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CEES Progress Report 2007

The documentary was based on an award winning-script by Helmie Stil to portray a
Prins Bernhard Cultuurfonds award winner. Theunis won the Nature Conservation
award in 2004.

Dissertations granted by the institution in 2007

A.C. Baudoux The role of viruses in marine phytoplankton mortality

M.L. Berg Sexual selection and reproductive strategies in songbirds:
Territoriality, mate attraction, parentage and parental care 

L. Brouwer Cooperative breeding and density regulation in small island 
populations of the Seychelles warbler
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Highlights

J.F.M.F. Cardoso Growth and reproduction in bivalves, an energetic approach

R. Geerts Insecticide resistance in Drosophila melanogaster. Genetic basis,
fitness costs, and compensatory evolution

D. Joubert Fluctuating asymmetry as a monitor for genetic and environ -
mental stress in Drosophila fundamental and applied aspects

R.K.H. Kats Common Eiders Somateria mollissima in the Netherlands: the
rise and fall of breeding and wintering populations in relation 
to stocks of shellfish

D. den Os Leaf expansion - Integration of acclimative responses to light
and abscisic acid

A. Peire Morais The role of male courtship behaviour in prezygotic isolation in
Nasonia. Do wasps finish what bacteria started? 

J. Reneerkens Functional aspects of seasonal variation in preen wax compo -
sition of sandpipers (Scolopacidae) 

I.Y.M. Tulp The arctic pulse. Timing of breeding in long-distance migrant
shorebirds

H.M.C. Verhagen Changing land use: restoration perspectives of low production 
communities on agricultural fields after top soil removal

J. Wantia Dominance relationships in an individual-based model and in
real primates

B.K. van Weesenbeeck
Thresholds and shifts: Consequences of habitat modification in
salt-marsh pioneer zones

CEES PhD Students in 2007

Y. Afeworki WOTRO - Marine Biology (Ocean Ecosystems)
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
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M. te Beest NWO-/Pionier-Community and Conservation Ecology
The invasion of Chromolaena odorata in South African savannas

N. Bhola RUG Bursary - Community and Conservation Ecology
Characterization of the scale of spatial heterogeneity in savanna
systems as novel approach to improving conservation planning

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

B.M. Bontes Ocean Ecosystems
Southern Ocean primary productivity in a high CO2 world

V.S. Brauer RUG Bursary - Theoretical Biology/Marine Biology (Ocean
Ecosystems)
The effect of temperature on diversity, abundance and dynamics
of phytoplankton: towards a synthesis of matter and energy-
based approaches

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

V. Cordlandwehr NWO-ALW/Community and Conservation Ecology
Plant functional traits and assembly of plant metacommunities 
in fragmented landscapes

J. van de Crommenacker
NWO-WOTRO-Animal Ecology
Stress and fitness in small bottlenecked populations of the tropi-
cal Seychelles warbler (Acrocephalus sechellensis)

A.L.F. Duarte RUG Bursary -Theoretical Biology
Division of labor in insect societies - integrating self-organiza-
tion and evolutionary theory

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

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

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

H. Flores NWO - ALW (NAAP)- Marine Biology (MarBEE)/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

C. Fritz RUG Bursary - Ecophysiology of Plants
Limits of Sphagnum bog growth: how can cushion plants out-
compete Sphagnum species in Tierra del Fuego, Argentina

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

C.X. Garzon López Ubbo Emmius Bursary/Community and Conservation Ecology
Determinants and consequences of the spatial arrangement of
trees in the tropical rainforest of Barro Colorado, Panama

M. van der Geest WOTRO-NIOZ/Animal Ecology
NIOZ Fragile biodiversity linkages: production and consumption in a

nutrient-poor seagrass-dominated intertidal ecosystem

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

B. Grillenberger Evolutionary Genetics
Population genetics and biogeography of Nasonia

P.R. Hardoim Microbial Ecology
Metagenomics of food crop endophytes
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A. Hegemann Animal Ecology
Adaptations to a changing environment: in search of bottlenecks
in the annual cycle of Skylarks

S.M.A.C. van Heuven
EU Carbo Ocean – Ocean Ecosystems
Meridional carbon transport in the North Atlantic Ocean

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

E.F. Hoogwout Microbial Ecology
Microbial diversity in potato

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

N.P.C. Horrocks ALW VENI/FWN-Animal Ecology
The role of seasonal dynamics in risk of disease and resource
availability in life history evolution of larks in different environ-
ments

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

tors

H.J.T. Hoving Ocean Ecosystems
Life strategies of oceanic squid

Ö. Inceoglü Microbial Ecology
Development of molecular method to assess microbial diversity
in potato

A.B.F. Ivens RUG Bursary - Theoretical Biology
Evolutionary ecology of the mutualism between yellow meadow
ants and root aphids

P.J. Janknegt Ocean Ecosystems
Oxidative stress in marine Antarctic phytoplankton resulting
from exposure to solar ultraviolet radiation
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Highlights

J. Jansen NIOO-CEME – Marine Benthic Ecology and Evolution
Exploring ecotypic variation in European shellfish populations

E.M. Kanga UE-Bursary/Community and Conservation Ecology 
The consequences of land use change for biodiversity in Africa

R. Kentie RUG Bursary - Animal Ecology
Metapopulatiestructuur van grutto's in het veranderende
Nederlandse landschap

E.J. Kleynhans RUG Bursary - Animal Ecology
Physiological plasticity and spatial distribution patterns of larks
in Southern Africa

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

N.S. Klomp NIOO-CEME – Marine Biology (MarBEE)
Food quality in the Wadden Sea

T. Koevoets Evolutionary Genetics
The genetics of postzygotic isolation in the haplodiploid sister
species complex of Nasonia

E. Koomson NWO-WOTRO -  NIOZ - Centre for African Wetlands (University 
NIOZ of Ghana, Accra)

Comparative demographics of tropically and temeparte wintering
Sanderling Calidris alba

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.

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

A.L.W. Kuijper RUG Bursary - Theoretical Biology
Genetic conflict and the evolutionary causes and consequences
of sex determination systems
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S. van der Laan Ocean Ecosystems/Centrum Isotopenonderzoek 
Greenhouse gas and trace gas measurements at Lutjewad, Gronin -
gen. Measuring CO2, CH4, CO, N2O, SF6 and 222Radon to deter-
mine their atmospheric concentrations and source/sink functions

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

P.M.G. Lourenço Portuguese Science Foundation - Animal Ecology
Cross-seasonal interactions in the annual cycle of Black-tailed
Godwits (Limosa limosa limosa)

I. Luykx Ocean Ecosystems/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 

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

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

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.

I.A. Neven Plant Physiology
Southern Ocean primary productivity in a high-CO2 world
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M. Nicolaus Ubbo Emmius Bursary/Animal Ecology
Offspring fitness and density dependent dispersal: an experimen-
tal study in the great tit

U. Nunes da Rocha Microbial Ecology
Metagenomic analysis of Pseudomonas syringae suppressive
soils

J.E. Oosten RUG Bursary - Theoretical Biology
Social context and behavioural syndromes: models and experi-
ments in fish

A. Ordoñez RUG Bursary - Community and Conservation Ecology
Trait diversity: consequences for the sensitivity of ecosystems 
to global change phenomena

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

W. Patberg Ecophysiology of Plants
Contribution of buoyancy cells to the nutrient supply of
Sphagnum species. 

H.P. Perez de Vladar
RUG Bursary -Theoretical Biology
Molecular evolution under population constraints

S. Perez Vila RUG Bursary - Evolutionary Genetics
Ecology and evolution of fly parasitoid communities

A. Purwoko Asian Development Bank/Marine Benthic Ecology and Evolution
Factors determining the benthic fauna of Sembilang Peninsula,
Sumatera, Indonesia

R. Radersma NWO/VICI - Animal Ecology
Influence of sex-specific competition and density on demography
in the great tit

D.A.P. Reid Rosalind Franklin Bursary - Theoretical Biology
Self-organisation of fish schools
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J. Reszka Ubbo Emmius 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

D.I. Rogers Department of Sustainability and Environment, Arthur Rylah
Institute for Environmental Research, Heidelberg, Australia -
Animal Ecology
Habitat selection of two sympatric knot-sandpiper species on 
tropical intertidal mudflats

L. Ross RUG Bursary - Theoretical Biology
Conflict and cooperation over sex allocation in the mealybug
Planococcus citri

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

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

M.J.J. Schrama Community and Conservation Ecology (COCON)
Food web assembly in a dynamic salt marsh

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

E. Schut RUG Bursary - Animal Ecology
MHC based sperm competition in the Seychelles warbler and the
blue tit

M. Shahbaz HEC Bursary Pakistan - NUFFIC - Ecophysiology of Plants
Whole plant regulation of sulfur and nitrogen metabolism in
Brassica as affected by elevated atmospheric CO2

K. Sieben NWO-ALW - Marine Biology (MarBEE)
Marine trophic cascades - effects of fish diversity on coastal production
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M.W. Smith-Kleefsman
Evolutionary Genetics
Determinants of metapopulation dynamics: stochastic processes
versus adaptation

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

R. Trifonova Microbial Ecology
Microbial maturation of novel substrates

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

E.E. van der Vaart NWO Toptalent - Theoretical Biology
Modelling the evolution of theory of mind

O.H. Vedder EC - Animal Ecology
Conflict and cooperation over parental care in blue tits

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

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

E.C. Verhulst Evolutionary Genetics
Genetics of sex determination in the haplodiploid wasp Nasonia

Y. Verkuil Animal Ecology
Population structure in ruffs
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M.A. Versteegh ALW VENI/FWN - Animal Ecology
Solutions to seasonal challenges: the interplay between energe-
tics, corticosteroid response and immune function in avian life
history

S.N. de Visser Ubbo Emmius Bursary  - Community and Conservation Ecology
Biodiversity consequences of human induced alteration of the
trophic structure in tropical savannas

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

M. Wolf RUG Breedtestrategie - Theoretical Biology
The evolution of animal personalities

F. Zaki Mostafa Ali Bursary Egyptian Government - Ecophysiology of Plants
Salt tolerance in maize

A.M. Zipperle Ubbo Emmius Bursary – Marine Biology (MarBEE) 
Inter-relationships between reproductive ecology, genetic structu-
re and fitness in populations of the seagrass Zostera noltii in the
Wadden Sea – North Sea

PhD Projects - theses in preparation

A. Ayrinhac IOP Genomics - Evolutionary Genetics
Evolution of ageing

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

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

H.K. 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
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Highlights

T.J. Compton Ubbo Emmius  Bursary - Marine Benthic Ecology and
Evolution/Animal Ecology/NIOZ
Biodiversity of tellinid bivalves on a tropical mudflat: bird and
fish predation as a driving force

J.C.A. Creuwels GOA-Marine Benthic Ecology and Evolution/Animal 
ALTERRA Ecology/Alterra

Individual quality of Antarctic petrels

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

M. Engelmoer Provinsje Fryslân-Animal Ecology/Mathematical Statistics
Breeding origins of wader populations utilizing the Dutch
Wadden Sea

R. Gesser Ocean Ecosystems
Flatfish flight in a salinity gradient

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

D. Haydar NWO-ALW (PRIORITEIT) – Marine Benthic Ecology and
Evolution
Introduction of exotic species: a process contributing to coastal
marine biodiversity

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

P.P. Hill Microbial Ecology
Microbial diversity and community structure for metagenomics
and suppressiveness studies

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

J. de Jong Animal Ecology
Ecology of the barn-owl
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C. Kraan NIOZ-Animal Ecology
NIOZ Spatial dynamics of macrobenthos in the western Wadden Sea

I. Mateo Leach Ubbo Emmius Bursary - Evolutionary Genetics
Genetics of sexual and parthenogenetic reproduction

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

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

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

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

its impact on meadowbird populations

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

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

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

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

M. Vorenhout WWF/VUA/Community and Conservation Ecology
Estuarine and coastal ecosystems affected by pollutants
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drs. M. Nicolaus RUG-Ubbo Emmius 1.0 041101-081101
drs. R. Radersma NWO-VICI 1.0 070416-110415
drs. J. Schröder RUG 1.0 040315-080715
drs. E. Schut RUG FWN 1.0 060901-100901
drs. C. Trierweiler St. Werkgr. Gr. Kiekendief 1.0 050601-090601
drs. O.H. Vedder EC-FWN 1.0 061201-101201
drs. Y.I. Verkuil RUG 0.8 040315-090315
drs. M.A. Versteegh NWO-VENI/FWN 1.0 060401-100401

Other PhD students
drs. E. Koomson NIOZ 1.0
drs. P.J. van den Hout NIOZ 0.8 030401-080401
drs. K. Hutchings NWO-VICI/U East Anglia 1.0 041101-071101
drs. M. van der Geest WOTRO-NIOZ 1.0 061001-101001
drs. C. Kraan NIOZ 0.8 030401-080401

Technical and Administrative Staff
secretary
S.C. Bakker-Geluk RUG 0.5 -070801
J.G. Rietveld RUG 0.5 070901-
technical assistant
J.C.E.W. Hooijmeijer RUG 1.0
R. Ubels RUG 0.8
M. van der Velde NWO VICI 0.8 040401-100401
IT assistant
ing. G.J. van den Burg RUG 0.2
field assistant
R. Bijlsma RUG 0.45 070101-111231

Guests/Detachment
drs. T. Compton NIOZ-RUG UE 1.0 020415-060415
drs. R. van Dijk University of Bath, UK
prof.dr. R.H. Drent Groningen,NL
drs. G. Eichhorn Fischer Stiftung (D) 1.0 020301-040301

RUG-Ubbo Emmius 1.0 040301-060501
dr. P. de Goeij Groningen,NL
drs. N. Groen Groningen,NL 1.0 051019-090101
dr. J.B. Hulscher Groningen,NL
drs. S. Jaquier Univ. Münster, D 1.0 060301-070301
dr T.M. Jones Univ. Melbourne, Australia 1.0 060301-080301
drs. J. de Jong Groningen,NL 1.0 041101-071201
drs. R. Kentie UvA,NL 1.0 061001-070201
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Introduction

The Animal Ecology Group is concerned with evolutionary, individual-based, explana-
tions for the distribution and abundance patterns of animals as we encounter them in
what is left of nature, and in the man-made landscapes that now dominate our planet.
The search for factors moulding these distributions and abundances requires an appre-
ciation of the selection pressures leading to adaptation and ‘design’ in individual animals
under the pervasive influence of environmental factors. This leads to studies of life his-
tory evolution (including the historical constraints limiting possible evolutionarily sta-
ble solutions), and we try to reach an understanding by empirically emphasizing three
‘trades’ within the ecological sciences: (1) physiological ecology, (2) behavioural eco-
logy and (3) population biology. 

(1) Physiological ecological approaches help us delineate the mechanistic constraints
limiting the option sets for different individuals and species. (2) Behavioral ecology puts
individual animals squarely in environmental and social contexts, and examines the fit-
ness consequences of alternative behavioural strategies. When possible, an experimen-
tal approach is chosen to determine the causality of relationships between behavioural
variation and fitness, findings that we then try incorporate in our thinking about the pop-
ulation ecology of the animals under study. (3) Population biology, including demo-
graphic approaches, enable us to ascertain the consequences at the population level of
environmental constraints on individual animals.

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 relations-
hips between competing and cooperating individuals in a population and to decipher the
long-term demographic and genetic histories of populations with a suite of consequen-
ces for today’s functioning. 
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dr. L.C.G. Mendes Coimbra University, Portugal 0.2 061024-091024
drs. L. Meszaros University Szeged, Hungary 1.0 060915-061115
drs. M. Roodbergen NWO ALW 1.0 020101-051101

0.8 051101-061106
dr. P. Wiersma Groningen,NL
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Overview of academic results

Sex differences in fitness and the social environment
Joost Tinbergen, Stephanie Michler, Marion Nicolaus, Richard Ubels, Marco van der
Velde, Jan Komdeur & Christiaan Both

The social environment of an organism like a bird is a key component in understanding
variation in individual fitness, and thus phenotypic selection. Competition between indi-
vidual members of a population must affect their fitness at some point. When and where
this competition takes place is of prime importance to understand population dynamics
and the process of natural selection. In our work we are especially interested to detect
whether frequency dependent effects are important to explain individual fitness varia-
tion. In other words: does individual fitness depend on population composition? Is the
sex ratio in the population important to explain fitness of the individual sexes? 

Natural variation in sex ratio and density may co-vary with variation in the environment
and therefore we used an experimental approach. We altered the local sex ratios and den-
sities (social environment) of nestling great tits in a meta-population in the Lauwersmeer
area to test whether and how competition affects the offspring sexes and parents. The
population was composed of twelve plots. Each plot carried around 20 breeding pairs of
great tits. Sex ratio and density manipulation was achieved by manipulating brood sizes
and sex ratio’s in the nest when the young were 6 days old. Thus the plot density of the
parents was ‘natural’ and the density and sex ratio of the offspring was manipulated
around the ‘natural’ value. On plot level, offspring sex ratio manipulations were strong
compared to the natural variation (fraction males respectively 0.25, 0.5 and 0.75), while
the offspring density manipulations were less strong (number of young per plot changed
by 10-20%). Between years we allocated the treatments to different plots to be able to con-
trol for plot effects. In this report we emphasise the results of the sex ratio manipulation.

We expected the highest competition in high density and male biased plots. We expec-
ted males to out compete females and in the case of sex-specific competition we expec-
ted females to do better in male biased plots and males in female biased plots.
Alternative expectations are possible, especially if not competition but social enhance-
ment is more important for survival and settlement, or if public information (like local
bird density as a queue for plot quality) plays a role in settlement decisions. We will dis-
cuss our preliminary analyses of the effects of the plot manipulations on the local off -
spring survival, the probability of leaving a plot, and the probability of settling (Fig. 1).
Finally we will discuss the effects on the number of breeding birds in the next year.

Local offspring survival till breeding. — Local survival of the offspring differed be -
tween years but not between the sexes (2005: 0.069, SD 0.254, n=1702, 2006: 0.135, SD
0.342, n=1357). In a hierarchical analysis (to control for pseudoreplication) we found,
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as expected on the basis of earlier work, a negative relation between survival and mani-
pulated brood size. Young of larger broods grew less well (see also CEES Report 2006)
and subsequently survived less well. Also natural density of breeding pairs affected sur-
vival negatively. However, we did not detect an effect of our experiments on the plot
level (plot density and plot sex ratio as factors and controlling for the above mentioned
effects). Plot sex ratio did not affect offspring survival. There were no detectable diffe-
rences between male and female survival, and also the survival of each of the sexes did
not depend on the sex ratio bias of the plot (interaction sex*plot sex ratio). This result
contrasts with our earlier finding on the basis of the observations that in 2005 the
offspring originating from female biased plots in autumn survived better locally (CEES
Report 2006) but worse in 2006. This was not due to different survival patterns between
years in our analysis (three way interaction sex*plot sex ratio*year NS in current ana-
lysis also non significant). 

Dispersal: The probability to leave a plot. — For the locally surviving offspring (n=301)
we can analyse the probability that an individual left a plot in relation to the plot treat-
ment. In great tits females tend to disperse more than males. If competition plays a role
we would expect relatively more birds to disperse from high density plots. If males out-
compete females (inter-sexual competition) we would expect stronger competition
effects on females in male biased plots. If sex specific competition (intra-sexual com-
petition) plays a role we would expect males to be more likely to leave male biased
plots, while females would be more likely to leave female biased plots. Alternatively
female biased plots may be more attractive for males and male biased plots more for
females. Or equal sex ratio plots may be more attractive for both sexes. The latter is con-
sistent with the pattern we found. The probability to leave a plot did not depend on plot
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Figure 1. Different aspects studied in the great tit study on sex differences in fitness in the
Lauwersmeer area.
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density, but was lowest for the plots with equal sex ratio (Fig. 2). Females were indeed
more likely to leave the plot, but the effect of plot sex ratio manipulation was similar for
the two sexes, thus no indication for sex specific competition effects. Skewed sex ratio
plots seem to be less attractive for both sexes, a very interesting effect that may promo-
te equal sex ratios in heterogeneous environments.
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Figure 2. The probability that a juvenile will leave the plot of birth to settle in a different plot
for breeding. More juveniles stay in plots with equal sex ratio (control plots). For explanation
of the expectation see text.

The probability to settle in a plot. — To analyse the probability to settle we have to
include the structure of the meta-population. We expect offspring to have less chance to
settle in a more distant plot because it is further away. As a first approach we included
this distance between plots as a predictor for the settlement probability. This distance is
a property of a pair of plots and we choose to analyse all possible plot pairs for both
sexes and both years (n= 12*12*2*2=576). Also the probability to find a settling bird
originating from a certain plot will depend on the number of offspring that originate
from that plot. We therefore predicted the count of the settlers in a particular plot using
a Poisson-regression with an offset based on the number of offspring after manipulation.
Additional explanatory variables were year and the plot treatments of both the original
and the destination plot. 

A strong pattern with distance emerged. Indeed plots further away had lower numbers
of settlers and this negative distance effect was stronger for males (effect sex, distance
and sex*distance, p<0.001, df 3, Fig. 3). This is consistent with the general pattern that
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females disperse further away than males. On top of this pattern we found an effect of
experimental sex ratio of the plot settled. Female biased plots were less attractive for
both male and female settlers (Fig. 4)!
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Figure 3. The number of settlers on a plot in relation to the distance between plots for males
and females separately. Males stay closer than females.

Figure 4. Female biased plots become unattractive for juveniles (both sexes) to settle in the
next year.
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This is a novel effect. It was unexpected on the basis of a competition argument. We
would expect female biased plots to offer a lot of space for settlers because females are
the dispersing sex and seem to be less good competitors, at least for defendable food
sources food. An alternatively explanation of the pattern is that offspring judged fema-
le biased plots as of lowest “quality”, an explanation that implies the use of public infor-
mation. The analysis of the resighting data of ringed birds collected during the post-fled-
ging phase in 2005 and 2006 will reveal whether the offspring actually were in the posi-
tion to collect this information. In this analysis of the probability to settle the tendency
that offspring stay more in plots with equal sex ratio that we showed above (Fig. 2) was
detectable, but not significant (p=0.10, df 5)

Consequences for the number of breeding birds in the local population. — The number
of breeding birds differed between years and plots. Plot differences in breeding bird den-
sity were consistent (correlations between number of breeders 2005-2006: r = 0.79 and
2006-2007: r=0.75). Therefore we analysed the number of breeding birds in the second
year as a function of the number of breeding birds in the year before and of the plot
manipulations in the year before. In this analysis we find both effects of the plot sex ratio
and the plot density manipulation. Consistent with our findings above is that plots that
were female biased the year before did indeed have lower numbers of breeding birds.
Plots that were manipulated to have lower fledgling density had more breeding birds in
the next year, an effect that we did not detect in the analysis of settling. This may be due
to effects of plot manipulation on adult survival or dispersal that we will not discuss
here. 
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Figure 5. The number of settling juveniles and adults in relation to previous year’s sex ratio
manipulation.
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As a further step to learn more about the effect of plot sex ratio manipulation, we ana-
lysed the effect of plot sex ratio manipulation on the number of breeders for both sexes
and young and adults separately. Age classes, but not sexes, differed in the response to
plot sex ratio manipulation. Female biased plots did, as expected from the settlement
analysis, have less first year settlers. But this pattern was opposite for the adults. Adults
tended to survive better in formerly female biased plots (Fig. 5)! This suggests an alter-
native explanation to the public information hypothesis mentioned above for the pat-
terns of low offspring settlement on former female biased plots found. Perhaps adults
survive better in female biased plots, and out-compete the young settlers. Adult males
tend to be dominant over juvenile males and lower their probability of settling.

Conclusions. — There is no indication for sex specific competition until now. Why is
this so? One possible reason is that early dispersal evened out the sex ratio and density
distortions that we experimentally induced. This restoration of an equal sex ratio may be
caused by an active sex specific dispersal phase just after fledging, or may be just a con-
sequence of the large scale of offspring dispersal counteracting our local experimental
perturbations. We are currently investigating this. 

An alternative explanation for the lack of sex specific effects is related to our method to
detect next year survivors. If our manipulations would affect the probability of getting a
partner, and those birds not getting a partner would stay floaters, which we can not
detect on the basis of recaptures in the breeding season because we only catch breeding
birds. In that case our ring reading observations are crucial. Detailed analysis of the
observations is needed to see whether this explanation may hold. 

How far have we come? We have found limited effects of the sex ratio manipulation on
different fitness components of the individual offspring. Offspring that experienced dif-
ferent treatments did not differ in their survival to the next breeding season, yet they ten-
ded to stay more in their birth plot if sex ratios were around 50 % or, if moving, settled
less on formerly female biased plots. Thus, we can confirm that sex ratio treatment did
affect the distribution of the birds over different habitat patches. 

Laying order can contribute to the superior performance of extra-pair offspring
Michael JL Magrath, Oscar Vedder, Marco van de Velde & Jan Komdeur 

In many socially monogamous birds, individuals commonly participate in extra-pair
copulations (EPC) that result in extra-pair offspring (EPO). Indeed, in some species the
majority of broods often contain offspring sired by a male other than the social partner.
Extra-pair copulations give males the opportunity to sire additional young, but the reas-
ons why females engage in these matings remain poorly understood. Some explanations
suggest that females are seeking direct benefits such as insurance against the infertility
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of their social partner or to reduce the intensity of harassment from other males in the
population. Alternatively, females may seek EPC to improve the genetic quality of their
offspring by mating with extra-pair males that are of higher quality or genetically more
compatible than their social mate.

In support of these potential genetic benefits for offspring, studies have identified a
range of characteristics, including body size, survival, and immune function, for which
EPO were superior to their within-pair half siblings, even though they were raised in the
same nest. However, such performance differences could also arise non-genetically if
EPO tend to be favoured by their position in the laying order. In birds, earlier laid eggs
often hatch before late laid eggs because incubation starts before clutch completion.
This will create a size hierarchy among chicks, usually advantaging the earlier hatching,
larger chicks in terms of subsequent growth and survival prospects. Consequently, in
some cases the reported superiority of EPO could simply reflect their earlier production
in the laying sequence.
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Figure 6. Nestling hatching in the incubator. The separate compartments allow each chick to be
matched to the egg from which it hatched.
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We examined this possibility in a nestbox breeding population of blue tits Cyanistes cae-
ruleus near Groningen in the Netherlands. Blue tits are well suited for such a study
because (i) they lay large clutches – in this study the mean clutch size was about 11.5
eggs (ii) previous studies show that EPO are common in blue tits, occurring in up to 50%
of broods and (iii) clutches often hatch asynchronously over a period of several days,
creating distinct size hierarchies. In this study, eggs were numbered in the order of pro-
duction, and clutches then collected shortly before hatching and placed in incubators
(Fig. 6). As chicks hatched, they were individually marked and returned to their nest
(Fig. 7), then measured on several occasions before they left the nest.
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Figure 7. A group of young blue tits in the nest box. These birds are close to fledging.

Among 126 broods produced over two breeding seasons, microsatellite genotyping in
the laboratory revealed that 12% of chicks were sired by extra-pair males, while 47% of
these broods contained at least one extra-pair chick. In these mixed-paternity broods, we
found that the proportion of EPO declined markedly with laying order. Moreover, EPO
generally hatched earlier, were more likely to survive until fledging, and tended to be
larger at fledging than their within-pair siblings. However, these differences were large-
ly explained by the fact that EPO were generally produced earlier in the laying order. In
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light of these findings, we suggest that growth and survival differences between extra-
pair and within-pair offspring (in either direction) should not be interpreted as reflecting
genetic differences in quality unless information is also available on possible biases in
hatching time.

But why were EPO so over-represented early in the laying order? We suggest a number
of possibilities including (i) females solicit more EPC early in their fertile period to pro-
vide their EPO with the earlier hatching advantages described above (ii) mate guarding
becoming more effective once laying starts, reducing the likelihood of EPO in later eggs
(iii) females may have less time to seek EPC during egg laying because they must spend
more time foraging to acquire sufficient resources for egg production and (iv) females
may avoid engaging in EPC late in their fertile period to minimise the risk of their social
partner reducing parental care in response to a perceived loss of paternity. Most of these
hypotheses are not straightforward to test, but further work is underway on the same
population to investigate some of these possibilities.

Do starlings promote biological control of nest parasites?
Izabela Lesna, Peter Wolfs, Maurice Sabelis & Jan Komdeur

The Hamilton-Zuk hypothesis on sexual selection predicts that females cannot directly
observe parasites on potential mates, yet prefer to mate with males that provide signals
indicating a lower parasite load. Such signals may not only reflect direct resistance
against the parasites, but also any behaviour that promotes the natural enemies of the
parasites. We test the latter hypothesis for the case of parasitic haematophagous mites in
nests of European starlings (Sturnus vulgaris). Bird nests represent miniature ecosys-
tems with various trophic levels present, e.g. detritivores, blood-, skin- and feather-para-
sites, predators and/or scavengers. Promoting the presence and effectiveness of preda-
tors represents an indirect mode of bird resistance against their parasites.

Inventories of the mite fauna in starling nest material showed that there are various spe-
cies of fungivorous mites, largely one species of blood parasite (Dermanyssus gallinae,
Fig. 8) and various species of acarine and insectan predators that potentially feed on
both fungivorous and haemtophagous mites. Feeding tests revealed the predatory life
style of one species (Androlaelaps casalis) that was formerly mis-diagnosed as a blood
parasite. The blood in the gut of this mite appeared not to be obtained directly from
birds, but indirectly by preying upon blood parasites of the birds. This predator occurs
in the nests of many vertebrate species and social insects. Hence, its common name is
the cosmopolitan nest mite. Our inventories of starling nests showed that this predatory
mite is most abundant in nest boxes that had been occupied the year before and that their
densities exhibit a strong negative correlation with the densities of the blood parasite D.
gallinae (Fig. 9). 
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Natal dispersal and inbreeding avoidance in the Seychelles warbler
Cas Eikenaar, Jan Komdeur & David S. Richardson 

Dispersal of individuals from their natal group in order to reproduce is common in most
vertebrate taxa and generally the rate or distance of such natal dispersal is sex-biased.
Inbreeding avoidance has frequently been hypothesized to have contributed to the evo-
lution of natal dispersal. There are, however, costs associated with dispersal, both in
terms of survival and reproduction. For example, the probability of an individual gai-
ning a breeder position decreases with increasing dispersal distance from the natal terri-
tory. Also, although one sex may disperse further than the other there is normally con-
siderable overlap in natal dispersal distances (NDD) between the sexes. This implies
that the separation of closely related opposite-sex individuals through sex-biased dis-
persal is far from complete. Therefore, to determine if sex-biased natal dispersal func-
tions to avoid inbreeding we need to know if the difference in NDD between the sexes
is sufficient to reduce the chance of mating between close relatives. 

We investigated the role of dispersal patterns in inbreeding avoidance in the Cousin
Island population of Seychelles warblers (Acrocephalus sechellensis; Fig. 11). We asses-
sed if a) territory inheritance depends on the degree of relatedness between the potential
heir and the resident breeder, b) individuals that do disperse from their natal territory
avoid related individuals as mates, and c) the female-bias in NDD contributes to inbree-
ding avoidance; specifically whether this dispersal bias is associated with a difference
in the distribution of related individuals around the natal territories for each sex. For
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Figure 11. A Seychelles warbler in its canopy habitat.

2 CEES 2007 - Animal Ecology.qxp:1.qxd  05-09-2008  10:33  Pagina 33



females, we expect clustering of closely related opposite sex breeders around their natal
territories because their male siblings will previously have dispersed over short distan-
ces (median male NDD is 2 territories). For males, we expect little or no clustering of
closely related opposite sex breeders around their natal territories because their female
siblings will previously have dispersed over relatively long distances (median female
NDD is 4 territories). If inbreeding is reduced by the greater female NDD, we expect
that the chance of females mating with a close relative will be lower at the median fema-
le NDD than at the median male NDD. For males we expect no difference between the
median female and male NDD. 

Our results indicate that Seychelles warblers do not appear to reduce inbreeding either
through differential territory inheritance, social mate choice or sex-biased dispersal.
This suggests that in this species, in its current environment, natal dispersal does not
facilitate inbreeding avoidance. First, the occurrence of territory inheritance did not
depend on whether or not the opposite sex breeder that the heir would have to pair up
with was a parent or an unrelated breeder. Second, the chosen mates of individuals that
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Figure 12. Box plots of the proportion of a) closely and b) moderately related males around the
natal territories of dispersing Seychelles warbler females, categorized by the number of territo-
ries away from the natal territory (n = 37). Outliers are indicated by solid circles.

0.0

0.2

0.4

0.6

0.8

pr
op

or
tio

n 
of

 r
el

at
ed

 m
al

es
 a

ro
un

d 
th

e 
na

ta
l t

er
rit

or
y

1 2 3 4 5 6 7
number of territories from natal territory

A

B

0.0

0.2

0.4

0.6

0.8

2 CEES 2007 - Animal Ecology.qxp:1.qxd  05-09-2008  10:33  Pagina 34



did disperse were more, instead of less, related to them than the average relatedness to
all candidate mates. A lack of inbreeding avoidance may result from the fact that, in
some situations, inbreeding avoidance may be more costly than inbreeding depression.
For example, when mating opportunities are rare, individuals may miss valuable chan-
ces to reproduce if they attempt to avoid mating with kin. A rough estimate of these
opportunity costs for young Seychelles warblers indicates that forsaking just one oppor-
tunity to occupy a breeder vacancy may reduce the reproductive lifespan of an indivi-
dual by nearly a third. As inbreeding depression appears to be very limited in the
Seychelles warbler, such relatively high avoidance costs would probably prevent the
evolution of inbreeding avoidance in the Seychelles warbler. Third, the female-bias in
NDD observed in the Cousin population does not contribute to inbreeding avoidance;
there was no difference between the sexes in the proportion of related opposite sex bree-
ders at the median male and female NDD (Figs. 12 and 13). Furthermore, the chance of
mating with a close relative when dispersing within the median male NDD was not hig-
her for females than for males. This implies that in order to avoid inbreeding females
would not need to disperse beyond the median male NDD. 
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Figure 13. Box plots of the proportion of a) closely and b) moderately related females around the
natal territories of dispersing Seychelles warbler males, categorized by the number of territories
away from the natal territory (n = 33). Outliers are indicated by solid circles.
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Connecting physiology and life history in stonechats with different annual cycles
Maaike Versteegh & Irene Tieleman

Variation in life histories and annual cycles among birds from different environments is
often attributed to the degree of seasonality of the environment. Highly seasonal envi-
ronments are thought to select for large clutch sizes to compensate for high levels of
mortality that putatively occur during the “tough” season. As a result, the trade-off
between reproduction and self-maintenance, the hub of life history studies, shifts
towards self-maintenance in environments that lack demanding seasons, such as the tro-
pics. Vice versa, a shift towards rapid reproduction is common in birds with short inten-
sive spring seasons and harsh winters, for example at higher latitudes. Yet, the physio-
logical mechanisms to cope with seasonally recurrent challenges are poorly understood,
although they can provide insights into life history evolution. After all, physiology con-
trols the performance of organisms in their environment. Our quest therefore is to under-
stand the seasonal modulations in three interacting physiological systems, and to relate
them to the evolution of life histories and annual cycles in birds.

In this progress report we describe preliminary results of a study into the evolved annu-
al patterns of energy metabolism, endocrinological stress response and immune func-
tion. We studied these physiological systems in four populations of stonechats (Saxicola
torquata) characterized by different life histories and annual cycles (see Fig. 14). All
birds were kept under identical conditions in captivity at the Max Planck Institute for
Ornithology (Andechs, Germany). The differences among the environments of origin
are reflected in their different life history strategies and annual cycles: Kenyan stone-
chats are equatorial residents with the longest breeding season, most protracted molt
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Figure 14. Captive stonechat chicks in a nest. At the Max Planck Institute of Ornithology chicks
originating from the four populations are hand raised and kept under identical conditions.
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period, slowest growth and lowest reproductive efforts; birds from Kazakhstan are long-
distance migrants with opposite characteristics; and both European populations (from
central Europe and Ireland) display intermediate values. 

We measured basal metabolic rate, baseline and stress-induced levels of plasma corti-
costerone, and several measures of standing (i.e. permanent, non-induced) immune
function during winter, spring migration, breeding, moult and fall migration. The cur-
rent state of data analysis allows a glimpse of the metabolism and corticosterone results
of the four populations during the winter season: Body mass differed among the stone-
chats from the different environments, with the largest birds in Kenya, and the smallest
in Kazakhstan. Despite these mass differences, basal metabolic rate per animal was
similar in all populations, suggesting that energy (food) requirements are similar too.
However, mass-specific basal metabolic rate was lowest in the Kenyans, highest in the
Kazakhs and intermediate in the European stonechats (Fig. 15A). This measure can be
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Figure 15. Variation in physiological measures of stonechats from four populations. (A) Mass-
specific basal metabolic rate (BMR) of captive stonechats during winter. (B) Baseline (white
bars) and stress-induced (grey bars) concentrations of plasma corticosterone of captive stonechats
during the winter and (C) free-living stonechats during the breeding season (from Scheuerlein et
al. 2001, Raess & Gwinner 2006). Note that the scale on the y-axis differs between panel (B) and
(C): Free-living stonechats had much higher corticosterone concentrations than captive stone-
chats. Sample sizes (A, B, C): Kazakhs (12, 12, 24), Europeans (27, 7, 19), Irish (15, 0, 0),
Kenyans (12, 12, 36).
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interpreted to reflect the deleterious processes of aging. Low mass-specific metabolic
rates are correlated with low levels of free radical production, that are related to longer
life spans. The variation in metabolic physiology of stonechats therefore reflects their
demographic diversity with lowest mass-specific metabolic rates in the tropical popula-
tion that has the smallest clutch sizes and highest annual survival, and exactly opposite
measures for the other extreme, the Kazakhs.

In the field of endocrinological ecology, an increase of corticosterone levels in blood
plasma in response to stress is interpreted to reflect the value of an activity in comparis-
on with survival-enhancing alternative activities: An intense stress response directs a bird
away from its activity, for example it may trigger nest desertion during a breeding
attempt, whereas a suppressed stress response indicates the urgency of that activity, in
favor over alternatives. Therefore, birds on a strict, time-constrained annual schedule,
such as the Kazakh population, are hypothesized to show lower increases of corticoster-
one in response to a standard stressor than birds that have more time, such as the Kenyan
stonechats. In contrast to this idea, our results showed more pronounced stress responses
in the Kazakh than the Kenyan population, and intermediary values for the European
populations (Fig. 15B). One could interpret these results in light of released time pressure
on Kazakh birds during winter, because our measurements were made during winter and
not during the breeding season. However, data from previous field studies, on free-living
birds, and during the breeding season, show a qualitatively identical pattern (Fig. 15C). 

Our intention is to evaluate the corticosterone results in the broader context of metabo-
lic physiology and immune function. Indeed, an alternative explanation of the corticos-
terone results might be that Kazakh stonechats are able to mobilize their energy stores
more quickly, the primary function of a stress-induced increase in corticosterone. This
would match their higher levels of metabolism that might use similar pathways and bio-
chemical processes. We conclude, therefore, with the reconfirmation of our curiosity to
integrate the knowledge of these three physiological systems (metabolic, endocrine,
immune), and to evaluate their interactions in the context of adaptation of life histories
and annual cycles.

Migratory ruffs have prolonged stopovers in spring
Yvonne Verkuil, Jos Hooijmeijer, Jan Wijmenga, Kathryn Hine & Theunis Piersma

Knowledge of stopover timing in migratory birds allows us to understand (1) a species’
migrating strategy and (2) the population dynamics at a particular stopover site along the
flyway. The ruff Philomachus pugnax is an inland migratory shorebird, well studied for
its reproductive behaviour but with its migration poorly known. For several seasons we
monitored turnover and population size during stopover in The Netherlands by colour-
marking and radio-tagging ruffs individually. 
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Ruffs were marked with a unique combination of five colour rings, one being a flag.
Additionally, in 2005 and 2007, 46 and 48 adult male ruffs were equipped with a radio
transmitter (Fig. 16). The transmitters weighed 2.8 g transmitters, a maximum of 2% of
the birds’ total body mass, and were glued to clipped feather bases and skin on the pla-
teau below the spine on the lower back. Such transmitters fall off at the next moult.
Automatic receiving stations (ARTS, Fig. 17) were put up such that they covered the
nine most important roosting sites. The ARTS gathered information at 20 min intervals,
24 hours a day. Foraging and roosting ruffs were checked daily for colour rings using
binoculars and telescopes. Our resighting effort covered all known foraging and roos-
ting site in the study area in southwest Friesland.

Given the low number of females that were caught and colour ringed, data presented
here are only for males. Estimation of stopover duration is done by combining two cap-
ture-mark-recapture models. Local, apparent survival (�), the change that individuals
will be alive and present in the area after capture (i+1), was estimated with Cormack-
Jolly-Seber models (CJS models) in programme MARK. We tested different models that
would explain our data, including parameters as time in season, year, body mass at cap-
ture. These candidate models were ranked based on the modified Akaike information
criterion (AICc), which accounts for overdispersion and sample size. The most parsi-
monious survival models were then used to estimate the time spent by male ruff in the
area before and after time i, using the programme SODA. The sum of the two compo-
nents represents the total stopover duration. The ARTS data were pooled over three day
intervals, the colour-mark data over 15 day intervals.
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Figure 16. Application of a radio-tag on an adult male ruff.
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The ARTS data show that resighting probabilities were significantly different between
years, being 0.73 (± 0.03 SE) in 2005 and 0.86 (± 0.02) in 2007. The daily survival did
not vary significantly between years and was on average 0.82, varying from 0.96 (± 0.03
SE) early in the season to 0.45 (± 0.16) in the first week of May (Fig. 18). In mid May
most birds had left, and estimates started to fluctuate. 

We also performed daily survival analyses with colour-mark data. In both years the most
parsimonious model indicated that survival varies with date, but resighting probability
(p) does not. Because p is much smaller for colour-marked than for radio-tagged ruffs,
we pooled the colour-marking data over 15 day intervals to increase the fit of the
models. The differences in estimated dailyay survival is significant. For 2005 the ARTS
data yielded much higher estimates than the colour/marking data (Fig. 19).

The high daily survival of ca. 0.95 means that there was almost no turnover of ruffs in
the study area. The birds arriving in between early March/early April stay for 42 days
and leave gradually from mid April onwards. On this basis, the estimates of population
turnover add only a small number of ruffs to the census counts. Only in 2007 we had
small influx of new birds in April, after a very early departure in early April (Fig. 20).
Birds probably left the study area early, because the fields surrounding the roosts were
to dry to forage.

CEES Progress Report 2007

40

Figure 17. An ARTS station positioned close to a roost of ruff in the Heanmar, Koudum, south-
west Friesland in 2007.
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of populations in decline and in need of recovery action, as well as monitoring the
fates of populations known to be in dire straits.

2 To help generate the stories that need to be told to fuel the imagination and the
good will of people that can make a difference to the fate of the habitats and po -
pulations under threat.

3 To further the science, including the understanding of the historical background
and the current demographic processes and ecological, genetic and immunologi-
cal constraints that determine whether populations flourish or flounder. The
ongoing demographic work will represent cases of íntegrated monitoring for each
of the proposed study populations.

We believe that we can make exceptional contributions with respect to all three objecti-
ves. Never before has a sentinel system for population change been considered on this
worldwide scale, especially one that has already been shown to work in individual fly-
ways. The worldwide scope, the comparative approach between different populations or
subspecies within species and between different species, and the increasing ability to
follow marked individuals around the globe will enable us to tell the stories of migrant
birds and the importance of the habitats they use in new and surprising ways, ensuring
high impact publicity. With regard to the science, this program is believed to be unri-
valled with respect to the geographic scope and the coordinated approach. We aim to
provide a tight integration of the ecological basis of demographic variation within and
among populations, focussing on the fitness of individuals with respect to genotype
(regions of the genome associated with survival of individuals can now be screened),
phenotype (body size, condition, moult, plumage, immunity, etc.) and health status
(using the latest generation of field-based assays for a variety of pathogens and parasi-
tes). All of these are critical to conservation and restoration of threatened populations.
In fact, we want our science to be uncompromised, of the highest international stan-
dards.

Publications 2007

Doctorate granted by the institution, prepared within the institution

Berg, M.L. 2007. Sexual selection and reproductive strategies in songbirds; territoriali-
ty, mate attraction, parentage and parental care. Promotores Prof.dr.ir. J. Komdeur and
Prof.dr. R.H. Drent, University of Groningen

Brouwer, L. 2007. Cooperative breeding and density regulation in small island popula-
tions of the Seychelles warbler. Promotores Prof.dr.ir. J. Komdeur and Prof.dr. J.M.
Tinbergen, copromotor Dr. D.S. Richardson (University of East Anglia), University of
Groningen
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Doctorate granted by the institution, prepared at another institution

Kats, R.K.H. 2007. Common Eiders Somateria mollissima in the Netherlands: The rise
and fall of breeding and wintering populations in relation to the stocks of shellfish.
Promotor Prof.dr. R.H. Drent and copromotor Dr. B.J. Ens, University of Groningen

Reneerkens, J.W.H. 2007. Functional aspects of seasonal variation in preen wax com-
position of sandpipers (Scolopacidae). Promotores Prof.dr. T. Piersma and Prof.dr. J.S.
Sinninghe Damsté (NIOZ), University of Groningen

Tulp, I. 2007. Environmental forcing on the timing of breeding in long-distance
migrant shorebirds. Promotores Prof.dr. T. Piersma and Prof.dr. G.H. Visser,
University of Groningen

Publications in journals

Atkinson, P.W., Baker, A.J., Bennett, K.A., Clark, N.A., Clark, J.A., Cole, K.B.,
Dekinga, A., Dey, A. Gillings, S. González, P.M., Kalasz, K., Minton, C.D.T., Newton,
J., Niles, L.J., Piersma, T., Robinson, R.A. & Sitters, H.P. 2007. Rates of mass gain
and energy deposition in red knot on their final spring staging site is both time- and
condition-dependent. Journal of Applied Ecology 44: 885-895 

Bocher, P., Piersma, T., Dekinga, A., Kraan, C., Yates, M.G., Guyot, T., Folmer, E.O.
& Radenac, G. 2007. Site- and species-specific distribution patterns of molluscs at
five intertidal soft-sediment areas in northwest Europe during a single winter. Marine
Biology 151: 577-594 

Boessenkool, S., Taylor, S.S., Tepolt, C.K., Komdeur, J. & Jamieson, I.G. 2007. Large
mainland populations of South Island robins retain greater genetic diversity than offs-
hore island refuges. Conservation Genetics 8: 705-714

Both, C. 2007. Comment on ‘Rapid advance of spring arrival dates in long-distance
migratory birds’. Science 315: 598b

Both, C. & te Marvelde, L. 2007. Climate change and timing of avian breeding and
migration throughout Europe. Climate Research 35: 93-105.

Bouma, M.J., Smallridge, C.J., Bull, C.M. & Komdeur, J. 2007. Susceptibility to
infection by a haemogregarine parasite and the impact of infection in the Australian
sleepy lizard Tiliqua rugosa. Journal Parasitology Research 100: 949-954

Bouwman, K.M., Van Dijk, R.E., Wijmenga, J.J. & Komdeur, J. 2007. Older male
reed buntings are more successful at gaining extrapair fertilizations. Animal Behaviour
73: 15-27
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Brommer, J.E., Korsten, P., Bouwman, K.M., Berg, M.L. & Komdeur, J. 2007. Is
extrapair mating random? On the probability distribution of extrapair young in avian
broods. Behavioral Ecology 18: 895-904

Brouwer, L., Komdeur, J. & Richardson, D.S. 2007. Heterozygosity–fitness correla-
tions in a bottlenecked island species: a case study on the Seychelles warbler.
Molecular Ecology 16: 3134-3144

Compton, T.J., Drent, J., Kentie, R., Pearson, G.B., Meer, van der, J.& Piersma, T.
2007. Overlap in the feeding morphology of bivalves from species-rich and species-
poor intertidal flats using gill:palp ratios for comparative analyses of mollusc assem-
blages. Marine Ecology Progress Series 348: 213-220

Creuwels, J.C.S., Poncet, S., Hodum, P.J. & Van Franeker, J.A. 2007. Distribution and
abundance of the Southern Fulmar Fulmarus glacialoides. Polar Biology 30:1083-
1097

De Heij, M.E., van der Graaf, A.J., Hafner, D. & Tinbergen, J.M. 2007. Metabolic rate
of nocturnal incubation in female great tits, Parus major, in relation to clutch size
measured in a natural environment. Journal of Experimental Biology 210: 2006-2012

Dietz, M.W., Piersma, T., Hedenström, A. & Brugge, M. 2007. Intraspecific variation
in avian pectoral muscle mass: constraints on maintaining manoeuvrability with incre-
asing body mass. Functional Ecology 21: 317-326

Dietz, M.W. & Piersma, T. 2007. Red knots give up flight capacity and defend food
processing capacity during winter starvation. Functional Ecology 21: 899-904

Dingemanse, N.J. 2007. An evolutionary ecologist’s view of how to study the persis tence
of genetic varication in personality. European Journal of Personality 21: 589-637

Dingemanse, N.J., Wright, J., Kazem, A.J.N., Thomas, D.K., Hickling R., Dawney, N.
2007. Behavioural syndromes differ predictably between 12 populations of three-spi-
ned stickleback. Journal of Animal Ecology 76: 1128-1138

Drent, R.H., Eichhorn, G., Flagstad, A., van der Graaf, A.J., Litvin, K.E. & Stahl, J.
2007. Migratory connectivity in Arctic geese: spring stopovers are the weak links in
meeting targets for breeding. Journal of Ornithology 148: 501-514.

Eikenaar, C. Richardson, D.S., Brouwer, L.& Komdeur, J. 2007. Parent presence,
delayed dispersal, and territory acquisition in the Seychelles warbler. Behavioral
Ecology 18: 874-879
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Folmer, H.& Piersma, T. 2007. Ecological and environmental policies versus a steady-
state economy in times of crisis. Conservation Biology 21: 1136-1137

Hasselquist, D., Lindström, Å., Jenni-Eiermann, S., Koolhaas, A. & Piersma, T. 2007.
Long flights do not influence immune responses of a long-distance migrant bird: a
wind-tunnel experiment. Journal of Experimental Biology 210: 1123-1131

Hegemann, A., Hegemann, E.D. & Krone, O. 2007. Trichomonosis in a free-living
stock dove (Columba oenas). European Journal of Wildlife Research 53: 235-237

Johnson, A., Fidler, A.E., Kuhn, S., Carter, K.L., Hoffmann, A., Barr, I.R., Biard, C.,
Carmantier, A., Eens, M., Korsten, P., Siitari, H., Tomiuk, J.& Kempenaers, B. 2007.
Avian clock gene polymorphism: evidence for a latitudinal cline in allele frequencies.
Molecular Ecology 16: 4867-4880

Karlionova, N., Pinchuk, P., Meissner, W. & Verkuil, Y. 2007. Biometrics of ruffs
Philomachus pugnax migrating in spring through southern Belarus with special emp-
hasis on the occurrence of ‘faeders’. Ringing & Migration 23: 134-140

Koks, B.J., Trierweiler, C., Visser, E.G., Dijkstra, C. & Komdeur, J. 2007. Do voles make
agricultural habitat attractive to Montagu’s harrier Circus pygargus? Ibis 149: 575-586

Komdeur, J. 2007. Constraints on evolutionary shifts in cooperative breeding.
Behavioural Processes 76: 75-77

Komdeur, J., Burke T. & Richardson D.S. 2007. Explicit experimental evidence for the
effectiveness of proximity as mate-guarding behaviour in reducing extra-pair fertiliza-
tion in the Seychelles warbler. Molecular Ecology 16: 3679-3688

Komdeur, J., & Richardson, D.S. 2007. Molecular ecology reveals the hidden com-
plexities of the Seychelles warbler. Advances in the Study of Behavior 37: 147-187

Korsten, P., Dijkstra, T.H. & Komdeur, J. 2007. Is UV signalling involved in male-
male territorial conflict in the blue tit (Cyanistes caeruleus)? A new experimental
approach. Behaviour 144: 447-470

Korsten, P., Limbourg, T., Lessells, K.M. & Komdeur, J. 2007. Effectiveness of a
commonly-used technique for experimentally reducing plumage UV reflectance.
Journal of Avian Biology 38: 399-403

Korsten, P., Vedder, O., Szentirmai, I. & Komdeur, J. 2007. Absence of status signal-
ling by structurally based ultraviolet plumage in wintering blue tits (Cyanistes caeru-
leus). Behavioral Ecology and Sociobiology 61: 1933-1943
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Kraaijeveld, K., Kraaijeveld-Smit, F.J.L. & Komdeur, J. 2007. The evolution of mutu-
al ornamentation. Animal Behaviour 74: 657-677

Kraan, C., Piersma, T., Dekinga, A., Koolhaas, A. & Van der Meer,, J. 2007. Dredging
for edible cockles (Cerastoderma edule) on intertidal flats: short-term consequences of
fisher patch-choice decisions for target and non-target benthic fauna. ICES Journal of
Marine Science 64: 1735-1742

Lourenço, P.M. 2007. Analysing faecal samples of ragworm predators: not just a mat-
ter of counting mandibles. Ardea 95: 151-155

Magrath, M.J.L., Janson, J., Komdeur, J., Elgar, M.A. & Mulder, R.A. 2007.
Provisioning adjustments by male and female fairy martins to short-term manipula-
tions of brood size. Behaviour 144: 1119-1132

Magrath, M.J.L., Lieshout, van, E., Pen, I., Visser, H. & Komdeur, J. 2007. Estimating
expenditure on male and female offspring in a sexually size-dimorphic bird: a compa-
rison of different methods. Journal of Animal Ecology 76: 1169-1180

Meltofte, H., Piersma, T., Boyd, H., McCaffery, B., Ganter, B., Golovnyuk, V.V.,
Graham, K., Gratto-Trevor, C.L., Morrison, R.I.G., Nol, E., Rösner, H.U., Schamel,
D., Schekkerman, H., Soloviev, M.Y., Tomkovich, P.S. , Tracy, D.M., Tulp, I. &
Wennerberg, L. 2007. Effects of climate variation on the breeding ecology of Arctic
shorebirds. Meddelelser om Grønland, Bioscience 59: 1-48

Müller, W., Lessells, C.M., Korsten, P. & Von Engelhardt, N. 2007. Manipulative sig-
nals in family conflict? On the function of maternal yolk hormones in birds. American
Naturalist 169: 84-96

Nicolaus, M., Le Bohec, C., Nolan, P.M., Gauthier-Clerc, M., Le Maho, Y., Komdeur,
J. & Jouventin, P. 2007. Ornamental colors reveal age in the king penguin. Polar
Biology 31: 53-61

Piersma, T. 2007. Using the power of comparison to explain habitat use and migration
strategies of shorebirds worldwide. Journal of Ornithology 148, Suppl. 1: S45-S59

Piersma, T. & Dietz, M.W. 2007.Twofold seasonal variation in the supposedly con-
stant, species-specific, ratio of upstroke to downstroke flight muscles in red knots
Calidris canutus. Journal of Avian Biology 38: 536-540. 

Réale, D., Reader, S.M., Sol, D., McDougall, P.T. & Dingemanse, N.J. 2007.
Integrating animal temperament within ecology and evolution. Biological Reviews 82:
291-318
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Reneerkens, J., Piersma, T. & Sinninghe Damsté, J.S. 2007. Expression of annual
cycles in preen wax composition in red knots: constraints on the changing phenotype.
Journal of Experimental Zoology A 307: 127-139

Reneerkens, J. Almeida, J.B., Lank, D.B. Jukema, J. Lanctot, R.B., Guy Morrison, R.I.
Rijpstra, W.R.C., Schamel, D., Schekkerman, H. Sinninghe Damsté, J.S., Tomkovich,
P.S., Tracy, D.M., Tulp, I. & Piersma, T. 2007. Parental role division predicts avian
preen wax cycles. Ibis 149: 721-729

Richardson, D.S., Burke, T. & Komdeur, J. 2007. Grandparent helpers: The adaptive
significance of older, postdominant helpers in the Seychelles warbler. Evolution 61:
2790-2800

Rijpstra, W.I.C., Reneerkens, J., Piersma, T. & Sinninghe Damsté, J.S. 2007.
Structural Identification of the �-hydroxy fatty acid-based diester preen gland waxes
of shorebirds. Journal of Natural Products 70: 1804-1807

Rushbrook, B.J., Dingemanse, N.J. & Barber, I. 2007. Repeatability in nest construc-
tion by male three-spined sticklebacks. Animal Behaviour 75: 547-553

Tieleman, B.I. 2007. Differences in the physiological responses to temperature among
stonechats from three populations reared in a common environment. Comparative
Biochemistry and Physiology A 146: 194-199

Trierweiler, C., Koks, B.J., Drent, R.H., Exo, K.-M., Komdeur, J., Dijkstra, C. &
Bairlein, F. 2007. Satellite tracking of two Montagu’s jarriers (Circus pygargus): dual
pathways during autumn migration. Journal of Ornithology 148: 513-516

Uller, T., Pen, I., Wapstra, E., Beukeboom, L.W. & Komdeur, J. 2007. The evolution of
sex ratios and sex-determining systems. Trends in Ecology and Evolution 22: 292-297

Vahl, W.K., van der Meer, J., Meijer, K., Piersma, T. & Weissing, F.J. 2007.
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Animal Behaviour 74: 1493-1503
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choice of avian herbivores along a migration trajectory- from temperate to arctic.
Basic and Applied Ecology 8: 354-363 

Van Dijk, R.E., Szentirmai, I., Komdeur, J. & Székely, T. 2007. Sexual conflict over
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149: 530-534
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Technical and Administrative staff
secretary
M.J. Boertje-van den Bergh RUG 0.5
J.G. Rietveld NWO/Pionier 0.5 030101-080101
chemical analists
N.D. Eck RUG 1.0
B.J. Venema RUG 0.5
botanical analist
J.J. Hogendorf RUG 1.0
Y. de Vries RUG 0.5
IT-assistant
ing. G.J. van den Burg RUG 0.8

Research assistants and technicians in South Africa employed through the University
of Kwazulu-Natal, Durban (UND) and in Tanzania
R. Howison UND/RUG 0.1 031101-
K. Mpanza UND/RUG 1.0 040101-
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Guests
Prof. dr. J. van Andel Groningen, NL
prof. dr. M. Bertness Brown University, USA
prof. dr. R.L. Jefferies Univ. Toronto, Canada
prof. dr. E. van der Maarel Groningen, NL
prof. dr. K. Prach Univ. South Bohemia, Czech Republic

Overview of academic results

The Community and Conservation Ecology group studies the interactions in ecological
communities, to better understand the determinants of biodiversity, and to provide
insight in how such communities can best be managed, restored and protected. 
Species interact in ecosystems with other species and with abiotic factors through
various types of interactions, often forming complex networks. Possible interactions
include those between consumers and their resources, between organisms and abiotic
(non-resource) conditions, between organism and detritus compartments through excre-
tion and mortality, non-trophic interactions among organisms (e.g. pollination or toxi -
city), various spatial interactions involving flows of organisms, materials and energy
between ecosystems, external environmental forcing, as well as various physical and
chemical interactions within ecosystems. This includes studies on different trophic
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levels (soil biota, plants, herbivores, predators) with emphasis on understanding the con-
sequences 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. 
In 2007, the research of our group was organized in three themes: biocomplexity, coas-
tal conservation ecology and restoration ecology. We work both in the tropics (savannas,
tropical rainforest) and in the temperate zone (salt marshes, coastal dunes, inland wet-
lands). 
The following sections contain more detailed summaries of some specific research pro-
jects that were started or completed in our group during 2007.

New food web studies
Sanne de Visser and Maarten Schrama

During 2007, two new PhD projects were started which will address the development,
structure and changes in food webs. Such food webs describe the trophic interactions
between consumers and resources in ecosystems, and are therefore an important deter-
minant of their diversity. 
The first project (de Visser) will study the importance of body size in savanna food webs
in East Africa, and include the possible consequences of land use change for food web
structure. Many studies have indicated the relationship between body size and species
diversity, known as the species-body size distribution or body size-diversity relation -
ship, where it was found that above a certain lower limit of size there are more small or
medium-sized organisms than large organisms. Within mammals a similar pattern is
found. Smaller sized mammals are thought to be under relative high top-down control
by predators, which are normally assumed to be larger. Larger sized mammals are
thought to be more controlled by bottom-up processes (food supply) as they become
more immune to predators, but experience the greater impact of human expansion, by
selective hunting and decreasing habitat, among others. In the savanna ecosystem larger
body-sized herbivores have a higher functional importance in the system with interac-
tions to their environment and predators. As the effect of humans on animal wildlife is
size-biased, it might alter the food web structure of an area in a predictable way. Loss of
the functionally important species and the resulting changes in the species composition
of the community can alter the stability of the community and the ecosystem properties
in such a way that the diversity of an ecosystem and its unique character may get lost.
This theory is most applicable for the African wildlife, that shows a huge diversity in
mammal species among a scale of body sizes and that still contains free living large pre-
dators. Of particular interest is the area in and around the Serengeti-Mara Ecosystem
(Tanzania, Kenya). The park and surrounding reserves have different conservation stra-
te gies, ranging from no human influence at all to wildlife-pastoral reserves to agricultur-
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al regions. Due to size-specific species loss and biased loss in specific trophic levels, it
is predicted that the impact of human activities will reverberate through the food chain,
affecting in the end the higher diversified smaller-sized animals. In this research project,
the food web structure of savanna areas will be compared inside and outside protected
areas, to study how the loss of large herbivores and predators affects the trophic struc-
ture and diversity of smaller species. The trophic position of species will be determined
using stable isotope analysis and compilation of literature on diets.

The second project (Schrama) will explore how food webs assemble during primary suc-
cession on the salt marshes of the Dutch island of Schiermonnikoog. Models for under-
standing food webs and trophic connections have strongly improved in the past decades.
However, fundamental mechanistic understanding of processes that drive primary suc-
cession is still lacking. Also lacking in trophic web theory is the understanding of the
interaction between herbivores, carnivores and detrivores in late-successional habitats,
such as the tall grass Elytrigia atherica monocultures in late successional stages found
on salt marshes. 
Also, this project will explore how much nutrients are externally contributed to the salt-
marhs communities through input from the sea (marine subsidy) versus internal nutrient
recycling. In other areas, the process of marine subsidy has been found to be of indispen-
sable importance, e.g., for arid islands in the Gulf of California. But a good understanding
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Figure 1. Vultures and marabou with a zebra carcass in the Serengeti, Tanzania. Photo H. Olff
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Figure 2. The Serengeti plains, Tanzania. Photo H. Olff

Figure 3. Variation in vegetation structure on the Schiermonnikoog salt marsh due to large 
herbivore grazing. Photo H. Olff
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of the influence subsidy has on whole food webs and its assembly is still lacking. Stable
isotope analysis will be applied to study this.
Within our group, we have extensive previous work on the influence vertebrate herbi-
vores have on salt-marsh vegetation. Geese and hare prefer high quality vegetation, but
grazed areas change into tall stands of low palatable grass, which are avoided by geese
and hare. The quality threshold hypothesis has been developed to explain this pattern,
but does not reckon with invertebrates. Previous work by other groups has shown that
increasing structural complexity of the vegetation may lead to higher densities of carni-
vores, which may result in strong top-down control on herbivores, detrivores and even-
tually vegetation. A focus on a system that alternates from a bottom-up controlled (sub-
sidy) to a top-down controlled system will shed light on critical mechanisms that deter-
mine vegetation composition and food web structure.
In summary, three important questions will be addressed for the Schiermonnikoog salt
marsh. First, can we find evidence for the Subsidized Ecosystem Hypothesis? Secondly,
to what extent are food webs on the salt marsh subsidized, both in succession and ele-
vation? Thirdly, can we find evidence for a shift from a bottom-up controlled food web
to a top-down controlled food web?

Progress in theoretical community ecology: role of speciation in neutral biodiversity
models
Rampal S. Etienne

Part of the work of our group is about improving the theoretical understanding of the
determinants of biodiversity in ecological communities. The field of theoretical com-
munity ecology received a strong impuls with the publication of Hubbell’s neutral theory
of biodiversity, which generated much debate over the need for niches to explain biodi-
versity patterns. Discussion of this theory has focused on its neutrality assumption, i.e.
the functional equivalence of species in competition and dispersal. Almost no attention
has been paid to another critical aspect of the theory, the assumptions on the nature of
the speciation process. We made important progress in understanding the importance of
this process for determining biodiversity (Etienne et al. 2007). In the standard version
of the neutral theory each individual has a fixed probability to speciate. Hence, the spe-
ciation rate of a species is directly proportional to its abundance in the metacommunity.
We found that this assumption is not realistic for most speciation modes because specia-
tion is an emergent property of complex processes at larger spatial and temporal scales
and, consequently, speciation rate can either increase or decrease with abundance.
Accordingly, the assumption that speciation rate is independent of abundance (each spe-
cies has a fixed probability to speciate) is a more natural starting point in a neutral theo-
ry of biodiversity. Here developed a neutral model based on this assumption and we con-
front this new model to 20 large data sets of tree communities, expecting the new model
to fit the data better than Hubbell’s original model. We found, however, that the data sets
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are much better fitted by Hubbell’s original model. This implies that species abundance
data can discriminate between different modes of speciation, or, stated otherwise, that
the mode of speciation has a large impact on the species abundance distribution. Our
model analysis points out new ways to study how biodiversity patterns are shaped by the
interplay between evolutionary processes (speciation, extinction) and ecological pro-
cesses (competition, dispersal). 

Assembly of plant communities in fragmented landscapes: The role of dispersal
Wim A. Ozinga

This project was the result of cooperation with the Radboud University Nijmegen and
Alterra Wageningen-UR. It was aimed at understanding the role of dispersal in conser-
vation and restoration. Efficient conservation and restoration of plant diversity requires
a predictive ecology based on general principles for the assembly of plant communities
(so called ‘assembly rules’). There is currently a wealth of theories on the processes that
shape the species composition of local plant communities. These theories can be grouped
into three broad views according to the main processes involved: (1) The niche-based
view asserts that local species composition is a deterministic consequence of local inter-
actions between the extant species in a plant community and their environment, based
on differences between species in terms of resource usage, stress tolerance and resis -
tance to disturbance. (2) The dispersal-based view assigns a prominent role to dynamics
of habitat patches in combination with differences between species in their ability for
dispersal in space and time. (3) The trait-neutral view is based on stochastic processes
in which local species composition is determined by the abundance of species in the
regional species pool. Empirical evidence for the relative importance of these three sets
of processes is, however, still surprisingly limited.
Although experiments are a prerequisite for a detailed understanding of processes invol-
ved in community assembly, these experiments typically involve small spatial and tem-
poral scales, which makes generalizations difficult. Moreover, the experimental designs
are often too artificial to represent natural systems. Generalizations across larger sets of
species and ecosystems therefore require complementary approaches. This thesis ex -
plores such a complementary, statistical approach, based on the premise that the combi-
nation of large ecological databases can generate clues to the processes at work in the
assembly of plant communities which are valid at larger spatial and temporal scales. We
combined large databases with information on community composition and on func-
tional traits to compare the predictive power of the three views of community assembly.
The advantage of focusing on functional traits instead of species is that it simplifies rai-
sing the scale level from species to communities. 
An analysis of a large database with species composition data from vegetation plots
using ordination techniques revealed that species clearly sort along environmental gra-
dients. This implies that patterns of species composition across habitat types can be
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reliably predicted from a few key environmental conditions, which is consistent with the
niche-based view. These environmental variables can therefore be used as predictors
(filters) to assemble a list of species that are potentially able to coexist in small-scale
plots within a given habitat, the so-called habitat species pool. Despite the high predic-
tability of the habitat species pool, the study 3 also revealed that at the scale of indivi-
dual plots, many species are absent which might be expected to be present, given the
combination of environmental conditions. The fact that the distribution of many species
is characterized by the common occurrence of suitable but unoccupied habitat patches
might be explained by the limited availability of seeds. This thesis describes the impact
of seed limitation across several levels of organization.
In the first place, the probability of local occurrence proved to be greatly affected by the
abundance of seed sources in the regional species pool, irrespective of species-specific
traits. There is thus a large role for stochastic, abundance-driven processes. This result
is consistent with the trait-neutral view of community assembly. In effect, recruitment
in suitable habitat patches takes the form of a lottery, and the chances in this recruitment
lottery for a given patch are thus largely dictated by the regional abundance of species. 
In addition to these trait-neutral processes, trait-based processes are shown to be impor-
tant at the level of species, communities and landscapes. At the species level there were
large differences between the degree of seed limitation due to differences in life-history
traits (consistent with the dispersal-based view). The ability to track suitable habitat
patches was largely increased by a greater capacity for long-distance dispersal, greater
adult longevity and the capacity to build a persistent seed bank (see Figure 4). On ave -
rage, species with high scores for all three traits had the highest frequency of occurrence
within suitable habitat patches. 
Local plant communities are connected to each other by long-distance dispersal to form
metacommunities. At the level of metacommunities, there were differences between
habitat types in the representation of dispersal traits, due to interactive effects between
niche-based processes and the efficiency of dispersal processes. The resulting trait-envi-
ronment patterns were much stronger at the level of plant communities than at the spe-
cies level, which implies a non-random selection of species from the regional species
pool with regard to their dispersal traits. The efficiency of dispersal thus depends on the
environmental context. Species with high dispersal abilities prevailed in habitats with
large-scale or high-intensity disturbances, while adaptations for long-distance dispersal
were less common in late successional stages. Moreover, in habitat types with an open
vegetation structure, species that are effectively transported by multiple dispersal vec-
tors (polychory) appeared to be the rule rather than the exception.
At the landscape level, the degree to which available seeds are actually transported is
determined by the availability of dispersal vectors, which act like a complex ‘dispersal
infrastructure’. The characteristics of this dispersal infrastructure can vary in space and
time, and this may induce changes in local species composition. In fact, the most impor-
tant finding of our research was that differences between species in their adaptations to
various dispersal vectors are a key factor in explaining losses of plant diversity in
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Northwest Europe in the 20th century. This implies that past changes in the dispersal
infrastructure are at least as important in explaining diversity losses as the conventional
explanation of environmental change. 
The combined results of this thesis suggest that the three sets of processes (niche-based,
dispersal-based and abundance-based) can be regarded as iterative. We thus expect that
the three views can reinforce each other and that integrating them will increase our
understanding of community assembly. To reconcile the three views of community
assembly, it may be fruitful to search for relationships between traits that equip species
for local survival versus dispersal traits. This study provides empirical evidence for the
existence of a ‘persistence – dispersal trade-off’ across a large set of plant species, al -
though this trade-off appears to be weak and complicated. If trade-offs between func-
tional traits lead to an equalization of variation in fitness across species (i.e. species
having the same chance to be present in the next generation) this might in fact be the
ultimate reason why the trait-neutral view of community assembly performs so surpri-
singly well in describing patterns of relative abundance of species within and across
communities. Trade-offs may therefore provide a clue for ways to reconcile trait-based
and trait-neutral views of community assembly.
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Figure 4. Percentage of variance in species occurrence as explained by environmental conditions
in an ordination model (CCA with Monte-Carlo permutation test; All terrestrial habitats in the
Netherlands; >25,000 plots). Species were grouped into one of eight cells, according to their
capacity for long-distance dispersal, adult longevity and seed longevity. It appears that most spe-
cies leave many suitable habitat patches unoccupied and that the ability to track suitable habitat
patches is influenced by their life-history traits (Ozinga et al. 2005, Oikos 108: 555-561).
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In conclusion, our research has shown that in fragmenting landscapes, dispersal is a an
underrated key process in explaining plant biodiversity losses, and there is an urgent
need to face the consequences of this conclusion by designing a different, efficient and
cost-effective form of nature conservation for the twenty-first century.

Thresholds and shifts: consequences of habitat modification in salt-marsh pioneer zones 
Bregje K. van Wesenbeeck

My disseration is the result of cooperation between COCON-CEES and NIOO-CEME
in Yerseke. The topic of ecosystem engineering received tremendous attention since its
introduction a decade ago. However, generalizations on its consequences and effects are
still scarce. In this thesis, I examine implications of habitat modification on ecosystem
dynamics, species interactions, and spatial structure, with a special emphasis on effects
on different scales. Research was conducted in intertidal habitats, mainly in the transi-
tion zone between salt marshes and intertidal flats, also called the salt-marsh pioneer
zone. This zone is characterized by patchily distributed tussocks of the grass Spartina
anglica (figure 5) and home to several strong ecosystem engineers. I found that interac-
tions between organisms and the environment are an important shaping force in salt-
marsh pioneer zones. Such small-scale engineering activities influence ecosystem struc-
ture, and determine ecosystem dynamics, on species, community, and landscape scales. 
Field surveying revealed that in areas with strong hydrodynamic forcing, more volumi-
nous Spartina mounds are surrounded by deeper gullies than Spartina mounds with smal-
ler volumes. Transplantation of small Spartina clumps showed that, compared to a con-
trol, Spartina growth inside tussocks was higher, but next to the tussocks, inside the gully,
Spartina growth was significantly lower. These scale-dependent feedback effects might
restrict tussock expansion and influence large-scale complexity of salt-marsh systems. 
Another process causing patchiness in salt-marsh pioneer zones is the interaction
between Spartina and the lugworm Arenicola. Both species occur in alternating patches
in the pioneer zone. In these patches they modify soil conditions, thereby inhibiting
invasion of the other species. These negative species interactions by ecosystem engi-
neering may be a mechanism underlying invasions once engineering effects of a single
species prevail. However, if two engineers affect the environment in opposite ways, a
patchy landscape will develop. Thus, habitat modification can be a mechanism for nega-
tive species interactions, which can be seen as a negative equivalent of facilitation
(changing the environment in a positive way for other species). Similar to facilitation
one expects to find this process mainly in stressful systems and this bears important con-
sequences for community assembly models. Further, the strong patchiness that can be
induced by habitat modification underlines the need for setting the proper scale when
investigating ecosystem engineering effects. 
Patches in salt-marsh pioneer zones are generally dense and show sharp transitions with
surrounding sediment. To test whether Spartina could also establish with low biomass
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or if a threshold for vegetation establishment was present in the system, different size
classes of Spartina clumps were transplanted into bare patches of several salt-marsh pio-
neer zones. Only large Spartina clumps (more than 20 stems) survived, pointing at the
presence of a threshold for vegetation establishment. A threshold effect results in non-
linear vegetation dynamics, which complicates prediction of vegetation response in rela-
tion to changes in environmental parameters. This leads us to hypothesize that sudden
and unexpected shifts can take place between the vegetated and bare state in salt-marsh
pioneer zones. If this is a common characteristic of transition zones between ecosystems
in general, the vulnerability of transition zones to environmental change in response to
global change will be an important direction for future research.
Finally, ecosystem engineering effects were put into a landscape perspective by studying
the effect of hydrodynamic stress on species interactions in a community facilitated by
Spartina. Spartina supported a highly diverse community with intermediate stress con-
ditions, and a monoculture of the competitive dominant grass species with very benign
conditions. This demonstrates that ecosystem engineering effects on biodiversity differ
with differing physical stresses, illustrating the need to make specific assumptions on
background conditions when examining effects of ecosystem engineering. 
Concluding, ecosystem engineering effects in salt-marsh pioneer zones vary with changing
scale and with differing background stresses. This thesis illustrates that small-scale habi-
tat modification can result in scale-dependent feedbacks, negative species interactions
via the environment, non-linear ecosystem behaviour, emergent patterns or complexity
on landscape scales, and development of distinct habitats along stress gradients.
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Figure 5. Tussocks of English cordgrass Spartina anglica scattered on an intertidal flat.
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Overview of academic results

Signal transduction in leaf development
D. den Os, M. Staal and T. Elzenga

On the study of environmental effects on leaf development the sofar latest chapter was
finished when Desiree den Os defended her thesis on the interaction of light and drought
on cell expansion. Light stimulates growth and development of leaves and drought leads
to reduction of leaf area. The central question in this study was: ‘How do plants inte-
grate contrasting signals in leaf expansion’. At the plant level the root-derived hormo-
ne abscisic acid (or ABA) signals the onset of water shortage to the shoot and leaves. In
the leaves the most well-known effect of increased levels of ABA is closure of the sto-
matal openings. With this response the loss of water through evaporation is considera-
bly reduced. A further reduction in water loss could be realized by reducing the leaf area.
When plants were challenged with reduced water availability, the plants indeed do
decrease the shoot-to-root ration and the leaf area. As the measured shoot water content
does not change, the implication is, that the reduction of evaporating leaf area, the in -
crease in root biomass, and thus in water uptake potential, and the closure of stomates
do indeed suffice to maintain water homeostasis in the leaf. In mutant plants that are
impared in their ability to synthesize ABA, the plants have a higher root to shoot ration
and initially a larger leaf area and are generally more sensitive to wilting. In conclusion,
these data indicate that ABA affects leaf development directly by reducing leaf expan-
sion and indirectly by allocating resources to root.
In more detail, the direct effect of ABA on leaf expansion can be attributed to effects on
the cellular mechanisms by which leaf epidermal cells expand. By determining the
effect of ABA on epidermal cell size, it could be concluded that the reduction of the leaf
can be completely accounted for, by the inhibition of the cell expansion (cell division
does not seem to be affected). Interestingly, the shape and size of epidermal cells treated
with ABA do resemble immature cells. It seems as if the cells are arrested in their de -
velopment when exposed to increased levels of ABA. Cell expansion is the result of a
complex interplay of cell wall and membrane synthesis, increase in cell wall extensibi-
lity and activation of transport processes of ions across the cell membrane to maintain
the osmotic potential of the cytoplasm and vacuole. A key process is the activation of a
proton pumping ATPase located in the plasmamembrane. Activation of this ATPase
increases the driving force for the uptake of potassium and chloride, both osmotically
active ions, and lowers the pH of the cell wall compartment. Upon acidification, pectin-
bound calcium ions are exchanged for protons, which decreases the stiffness of pectin
in the cell wall and increases the cell wall extensibility. Secondly, acidification acti vates
cell wall-loosening enzymes. In an earlier study we found that light does triggers the on
set of the ATPase and the expansion of the epidermal cells. Now we found that this sti-
mulation is severely reduced in the presence of ABA, while a biologically inactive 
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stereo isomere of ABA, trans-trans-ABA, did not affect the stimulation by light. Apart
from this inhibiting effect on the cell wall acidification, ABA also increased cell wall
stiffness, specifically in the more mature regions of the leaf.
Together with earlier data, this study has resulted in a model for the regulation of expan-
sion growth of leaves. In figure 1 a model is presented for the regulation of expansion
at the cellular level. Two light receptors participate in the light-induced activation of cell
growth. One of these receptors is the red-farred receptor phytochrome and the other is a
still unknown blue light receptor. The very first effect of light is an influx of calcium
ions, resulting in a transient depolarisation of the electrical potential of the plasma-
membrane. This calcium influx increases the cytosolic calcium concentration, either by
itself or by triggering a subsequent release of calcium from intracellular stores. The
increased cytoplasmic calcium concentration leads enables binding of calcium to cal-
modulin, which subsequently activates the proton-pumping ATPase, which plays a cen-
tral role in the regulation of light-induced cell expansion.
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Figure 1. Model for the integration of ABA in blue light-induced pavement cell expansion. See
text for explanation of the different steps. Dashed arrows indicate putative effects, solid arrows
established effects. ABA indicates the inhibitory effect of ABA on the concerned process.
Numbers indicate references.
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Expression and activity of sulfate transporters and APS reductase in curly kale
(Brassica oleracea) in response to sulfate deprivation and re-supply
A. Koralewska, P. Buchner*, C.E.E. Stuiver, F.S. Posthumus, S. Kopriva**, M.J.
Hawkesford* & L.J. De Kok (*Rothamsted Research, Harpenden, U.K.; **John Innes
Centre, Norwich, U.K.)

Sulfate taken up by the root is the major sulfur source for growth. It has to be reduced
to sulfide before it is further metabolized into cysteine, the precursor and sulfur donor
for the majority of other organic sulfur compounds present in plants. Different sulfate
transporter proteins are involved in the uptake and distribution of sulfate. Twelve sul fate
transporter genes have been isolated from Brassica oleracea, which on basis of se -
quence analysis and possible function could classified into 4 different groups. Sulfate
may be reduced in the root, as root plastids contain all of the enzymes of the assimila-
tory sulfate reduction pathway, although the major proportion of sulfate is reduced in the
shoot in the chloroplasts. Prior to its reduction, sulfate is activated to adenosine 5’-
phosphosulfate (APS) catalyzed by ATP sulfurylase, either in the cytosol or in the plas-
tids/chloroplasts. Subsequently, APS is reduced to sulfite by APS reductase (APR) and
the sulfite formed is reduced to sulfide by sulfite reductase. Both the reduction of APS
and sulfite take place exclusively in the plastids/chloroplasts. The reduction of APS by
APR is considered to be one of the rate-limiting steps in the assimilation of sulfur in
plants. Sulfide is incorporated into cysteine catalyzed by O-acetylserine(thiol)lyase
using O-acetylserine as a substrate. The uptake, distribution and reduction of sulfate in
plants are highly coordinated with the sulfur requirements for structural growth, and are
further influenced by environmental conditions. If sulfate is deprived from the root envi-
ronment, the sulfate uptake, distribution and reduction potential, and efficiency of the
plant are generally enhanced by a combination of physiological and morphological
modifications. For instance in curly kale (B. oleracea L.), sulfate deprivation resulted in
a rapid increase in activity and expression of the sulfate transporters and APS reduc tase,
a key enzyme in the sulfate reduction pathway, and upon more prolonged deprivation in
a change in shoot to root biomass partitioning in favor of that of the root. 
Changes in the expression of sulfate transporter and APS reductase genes, and conse-
quent sulfate uptake and APS reductase protein levels and activity upon sulfate depri-
vation and re-supply were further investigated in curly kale (B. oleracea L.). The aim of
the study was to assess whether the external or internal sulfate concentration, or re duced
sulfur compounds, are sensing factors for the modulation of the sulfate uptake potential
and distribution and its reduction in both root and shoot. The transfer of seedlings to sul-
fate-deprived conditions resulted in an up to 3-fold increase in the sulfate uptake capa-
city by the root, which was accompanied by an induction of transcript abundances of the
Group 1 and 4 sulfate transporters in root and shoot (Fig. 2A,B). Upon sulfate re- supply,
there was no correlation between the activity and expression of the sulfate transporters.
Despite the decrease in the abundance of the sulfate transporter transcripts, especially at
the onset of the sulfate re-supply, the sulfate uptake capacity was hardly affected for up
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to 96 h. There was no relationship between changes in the sulfate or thiol content and
activity and expression of the sulfate transporters; their significance as regulatory sig nal
compounds remains unresolved. The activity and expression of APS reductase, which
was enhanced strongly only in the shoots of sulfate-deprived plants, and rapidly de -
creased again upon sulfate re-supply (Fig. 1C), corresponded with changes in thiol con-
tent, consistent with this pool having a role as a regulatory signal.
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Figure 2. Impact of sulfate deprivation and re-supply on mRNA abundance of the sulfate trans-
porters (BolSultr) and APS reductase (APR2; Nothern-blot analysis, A, B), and the protein level
of APS reductase (APR2; Western-blot analysis, C) in the root and shoot of curly kale (Brassica
oleracea L.). Curly kale was grown on a 25 % Hoagland nutrient solution containing 0.5 mM
sulfate in a climate controlled room for 7 d, transferred to a fresh nutrient solution at 0 mM sul-
fate (-S) or 0.5 mM sulfate (+S) for 6 d and subsequently all plants were transferred to a fresh
nutrient solution at 0.5 mM sulfate (sulfate re-supply).
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The impact of atmospheric H2S nutrition and sulfate deprivation on the sulfate uptake
and expression of the sulfate transporters Sultr1;1 and Sultr1;2 in Chinese cabbage
(Brassica pekinensis).
L.J. De Kok, A. Koralewska, C.E.E. Stuiver, F.S. Posthumus, S. Kopriva* & M.J.
Hawkesford** (*John Innes Centre, Norwich,U.K; **Rothamsted Research,
Harpenden, Hertfordshire, AL5 2JQ, U.K.)

In addition to sulfate taken up by the roots, plants are able to utilize foliarly absorbed
sulfur gases, viz. H2S, SO2, and atmospheric levels of > 0.05 µl l-1 may contribute sub-
stantially to the plants' sulfur nutrition. It has been established that foliarly absorbed H2S
is directly metabolized with high affinity into cysteine and subsequently into other orga-
nic sulfur compounds. In curly kale there was to some extent a direct interaction
between atmospheric and pedospheric sulfur nutrition and H2S exposure resulted in a
partial reduction of sulfate uptake by the root and down-regulation of expression and
activity of APS reductase in the shoot.
Sulfate deprivation and H2S impact studies have shown promise as tool to get insight
into the regulation of sulfate uptake and sulfur assimilation and the dissection of the signal
transduction pathways therein involved. However, the variable but high sulfate content
of the shoot of curly kale varieties, which may exceed 90 % of the total sulfur content,
has complexed the assessment of a possible interaction between sulfur assimilation in
the shoot and the uptake of sulfate by the root and the dissection of the signal transduc-
tion pathways therein involved. Chinese cabbage (Brassica pekinensis (Lour.) Rupr.,
sometimes classified as B. rapa L. ssp. pekinensis (Lour.) Hanelt shows more promise,
since its sulfate content of the shoot only accounted to up to 60 % of the total sulfur con-
tent. In the present paper the impact of sulfate deprivation, sulfate re-supply and H2S
exposure on sulfate uptake and expression of the high affinity root sulfate transporters
was studied in Chinese cabbage in order to get insight into i) differences in patterns of
regulation of the Sultr1;1 and Sultr1;2 sulfate transporters, ii) the shoot to root interac-
tion between sulfate assimilation and sulfate uptake and iii) the dissection of the signal
transduction pathways therein.
The regulatory mechanisms in Chinese cabbage (B. pekinensis (Lour.) Rupr.), the inter-
action between atmospheric H2S and pedospheric sulfate nutrition was studied and its
impact on the activity and expression of the Group 1 sulfate transporters, and the expres-
sion of APR was studied. At an ample sulfate supply, H2S exposure of Chinese cabbage
resulted in a partial decrease of the sulfate uptake capacity and a decreased expression
of the constituent apparent Sultr1;2 and APR in the root and APR in the shoot (Fig. 3A).
Upon sulfate deprivation there was a more than 3-fold increase in the sulfate uptake
capacity by the root, accompanied by an induced expression of Sultr1;1 and an en hanced
expression of Sultr 1;2 in the root and that of Sultr1;2 in the shoot (Fig. 3B). Prolonged
sulfate deprivation resulted in an altered shoot to root biomass partitioning in favor of
that of the root. Despite the observation that Chinese cabbage was able to transfer from
sulfate taken up by the root to foliarly absorbed H2S as sole sulfur source for growth,
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the enhanced sulfate uptake capacity, the mass expression of the sulfate transporters in
the root and the altered shoot to root partitioning upon sulfate deprivation were not
rapidly alleviated upon H2S exposure (Fig. 2B). Similar to observations with curly kale,
sulfate re-supply of Chinese cabbage also did not rapidly affect the expression and acti-
vity of the sulfate transporters of sulfate-deprived plants. Its enhanced sulfate uptake
capacity and expression of Sultr1;1 and Sultr1;2 were only slightly affected after 2 d of
sulfate re-supply, thereafter it gradually decreased, but even after 7 d of sulfate re-sup-
ply it was still significantly higher than that of sulfate-sufficient plants. Expression of
APR was strongly enhanced in the root and shoot of sulfate-deprived plants and rapid-
ly decreased again upon H2S exposure and sulfate re-supply. The significance of shoot
to root interaction and sulfate and thiols as regulating signals in the activity and expres-
sion of Sultr1;1 and 1;2 is evaluated. 

Figure 3. Impact of H2S exposure and sulfate deprivation on mRNA abundances of sulfate
transporters and APS reductase (APR) (Northern-blot analysis) in root and shoot of Brassica
pekinensis. A: 10-day old seedlings were grown on a 25 % Hoagland nutrient solution at 0.5
mM sulfate for 11 days and subsequently exposed to 0, 0.1, 0.25 and 0.5 ml l-1 H2S for 48 h; 
B: 10-day-old seedlings were grown on a 25 % Hoagland nutrient solution at 0 and 0.5 mM 
sulfate and exposed to 0.2 �l l-1 H2S for 9 days.
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Figure 4. New Book – to be issued in 2008.
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Recent developments

The start of 2007 was very successful with a publication in Science on our work on sex
determination in Nasonia (Beukeboom et al 2007). The publication reported for the first
time the existence of haploid females in the hymenoptera insects. Another highlight was
the installment of the Uyttenboogaart-Eliasen Foundation at CEES on 1 December
2007, on which Prof. Menno Schilthuizen of the Natural History Museum Naturalis was
appointed. This will boost the connections between Naturalis and CEES in the upco-
ming years. We received two grants in the ALW Open Competition, a post-doc on the
genetic basis of photo- and thermoperiodism in Nasonia in collaboration with Prof. Dr.
D. Beersma of Chronobiology and a Ph.D on the genetics of mating behaviour and
reproductive strategies in Nasonia wasps. Furthermore, in collaboration with the
Theoretical Biology group (Prof.dr. F.J. Weissing), a PostDoc grant was received from
NWO in the framework of the research programme “Ecologie Rond Genetisch gemodi-
ficeerde Organismen (ERGO) as part of a larger collaborative programme with Prof.dr.
R.G.R. Visser (PRI, WU) en Prof.dr. P.H. van Tienderen (UvA).

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 organisms 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, evolutionary gene-
tics and population & conservation genetics. Although each sub-programme 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 pro-
jects that are co-supervised.

Evolutionary genetics

The Evolutionary Genetics sub-programme seeks to understand the genetic regulation
of reproductive systems and how reproductive mode has shaped mating systems and
life-history characteristics. The main focus is on elucidating the underlying genetics and
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evolution of sex determining mechanisms (Ph.D project of Eveline Verhulst aimed at
unravelling the molecular genetic regulation of sex determination in the haplodiploid
wasp Nasonia, Ph.D project of Magdalena Kozielska on the evolution of various sex
determining mechanisms in the housefly, Musca domestica, together with Theoretical
Biology), sexual versus asexual reproduction (Ph.D project of Irene Mateo Leach on
sexual and asexual reproduction in the parasitoid Venturia canescens) and the process of
speciation (completed Ph.D project in 2007 of Aitana Peire Morais on the genetic basis
of prezygotic isolation in Nasonia species, completed post-doc project of Rinaldo
Bertossa on the molecular genetic basis of reproductive behaviour, started project on the
genetics of post-zygotic isolation of Tosca Koevoets). We also study the consequences
of these reproductive modes and processes for the structure of genetic variation in natu -
ral populations (Ph.D project of Bernd Grillenberger into the phylogeography and pop-
ulation genetic structure of Nasonia vitripennis, Ph.D project of Joanna Reszka on
inbreeding in Drosophila and Nasonia). In addition we study the genetic basis of adap-
tation and life-hiostory evolution (VENI project of Jetske de Boer on mating systems in
relation to sex determination in Cotesia wasps, postdoc project of Rinaldo Bertossa on
the genetics of diapause in Nasonia). We also started to investigate how evolutionary
and ecological forces shape bird-parasite-parasitoid communities in collaboration with
R. Etienne and H. Olff of Conservation & Community Ecology (Ph.D project of Saleta
Perez Vila). We mainly use parasitoid wasps (Hymenoptera) and houseflies as model
systems. Below we present progress on some aspects of our research programme.

Sex allocation in Nasonia
Ph.D project of Bernd Grillenberger, MSc project Tosca Koevoets, in collaboration with
Ido Pen (Theoretical Biology) and David Shuker (Edinburgh)

Sex ratio theory has provided excellent opportunities for examining the precision of
adaptation. One of the most productive areas from this respect has been Hamilton’s
theory of local mate competition (LMC), which explains why female biased sex ratios
are favoured in structured populations, where mating occurs before females disperse.
Specifically, if N diploid foundresses lay eggs on a patch, then the evolutionary stable
sex ratio (r*; proportion males, N; number of foundresses) is given by r* = (N-1)2N
(Hamilton 1967). This equation predicts that a decrease in the number of foundresses
will result in a more female biased sex ratio, and that an ever increasing number of foun-
dressess will lead the sex ratio to become less female biased and asymptote towards 0.5.
One way of conceptualising this is that a female bias is favoured as it reduces competi-
tion between sons (brothers), and increases the number of mates for sons. An addition-
al bias is favoured in haplodiploid species because inbreeding makes females relatively
more related to their daughters than their sons. There is extensive empirical support for
the basic predictions of LMC theory: foundresses of numerous species have been shown
to adjust their offspring sex ratios in response to the number of foundresses laying eggs
on a patch.
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Extensions of LMC theory have suggested that the pattern of sex ratio adjustment should
vary depending upon how much information foundresses are able to process about the
environment. Hamilton’s original prediction was based on a number of simplifying
assumptions, such as foundresses contributing the same number of offspring to each
patch, and random mating within the patch. These assumptions implicitly constrain what
information foundresses are thought to use. When these assumptions are relaxed,
offspring sex ratios are predicted to vary within the patch, between individuals, and over
time and space. For example, Werren (1980) showed that when two foundresses lay eggs
sequentially on the same host, the sex ratio produced by the second foundress to lay eggs
on the host should be negatively correlated with the relative size of her clutch (clutch
laid by the second foundress divided by the clutch size of the first foundress). This is
because, when a foundress produces a lower proportion of offspring, then her offspring
will experience less LMC (i.e. less competition between brothers). It has since been
shown that the same qualitative prediction, to produce a less female biased sex ratio, or
even a male biased sex ratio, arises in a range of other models with simultaneous ovi-
position. Whilst these models have been tested several times in the laboratory, there has
been a conspicuous absence of field tests that examine what information foundresses
actually use when varying their sex ratio under LMC. This is largely because of the tech-
nical difficulties of recording oviposition behavior in the field.
We addressed this problem by using microsatellite markers to trace the field behavior of
individual foundress females of the parasitic wasp Nasonia vitripennis (photo). We esti-
mated the level of inbreeding, foundress numbers, timing of parasitization and indivi-
dual sex allocation in two field populations in Europe. N. vitripennis is an ideal orga-
nism for such a study because it is known from both laboratory and field studies that the
females adjust their sex ratios in response to the basic tenets of LMC.
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Parasitazion patterns

Nasonia vitripennis is a gregarious pupal parasitoid of a wide range of cyclorraphous
flies. Like all Hymenoptera N. vitripennis has a haplodiploid reproduction mode: ferti-
lized eggs develop into diploid females, unfertilized eggs into haploid males. In N. vitri-
pennis females usually mate at their place of birth and disperse after mating. Males have
reduced wings and cannot fly. Fly host pupae were collected from bird nests obtained
from 95 nest boxes in a 1.4 km x 2.5 km field site in the Hoge Veluwe National Park
(The Netherlands) (referred to as HV) and from baits placed in 28 nest boxes placed
along a straight ~600 m long road in a field site near Schlüchtern (Hessen, Germany)
(referred to as Schl). The collected host pupae were incubated individually at room tem-
perature (~20˚C) and the emerging wasps, after being identified as N. vitripennis, were
counted, sexed and used for molecular analysis. For baiting (in Schl), 25 laboratory
hosts (Calliphora vicina) were placed in a mesh bag and left inside the nest box for
approximately one week to allow parasitization. As the nest boxes are cleaned out every
year and we did not find any host pupae that showed signs of emergence, we assume that
our sample represents all offspring that emerged from these nest boxes. 
The genotypes of the females (here called foundresses) that oviposited on each host
were determined from the genotypic data of the offspring following these simple rules:
(1) A female can maximally provide two alleles per locus. (2) The father can only pro-
vide one allele per locus (being haploid) that is shared by all full sisters. (3) Sons can
only have an allele from their mother, as they are haploid. If several foundress genoty-
pes were possible based on the microsatellite profile, we always preferred the solution
with the lowest number of foundresses. We allowed the foundresses to be multiply
mated in our paternity analysis. This yielded data on the number of foundresses per nest
box and per host, as well as on the individual clutch sizes and sex ratio of every foun-
dress. 
From the 95 nests that were inspected at the Hoge Veluwe, 15 (16%) contained fly pupae
of which 10 (10.5% of total) yielded N. vitripennis emerging from at least one host.
From the 28 baited nest boxes in Schlüchtern 8 (29%) yielded N. vitripennis. The total
number of hosts found per nest box ranged from 6 to 82. The number of parasitized hosts
per nest box ranged from 1 to 79. We genotyped a total of 3551 individuals emerging
from 10 natural nests (HV) and 8 baits (Schl). We could identify a total of 49 foundres-
ses (Figure 1). Assuming that the allele frequencies measured in our sample represent
the genetic makeup of the whole population, the chance that two unrelated individuals
show the same allele is equal to the frequency of the particular allele in the population.
Due to the high allelic variation of our markers, the chance of encountering two or
respectively three females that have identical genotype in all four markers is < 0.001.
The number of offspring per foundress and host varied between 1 and 39 (mean = 9.99
±0.41), while the number of hosts being parasitized by a single foundress varied
between 1 and 27 (mean = 7.17±1.02). The observed level of superparasitism is very
high. In 39.5% (N = 238) of all hosts we found evidence for more than one foundress
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and in 5.5% more than two foundresses. In Schlüchtern we found five foundresses para-
sitizing in two nest boxes each. We found no significant difference in the distribution of
foundresses across patches or hosts between the natural nests (HV samples) and baits
(Schl amples). 

There was no evidence for female preference for or against patches or hosts used by
other females. We found no significant deviation from a random distribution of the foun-
dresses across used patches or across the hosts within a patch. This indicates that there
is no strong response of host searching females on the presence of other females resul-
ting in either an over- or underdispersed distribution of foundresses within a population
or within parasitized hosts in a patch. The total number of hosts present in a patch could
be a plausible cue for the quality of a patch. This would result in a positive correlation
of foundress number with the total number of hosts in a patch. However, the total num-
ber of hosts present in a patch and the number of foundresses parasitizing showed no
significant correlation.
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Figure 1. Frequency distribution of the number of foundresses per patch (A, B) and host (C, D)
under natural conditions (A, C) and baits (B, D).
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Population structure

A general assumption in LMC theory is that the population structure is highly subdivi-
ded. This is usually claimed to be a consequence of the patchy distribution of hosts.
Using the conventional F-statistic we find a rather low degree of differentiation between
the two sampling regions (FRT = 0.035). The private allele method estimates the num-
ber of migrants per generation between the populations and can be interpreted as a FRT
of 0.11 which resembles considerable differentiation. An individual based test for isola-
tion by distance did not show an indication of an increase of genetic differentiation with
geographic distance within regions. This indicates that there is high dispersal within the
scale of the regions and the composition of foundresses parasitizing a patch represents
a random sample of the regional population. Therefore the relatedness among the foun-
dresses of a patch can be expected to be indifferent of that within a region. For existing
LMC models this implies that an estimate of inbreeding on regional level is as well valid
on patch level.
Hamilton (1967) assumed in his original LMC model that all females in a patch lay
equally sized clutches. Unsurprisingly females do lay varying clutch sizes, and there is
a large coefficient of variation in clutch sizes per pupa across the patches (0.69 ±0.04).
Another assumption of Hamilton is that there is random mating among the offspring of
one patch. In a subsequent publication, Hamilton (1979) predicted that the population
inbreeding should follow FIT = 1/(4n-3), with n being the harmonic mean number of
foundresses per patch. For our study n is 1.9, resulting in an expected inbreeding coef-
ficient of 0.22 which is very close to the observed value of 0.197 ± 0.014. This means
that the assumption of random mating among the offspring of a patch appears valid and
that the determined foundress number is representative for the study area.
Herre (1979) found that species that are more likely to encounter a conspecific on a
patch have a stronger response to LMC. N. vitripennis is known to have a very strong
response to LMC and the superparasitization rate of 39.5% on host level is rather high.
Therefore we can conclude that competition in N. vitripennis is frequent enough for
LMC theory to be applicable in our field populations. As superparasitization constitutes
direct resource competition one may expect that the foundresses have evolved ways to
avoid each other when parasitizing the same patch. Such a behavior would lead to an
underdispersed parasitization pattern. However, our results do not indicate a significant
deviation from a random parasitization pattern. Hence, at patch level, we have no strong
evidence for preference or avoidance of superparasitization. 
The estimated percentage of unmated females (2%) is in the range of what has pre-
viously been reported. We found evidence that a small proportion (2 out of 48, ~ 4%) of
foundresses are multiply mated. In general, polyandry reduces relatedness among the
female offspring of a particular female. Unlike inbreeding, which would lead to selec-
tion for a less female biased sex ratio, polyandry does not change the relatedness of a
mother to her offspring and should therefore have no influence on sex allocation. It has
been shown that multiple mating in N. vitripennis increases with time cultured in the lab.
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Therefore, it is conceivable that a previously mated female encounters a male that was
born on the patch where she is ovipositing and mates a second time outside her natal
patch. Nevertheless multiple mating seems to be rare in N. vitripennis and the effect of
this behavior on the population genetic structure is likely to be negligible.

Sex ratios

The overall sex ratio across the patches was extremely female biased (0.200 ± 0.007 pro-
portion males). The average clutch size per host per foundress was 9.34 ± 0.40 (N = 324
clutches). For those hosts where only one foundress laid eggs it was 11.56 ±0.64, and in
those hosts where multiple foundresses laid eggs it was only 7.74 ± 0.48. Sex ratios did
vary significantly among foundresses and increased with the number of foundresses
(figure 2), as expected from LMC theory.
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Figure 2. Sex ratios vary with the number of foundresses using the patch (open circles) or a
particular host (filled circles). Error bars are 95% conficence intervals.

We used microsatellite markers to determine the sex ratio behavior of individual N. vitri-
pennis foundresses. We found that the only significant variable was the relative clutch
size laid on a host: foundresses produced a less female biased sex ratio when they laid
relatively fewer eggs on a host (Figure 3). 
Our results suggest that foundresses are adjusting their offspring sex ratio in response to
variation in the extent of LMC, and that the primary cue on which they are basing their
behavior is the relative number of eggs that they are ovipositing on each host. In con-
trast, they do not appear to be using information about the total number of foundresses
on a patch, or the relative fecundity of different foundresses on a patch. This result
agrees with a recent laboratory experiment in which we found foundresses to lay less
female biased sex ratios when co-foundresses were present, but that the primary cue was
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the eggs laid by those other foundresses, and not the presence of the foundresses them-
selves. We suggest that the explanation for these results is that foundresses are respon-
ding to the cues that are reliable indicators of the extent of LMC that their offspring will
experience under natural conditions. Foundresses appear to be able to assess with rela-
tive ease whether a host has been previously parasitized and a higher proportion of pre-
viously parasitized hosts should correlate with less LMC. In contrast, foundresses may
not be able to directly assess the number of foundresses that are laying eggs on that
patch, especially if these foundresses visit the patch sequentially. 
Our analyses support the results from laboratory studies on N. vitripennis and other spe-
cies that foundresses do not adjust their sex ratio in response to their relatedness to their
mates or the other foundresses on the patch. Foundresses are predicted to lay a more
female biased sex ratio when mated to more closely related individuals, because then
they will be relatively more related to their daughters than their sons.. Foundresses are
also predicted to lay a more female biased sex ratio when ovipositing with more close-
ly related foundresses, because this will increase the relatedness between the offspring
developing on the patch, and hence increase the extent of LMC. Whilst it could be
argued that selection for an effect with relatedness to other foundresses may be weak,
because relatives rarely oviposit on the same patch and mating between related offspring
emerging from different hosts may also be limited due to their distribution in space or
time, there is appreciable variation in relatedness to mates, as mating with both siblings
and non-siblings is common. However, such sex ratio adjustment would require reliable
cues for kin recognition, and theory suggests that sufficient variability in the cues is unli-
kely to be maintained. The reason for this is that more common alleles would be recog-
nised more often, indicate a higher relatedness, and hence be under positive selection:
less common alleles would thus be eliminated, along with the variability that is required
for kin discrimination.
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Figure 3. Sex ratios are negatively correlated with the difference in clutch size between foun-
dresses ovipositing on a host.
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Our results show that for species which are shown to fit simple models of LMC, techni-
ques that allow the testing of more specific models in the wild can tell us a great deal
about what limits adaptive behavior. Our results also emphasise two general points about
the extent to which we should expect data to fit theory. First, the ability of individuals to
adjust their behavior in response to environmental conditions depends upon the cues
which they can use, and the reliability of those cues. Here, we have found that cues con-
cerning whether or not hosts are already parasitized are much more important than social
cues, such as the presence of other foundresses or the relatedness between individuals.
Second, the pattern of social interactions in natural conditions can be much more com-
plicated than that assumed by theory or laboratory experiments. More specifically,
mating can be structured both temporarily and spatially within patches, leading to a hig-
her likelihood of mating among individuals from the same host, in contrast to the usual
assumption of random mating at the patch level. Studies on sex ratio evolution have been
extremely useful for illustrating such general points, because of the relative ease with
which the key parameters can be measured and linked to their fitness consequences.

Complementary sex determination in the parasitoid Cotesia vestalis
VENI post doctoral project of Jetske de Boer, started October 2007

Unlike Nasonia vitripennis, many hymenopterans exhibit a sex determination mode that
is regulated by the allelic composition of a single sex locus. Under so-called single locus
complementary sex determination (CSD), which was first discovered in the 1940s by
Whiting in the parasitoid Habrobracon hebetor, heterozygosity at the locus initiates
female development while hemizygous or homozygous individuals develop as males.
Diploid males usually have low viability, are sterile or they produce triploid offspring.
They are produced instead of fertile diploid females so they represent a strong cost to a
population, potentially resulting in increased extinction risk and reduced efficiency of
biological control. The cost of CSD is especially high under inbreeding because more
diploid males are produced than under random mating.
CSD is thought to be ancestral but is not present in every hymenopteran, as is already
clear from its absence in N. vitripennis. Apparently, multiple evolutionary transitions
from CSD to alternative, yet unknown, modes of sex determination have occurred.
Modes of sex determination can differ even between closely related hymenopterans.
Within the braconid parasitoid genus Cotesia, species with and species without CSD
occur. It was previously discovered that the solitary Cotesia vestalis has CSD and that
it is likely based on complementarity at more than one locus. Multiple locus-CSD was
first proposed in the 1930s by Snell and might evolve from single locus-CSD by one or
more duplications of the sex locus. However, to date, no conclusive evidence has been
found for this hypothetical model of sex determination. We aim at further sorting out the
molecular basis of multiple locus-CSD.
Another aspect of this project is studying population-level consequences of CSD because
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surprisingly little is known about the sex determination load in natural populations of
parasitoids. To determine the frequency of diploid males under natural field conditions,
C. vestalis wasps were collected from a native population in Taiwan. We used flow cyto-
metry to identify male ploidy. Preliminary results from this collection indicate that dip-
loid males occur at very low levels in this population, i.e. approximately 0-4%. This low
percentage might be explained in several mutually non-exclusive ways that will be inves-
tigated as part of this project: (1) CSD is based on more than one locus (see above) or a
single locus with very high allelic diversity; (2) Mating structure is such that inbreeding
level is very low. Several behaviours might be responsible for the latter explanation, such
as avoidance of mating with relatives, post-emergence and pre-mating dispersal, or scat-
tered oviposition behaviour of the mother. In the future, we also plan to compare diploid
male frequency and genetic variation of C. vestalis from Taiwan to popu lations from
regions where this species has been introduced for biological control of the diamondback
moth. This offers an ideal opportunity to gain insight into the potential effects of bottle-
necks or founder events on the sex determination load in parasitoid wasps.

Population & Conservation Genetics Group

The research of the Conservation & Population Genetics group is focused on various
population genetic topics. Considerable emphasis is directed towards understanding the
dynamics of genetic variation in small, endangered populations (conservation gene-
tics), and focuses in particular on studying the occurrence, extent, and consequences of
genetic erosion in relation to the persistence of such populations. We approach these
questions both theoretically (in collaboration with the Theoretical Biology group) and
for a major part experimentally. The latter approach includes both fundamental research
to gain an insight into the genetic processes that underlie genetic erosion, inbreeding
depression, and population extinction by using Drosophila melanogaster as a model
organism, and practical research to analyse the extent and organisation of genetic diver-
sity in endangered species, such as the pine marten, using molecular tools. (detailed
information about this can be found in the CEES progress report of 2006). Other topics
that are addressed can be broadly summarised as population genetics and, among
others, focus on reproductive strategies in plants and animals (e.g. PhD project Bernd
Grillenberger into the sex ratio and genetic structure of Nasonia vitripennis), the evolu-
tion of ageing (PhD project of Audrey Ayrinhac that is aimed at unravelling the genes
determining longevity in Drosophila), and stress adaptation in Drosophila (PhD project
of Renate Geerts on insecticide resistance in Drosophila). 
In collaboration with the Theoretical Biology group (Prof. dr. F.J. Weissing), a PostDoc
grant was received from NWO in the framework of the research programme “Ecologie
Rond Genetisch gemodificeerde Organismen (ERGO) as part of a larger collaborative
programme with Prof. dr. R.G.R. Visser (PRI, WU) en Prof. dr. P.H. van Tienderen
(UvA).
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In 2007 two PhD theses were successfully defended that are described in more detail
below.

Genes involved in DDT resistance in Drosophila melanogaster
PhD Renate Geerts

Introduction

During the second half of the last century, synthetic insecticides were intensively used
to control pest insects. However, in many cases the pest insects rapidly developed resis -
tance to the applied insecticides. Consequently, development of resistance has become
a significant problem for pest management in agriculture. Understanding the evolution
and genetic basis of resistance, therefore, is of utmost importance in this applied field.
The general aim of this project was to identify genes involved in insecticide resistance
in Drosophila melanogaster populations that for a long period (nearly 20 years) have
been exposed to insecticides. As a first step the primary genes responsible for DDT resi-
s tance were identified. 
The populations used in the experiments were derived from two non-related strains,
"Bogotá" and "50x50". These strains have been maintained in the laboratory in popula-
tion cages since 1961 and 1971, respectively. In 1983, one selected and one unselected,
control strain was founded from each control strain and reared in population cages.
These selected offshoots were gradually adapted to survive on DDT-supplemented
medium, starting with 15 ppm DDT. A concentration of 90 ppm DDT was reached after
4 years and, thereafter, the selected offshoots were continuously exposed to this con-
centration. Both selected offshoots already became resistant for DDT concentrations
considerably higher than 90 ppm DDT after four years of DDT exposure. We will refer
to the selected offshoots as “resistant populations” (R) and to the unselected, control
strains as “susceptible populations” (S).

Chromosome localization of resistance genes

Female Drosophila have two X chromosomes (XX), males have one X and one Y chro-
mosome (XY). The Y chromosome essentially contains no genetic information, so it can
be expected that if major genes for DDT resistance are localized on the X chromosome,
male offspring from resistant females (R�) mated with a susceptible male would all be
more resistant to DDT due to the “resistance X-chromosome” they inherited from their
mother. S�xR� and R�xS� crosses for both the “Bogotá" and the “50x50” populations
showed no indication of X-linkage of DDT resistance genes. Therefore we designed
crossing experiments to examine the possible localisation of DDT resistance genes on
each of the other two major autosomes (chromosome 2 & 3). 
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Females of a recessive bw//bw;st//st eye-colour marker strain were crossed with males
from each DDT-resistant population. bw (brown eyes) and st (scarlet eyes) are located
on chromosome 2 and 3, respectively. F1 males from this cross were backcrossed to
females from the marker strain (Figure 4). Egg-to-adult survival of the resulting diffe-
rent phenotypes in F2 on medium with 40 ppm DDT was compared to survival of the
different phenotypes on medium without DDT.
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Figure 4. Crossing scheme to investigate the possible presence of dominant resistance factor(s)
on the autosomes (chromosome 2 and 3) with the aid of recessive markers. Chromosome 2 was
marked with bw, which results in brown eyes in homozygous condition, whereas chromosome 3
had a st marker, which is a scarlet eye colour in homozygous condition. The combination of
both markers in homozygous condition produces white eyes.

For both DDT-resistant populations, individuals with scarlet and wild-type eye pheno-
types were observed to emerge on DDT containing medium, while flies with brown eyes
did not survive on DDT containing medium. Therefore, only flies that had inherited a
chromosome 2 descended from the resistant parental population survived on DDT. The
survival of these flies on DDT containing medium was comparable to that on medium
without DDT. It can be concluded that dominant autosomal factor(s) involved in DDT
resistance is (are) predominantly located on chromosome 2, in both the "Bogotá" and
"50x50" DDT-resistant populations. 

Identification of “DDT resistance genes”

Genes of the Cytochrome P450 (Cyp) family are well known for their role in xenobiotic
degradation and have been reported to be involved in insecticide resistance. In Dro -
sophila melanogaster, 83 cytochrome P450 genes are known of which 43 are located on
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chromosome 2. This is the chromosome to which important resistance facors were mapped.
To examine the possible role of cytochrome P450 genes in DDT resistance in our popu -
la tions, we used piperonyl butoxide (PBO), an inhibitor of cytochrome P450. Egg-to-
adult survival of the resistant populations was tested by using vials with control medi-
um, medium with 100 ppm DDT, medium with 0.2 mM PBO and medium with both 100
ppm DDT and 0.2 mM PBO. As control, we assessed egg-to-adult survival of the
susceptible populations as well. Instead of 100 ppm DDT, we used 40 ppm DDT for
susceptible populations. Egg-to-adult survival for different DDT and PBO treatments is
shown in Table 1.
As mentioned before, cytochrome P450s catalyse diverse enzymatic reactions.
Therefore, it is likely that not only degradation of DDT was prevented due to addition
of PBO, but also that vital reactions were blocked, which could decrease viability, as
shown for DDT-resistant "Bogotá" for which viability was negatively affected by PBO.
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Presence "Bogotá" "50x50"
DDT PBO R S R S

- - 74.6 ± 0.86c 73.4 ± 1.57c 78.5 ± 1.61c 76.8 ± 3.28c

- + 47.1 ± 3.22b 65.9 ± 4.90c 74.5 ± 1.73c 77.5 ± 1.86c

+ - 71.6 ± 0.92c 26.3 ± 2.01b 53.1 ± 3.24b 25.0 ± 1.20b

+ + 19.8 ± 3.56a 7.1 ± 0.66a 0.8 ± 0.33a 8.6 ± 1.60a

Cytochrome P450 expression

Females collected from both the resistant and susceptible populations were allowed to
lay eggs on medium without DDT for four hours. Eggs were transferred onto either
medium without DDT or medium containing 40 ppm DDT for the susceptible popula-
tions and 40 or 90 ppm DDT for the resistant populations. A DDT concentration of only

Table 1. Mean egg-to-adult survival (± s.e.) of the populations under different DDT and PBO
conditions. A DDT concentration of 100 ppm was used for the resistant (R) populations and 40
ppm for the susceptible (S) populations. The PBO concentration was 0.2 mM. A different letter
indicates a significant difference (P<0.05) within each column tested in a One-Way ANOVA.
Means are based on 10 replicates with 100 eggs each.

From this analysis it can be concluded that the factor(s) involved in DDT resistance in
Drosophila are Cyp gene(s) located on chromosome 2. The next step is to identify the
individual gene(s).
To this end, we examined the expression of cytochrome P450 mRNA in third-instar lar-
vae by Northern blotting using gene-specific probes for the 34 Cyp-genes located with -
in and around 54 cM to which resistance was mapped (Chapter 3).
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40 ppm was used for the susceptible populations, since these larvae hardly survive higher
concentrations. After a period of 72-90 hours, for each treatment, about 40 third-instar
larvae were collected in duplo in small vials and frozen in liquid nitrogen until RNA iso-
lation.
Expression of CytochromeP450 genes was determined by Northernblotting using quan-
tified amounts of RNA for each assay.
Gene-specific Cyp probes were designed based on the sequences of Cyp genes reported
in FlyBase (www.flybase.org). Using the sequences of our designed probes in a BLAST
search of the Drosophila genome database (www.flybase.org), we confirmed gene spe-
cificity for all the probes tested.
The expression patterns of 34 cytochrome P450 genes in third-instar larvae reared on
control medium and medium containing DDT of the two resistant and two susceptible
populations did not reveal a significant differential expression pattern for the majority
of Cyp genes. However, for two cytochrome P450 genes, Cyp6g1 and Cyp6w1, a signi-
ficantly different expression between the resistant and susceptible populations was
found (Figure 5). 
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Figure 5. Expression patterns of Cyp6g1 and Cyp6w1 which showed differential expression in
relation to several Cyp-genes that did not show differential expression for the "Bogotá" and
"50x50" strain. Cyp6g1 and Cyp28a5 were assayed on the same blot indicating that differences
in expression of Cyp6g1 were not the consequences of different loading amounts of RNA.

Constitutive overexpression
Constitutive overexpression in the DDT-resistant populations was tested for by com pa ring
the level of expression in the DDT-resistant populations with the level of expression in the
susceptible populations, both on medium without DDT. For both Cyp6w1 and Cyp6g1,
expression of the DDT-resistant and susceptible populations differed significantly
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(Figure 5). Semi-quantitative analysis of expression level by measuring the intensity of
hybridisation showed that expression of the DDT-resistant populations was approxima-
tely 50% higher than that of the susceptible populations for both genes indicating that
both Cyp6w1 and Cyp6g1 are constitutively overexpressed in the analysed DDT-resis -
tant populations.

Induction of expression
Induction of expression was revealed by comparing expression levels on control medi-
um with expression on DDT medium for the same populations. For both the DDT-resi-
s tant and susceptible populations of "Bogotá", Cyp6w1 and Cyp6g1, expression on DDT
medium was significantly higher than on control medium (Figure 5). Expression of
Cyp6w1 was induced for both the DDT-resistant and susceptible population of "50x50"
as well, whereas no induction was found for Cyp6g1 (Figure 5). For the other 32 Cyp
genes, neither constitutive overexpression nor induction was observed.
Although for 32 genes, expression was not correlated with DDT resistance, expression
of four genes differed between the strains. Expression of Cyp4e1 and Cyp6a9 for
"Bogotá" was higher than for "50x50". For the strain "50x50", expression of Cyp4p3 and
Cyp6a8 was higher than for "Bogotá". Particularly for Cyp6a9, a striking difference in
expression was observed between our strains (Figure 5)
These differences reflect the origin of a strain rather than selection regime, since selec-
tion was identical for the strains.

Amplification and sequencing of the Accord element
Overexpression of cytochrome P450 genes has been observed to be associated with up-
regulation due to an inserted transposable element, like the Accord element in Cyp6g1.
We tested if in our resistant populations, resistance is also associated with the presence
of the Accord element.
DNA was isolated from individual flies that were collected from both the resistant and
susceptible populations. DNA was dissolved in 50-100 µl ddH2O and stored at 4°C until
amplification. Fragments indicative for presence (A+) or absence (A-) of the Accord ele-
ment were amplified with a specific primer pair directed to detect the prescence of the
Accord element. The resulting fragments were separated according to size on aa 2% aga-
rose gel. Fragments containing the Accord element were about 800 base pairs long, whe-
reas fragments lacking Accord were about 300 base pairs long (Figure 6).
In none of the examined flies collected from the susceptible populations of "50x50"
(n=43), we found the Accord element (A-//A-), whereas all flies collected from the resi-
s tant population were homozygous A+//A+ (n=42). This shows a clear association
between resistance and presence of the Accord element for "50x50". For "Bogotá", this
association was not complete, since five of the tested flies (n=41) were observed to be
heterozygous (A+//A-) in the susceptible population and thus the Accord-element fre-
quency was 0.061 in this population. However, like for the "50x50" population, all resi-
stant flies (n=35) were homozygous A+//A+.
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Sequencing shows that the Accord element was 491 base pairs long and contained three
microsatellite motifs, i.e. (gT)3A(Tg)5 on position 213 of the element, (Tg)8 on 287 and
(TA)6 on 386 that did not vary between the populations (Table 4.5). Accord-element
sequences did not differ between the DDT-resistant populations. Since in strain "50x50",
the association between Accord element and resistance was complete and tightly linked
to Cyp6g1 expression, the Accord element can be used in this strain as a genetic marker
to determine the frequency of the resistance allele of Cyp6g1.

Fluctuating asymmetry as a monitor for genetic and environmental stress in
Drosophila: Fundamental and applied aspects
PhD. Desiree Joubert

Fluctuating asymmetry (FA) is commonly described as small random deviations from
perfect bilateral symmetry in a morphological trait resulting from the interplay between
random developmental errors and an organism’s developmental buffering mechanism.
Based on the assumption that individuals that are better able to buffer their development
against these errors, due to a higher fitness, will be more symmetric, FA is expected to
reflect the quality of an organism. In addition, both genetic stress (e.g. inbreeding, muta-
tions or hybridisation) and environmental stress (e.g. temperature or pollution) are
thought to affect the development of individuals, and stressed populations are expected
to show higher levels of FA. Also important is that stress is generally thought to affect
FA levels before it does impact important life-history traits. In this context, the level of
FA could be very useful in conservation management, since an increase in FA would
reveal the onset and presence of stress and convey the quality and well-being of a pop-
u la tion under observation. Together with the fact that FA can be measured both relative-
ly easily and non-destructively and this level of FA can easily be extrapolated to the level

Evolutionary Genetics

95

Figure 6. Different lengths of the fragments with and without the Accord element and a 100-bp
size marker (m). Amplification products of resistant flies (R) were about 800 base pairs long,
whereas products of susceptible flies (S) were approximately 300 base pairs long.
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of stress experienced by a population, makes FA appealing to use as biomarker. As such,
FA has been put forward as a reliable biomonitor, possibly being more sensitive than
other population survey methods. However, the results gained from studies done so far
are variable and equivocal suggesting that the use of FA as an indicator of stress (or as
a biomonitor) is not so clear-cut. Thus, if we want to use the level of FA as a tool for e.g.
conservation issues, we need to know how accurate and reliable it really is. The gene ral
aim of the research, therefore, was to investigate if FA could be used as a biomonitor,
focussing particularly on the question: is FA a reliable tool in conservation biology?
This was investigated by using Drosophila melanogaster as model organism. The levels
of FA were calculated for four traits: two wing characters (wing width, WW and wing
length, WL) and two bristle characters (sternopleural bristles and orbital bristles). FA
was determined for populations under both genetic stress (inbreeding) and environmen-
tal stress (high temperature).

CEES Progress Report 2007

96

Figure 7. The impact of inbreeding on the level of fluctuating asymmetry (FA) for two wing
characters, wing length (WL) and wing width (WW), in two different experiments. Fig. 7a
shows the mean FA after a high level of inbreeding (F=0.785) was obtained and the populations
had been maintained as a large population during some 50 generations thereafter. For the 2nd

experiment figures 7b and 7c show the change in mean FA during the process of inbreeding
over generations for the same characters. In the end the same level of inbreeding (F=0.785) is
reached as in the 1st experiment. Comparing the figures shows that in the 1st experiment WL
asymmetry is increased whereas in the 2nd experiment WW shows a significant increase at
F=0.785 compare to the non-inbred situation, F=0.000.
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In many aspects the results were quite variable. The bristle characters never showed a
significant increase in FA under both stresses. For the wing characters, both inbreeding
and temperature stress affected FA: wing length (WL) FA was affected by inbreeding
(Fig. 7a) while temperature stress affected wing width (WW) FA. However, contrary to
expectation no synergistic effect of inbreeding in combination with temperature stress
on the FA levels of either WL or WW was observed. Importantly, lines that were more
recently inbred for the same base population as the lines used in Figure 7a, the FA of
WW was increased instead of WL FA after 7 generations of inbreeding. After the inbree-
ding process of the lines used in Figure 7b and c had been completed, they were kept as
large non-inbreeding populations in the lab for 53 generations, where after they were
tested again for FA. Then not wing width FA but wing length FA showed an increase due
to inbreeding. This discrepancy suggests that during the inbreeding process, genomic
coadaptation had broken down, after which new gene interactions (epistasis) and com-
plexes were formed causing the FA level of WW to increase. During the intervening
period between the two experiments selection and purging would have selected for dif-
ferent genomic interactions in which case a different trait, wing length FA, could beco-
me affected.
Apart from the trait specific results of mean FA levels, the results of the individual lines,
within each experiment, were quite variable too (Fig. 8). For instance, some individual
lines showed opposite results from the mean overall FA results or showed large varia-
tion in FA levels over different generations. In most cases the variation among inbred
lines was considerably higher than among non-inbred lines, but not always significant-
ly so. Finally, only in one case did FA significantly correlate with a fitness related trait
(development time; Fig. 9). The other fitness traits, egg-to-adult viability and a “general
fitness” measure, never showed a significant association with FA levels.
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Figure 8. This figure illustrates the highly variable levels that can be observed both for indivi-
dual lines over generations and between lines within generations. (NB: these are the same lines
of which the mean FA is shown in figure 7b).
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Our results indicate that FA is not a reliable indicator of stress and should be used with
extreme caution. For instance, if one were to use FA as an indicator of stress the out -
come could be very different depending on the populations and traits used. Furthermore,
comparing populations with a different genetic background for genetic or environmen-
tal stress could cause quite variable results as different types of stress affect different
traits. When measuring field populations, this means that if elevated FA levels are obser-
ved it can be an indication that the sampled populations are, or have recently been, under
stress. However, due to this variation in reaction to stress, the opposite is not necessari-
ly true: if no elevated levels of FA are found it cannot be concluded that a population is
not, or has not been, subjected to stress. From a nature conservation perspective, it ap -
pears not to be advisable to consider absence of increased FA as evidence that manage-
ment measures are not necessary. Especially, when monitoring of endangered species,
where large data sets will not be available, this may otherwise lead to erroneous manage-
ment decisions. Therefore, until asymmetry results become more reliable, FA should be
used only in combination with other different biomonitors, like different demographic
parameters or direct fitness measurements, to evaluate the status of an endangered pop-
u lation.
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Figure 9. Correlation of developmental time and the average level of FA, for the different
morphological characters combined, at two different temperatures: 17 ºC (9a) and 21 ºC (9b).
Developmental time was the only trait showing a correlation with FA. However, the correlation
was significant for the non-inbred lines and not for the inbred lines.
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Overview of academic results

The theme of the Department of Marine Benthic Ecology & Evolution (MarBEE:
http://marbee.fmns.rug.nl) is “diversity in space and time” which is spread over two
broad work areas, each with several projects: 1) population genetics-genomics, hybrid
zones, speciation and phylogeography; and 2) experimental community ecology, focu-
sing on factors that promote resilience in complex benthic communities. There are also
subprogrammes related to invasive species and general ecology of the Antarctic. We uti-
lize field and laboratory methods with emphasis on links between ecological and evolu-
tionary processes. There is a strong emphasis on the development and use of molecular
tools in combination with manipulative field experiments.

1. Population genetics-genomics, hybrid zones, speciation and phylogeography

The overall aims are to relate genetic diversity and population structure at different spa-
tial scales with biotic and abiotic processes affecting distribution, adaptation, hybridiza-
tion and speciation in marine algae, seagrasses, fishes and corals. 

CEES Progress Report 2007

102

Figure 1. The Norwegian rocky intertidal is dominated by fucoid seaweeds. Fucus serratus and
Fucus evanescens (centre of photo) are key species. These taxa have been in secondary contact
for the past 10,000 years and are reproductively isolated. This is not the case for younger con-
tact zones. 
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The seaweed genus Fucus (Fig. 1) continues to provide new insights on hybridization.
The native F. serratus and introduced F. evanescens have been in secondary contact
along the Danish coast for only 60-100 years and hybrids have been observed for the
past decade. The study by Coyer et al. (2007) (Fig. 2) is a continuation of studies in the
area and determined the degree and spatial patterns of introgression for nearly 300 indi-
viduals using microsatellites and cpDNA. Although parental species were well differen-
tiated (FST = 0.633), hybrids comprised nearly 13% of the population. Chloroplast DNA
was asymmetrically introgressed (all F1 hybrids had F. evanescens chloroplast DNA),
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Figure 2. Jim Coyer studying a hybrid zone.

but nuclear DNA (microsatellites) introgression was symmetrical with an equal number
(~1.5%) of genes introgressed into each parent (Fig. 3). High values of selection were
calculated against hybrids (>80%), which were consistent with lower survivorship and
viability of hybrids in the hybrid zone. Fucus hybrid zones differ considerably (mating
system, gamete dispersal) from the only other well-documented example of hybridiza-
tion in the marine environment (mussels), and may require a model of hybrid zone for-
mation and persistence that differs substantially from previously developed models.

Understanding post-glacial recolonization of F. serratus (Hoarau et al. 2007) has been
clarified by a phylogeographic and historical demographic study (Fig. 4). Over 1500
samples from the entire range of F. serratus were genotyped for a highly variable mito-
chondrial intergenic spacer using fluorescent SSCP. A total of 28 mtDNA haplotypes
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was identified and sequenced. Three refugia were recognized based on high haplotype
diversities and the presence of endemic haplotypes: southwest Ireland, the northern
Brittany-Hurd Deep area of the English Channel, and the northwest Iberian Peninsula.
The Irish refugium was the source for a recolonization sweep involving a single haplo-
type via northern Scotland and throughout Scandinavia, whereas recolonization from the
Brittany-Hurd Deep refugium was more limited, probably because of unsuitable soft-
bottom habitat in the Bay of Biscay and along the Belgian and Dutch coasts. The Iberian
populations reflect a remnant refugium at the present-day southern boundary of the spe-
cies range. A generalized skyline plot suggested exponential population expansion
beginning in the mid-Pleistocene with maximal growth during the Eems interglacial
128-67 kya (Fig. 5), implying that the Last Glacial Maximum (18,000 kya) mainly shaped
population distributions rather than demography.

Figure 5. Skyline plot of the historical demographic expansion of Fucus serratus.

Physiological stress is acute in the intertidal where individuals must deal with desicca-
tion, salinity, light and temperature fluctuations every day. Species of Fucus provide a
wonderful opportunity to study the adaptive population divergence with trait associated
genes. Using recently developed expressed sequence tag (EST) libraries (10,000 reads
each) for desiccation+high light and temperature+desiccation, we have identified 4902
unigenes and 269 msat-associated ESTs. While heat shock proteins pop up readily in
BLAST searches of the databases, up to 60% of the ESTs remain unidentified due (in
part) to long UTRs (untranslated regions) resulting in only short portions of the 3’-end
of the associated genes. In order to get more of the genes we are using RACE (rapid
amplification of cpDNA ends). In the mean time we have performed outlier tests on 60
loci from which six loci are under selection. There is a strong correlation between these
loci and salinity. Further work is underway to determine the genes involved. 
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Figure 6. Tides in Brittany are up to 9 m with intertidal exposures kilometers wide. Twice a
day intertidal organisms must cope with extremes of temperature, light, desiccation and salinity.
The high water mark is just visible on the rocks behind.

The seagrass, Zostera marina, (Fig. 7) exists as metapopulations which are often sub-
ject to source-sink dynamics. PhD student Steven Ferber is studying population con-
nectivity and historical demography among populations of Z. marina in the North
Atlantic. Using 12 msat loci and MIGRATE he has reconstructed connections along the
Wadden Sea – North Sea coasts (Fig. 8). Assignment tests reveal dispersal of up to 50
km with The Eems-Dollard area acting as an important source. These studies shed light
on realized gene flow in a vulnerable ecosystem engineer and highlight the importance
of the central Wadden Sea for Z. marina despite its paucity. 

Zostera marina is also the dominant seagrass along the Pacific coast of Baja and the
California Channel Islands. Recent work by Jim Coyer, on several of the California
Channel Islands, revealed a mosaic of two species (rather than one), evidence for
introgression and variable clonality (Fig. 9). The pristine environmental conditions of
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the California Channel Islands has led to assumptions of greater genetic diversity and
thus “better” stocks for restoration projects. This study has demonstrated that for future
restoration and transplantation efforts, cryptic species may be present and consideration
must be given to the degree of both genetic and genotypic (clonal) variation in candidate
donor populations, as some areas are dominated by huge single clones, whereas others
consist of mixed species’ stands. 
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Figure 7. Zostera marina, Eastern Denmark.

Figure 8. Connectivity among metapopulations of Zostera marina along the Wadden Sea –
North Sea coast.
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Figure 9. NJ tree of msat-distance data for Z. marina and the cryptic species, Z. pacifica in the
California Channel Islands and adjacent coast. Meadows are a mosiac of the two species inclu-
ding introgression and giant clones.

PhD student Andreas Zipperle is studying the reproductive ecology and population
dynamics of the dwarf eelgrass Zostera noltii in the Wadden Sea (Fig. 10). Field and
laboratory work have now been completed and will be fully reported on in 2008. This
year’s focus was on determining whether Z. noltii has a persistent seed bank and its role
(or lack thereof) in meadow turnover, i.e., is persistence governed by local recruitment
from a seed bank or from de novo seeds coming from far away? Using assignment tests
and following new recruitment over a 5-year period, it was shown that seed banks last
for at least three years and contribute up to 20% of the new recruitment. The mix of
vegetative and sexual reproduction supported by a persistent seed bank provides popu-
lation stability in the intertidal and explains high genetic and genotypic diversity of Z.
noltii in the Wadden Sea. Although well adapted to the stressful conditions in the
Wadden Sea, dwarf eelgrass is vulnerable to additional stressors (e.g., geese grazing,
storms), which can lead to local population extinction. Nevertheless population reesta-
blishment from a persisting seed bank definitely plays a role. 

PhD student Jos Mieog is studying how corals change their photosynthetic endosym-
biont algae, Symbiodinium strain, to enhance both survival and fitness under different
physical regimes. High temperature adaptation is particularly important in relation to
global warming and the phenomenon of coral bleaching. Jos and colleagues developed
a highly sensitive qPCR assay (Mieog et al. 2007) to detect extremely low levels of
background strains that were previously unknown, thus proving that corals harbor sever-
al symbiont strains, which can be “shuffled” and do not necessarily take them up from
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the environment (a contentious point called “switching”). Using reciprocal infection and
out-plant experiments - which are extremely challenging and labor intensive - Jos has
been able to show that corals indeed “shuffle” their background strains creating new
dominant strains to match the environment (Figs. 11 and 12).
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Figure 10. Zostera noltii. Top L to R: Ripe spathe with seeds; seeds (1-2 mm); ruptured seed
coat with embryo ready to germinate; germinating seed with coleoptile. Bottom: Germination in
the field. 

Figure 11. Laboratory set-up for coral infection and outplant preparations.
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2. Experimental community ecology

Biodiversity and resilience

Beginning in 2007 a new research group led by tenure tracker Klemens Eriksson has
been initiated within MarBEE where the aim is to understand how biodiversity loss (in
the broad sense) affects the resilience of communities. Focusing on experiments in
natural conditions, the group tests how trophic levels, functional groups and the number
of species determine the capacity of marine benthic communities to tolerate disturbances
or stress. Projects are focused on both hard-bottom communities (Baltic Sea-ongoing)
and soft-bottom communities (Wadden Sea - beginning in 2008).

Eutrophication and fishing are among the most important drivers of biodiversity loss
and attendant marine processes at a global scale. During 2007, tehey completed a three-
year series of experiments designed to test how fishing and eutrophication interact. This
was done by assessing how predatory fish and nutrient enrichment influence benthic
hard-bottom communities in the Baltic Sea. The small-scale results were quite striking.
First, by artificially depleting the abundance of larger predatory fish, using exclosure
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Figure 12. In the news…and on the radio…

6 CEES 2007 - Marine Benthic Ecology and Evolution.qxp:1.qxd  05-09-2008  09:46  Pagina 110



Marine Benthic Ecology and Evolution (MarBEE)

111

Figure 13. Fish exclosure and nutrient enrichment results.

Figure 14. Young of the year vs. algal abundance.

cages, they were able to simulate eutrophication effects in coastal seaweed communities.
Settling-plate results revealed that algal production in cages that excluded larger fish
could not be differentiated from algal production in artificially enriched plots (Fig. 13).
Monitoring also showed a close correlation between the presence of filamentous algal
mats (covering the bottoms) and the fish community along the Baltic coast (Fig. 14).
This suggests that eutrophication and fisheries must be managed together, and due to
these results, the National Board of Fisheries in Sweden has initiated a larger coopera-
tive project exploring large-scale fisheries effects on coastal communities for 2008.
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In 2007, PhD student Katrin Sieben started a series of experiments on Askö in Sweden
(Fig. 15). Her research specifically looks at cascading effects of the fish community
composition for secondary and primary production in coastal communities. Using
“enclosures” in the field, she has created a number of communities with different spe-
cies numbers and dominated by different species functional groups. Using this set-up
she aims to explore selection and complementary effects of fish diversity on predator
effects on invertebrate grazers, and how this may cascade to the algal trophic level. In
the coming years, these experiments will be continued at Askö, as well on a larger “bay”
scale in cooperation with the Swedish National Board of Fisheries. 
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Figure 15. In the field on Askö.

Invasive species ecology

PhD student Karin Troost continues her work on the ecological impact of the intro -
duced Pacific oyster, Crassostrea gigas. Recently completed work investigated whether
veliger larvae of the Pacific oyster and the blue mussel (Mytilus edulis) respond to inha-
lant feeding currents of adult bivalves, thereby possibly escaping predation. Larvae of
both species did not respond to a suction current mimicking a bivalve inhalant feeding
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current, leaving them vulnerable to predation by adult bivalves. The absence of beha-
vioural responses is illustrated in Fig. 16 showing swimming patterns of oyster larvae in
a suction flow field in a vertical and horizontal plane. Oyster larvae turned out to be bet-
ter swimmers than mussel larvae; they swam faster in both horizontal and vertical direc-
tions. Oyster larvae may, therefore, be better able to migrate vertically towards more
favourable water layers, e.g., away from benthic predators, towards more food-rich lay-
ers or towards water layers that move in favourable directions. More manuscripts are in
preparation which will be reported on in 2008. These include the results of experiments
on predation by other bivalve species, feeding current characteristics of species with dif-
ferent morphologies using digital particle image velocimetry, and gregarious settlement
in larvae of the Pacific oyster. Karin presented her results at the European Marine
Biology Symposium in Kiel, Germany, and the International Congress on Shellfish
Restoration in Vlissingen, The Netherlands. She was also invited to give a lecture on her
work at IFM-Geomar in Kiel and during the ‘Schelpenwerkgroep Friesland’ for a gene -
ral public. 
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Figure 16. Swimming patterns of Pacific oyster larvae in a suction flow field.

Antarctic ice-dependent foodchain

The project of PhD student Hauke Flores on sea ice-dependent food chains in the
Southern Ocean has entered the final phase. After working up the remaining samples
from the 2006-austral winter expedition, five manuscripts have been submitted that will
be formally reported on in 2008. Censuses conducted in austral summer 2004/05 in the
Weddell Sea indicated that the abundances of seals deep in the pack-ice were compara-
ble to the marginal ice zone, which is traditionally considered more productive. The den-
sity of the dominant crab-eating seals was mainly related to bathymetry and sea ice
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thickness (Flores et al. in press). Fish are important prey items of these seals and other
warm-blooded animals in the Southern Ocean. Adults of the lanternfish, Electrona ant-
arctica, significantly contributed to the pelagic energy budget, challenging the tradi-
tional krill-centered paradigm of the Antarctic food web. The species assemblage of lar-
val fish was strictly separated in a coastal and an offshore community (Fig. 17 a,b).
Results were confirmed during a subsequent expedition on behalf of Wageningen IMA-
RES to the Lazarev Sea from November 2007 to February 2008. At least 35 species of
macrofauna (≥ 1 cm) were obtained from the ice-water interface layer with the Surface
and Under Ice Trawl (SUIT), including high abundances of the putatively sympagic
amphipods Eusirus laticarpus and E. microps (Krapp et al. in press). The importance of
sea ice as a site of major productivity was demonstrated by high biomass densities under
the ice as compared with open water (Fig. 18), often driven by high abundances of
Antarctic krill Euphausia superba.
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Figure 17. Separation of coastal and offshore communities in the Antarctic.
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SUSUSE-Sustainable use and conservation of marine living resources

The main objective of this NWO programme (1998-2008) is the examination of tem-
poral and spatial mismatch between biological processes and resource exploitation, as
well as management action. Now in the final phase of the project, this information is
being integrated in order to develop general approaches for sustainable ecosystem
management. In this context, post-doc Henning Reiss has focused on: a) reviewing the
mismatch between the genetic population structure of marine fish and current manage-
ment units in the NE Atlantic; and b) testing the suitability of quota management strate-
gies for wider ecosystem management approaches.

The mismatch between genetic population structure and the current management units
found for four species emphasises the need for a revision of these units and questions
the appropriateness of current management measures. The implementation of complex
and dynamic population structures into novel and less static management procedures
should be a primary task for future fisheries management within an ecosystem appro-
ach. A further prerequisite to the ecosystem approach is the use of management tools
directly linked to all ecological effects of fishing such as increased mortality of target
and non-target species and habitat destruction. By analysing the relationship between
the annual total allowable catches (TACs) and the corresponding fishing effort, as a
measure of overall fishing disturbance, we found that most ecological management
objectives cannot be addressed by using TACs as the main management tool since the
linkage between variation in TAC and the resulting fishing effort is too weak. A signifi-
cant positive relationship exists for a few main target species and some fleets only. Thus,
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Figure 18. Comparison of biomass.
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TACs appear to be insufficient as a general management tool within an ecosystem
approach aiming to control fishing effects on all main ecosystem components. The direct
regulation of fishing effort as the main management tool might be a solution. The effects
of fishing effort regulation on ecosystem components will be in the focus of further ana-
lysis within the SUSUSE project
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Overview of academic results

Introduction
The research programme in the Microbial Ecology Department focuses on the adapta-
tion of prokaryotic microorganisms to a variety of environmental niches, and the ways
in which the genomes inolved allow plasticity to enhance fitness. The heterogeneous
and fluctuating conditions in most current ecosystems, microbial competition and adap-
tation to biotic and abiotic factors, and consequent evolution, have resulted in the fasci-
nating microbial diversity that is currently found in natural habitats. Microorganisms
inhabit almost every thinkable ecological niche on the Planet, and the diversity in the
microbial world is daunting by its sheer magnitude Only a minor fraction of this diver-
sity has been accessed to date.
Understanding the ecology of the diverse microbial communities and their interaction
with the environment thus represents a major challenge to current microbial ecology
research. At present, most of the studies of microbial diversity and function focus on
organisms at the community level, using, for instance, the 16S ribosomal RNA (rRNA)
gene sequence as a marker of microbial diversity. Thus, an inventory is made of the
microbial diversity extant in target ecosystems (soils, aquatic systems), and the putative
ecophysiological role of members of that community is inferred from the data. However,
finding similar populations of species in similar or different environments does not
necessarily mean that these are also functionally 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 adapta-
tion and evolution. Several mutational processes, ranging from horizontal gene transfer
through genomic rearrangements to small 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 func-
tion. This lack of sound information provides the rationale for current innovative work
that aims to address key questions such as “how well does community structural diver-
sity 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 adaptational process and at which speed adaptations
occur, represent main topics addressed in the Microbial Ecology research programme.
In terms of ecosystems, the focus is on 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
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 and surface marine waters (sponges).
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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 evidence for the dominant role that horizontal gene transfer
(HGT) has played in the evolutionary shaping of bacterial communities in environmen-
tal habitats. 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 plant/soil and fungal/soil environ-
ments is likely to represent a dominant force shaping the genetic make-up of these host-
associated bacterial communities, as it can act as an apparent accelerator of gene trans-
fer. 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- or fungal-
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 as well as the mycosphere
is studied. The main topic addressed under this project in 2007 is on a set of
Sphingomonas strains, which are clearly selected in the mycosphere of Laccaria proxi-
ma. This strain has a abundance of 8.5% in the mycosphere of L. proxima, whilst it is
not found in the corresponding bulk soil. This Sphingomonas strain was shown to har-
bor a plasmid of approximately 40 kb. This plasmid will be fully sequenced and the eco-
logical role of the plasmid and its host will be investigated. The dense hyphal network
directly underneath the fruiting bodies of ectomycorrhizal fungi might exert strong inf-
luences on the bacterial community of soil. Such fruiting bodies might serve as hot spots
for bacterial activity, for instance by providing nutrients and colonization sites in soil.
Here, we assessed the putative selection of specific Sphingomonas species at the bases
of the fruiting bodies of the ectomycorrhizal fungi L. proxima and Russula emetica in
comparison to the adjacent bulk soil. To do so, we used a previously-designed
Sphingomonas-specific PCR-DGGE system and complemented this with analyses of
sequences from a Sphingomonas-specific clone library. The analyses showed clear
selective effects of the fruiting bodies of both fungi on the Sphingomonas community
structures. The effect was especially prevalent with R. emetica. Strikingly, similar fungi
sampled approximately 100 m apart showed similar DGGE patterns, while correspon-
ding bulk soil derived patterns differed from each other. However, the mycospheres of
L. proxima and R. emetica still revealed divergent community structures, indicating that
different fungi select for different sphingomonads. Excision of specific bands from the
DGGE patterns, as well as analyses of the clone libraries generated from both habitats
revealed fruiting body specific Sphingomonas types. It further showed that major groups
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from the mycosphere of R. emetica and L. proxima did not cluster with known bacteria
from the database, indicating new groups of sphingomonads present in these environ-
ment.

Metagenomics – the quest for bacterial antibiotic biosynthetic and resistance operons
from soil
Under the EU Metacontrol project, the Microbial Ecology group has been involved in a
Metagenomics approach to mine the antibiotic biosynthetic and resistance machinery of
soil bacterial communities, in order to assess the role of antibiosis in soil microbial com-
munities. The prevalence and diversity of such biosynthetic operons is placed in the con-
text of the extant soil bacterial diversities. This research is conducted in collaboration
with several European partners. The microbiota of, in particular, disease-suppressive
soils contains a wealth of antibiotic biosynthetic loci that are inaccessable by tradition-
al cultivation-based techniques. Hence, in 2007 and preceding years, we developed a
methodology based on soil microbial DNA, which allowed the metagenomics-based
unlocking of the relevant genes. Here, a streamlined soil metagenomics protocol is pre-
sented. The protocol consists of an optimized method to extract bacterial cells from a
Rhizoctonia solani AG3 suppressive loamy sand soil followed by DNA extraction and
purification, and the preparation of a clone library in an efficient host/vector system.
Methods for the functional and genetic screening of the library for antibiotic production
loci are also described. Using the suppressive soil, we thus produced, screened and tes-
ted an approximate 15,000-membered metagenomic library of fosmids in an
Escherichia coli host. Functional screens, based on dual culturing of clone arrays with
R. solani AG3 and Bacillus subtilis 168, were largely negative, but yielded some clones
that presumably affected fungal outgrowth. Genetic screens, based on hybridizations
with soil-generated probes for polyketide biosynthesis, nonribosomal protein synthesis
and gacA, revealed several inserts, of around 40-kb in size, with potential antibiotic pro-
duction capacity. The full sequences of three selected clones were obtained and are ana-
lyzed. We further examine the challenges that still impinge on the metagenomic explo-
ration of disease-suppressive soil.

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 this project, the mobility of pyrrolnitrin biosynthesis loci was addressed. Pyrrolnitrin
(PRN) is a tryptophan-derived secondary metabolite produced by a narrow range of
Gram-negative bacteria. PRN biosynthesis by rhizobacteria presumably has a key role
in their life strategies and in the biocontrol of plant diseases. The biosynthetic operon
that encodes the pathway that converts tryptophan to pyrrolnitrin is composed of four
genes, prnA through D, whose diversity, genomic context and spread over bacterial
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genomes are poorly understood. Therefore, we launched an endeavour aimed at retrie-
ving, by in vitro and in silico means, diverse bacteria carrying the prnABCD biosynthe-
tic loci in their genomes. Analysis of polymorphisms of the prnD gene sequences reve-
aled a high level of conservation between Burkholderia, Pseudomonas and Serratia spp.
derived sequences. Whole-operon- and prnD based phylogeny resulted in tree topolo-
gies which are incongruent with the taxonomic status of the evaluated strains as predic-
ted by 16S rRNA gene phylogeny. The genomic composition of circa 20-kb DNA frag-
ments containg the PRN operon varied in different strains. Highly conserved and dis-
tinct transposase-encoding genes surrounding the PRN biosynthetic operons of
Burkholderia pseudomallei strains were found. A prnABCD-deprived genomic region in
B. pseudomallei strain K96243 contained the same gene composition as, and shared
high homology with, the flanking regions of the PRN operon in B. pseudomallei strains
668 and 1106a. Our results strongly suggest that the PRN biosynthetic operon is mobi-
le. The extent, frequency and promiscuity of this mobility remains to be understood.

Bacterial interactions with mycorrhizal fungi
Bacterial interactions with fungi are likely to be common in soil. First, microscopic ana-
lysis has often shown the existence of direct contact between bacterial and fungal cells.
The mechanism behind these bonds of bacterial cells to fungal hyphae is often unknown.
Type-III secretion systems (TTSS) are involved in many interactions between prokary-
otes and eukaryotes, but the role of TTSS in bacterial interactions with fungi has never
been described. It is, however, plausible that soil bacteria can be selected to use this
mechanism in their interaction with fungal hosts. In 2007, we have screened a range of
fungi for their associated bacteria and the prevalence of TTSS. Soil bacteria, which live
in a grossly carbon-deprived habitat, may encounter novel ecological opportunities by
the emergence of fruiting bodies of ectomycorrhizal fungi. In previous work, several
bacterial groups that show a response to fruiting bodies have been identified in the
mycosphere of Laccaria proxima. We here extend this work to a broader range of ecto-
mycorrhizal fruiting bodies sampled at two occasions in the same forest area in
Noordlaren, NL, by analyzing the total bacterial and Pseudomonas communities with
PCR-DGGE assays in the mycospheres of a range of fungi that were present, in compa-
rison with those in the corresponding bulk soil. These results showed the important role
of particular Pseudomonas spp. in the bacterial communities in the mycosphere. In par-
ticular, the Pseudomonas diversity increased dramatically in most of the mycospheres
tested, which contrasted with a lowering of the diversity of the bacterial communities in
this habitat. This indicates that a larger number of pseudomonads than visible in the bulk
soil benefited from presence in the mycosphere. The PCR-DGGE assays showed the
existence of so-called universal as well as specific fungophiles, i.e., bacteria adapted to
the conditions common in the mycospheres of a wide range of fungal species, as oppo-
sed to those specific for few fungal species. The selection of the different fungophiles
was shown to be strongly influenced by the use of particular compounds as energy and
carbon sources by the bacteria, as evidenced using PCA clustering of Biolog-based sub-
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strate utilization tests. Such compounds were tentatively linked to compounds known to
occur in the exudates of fungi. We hypothesize that the particular soil pseudomonads
found to be universal fungophiles thus obtain nutritional advantages by their capacities
to use the range of compoounds that are found in different mnycospheres, whereas a
more specific use of compounds, identifying the specific fungophiles, is connected to
particular fungal types.

The rice endophyte diversity assessed based on PCR-DGGE fingerprints
In plant-microbe interactions, a variety of phenomena can occur, ranging from pathoge-
nesis to mutualism with plants. The occurrence of endophytic bacteria might be related
to deterministic factors or be the result of stochastic events. Among the deterministic
factors, plant genotype may play a key role in endophytic community composition.
Using a culture-independent approach (PCR-DGGE) on ten rice cultivars, the present
study investigated the effect of rice cultivar type on the composition of bacterial com-
munities associated with roots. While the total bacterial and alphaproteobacterial com-
munities were quite responsive to alterations in plant genotype, the Betaproteobacteria,
Pseudomonas and Actinobacteria were mostly influenced by other factors, and distinct
communities were observed among individual plants. 
In addition, bacteria that occur endophytically in a crop like rice may contain important
clues as to the mechanisms that allow them to occupy this protective mutualistic niche.
Thus, we assessed the culturable bacterial fraction from the endoplant of one selected
cultivar, denoted APO. Phylogenetic analysis revealed the presence of Alpha-, Beta- and
Gammaproteobacteria, Firmicutes and Actinobacteria. Among these phyla, the
Gammaproteobacteria were prevalent and a high percentage showed plant growth pro-
motion properties. In future studies, we will address the physiologic and genetic prop-
rieties needed for these isolates to become endophytic. We hypothesize that modulation
of ethylene levels in plants by bacterially-produced 1-aminocyclopropane-1-carboxyla-
te (ACC) deaminase is an important trait which allows interference with the physiology
of the host plant (Fig. 1). Endophytes with this capacity profit from association with the
plant, as colonization is enhanced. In turn, host plants benefit by stress reduction and
increased root growth. This mechanism leads to the concept of ‘competent’ endophytes,
defined as endophytes that are equipped with genes important for maintenance of plant-
endophyte associations.

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.
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Figure 1. Schematic representation of modulation of plant ethylene biosynthesis by endophytes
Plant-exuded tryptophan is taken up by bacterial cells (dotted arrow) and converted to IAA,
mainly via the IAM and IPyA pathways. Plant IAA is also exuded and used as a signal molecu-
le in bacteria (dotted bold arrow). Bacterial IAA is secreted and taken up by plant cells through
membrane diffusion and carrier-mediated transport (dashed bold arrow). The multigene family
of ACS (1-aminocyclopropane-1-carboxylate synthase) and ACO (1-aminocyclopropane-1-car-
boxylate oxydase) is regulated independently by biotic (including auxins) and abiotic factors
(dashed arrow). Bacterial and abiotic environmental factors might positively or negatively regu-
late the plant ethylene biosynthesis pathway. The phosphorylated form of ACS is more stable
and active, converting S-adenosylmethionine (S-AdoMet) to ACC. An unknown phosphatase
(Ptase) or other mechanism regulates the turnover of the ACS protein from the phosphorylate
form (Pi) to the nonphosphorylated form. In the presence of ACC deaminase-producing bacte-
ria, plant ACC is sequestered by bacterial cells and cleaved into ammonia and �-ketobutyrate
(bold arrow). In the absence of such bacteria, ACC is oxidized by ACO to form ethylene, 
cyanide and carbon dioxide. Figure modified from Glick et al. (1998) and Wang et al. (2002).
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The presence of the bacterium in surface water and the colonization of S. dulcamara
(bittersweet), a weed that grows along west European waterways, plays an important
role in survival and persistence in temperate climates.
In the Netherlands, a number of cases of bacterial wilt in potato have been found over the
last decade. The causal agent of potato wilt, R. solanacearum biovar 2, may have persis-
ted in the local surface waters and in S. dulcamara (bittersweet) growing along the water-
ways, as the organism can still be found in several sites in the Netherlands. We hypothe-
sized that the organism may have increased its fitness by adaptations in its genome, allo-
wing better saprophytic survival in water under temperate climate conditions. The aim of
this research is therefore to assess whether genetic changes have occurred in local strains
and whether such changes can be related to enhanced fitness under local conditions. We
thus examined the genetic diversity within a suite of strains isolated from water, sediment
and bittersweet in a small region in the Netherlands in 2004/2005, and compared this to
the genetic make-up of control strains. We clearly observed genetic heterogeneities
between the novel strains, obtained from different ecological niches (water as well as a
single bittersweet plant). These strains comprise several different groups as determined
by pulsed-field gel electrophoresis and ISRso3 hybridisation analysis. 

In a second approach to analysing the potential changes in the genomes of the local
strains, the genomes of two R. solanacearum biovar 2 strains were compared using sup-
pressive subtraction hybridisation. A tropical (standard) potato strain (715) was used as
a tester strain against a strain isolated from bittersweet (KZR-5). A number of genomic
regions of 715 were found to be absent in the DNA of KZR-5. A putative genomic island
(PGI-1) was thus identified and further analyzed. The size of the putative deletion was
determined by PCR and Southern hybridisations. The deletion in the Dutch strain is
~19Kb, as seen in the excision of a number of contiguous genes from the genome. The
region shows features of a mobile genetic element, characterized by (1) a lower avera-
ge GC content, (2) the presence of repeat (IS) elements of the ISRso3 type, and (3) the
presence of a putative bacteriophage- related protein. Comparison of the (draft) genome
sequence of potato strain 1609 and geranium strain UW551 also showed structural dif-
ferences in this particular region, although the nucleotide sequences are well conserved
between these strains. From the above data, we tentatively conclude that the identified
region is a mobile element involved in adaptive processes. Preliminary evidence was
obtained for the contention that KZR-5 is a better survivor under cold stress than 715,
however future research will focus on furthering our understanding of the ecological
impact of excision (and rearrangement) of the identified PGI-1 region  

Microbial maturation of novel substrates
In this Ph.D. project, we aim to assess how microorganisms colonize thermally-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
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community of stable composition, be achieved? Can phytotoxic compounds 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, phytotoxicity diminishment in the
grass fibers and a quest for the microbes which break down the phytotoxins. Part of the
research in 2007 aimed to select microorganisms colonizing torrefied grass fibres and
simultaneously reducing the phytotoxicity which appeared after heat treatment of the
fibres. Eighty-eight bacterial strains and a fungus, previously isolated from a sequential
enrichment experiment on torrefied fibres and extracts were tested separately for their
capacity to decrease phytotoxicity. Eleven strains and the fungus significantly reduced
phytotoxicity. These organisms were checked for their ability to grow on agar contai-
ning phenol, 2-methoxyphenol, 2,6-dimethoxyphenol, 2-furalaldehyde, pyrrole-2-car-
boxaldehyde and furan-2-methanol as sole C-sources. The fungus F/TGF15 and the bac-
terial strain 66/TGF15 could grow on all six compounds. Strains 15/TGE5, 23/TGE5,
43/TGE20, 56/TGF10 and 95/TGF15 grew on 2 up to 4 compounds, and strain
72/TGF15 only on one compound. Strains 31/TGE5, 34/TGE5, 48/TGE20 and
70/TGF15 did not grow on any of the single toxic compounds. Gas chromatographic
analyses of torrefied grass extracts determined which compounds were removed by the
microorganisms. F/TGF15 was the only isolate depleting phenol, 2-methoxyphenol, 2-
dihydrofuranone and pyrrole-2,5-dione-3-ethyl-4-methyl. Strains 15/TGE5, 23/TGE5,
31/TGE5 and 56/TGF10, and the fungus depleted 2-furalaldehyde, 2-furan-carboxalde-
hyde-5-methyl, pyrrole-2-carboxaldehyde, 5-acetoxymethyl-2-furaldehyde, and benzal-
dehyde-3-hydroxy-4-methoxy. These most promising candidates to colonize and simul-
taneously reduce the phytotoxicity of torrefied grass fibres were affiliated with
Pseudomonas putida, Serratia plymuthica, Pseudomonas corrugata, Methylobacterium
radiotolerans and Coniochaeta ligniaria.

Survival of genetically-marked Escherichia coli O157:H7 in soil as affected by soil
microbial community structure
Natural ecosystems show variable resistance to invasion by alien species, and this resi-
stance may link to the diversity of the species that are locally present. In soil, microor-
ganisms are the key components that determine function, which presumably also inclu-
des resistance to invasion. However, the high functional redundancy present in the
microbiota of most soils is often thought to overwhelm any link between microbial com-
munity structure. The relationship between microbial community composition and
diversity of the soil ecosystem and its proneness to invasion was assessed. A loamy sand
sampled from a species-rich permanent grassland at a long-term experimental site
(Wildekamp, Bennekom, NL) was used to construct soil microcosms, in which the
microbial community compositions had been modified.The survival of a non-toxigenic
Escherichia coli O157:H7 derivative, strain T, was then assessed over 60 days in these
microcosms, using detection via CFU counts as well as via PCR-DGGE. We have, in
2007, shown clear effects of the microbial diversity of soil on the survival of a selected
invading species, i.e. the genetically-marked derivative of E. coli O157:H7, and provide
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evidence for the contention that the diversity of the microbiota in soil does determine
the conduciveness to invasion by alien species. Two approaches were used, i.e. testing
survival of the invader in the presence of (1) differentially-constructed bacterial com-
munities, and (2) communities established using a dilution-to extinction approach. At
both levels, the diversity was shown to correlate negatively with the survival rate of the
invader. The significance of this finding is discussed in the light of the ongoing discus-
sion about the complexity-invasiveness relationship within microbial communities, in
particular regarding the opportunities of pathogens to persist.

Microbial diversity in contrasting terrestrial soils and sediments 
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 soils and urban sediments as
part of the NATO “Security through science” programme in collaboration with the
University of Guelph, Sofia University and the Institute of Soil Biology in the Czech
Republic. 
We have obtained a range of total bacterial molecular fingerprints as well as small acti-
no bacterial and polyketide biosynthesis clone libraries from > 40 soils in total and are
on the way to analyze and publish the data.

Culturing the ‘unculturables’; a challenging approach to recover new species from the
leek (Allium porrum) rhizosphere
It is generally accepted that between 1-5 % of the bacteria present in soil can be cultu-
red and also the vast majority of bacteria present in rhizospheres are unculturable under
standard culturing conditions. Different approaches were combined to achieve the hig-
hest diversity of recoverable species from leek rhizospheres. Here, culture-dependent
techniques were applied to increase culturability by addition of catalase or rhizosphere
extracts to agar media and incubations under different CO2/O2 ratios. Microcolonies
(80-250 �m) and macrocolonies (>250 �m) were recovered on all plates. CFU num-
bers were highest on agar media with catalase or rhizosphere extracts incubated at ele-
vated CO2/O2 ratio. Partial 16S rRNA sequences from isolates were compared with
sequences obtained from a clone library by the richness index and ∫-LIBSHUFF analy-
ses, showing higher diversity of isolates in the agar media with catalase incubated at ele-
vated CO2/O2 ratio when compared with the other media and incubation conditions.
Species diversity in clone libraries was consistently higher, irrespective of a higher reco-
very of CFUs. Also, the diversity and richness of the macrocolonies were higher than
those of microcolonies, although sequence comparisons showed that both culturable
fractions differed in species composition. However, sixty six of 461 isolates from all
agar media showed similarity below 95% with type strains present in the database. One
isolate showed 94.4% similarity with an acidobacterial species and others showed simi-
larities at lower levels (< 90%) with: verrucomicrobia (3), sphingobacteria (5), delta-
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proteobacteria (1), gammaproteobacteria (2) and actinobacteria (1). A high-throughput
23S rRNA gene PCR based method was evaluated to screen large bacterial collections
for Acidobacterium isolates and hitherto uncultured bacteria were isolated via this
polyphasic approach.

Microbial ecology of mud volcanoes in the Mediterranean Deep Sea 
To examine the question whether geographically-separated habitats - that presumably
are driven by similar sources of chemical energy - yield similar or different microbial
community structures, the bacterial and archaeal communities in sediments obtained
from (1) three geographically-distant mud volcanoes, (2) a control site, and (3) a micro-
bial mat in the Eastern Mediterranean deep-sea were characterized using direct molecu-
lar assessments based on 16S ribosomal RNA gene analyses. Special emphasis was
placed on the effect of chemistry (related to depth) in the sediments, to interrogate the
putative effects of stratification in the sediments. The data on the microbial community
structures were thus set in relation to the chemical characteristics of the (stratified) habi-
tats to infer microbial community structure – habitat relationships. The bacterial 16S
ribosomal RNA gene sequences obtained from the different habitats were related to
those of Actinobacteria, Bacilli, Chloroflexi, α-, β-, �-, δ- and ε-Proteobacteria and
unclassified bacteria, including the JS1 group. The archaeal sequences found were affi-
liated with those of the Methanosarcinales, Thermoplasmales, Halobacteriales and
Crenarchaea belonging to marine benthic group I and B, as well as MCG group archa-
ea. In each sample, the communities were diverse and unique at the phylotype level.
However, at higher taxonomic levels, similar groups were found in samples of the dif-
ferent mud volcano sediments, and similar sediment depth layers tended to contain simi-
lar communities at these levels. The sequences that were found to dominate in all sedi-
ment top layers (as well as in the mat) were inferred to represent organisms involved in
aerobic heterotrophy, aerobic sulfide-based chemoautotrophy and aerobic methanotro-
phy and/or methylotrophy. In contrast, sequences of organisms most likely involved in
anaerobic methane oxidation, sulfate reduction and anaerobic heterotrophy were domi-
nantly found in the deeper mud volcano sediment layers. Taken together, the data obtai-
ned supported the notion of (1) uniqueness of each habitat at fine taxonomic levels, (2)
stratification in depth and (3) conservation of function in the Eastern Mediterranean mud
volcano sediments.

Bacterial diversity in the marine demosponge Aplysina fulva endemic in South-atlantic
coastal waters
To address the question whether benthic marine metazoans (sponges) serve as collection
and accumulation points for specific microbial communities in marine settings, triplica-
te specimens of the demosponge Aplysina fulva were obtained from two locations of
shallow water at Tartaruga beach and Caboclo Island, Búzios, Brazil. Bulk seawater was
also collected in triplicate from the two locations. Both cultivation-dependent and culti-
vation-independent methods were applied to shed light on the bacterial diversities pre-
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sent in the sponges. The cultivation-dependent approach revealed that all sponges con-
tained considerable bacterial loads, albeit at great variation among specimens. Total
community DNA was extracted from sponge samples using “direct” and “indirect”
approaches. 16S rRNA-based PCR-denaturing gradient gel electrophoresis (PCR-
DGGE) analyses of Bacteria (see fig. 2), Actinobacteria and Pseudomonas revealed that
the structure of the bacterial assemblages in A. fulva differs drastically from that obser-
ved in seawater. DNA extraction strategy and sampling site were determinative for the
observed composition of actinobacterial communities in A. fulva. However, no such
effects could be gleaned from bacterial and Pseudomonas PCR-DGGE profiles.
Bacterial 16S rRNA gene clone libraries constructed from directly and indirectly extrac-
ted DNA did not differ significantly as to diversity and composition. Members of the
Acidobacteria, Actinobacteria, Bacteroidetes, Chloroflexi, Cyanobacteria, Alpha-
Gamma-proteobacteria, were the most abundant clone sequences. Additionally, mem-
bers of Deferribacteres, Aquificae, Dictyoglomi phyla and the candidate division TM7
were recorded. The bacterial community associated with A. fulva inhabiting subtropical
Atlantic waters was distinct and differed from those previously described in studies of
the sponge-associated microflora performed worldwide.
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Figure 2. Denaturing gradient gel electrophoreses (DGGE) of bacteria. Samples are com-
posed of bacterial community collected in triplicate from A. fulva and its surrounding
seawater loaded next each other.

AfCD: A. fulva from Caboclo Island extracted directly; AfCI: A. fulva from Caboclo Island
extracted indirectly, AfTD: A. fulva from Tartaruga beach extracted directly, AfTI: A. fulva from
Tartaruga beach extracted indirectly, SWC: surrounding seawater from Caboclo Island, SWT:
surrounding seawater from Tartaruga beach, M: marker.
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Guests/under secondment
Prof.dr. V.N. de Jonge D.Sc. RIKZ 1.0 till 070815
S. Nauwelaerts (guest researcher) 1.0 060901-070601

Adjunct Chairs
Prof.dr. G.J. Herndl NIOZ
Prof.dr. A.D. Rijnsdorp RIVO/IMARES

Overview of academic results

Within the Department of Ocean Ecosystems five research themes are formulated:
Marine biosphere-atmospere interactions; External forcings of Marine Phytoplankton
growth; Energetics and Behavioural Mechanics of (Marine) Animals; Marine trophic
interactions, and Ecophysiology of polar phytoplankton. For each of these themes an
overview of 2007 results is given.

Marine Biosphere – Atmosphere Interactions
Steven van Heuven, Han van der Strate, Wim Klaassen, Hein de Baar

Anthropogenic perturbation of the oceanic carbon cycle
The concentration of dissolved CO2 in the oceans is increasing through gas-exchange
with the atmosphere, where CO2-levels are rising due to emmisions from fossil fuel bur-
ning, deforestation, cement production and other causes. The increase of CO2 in the 
oceans is feared to have deleterious effects on (calcifying) organisms and associated
ecosystems, through a lowering of the oceans' acidity. 
As part of the European Integrated Project "CarboOcean" - which aims to increase
scientific understanding of the role of the oceans in the global carbon cycle - Steven van
Heuven took part in several research cruises in the North Atlantic and Southern Oceans,
on board both the Dutch R/V Pelagia and the German research ice-breaker Polarstern,
for collection and analysis of oceanographic water samples. Calculations using the col-
lected dataset (consisting of full-depth measurements of carbon system parameters, oxy-
gen, nutrients and more) will help estimate the amount of anthropogenic CO2 present in
the world’s oceans. Combined with current speed data from measurements and models
these estimates may yield export budgets of anthropogenic CO2 from the Weddell Sea
shelf area, as well as from the Nordic seas into the North Atlantic Ocean.
Oceanic carbon system measurements from different research expeditions spanning the
last three decades are now being combined into a large data set ("CARbon In the North
Atlantic" - CARINA), an effort that requires extensive quality checks of a large amounts
of data. When completed, this dataset is expected to yield an authoritative estimate of
the total amount of CO2 that has been taken up by the (North) Atlantic Ocean since the
beginning of the industrial revolution.
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Within the “CarboOcean” project a Voluntary Observing Ship is used to continuously
measure pCO2 on the North Sea on its weekly sailings from Bergen (Norway) to
Amsterdam and vice versa. In cooperation with RWS (Rijkswaterstaat) we have addi-
tionally installed a FerryBox (measuring oxygen, pH, temperature, salinity, turbidity and
chlorophyll fluorescense) and a water sampler on this VOS-line which is expected to
result in a unique data set.
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Figure 1. Sectionplot of preliminary DIC-values on a section along the 0º-meridian, from 
west of CapeTown to the Antarctic shelf ice edge, performed during F/S Polarstern cruise
ANTXXIV/3 (Feb-Apr 2008).

Figure 2. Ferry Box on board of the voluntary observing ship, TransCarrier.
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Carbon dioxide exchange between a tidal flat and the atmosphere
Carbon dioxide (CO2) exchange between the atmosphere and multiple sites in a Wadden
Sea intertidal flat along the northern Netherlands has been measured using a flux cham-
ber during emersion. Observed CO2 fluxes have been related to environmental condi-
tions. A strong sensitivity of CO2 flux on irradiance was observed at the tidal flat sur-
face, with generally CO2 uptake during daylight conditions and release during dark con-
ditions. Uptake is attributed to photosynthesis by algae in the upper layer of the sedi-
ment, and release by respiration. The rate of respiration during darkness increased
strongly with temperature. Fluxes of CO2 showed a yearly cycle with maximum values
of photosynthesis and respiration in summer and minima in winter. An exciting new
result was the slow response of CO2 flux to sudden changes in environmental condi-
tions. After artificial darkening, the tidal flat continued to take up CO2 for up to 30
minutes while at least one hour of darkness was needed before the final rate of CO2 re -
lease was measured. An even slower response of CO2 flux to changing environmental
conditions was observed at the start of emersion when it took three hours before CO2
flux was completely adjusted to irradiance and temperature (figure 1). The slow response
of CO2 flux at the interface of sediment and atmosphere was attributed to indirect
exchange of CO2 between algae and the atmosphere via water in the sediment top layer
and thus by storage of carbon in the carbonate equilibrium of sediment water. Maximum
carbon storage is expected at the start of emersion when the top sediment is still satura-
ted with water and indeed the slowest response of CO2 flux was then observed. So, CO2
exchange between the tidal flat and the atmosphere depended on location, temperature,
irradiance, time of year and appeared to adjust slowly to these environmental conditions.
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Figure 3. Carbon dioxide flux versus time after the tidal flat emersed.
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External forcings of Marine Phytoplankton growth
Willem van de Poll, Paul Janknegt, Anita Buma

Phytoplankton performance in the wind mixed layer
Wind driven vertical mixing has a strong effect on the irradiance that phytoplankton
experiences in the water column. Vertical mixing causes phytoplankton to circulate in
an irradiance gradient, and in the absence of stratification algae can be transported in
and out of the euphotic zone. A specially designed set-up that mimics these dynamic
irradiance regimes was used to investigate the effects of irradiance scenarios for wind
driven vertical mixing and a stratified water column for the Antarctic diatom
Chaetoceros brevis. We tested vertical mixing scenarios in and below the euphotic zone
and compared this to a stand still scenario at 20 m depth. Furthermore, we investigated
how iron limitation, which limits algal productivity in vast parts of the ocean, and dif-
ferent pCO2, which increases due to anthropogenic emissions, interacted with these irra-
diance scenarios. 
The results showed that vertical mixing below the photic zone caused three fold lower
growth rates in C. brevis compared to the stand still scenario at 20 m depth. In contrast,
growth rates for mixed and stand still scenarios were not different when mixing in the
euphotic zone was simulated. This suggested that adverse effects on phytoplankton pro-
ductivity can be expected when algae are transported below the sun lit part of the water
column. Iron limitation reduced growth rates of C. brevis by 60%, regardless of the 
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Figure 4. Growth rates of C. brevis cultivated at 190, 370, and 750 ppm CO2 under  vertical
mixing (grey bars: below photic zone, black bars: in photic zone) and stratification (20 m) 
irradiance scenarios (white bars). In addition, growth under iron limitation was determined 
for vertical mixing in the photic zone and stratification, both at 370 ppm.
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irradiance scenario, which coincided with the well documented reduction in light har-
vesting pigments. In contrast to iron limitation, a low pCO2 caused only a minor reduc-
tion in growth, and this was only observed in the irradiance scenario for mixing below
the photic zone. We concluded that vertical mixing below the photic zone and iron limi-
tation can constrain the growth of C. brevis, whereas changes in pCO2 have only a limi-
ted effect on the growth of this the Antarctic diatom.

Oxidative and antioxidative processes in marine phytoplankton
Short term antioxidative responses were compared for a number of marine microalgae
from various taxonomic groups (diatoms, green algae, prymnesiophytes etc.). Fifteen
species of low light acclimated microalgae were followed during and after 3h of exces-
sive irradiance including ultraviolet radiation (UVR). Photosensitivity was assessed as
the rate of recovery of PSII efficiency in the hours following the excessive irradiance
treatments. Oxidative stress responses were assessed by following xanthophyll content
and cycling, activities of superoxide dismutase, ascorbate peroxidase and glutathione
reductase, and glutathione redox status, before, during and after the treatment. When
acclimated to low irradiance, antioxidant levels were species specific. Superoxide dis-
mutase activity was positively correlated with cell size, whereas ascorbate peroxidase
activity was lower and glutathione redox status was higher in Antarctic than in tempe-
rate species. The strong PSII reduction after SSI was followed by variable rates of reco-
very, yet 4 species remained photosynthetically inactive. SSI tolerance appeared neither
related to geographic or taxonomic background nor to cell size of algae. PSII recovery
increased with decreasing SOD activity and glutathione redox status, however with
increasing xanthophyll cycle activity. We hypothesized that glutathione acts as a stress
sensor and response regulator, inducing xanthophyll de-epoxidation activity.
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Figure 5. Irgarol effects on PSII efficiency and derived EC50 curves for the common temperate
diatom Thalassiosira weissflogii. Black and white dots represent the duplicate series.
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Phytoplankton responses to new contaminants: the case of the antifouling agent Irgarol 1051
In cooperation with partners from the former RIKZ, effects of the antifouling agent
Irgarol 1051 on four marine phytoplankton species were investigated. Dose response
relationships for growth, PSII efficiency and viability were established during 72 h of
exposure, utilizing actual exposure concentrations of Irgarol. Furthermore, the biologi-
cal recuperation from exposure to a high Irgarol concentration (39.47 nM l-1) was stu-
died. Growth rates and PSII efficiency were strongly affected by Irgarol, however no
viability loss was observed for all treatments. For all species, complete biological recu-
peration was shown within 3-4 days for PSII efficiency and growth rate. All calculated
EC50 values and EC20 values were found to fall within the concentration range mea -
sured in Western European coastal waters. Therefore we conclude that present day
Irgarol 1051 levels may affect the performance of marine phytoplankton communities in
situ. 

Energetics and Behavioural Mechanics of (Marine) Animals
H.J.Hoving, S. Nauwelaerts, L.L. Flynn, W. Thielicke, E.J.Stamhuis, J.J. Videler

Reproduction mechanisms in squid
Hoving is in the second year of his two years appointment (04/2006-04/2008) and in the
final year of his PhD period. He is writing his PhD thesis on reproduction mechanisms
in squid, with emphasis on deep sea species (promotor J.J. Videler). Two new papers
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Figure 6. Rossia moelleri (A) Spermatophore with cap (c), ejaculatory apparatus (ea), cement
body (cb) and sperm mass (sm); (B) dorsolateral view of the head and anterior mantle of a
mated female with implanted spermatangia above the eye indicated by an arrow; (C) dorso -
lateral view of a mated female with implanted spermatangia in the neck indicated by an arrow.
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have been published in 2007 that will also be chapters in his thesis. One paper is on the
mechanism of autonomous implantation of (male) spermatophores in female body tis-
sue during mating in e.g. Rossia moelleri (Fig. 6). This paper also lead to additional
spermatophore implantation experiments conducted under strictly controlled conditions
to discriminate between ‘brutal’ external penetration forces and more subtle mechanisms
such as tissue lysis, which potentially could take place but has not been proved yet. The
second paper describes the growth and mating habits of the southern African squid
Lycoteuthis lorigera. This paper is the result of a cooperation with the University of
Cape Town, South Africa. 

Chemical signalling
Within the project on the role of odour in trophic interactions in marine foodwebs, expe-
riments were conducted to see if the swimming behaviour or food search activity of krill
is influenced by the presence of the marine trace gas dimethyl-sulphide (DMS) in the
water (cooperation with M. Steinke, University of East Anglia, and J. Stefels, Dept. of
Plant Physiology, University of Groningen). The compound DMS is often stored in
microalgae as a buoyancy-regulating agent, and is released in the water when the algae
are grazed upon, e.g. by marine protists, by small copepods or by krill. Release of DMS
might potentially trigger search behaviour and an activity increase in krill. We tested this
with northern krill (Meganyctiphanes norvegica, see picture) which were collected in
the Gullmarsfjord with a research vessel of the Kristineberg Marine Reseach Station. 
Experiments were conducted in our departmental laboratories in the days directly follo-
wing the collection. First results indeed show both an increase in swimming activity and
in food search or filter activity (see Figure 7). This indicates that krill uses odour cues
to find its food and when found increases its feeding activity. Along with these experi-
ments, unique instantaneous flow maps of the swimming behaviour and feeding currents
of northern krill were recorded. The data are not fully analysed yet but hopefully will be
in the coming year. 
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Figure 7. Meganyctiphanes norvegica.
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Within the same project, a study of the ontogeny of jet-propulsion in juvenile squids
(picture) and culttlefish has been initiated. Juvenile cuttlefish have approximately the
same body shape as adults, and also rely on jet-propulsion for escape swimming. Due to
their small size (only a few mm directly after hatching) this is, however, most probably
a very inefficient way of locomotion. At this small scale and low velocity the relatively
high influence of viscosity in relation to inertia (expressed in Reynold’s number) pre-
vent effective jet-propulsion swimming. Distances covered per jet-puff are less than a
body-length whereas in adults this may exceed a few body lengths. Escape swimming
therefore seems a very expensive exercise for larval cuttlefish and might very well be an
ecological constraint. Problems with breeding these animals prevented us from compa-
ring the results of experiments with larval individuals with juveniles and post-juveniles
but we hope to solve this by cooperating with the sea aquarium facility of the ‘Arsenaal’
in Vlissingen. Experiments will therefore be continued in May and June 2008 after the
new year-class has hatched.

Mapping the flow and revising the understanding of the aerodynamics of birds and
hydrodynamics of fins
In 2006 and 2007 Dr. Louis Flynn has been working in our department on a prestigious
Fullbright fellowship. Dr. Flynn has developed an apparatus for testing hydro- en aero-
foils and wing- and fin-shapes, within the ongoing project on. As a starting model, we
used the wing shape of a Indonesian swiftlet, that we also use in other setups for dynamic
tests on flapping flight. With the new system we were able to actually measure the for-
ces developed by the hydro- or aerofoil in water and in air, simultaneous with mapping
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Figure 10. Lift force measured at the base of the rotating wing at increasing angle of attack,
and at a series of rotational velocities (degrees per second). The non-linear increase at low 
AOA as well as the absense of classic stall illustrate the presence of unsteady aerodynamics, 
in this case a leading edge vortex.
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the flow in 2D or in 3D around the moving foil using our home-developed Digital
Particle Image Velocimetry setup to verify the hydro- and aeromechanics of fins and
wings. First experiments showed so far that unsteady flow phenomena enhance the flow
greatly and potentially increase the created dynamic forces with a factor 2 compared to
previous assumptions and hypotheses. Unsteady effects also soothen the effect of stall
at higher angles of attack, showing conservation of lift and increasing drag (see Figure
10) 

In practice this happens at angles of attack above ca 7 degrees, comparable to slow
flight, landing and/or taking off and demanding flight manoeuvres. At increasing angle
of attack, a clear non-linear increase in lift as well as in drag has been registered. This
results confirms our recently developed ideas on the understanding of the relation
between leading edge shape and hydro-/aerodynamics of lunate fins or wings. These
first results have already been presented on international symposia and mr. Flynn finished
his experiments in July 2007. He left for a position in the USA and works on the publi-
cation of this work. 

Aerodynamics of bird wings
For this project, the cooperation with the Universities of Wageningen, Leiden and Lund
(Sweden) and the Technical University of Delft lead to a series of experiments in the
Delft low speed wind tunnel. Variation of the sweep, the angle of attack and the wind-
speed around sets of carefully fixed real swift wings resulted in a large data set that al -
lowed integration in a glide performance model. This model predicts the bird’s gliding

Ocean Ecosystems

143

Figure 11. Results of windtunnel measurements swift wings at TU Delft. Left: Diagram illus-
trating the wing sweep as one of the main test parameters. Right: Resultant Lift-Drag relation 
at a range of sweep angles and measured at a wide range of wind speeds (comparable to flight
speeds), the dotted black line showing the performance envelope.
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Schooling behaviour (in coop. with C.K. Hemelrijk, Theor. Biol. CEES)
Many fish species show some level of schooling behaviour, during their adult life or
during their juvenile stage. This schooling behaviour has been modelled with relatively
simple algorithms based on virtual attraction, repellence and alignment forces (C.K.H.,
Theor. Biol.). We have an on-going series of experiments with single-species schools of
different sizes in our large octogonal tank in which we map the positions of all fish in
the school in a 3D environment (see Figure 13). Comparison of the empirical results
with the theoretical models shows that on average the model does fit reasonably well but
that the fish modulate and vary continuously along the predicted ideal line. By using dif-
ferent fish species with different rigidities in schooling behaviour, the modulations are
partially explainable. Experiments with more school sizes and more species are carried
out with the help of MSc-students and aid in making progress in understanding school-
ing behaviour and further validating and adapting the models. Recent experiments con-
centrated not only on the behaviour of the individual fish but also on the behaviour of
the school as one whole. It appears that also environmental factors such as the presence
of a constriction or an aquarium wall influences the school shape indirectly through
adapted behaviour of individuals. These effect are studied further and implemented in
the models. We hope to be able to publish these results soon.
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Figure 13. Part of a school of mullets in side view (lower part) and in top view (upper part)
showing their individual ID-nrs necessary to be able to follow each fish individually in time
and in 3D space. The white beads compose the calibration reference system.
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Mechanism(s) of filtration in filter feeding fish
Many fish (e.g. herring and mullet) feed by either filtering blobs of water parallel to their
periodic inhalation of water for respiration purposes, or swim with their mouth open and
lead the water for filtration and respiration over their gills in a continuous way. Their 5
or 6 pairs of gills have bony rakers on the upsteam sides to filter food items out of the
water and keep these in the buccal cavity. Unlike many human used sieves, these rakers
seem not to clog, although their use seems continuous. Another puzzling fact is that
many fish do not have a tongue-like structure that could be used to wipe the rakers clean
and transport food to the oesophagus. We therefore suspect that fluid mechanic mecha-
nisms are involved. Potential mechanisms in this group are very short flow reversals that
wash the filter clean and dump the food particles in front of the oesophagis, or a cross-
flow principle in which the food-water mixture is continuously thickened by pressing
out the water sideways, eventually leavin a slurry of food particles for ingestion. 
To get accurate and detailed overviews of the arrangement of the filtering structures,
gills have been dissected from herrings and mullets, and for comparison also from
seabass, a predatory fish that hunts individual prey with eye sight. This yielded a lot of
information on the filter-characteristics as a function of raker position and gill position
(see Figure 14). 
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Figure 14. Overview (left) of the gill of Herring with detail (right) of the filtering rakers. F =
resiratory filaments, A = gill arch, R = filtering rakers with spinules (see arrows). The coloured
lines indicate parameters that are mapped to characterize filtering capacity.

The 3D arrangement of the filtering structures appeared to be very difficult to deduce
from dissected animals, because the dissection also damaged the tissues that keeps them
in place. We plan to cooperate with the university medical centre to make 3D recon-
struction of intact (frozen) fish using CT scanning, on which we hope to report next year.
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Marine trophic interactions
M.K. de Boer, A.G.J.Buma

Variability in ichthyotoxicity in the marine microalga Fibrocapsa japonica
(Raphidophyceae) and consequences for the mortality of sole (Solea solea) (cooperation
with Prof. Rijnsdorp IMARES IJmuiden)
The marine microalga Fibrocapsa japonica (Raphidophyceae) has caused massive fish
mortality events of economically important fish stocks in the Seto Inland Sea of Japan.
Since 1990 harmful effects of F. japonica have been reported from the German coast and
the Mediterranean Sea and the alga is reported yearly in Dutch coastal waters. There is
presently much debate on the biochemical background of the toxicity of marine raphid-
o phytes. A number of toxic principles are proposed (Figure 15), yet the exact nature of
raphidophyte ichthyotoxicity needs to be elucidated. It is therefore highly relevant to
gain more insight in the mechanisms of toxicological activity in F. japonica. Also, given
the extremely scarce information derived from fish tests, direct fish mortality tests,
using relevant, Dutch F. japonica strains and relevant, Dutch fish species were urgently
needed.

The effect of growth rate and cell density of a Dutch F. japonica strain on toxin pro-
duction was studied in more detail in the laboratory. The results of this study showed
that the neurotoxin concentrations in the cultures were too low to explain fish morta lity.
Furthermore the results of the analysis of the haemolysins showed that F. japonica cells
produced haemolytic active endotoxins (Figure 15, route 2a) and exotoxins (Figure 15,
route 2b) both changing in haemolytic activity during the different growth phases.
Overall the haemolytic activity of the Dutch F. japonica strain was in the range of hae-
molytic activity of known harmful ichthyotoxic microalgae. All the results found in this
study were tested in the fish bio-assay using the larvae of the fish Solea solea, sole.
As from April 2007 several experiments for the fish bioassays were carried out at
Wageningen Imares, IJmuiden. Most effect was found in the experiments with the pure
toxins (neurotoxins and several poly-unsaturated fatty acids) but the studies on the effect
of the algal toxins extracted from the F. japonica cultures did not show any effect. We
concluded that the algal endotoxin concentrations alone (Figure 15, route 2a) were not
high enough to kill fish. The experiments with living F. japonica cells directly and indi-
rectly exposed to the sole larvae showed that ejection of mucocysts by the algae could be
very important (Figure 15, route 1). The cultures with mucus ejection showed maximal
100% mortality within several days; in contrast, when these cultures were separated from
the larvae via a 1 µm mesh size filter (Figure 15, route 2b)), a maximal mortality of 17%
was found. This could indicate that the ejection of mucocysts and therefore clogging of
these mucus threads around mouth and gill area would lead to suffocation of the fish.
Thereby it could also suggest that the higher toxin concentrations in the gill area of the
sole larvae due to this clogging of whole and broken F. japonica cells would lead to the
death of the fish. Another possibility is that the algal cells produce more toxins when fish
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is in the direct environment because the neurotoxin analysis on the excreted toxins
showed higher concentrations than usually produced by the algal cells grown without
fish in their direct environment.
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Figure 15. Diagram summarizing the possible mechanisms of fish mortality upon exposure to
Fibrocapsa japonica. The ichthyotoxic effects of F. japonica on one side could be due to me -
chanical damage since algal cells can interfere with fish gill functioning following ejection of
mucus threads; route I. On the other side, the production of toxic compounds may well be the
cause of intoxication; route II. Note that two routes are possible: via route IIa F. japonica cells
are damaged deliberating endotoxins (a) , while via route IIb exotoxin production is implicated
(b). Route IIa represents fish mortality when fish are exposed to F. japonica derived polyunsa-
turated fatty acids (PUFA) in its free form in combination with the reactive oxygen species
(ROS) super-oxide (O2�): the algal cells are brought into contact with the fish gill lamellae
through ventilation. Cell contents released from broken F. japonica cells hydrolyse in high 
ROS environment to produce higher levels of PUFA and ROS. Lipid peroxidation occurs on
gill and other membranes resulting in reduced respiratory and osmoregulatory capacity and
allowing the transfer of PUFA and O2� into the blood stream.

Ecophysiology of polar phytoplankton
Peter Boelen, Babette M. Bontes, Anne-Carlijn Alderkamp, Anouk Piquet, Anita G. J.
Buma

Dynamic irradiance governs the taxonomic composition of phytoplankton blooms in the
Ross Sea: a combined experimental and modeling approach
In this project we focused on the experimental part of the project. To study the effects
of iron limitation on growth characteristics and photosynthetic properties in Antarctic
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phytoplankton four Antarctic phytoplankton strains were obtained from the culture col-
lection for marine phytoplankton, Bigelow, USA (CCMP): two different strains of the
Antarctic prymnesiophyte Phaeocystis antarctica (CCMP 1374 and 1871) and two
Antarctic diatoms Fragilariopsis cylindrus (CCMP1102) and Nitzschia curta (CCMP
1430). To achieve iron limiting conditions all culture media and reagents were passed
over a chelex column to remove trace metals. Trace metals except iron were added back
to the growth media afterwards and trace metal clean techniques were applied through -
out the experiments. Iron limiting conditions were obtained through diluting cultures in
iron free growth media. Growth rates as well as photosynthetic yield (measured by PAM
fluorescence) were reduced in iron limited cultures (Fig. 16). After adding iron to the
iron limited cultures, photosynthetic yield increased to values measured in nutrient
replete cultures within 48 hrs. Currently, the cultures mentioned above are grown under
the dynamic light regimes mentioned in the project proposal to determine the effect of
iron limitation on acclimation of Antarctic phytoplankton to dynamic light regimes.
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Figure 16. Growth rates (1A) and maximum photosynthetic yield (1B) of Antarctic phytoplank-
ton strains Phaeocystis antarctica (Pa), Fragilariopsis cylindrus (Fc), and Nitzschia curta (Nc)
grown under nutrient replete (+Fe) and iron limiting (-Fe) conditions.

Consequences of climate change for Arctic marine pelagic microbial communities
(AMT Piquet, WH van de Poll)
As part of the International Polar Year effort, two field campaigns (2007 and 2008) were
performed in Ny-Ålesund, Spitsbergen (78° 55’N, 11° 56’E), in collaboration with the
Alfred Wegener Institute (AWI, Germany). The campaigns covered the initiation and
termination of the spring bloom, and the transition to post-bloom conditions. 
Our objective was to increase our understanding of the conditions that structure coastal
Arctic microbial and phytoplankton production, abundance and diversity and how this
is influenced by melt water input during summer. The study was carried out in the
Kongsfjord and adjacent Krossfjord systems using the research vessel Teisten to visit 3
sampling stations in each fjord (outside the fjord, middle of the fjord and in front of the
glacier) on a weekly basis from April to July. Water samples were collected for micro-
bial/phytoplankton species abundance, composition and diversity, together with profiles
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of the physical/chemical water column properties (salinity, temperature, spectral light
attenuation, major nutrients). Phytoplankton abundance was determined by HPLC pig-
ment composition, whereas species richness was assessed by DGGE DNA fingerprin-
ting, HPLC pigment analysis and microscopy. Supporting experiments were performed
on land probing the effects of light, salinity and nutrients on species composition and
abundance. In addition, bacterial and phytoplankton production were measured using
isotope incorporation assays. 
Although DGGE and pigment analysis are currently in progress, the available data show
enhanced phytoplankton and microbial activity in April-May. Stations in front of both
glaciers (Kongsbreen, Lillehöökbreen) showed particularly high species richness com-
pared to the other stations. The phytoplankton spring-bloom was first detected outside
the fjord and was characterized by high biomass (maximal 15 �g Chl a / L), dominated
by few species. Similar conditions were later also encountered near the glaciers. The
spring-bloom lasted until May, when surface major nutrients became depleted. After the
termination of the spring-bloom the post-bloom situation was characterized by low bio-
mass (0-1 �g Chl a / L) and strong changes in species composition and richness, as
observed in all stations of both fjords. Bacterial production was linked to primary pro-
duction as measured by isotope incorporation experiments. 
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Figure 17. From left to right (clock wise): photo of the CTD and Niskin bottle sampling 
equipment deployed in the Kongsfjorden (April 2008). CTD and fluorescence data revealing 
a phytoplankton bloom indicated by a fluorescence peak at 20 meter depth. DAPI stained 
samples showing the diversity of phytoplankton hidden within the fluorescence peak. Denatu -
ring gradient gel electrophoresis photo of samples collected in the Kongsfjorden over time, 
different depths and locations; each band represents a eukaryote species. The strong variability
in community composition and diversity of the Kongsfjorden is demonstrated.
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With increasing solar strength, the influx of melt water from snow and glaciers increa-
ses. A fresh water film develops on top of the more saline water below, which increases
the stability of the water column. Later in the melting season, the influx of sediment
strongly increases the turbidity of the water column, reducing the photic zone from 50
to 5 m (with attenuation coefficients Kd 1.2 compared to 0.12 in open water). This was
only observed in the Kongsfjord; the Krossfjord remained clear throughout the investi-
gated period. The sediment load may further reduce productivity, which is already con -
strained by nutrient limitation at this time. However, sediment mediated light attenua -
tion does not coincide with the spring-bloom. The data suggest that the fresh water –
sediment influx enhances species abundance during periods of low productivity.

Southern Ocean Primary Productivity In A High-CO2 World
This research project is a cooperation between the CEES departments Plant Physiology
(Neven) and Ocean Ecosystems (Boelen) and the department Biological & Chemical
Oceanography of the Royal Netherlands Institute for Sea Research (Bontes). In 2007
Peter Boelen and Ika Neven completed the first results on growth, viability and photo-
system II efficiency of the two Antarctic microalgae Chaetoceros brevis (Bacilla rio -
phyceae) and Pyramimonas sp. (Prasinophyceae). These two species were cultured in a
semi-continuous set-up under saturating light conditions. The cultures were aerated with
sterile synthetic air containing the appropriate amount of CO2 (190, 370 or 750 ppm)
mimicking the glacial/interglacial periods of past >400,000 years, the modern CO2 of
today, and the double CO2 of 2050 A.D. For both species we did not found a significant
effect of atmospheric CO2 concentration on growth, cell size, PSII efficiency, viability
and pigment content. The affinity of C. brevis for dissolved inorganic carbon (DIC) was
monitored and an inhibitor was used to test the presence of an extracellular carbonic
anhydrase (Peter Boelen). CO2/HCO3

- -uptake has been studied in more detail using the
Isotopic Disequilibrium Technique (IDT) (Ika Neven). The results indicate that both
Antarctic phytoplankton species can acclimate quickly to new CO2 scenarios. In C. brevis
a carbon concentrating mechanism associated with an external carbonic anhydrase is
activated within a few days under low CO2 conditions. 
Sufficient times has been spent by Ika Neven on planning and packing for the research
cruise ANT XXIV/3 with research vessel Polarstern to Antarctica taking place in 2008.
For this cruise the IDT method has been adapted and optimized. In addition she succes-
s fully followed an advanced course on radiation protection to become radiation protec-
tion officer on board.
Babette Bontes designed and tested a new experimental set-up consisting of gastight 5
L PC vessels. In the course of the year this facility was optimized, so that it could be
used for experiments at 2 degrees C with CO2 concentrations of 190, 380 and 750 ppm.
Three diatom species (one small and two large species, originating from 60ºS) were
incubated and grown for 13-14 days. The appropriate pCO2 concentrations were obtained
by aeration of the medium with sterile synthetic air at 2ºC, while continuously monito-
ring the headspace with a LI-7000 CO2/H2O Gas Analyzer. pCO2 was monitored by
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accurate measurements of the Total Alkalinity and Dissolved Inorganic Carbon. The
species tested were C. brevis, Fragilariopsis kerguelensis and Chaetoceros dichaeta.
Parameters were Fv/Fm or photosynthetic efficiency, number of cells (flow cytometry
and microscopy), nutrients (N, P, Si), Alkalinity (AT), inorganic carbon (DIC), and
pCO2 (Vindta, Marianda, Germany). Within the species, average growth rate and Fv/Fm
did not differ significantly for the three pCO2 levels. C. brevis, the small diatom species,
had the highest growth rate followed by F. kerguelensis and C. dichaeta (the larger two
species). In all three experiments DIC decreased with similar rates for the three pCO2
concentrations. AT remained stable throughout all three experiments with an average
value of 2522 �Mol kg SW-1. Si:N uptake ratio decreased under high pCO2 for the lar-
ger species, while Si:P increased under high CO2 in C. brevis and C. dichaeta. In 2007
preparations for participation (February - April 2008) with Polarstern 24/3 cruise to the
Southern Ocean were made.

Publications 2007 
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Introducing the group

Most of the models developed in the Theoretical Biology 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 see-
mingly “simple” interactions, like competition for nutrients, tend to be highly complex
when more than three or four species are involved. However, systems that appear chao-
tic and unpredictable at the micro-level may look regular and predictable when viewed
from a higher-level perspective. It is one of our goals to unravel whether, and in what
sense, the “micro” view of population ecology is consistent with the “macro” view of
community ecology. On our way to achieve this goal, we are currently working on a
conceptual unification of the resource-based approach of competition theory and the
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energy-based approach of the metabolic theory of ecology. A second, independent goal
is to find out whether, and to what extent, ecological insights are affected when ap -
proached from an evolutionary perspective. Ecologists tend to treat ecological parame-
ters as fixed and externally given, even though these parameters are the result of an evo-
lutionary process. Many parameter combinations considered by ecologists are not “rea -
sonable” from an evolutionary point of view, since they are not evolutionarily 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.

Evolutionary ecology of sex
As indicated above, ecology may learn a lot from evolutionary theory. The converse is
also true. The fitness parameters of selection models are, for example, usually derived
in an ad hoc way from plausibility considerations. The resulting model populations
grow or decline exponentially and are obviously not “ecologically stable”. This is pro-
blematic, 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 fitness, are derived syste-
matically from mechanistic and ecological considerations. In parallel, we develop new
analytical tools that allow to cope with the increased complexity 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 contribute 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-inter-
preted as emergent properties from the interactions among units at a lower level. For
instance, in a model of groups of individuals that perform dominance interactions, a dif-
ference in a single parameter (intensity of aggression) 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 differences 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 evolu-
tion of complex structures in terms of lower-level processes. By applying evolutionary
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principles to these lower-level processes, those patterns and processes will be singled
out that are evolutionarily stable. The integration of an evolutionary and a self-organi-
zation approach is a major challenge and one of the central goals of the Theoretical
Biology research programme.

Overview of Academic Results

In 2007, our group consolidated its position within CEES. Ido Pen has been appointed
assistant professor in continuation of his tenured position. Jan Wantia successfully def-
en ded his thesis on self-organised dominance relationships in primates. Pete Skelsey
was appointed as a postdoc in the joint ERGO project of the Dutch Science Organisation
(NWO) of our group and the evolutionary genetics group to work on the potential spread
of genetically modified crop genes, and Hanno Hildenbrandt was appointed as a post-
doc in the NWO-Cognition project on reconciliation and cognition in primates. Carlos
Botero at Cornell University (USA) was awarded an NWO-Rubicon grant to work as a
postdoc on the evolution of honest signalling in a joint project of our group and the ani-
mal ecology group for a year. Elske van der Vaart was awarded an NWO-Toptalent grant
to realize her PhD project on the evolution of theory of mind. Aniek Ivens won the annu-
al grant of the “Pieter Langerhuizen Lambertuszoon Fonds” awarded by the
“Koninklijke Hollandsche Maatschappij der Wetenschappen”. Other highlights include
the paper of Max Wolf and colleagues on the evolution of animal personalities in Nature,
and the paper of Thor Veen and colleagues on reproductive isolation in flycatchers in
Science.

The following contributions give an impression of the work being done in the
Theoretical Biology group. Thor Veen presents some initial work of his new project on
the evolution of dual-function signalling. Joke Bakker summarizes her PhD project on
genetic variation in a metapopulation context. Max Wolf highlights the impact of life-
history on the evolution of animal personalities. Magdalena Kozielska and Ido Pen
explain how segregation distortion may affect the evolution of sex determination.
Finally, Jan Wantia and Charlotte Hemelrijk present a model of self-organised domi-
nance interactions to explain female dominance over males in primates.

The evolution of dual-function signals in sexual selection
Thor Veen, Sander van Doorn and Franjo Weissing

The peacock’s tail and the colour patterns of a male guppy are well known examples of
ornaments that play an important role in acquiring a partner. Traditionally, sexual selec-
tion theory is divided into two different domains, namely male-male competition and
female choice. In the former, individuals of the same sex compete amongst each other
to increase their mating chances. Ornaments can play an important role in these contests
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because conflicts can be settled without having to engage in a costly fight (e.g., if a
male’s ornament reflects its superior fighting abilities over its competitor). In the case
of female choice, ornaments may provide the female with information about the male’s
quality. In the last decades, a large number of theoretical and empirical studies have been
conducted, virtually all focusing on either of the two domains in isolation. In nature,
however, many ornaments seem to have a dual function; they are used in both male-male
competition and female choice. The evolution of such dual-function signals is not yet
well-understood. Consider, for example, the ‘badge-of-status’ models that predict that
cheap ornaments can be used to settle conflicts between males. Once females acquire a
preference for such ornaments, the payoffs for bearing such ornaments change. This can
have important repercussions for the honesty of the signal in the original context, male-
male competition. Another interesting question is whether the use of an ornament in one
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Figure 1. An overview of the dual-function signaling model. The left side of the figure repre-
sents male-male competition (pathway through ‘fighting ability’) and the right side female 
choice (pathway through ‘parental ability’). Individual males differ in quality in two respects;
their ‘fighting ability’ affects the outcome of fights, while their ‘parental ability’ affects their
reproductive output. These quality differences also influence the ornament expression. The
model assumes that individuals make their attack rate (the male fighting strategy h) dependent
on the male’s own fighting ability (+/-) and whether or not the opponent expresses the orna-
ment (0/1). Female mate choice depends on the strength of a female’s preference and the 
presence or absence of the ornament in a potential partner. Both the outcome of male contests
and the parental ability of a male influence a male’s reproductive success.
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context might facilitate its use in the other context. One of the main difficulties in sig-
naling theory is how a signal arises in the first place. This difficulty evaporates if an al -
ready existing ornament is used. To address these and other aspects of ornament evo lu -
tion, we developed a formal model for the evolution of dual-function signals, i.e., a
model where the same ornament is used in both male-male competition and female choice
(see figure 1 for an overview of the model).
Developing a model incorporating male-male competition and female choice is not an
easy task as such models will easily get very complex and hard to unravel. One of the
main challenges is therefore to make the model as simple as possible without sacrificing
too much biological realism. Therefore, we needed to make several simplifying assump-
tions. We assume that only direct benefits (i.e., benefits that work only in the current
generation and are not heritable) are at work, meaning that the so called ‘good gene’
(‘heritable benefits’) models are outside the scope of this model. Furthermore, by as -
suming weak selection we could make use of a quasi-linkage-equilibrium (QLE) ap -
proxi mation, which greatly reduces the complexity of the model. 
In a first step, we checked whether the predictions of separate models for each of the two
contexts are in line with existing theory. This was indeed the case. In the second step, we
used the integrated model to explore several interesting scenarios. Here we present the
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Figure 2. Evolution of male ornament investment (i), female preference (p) and male fighting
strategies (h with subscripts) in the absence (A) and in the presence (B) of female preferences.
For the chosen parameters, female preferences could not evolve in isolation, but now preferen-
ces get off the ground because of the dual function of the ornament. 
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results of a parameter setting where signal use in male-male competition facilitates the
use of the ornament in female choice (figure 2). In the first part of the evolutionary tra-
jectory (A), males invest in producing a costly signal (i) that is used in male-male com-
petition. The lower panel shows how the males make their fighting strategy (fight or not
fight) dependent on their own fighting ability and the presence or absence of an orna-
ment in the opponent (h with subscripts). In this initial period, female preference (p) was
fixed at zero. This restriction was removed after 50,000 generations (B). For the chosen
parameters, costly female preferences would not get off the ground in the absence of male-
male competition. Now, however, the evolution of female preference is facilitated by the
dual function of the ornament. Notice that female preference has a strong effect on the
fighting strategies of the males (lower panel).
At present, we are still in the initial phase of model development and model analysis.
Yet, the first results demonstrate that it is feasible to incorporate male-male competition
and female preference in an integrated theoretical framework. In the future, we will
incorporate heritable quality components (‘good genes’) and more sophisticated condi-
tional strategies.

Dynamics and significance of genetic variation in a metapopulation context
Joke Bakker, Kuke Bijlsma and Franjo Weissing
(joint project with the Evolutionary Genetics group)

Contemporary human activities increasingly compromise the biological diversity of our
planet. As a consequence of habitat deterioration and fragmentation, many species have
been reduced to small and often isolated populations that are at risk of extinction due to
environmental, demographic or genetic stochasticity. Such small-sized, partially isola-
ted demes suffering from temporary extinctions but connected to the collective through
migration are commonly known as metapopulations. In conservation biology, metapo -
pu lation theory is increasingly applied to analyse the demography and dynamics of
natural populations and to estimate crucial population parameters that are subsequently
used to develop measures to manage endangered species. However, most models con-
cerning the dynamics of genetic variation and evolution of metapopulations are based
on simplifying and often unrealistic assumptions. The validity of these models has rare-
ly been evaluated, neither under experimental nor under natural conditions. 
In this project, we used laboratory Drosophila melanogaster metapopulations and indi-
vidual-based computer simulations to provide such validation. We studied the conse-
quences of metapopulation structure for the dynamics of genetic diversity and differen-
tiation, with emphasis on genetic processes such as genetic erosion and local adaptation.

Random genetic drift. In a first set of experiments, we investigated the loss of genetic
variation due to genetic drift in small, isolated populations. We inferred the effective
population size, the fixation rate, the heterozygosity within demes, and fixation indices
within and among metapopulations. The results led to four main conclusions. First, even
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subdivision in our experiments. The strongest indication for genetic erosion resulted
from conditionally expressed detrimental alleles. Since the occurrence of such alleles is
probably an exception rather than the rule in natural populations, the consequences for
the adaptive potential of natural metapopulations might be limited. Summarizing, we
conclude that general theory may reasonably predict the dynamics in experimental and,
perhaps, in natural populations in a qualitative way, whereas quantitative inferences are
generally not possible, unless the biology and dynamics of the species under considera-
tion are understood in considerable detail. Since such estimates may still deviate sub-
stantially from actual parameter values, prudence and wide safety margins are in order
whenever they are used in practice, for example to develop a management strategy for
the conservation of specific natural systems.

Life-history variation and the evolution of animal personalities
Max Wolf and Franjo Weissing

In recent years evidence has been accumulating that personalities are not only found in
humans but also in a wide range of other animal species. Individuals differ consistently
in their behavioural tendencies and the behaviour in one context is often correlated with
the behaviour in multiple other contexts. Some great tits, for example, are consistently
more aggressive than others, and aggressive birds differ from non-aggressive birds in
many other respects like foraging behaviour or the exploration of novel environments.
At present, the existence of such personalities is puzzling in several respects. First, why
do different personality types stably coexist? Second, why is behaviour not more flexi-
ble but correlated across contexts and through time? And third, why are the same type
of traits correlated in very different taxa? We aim at developing models to understand
these kinds of questions better. We believe that there is not a unique explanation for ani-
mal personalities. This project therefore follows a pluralistic approach by investigating
several different explanatory frameworks for the evolution of animal personalities. Here
we summarize results of one of these subprojects.
We developed a theory that provides a link between life-history variation and animal
personalities. This work was inspired by the observation that some of the most promi-
nent personality traits described in the literature can be categorized in terms of risk-
taking behaviour. A good example is the correlation between aggressiveness towards
conspecifics and boldness towards predators: individuals that take more risk in intra-
specific fights also take more risk when confronted with a predator. This aggression-
boldness syndrome has been described for many species including fish, birds and
rodents. From life-history theory it is known that individuals should adjust their risk-
taking behaviour to their residual reproductive value, i.e., their expected future fitness.
Individuals with relatively high expectations should be relatively risk-averse, since they
have to survive in order to realize those expectations. By the same reasoning, individuals
with relatively low expectations should be relatively risk-prone since they have little to
lose. Consequently, whenever individuals differ in their fitness expectations, we should

Theoretical Biology

167

9 CEES 2007 - Theoretical Biology.qxp:1.qxd  05-09-2008  09:50  Pagina 167





We then extended this basic life history by assuming that each individual is confronted
with a number of risky contexts throughout its lifetime. In particular, each individual
may face one or more foraging decisions under predation risk (anti-predator games) and
one or more aggressive encounters with randomly chosen conspecifics. In each of the
anti-predator games an individual can either behave in a bold or a shy manner. Only bold
individuals receive a payoff (in terms of higher fecundity) but they also incur some risk
of dying. Aggressive encounters are modelled as hawk-dove games, where hawks receive
a higher payoff than doves but do not always survive hawk-hawk interactions.
We first considered the most basic scenarios where individuals either play one anti-pre-
dator game or one hawk-dove game (fig. 7). Our analysis confirms the general principle
that individuals with higher future expectations (in our case: thorough explorers) should
behave in a more cautious way. At the evolutionary equilibrium, superficial explorers
behave boldly (aggressively) whereas thorough explorers show low levels of boldness
(aggressiveness).
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Figure 7. Evolution of variation in risk-taking behaviour. The outcome of evolution after 3 x 105

generations of selection where individuals following the life-cycle depicted in figure 6 play a
single risky game between year 1 and year 2. (a) In case of an anti-predator game superficial
explorers evolve high levels of boldness whereas thorough explorers show low levels of bold-
ness. (b) In case of a hawk-dove game superficial explorers are aggressive whereas thorough
explorers are non-aggressive. The bars correspond to mean trait values averaged over ten repli-
cate simulations (error bars indicate standard errors).

0.0

0.2

0.4

0.6

0.8

1.0

B
ol

dn
es

s

Superficial
explorers (x =0)

a

Thorough
explorers (x =1)

0.0

0.2

0.4

0.6

0.8

1.0

A
gg

re
ss

iv
en

es
s

Superficial
explorers (x =0)

b

Thorough
explorers (x =1)

To show that the same principle gives rise to personalities we considered scenarios
where individuals are confronted with several risky games throughout their life. We find
that natural selection gives rise to stable individual differences within the same game
and correlated behavioural traits across different games (fig. 8). Figure 8a considers the
scenario where individuals play two hawk-dove games sequentially. Here superficial
explorers evolve high levels of aggression in both games whereas thorough explorers
evolve to be consistently non-aggressive. Figure 8b depicts the scenario where indivi-
duals face one anti-predator and one hawk-dove game sequentially. Here evolution gives
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rise to the coexistence of superficial explorers that are both bold and aggressive and tho-
rough explorers that are shy and non-aggressive. In other words, we robustly observe the
well-known behavioural syndrome linking aggression and boldness, which has been
reported for numerous species in a diversity of taxa.
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Figure 8. Evolution of personalities. Two simulations illustrating the evolution of consistent
individual differences between superficial explorers (red) and thorough explorers (blue). 
(a) When individuals face two hawk-dove games superficial explorers evolve high levels of 
aggressiveness in both games whereas thorough explorers are consistently non-aggressive. 
(b) Confronted with both an anti-predator and a hawk-dove game a behavioural syndrome 
evolves: super ficial explorers are bold and aggressive whereas thorough explorers are shy 
and non-aggressive.

Up to this point we assumed, for simplicity, that individuals reproduce asexually. We
obtain qualitatively the same results for scenarios that allow for recombination and dip-
loid genetics, as long as individual alleles have a large phenotypic effect. Under this con-
dition disruptive selection gives rise to a small number of discrete phenotypes, each cor-
responding to a distinct personality type. A more realistic approach, however, would be
to consider quantitative traits, which are often thought to be influenced by many loci with
small effects. We therefore incorporated such quantitative genetics into our model.
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Figure 9 considers a scenario where individuals face one anti-predator and one hawk-
dove game sequentially. As shown in figure 9a, disruptive selection does now not result
in two extreme exploration (i.e., life-history) strategies but in the stable coexistence of
a broad range of explorative behaviours. Similarly, with respect to both boldness and
aggressiveness, we find a gradation of behavioural traits ranging from low to high levels
(fig. 9b, c). A clear pattern emerges: the more superficially an individual explores its
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Figure 9. Evolution of continuous variation in personalities. If all traits are encoded by multi-
ple loci with small effects, disruptive selection on the exploration intensity does not result in
two discrete phenotype classes but in a broad distribution of exploration strategies (a). The
graphs depict the average level of boldness (b) and aggressiveness (c) that evolved as a function
of x within 2 x 105 generations (mean of ten replicate simulations; error bars indicate standard
errors). The evolved levels of boldness and aggressiveness are strongly correlated, correspon-
ding to a boldness-aggressiveness syndrome (correlation coefficients in the ten simulations 
ranged from 0.40 to 0.81, with a mean value of 0.65).
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environment (fig. 9a), the more boldly it behaves in the anti-predator game (fig. 9b) and
the more aggressive it is in the hawk-dove game (fig. 9c). In other words, in the case of
quantitative genetic variation we find a whole spectrum of personality types, which is in
line with many empirical studies.

In summary, our model offers a plausible explanation for individual differences within
a population, the evolution of behavioural correlations within and across contexts and
the fact that particular traits like boldness and aggressiveness tend to be associated. Our
theory is well testable by predicting (1) under what circumstances behavioural correla-
tions should occur, (2) what particular traits should be correlated and (3) what sign the
correlations should take. Behavioural correlations are to be expected whenever indivi-
dual differences in residual reproductive value (i.e., expected future fitness) occur. One
might think of the difference between high- and low-ranking individuals in a dominance
hierarchy, between dispersers and philopatric individuals in a metapopulation or
between residents and floaters in a territorial system. In any such situation we would
expect correlations between those behavioural traits that involve risks which might pre-
vent individuals from reaping the returns from reproductive investments. In addition to
intraspecific aggression and boldness one might also think of behaviour such as brood
defence, nest guarding or conspicuous displays to attract mates. All other things being
equal, we would expect such traits to be positively correlated.

Segregation distortion and the evolution of sex determining mechanisms
Magdalena Kozielska, Leo Beukeboom, Ido Pen and Franjo Weissing

Most chromosomes follow "fair" Mendelian segregation, resulting in each of the homo-
logues being present in (approximately) 50% of gametes. However, some genetic ele-
ments are recovered in more than half of the functional gametes of heterozygous indi-
viduals showing so-called segregation distortion or meiotic drive. Segregation distortion
is advantageous at the gene level, since distorter alleles have transmission advantage and
their frequency in the population will increase. However, the presence of a driving chro-
mosome is usually not neutral with respect to individual fitness, leading for example to
sterility or lethality of homozygous individuals. When segregation distorters are located
on sex chromosomes, they not only have an effect on individual fitness, but also lead to
biased sex ratios in the population. Biased sex ratios in turn are expected to select for
changes in sex determining mechanisms.
We made a model in which we analyze the conditions for the spread of new sex deter-
mining factors in a system with a driving sex chromosome. We consider three scenarios:
a driving X chromosome, a driving Y chromosome, and a driving autosome with a male
determining factor. We investigate how the invasion prospects of a new sex determining
factor are affected by the strength of distortion and the fitness effect of the distorter allele.
We show that in many cases meiotic drive may induce changes in the sex determining
mechanism. When the drive leads to female biased sex ratios, a new masculinizing gene
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macaques are about three quarters of the size of males and may be dominant over some
of the males, whereas in lemur species sexual dimorphism is almost absent and female
dominance over males is frequently complete! Therefore, we expected that female
dominance over males might be greater as the degree of sexual dimorphism is smaller.
So far, there were hardly any quantitative data available on female dominance, apart
from the ones on lemurs. To compute the degree of female dominance over males we
collected matrices of who attacked whom from the literature. This enabled us to deter-
mine the degree of female dominance for 22 species throughout the primate order. Using
a special method of analysis that corrects for phylogenetic dependence, we discovered
to our astonishment that our hypothesis was false (table 1). Female dominance over
males does not increase with lower sexual dimorphism. Therefore, we looked for an -
other explanation.
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Table 1. Kendall correlation between female dominance, sexual dimorphism and percentage 
of males (see text). SexDim = sexual dimorphism. NS = ‘not significant’, * = p < 0.05, 
** = p < 0.01, *** = p < 0.001 two-tailed, n.a. = not available.

 

Kendall correlation between female dominance and sexual dimorphism 

Sexual 
Dimorphism 

% Males 
% Males (SexDim 

partialled out)  
N 

(groups) 

Tau Significance Tau Significance Tau Significance 

M. mulatta 7 n.a. n.a. 0.62 * n.a. n.a. 

Macaca 
(all groups) 

22 
-

0.01 
NS 0.62 *** 0.62 *** 

Macaca 
(median 
per 
species) 

8 0.18 NS 0.55 
NS 

(p = 0.08) 
0.52 * 

In our analysis the degree of female dominance appeared to vary between the different
groups of a single species. This drew our attention to the interesting possibility that
dominance relationships may develop without initial differences by ‘self-organisation’.
Thus, even among two competitors that are originally completely identical, a dominance
relationship develops! This arises via the winner-loser effect, which implies that effects
of winning and losing fights are self-reinforcing, i.e., after losing a fight, an individual
is more likely to lose again and, vice versa, after winning it is more likely to win. There
is much empirical evidence for this effect. It appears to operate in many animal species,
ranging from insects, crustaceans, fish, amphibians and reptiles to mammals including
nonhuman primates and even humans. But how can dominance of females over males
build up, when they are initially weaker due to smaller body size and lower muscular
strength? A model, called DomWorld, of self-organised dominance interactions gave us
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some insight. In this model, individuals move about and they have a tendency to group
and compete. The effects of winning and losing conflicts are self-reinforcing. We stu-
died groups with intense aggression (e.g., biting rather than slapping), which resembled
despotic societies of macaques, and groups where aggression was mild, which resem -
bled egalitarian societies. Female dominance appeared to build up in the model in spite
of the fact that males had a higher intensity of aggression than females and started with
higher initial dominance than females. However, female dominance built up only in
societies where aggression was intense, and not when it was mild. This was due to the
greater impact of dominance interactions in groups when aggression was more intense.
Consequently, the hierarchy of males and of females differentiated more widely. Thus,
a few females ranked very high and a few males ranked very low, and therefore, some
high-ranking females outcompeted some low-ranking males. In our new data we con-
firmed that female dominance in species of despotic macaques was significantly greater
than that in egalitarian ones. Apparently the model has grasped the essentials of domi-
nance interactions in primates. But this could not explain the difference in female domi-
nance between groups of a single species, and therefore, we supposed that somehow
group composition might matter too. We first studied this in the model. Indeed, this
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Figure 11. Female dominance and the proportion of males in a group (medians). AloPal =
Alouatta palliata; CalJac = Callithrix jacchus; CebApe = Cebus apella; CerAet = Cercopithecus
aethiops; EulFul = Eulemur fulvus rufus; EulMac = Eulemur macaco flavifrons; GorGor =
Gorilla gorilla beringei; HapGri = Hapalemur griseus; MacArc = Macaca arctoides; MacAss =
Macaca assamensis; MacFas = Macaca fascicularis; MacFus = Macaca fuscata; MacMul =
Macaca mulatta; MacNem = Macaca nemestrina; MacThi = Macaca thibetana; MacTon =
Macaca tonkeana; ManSph = Mandrillus sphinx; PanPan = Pan paniscus; PanTro = Pan troglo-
dytes; SemEnt = Semnopithecus entellus; SaiSci = Saimiri sciureus; VarVar = Varecia variegata.
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appeared to be the case: the higher the percentage of males in the group, the greater the
degree of female dominance over them! This arose because in groups with more males,
everyone interacts more often with them. Thus, due to the higher intensity of aggression
of males, the intensity of aggression in the complete group also rose on average.
Consequently, some males became very low-ranked due to frequent fights with other
males and were outcompeted by a few females that ranked very high. 
To answer the question whether also in primates female dominance increases with the
percentage of males in the group, we studied this correlation at three levels: in several
groups of a single species (M. mulatta), in groups of all species of macaques (table 1)
and in groups of each of the 22 species mentioned above. In all cases we found that
female dominance increased significantly with the percentage of males in the group
(figure 11), even if we took out the effect of sexual dimorphism (table 1). Thus, it seems
that female dominance depends on the winner-loser effect, group composition and self-
organisation. While alternative explanations are possible for this correlation, the expla-
nation generated by our model seems most probable.
In sum, even though our model of self-organised dominance interactions is only a sketch
of dominance interactions in primates, it still helps us to develop a hypothesis to explain
female dominance over males, a hypothesis that we could not have generated without it.
Its empirical confirmation means that inter-sexual dominance relations are more com-
plex than previously thought: they are influenced by prior history and social setting.
Since the winner-loser effect operates in virtually all animal species that live in groups,
including humans, our results may be relevant to a broad range of taxa and be helpful
also to increase our understanding of our own social system.
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