elements. The manuscript describing the genome
sequence has been submitted for publication. The project now also includes close colla-
boration with the lab of Prof. B. Poolman, dept of Biochemistry of the University of
Groningen where the proteomic analysis of H. walsbyi is performed. The strains is
grown under various conditions and proteins specifically expressed under these condi-
tions are analyzed. The multidisciplinary analysis of this unique halophilic archaeon
(ecology, genomics phylogenetics, biochemistry and genetics) provides an excellent
example of integrating various research fields in the microbial ecology of marine eco-
systems.

Microbial ecology of brine lakes in the Mediterranean Deep Sea 
The interdisciplinary research program entitled “BIOtechnologies from the DEEP (BIO-
DEEP)” finished the experimental work in 2004. It consisted of several scientific crui-
ses in which four hyper-saline basins (L’Atalante, Bannock, Discovery and Urania)
located at more than 3000 meters below sea level in the Mediterranean Sea were sam-
pled. Combined analysis of the geochemical composition and 16S rDNA sequences
amplified from DNA retrieved from these basins, revealed that each basin harboured its
own unique microbial community and an equally unique geochemistry. From this, it is
concluded that geochemical conditions drive the evolution of prokaryotic communities
in these basins. 16S rRNA gene sequence analysis showed that high percentages of
sequences belonged to γ-, δ-, and ε-Proteobacteria, sphingobacteria, candidate division
KB1, halobacteria and a completely new archaeal division termed MSBL1. The
Discovery brine is unique since in contrast to the other three NaCl rich brines, it is
almost saturated with MgCl2 (5 M) and represents one of the most saline environment
known on earth. Due to the extremely low water activity, such an environment is expec-
ted to be sterile. Up to now only some haloarchaeal species are among the most MgCl2
tolerant microorganisms, with growth occurring at 1 M MgCl2. Nevertheless, Discovery
basin appears to contain a unique, presently metabolically active microbial community.
The brine contains 1.9 * 104 microbial cells ml-1 and most of the 16S rRNA gene
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sequences are related to phylogenetic groups not found in normal seawater, indicating
that a specific microbial community is present in the Discovery brine. Together with the
detection of metabolic activities for different processes in the brine, these data suggests
that life exists in such an extreme environment. In the final stage of the project, experi-
ments were performed to study the diversity and distribution in functional genes, indi-
cators for important geochemical processes such as methane oxidation, sulphate reduc-
tion and sulphide oxidation. The enormous amount of data generated till 2004 is still
being processed and documented. This work has resulted in two prestigious manuscripts
(describing the microbiology and geochemistry of the four basins providing proof for
life, as well as the chemistry of the habitat) published in Science and Nature. 

Adaptation of bacteria to environmental change over the last 2,000 years - the fossil
record in an Antarctic Firn Core (NAAP project).
Human activity has changed the chemical and physical composition of Earth’s atmos-
phere at an increasing rate over the last two centuries; the accumulation of ‘greenhouse
gases’ has had the most dramatic consequences (melting of the polar icecaps and gla-
ciers worldwide; disruption of ecosystems). The degree of biological adaptation to these
globe-wide environmental changes is unknown, but adaptational responses of ecosystem
components in the past may be revealing in this respect, allowing predictions under future
‘global change’ scenarios. This is the reason why the fossil record receives much atten-
tion nowadays (‘hindcasting’). The Antarctic forms an ideal fossil storeroom where even
microorganisms are trapped, covered by snow and subsequently frozen into the perma-
nent ice-cover. Ice cores still containing viable microorganisms have been dated back as
far as 530,000 years before present. 
In this project, we study how communities of prokaryotes, the key players in most bio-
geochemical cycles, have adapted to fluctuations in the climate over the last 2,000 years.
A 160-meter deep firn core will be used which was drilled at site M (75˚S, 15˚E) in 2001
at the Antarctic polar plateau by a Norwegian/Dutch expedition as part of the European
Project for Ice Coring in Antarctica (EPICA). The age and composition of the entrapped
ancient atmosphere is known. In order to identify the genetic basis of evolutionary adap-
tation to the range of environmental conditions that succeeded one after the other over
the period to be sampled, it is not sufficient to simply analyze microbial communities by
culture-independent methods based on 16S-rDNA sequences. Indeed, random genetic
changes may affect the relative fitness of a population without necessarily affecting the
community composition. Samples will be taken from the cores (under conditions that
prevent contamination with present day microorganism) to initiate cultivation experi-
ments. Since complete sequencing of the genomes of multiple isolates is impossible, the
best way to track down genetic changes is by using a combination of various molecular
fingerprinting techniques (rep-PCR, PFGE). Multi-locus sequence typing will be
applied to look for changes in the nucleotide composition of genes encoding proteins
that are involved in carbon and nitrogen fixation and genes involved in mediating resis-
tance to UV irradiation, that may have changed considerable over time also in the past.
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This project is being performed in collaboration with the institute for atmospheric
research (IMAU) of the University of Utrecht and the Norwegian Polar Institute in
Tromso, Norway. 
So far, the project has been hampered by the inability to cultivate microorganisms from
the firn-ice cores using standard cultivation techniques. Cultivation is intensified by
changing medium composition and using micro-titerplates that allow us to generate an
array of different nutrients, physical parameters (pH, salinity). Molecular tools (16S
ribosomal RNA gene amplification and sequence analysis) are applied to identify the
microorganisms present and enabling us to design specific media. Pending the cultiva-
tion of Antarctic microorganism molecular tools and insight in evolutionary processes
are developed using a spatial gradient of halophilic organisms growing at different
salinities. Similar organisms are also present in Antarctic salt lakes and might be even
better adapted to survive at low temperatures.

Microbial diversity in deep sea mud volcanoes and fluid seeps
This study has resulted in the successful defense of a Ph.D. thesis in June 2005. The text
below summarizes the main findings of the thesis. The mud volcanoes and fluid seeps
discovered along the Eastern Mediterranean Ridge (linked to tectonic activity in this
area) were the subject of study. Two areas (Olimpi Mud Volcano area (OMV) and
Anaximander Mountains area (AM)) were selected for exploration in the Dutch-French
expeditions MEDINAUT and MEDINETH. These studies revealed the occurrence of
cold seeps and brine lakes at several mud volcanoes. Moreover, the presence of com-
munities of higher organisms, including mollusks, tube-worms, urchins, shrimps and
fish, was revealed. A strong dependence of Eastern Mediterranean cold seep communi-
ties on methane was tentatively correlated with the high abundance of macrofauna at
sites of apparent greatest fluid emission. This was supported by lipid biomarker studies
which showed that chemoautotrophy with methane as the main electron donor and car-
bon source supports the microbial communities in deep-sea sediments and carbonate
crusts on mud volcanoes in the Eastern Mediterranean. Knowledge on the microbial
communities in the Eastern Mediterranean Sea was, however, limited. Therefore, we
investigated microbial communities in carbonate crusts, a microbial mat and sediment
samples collected from geographically distant mud volcanoes in the Eastern
Mediterranean deep-sea with 16S rRNA gene sequence based techniques and compared
these with chemical data. 
Bacterial 16S rRNA gene sequences obtained were related to Actinobacteria, Bacilli,
Chloroflexi,α β-, δ-, ε-, γ-Proteobacteria and unclassified novel bacteria, whereas
archaeal sequences were affiliated with Methanosarcinales, Thermoplasmales,
Halobacteriales, novel Crenarchaea and Marine Group I archaea. These bacterial and
archaeal communities were diverse a nd unique at a species level for each of the sites
studied, but similar microbial communities were found in comparable ecosystems and
sediment depth layers at a phylogenetic group level. Linking sequence data to potential
metabolic processes, our data suggests that aerobic heterotrophy and aerobic sulfide and

Microbial Ecology

161

          



methane dependant chemotrophy were predominant in the microbial mat and most of the
mud volcano surface sediments studied. In addition, anaerobic processes such as the
anaerobic oxidation of methane (AOM), sulfate reduction and anaerobic heterotrophy
were predominant in deeper mud volcano sediment layers. The potential for these pro-
cesses was supported by data on pore water chemistry.
Sulfide- and methane-dependent chemotrophy might therefore be important in Eastern
Mediterranean cold seeps. In addition, from the inferences concerning the potential
metabolic processes with a high species diversity and similarity among prokaryotic
communities in the geographically distant sites studied, we hypothesized that our data
support a conservation of function in the sediments of the Eastern Mediterranean mud
volcanoes. 

Marine microbial communities from the Arctic and the Antarctic regions
This project is conducted in collaboration with the department of Marine Biology of the
University of Groningen and the Australian Antarctic Division, Australia

The marine microbial foodweb from the antipodes: the Arctic and Antarctic Oceans, is
mainly driven by phytoplankton, which incorporates organic matter into the marine sys-
tem through the fixation of CO2 into organic carbon. Marine bacteria play a central role
in this system by recycling nutrients and organic carbon. Since many microorganisms
are sensitive to UV-R stress, the level of organic carbon cycling might be seriously
affected under the enhanced UV-R levels as experienced during ozone depletion in these
regions. 
In 2002-2003 a field campaign was conducted at Davis Station (Antarctica) in collabo-
ration with the Australian Antarctic Division in which large incubation tanks were ex-
posed to varying levels of UV irradiation. The data obtained indicated minor shifts in
the number of microalgae (assessed by microscopic analysis and carbon uptake rates
AAD) but no significant changes at the community composition level. 
A master project was conducted in 2005 on cultivated bacterial strains from glycerol
conserved samples from the Davis samples. These strains were used to create a labora-
tory-generated community, which was exposed to artificial UV-R. Out of 4 strains com-
posing the community only one proved to be able to cope with the UV-R stress. Only
this strain proved to contain pigments, which indicates that these pigments may have a
photo-protective role as previously described for phytoplankton, cyanobacteria and
macroalgae, but not yet for heterotrophic bacteria.
In the late spring-early summer of 2005, a new set of experiments was conducted in col-
laboration with the Alfred-Wegener-Institut für Polar- und Meeresforschung
(Bremerhafen, Germany). Field work was done at Koldeway research station (Ny-Åle-
sund, Spitsbergen). In this period, a biogeographic and temporal study was conducted
on the phytoplankton and microbial community of the Kongs- and Krossfjorden (fig.
1a.). The community composition was determined using DGGE analysis and subsequent
sequencing of generated clone libraries. The data indicate that the Kongs and
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Theoretical Biology

Group leader prof.dr. F.J. Weissing

Composition of the group in 2005:
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dr. H. Hildenbrandt EU starflag 1.0 051001-071001
dr. G.S. van Doorn RUG 0.8 041101-061130

PhD students
drs. T.W. Berngruber RUG Ubbo Emmius 1.0 020501-060501
drs. V.S. Brauer RUG 1.0 040801-080801
drs. B.V. Feldmeyer Robert Bosch Stiftung 1.0 040901-080901
drs. M. Hinsch VICI Komdeur 1.0 040901-080901
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drs. H.P. Perez de Vladar RUG TT Pen 1.0 040901-080901
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Secretary
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Guests
dr. G. Kerth University of Lausanne 1.0 050601-060501
dr. Bruno Ens Alterra Texel 1.0 051015-051115
drs. Chris Wiley University of Uppsala 1.0 050901-051201

Introducing the group

Theoretical Biology is a relatively new group that split off from the Evolutionary
Genetics group in 2004. Most of the models developed in our group address research
questions in ecology, evolution, and behavioural biology. We see it as one of our main
tasks to bridge the gap between theoretical and empirical research. The group intends to
contribute to this task in three ways. First, our models are framed in terms of concrete
variables and parameters with a clear biological meaning. In other words, the models are
more mechanistic and less phenomenological than is standard in theoretical research.
Second, we strive to include slightly more complexity in the models than is typical for
the ‘toy models’ that are often used to illustrate conceptual ideas. Overly complex
models do not inspire much insight, while overly simplistic models may be misleading
when applied to particular real-world situations. With models of intermediate com-
plexity, we hope to achieve a good balance between conceptual simplicity and analyti-
cal tractability on the one hand, and realism and testability on the other. Third, the model
predictions are systematically confronted with real-world situations. In close collabora-
tion with colleagues from various biological disciplines, the group tries to test its model
predictions both in the lab and in the field. With the modelling approach indicated
above, we address questions in three interrelated research areas:

Dynamics of ecological interactions. It is a major challenge, both from a fundamental
and from an applied point of view, to obtain a better understanding of the dynamics of
multi-species interactions. Even seemingly ‘simple’ interactions, like competition for
nutrients, tend to be highly complex when more than three or four species are involved.
However, systems that appear chaotic and unpredictable at the micro-level may look
regular and predictable when viewed from a higher-level perspective. It is one of the
goals of the programme to unravel whether, and in what sense, the ‘micro’ view of popu-
lation ecology is consistent with the ‘macro’ view of community ecology. A second,
independent goal is to find out whether, and to what extent, ecological insights are affec-
ted when approached from an evolutionary perspective. Ecologists tend to treat ecolo-
gical parameters as fixed and externally given, even though these parameters are the
result of an evolutionary process. Many parameter combinations considered by ecolo-
gists are not ‘reasonable’ from an evolutionary point of view, since they are not evolu-
tionarily stable. Hence evolutionary arguments can be used to delimit the ‘relevant’ part
of parameter space. By doing this we expect to obtain important new insights into the
nature and dynamics of ecological interactions.

CEES Progress Report 2005

168

          



Evolutionary ecology of sex. As indicated above, ecology has much to gain from evo-
lutionary theory. The converse is also true. The fitness parameters of selection models
are, for example, often derived in an ad hoc way from plausibility considerations. The
resulting model populations grow or decline exponentially and are obviously not ‘eco-
logically stable’. This is problematic, since ecological factors (like density-dependence)
may strongly affect the course and the outcome of evolution. It is therefore one of our
goals to follow an eco-evolutionary approach where evolutionary parameters, like fit-
ness, are derived systematically from mechanistic and ecological considerations. In
parallel, we develop new analytical tools that allow to cope with the increased com-
plexity of the resulting models. This mechanistic approach is applied to a variety of
research questions. Many of these questions are related to the causes and consequences
of sexual reproduction. In close collaboration with empirical biologists, we try to con-
tribute to the solution of questions like: Why are sex determining systems so diverse and
rapidly evolving? What explains the enormous diversity of gamete recognition proteins?
Why are sex ratios often close to unity, while theory predicts extreme sex ratios varying
with local circumstances? How is sexual selection affected by sexual antagonism and
the genetic basis of traits related to mating? Is sexual selection the key to understanding
sympatric speciation?

Self-organization of social systems. In many biological systems, the understanding of
patterns and processes is enhanced by the explicit consideration of different levels of
organization. Seemingly well-understood phenomena at a higher level of organization
can often in a surprising way be re-interpreted as emergent properties from the interac-
tions among units at a lower level. For instance, in a model of groups of individuals that
perform dominance interactions, a difference in a single parameter (intensity of aggres-
sion) affects the social structure in such a way that the society switches from the many
characteristics of a despotic society to that of an egalitarian society. Thus, complex dif-
ferences between societies may be caused by a difference in a single trait at a lower
level, and the evolution of social systems may, correspondingly, reflect the evolution of
a few individual traits. By applying principles of self-organization, we aim at a better
understanding of the emergence and the evolution of complex structures in terms of
lower-level processes. By applying evolutionary principles to these lower-level proces-
ses, those patterns and processes will be singled out that are evolutionarily stable. The
integration of an evolutionary and a self-organization approach is a major challenge and
one of the central goals of the Theoretical Biology research programme.
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Overview of academic results

Several highlights mark the year 2005 for the Theoretical Biology group. The Royal
Dutch Zoological Society awarded Sander van Doorn with the Dutch Zoology Prize
2005 for his thesis on Sexual selection and sympatric speciation. This is remarkable,
since it was for the first time that a theoretical thesis was awarded with this prize. Sander
also obtained one of the two Rubicon-grants awarded by the Dutch Science Organisation
(NWO) to young post-docs in the field of ecology and evolution. Moreover, he was
awarded a prestigious postdoc-fellowship by the Santa Fe Institute for Complex Studies.
Two other special events in 2005 were the inclusion of an article by Ido Pen and Peter
Taylor on worker-queen conflicts in the Research Highlights section of Nature (22
September) and the review of Hanno Hildenbrandt’s real-time simulation model of large
fish swarms (to be found on our website www.rug.nl/biol/theobio) in an article in Science.
The following four contributions give an impression of the work being done in the
Theoretical Biology group. Sander van Doorn presents some highlights of his work on
sexual selection and sympatric speciation. Tim Fawcett reviews some recent work on the
interplay of sexual selection and sex allocation. Ido Pen presents his work on the rapid
evolution of sex determining mechanisms due to genetic conflicts. Last, but not least,
Charlotte Hemelrijk shows that self-organization models can shed a new light on animal
personalities.

Sexual selection and sympatric speciation
Sander van Doorn

In the last couple of years there has been a revival of interest in the process of specia-
tion. In particular, it has become clear that speciation might to a much larger extent be
governed by adaptive (and, hence, predictable) processes than envisaged by classical
speciation theories, where speciation is usually assumed to be initiated by external fac-
tors, such a geographical segregation. Two recent theoretical developments, from diffe-
rent lines of research, have alleviated two longstanding difficulties in the theory of sym-
patric speciation. First, sympatric speciation requires, almost by definition, the evolution
of a specific mating structure enabling reproductive isolation. Classical models had pro-
blems to explain the evolution of assortative mating under general and plausible condi-
tions. A suite of new models demonstrates that these problems can be overcome if sexual
selection is the driving force behind the evolution of reproductive isolation. Second,
reproductive isolation is not sufficient to ensure the sympatric coexistence of daughter
species. These incipient species can only survive if reproductive isolation is associated
with ecological differentiation. Only recently, evolutionary branching theory has provi-
ded a plausible mechanism for the evolution of ecological differentiation in the presen-
ce of disruptive selection. Based on these new insights, a new generation of ‘ecological’
and ‘sexual selection’ models of sympatric speciation has been developed. The two

CEES Progress Report 2005

170

          





aspects of sympatric speciation (Van Doorn & Weissing, 2001; see Fig. 1). Using a com-
bined analytical and individual-based simulation approach, we were able to show that
sympatric speciation is feasible, and that it indeed requires the simultaneous develop-
ment of ecological differentiation (‘ecological branching’) and assortative mating
(‘mating type branching’). Both types of evolutionary branching can be understood as
the outcome of a competition process in which individuals compete for a spectrum of
either ecological resources or mating opportunities. 

Our analysis highlights that an integrated ‘eco-evolutionary’ view is required to arrive
at a really convincing theory of speciation. Keeping this basic insight in mind, we then
specifically focused on the role that sexual selection plays in this context. In fact, several
questions had not yet been answered satisfactorily by our speciation model. Like all
other sexual selection models of sympatric speciation, our model required a high varia-
tion in female preferences to obtain divergence of male mating types. In our model, this
variation was the result of mutation-selection balance, i.e. of a combination of high
mutation rates and weak selection. Other models assumed a dramatic change in the envi-
ronment, exposing previously hidden preferences to selection. These and similar
assumptions are not very satisfactory in that they, again, require external or non-adap-
tive factors to get the process of sympatric speciation started.

To explore the possibility of a truly ‘adaptive’ road towards sympatric speciation, we
investigated a model where the variation in female preferences could be caused by
diversifying selection, rather than by mutation or by external events (Van Doorn,
Dieckmann & Weissing, 2004). By means of a general argument, verified by individual-
based computer simulations, we could show that selection on female preferences has to
be frequency dependent in order to get divergence of male and female mating types. If
the fitness of females only depends on their own preference, and not on the preferences
of other females, mating type branching cannot occur, and the population will always
end up in a monomorphic state with one type of preference and the corresponding male
mating type (see Fig. 2).

Hence, selection on female preferences has to be disruptive and frequency dependent to
initiate reproductive isolation and speciation. However, disruptive frequency dependent
selection on female preferences is not sufficient to achieve the simultaneous divergence
of female preferences and male mating types. On the contrary, we could show that for a
broad class of models branching of female preferences and branching of male mating
types exclude each other: whenever selection on female preferences is disruptive, selec-
tion on male mating types is stabilizing, and vice versa. From this, one may conclude
that truly adaptive speciation by sexual selection is much less easy to achieve than many
current models seem to suggest.
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(Van Doorn & Weissing, 2004), since the existing models for the evolution of preferen-
ces for multiple ornaments are not very satisfactory. In particular, present models pre-
dict that only one of the ornaments can be an indicator of quality, while the other orna-
ments are ‘arbitrary’, i.e. maintained by Fisherian runaway selection. In contrast to ear-
lier models, we considered the possibility that different ornaments provide information
about different aspects of male quality (e.g. resistance to parasites vs. foraging ability).
In other words, the ornaments in our model act as signals for distinct quality compo-
nents. When the ornaments provide overlapping information about these quality com-
ponents, we retrieve the results of earlier models. However, when the ornaments provide
independent information, preferences for multiple ornaments may evolve by a ‘good
genes’ process, even when exhibiting multiple preferences is costly (see Fig. 4). This is
good news for behavioural ecologists, who in view of empirical counter-evidence tend
to distrust the earlier theoretical results. We will take our new insights as a starting point
for a re-evaluation of the role of sexual selection on quality indicators in the process of
speciation.

In the course of our work on multiple ornaments we made another observation that is
potentially of great importance for the whole theory of sexual selection. Several general
results of the theory rely on the assumption that female preference and male ornament
expression eventually converge to a stable equilibrium. Examples of such results are the
conclusion that no stable preference can evolve for ornaments that are purely epistatic
indicators, or the conclusion that females should disregard all ornaments except the one
that provides the most reliable information about genetic quality. We showed that the
assumption of equilibrium dynamics is problematic and we characterized conditions
under which female preference and male condition-dependent signaling continue to
evolve without ever attaining stable equilibrium levels. Such limit cycles had been
described before in the context of Fisherian runaway selection, but now we demonstra-
te that continual evolution can also be driven by the joint action of a ‘good genes’ pro-
cess and a sexual conflict over the information content of signals used in mate choice.
Although the existence of this conflict has long been acknowledged, its consequences
had never been investigated. Our model illustrates that non-equilibrium dynamics may
have major implications, since many of the standard results of sexual selection theory
(including those mentioned above) do no longer apply away from equilibrium. The
model also provides a mechanism for the apparent frequent loss of sexually selected
traits, and it offers an alternative explanation the evolution of preferences for multiple
ornaments. Moreover, the model illustrates the importance of genetic constraints on the
quantitative and qualitative outcome of sexual selection (see Fig. 5). It is intriguing to
see how strongly the new results parallel those in a very different research line, where
we showed earlier (in the context of resource competition) that many seemingly well-
established results in ecology and evolution only hold if the system does indeed settle
on an equilibrium.
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difference in dominance rank is used as a cue to resolve conflicts between two animals
without escalated fights. At the group level, adherence to a dominance convention effi-
ciently reduces the costs associated with conflicts, but from an individual’s point of
view, it is difficult to explain why a low ranking individual should accept its subordinate
status. This is especially true if, as suggested by several authors, dominance not neces-
sarily reflects differences in fighting ability but rather results from arbitrary historical
asymmetries. According to this idea, rank differentiation emerges from winner and loser
effects, in which winners of previous conflicts are more likely to win the current con-
flict, whereas the losers of previous conflicts are less likely to do so.

By means of game theoretical models, we investigated whether and under what condi-
tions dominance, based on winner and loser effects, can indeed be evolutionarily stable.
Even in highly simplified scenarios we found a multitude of alternative evolutionarily
stable strategies (ESS). All these strategies utilize the asymmetries generated by the out-
come of previous conflicts as cues for conflict resolution. One class of these strategies
is based on winner and loser effects, thus generating evolutionarily stable dominance
relations even in the absence of differences in strength or fighting ability. However, in
view of the fact that alternative conventions are also evolutionarily stable, the question
why winner and loser effects seem to occur so often in natural systems is by far not
resolved. Still, our game theoretical results provide an interesting link to the research
line of Hemelrijk, who uses winner and loser effects as a starting point for the explana-
tion of the various features of egalitarian and despotic societies.

Sexual selection and sex-ratio adjustment
Tim Fawcett

How much animals should invest in sons and daughters is a central problem in beha-
vioural ecology. In a stimulating paper published in 1973, Bob Trivers and Dan Willard
suggested that parents might bias offspring sex ratios in relation to certain environmen-
tal factors, if those factors influence the fitness of sons and daughters differently. Their
hypothesis has found strong support in studies of social insects, but tests on vertebrate
animals have yielded mixed results.
One influential idea is that females mated to attractive partners should overproduce
sons, since these sons will inherit their father's attractiveness and so enjoy high mating
success. This has been investigated mainly in birds, where males typically have elabo-
rate courtship displays and females, with two different sex chromosomes, potentially
have some control over offspring sex. But while some studies have reported a link
between male attractiveness and brood sex ratios, others have found no such relation-
ship or that the pattern changes from year to year.
Despite the great interest in this topic, very little theory exists to underpin the experi-
mental work. A model by Ido Pen and Franjo Weissing (2000) provided the first insights
into whether offspring sex ratios should be related to male attractiveness. They predicted
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The weak selection pressures may help explain the rather inconsistent patterns of sex-
ratio bias found in studies on birds.
As well as providing a firm theoretical basis for predictions on sex-ratio adjustment in
relation to male attractiveness, our simulations reveal some unexpected consequences
for sexual selection. By overproducing daughters, females with unattractive partners are
able to mitigate the disadvantage of low ornamentation. This reduces the fitness diffe-
rence between females with attractive and unattractive partners and thereby weakens
sexual selection on male ornamentation. Thus, conditional sex allocation undermines
the very process that selected for it in the first place.
Our simulation approach allows us to address biologically complex problems that are
beyond the reach of standard analytical techniques. We are currently extending our
investigations by considering how different patterns of inheritance affect adaptive sex
allocation. Recent evidence suggests that, in some species, the genes coding for conspi-
cuous male ornaments and female preferences are inherited on the sex chromosomes,
which is likely influence how these traits spread and perhaps how they coevolve with
sex-allocation strategies.

When boys want to be girls
Ido Pen

Genetic conflicts are thought to be of major importance for the evolution of sex deter-
mining mechanisms. In particular, it has been postulated that co-evolution of parental
genes and offspring genes, fueled by sex ratio conflict, might underlie the apparently
rapid evolution of sex determining mechanisms and transitions between them.
Trivers was the first to point out the theoretical possibility of parent-offspring conflict
over sex allocation. If one sex is more costly to rear than the other, then parental genes
will be selected to ultimately achieve equal parental investment in sons and daughters
(Fisher 1930). In this equilibrium, an excess of the ‘cheap’ sex will be produced, and as
a result, members of the ‘expensive’ minority sex will enjoy a higher average reproduc-
tive success than their cheap counterparts. In other words, some offspring get lucky and
others do not, but for the parents the loss of one offspring is exactly compensated by the
gain of other offspring who are equally related to the parents. However, an offspring is
more closely related to itself than to its siblings and parents. Hence an offspring would
prefer to have a greater share of the benefits and shift the costs to others. Genes acting
in offspring will therefore be selected to increase the odds of residing in the minority
sex, even if doing so hurts the inclusive fitness of their siblings and parents. As Trivers
(1974) showed with a subtle inclusive fitness argument, the ‘optimal’ sex ratio under
offspring control is still biased towards the cheaper sex, but less so than under parental
control.
Cost differences between sons and daughters are not the only ultimate cause of biased sex
ratios. Hamilton showed that in geographically structured populations, biased sex ratios
can be a way to reduce competition between related individuals. Local competition
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Understanding animal personality styles with the help of complexity science
Charlotte Hemelrijk

Animals, such as pigs, birds, fish, rodents, and humans are known to differ in their per-
sonality (also known as coping style, behavioural syndrome, or temperament), which
means that they differ in a set of traits. For instance, individuals that are aggressive
towards other group members and approach a predator more easily and explore the envi-
ronment more quickly, are classified as ‘bold’ or ‘fast-attackers’, whereas those that score
low on these traits are labelled as ‘cautious’ or ‘slow-attackers’. Personality differences
are usually explained by genetic or physiological constraints or as a set of co-evolved
traits. Here, we follow the view of complexity science, whereby we investigate whether
we can get simpler explanations involving fewer genetic and cognitive assumptions. For
this, we look for explanations based on phenotypic plasticity and environmental effects.
We will illustrate this with three examples in which we start a simulation with individu-
als that are genetically identical (or differ in a single trait, e.g. boldness to conspecifics)
(Hemelrijk & Wantia, 2005).
First, in wild-caught sticklebacks bold and cautious personalities, measured in the form
of a correlation between an individual’s aggression and its risk-proneness towards a pre-
dator, have been found in one environment but not in another. Bell and coworkers sug-
gest that the environments differ in predator pressure and that predation selects for per-
sonalities arranged as genetically correlated traits. As a simpler alternative, we show
with a model that such personalities may arise without any genetic correlation from the
interaction with the environment among genetically identical individuals. The model,
called DomWorld, explicitly represents space. We equip initially identical individuals
with two rules only, namely to group and to compete. The outcomes of fights are self-
reinforcing, i.e. after losing an individual is likely to lose again, and after winning it has
a larger chance to win again. Such self-reinforcing effects of victory and defeat are
found in many species and they imply that after losing an individual loses again and
after winning it has a greater chance to win again. Due to competitive interactions and
grouping, a spatial social structure emerges with the dominants in the centre and the sub-
ordinates at the periphery. These losers end up at the periphery, leaving the dominants
in the centre. As a conesquence of this rank-assorted spatial configuration (Fig. 11), indi-
viduals of different dominance get different experiences. The lower-ranking individuals
are less often involved in aggression, for two reasons: because attacking conspecifics
involves more risks for them and because they are at the periphery of the group and thus
meet others less often than dominants in the centre. Besides, due to their peripheral loca-
tion low ranking individuals run more often the risk of meeting predators. From empi-
rical studies it appears that individuals improve predator avoidance after experience with
them. Thus, low-ranking peripheral individuals will become more careful towards pre-
dators while high-ranking, naive dominants (in the centre) remain risk-prone.
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without the extra trait of a difference in speed of recovery. If we assume that the num-
ber of territories is limited, only the higher ranking birds (say the top half) will obtain
them. If indeed the bold ones are occupying the extreme dominance positions in the pop-
ulation and the cautious ones rank in the middle, then among the territory owners (i.e.
the top half), the bold individuals will automatically rank above cautious ones, whereas
among those without a territory (i.e. the bottom half) they rank below them. 
Summing up, competition and spatial social structure may via their mutual reinforce-
ment lead automatically to correlated differences in aggression and predator approach.
The different attack strategies automatically generate different distributions of individu-
als of different dominance, whereby those that attack obligatorily occupy the more
extreme positions. If territories are limited the relative dominance of individuals of both
types reverses depending on whether individuals own a territory or not.
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