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Big grant for Wadden Sea science

Principal Scientist and Coordinator, Britas Klemens Eriksson (MarBEE), together with
principal scientists Han Olff (COCON), Theunis Piersma (Animal Ecology), Johan van
de Koppel (NIOO-CEME) and HenkW. van der Veer (NIOZ) were awarded  a 1.1
Million Euro grant in the first round of the NWO National Programme Sea and Coast
Research (ZKO). The project, “A human-driven regime shift through the loss of ecosys-
tem engineers: consequences for trophic structure and recovery potential of the Wadden
Sea Ecosystem” was ranked first in the competition, and will initially run for four years
involving two PhDs and one post-doc in addition to the principal investigators.

MarBEE successes

Jeanine Olsen (MarBEE) is coordinating a consortium of 14 labs involved in the genome
sequencing of the seagrass Zostera marina. The 310 Mb genome was accepted by the
Joint Genome Institute (JGI) in Walnut Creek, CA, USA. It is one of the first non-model
monocots to be sequenced.

PhD student, Jos Mieog (MarBEE) received the award for Best Paper - on his work on
coral bleaching and shuffling of algal symbionts - at the International Coral Reef
Congress in Ft. Lauderdale, Florida in August. This was a follow-up to his award for
Best Paper 2007 in the journal Coral Reefs which detailed the quantitative assessment
of multiple symbionts per coral using a newly developed real time PCR assay. His work
was also featured in NRC Handelsblad (12-13 April). 

Jim Coyer (MarBEE) was listed in the Faculty of 1000 recommended papers in
December 2008 with his documentation of reduced effective population size in the rock-
weed Fucus serratus in southern Norway. Although the species is abundant in the area,
risk of local extinction is relatively high. See Coyer et al. 2008, Annals of Botany.

Rick Zechman (California State University-Fresno) joined MarBEE for a 3-month sab-
batical, where he worked on a long-term project involving the phylogeography of the
fucoid, Ascophyllum nodosum. 

Desert birds as a frontier of ecological research 

In the new edition of the popular textbook on physiological ecology (Animal Physio -
logy, 2nd edition, 2008, by Hill, Wyse and Anderson, Sinauer Associates; it is used wit-
h in CEES during the bachelor Ecological Interactions course), the work by B. Irene
Tieleman and coworkers is featured onder the heading “desert birds are again a new
frontier for research”. This work is depicted by the following figure:

Highlights
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Dissertations granted by CEES in 2008

J. Bakker Genetic diversity in experimental metapopulations

T.W. Berngruber How to be good at being a virus; biochemical constraints of viral
life history evolution

D.M. Buehler Bottlenecks, budget and immunity

T.J. Compton Bivalve traits and distributions to explore species diversity at tro-
pical and temperate tidal flats

G. Eichhorn Travels in a changing world: flexibility and constraints in migra-
tion and breeding of the Barnacle Goose.

C. Eikenaar Should I stay of should I go? Natal dispersal in the Seychelles
warbler

M. Engelmoer Breeding origins of water populations utilizing the Dutch
Wadden Sea as deduced from body dimensions, body mass and
primary moult

H.J.T. Hoving Reproductive biology of oceanic decapodiform cephalopod

A.D. Koralewska Whole plant regulation of sulfate uptake and distribution in cab-
bage

M. Kozielska Evolutionary dynamics of sex determination: mechanistic theory
and empirical investigations

H. Schekkerman Precocial problems. Shorebird chick performance in relation to
weather, farming and predation

R.D. Trifonova Microbial enrichment of torrefied grass fibers - a novel ingre-
dient of potting soil 

T. Veen Mating decisions in a hybrid zone
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CEES PhD Students in 2008

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

J. Arisz Animal Ecology
Breeding ecology of Montagu's Harrier in agricultural areas in
NW-Europe

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

C. Burger Animal Ecology
Latitudinal dispersal as solution to insufficient adaptation to 
climate change

M. de Cássia Pereira e Silva
Microbial Ecology
Assessment of the baseline of soil microbial functioning across 
a range of soils

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

D. de Corte Ocean Ecosystems/NIOZ
Influence of deep oceanviruses on prokaryotes
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J. van de Crommenacker
NWO-WOTRO-Animal Ecology
Stress and fitness in small bottlenecked populations of the tropi-
cal Seychelles warbler (Acrocephalus sechellensis)

X. Du Bursary Chinese Government/COCON
A synthetic theory of biodiversity

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

K. Elschot COCON
Unravelling interacting feedback loops that control non-linear
salt-marsh dynamics: combining experiments and modeling

F.A. Encinas Viso COCON
Effect of mutualistic interactions in plant-animal community
assembly

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

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

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

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

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

nutrient-poor seagrass-dominated intertidal ecosystem

M.C.W.G. Giesbers Evolutionary Genetics
Genetics of adaptation: mating behaviour and reproductive 
straties in Nasonia wasps

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

M. Hammers Animal Ecology
Individual model based analysis of the causes of senescence in 
a wild living cooperative breeding vertrebrate species

P.R. Hardoim Microbial Ecology
Metagenomics of food crop endophytes

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

Y. Hongyan Animal Ecology
Red Knots (Calidris canutus) in Northern Bohai Bay, China,
Yellow Sea during northward migration

E.F. Hoogwout Microbial Ecology
Microbial diversity in potato
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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

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

K.M. Jalvingh Evolutionary Genetics / Theoretical Biology
Genetic stress responses of Drosophila species in relation to their
geographic distribution and population dynamics

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

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 
NIOZ (University of Ghana, Accra)

Comparative demographics of tropically and temeparte wintering
Sanderling Calidris alba
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E.C. Koppenaal COCON
Effects of soil subsidence following gas extraction on Ameland 

related to autonomous dynamics in the Wadden Sea

A.L.W. Kuijper RUG Bursary - Theoretical Biology
Genetic conflict and the evolutionary causes and consequences
of sex determination systems

G. Kulk Ocean Ecosystems
Genotypic and phenotypic variation in phto acclimation: conse-
quences of stratification and deep vertical mixing for oceanic
phytoplankton productivity

S. van der Laan Ocean Ecosystems/Centrum Isotopenonderzoek 
Greenhouse gas and trace gas measurements at Lutjewad,
Groningen. Measuring CO2, CH4, CO, N2O, SF6 and 222Radon 
to determine their atmospheric concentrations and source/sink
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

K. Meijer Evolutionary Genetics
Evolutionaire veranderingen in de biodiversiteit van Nederlandse
insecten in respons op invasieve planten en insecten

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

M. Nicolaus Ubbo Emmius Bursary/Animal Ecology
Offspring fitness and density dependent dispersal: an experi-
mental 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

S. Paolucci Evolutionary Genetics
The genetic basis of variation in reproductive diapause in
Nasonia wasps

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

M. Poortvliet Marine Benthic Ecology and Evolution
Population genetics and phylogeography of the Mobulid rays
Mobula japonica and Mobula munkiana in the Gulf of California
and the Pacific

I. Puga Gonzalez Theoretical Biology
Self-organisation of social behaviour in primates

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

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

J.L. Ruifrok COCON
Dynamics of woody species under large herbivore grazing
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S. Santos NIOZ/Marine Benthic Ecology and Evolution
Physiological performance of the Peppery furrow shell
Scrobicularia plana (da Costa 1778) along the European coast

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

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

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

W. Thielicke Ocean Ecosystems
Aerodynamics of flapping bird wings

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

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

Y. Verkuil Animal Ecology
Population structure in ruffs

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

J. van der Woude Animal Ecology
Demographic parameters, life-histories and physiological corre-
lates in the Seychelles warbler

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

A. Ayrinhac IOP Genomics - Evolutionary Genetics
Evolution of ageing

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

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

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

Individual quality of Antarctic petrels

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

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

            



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

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

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

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

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

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

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

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

its impact on meadowbird populations

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

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

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

in relation to the local food stocks

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?

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

H.M.C. Verhagen Community and Conservation Ecology
Natuurontwikkeling Landbouwgrond

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

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

CEES Progress Report 2008
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drs. P.M.G. Lourenço Portuguese Sci Foundation 1.0 060101-100101
drs. S.P.M. Michler NWO-VICI 1.0 040401-080401
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. Grauwe 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
drs. J. v.d. Woude NWO-VICI 1.0 081001-120930

Technical and Administrative Staff
secretary
J.G. Rietveld RUG 0.5
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
(part-time) field assistant
R. Bijlsma RUG 0.45 070101-111231
Dr. P. de Goeij RUG
R. van der Zee-Gietema RUG
Y.K. Galama RUG

Other PhD students
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drs. J.C.A. Creuwels Alterra
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drs. M. van der Geest WOTRO-NIOZ 1.0 061001-101001
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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) Behavioural ecology
puts individual animals squarely in environmental and social contexts, and examines the
fitness consequences of alternative behavioural strategies. When possible, an experi-
mental approach is chosen to determine the causality of relationships between beha-
vioural variation and fitness, findings that we then try incorporate in our thinking about
the population ecology of the animals under study. (3) Population biology, including
demographic 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 relation -
ships between competing and cooperating individuals in a population and to decipher
the long-term demographic and genetic histories of populations with a suite of conse-
quences for today’s functioning.
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Guests/Detachment
drs. R. van Dijk University of Bath, UK
prof.dr. R.H. Drent Groningen,NL
dr. P. de Goeij Groningen,NL
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dr. J.B. Hulscher Groningen,NL
dr. L.C.G. Mendes Coimbra University, Portugal
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dr. D.I. Rogers Melbourne, Australia

            



Overview of academic results

The role of self-organization in foraging site selection
Eelke Folmer, Matthijs van der Geest, Jan A. van Gils, Emile Apol, Han Olff & Theunis
Piersma

Coastal soft-sediment intertidal areas are important for wintering and migrating shore-
birds (Fig. 1), mainly because of high resource availability. Insight into the determinants
of foraging site selection is important from an ecological and behavioural perspective,
as well as from a conservation viewpoint. Individual site choice of gregarious species
depends both on the characteristics of the site and on group behaviour. In this project we
have asked: (1) What are the consequences of flocking behaviour on foraging site selec-
tion at the mudflat- and landscape level? (2) Can we estimate the degree of self-organi-
zation based on the distribution of individuals in their resource landscapes?

28
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Figure 1. Shorebirds at a high tide roost in the Banc d’Arguin, Mauritania. Photo E.O. Folmer

To adress these questions, we have used theoretical and empirical approaches. We model-
led and simulated patch choice by applying the ideal free distribution concept to a gener-
alized functional response function. Classically, animals are believed to respond to
resource density and competition only. The novelty here is that we also allow individuals
to copy behaviour of conspecifics, including site choice. We assumed that competition

            



Empirical data were collected in the Dutch Wadden Sea and in the Banc d’Arguin in
Mauritania. Although the ecological characteristics of the two areas show many diffe-
rences, they share their shorebirds. In the Wadden Sea we determined suitability of mud-
flats for the abundant shorebird species by sampling benthos and mapping the spatial
distribution of shorebirds. This work was carried out in close cooperation with the Royal
Netherlands Institute for Sea Research (NIOZ). Based on these spatial data we were able
to determine the level of self-organization for different species by applying the SAR
model. It turned out that the variance in bird density amongst mudflats strongly depen-
ded on species-specific tendencies to aggregate within mudflats (Fig. 3).

The Banc d’Arguin is a seagrass dominated intertidal ecosystem. Here, the density of
benthos is strongly correlated with the biomass of seagrass which is easily determined
by remote sensing. With regression kriging, based on remotely sensed data and relati-
vely few sampling stations, we were able to predict detailed benthos densities (Fig. 4).
We also made maps with precise locations of individual red knots (an abundant mollus-
civore species on the Banc d’Arguin) by photographing plots with landmarks. After
digitizing and transformation of the pictures (based on principles of the geometry of 
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Figure 2. Net benefit due to conspecific presence as a function of distance between foraging
animals.

dominates at short distances, but that attraction dominates at larger distances (Fig. 2).
Hence, emerging distributions may partly be the result from a collective decision rather
than from many independent choices. From simulated data we estimated the impacts of
resource availability and social attraction by means of a spatial autoregressive model
(SAR). This model allowed us to determine the degree of interdependence in data on
actual, measured bird distributions.

            



perspective), we obtained a plan view of the location of birds. With these data and point
pattern statistics we will examine whether and to what extent red knots are responsive
to resources and competition, and whether they use each other to select a foraging site.
More and more studies reveal that many complex patterns at the level of the group result
from self-organization, i.e. simple repeated interactions. Hence, the model that we pro-
pose enabling determination of the degree of interdependence in relation to other factors
will have wide applicability, also in scientific realms outside ecology.
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Figure 3. Species specific variation in bird density among areas in the Dutch Wadden Sea.

            



Breeding in a warming world: movement or misery?
Christiaan Both, Claudia Burger & Rob G. Bijlsma

Climate change could be a threat to species if they are unable to adapt to the rapid chan-
ges in their environment, but for evolutionary ecologists it gives an unprecendented
research opportunity to study the consequences of this rapid directional environmental
change. To understand the interplay between ecological and evolutionary responses to
climate change, we need long-term studies on individually marked populations and eco-
logical relevant parameters such as food supply. These measures could reveal how selec-
tion pressures change in parallel with climate change, whether responses are due to phe-
notypic plasticity or changes in gene frequencies (evolution), and what the ecological
causes and consequences of these changes are. The effects should not be studied at small
spatial scales, because individuals could anticipate climate change by moving to other
regions, and thereby adapt to more global conditions and carry their genes into new pop-
u lations. The challenge to study the interplay between ecological and evolutionary
responses to climate change at a large spatial scale was rewarded an NWO-VIDI-grant
to Christiaan Both. The study started in 2007, and here we present the first results.
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Figure 4. Resource landscape of small bivalves in relation to the positions of individual red
knots in a plot at Banc d’Arguin, Mauritania. In the calculated contour plots, the redder it is, the
better it is, with red dots showing the benthic sampling locations, the size of the symbol indica
ting relative density.

            



One of the ecological effects of climate change is that it affects the seasonal timing (phe-
nology) of organisms. The timing of many life history events depends on temperature.
Higher spring temperatures have resulted in earlier budbursts, an advance of the period
that caterpillars are abundant in forests, and earlier breeding dates in several forest-
living bird species that depend on caterpillars for successful breeding. The timing of the
various trophic levels of the ecosystem is strongly linked, because caterpillars grow best
on young leaves, and birds maximise their reproductive success when their chick-
rearing period matches the period of peak caterpillar abundance. Climate change, how -
ever, differently impacts the phenology of the three trophic levels. Whereas trees and
caterpillars have advanced to a large extent, the birds have not been able to advance at
the same speed. This means that they now breed late relative to the caterpillar peak. 

As a consequence, the penalty for breeding late has increased strongly. In both the resi-
dent great tit Parus major and the migratory pied flycatcher Ficedula hypoleuca (Fig.
5), the early breeding individuals have increased their fitness relative to late breeding
individuals over the course of the last decades. In other words: nowadays the early bree-
ding individuals produce many more young that do return as adult breeders than the late
breeding individuals, whereas in the past this effect of breeding date was less or even
absent. The reasoning has been that if broods are raised too late, their young are of low
quality and hence survive poorly, whereas early broods are well matched with the cater-
pillar peak and young survive much better. Alternatively, the young of these late nests
may not so much survive worse, but rather do not return to their natal site because they
were locally not well adapted to the timing of the food peak. These locally maladapted
individuals thus may disperse to other areas where the food peak is later, and hence
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Figure 5. 16 days old pied flycatcher nestling about to fledge, watching his future world. 

            



match their individual timing with the timing of the environment. These movements
may involve short distances if sufficient spatial variation in phenology exists, but also
at a large spatial scale, dispersing to more northerly sites where spring starts later.

The consequences of dispersal in response to climate change could be positive for the indi-
vidual, but the evolutionary dynamics may be even more important. If genetic variation
exists for breeding date, this genetic variation may be restricted at small spatial scales,
because in the past individuals breeding too early or too late for the local food peak were
selected against. Limited local genetic variation may therefore prevent a rapid evolutio-
nary response. However, immigration of individuals from areas with an earlier pheno-
logy (e.g. from southern origin) may introduce new genetic material for the timing of
breeding, and hence could speed up an evolutionary response to climate change. 

Small-scale dispersal and local phenology. - Dispersal in response to local variation in
the timing of the food peak is studied in a spatially subdivided population of pied fly-
catchers in SW-Drenthe. For this purpose we put up ca. 1100 nest boxes in 13 sub-areas
in 2007 (Fig. 6). In 2007, 194 boxes were occupied by pied flycatcher pairs, and this
number increased to 264 in 2008. We ringed all nestlings (ca. 900 in 2007 and ca. 1300
in 2008) and captured all adults that were attending the nests to see whether they were
ringed. Unringed adults were ringed. The ringed individuals provided information on
where they had been ringed, and hence on site fidelity of adults and recruitment rates of
locally fledged young. Pied flycatchers are unique in this respect, because tens of thou-
sands of young are ringed as nestling across Europe each year by both amateur and pro-
fessional ornithologists. Recaptures of birds ringed outside the study area show that
individual birds frequently move rather long distances between natal site and breeding
site: we captured dozens of birds born more than 25 km away, several birds born at ca.
70 km and one at 100 km. One bird had fledged in NW-England, a distance of some 700
km from where it had settled as a breeding bird in 2008.

Our main interest in this report, however, is in dispersal at a small spatial scale, i.e. within
SW-Drenthe, and whether young dispersed farther away from their natal site if their hat-
ching date had been timed relatively poorly compared with the local phenology of the
caterpillar peak. Birds are expected to move away from their natal area if they are local-
ly maladapted, but this only makes sense if habitat features are constant between years.
If not, they could also return to the same area, in the hope that circumstances have chan-
ged for the better. Our main habitat feature of interest is the local phenology of deci-
duous trees, and to that effect we scored budburst of oak trees in all our study areas in
2007 and 2008. This is a rather good approximation for the date of the local food peak.
Between areas we found quite some variation in budburst of oaks (two weeks in 2007
and one week in 2008, Fig. 7). Separate areas were rather consistent in budburst: some
were early in both years while others were late in both years. This consistency in habi-
tat phenology was also reflected in laying dates of the pied flycatchers: in some areas
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the birds laid consistently early, whereas in other areas they were consistently later. This
variation in phenology depended on general habitat features, with areas covered predo-
minantly with oak being early, and areas predominated by pine being consistently late.
Because birds do not only depend on food from oaks but also from other tree species,
there may be a double benefit for birds to breed in areas with more pine: the budburst of
oaks is later in areas where coniferous trees abound, and there is the additional benefit
from the later – albeit much smaller than in oak - caterpillar peak in pine trees. We in -
deed found that local population growth from 2007 to 2008 was highest in the more
coniferous areas, and was also correlated with the median oak phenology in 2007 (Fig.
8). Birds thus preferred areas with late caterpillar peaks, which is consistent with pre-
viously published long-term population trends across woodlands in The Netherlands,
with populations having declined steeply in areas with early food peaks.

Do birds that are born too late to benefit from the local food peak also move more to
new areas for breeding? Birds born late in 2007 had indeed moved further away from
their natal site, as shown by the breeders in 2008 (Fig. 6), and this was especially so if
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Figure 6. Set up of the study area. Yellow circles are study areas with 100 nestboxes put up in
2007. Green arrows show natal dispersal movements of nestlings ringed in 2007 and recaptured
in 2008. The dark green areas denote woodlands.
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the local phenology was early (Fig. 9). Locally maladapted individuals thus search for
other areas, and this may partly explain why late-born individuals have low apparent
survival rates (they escape detection because of their longer dispersal movements, which
often exceed the boundaries of study plots). In general, studies measuring the strength
of selection often do not include these dispersing individuals, which could highly bias
the results and hence the predicted evolutionary potential to adjust to new circumstan-
ces. We have not yet enough data to show whether the individuals that move do end up
more often in areas with a late phenology, but this is what we expect.

Figure 7. Local variation in oak bud burst (a) and median laying date of pied flycatchers (b) in
13 study plots in SW Drenthe in 2007 and 2008. Dashed line give x=y. Areas were subdivided
into being predominantly deciduous (oak), mixed or predominantly pine forest.

Figure 8. Population growth rates of pied flycatchers between 2007 and 2008 in 13 study plots
in SW Drenthe, in relation to the local oak bud burst in 2007. Population growth is the differen
ce in numbers between 2008 and 2007, divided by the number in 2007. Areas were subdivided
into being predominantly deciduous (oak), mixed or predominantly pine forest.

            



Dispersing at larger spatial scales. - Pied flycatchers seem to be rather mobile between
natal and breeding sites, and also adults move rather frequently between breeding sites
that could be tens of kilometers apart. Adjustment to climate change may, however,
require movements of hunderds of kilometers, and these movements are not easily trac-
ked with ringing data. Such long-distance movements may be tracked with the use of
stable isotope ratios in feathers. Because stable isotope ratios vary geographically, feat-
hers that are retained from the previous breeding or natal site to the current breeding site
will signify where the individual bird came from. Using an extensive network of ama-
teur and professional ornithologists we are collecting feathers of breeding pied fly-
catchers across Europe. We expect that in years with warm springs birds move to the
north of their natal or previous breeding site, and that these southern immigrants will
breed earlier than the locally philopatric individuals. These individuals thus could breed
at the right time to profit from the local food peak, but, more important, may introduce
new genetic material on which selection can act. We hope to report on these findings in
a future annual report. 

Social environment affects the cost of reproduction
Marion Nicolaus, Stephanie P. M. Michler, Richard Ubels, Marco van der Velde, Karen
M. Bouwman, Christiaan Both & Joost M. Tinbergen

Life history theory predicts that reproductive costs generate trade-offs and that parents
should produce the number of offspring that maximizes their fitness. The trade-off be -
tween current and future reproduction is central to this theory. It predicts that an increase
of parental effort into current reproduction reduces parental residual reproductive value
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Figure 9. Natal dispersal distances of pied flycatchers born in 2007 and recruited as breeder in
2008 in SW Drenthe, in relation to birth date. Each dot is an individual (open dot: male; filled
dot: female; open square: unknown) 
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through reduced future reproduction and/or survival. The existence of reproductive costs
has been intensively tested in avian studies using clutch size or brood size manipula-
tions; however, empirical support for fitness costs of increased parental effort is varia-
ble. To explain this variability among studies, we suggest that costs of reproduction not
only depend on the parental effort, but also on the ecological context, i.e. on the level of
local intraspecific competition. 

To test this idea, we manipulated the level of local sex-specific competition in a great tit
meta-population Parus major by altering the social environment (local number of male
and female nestlings) of 12 different plots (woodlots carrying 50 nest-boxes each) for
three consecutive years. The plots were randomly assigned to six experimental groups
(with two replicates) that combined a density (low or high) and a sex ratio (female bi -
ased, balanced or male biased) treatment. These plot treatments were achieved via
simultaneous brood size and brood sex ratio manipulations of the local nests at day 6
(day 0=hatching; Fig. 10). We expected the level of competition among parents and
fledglings and among fledglings to be the highest right after fledging before the juveni-
les disperse outside the plots. The level of local competition was expected to rise as the
number of competitors (density) and the proportion of young males (sex ratio) in a plot
increase because the male is the dominant and philopatric sex.

Figure 10. Illustration of a reduced brood size (A), a control brood size (B) and an enlarged
brood size (C) taken when the nestlings were 6 days old.

We predicted that: (1) competition will affect the fitness benefits related to brood size via
a negative effect on the number of recruits per nest and (2) competition could affect the
reproductive costs of brood size and thus may affect the outcome of the trade-off between
current and future reproduction. In a high competitive environment (i.e. high density
and/or male biased plots) parents with increased parental effort (i.e. with enlarged brood)
may become of a lower phenotypic quality, consequently loose competitiveness after
reproduction and ultimately suffer from reduced fitness. We then would expect a higher
cost of reproduction in more competitive plots. We therefore quantified the fitness effects
of the brood manipulation in relationship to the altered social environment. 
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We tested the effects of the plot manipulation (experimental change in nestling density
and sex ratio and original nestling density and sex ratio) in interaction with the brood
size manipulation (original brood size of the foster parents and its experimental chan-
ge). We did this to explain variance in three fitness components: the number of recruits
per nest, the adult probability of producing a second clutch and the adult survival pro-
bability. The analyzes of these fitness components were performed using models based
on a hierarchical data structure distinguishing between variance at a plot, a cohort, a nest
and/or an individual levels. 

In control plots, the brood size manipulation did not affect the number of recruits per
nest. However, the relationship between parental survival probability, the probability of
producing a second brood and brood size enlargement was negative and linear (Fig. 11A
and B). These results indicate that selection was respectively non-existent on the
offspring component of fitness, but negative on the parental components of fitness.
Overall, phenotypic selection on brood size was therefore negative in the nestling
period. 

Figure 11. The effect of the brood size manipulation on the probability of producing a second
brood (n=654 broods, raw data) (A) and the adult local survival (n=1013 individuals, raw data)
(B) depends on the plot sex ratio treatment.

Against our expectation, the manipulation of the social environment did not affect the
relationship between the number of recruits per nest and the change in brood size.
However, the costs of reproduction of both sexes increased with the proportion of males
in a plot, a parameter expected to affect the level of intra-specific competition. This
became evident both from the probability of producing a second clutch and the parental
survival till the next breeding season in relation to the change in brood size of the first
brood (Fig. 11A and B). 

            



Multiple breeding and adult survival in control and male biased plots. - The results for
control and male biased plots are consistent with our initial hypothesis of reduced com-
petitiveness with increased effort. The increase of parental effort may have induced a
cascade of events such that it reduced the phenotypic quality of birds rearing enlarged
broods through some physiological change (e.g. reduced body mass, or reduced immune
response). This deterioration of phenotypic quality may then have prevented parents to
maintain their social status after reproduction especially when the number of local males
was high. This loss of social status may have had negative consequences on their further
competitive abilities when resources became scarcer (e.g. in the winter period). This
cascade of events may explain why birds with increased parental effort paid a higher
costs of reproduction (i.e. through reduced future fecundity) when the level of local
competition with other pairs and local fledglings was high.

Adults may also have traded-off the duration of the post-fledging parental care of the
first brood with the production of a second brood, resulting in a lower chance to produ-
ce a second brood for parents with enlarged broods. An overall increase of the intra-spe-
cific level of competition in male biased plots may have increased the fitness cost asso-
ciated with extended parental care or with multiple breeding if parents compete with
other pairs or local fledglings (e.g. for food). This may then explain why fewer birds ini-
tiate second broods in these areas. Alternatively, parents may have chosen to invest more
in their fledglings when the level of competition is high to produce more competitive
young and increase their subsequent survival chance. In that case, their investment into
the first brood fledglings may have been an anticipation of the level of competition that
their young will experience with other local young after fledging. 

Adult survival in female biased plots. - Unlike control and male biased broods, the rela-
tionship between brood size manipulation and adult local survival in female biased plots
was positive suggesting a negative cost of reproduction. We do not fully understand the
pattern. Yet, we suggest that the pattern may be explained by the fact that females dis-
perse more than males in combination with the fact that young from enlarged brood are
more likely to disperse: Female fledglings from enlarged broods may leave the plot ear-
lier than females from reduced broods relieving their parents from extended post-fled-
ging parental care. In the female biased plots this may lead to lower competition for the
parents caring for enlarged broods. This may then translate into a higher survival pro-
bability for adults with enlarged broods and lower survival probability for adults with
enlarged broods.

Taken together, our results show that overall phenotypic selection on brood size was
negative during the nestling period. Importantly, our results provide experimental evi-
dence that the cost of reproduction do depend on the social environment. Consequently,
social effects play a role in micro-evolutionary processes determining clutch size. 

Animal Ecology

39

            



Estimating components of selection on lay date and clutch size
Joost M. Tinbergen, Richard Ubels & Niels J. Dingemanse

An important aim of our work is to measure natural selection in action to quantify the
direction and speed of micro-evolutionary change. With this goal we estimate fitness
consequences of variation in traits as lay date and clutch size in the great tit (Parus
major). Both fecundity in terms of offspring surviving to breed and survival of the
parents are estimated through ringing of all nestlings and an intensive catching pro-
gramme during the breeding season (Fig. 12). Yet, unbiased estimates of the fitness con-
sequences of trait variation are not easy to obtain because natural trait variation may co-
vary with environmental variation and phenotypic quality. We therefore have used an
experimental approach for studying clutch size, manipulating brood sizes of parents that
originally laid the same clutch size thereby breaking the correlation between variation
in manipulated clutch size, phenotypic quality and environment. The assumption is that
both the genetic and the environmental background of the experimental groups (enlar-
ged, control and reduced) are, on average, the same. Fitness differences between the
groups can than be interpreted as phenotypic selection acting on variation in the mani-
pulated trait. If part of the variation in the trait of interest has a genetic origin, we can
estimate micro-evolutionary change or stability using the heritability and the experi-
mentally determined selection pressure on the trait.
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Figure 12. The ‘works’ of a ringing programme: colour and metal rings used to individually
mark all breeding great tits and their young.

An alternative approach is to estimate, from the natural trait variation, both genetic and
environmental variation and relate a fitness estimate to the genetic component of the
traits of interest. This method aims at statistical in stead of experimental control for the
correlation between clutch size, phenotypic quality and environment. This can be done

            



using animal models, statistical techniques that aim to partition the variance in trait 
values in environmental and genetic components using pedigree information. The cova-
riance between an individual fitness measure and the genetic component of the indivi-
dual's trait gives an estimate of selection on the trait. Traditionally, fitness estimates are
regressed on the estimated breeding values of the traits. Recently, it became apparent
that the estimates of the breeding values may be biased towards the phenotypic value of
the focal animal. Therefore we use an alternative approach calculating the covariance
between a fitness measure and the variation in the trait using a bivariate animal model.
Such a model includes sources of variation as nest box, year and partner and also gives
insight in the importance of these sources of trait variation. We here present the results
of an analysis of the Lauwersmeer great tit population. The aims were to (1) estimate the
additive genetic variation in clutch size and lay date, (2) estimate environmental varia-
tion in these traits. (3) estimate the covariance between recruitment and these traits as
an estimates of selection, and (4) compare the results with the results of the purely phe-
notypic and the experimental approach to estimate selection as achieved in earlier work.

We collected 11 years of breeding data in the Lauwersmeer meta-population of the great
tit. All young were ringed in the nest (1993-2004) and the breeding birds caught and 
ringed or identified on basis of their colour rings (1994-2004). These data allowed us to
construct a social pedigree that we used to calculate the additive genetic variance. From
all known individual females where we did not manipulate brood or clutch sizes we regis-
tered the lay date (date the first egg was laid), the clutch size (the number of eggs incu-
bated) and the number of recruits per nest (the number of nestlings from one nest that
bred in the population in the next year). In addition we registered the identity of the part-
ner, the identity of the nestbox and the year of breeding. We used ASReml 2.00 to parti-
tion the variance into an additive genetic, permanent environmental, partner identity,
nestbox and year components. Permanent environmental effects are composed of onto-
genetic effects and non additive genetic effects on the trait of interest. Nestbox and year
were included to estimate (and control for) consistent environmental differences between
nestboxes (consistent spatial habitat differences) and between years (consistent temporal
habitat differences). Also partner identity was added because they are also expected to
have consistent effects. We used univariate ASReml analyses to calculate heritability and
the partitioning of variance for lay date and clutch size. To analyze the co variation
between fitness and lay date or clutch size we used a bivariate ASReml analysis.

Additive genetic and other sources of variation. - The proportion of variation explained
by additive genetic variation in clutch size was appreciable, leading to a heritability esti-
mate of 0.370 (SE 0.082), and less for lay date with a heritability of 0.139 (SE 0.037)
(Fig. 13). Additional variation in clutch size was explained by year and nest box,
together explaining less than 20 percent of the variation, while variation in lay date was
explained for a large proportion (0.451 SE 0.107) by year differences and some addi-
tional variation due to nest box. The relatively large proportion of variation in lay date
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component may be traded off with a parental survival component resulting in no net
selection. Alternatively the genetic variation in recruitment may be related to genetic
variation in the offspring's probability to disperse affecting the local recruitment proba-
bility. The proportion of variance explained by year was small but highly significant
(0.070, SE 0.038) while the proportion of unexplained variance in recruitment remained
very large (0.775). 

Covariation of fitness with lay date or clutch size? - On the basis of these results we
decided to simplify the analysis to estimate the covariance between recruitment and the
two traits, clutch size and lay date, each in a bivariate animal model. We included nest
box and year variation to study the co variation between recruitment and the additive
genetic variation of lay date respectively clutch size. From a bivariate model run inclu-
ding lay date and clutch size the genetic correlation between clutch size and lay date was
appreciable and negative (-0.319 SE 0.094) and stronger than the phenotypic correlation
between these traits (-0.173 SE 0.073). This in itself is interesting, because it must mean
that the genetic correlation is weakened by environmental variation that counteracts the
genetic correlation. 

Bivariate models including recruitment per nest and lay date (correlation coefficient -
0.165 SE 0.249, "2

1= 0.460, p=0.498) respectively clutch size (correlation coefficient -
0.029 SE 0.188, "2

1= 0.020, p= 0.888) gave no indication that there was co variation
between the additive genetic part of the fitness component and the additive genetic part
of the two traits lay date and clutch size, suggesting that directional selection for this fit-
ness component (recruitment) was non existent or small relative to the variation and the-
re fore not detectable.

General discussion and conclusions. - Using an animal model approach we found no
evidence for selection on lay date or clutch size in the period 1993-2004. The results of
this analysis are consistent with a (more detailed) analysis of phenotypic selection pres-
sures (not partitioning variation in traits between the environmental and the additive
genetic component) over the same period reported before in a CEES annual rapport. In
that analysis phenotypic selection for the recruitment on both lay date and clutch size
were also not significant over the whole period (standardized selection differential = 
-0.085 respectively -0.002, both NS). 

However, the results are not consistent with the experimental approach, where we esti-
mated selection on clutch size using both clutch size (2000, 2002 and 2003) and brood
size manipulations (1995, 1997,1998). In the nestling period we earlier found a positive
selection on brood size judged from the recruits per nest, whereas in terms of recruits,
we previously did not find selection on clutch size during the incubation period that
could counteract these positive effects in the nestling period. Overall selection on the
fecundity component of fitness, the number of recruits per nest, was thus positive as
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deduced from our experimental studies and contrasts to the results of the animal models
presented here. 

There are a number of reasons for this discrepancy. One is that experiments have not
been performed over the whole period (1993-2004), leaving scope for temporal varia-
tion in selection pressures on clutch size to explain the differences. There was no signi-
ficant short term variation in phenotypic selection for clutch size between years, nor
were the estimates of phenotypic selection positive for the three years with brood size
manipulations, suggesting that this is not an explanation for the discrepancy between the
experimental and the other results. A further possibility is that there may be a difference
between the samples used for the different methods of analysis (phenotypic, experi-
mental and animal models). For the phenotypic and the animal models we excluded the
experimental animals. We will pursue this possibility by including all broods in one ana-
lysis estimating effects of experimental and natural variation simultaneously. We hope
that this will give insight in why the experimental outcome differed from the others.

The use of animal models has taught us how to partition variance in traits to different
sources (both environmental and genetic) and judge their relative importance. We con-
clude that in our study population the heritability estimates based on the social pedigree
is appreciable for clutch size (0.370) and less strong for lay date (0.139) and similar to
estimates from other populations. Year variation explained a larger proportion of varia-
tion in lay date than in clutch size. The permanent environmental effects and the effect
of nest box and partner remained surprisingly small. In the interpretation of these effects
we have to realise that the method estimates consistent differences between sources of
variation. If for instance some nest boxes are good in one type of year and other nest
boxes in another type the variance would not show up under nest box but under the resi-
dual part. As it stands, the animal models give no indication of fecundity selection acting
on clutch size or lay date. We will proceed to analyse our estimates of selection to judge
whether or not a recent decline in clutch size over time could be attributed to selection.
As it is now, we suspect the answer to be no.

Reduced extra-pair paternity in response to experimental stimulation of earlier 
incubation onset in blue tits 
Oscar Vedder, Michael J.L. Magrath, Anna M.F. Harts, Elske Schut, Marco van 
der Velde & Jan Komdeur

In the past century numerous studies have shown that, especially in bird species that lay
large and variable clutch sizes, the presence of eggs early in the laying phase is the key
external stimulus in the mechanistic framework of avian reproduction, as it stimulates
incubation and, subsequently, the cessation of egg production. Of all passerines, blue tits
Cyanistes caeruleus (Fig. 14), lay the largest average clutch in the world, but with 
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considerable variation between females (average 11.5, range 6-18 eggs). Blue tits also
exhibit high rates of promiscuity as roughly half of nests contain young that are the
result of copulations outside the pair bond and thus not sired by the social male. We pro-
pose that the same mechanism that regulates the onset of incubation and the number of
eggs a female is going to lay also regulates female motivation to engage in these extra-
pair copulations (EPCs). 
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Figure 14. A female blue tit incubating eggs. Photo by Anna Harts

To test this idea we simulated the earlier onset of laying in blue tits, by adding model
eggs to nests a few days before natural laying commenced. Most females accepted these
eggs, covering them with nest material in the natural way, but roughly a quarter of fe -
males left them open in the nest, before they started laying themselves. In all cases the
model eggs were gradually removed once natural laying had started, such that the onset
of incubation and cessation of EPCs could be affected, but not the cessation of egg pro-
duction, which occurs 3-4 days before the end of laying.

As predicted, the broods of females that accepted the model eggs hatched more asyn-
chronously than control broods, revealing an earlier onset of incubation, and were less
likely to contain extra-pair offspring (Fig. 15), suggesting that stimulation from eggs
also inhibits motivation to seek EPCs. Since egg stimulation causes cessation of laying
a fixed number of days before clutch completion, after a certain hormonal threshold is
exceeded, a lower threshold for promiscuous activity may also inhibit engagement in
EPCs a relatively fixed number days to clutch completion (Fig. 16). Since female birds
can store sperm, but only for a limited amount of time that across species correlates well
with the average length of the laying phase, the mechanism we propose for the regula-
tion of female motivation for EPCs would ensure that all eggs, regardless of final clutch

            



size, can potentially be fertilized with extra-pair sperm, in the event of functional inferti-
lity or incompatibility of the social male. Furthermore, because only females that accep-
ted these model eggs showed the predicted response, our findings may represent the best
evidence that it are indeed the females, and not the males, that have control over EPCs.
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Figure 15. The effect of adding model eggs (covered by the female or left open presented sepa
rately) on average hatching asynchrony ± SE (left) and average proportion of extra pair paterni
ty in a brood ± SE (right).

Figure 16. Schematic representation of the effect of egg number on incubation intensity for a
typical clutch size of eleven eggs. Egg shaped symbols in the background represent the number
of eggs in the nest under the natural scenario (open symbols) and experimental scenario (with
added model eggs as closed symbols). Logistic curves represent the expected increase in incu
bation over the laying period in both scenarios. The threshold for cessation of egg production is
reached about three days before clutch completion. The existence of a similar incubation related
threshold that inhibits female EPC motivation, much earlier in the laying phase, would ex plain
our findings. Note that under the experimental scenario, the first eggs receive more incuba tion
and the threshold for inhibition of EPCs is reached earlier than under the natural scenario.
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Territory quality and oxidative status in the Seychelles warbler
Janske van de Crommenacker, David S. Richardson, Terry A. Burke & Jan Komdeur

The habitats in which animals live are typically not static, and individuals have to
respond effectively to changes in order to maintain stability of their inner environment.
An important ecophysiological trade-off is oxidative stress, i.e. the balance between
damaging pro-oxidant compounds generated during metabolic processes, and the anti-
oxidant barrier, a series of compounds that significantly inhibit the detrimental oxida-
tion of biological macromolecules. When the balance is skewed in favour of the pro-oxi-
dants, a situation of oxidative stress occurs that might result in early ageing and advan-
ced death. As the allocation of resources towards the anti-oxidant defence system inevi-
tably comes with costs in terms of investments elsewhere (e.g. growth, immune func-
tion, reproduction), oxidative stress may affect fitness in a number of ways.

In our study on the Cousin Island population of the Seychelles warbler Acrocephalus
sechellensis (Fig. 17), we investigated the link between oxidative stress and insect food
availability: an essential variable in an animals environment. As fluctuations in food
supply are the rule in nature, animals constantly have to cope by altering the amount of
foraging time and energy spent for obtaining their daily food. Earlier studies in this spe-
cies have found that the higher the territory quality, the less time spent foraging and the
higher the foraging success and efficiency. On Cousin, territory quality is affected by
seasonal changes in wind direction and within each year individuals experience strong
fluctuations in food availability.

Figure 17. A Seychelles warbler on Cousin Island, Seychelles.

            



We determined oxidative stress levels by measuring both sides of the oxidative balance:
(1) the oxidative damage as reactive oxygen metabolites (ROMs; Fig. 18) and (2) the
total anti-oxidant capacity (OXY) in the blood plasma. Given that pro-oxidants are
generated by increased physical activity, we expected to find higher levels of ROMs
when territory quality is low. As the fluctuation in food availability is a gradual process
and conditions of either high or low food availability persist for several months, we
expected individuals to anticipate to the local situation by upregulating their baseline
anti-oxidant defences to protect themselves from further oxidative damage. Therefore,
we expected to find a negative relationship between territory quality and anti-oxidant
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levels (OXY). According to our expectations, we found a significant negative correla-
tion between territory quality and ROMs (Fig. 19A). Birds had higher levels of ROMs
when living in low quality territories, which might be due to a higher workload to obtain
their food. There was a significant negative correlation between territory quality and
OXY (Fig. 19B), with birds having a lower anti-oxidant capacity when living in a high -
er quality territory. This might be explained by the allocation of anti-oxidant compounds
to other traits (e.g. immune system, growth and reproduction), as there is little need for
anti-oxidant protection. 

Individual levels of (standardized) ROMs and OXY were positively correlated and we
found a balance between the two variables (i.e. a situation where no oxidative stress
occurs). Although individuals with higher levels of ROMs had relatively high anti-oxi-
dant levels, the protection capacity did not suffice in maintaining a balance where all
ROMs are neutralized. This result suggest that these individuals indeed suffered from
oxidative stress.

Figure 18. Analysis of reactive oxygen metabolites (d ROMs test) in Seychelles warbler blood
plasma. Colour intensity is measured with a spectrophotometer.

            



Further analyses are carried out now in order to compare within-individual slopes from
birds living on different locations on the island, measured over the different seasons.
This might give an indication whether birds living in the more variable coastal territo-
ries react differently to changes in territory quality than do the birds in the more stable
central territories. 

Annual patterns of energetics and immune function in skylarks
Arne Hegemann, Merlijn de Graaf, Maaike A. Versteegh, Kevin D. Matson & B. Irene
Tieleman

Many birds experience seasonally dynamic environments, which are thought to shape
their life history and annual cycle. Specifically, seasonal patterns of investments in self-
maintenance and protection against disease could provide insights into the likelihood of
mortality at different times of the year and therefore into the evolved balance between
survival and reproduction of a species. We studied the interactions between energy
balance and different indices of the immune function to shed light on how birds cope with
seasonal environmental challenges. Our work focused on the skylark Alauda arvensis

Animal Ecology

49

Figure 19. Territory quality, measured as insect availability, is negatively correlated with both
pro oxidant levels (A; ROMs) and anti oxidant capacity (B; OXY).

            



(Fig. 20), a widespread and typical temperate zone species. Seasonal challenges poten-
tially include increased work loads during breeding and migration as well as food shor-
tages and low temperatures during winter. During these times free-living birds have
been hypothesized to compromise particular immune functions because they cannot
otherwise meet their total energetic requirements. Alternatively, overall immune func-
tion might shift towards a mix of components that is energetically less costly.
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Figure 20. A singing skylark. Photo courtesy Hans Hut

We studied the energy metabolism and several indices of immune function during the
annual cycle of skylarks. We caught birds in five distinct seasons: spring migration,
breeding, molting, autumn migration and winter. To explore energetically more- and
less-costly components of immune function, we included indices of experimentally-
induced acute phase responses and baseline indices of constitutive immunity. In experi-
mental birds following an injection of lipopolysaccharide (LPS), we quantified the acute
phase response through measurements of metabolic rate, body temperature, body mass
loss, and blood sugar levels. We compared these to measurements of un-injected control
birds. Within both control and experimental individuals, baseline immune parameters
were measured using a sample collected at capture, and parameters were re-measured
using blood samples taken after metabolic rate measurements. 

Overall, and in all seasons, the immune challenge with LPS resulted in an energetically
costly acute phase response, increasing energy expenditure by about 12.5% (Fig. 21).
This immune response is of primary importance as a first line of defense against infec-
tions and parasites. So far, little was known about how this important component of
immune function varies throughout the year in wild birds. Our work clearly shows that
the previously suggested – but never verified – decrease in this response during migra-
tion and winter – in order to save energy – does not happen, at least in skylarks. This
component of immune function is energetically costly at every time of the year.

            



Another index of immune function, haptoglobin, did not differ between experimental
and control birds, but varied among seasons (Fig. 22). Data of other immune variables
(including complement and natural antibodies) and other physiological variables (body
mass loss, blood sugar levels, body temperature) measured with the same experimental
and control birds remain to be included in this analysis. They will complete the over-
view of annual variation in energy expenditure, acute phase response and constitutive
immune function of free-living skylarks. The completed story should ultimately reveal
when birds have the highest risk of disease-driven mortality during the annual cycle.
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Figure 21. Energy expenditure of skylarks (expressed in oxygen consumption) during different
seasons. Birds that were combatting a simulated infection (red bars) had a higher energy expen
diture than control birds (blue bars).

Figure 22. Haptoglobin values of skylarks in the morning after the measurements of energy
expenditure. Experimental birds received an LPS injection 13 h prior to blood sampling.
Numbers in bars represent sample sizes.

            



Infection, immunity, and island-life: experimental immune enhancement in eastern
bluebirds
Kevin D. Matson, Elizabeth D. Carlton, Jennifer L. Howard, Casey A. Hudak, Sharon
E. Lynn & Robert A. Mauck

Islands are natural laboratories for studying evolution. Biologists think isolated islands
host fewer diseases than continents. Through comparison of insular and continental bird
populations, we will investigate disease risk and immune defenses to gain insight into
immune system evolution. In 2008, we initiated our project with a study of a continen-
tal population of eastern bluebirds, Sialia sialis (Fig. 23).
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Figure 23. An eastern bluebird!

Background. - Immune system architecture varies in response to pathogen pressures of
different environments. It is believed oceanic islands have low pathogen pressures.
Therefore, island inhabitants should exhibit reduced immune function, given the balan-
cing costs of immune system development, maintenance, and use. Some insular animals
exhibit increased disease susceptibility, and some insular populations declined specta-
cularly following pathogen introductions. Nonetheless, previous work suggests immune
function is not reduced in insular birds, with some indices showing elevations. Thus,
island-life appears to lead to a reorganized immune system defined by increases in some
defenses, particularly those that are innate and inducible. These changes might indicate
that acquired humoral immunity and immunological memory are unimportant or dys-
functional in insular populations. 

            



To advance our understanding of biological differences between islands and continents
and, more generally, between locations with different disease pressures, we are conduc-
ting a study on box-nesting Eastern bluebirds from North America (Ohio, USA; Fig. 24)
and Bermuda. Nest-box usage makes bluebirds amenable to recapture and, thereby, faci-
litates experimental manipulation. We will exploit this aspect of this unique study sys-
tem in two ways. First, to explore further the immunological changes associated with
island-life, we will examine differences in inducible responses by comparing immune
function indices before and after an immunological challenge. Second, to investigate
differential impacts of disease, we will quantify immunological and fitness parameters
before and after an experimental alleviation of disease. Finally, using descriptive and
comparative approaches, we will appraise disease communities in avian and environ-
mental samples from both locations. Initial surveys will lead to focused comparisons of
groups that negatively affect birds. Overall, this integrative study will provide insight
into how microbes, diseases, and avian immunological subsystems interact and vary
across different locations and scales. Moreover, it will elucidate the role of disease eco-
logy in avian conservation.
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Figure 24. Bluebird box near Kenyon College, Gambier, Knox County, Ohio, USA.

First field season & preliminary results. - Experimental manipulations of the immune
systems of wild birds most commonly take the shape of immune challenges. These chal-
lenges are intended to induce immune responses and to force tradeoffs among limited
resources (e.g. energy). Instead of challenging birds, however, we endeavored to enhance
immune function in nestling bluebirds. In 2008 in Ohio, immune enhancement was

            



attempted by orally supplementing young birds with a lysozyme solution throughout the
nestling period (Fig. 25). Lysozyme, a natural antibacterial protein, functions by hydro-
lyzing cell-wall peptidoglycan, making Gram-positive bacteria particularly susceptible
to its effects. This protein, produced by many animals, has been identified in avian blood
and egg albumin. Furthermore, lysozyme concentrations are known to vary among indi-
viduals (in adults, nestlings, and eggs). We hypothesized that by providing nestlings at
days 2, 4, and 8 with extra lysozyme we could increase this line of immunological
defense without increasing the costs associated with its production. Furthermore, we
hypothesized that the relative importance of lysozyme to nestling bluebird physiology
will be reflected in concomitant effects on chick immune function, growth and deve-
lopment, and parental care. We collected and analyzed plasma samples to establish the
degree to which lysozyme treatment impacts indices of immune function, we recorded
body and feather measurements to determine the effects of treatment on nestling growth
and development, and we quantified feeding rates to identify any compensatory adjust-
ments in parental behaviour in response to nestling condition.
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Figure 25. Hudak (left) and Elizabeth Carlton (right) supplementing a bluebird chick with 
lysozyme.

Preliminary results suggest immune enhancement affects some aspects of nestling phy-
siology, while seemingly not others. Most notably, lysozyme treatment increases wing
growth rate (measured from day four to day fifteen; bone and feather components com-
bined) more in chicks with smaller initial wing lengths (on day two). That is, in a linear
mixed effects model with nest included as a random factor, there is a significant interac-
tion between lysozyme treatment and initial wing length (F1,71 = 8.06, p < 0.006; Fig. 26).

            





Determining timing and performance of migrating shorebirds
Maurine W. Dietz, Susi Jenni-Eiermann, Marcel Klaassen, Anne Dekinga, 
Harry Korthals & Theunis Piersma

Red knots Calidris canutus are typical representatives of long-distance migrating shore -
birds. Knots breed in the Arctic tundra and winter in temperate and tropical coastal
areas. Migration routes vary from 5,000 to 15,000 km, depending on subspecies, and are
covered in two or more non-stop flights of three to four days and nights. Timing and per-
formance are important determinants of successful migration. Timing in the sense that
the different migratory preparations and flights must be done within certain time win-
dows, but also in birds finding the balance between time and energy requirements.
Performance is important during premigratory preparation, i.e. rate of deposition fat and
protein stores required during migration flight. Being able to link performance to timing
is thus important for research on long-distance migration.

Red knots are characteriscally showing how difficult it is to obtain information about
individual timing and performance. Although knots migrate in groups, migration is not
a joint undertaking from a whole population. While spring migration is more or less syn-
chronised, autumn migration is typically asynchronous. Females leave the breeding
areas after their eggs have hatched, males when their chicks are fully grown, and young
birds leave the breeding areas thereafter. Because timing of breeding varies between
individuals, just as breeding success (e.g., depredated eggs or chicks), adults of two sub-
species, C. c. islandica and C. c. canutus, arrive in the Dutch Wadden Sea from mid July
until the early September. Islandica knots stay in the Wadden Sea to winter while canu-
tus knots fuel up to migrate further to Mauritania or further south. Determining fuelling
rates of this latter subspecies is hindered by the fact that the average knot we catch, is
never caught again. So weighing a red knot twice in its life, let alone twice within a sea -
son, is impossible. Therefore we explored methods to determine rates of body-mass
change and time since arrival in the Wadden Sea from a single-point blood sample.

Determining rates of body-mass change. - Deposition and catabolism of fat and protein
is accompanied by metabolites in blood. E.g., triglyceride is an indicator of fat deposi-
tion, "-hydroxybutyrate an indicator of fat catabolism and uric acid an indicator of pro-
tein catabolism. Studies on migrants, mainly passerines, have shown that short-term
body-mass change (over maximal one day) can be predicted using these metabolites. In
contrast to passerines, the fuelling period of shorebirds takes often several weeks and
therefore fuelling rates can better be examined of longer intervals such as a week. In
addition, short-term fasting affects metabolite levels, but our main catching technique,
mistnetting during the night, makes it almost impossible to bleed birds immediately
upon capture. Therefore we set up an experiment with captive red knots to investigate (1)
if metabolites (triglyceride, "-hydroxybutyrate and uric acid) can be used to predict rates
of weekly body-mass change in red knots, and (2) if metabolites from blood samples
taken three hours after capture still predict rates of long-term body-mass change.
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We used captive red knots during their natural spring migration body increase and de -
crease period in 2001 (N = 11) and 2003 (N = 14). Immediately after capture the first
blood sample was taken (T0). Thereafter the knots were kept for 1 hour in a transport
box to mimic capture stress and then released in their aviary (without food). Three hours
after the first blood sample the knots were bled again (T3). Metabolite levels were deter-
mined at the Swiss Ornithological Institute by S.J-E.

The variation with time of two metabolites, "-hydroxybutyrate and uric acid, correlated
well with the variation with time of weekly body-mass change. In contrast to other stu-
dies, the variation in triglyceride did not correlated with body-mass change but only
with the variation in body mass. This pattern was similar for metabolites in blood sam -
ples taken at T0 (Fig. 1) and T3. The lack of correlation between triglyceride and body-
mass change was not due to the fact that we used weekly body-mass change. For all met-
a bolites, the correlations with short-term body-mass change (one day) were comparable
with those for weekly body-mass change at both sampling times.
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Figure 27. The variation in (A) body mass, (B) weekly body mass change, (C) triglyceride, (D)
" hydroxybutyrate and (E) uric acid with time (means ± SEM). Metabolite levels were deter
mined in blood samples taken immediately upon capture (T0) in 2001 (black circles) and 2003
(white circles). Solid lines represent the results of the final models of GLMM analyses to com
pare both years. The dotted in line in (B) indicates no change in body mass. Uric acid was not
determined in 2001. April day 0 is 1 April.
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slopes did not differ between sampling times and predictions based on metabolites from
T3 were as reliable as predictions based on metabolites from T0. These model’s estima-
tes of weekly body-mass change were on average 45% off (45% at T0 and 46% at T3);
excluding very small weekly body-mass changes, estimates were on average 34% off
(34% at T0 and 35% at T3). The estimates were thus not very accurate and predictions
do not allow comparisons at individual levels; they should only be used to compare
groups.

This is the first evidence that in some bird species body-mass changes can be predicted
just as well from metabolites obtained from blood samples taken three hours after cap-
ture as from blood samples taken immediately after capture. This is also the first evi-
dence that metabolite levels can predict long-term (weekly) body-mass change. This dis-
covery opens a new range of possible use of metabolites to predict body-mass change in
free-living wild birds, which is especially important for research on migrants.

Estimating time since arrival. - After a migration flight, birds experience often a habitat
change accompanied by a change in diet. This may result in a change in dietary stable
isotope ratios. When that is the case, body tissues will adopt to the isotopic ratio of the
new diet. The rate of this change varies between tissues. If the isotopic ratios of the ori-
ginal and new diet are known, as well as the rate of body tissue turnover, one can cal-
culated from a single measurement how long ago an animal has switched its diet (pro-
vided that the body tissue has not reached its new equilibrium; one-tissue-clock model).
When either the old or the new diet isotopic signatures are unknown, the isotopic ratios
in two different tissues at one point in time can also be used to calculate the time since
a diet switch, provided that the turnover rates of tissues differ sufficiently (two-tissue-
clock model). 

In red knots the first leg of autumn migration is accompanied by a striking diet change:
birds switch from a tundra diet of mainly arthropods to a marine diet of mainly shellfish.
These diets differ considerably in stable isotope ratio, and thus the change in stable iso-
tope ratios in body tissues may be used to estimate the time since arrival in the Dutch
Wadden Sea. Because exact isotope ratios of the tundra diet are unknown, time since
arrival must be estimated using the two-tissue-clock model. In addition, tissue sampling
should give as little discomfort to the animal as possible because we work with free-
living animals. Blood is the best candidate: it is easily obtained and can be separated into
blood cells and plasma that differ in turnover rates (slow and fast, respectively). We
investigated if in red knots the time since diet switch can be estimated from the turnover
rates of carbon stable isotopes in blood cells and plasma.

Seven red knots were caught in January in the Dutch Wadden Sea so that the birds had
been on a shellfish diet for at least 5 months, implying that body tissues were in equili-
brium with the diet. We also took samples of favourite prey species. In captivity, red
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knots were fed trouvit pellets, which differ in isotopic signature from shellfish. At regu-
lar intervals blood samples were taken to determine turnover rates of carbon stable iso-
topes of blood cells and plasma. Carbon stable isotope ratios (parts per thousand, ‰, dif-
ference from the 13C/12C ratio in Vienna PeeDee limestone, further referred to as "13C),
were determined at the NIOO-KNAW Centre for Limnology (MK & HK). 

Turnover rates of "13C were higher in plasma than in blood cells (0.144 vs 0.046 d 1, Fig.
29), and half-life was shorter in plasma (6 vs 15 d). The two-tissue-clock model predic-
ted the time since diet switch well up to the half-life of blood cells, thereafter the model
performed poorly (Fig. 30). When limiting the data to actual time since diet switch ≤
half-life time of blood cells, the intercept of the regression through the data was indis-
tinguishable from 0 (Student t28 = -0.606, NS), and the slope was indistinguishable from
1 (Student t28 = 1.042, NS), indicating that the predictions were valid for the considered
range. Although we can predict for red knots the time since diet switch from a single
blood sample, the time period over which predictions are reliable is relatively short,
namely max 15 days. Yet this is a very interesting period during which the just arrived
knots adapt to the new situation.
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Figure 29. Variation in "13C in blood cells (open circles, dashed line) and plasma (closed circles,
solid line) with time since start of the experiment (means ± SEM). The lines represent the mean
of the individual exponential decay curves. Grey lines indicate isotope ratios of prey (cockles
and Baltic telling) and trouvit. Day 0 is day of catching and transport to the NIOZ. Samples 
sizes for cells and plasma are presented at the top and bottom of the graphs, respectively.
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Prospects. - With these new methods we can for the first time investigate relationships
between time since arrival and fuelling rates in free-living wild red knots. In addition we
can combine these data with factors such as gizzard mass (important determinant of food
intake rate) and diet quality. Data for several years are available, we only need to find
our way in this new realm of opportunities.

            



Long-term changes in black-tailed godwit plumage in relation to breeding density
Julia Schroeder, Niko M. Groen, Rosemarie Kentie, Pedro M. Lourenço, Jos C. E. W.
Hooijmeijer, Christiaan Both & Theunis Piersma

Sexually selected plumage ornamentation can evolve when individuals compete for
scarce resources including mates, and when competing abilities are signaled to compe-
titors via conspicuous plumage ornaments. If competitors of higher quality are prefe-
rentially mated with and can sire more offspring, and when ornamentation is heritable,
it leads to exaggerated and conspicuous plumage ornamentation. Sexually selected sig-
nals must be costly to be reliable because otherwise they cannot function as honest indi-
cators of a male’s qualities. Until recently, it was unknown how the expression of mela -
nin-based plumage ornaments could invoke physiological costs. It was suggested that a
pleiotropic link between behaviour, steroid levels and melanin-based coloration could
be involved. The gene responsible for the production of melanocortins, and therefore
also melanin coloration, is the pro-opiomelanocortin gene (POMC). Only one of the
four main receptors for melanocortin regulates melanin coloration while the others play
roles in several physiological and behavioural functions, among those aggressiveness,
stress response and steroid levels. 

Such feedbacks between hormone levels and behaviour, and linked physiological costs,
may govern the evolution and maintenance of sexually selected plumage coloration,
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Figure 30. The relationship between mean (± SD) estimated time since diet switch and actual
time since diet switch. A linear regression forced through the origin was fitted through the data
limited to actual time ≤ half life of blood cells (solid black line). The grey line represents Y=X.
Dotted lines indicate half life times of blood cells and plasma. Sample sizes are given in the top
of the graph.
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however, it still remains to be tested. It would be informative to an example where plu-
mage coloration is undergoing change, and black-tailed godwits Limosa limosa limosa
seem to offer a good study system. Black-tailed godwits show sexually selected mela-
nin plumage coloration that co-varies with genetic variation on the POMC gene (A.
Roulin et al. unpubl.). Male black-tailed godwits defend a breeding territory by ground
fights and aerial acrobatic flights, in which the sexually selected melanin plumage may
play an important role. In The Netherlands, black-tailed godwits originally bred in peat
bogs and fens, where nests were sometimes clumped, almost forming colonies, even
though the majority most likely bred far apart. During the first half of the last century,
many bog and fen areas in The Netherlands were remodeled into agricultural areas.
Black-tailed godwits adjusted and started to breeding on cultivated land. Initially this
was very beneficial, and triggered the golden era of the meadowbirds – a guild of birds
utilizing human-made agricultural hay land. Meadowbirds soon became very popular
among farmers, nature lovers and birders alike. They became inseparably associated
with the Dutch agricultural countryside, black-tailed godwit leading in popularity as the
“King of the Meadowbirds”. By 1960, godwits were mainly found on grassland, and
barely, if ever, in bogs and fens.

After the invention of artificial fertilizers and other agro-industrial developments inclu-
ding the breeding of fast growing varieties of grass necessitating high nitrogen loads,
mowing dates advanced and plant and insect diversity declined. This led to clutch los-
ses, reduced food availability for chicks, increased predation due to reduced cover, and
habitat loss and so meadowbirds started their rapid population decline. Since the late
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Figure 31. Historical development of black tailed godwit plumage ornamentation in museum
skins and contemporary breeding birds. Year is the year or capture for the contemporary data
(2004 2007) or the year of death in the historical data. Straight line is linear regression line; A
(males): 1840 2007: F1,149=14.22, r2=0.09, p<0.001; B (females): F1,133=0.85, r2=0.01, p=0.36. 

            



1970s, the population continued to decrease by 5% annually. At the time of the popula-
tion expansion, high quality nest sites must have been easily available and competition
among males for territories may have been relatively low. No longer dependent on com-
petitive qualities, every male, regardless of quality and aggressiveness, was able to secu-
re a good quality nesting site. This may explain why male black-tailed godwits are paler
now than they were a century ago (Fig. 31). Intruigingly, we also found that contem-
porary breeding paler males were mated with females that lay larger eggs (Fig. 32). This
suggests that male plumage coloration still plays a role in mate selection, but with selec-
tion for paleness rather than for ornamentation. 
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Figure 32. Correlation between plumage ornamentation and average egg volume per nest of
contemporary male (left) and female (right) black tailed godwits breeding in The Netherlands.
Males: F1,67=4.63, r2=0.06, p=0.04; Females: F1,67=0.24, r2=0.01, p=0.63.

In our core study area, Workumerwaard, paler males bred in higher densities than more
ornamented males (Fig. 33). Also, nests of pale male godwits breeding in higher densities
contained larger eggs than the more solitary ones of more colorful males. Black-tailed
godwits employ a group defense against aerial and ground predators, where many god-
wits flock together and harass the intruder, and if high nesting densities are linked with
higher nesting success, females may be willing to invest more into egg production at
high densities. That nests in high-density areas that are defended by a higher number of
birds, are more likely to hatch (Fig. 34), is consistent with the idea that it is beneficial
to breed at higher densities so that more birds are available for defense against preda-
tors. If aggressiveness is linked with plumage coloration via a pleiotropic endocrine
feedback system, paleness and reduced aggresiveness would be selected for. 

In the original bog breeding habitats, more ornamented, and more aggressive, male god-
wits may have been able to secure larger and better territories. The costs of having a
large territory would have been a less effective predator defense. In areas where food

            



availability was no longer constrained and predation pressure increased, as in the con-
temporary meadow habitats, the value of territoriality decreased, with a decrease in
sexual plumage dimorphism in The Netherlands as the result (see Fig. 31). 
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Figure 33. Plumage ornamentation of male black tailed godwits (measured as PC1, higher sco
res translate to more colorful birds) in relation to nest density (number of nests in a radius of
250 meters around the focal nests) of godwits breeding in The Netherlands (GLM with a Quasi
Poisson error distribution and log link function. Estimate= 0.17 ± 0.08SE, t= 2.10, p=0.04;
N=52 individuals). Line depicts model prediction.

Figure 34. The number of black tailed godwits defending a nest when an intruder made a nest
control in relation to hatching success of black tailed godwits breeding in The Netherlands.
GLM with a bionomial error distribution and a logit link function: estimate: 1.34 ± 0.40,
Z=3.30, p<0.001, N=61.

            



Contrasts in breeding investments in long distance migratory sanderling: effects of
local environment and non-breeding location
Jeroen Reneerkens, Kirsten Grond & Gunnar Thor Hallgrimsson

Sandpipers are well known for their diversity in mating systems, but also within species
a there is variation in breeding strategies. Sanderlings Calidris alba (Fig. 35) exhibit a
contrast in breeding investments, where some pairs raise clutches together whereas
others have two clutches, each of which is being incubated by one of the parents. The
second strategy is called ‘double-clutching’. Those uniparental, double-clutching birds
have to leave their nests more often to feed, but can only do so for short time periods. If
they stay away too long from their clutches their eggs would cool down below the cri-
tical temperature needed for a proper development of the embryo. Biparentally incuba-
ting pairs are not faced with this problem, since always one of the birds in a pair can
incubate the nest while its partner is foraging.
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Figure 35. Sanderlings breed in the High Arctic where pairs either cooperatively incubate 
a nest or of which both pair members incubate a nest on their own.

Adaptations of uniparental incubators to High Arctic environments. - The uniparental
sanderlings are more dependent on the weather conditions to leave the nest. When it is
cold, arthropods are less abundant and at the same time the unattended eggs cool down
even faster. Uniparental sanderlings indeed spent more time foraging during the warmer
periods, whereas the percentage of time spent off the nest was independent of tempera-
ture in the biparental birds (Fig. 36). The many recesses from the nest by uniparental
sanderlings results in an overall lower nest attendance of uniparental compared to bipa-
rental sanderling nests, which could potentially result in a longer incubation time.
Longer incubation periods are probably unfavourable because the probability of loosing
offspring to predators is the highest during the incubation period. A possible adaptation
for uniparental sanderlings to compensate for their lower nest attendance would be to

            



raise their egg temperature. Embryos grow faster when the eggs are warmer and the cri-
tical lower temperature is reached later for eggs that are warmer when the nest are left,
thereby offering an opportunity for uniparental birds to stay away longer from the clutch
to forage. The temperature of metal eggs that temporarily were placed in sanderling
nests was indeed higher than those of biparental sandpipers, indicating that uniparental
sandpipers put more heat into their eggs (Fig. 37).
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Figure 36. Relationship between ambient temperature (average per hour) and percentage 
spent away from the nest for uniparentally and biparentally incubated nests in NE Greenland.
Ambient temperature is centered around the average.

Figure 37. Metal egg  temperatures of uniparental and biparental sanderlings.

            



Local or carry-over effects on breeding opportunities? - Double-clutching has the ad -
van tage for sanderlings to have a potentially twice as large reproductive success each
breeding season but it is likely only possible for sanderling pairs in a good condition
and/or favourable environment. After all, the many recesses and the increased heat put
into the clutch will demand much more labour and energy expenses than sanderling
pairs that divide their breeding investments into a single clutch. What determines the
condition of sanderlings to double-clutch is subject of research along the flyway of this
long-distance migrant: from Arctic breeding grounds to tropical wintering sites. Clearly,
a warmer temparature and large food availability on the arctic tundra will make it easier
for sanderlings to double-clutch. Whether the changing arctic environment will result in
changing opportunities for sanderlings to double-clutch is part of long-term research in
northeast Greenland.

Sanderlings’ breeding condition may already be influenced by the location where the
birds spend their non-breeding season. That can be relatively close to the area of bree-
ding, in northern Scotland, or very far away from it: as far south as Namibia or South
Africa. The decision to winter close to or far away from the breeding grounds can in -
fluence the survival opportunities (and hence future reproductive success) in the western
hemisphere winter. The climate on tropical Afican beaches is obviously more favoura-
ble compared to the colder and unpredictable weather conditions in western Europe.
Also sanderlings encounter different food availability, conspecific competitors, disease
risk and predation risk at different non-breeding grounds and this is expected to influ-
ence the survival probabilities.

Additionally, the distance to be covered in flight (Fig. 38) to and from the breeding
grounds is expected to influence the survival probabilities during the (presumed risky)
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Figure 38. Sanderling in flight on a beach in Iceland: annual migration distance between bree
ding grounds and the non breeding grounds may influence survival probability and reproductive
success.

            



migratory flight. Furthermore, it has also been shown that sanderlings from different
wintering latitudes have a different timing of migration. Sanderlings wintering furthest
away from the Arctic migrate later through important stop-over sites. If those late arri-
ving African-wintering sanderlings have similar depleted fuel stores at arrival compared
to the earlier arriving European wintering sanderlings on a last stop-over site, their fuel-
ling rates should be higher to reach the same amount of fuel (body fat and protein) to be
able to make the last trajectory of the migratory flight to the breeding grounds. If, at the
same time, the European sanderlings that preceded the Africans on stop-over sites have
depleted the food stocks it will make it more difficult for the sanderlings wintering in
Africa to reach the the Arctic breeding grounds in time and/or with surplus fuel. As a
consequence, it is possible that the abilities to double-clutch are limited for sanderlings
wintering further away from the Arctic. Continued long-term ecological studies of the
life histories of sanderlings wintering at different latitudes an how this impacts on their
migratory behaviour and consequent reproductive succes will unravel important aspects
of the population dynamics of this long-distance migratory bird species.

Publications 2008

Publications in Journals

Birkhead, T.R., Hall, J., Schut, E. & Hemmings, H. 2008??. Unhatched eggs: methods
for discriminating between infertility and early embryo mortality 1. Ibis 50: 508-517

Botero, C.A., Mudget, A.E., Koltz, A..M., Mochachka, W.M. & Vehrencamp, S.L.
2008. How reliable are the methods for estimating repertoire size? Ethology 114:
1227-1238

Buehler, D.M., Bhola, N., Barjaktarov, D., Goymann, W., Schwabl, I., Tieleman, B.I.
& Piersma, T. 2008. Constitutive immune function responds more slowly to handling
stress than corticosterone in a shorebird. Physiological and Biochemical Zoology 81:
673-681

Buehler, D.M. & T. Piersma. 2008. Travelling on a budget: predictions and ecological
evidence for bottlenecks in the annual cycle of long-distance migrants. Philosophical
Transactions of the Royal Society of London B 363: 247-266

Buehler, D.M., Piersma, T., Matson, K. & Tieleman, B.I. 2008. Seasonal redistribution
of immune function in a migrant shorebird: annual-cycle effects override adjustments
to thermal regime. American Naturalist 172: 784-796

CEES Progress Report 2008

68

            



Buehler, D.M., Piersma, T. & Tieleman, B.I. 2008. Captive and free-living red knots
Calidris canutus exhibit differences in non-induced immunity that suggest different
immune strategies in different environments. Journal of Avian Biology 39: 560-566

Compton, T.J., Kentie, R., Storey, A.W., Veltheim, I., Pearson, G.B. & Piersma, T.
2008. Carbon isotope signatures reveal that diet is related to the relative sizes of the
gills and palps in bivalves. Journal of Experimental Marine Biology and Ecology 361:
104-110

Compton, T.J., Troost, T.A., Van der Meer, J., Kraan, C., Hoonkoop, P.J.C., Rogers,
D.I., Pearson, G.B., De Goeij, P., Bocher, P., Lavaleye, M.S.S., Leyrer, J., Yates, M.G.,
Dekinga, A. & Piersma, T. 2008. Distributional overlap rather than habitat differentia-
tion characterizes co-occurrence of bivalves in intertidal soft sediment systems.
Marine Ecology Progress Series 373: 25-35

Creuwels, J.C.S., Van Franeker, J.A., Doust, S.J., Beinssen, A., Harding, B. &
Hentschel, O. 2008. Breeding strategies of Antarctic petrels Thalassoica antarctica
and Southern Fulmars Fulmarus glacialoides in the high Antarctic and implications
for reproductive success. Ibis 150: 160-171

de Heij, M.E., Ubels, R., Visser, G.H. & Tinbergen, J.M. 2008. Female great tits Parus
major do not increase their daily energy expenditure when incubating enlarged
clutches. Journal of Avian Biology 39: 121-126

Dingemanse, N.J. & Kalkman, V.J. 2008. Changing temperature regimes have advan-
ced the phenology of Odonata in the Netherlands. Ecological Entomology 33: 1-9

Drent, R.H. & Prop, J. 2008. Barnacle goose Branta leucopsis survey on
Nordenskiödkysten, west Spitsbergen 1975-2007: breeding in relation to carrying
capacity and predator impact. Circumpolar Studies 4: 59-83

Eichhorn, G. & Visser, G.H. 2008. Evaluation of the deuterium dilution method to 
estimate body composition in the barnacle goose: accuracy and minimum equilibrium
time. Physiological and Biochemical Zoology 81: 508-518

Eikenaar, C., Komdeur, J. & Richardson, D.S. 2008. Natal dispersal patterns are not
associated with inbreeding avoidance in the Seychelles warbler. Journal of
Evolutionary Biology 21: 1106-1116

Eikenaar, C., Richardson, D.S., Brouwer, L. & Komdeur, J. 2008. Sex biased natal 
dispersal in a closed, saturated population of Seychelles warblers. Journal of Avian
Biology 39: 73-80

Animal Ecology

69

            



Gill, J.A., Langston, R.H.W., Alves, J.A., Atkinson P.W., Bocher, P., Cidraes Vieira,
N., Crockford, N.J. Gelinaud, G., Groen, N., Gunnersson, T.G., Hayhow, B.,
Hooijmeijer, J., Kentie, R., Kleijn, D. Lourenço, P.M., Masero, J.A., Meunier, F.,
Potts, P.M., Roodbergen, J., Schekkerman, H., Schroeder, J., Wymenga, E. & Piersma,
T. 2007. Contrasting trends in two Black-tailed Godwit populations: a review of cau-
ses and recommendations. Wader Study Group Bulletin 114: 43-50

Hammers, M. & van Gossum, H. 2008. Variation in female morph frequencies and
mating frequencies: random, frequency-dependent harassment or male mimicry?
Animal Behaviour 76: 1403–1410

Heg, D., Heg-Bachar, Z, Brouwer, L. & Taborsky, M. 2008. Experimentally induced
helper dispersal in colonially breeding cooperative cichlids. Environmental Biology 
of Fishes 83: 191-206

Honkoop, P.J.C., Berghuis, E.M., Holthuijsen, S., Lavaleye, M.S.S. & Piersma, T.
2008. Molluscan assemblages in seagrass-covered and bare intertidal flats on the 
Banc d'Arguin, Mauritania, in relation to sediment and organic matter characteristics.
Journal of Sea Research 60: 235-243

Kingma, S.A., Szentirmai, I., Székely, T., Bókony, V., Bleeker, M., Liker, A. &
Komdeur, J. 2008. Sexual selection and the function of a melanin-based plumage
ornament in polygamous penduline tits Remiz pendulinus. Behavioral Ecology 62:
1277-1288

Komdeur, J., Eikenaar, C., Brouwer, L. & Richardson, D.S. 2008. The evolution and
ecology of cooperative breeding in vertebrates. In: Encyclopedia of Life Sciences. 
John Wiley & Sons, Ltd: Chichester: 1-8

Lourenço, P.M. & Piersma, T. 2008. Stopover ecology of black-tailed godwits Limosa
limosa limosa in Portuguese rice fields: a guide on where to feed in winter. Bird Study
55: 194-202

Lourenço, P.M. & Piersma, T. 2008. Changes in the non-breeding distribution of
Continental black-tailed godwits Limosa limosa limosa over 50 years: a synthesis of
surveys. Wader Study Group Bulletin 115: 91-97

Lourenço, P.M., Silva, A., Santos, C.D.,  Miranda, A.C., Granadeiro, J.P., Palmeirin,
J.M. 2008. The energetic importance of night foraging for waders wintering in a tem-
perate estuary. Acta Oecologica 34: 122-129

Mészáros, L.A., Frauenfelder, M. van der Velde, M. Komdeur, J. & Szabad, J. 2008.
Polymorphic microsatellite DNA markers in the penduline tit, Remiz pendulinus.
Molecular Ecology Recourses 8: 692-694

CEES Progress Report 2008

70

            



Nicolaus, M., Bouwman, K.M. & Dingemanse, N. 2008. Effect of PIT tags on the 
survival and recruitment of great tits Parus major. Ardea 96: 286-292

Piersma, T. 2008. Female house martin Delichon urbica provisions chicks at nests in
two separate subcolonies. Ardea 96: 140-144

Piersma, T., Brugge, M., Spaans, B. & Battley, P.F. 2008. Endogenous circonnual
rhythmicity in body mass, molt, and plumage of great knots (Calidris tenuirostris).
Auk 125: 140-148

Pogány, A., Szentirmai, I., Komdeur, J. & Székely, T. 2008. Sexual conflict and 
consistency of offspring desertion in Eurasian penduline tit Remiz pendulinus. BMC
Evolutionary Biology 8: 1-7

Reneerkens, J., Versteegh, M.A., Schneider, A.M., Piersma, T., Burtt, E.H. Jr 2008.
Seasonally changing preen-wax composition: red knots' (Calidris canutus) flexible
defense against feather-degrading bacteria? Auk 125: 285-290

Rodenburg, J., Bastiaans, L., Schapendonk, A.H.C.M., Putten, van der, P.E.L., Ast,
van, A., Dingemanse, N.J. & Haussmann, B.I.G. 2008. CO2-assimilation and chloro-
phyll fluorescence as indirect selection criteria for host tolerance against Striga.
Euphytica 160: 75-87

Rushbrook, B. Dingemanse, N.J. & Barber, I. 2008. Repeatability in nest construction
by male three-spined sticklebacks. Animal Behaviour 75: 547-553

Sæther, B.E., Engen, S.,  Bregnballe, T. Both, C. Tryjanowski, P., Leivits, A., Wright,
J., Møller, A.P., Visser, J.E. & Winkel, W. 2008. Forms of density dependence and
(quasi-) stationary distributions of population sizes in birds. Oikos 117: 1197-1208

Schekkerman, H., Teunissen, W. & Oosterveld, E. 2008. The effect of ‘mosaic
management’ on the demography of black-tailed godwit Limosa limosa on farmland.
Journal of Applied Ecology 45: 1067-1075

Schielzeth, H., Eichhorn, G., Heinicke, T., Kamp, J., Koshkin, M.A., Koshkin, A.V. &
Lachmann, L. 2008. Waterbird population extimates for a key staging site in
Kazakhstan: a contribution to wetland conservation on the Central Asian flyway. Bird
Conservation International 50: 71-86

Schroeder, J., Heckroth, M. & Clemens, T. 2008. Against the trend: increasing num-
bers of breeding northern lapwings Vanellus vanellus and black-tailed godwits Limosa
limosa limosa on a German Wadden Sea island. Bird Study 55: 100-107

Animal Ecology

71

              



72

CEES Progress Report 2008

Schroeder, J., Lourenço, P.M., Van der Velde, M., Hooijmeijer, J.C.E.W., Both, C. &
Piersma, T. 2008. Sexual dimorphism in plumage and size in black-tailed godwits
Limosa limosa limosa. Ardea 96: 25-37

Schut, E., Hemmings, N. & Birkhead, T.R. 2008. Parthenogenesis in a passerine bird,
the zebra finch Taeniopygia guttata. Ibis 150: 197-199

Tieleman, B.I., Dijkstra, T.H., Klasing, K.C., Visser, G.H. & Williams, J.B. 2008.
Effects of experimentally increased costs of activity during reproduction on parental
investment and self-maintenance in tropical house wrens. Behavioral Ecology 19: 
949-959

Tieleman, B.I., Van Noordwijk, H.J. & Williams, J.B. 2008. Nest site selection in a 
hot desert: trade-off between microclimate and predation risk? Condor 110:116–124

van den Brink, V., Schroeder, J., Both, C., Lourenço, P.M., Hooijmeijer, J.C.E.W. &
Piersma, T. 2008. Space use by black-tailed godwits Limosa limosa limosa during 
settlement at a previous or a new nest location. Bird Study 55: 188-193

van Dijk, R.E., Pilon, A.E., Szentirmai, I., Székely, T. & Komdeur, J. 2008. The 
influence of habitat structure on sexual conflict over care in penduline tits Remiz 
pendulinus. Ardea 96: 3-11

van Dijk, R.E., Komdeur, J., Van der Velde, M., Szentirmai, I., Yang, X., Ffrench-
Constant, R. & Szekely, T. 2008. Offspring sex ratio in the sequentially polygamous
penduline tit Remiz pendulinus. Journal of Ornithology 149: 521-527

van den Hout, P., Spaans, B. & Piersma, T.  2008. Differential mortality of wintering
shorebirds on the Banc d'Arguin, Mauritania, due to predation by large falcons. Ibis
150 (Suppl. 1): 219-230

van Gils, J.A., Dekinga, A., van den Hout, P.J., Spaans, B., Piersma T. 2007. Digestive
organ size and behavior of red knots (Calidris canutus) indicate the quality of their
benthic food stocks. Israel Journal of Ecology & Evolution 53: 329-346

van Oers, K., Drent, P.J., Dingemanse, N.J. & Kempenaers, B. 2008. Personality is
associated with extra-pair paternity in great tits (Parus major). Animal Behaviour 76:
555-563

Vedder, O., Korsten, P., Magrath, M.J.L. & Komdeur, J. 2008. Ultraviolet plumage
does not signal social status in free-living blue tits; an experimental test. Behavioral
Ecology 19: 410-416

              



Versteegh, M.A., Helm, B., Dingemanse, N.J. & Tieleman, B.I. 2008. Repeatability
and individual correlates of basal metabolic rate and total evaporative water loss in
birds: a case study in European stonechats. Comparative and Biochemical Physiology
150: 452-457

Verkuil, Y.I., Jukema, J., Gill, J.A., Karlionova, N., Melter, J., Hooijmeijer, J.C.E.W. &
Piersma, T. 2008. Non-breeding fæder Ruffs Philomachus pugnax associate according
to sex, not morphology. Bird Study 55: 241-246

Professional publications

Arisz, J., Boekhoff, M., Trierweiler, C. & Koks, B.J. 2008. Ackerrandstreifenprogramm
zum Schutz von Ackervogelarten, unter besonderer Berücksichtigung der Feldlerche
und Wiesenweihe: Bewertung des Pilotvorhabens in der Rheiderländer Ackermarsch
2004-2007. Scheemda: Stichting Werkgroep Grauwe Kiekendief

de Goeij, P., Pearson, G.B., Lavaleye, M., Piersma, T. 2008. Seasonal changes in the
macro-zoobenthos of Roebuck Bay: a 10 year study. Results of the MONROEB benthic
monitoring project 1996-2005, pp. 1-57. Royal Netherlands Institute for Sea Research
(NIOZ), Department of Marine Ecology. NIOZ-Report 2008-9, Texel

Feige, N., Van der Jeugd, H.P., Van der Graaf, Larsson, K., Leito, A. & Stahl, J. 2008.
Newly established breeding sites of the barnacle goose Branta leucopsis in North-
western Europe - an overview of breeding habitats and colony development. 
Vogelwelt 129: 244 - 252

Herman, P.M.J., Piersma, T. & Wolff, W.J. 2008. Evaluatie van opzet en uitvoering
van deelproject 3 ‘sublitorale Natuurwaarden’ van het project onderzoek duurzame
schelpdiervisserij (PRODUS). Op verzoek van de Minsiter van Landbouw, Natuur 
en Voedelkwaliteit

Kentie, R. Hooijmeijer, J.C.E.W., Both, C. & Piersma, T. 2008. Grutto’s in ruimte en
tijd 2008. Kenniskring weidevogellandschap. Report to Ministerie van Landbouw,
Natuur en Voedselkwaliteit

Koks, B. 2008. Case: Beschermingsproject grauwe kiekendief als opmaat voor effec-
tieve akkervogelbescherming. De Levende Natuur 109:109-112

Koks, B. 2008. Project grauwe kiekendief: Hightech zenders om beschermingsknel-
punten te ontrafelen. Mens & Vogel 2008: 40-51.

Kraan, C., Dekinga, A. Folmer, E.O. Van der Veer, H.W., & Piersma, T. 2008.
Macrobenthic fauna on intertidal mudflats in the Dutch Wadden Sea: Species abun-
dances, biomass and distributions in 2004 and 2006. Royal Netherlands Institute for
Sea Research (NIOZ), Department of Marine Ecology. NIOZ-Report 2007-2, Texel

Animal Ecology

73

              



74

CEES Progress Report 2008

Piersma T. Olympische prestaties. Vogelnieuws 2008-3, 12

Piersma T. De wenkbrauw van de wilster. Vogelnieuws 2008-4, 12

Trierweiler, C., Drent, R.H., Komdeur, J., Exo K.-M., Bairlein, F. & Koks, B.J. 2008.
De jaarlijkse cyclus van Grauwe Kiekendieven – gedreven door woelmuizen en
sprinkhanen? Limosa 81: 107 - 115

Trierweiler, C. & Exo, K.-M. 2008. Zugstrategien und Schutz NW-europäischer
Wiesenweihen Circus pygargus durch Satellitentelemetrie; Abschlußbericht DBU-
Projekt 24672-33/2, 2006-2008. Wilhemshaven: Institut für Vogelforschung
“Vogelwarte Helgoland“

Trierweiler, C., Visser, E.G., Arisz, J. & Koks, B.J. 2008: Habitatgebruik van Grauwe
Kiekendieven Circus pygargus in het agrarisch landschap 2003-2006 onderzocht
m.b.v. radiotelemetrie. Scheemda: Stichting Werkgroep Grauwe Kiekendief

van Dijk, R.E. & Pogány, Á. 2008. Strategic differences – the battle of the sexes in
penduline-tits. Africa Birds & Birding, June/July 52-55

van ‘t Veer, R., Sierdsema, H., C.J.M. Musters, Groen, N.M. & Teunissen, W.A. 2008.
Weidevogels op landsschapsschaal. Ruimtelijke en temporele veranderingen.
Ministerie van Landbouw, Natuur en Voedselkwaliteit

Visser, E., Koks, B., Trierweiler, C., Arisz, J., Van der Leij, R.-J. 2008: Grauwe
Kiekendieven Circus pygargus in Nederland in 2007. De Takkeling 16: 130 – 145

van Leeuwe, M., Folmer, E., Dekinga, A., Kraan, C., Meijer, K. & Piersma, T. 2008.
Staat handkokkelvisserij op gespannen voet met behoud biodiversiteit in de
Waddenzee? De Levende Natuur 109: 15-19

Publications in books

Drent, R.H. 2008. Biography of Baerends, Gerard Pieter. New Dictionary of Scientific
Biography. Volume 1

Komdeur, J., Richardson, D.S. & Hatchwell, B. 2008. Kin-recognition mechanisms in
cooperative breeding systems: ecological causes and behavioral consequences of
variation. In: Ecology of Social Evolution. Editors: Korb & J., Heinze. 175-194.
Cambridge: Cambridge University Press

              





J.L. Ruifrok Bursaal SBB 1.0 081001-121001
drs. M.J.J. Schrama Bursaal (Pionier) 1.0 071115-111115
drs. G.F. Veen V.d.Leeuw/NWO (Pionier) 0.8 050401-100401
drs. S.N. de Visser RUG UE bursaal 1.0 061001-101001
X. Du Chinese beurs 1.0 080901-120901

Project employee
M.J. de Jong 0.5 081201-091201

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 040101-080831
E. Mayemba consultant 0.5 050101-

Technical and Administrative staff
secretary
M.J. Boertje-van den Bergh RUG 0.5 - 090101
chemical analis
N.D. Eck RUG 1.0
botanical analists
J.J. Hogendorf RUG 1.0
Y. de Vries RUG 0.5
IT-assistent
ing. G.J. van den Burg RUG 0.8

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
dr. J.M. Drees Groningen, NL
dr. M.A. van Leeuwe Groningen, NL

CEES Progress Report 2008

76

           



Introduction

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 organisms and detritus compartments through
excretion and mortality, non–trophic interactions between organisms (eg pollination or
mutualism with microbes) and spatial interactions between neighbouring ecosystems
through dispersal and nutrient flow. We therefore study organisms on different trophic
levels (soil biota, plants, herbivores, predators) with emphasis on understanding the con-
sequences of these interactions for the structure of ecological communities and the func-
tioning of ecosystems. We do this by studying the key processes that determine the
abundance and distribution of species in ecological communities, such as competition,
facilitation, mutualism, plant-herbivore interactions and predator-prey interactions. In
theoretical studies, we aim at unravelling the relative importance of stochastic and deter-
ministic processes in structuring communities, and study the interplay of ecological and
evolutionary processes. 
We work both in the trophics (African savannas, central-american rainforest) and in the
temperate zone (coastal wetlands and riparian areas), in order to get a broad overview
of the main processes that determine community structure and ecosystem functioning.
In this, we try to combine theoretical, experimental and observational approaches. 
The following sections contain specific areas of progress of our research during 2008

Overview of academic results

Phylogenetic community assembly across the Serengeti ecosystem
T. Michael Anderson

Reconstructing phylogenetic relationships help scientists understand evolutionary pro-
ces ses such as speciation, convergence, and adaptive radiation. But how does knowled-
ge of phylogenetic relationships contribute to understanding the processes that form
natural extant communities? In other words, do evolutionary relationships among spe-
cies tell us anything about community structure, i.e. the types and abundances of species
in communities? These questions are part of a controversial issue currently facing eco-
logy, namely, whether natural communities are assembled according to species interac-
tions, or are whether communities are neutral in their species compositions.
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Biologists have long believed that patterns of descent should be related to species inter-
actions. Charles Darwin suggested that co-occurring species of the same genus would
compete more than those from different genera. Subsequently, ecologists hypothesized
that patterns in plant and animal communities depended on the genetic relatedness of
interacting members. In contrast, recent developments in neutral theory predict that
community patterns arise by processes independent of organism traits, and thus are
unrelated to species’ evolutionary similarity. Until the advent of DNA sequencing tech-
niques, these links between genetic relatedness and community structure remained theo-
retical. Now that evolutionary relationships among species are inferred from DNA
sequence divergence, several studies have demonstrated that genetic relatedness is asso-
ciated with key features of ecological communities. Thus, it is now possible to test pre-
dictions on the relations between phylogeny and community structure with molecular
phylogenies and observational data. Moreover, the combined study of phylogenetic rela-
tionships, species traits, and ecological patterns may provide insight into mechanisms
that generate and maintain biodiversity, while achieving greater integration between the
fields of ecology and molecular evolution.

The general aim of this study was to explore the relationship between the phylogenetic
relatedness of species and the structure of ecological communities across grassland plant
communities in Serengeti National Park (SNP), Tanzania. Rainfall and grazing by ungu-
late herbivores are the predominant abiotic and biotic gradients that influence grasslands
in SNP. Therefore, I am studying the relationship between phylogeny and community
structure relative to these important ecosystem drivers. Despite a recent surge in the
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Figure 1. Een assemblage van verschillende soorten herbivoren (wildebeest, zebra, eland anti
loop, struisvogel) op een enkele maanden eerder afgebrand grasland in de Serengeti, Tanzania.
Op de achtergrond is rook van branden te zien die op andere plekken op dat moment aan de
gang zijn. Foto: H. Olff
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number of studies linking phylogenetic relatedness to community ecology, key aspects
of the theory have yet to be tested. Thus, one specific aim of this study is to test a cen-
tral prediction of phylogenetic community assembly theory: that across an ecosystem in
which the dominant ecological process shifts from environmental filtering to competiti-
ve adversity, there exists a corresponding shift in the relationship between phylogeny
and community structure. The theory of phylogenetic community assembly underlying
this proposal suggests that three basic types of information are required to address this
fundamental hypothesis: (1) measures of community structure at different spatial scales,
(2) estimates of genetic distances among co-occurring plant species and (3) understan-
ding the evolutionary relationships among functional traits. I have collected these data
at eight grassland sites spanning the Serengeti rainfall gradient; these sites have been the
focus of considerable prior research and will provide baseline data for the study. Another
specific aim of this study is to address how grazing by large ungulate herbivores influ-
ences phylogenetic community assembly. This was achieved by conducting a parallel
study inside and outside of permanent fences that were constructed as part of an herbi-
vore removal experiment in 1999. One specific hypothesis that will be tested as a result
of this study is that species should be more closely related at drier sites, or under intense
grazing, because similar physiologies and morphologies will confer tolerance to extreme
physical conditions (i.e. drought or resistance to herbivory). Conversely, more distantly
related species are hypothesized to coexist at sites where competition outweighs the
effects of drought or herbivory, because variation in traits would lead to better niche dif-
ferentiation. Upon completion, this study will elucidate how variation in climate and
grazing by ungulate herbivores affects the phylogeny-ecology relationship across an
ecosystem with a stable ecological history, complete food webs, and steep environmen-
tal gradients.

Figure 2. Veldwerk in de Serengeti, Tanzania. Foto: H. Olff

           



Stochastic models describing community assembly
D. Alonso

Our early work on stochastic community models and metapopulation models establi shes
a stochasticmathematical framework to analyze and model complex ecological interac-
tions. Our approach emphasizes the discrete nature of individuals and their inherent ran-
dom interactions. Our research emphasizes, on one side, the evolutionary nature of com-
munity assembly and, on the other, the unavoidable sampling structure of ecological
data.For instance, we have shown than typical ecological patterns, such as the distribu-
tion of species abundances, can be predicted from an underlying dynamical community
model under different sampling assumptions (Alonso et al 2008). Simple stochastic
dynamical models for communities present two advantages. First, they allow to study in
detail the consequences of different models assumptions and, second, they can be used
to generate testable predictions.

During the past year we have started work on the evolutionary assembly of complex
mutualistic networks. Mutualistic communities can be represented by a two-layer net -
work, for instance, a community of plants interacting with a community of pollinator
insects. Many other ecological interactions can be represeted by two-layer networks. For
example, we started on a two-layer network representations for a host-parasite commu-
nity.
The ultimate goal of this work is to understand the evolution of network structure and
its role in maintaining diversity in ecological communities. 

Simple models for food web structure
Very often, the best way of testing and comparing alternative models is developing and
calculating the probability that the model produces certain observed data set. Given
inherently complexities, developing likelihood approaches for food web models is par-
ticularly challenging.The topology of food webs is a major determinant of ecosystems
dynamics and is ultimately responsible for their responses to human impacts.Several
simple models have been proposed for the intricate food webs observed in nature.
However, none of these previous models is fully compatible with food web data. In col-
laboration with Stefano Allesina and Mercedes Pascual, we have developed a method to
identify observed trophic links that are incompatible with a given model and a likelihood
approach to compare different simple models based on the full structure of the network.
These results motivated a new general model that is able to generate all empirical data
sets and does so with the highest likelihood. We hope that the derivation of the likeli-
hood for simple models of network structure will contribute to a better understanding of
the relationship between structure and dynamics of food webs (Allesina et al 2008). 

Dynamics of infectious diseases and climate change
For the past years we have also developed methods to analyze time series data for several
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infectious diseases. Disease historical records can potentially register the signal of envi-
ronmental and climate change.
The main goal of this ongoing research is to quantify the relative importance of stochas -
ticity, seasonal and climatic forcing on the nonlinear dynamics of infectious diseases. In
collaboration with Mercedes Pascual, from the University of Michigan USA, we have
analyzed one of these time series of monthly malaria counts (1970-2003) from a tee
plantation hospital in a Kenyan highland (Kericho, Kenya). Our modeling approach
shows that slight increases in average temperatures due to climate change may have a
strong non-linear effect on the number of observed malaria cases in the limits of mos-
quito population spatial distribution.

Functional roles of termites in savanna ecosystems
Bernd P. Freymann

In my thesis I investigate autecological and ecosystem-wide aspects of the functional role
of termites (Insecta, Isoptera) in decomposition processes in Serengeti National Park,
Tanzania, on different spatial and temporal scales. These ecological processes are under-
studied in African savannas in general and almost entirely neglected in the Serengeti.
Overall, I explore the functional role of these insects in more traditional processes, i.e.
the decomposition of grass litter. In order to broaden our knowledge on the functional
role of termites in savannas even further, I put particular emphasis on novel aspects such
as the decomposition of previously neglected food items (mammalian dung and mam-
malian hooves), on arthropod trophic interactions involving termites and on spatio-
 temporal aspects of termite activity and distribution.
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Figure 3. A termite mound and migrating wildebeests in the Serengeti, Tanzania. 
Photo B. P. Freymann

           



The importance of termites for the recycling of herbivore dung in tropical ecosystems
Termites (taxon-dependent) act as herbivores as well as decomposers, feeding on a wide
range of living, dead or decaying plant materials. Earlier overviews of the food and fee-
ding habits of termites either only list mammalian dung as just one possible food item or
even do not mention mammalian dung at all. By means of a literature review and a meta-
data analysis we showed that the functional role of termites for the recycling of herbi-
vore dung has been substantially underestimated until now.
We found that a diverse group of termites (at least 126 species) has been reported to feed
on a wide range of mammalian dung (18 species). Predominantly, wood-feeding and
polyphagous wood-litter feeding species were reported to feed also substantially on dung.
Moreover, we found that termites can quickly remove large amounts of mammalian dung,
especially in the dry season, when on average about 1/3 of the dung deposited in a given
habitat is removed by termites within one month (with the highest rates observed in
savannas). No distinctive preference for mammalian dung over other organic food sour-
ces was observed for fungus-growing termites (Macrotermitinae), whereas the majority
of the studied non-fungus growing taxa prefer dung over alternative food items. As ter-
mites bring large quantities of dung below the soil surface, with associated substantial
pedoturbation and nutrient enrichment of soils, dung feeding by termites appears to be a
previously underestimated process that is important in order to understand the functio-
ning of tropical ecosystems. Regarding the question whether termites, by foraging on
mammalian dung, might fulfill a comparable ecological role as dung beetles do in the
context of nutrient cycling dynamics, we can conclude that the currently existing body of
literature supports qualitatively the view that these two feeding guilds are both of ecolo-
gical significance, but no sufficient, quantitative information exists to ultimately answer
this question at the current point in time. Later chapters of my thesis address the topic of
the role of termites in the recycling of mammalian dung in further detail.

Trophic arthropod interactions in termite mounds
In tropical savannas termites are known as ecosystem engineers, affecting the spatial and
temporal distribution of water, carbon, cations and nutrients through their mound struc-
tures (termitaria). Their mounds, however, also offer habitation to other feeding guilds of
invertebrates, called collectively inquilines; a keystone role that has not been properly
quantified.
The aim of this study was to explore the ecosystem role of termitaria in determining
invertebrate diversity and their potential trophic interactions. We used stable isotopes to
distinguish termite-feeding invertebrates from invertebrates merely living in termite
mounds under field conditions. We show that spiders (Arachnida) are the top predators
of an extensive invertebrate food web located in termitaria, but that they rarely feed on
termites directly (< 9 %). Inside the studied termitaria, arachnids rather feed on other
invertebrates that are termitophagous (such as ants, mantids, and antlions) elevating the
spiders three trophic levels higher than the termites. This study is the first to demonstra-
te food web interactions among inquiline invertebrates with a stable isotope approach. It
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provides evidence that termites play a keystone role in the system by providing habitat
for various, trophically interacting invertebrates. Termite mounds are architectural focal
points of arthropod trophic interactions especially in the comparatively homogenous
environmental matrix of the Serengeti grasslands.

Both studies shed light on novel aspects of the functional role of termites in savanna eco-
systems. Often termites are condemned as pest species because being wood-feeders they
destroy human-built structures and because they are seen by farmers as competitors to
their grass-feeding livestock. My results highlight the ecological importance of these
insects to nutrient cycling and trophic processes and may give reason to reconsider the
image of termites in this human-wildlife conflict.

Community and Conservation Ecology

83

Figure 4. Mean (+/  SD) delta15N values of arthropods inhabiting termite mounds in the southern
grass plains of Serengeti National Park, Tanzania. Green = termites, red = spiders, blue = other
arthropods. Graph S. N. de Visser

A coalescence approach to spatial neutral ecology
Rampal Etienne

Neutral models in ecology have attracted much attention in recent literature. They can
provide considerable insight into the roles of non-species-specific factors (e.g. stochas-
ticity, dispersal, speciation) on community dynamics but often require intensive simula-
tions, particularly in spatial settings. We have implemented existing techniques for

           



modelling spatially explicit neutral processes in ecology using coalescence (Figure 5).
The coalescence approach starts the processes at the current time and simulates back-
wards in time to find the common ancestor. Speciation events are counted along the way
so that the species richness and the abundance distribution of the local sample can be
reconstructed once coalescence has led to a single common ancestor.
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Figure 5. Panel (a) shows a schematic of a forwards simulation. The ancestry of the individuals
in the sample area is marked with ticker lines. Death events are marked as bars and birth events
are marked as circles. If a birth is a speciation event, then the corresponding circle is solid, 
otherwise we use open circles. Panel (b) shows the coalescent tree without speciation. Filled
squares represent coalescence events and open circles represent births. The forwards simulation
requires tracking of all the individuals in the community (which may be (infinitely) large), 
whereas the coalescence simulation only requires tracking of sampled individuals.

 

We have developed several novel extensions to these methods including 1. Procedures
for dealing with system boundaries which enable improved investigation of the effects
of dispersal, and 2 A semi-analytical algorithm that calculates the expected species rich-
ness in a sample, for any speciation rate. By eliminating the effect of stochasticity in the
speciation process, we reduce the variance in estimates of species richness. Our bench-
marks show that the combination of existing coalescence theory and our extensions pro-
duces higher quality results in vastly shorter time scales than previously possible: years
of simulation time are reduced to minutes (Figure 6).

As an example application, we show parameters for a spatially explicit neutral model to
approximate the species richness of a tropical forest dataset (Figure 7).
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Figure 6. Benchmark results (time on a log scale). Simulations were run on a 2 GHz Intel dual
processor computer under Linux.

 

Figure 7. A plot of the manifold of parameter values that give rise to the true species richness of
trees with dbh > 100 mm on BCI, a commonly studied tropical tree community using the latest
2005 census. This gave a total of 20,852 individuals of 229 distinct species. We simulated
Gaussian dispersal kernels with different widths. The mean dispersal distance (in model cells)
was computed from the kernel and then converted to meters using the known density of the BCI
data. The grey lines indicate ± one standard deviation on the result.

 

           



Survival and dispersal of rabbits in a translocation experiment in the Netherlands; food
quality and the use of burrows
Marijke Drees

Rabbit restocking is a management measure frequently used to counter decreases of rab-
bit populations due to RHD. Lack of burrows, and the moving between burrows has
been suggested as one of the reasons for the low survival rate in these restocking pro-
grammes. 
We were able to compare resident and restocked rabbit movement as part of an evalu-
ation of the efficiency of rabbit restocking by translocation in Dutch coastal dune areas. 
After translocation there was a high mortality by fox predation. Most translocated rab-
bits left the artificial burrows in the first night for unused natural burrows. They kept
using several burrows. The quality of food in the new habitat was sufficient, and the
translocated animals had an acquired immunity to RHD.
We conclude that this is not a lack of settling, but that where sufficient burrows are
available rabbits will use more than one burrow. 
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Overview of academic results

In-vivo DMSP-biosynthesis measurements using stable-isotope incorporation and 
proton-transfer-reaction mass spectrometry (PTR-MS)
Jacqueline Stefels, John W.H. Dacey, J. Theo M. Elzenga

Dimethylsulfide (DMS) is a climate-cooling gas of biogenic origin, of which approxi -
mately 90% is emitted from marine environments. DMS is derived from the enzymatic
cleavage of dimethylsulfoniopropionate (DMSP), a compound mainly produced by va -
rious groups of marine phytoplankton. In marine ecosystems DMSP, DMS and its oxida-
tion product dimethylsulfoxide (DMSO) are dynamically linked through complex interac-
tions between biological and chemical parameters. As a result, the temporal dynamics of
algal biomass parameters are often different from those of the sulfur compounds, which
make it difficult to accurately model the ultimate emission of DMS to the atmosphere. 
Measuring the different sulfur pools does not give insights in process rates, since the pools
are net results of various and varying processes. Current gas chromatographic methods
only measure these total pools. Especially in natural samples in which complex conver-
sion processes take place, such measurements do not give information on process rates. 
In this paper we present a new method, in which we use additions of stable isotopes
(D2O or NaH13CO3) to follow the in vivo production of DMSP. Incorporation of deute-
rium or 13C into DMSP can be monitored using a highly sensitive Proton-Reaction-
Transfer Mass Spectrometer (PTR-MS). The PTR-MS allows the simultaneous analysis
of the labeled and non-labeled DMS moiety of DMSP after base hydrolysis. Now, the
change in ratio of labeled versus non-labeled DMSP in time is a measure of the de novo
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Figure 1. Figure 1. Example of a logistic growth curve of the DMSP pool in an Emiliania 
huxleyi culture and the associated change in labeled versus non labeled DMSP after addition 
of NaH13CO3.

               



DMSP production. By combining the progress in mass ratio with a growth model, spe-
cific synthesis rates of DMSP can be calculated accurately. 
The method was tested in laboratory experiments with the DMSP-producing phyto-
plankton species Emiliania huxleyi (Figure 1). From these laboratory experiments, algo-
rithms were developed and applied to field-incubation studies, using water from the
Subtropical North Atlantic (Biocomplexity campaign, July 2004). The method is the
first to measure in vivo DMSP gross production rates and will provide new and impor-
tant insights in the controls of DMSP turnover.

The most important quality of the method is that it is compound specific and that no
equilibrium isotope incorporation is required. This opens up many possibilities for
short-term, stress-induced physiological studies, in which synthesis rates are measured
in parallel with other physiological parameters. In principle, this method can be applied
to any compound that is uniquely measured by mass spectrometry. When using the PTR-
MS, the method is accurate when differences in mass ratios between consecutive points
in time are more than 1%. This means that with an addition of 1% D2O to a culture,
instantaneous DMSP-production rates of 0.05 d 1 or higher can be measured accurately.
When administering 2%, the method is accurate for rates >0.026 d 1. When using 13C-
incorporation, a three times higher addition is needed. In fact, the more positions the iso-
tope can occupy within the molecule of interest, the more sensitive the method becomes.
Although the method is based on mass ratios and therefore does not require accurate
estimates of the DMSP pool, such estimates would give important additional informa-
tion on loss processes. We found that this is especially relevant in field experiments, in
which loss rates can be substantial as the community often consists of delicate species.
However, if time steps between sampling are chosen such that loss rates are smaller than
10 to 20% of the pool size, a simple model can be derived to fit both the measured mass
ratio’s and the DMSP pool size, which will resolve both specific DMSP production rates
and loss rates

Whole plant regulation of sulfate uptake and distribution in cabbage
A. Koralewska & L.J. De Kok

Brassica species are characterized by a high sulfur requirement for growth, however, the
greater proportion of the sulfate taken up by the root may not directly be metabolized
and is stored as sulfate both in root and shoot. In order to get insight into the whole plant
regulation of sulfate uptake in plants the measured rate of sulfate uptake/sulfate uptake
capacity at an ample sulfate supply should be in tune with the actual sulfur requirement.
On basis of the plant growth rate and the plant sulfur content, the estimated sulfur requi-
rement of curly kale and Chinese cabbage was about 11 and 6.5 "mol g 1 fresh weight
plant day 1, respectively (Table 1). The measured values of sulfate uptake by Brassica
were within range from that derived from the plant sulfur requirement (Table 1). Under
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normal conditions sulfate taken up by the root is the primary sulfur source for growth
and the sulfur requirement of the plant equals the rate of sulfate uptake by the root.
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Under field conditions plants face a constant variability of the nutrients supply, for
instance, sulfate concentration in soil may vary from 0.2 to 365 "M and plants may
need to adapt their overall sulfate uptake efficiency in order to maintain growth and to
avoid sulfur deficiency. It was evident that at an ample sulfate supply the constituent
Sultr1;2 was the primary sulfate transporter responsible for the uptake of sulfate by curly
kale and Chinese cabbage, since it was the sole sulfate transporter highly expressed in
the root. The total sulfur and sulfate contents of both root and shoot were hardly affec-
ted by the sulfate concentration in the root environment. Even at 5 "M, a concentration
lower or close to the Km values of the high affinity sulfate transporters, the sulfate con-
tent of root and shoot was only slightly lower than that at the higher sulfate concentra-
tions, whereas the total sulfur content was hardly affected by the external sulfate con-
centration. The sulfate uptake capacity at low external sulfate concentrations was modi-
fied in such a way that the sulfate uptake rate to meet the total sulfur requirement for
growth was maintained. If curly kale plants were grown at sulfate concentrations ≤ 25
"M, the level of constitutively expressed Group 1 sulfate transporter Sultr1;2 increased,
moreover the expression of the second high affinity sulfate transporter Sultr1;1 was
slightly induced (both transporters are involved in the primary uptake of sulfate by the
root). The increased level of mRNAs transcripts for sulfate transporters was accompa-
nied by an up to 2-fold increased sulfate uptake capacity. 
If curly kale and Chinese cabbage were sulfate-deprived, the level of constitutively
expressed Sultr1;2 was increased and the expression of high affinity sulfate transporters
Sultr1;1 was highly induced (Table 2). However, the massive increase of expression of
sulfate transporters was accompanied with an only up to 4-fold increased sulfate uptake
capacity, which demonstrated that there was no direct relation between the level of
expression and activity of the sulfate transporters. Protein translation and the formation
of a functional protein might be hindered by the lack of availability of sulfur containing
amino acids as the consequence of sulfur deficiency. Prolonged sulfate deprivation
resulted in decrease in shoot to root biomass partitioning, whereas the Sultr1;2 sulfate

Table 1. Estimated sulfur requirement and sulfate uptake versus measured sulfate uptake in
curly kale (Brassica oleracea) and Chinese cabbage (Brassica pekinensis).

 
Curly kale 

(Brassica oleracea) 
Chinese cabbage 

(Brassica pekinensis) 

Plant growth rate (g g 1 FW day 1) 0.24 0.33 
Plant sulfur content ( mol g 1 FW) 46.8 20.2 
Plant sulfur requirement ( mol g 1 FW day 1) 11.2 6.7 
Sulfate uptake required ( mol g 1 root  FW h 1) 3 2 
Sulfate uptake measured ( mol g 1 root FW h 1) 1.2  3 1.4  2.1 

               





latter showed a poor regulation of the shoot to root biomass partitioning in absence of
sulfate in the root environment at an ample sulfur supply from absorbed sulfide. This
may indicate that changes in shoot to root biomass partitioning are rather determined by
the sulfate concentration in the root environment than by the sulfur status of the plant
itself. The shoot sink capacity had only an effect on the sulfate uptake rate and not on the
expression of sulfate transporters in the root. The up-regulated expression of sulfate trans-
porters in the root of plants which shoot had been cut off suggests a local regulation of
sulfate transporters independent of the shoot sink and signaling, sulfate and thiol content,
which might be explained by formation of modified roots upon sulfatedeprivation.
Further evaluation is required to determine to what extent the observed changes in gene
expression and concentrations of metabolites, both determined at the whole organ level,
provide insight in the dissection of the signal transduction pathway of specific changes
at a more localized level, for example in specific root cells or cell layers. Furthermore,
cells of both shoot and root have the capacity to reduce and assimilate sulfate in their
plastids, which makes it hard to distinguish local signaling at a cellular level from that
at an integrated tissue level, viz. shoot to root interactions.

Impact of sulfur deprivation on root formation, and activity and expression of sulfa-
te transporters in Chinese cabbage (Brassica pekinensis)
C.E.E. Stuiver, A. Koralewska, F.S. Posthumus and Luit J. De Kok 

Sulfate deprivation of Brassica initiated a rapid induction of expression of the sulfate
transporters and APS reductase and an enhanced sulfate uptake, whereas more prolon-
ged deprivation resulted in a change in shoot to root ratio in favor of that of the root. A
decrease in shoot to root ratio, however, only occurred upon sulfate deprivation and not
at low external sulfate concentrations. Upon sulfate deprivation, Brassica was able to
transfer to foliarly absorbed atmospheric SO2 or H2S as the sole sulfur source for
growth, however, the shoot to root ratio remained lower than that of sulfate-sufficient
plants. The latter suggested that shoot to root biomass partitioning might be signaled
directly or indirectly by the absence of sulfate in the root environment. The impact of
sulfate nutrition on re-growth of a cut-off root system was studies in Chinese cabbage
(Brassica pekinensis (Lour.) Rupr.)). 
If Chinese cabbage seedlings were grown on a 25 % Hoagland solution for 8 days and
subsequently the roots were cut off (CutR) at 5 mm below the shoot and plants trans -
ferred to a fresh nutrient solution (with remaining root parts immersed in aerated
nutrient solution) at 0 (-S) or 500 µM sulfate (+S), a new root system started to develop
very rapidly. After 7 days biomass production of the newly formed roots was quite simi-
lar in presence or absence of sulfate. In both intact plants and plants where the root had
been cut off, sulfate deprivation resulted in an altered biomass partitioning between
shoot and root, relatively in favor of that of the root. Shoot biomass production of plants
where the root had been cut off, however, was considerably lower than that of intact
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(Ctrl) plants. Evidently, similar to observations with intact plants, sulfate deprivation of
plants where the root had been cut off resulted in an altered biomass partitioning
between shoot and newly formed roots, relatively in favor of that of the root. 
Seven days sulfate-deprived intact plants were characterized by a low total S, sulfate and
thiol content and a strongly enhanced total N/S ratio in shoot and root, and by a 5.1 (at
25 µM) and 3.7-fold (at 500 µM sulfate) increased sulfate uptake capacity as compared
to Ctrl+S plants. Similar differences in total S, sulfate and thiol content, and total N/S
ratio, though less pronounced, were observed in CutR-S plants as compared to CutR+S
plants, whereas the sulfate uptake capacity of CutR-S plants was increased by 2.1 (at 25
µM) and 1.4-fold (at 500 µM sulfate) as compared with that of CutR+S plants. The sul-
fate uptake capacity efficiency (ratio of uptake at 25 and 500 µM sulfate) was not sig-
nificantly affected in Ctrl+S, Ctrl-S, CutR+S and CutR-S plants, indicating that the
affinity of the sulfate transporters remained unaltered. The increased sulfate uptake
capacity of Ctrl-S and CutR-S plants was paralleled by a strongly increased expression
of the high affinity Group 1 sulfate transporters Sultr1;1 and Sultr 1;2 (involved in pri-
mary uptake by the root), and the Group 4 sulfate transporter Sultr 4;1 (involved in
vacuolar efflux), and that of APS reductase (APR), the key regulating enzyme in the sul-
fate reduction pathway, in the root (Fig. 1). In the shoot of Ctrl-S plants the expression
of Sultr1;2, and 4;1 and APR was strongly, and that of Sultr1;1 and 4;2 slightly enhan-
ced, whereas in the shoot of CutR-S plants the expression of Sultr4;1, 4;2 and APR was
similar to that in the Ctrl-S shoot, but the Sultr1;1 and 1;2 were not expressed (Fig. 1).
In the (newly grown) roots of CutR+S plants the expression of Sultr1;2, Sultr4;1 and
APR was more pronounced than in roots of Ctrl+S plants, where these transcripts were
only slightly expressed. In the shoot of Ctrl+S and CutR+S plants, Sultr4;1 and APR
were only slightly expressed. 

Figure 2. Impact of sulfate deprivation on expression of sulfate transporters and APS reductase
in root and shoot of Brassica pekinensis. 10 day old seedlings were grown on a 25 % Hoagland
nutrient solution at 500 "M sulfate for 8 days. Subsequently, the roots of part of the plants
were cut off at 5 mm below the shoot (CutR) and plants were transferred to a fresh nutrient
solution at 0 ( S) and 500 "M sulfate (+S) for 7 days.
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The signal transduction pathway in the regulation of the uptake and distribution of sul-
fate in plants and the role of shoot to root signaling therein involved is still ambiguous.
The concentration of sulfate and/or reduced sulfur compounds viz. thiols (glutathione)
might regulate the uptake of sulfate by the root. However, the current results do not
show a clear relationship between the content of sulfate and thiols, and the expression
and activity of the sulfate transporters in the root at the different treatments. In addition
to an up-regulation upon sulfate deprivation, the observed differences in the levels of
metabolites, and in the expression and activity of the sulfate transporters between roots
of intact plants and newly formed roots are more likely a reflection of their develop-
mental stage.

Impact of supra-optimal copper levels on Chinese cabbage 
M. Shahbaz, M.-W. Tseng*, C.E.E. Stuiver, A. Koralewska, F.S. Posthumus, J.-H.
Venema, M.J. Hawkesford** & L.J. De Kok (*Department of Science, Tapei Municipal
University of Education, Taiwan; **Rothamsted Research, Harpenden, U.K.) 

Copper is essential for plant functioning, for instance as redox-active transition metal in
enzymes in many physiological processes, viz. photosynthesis, respiration, oxidative
stress response. The plant requirement for copper is amongst the lowest of all elements,
though at supra-optimal levels it rapidly becomes toxic. The copper content in plants
ranges from 0.08 to 0.24 µmol g 1 dry weight and copper toxicity generally occurs when
the plant tissue level exceeds 0.40 µmol g-1 dry weight. The primary cause of its phy-
toxicity is still largely unresolved though is often ascribed to its redox activity and its
potential to induce the production of reactive oxygen species via the metal-catalyzed
Haber-Weiss reaction and the subsequent lipid peroxidation, protein denaturation and
DNA mutation reactions and/or the antagonistic effect of copper with other cations like
iron in protein functioning. 
In soil, copper is rather immobile since it strongly binds with organic soil material and
its level in agricultural soil may be strongly enhanced as the consequence of unbalanced
fertilization and the use of copper-containing fungicides. Manure and organic fertilizers
are generally rich in copper (and other trace metals) and their application results in a
cumulative accumulation of copper in soils, since its influx is often exceeding the crop
removal rate. The latter may consequence in enhanced levels of copper in crop plants,
which might not only negatively affect plant growth and functioning, but also may be -
come a threat for public health. 
In order to get more insight into the physiological basis for the toxicity of copper,
Chinese cabbage (Brassica pekinensis) was grown at supra-optimal levels of copper (1
to 10 µM Cu2+) in the root environment. The pigment content of the shoot already star-
ted to decrease at levels >2 "M Cu2+ after 2 days of exposure. However, both the pho-
tosynthesis expressed on chlorophyll basis and Fv/Fm ratio were hardly affected upon
Cu2+ exposure even not when leaves had become severely chlorotic. Plant biomass 
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production was stunted at levels > 5 "M Cu2+ after 3 days of exposure. It was evident
that the copper toxicity was reduced if UV was filtered out. In addition to enhanced
levels of Cu in the root and to a lesser extent in the shoot, exposure of plants to > 5 "M
Cu2+ resulted in an altered mineral composition, especially of that in the root. Exposure
of plants to Cu2+ resulted in a strongly increased level of water-soluble non-protein thiols
in the root and a slight increase of that in the shoot with increasing Cu2+ concentration.
However, this increase could not be ascribed to an increase in phytochelatin content. The
uptake of nitrate by the root was decreased at > 2 "M Cu2+, whereas the expression of
the Group 1 sulfate transporter Sultr1;2, which is involved in the primary uptake of sul-
fate by the root, and the sulfate uptake were slightly enhanced at > 2 "M Cu2+. The lat-
ter was accompanied with an increase in total sulfur content of the shoot, which could
pre-dominantly be ascribed to an accumulation of sulfate. The nitrogen content was
hardly affected at supra-optimal Cu2+ levels
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Overview of academic results

Highlights

Bregje Wertheim was awarded a Rosalind Franklin Fellowship and a VIDI-grant for
research on parasitoid-host interactions in the evolutionary genetics group. Rinaldo
Bertossa started a post-doc project on diapause and behavioral rhythmicity in Nasonia,
on an ALW Open Competition grant obtained with the Chronobiology group (D.
Beersma). Bart Pannebakker received a VENI postdoctoral fellowship for research on
the genetic and genomic constraints imposed on sex allocation by trade-offs with other
life-history traits in the parasitoid wasp Nasonia. Pete Skelsey was appointed as a post-
doc in the joint ERGO project of the NWO and the Theoretical Biology group to work
on the potential spread of genetically modified crop genes. Kim Meijer started as a bur-
sary student investigating evolutionary changes in insect biodiversity in the Netherlands
resulting from invasive plants and insects, with main supervisor Prof. Menno
Schilthuizen. Prof. Menno Schilthuizen was appointed for 5 years on the Uytten -
boogaart-Eliasen Foundation chair entitled “Biodiversity of Dutch Insects” at CEES.
The appointment was celebrated with a symposium on “Insects in a Changing World”
(see next page). Maartje Giesbers started on an ALW Open Competition Ph.D project
entitled “Genetics of adaptation: mating behaviour and reproductive strategies in
Nasonia wasps“. Kirsten Jalvingh started as a bursary project on Drosophila population
genetics. Leo Beukeboom and Franjo Weissing (Theoretical Biology) were awarded
three Ph.D positions out of a total of nine within a Marie Curie International Training
Network on speciation with partners in Sheffield (England), St. Andrews (Scotland) and
Jyväskylä (Finland). Silvia Paolucci started the first project in this network on 1 Novem -
ber 2008. Joke Bakker and Magdalena Kozielska successfully defended their Ph.D the-
sis (both in collaboration with Theoretical Biology). Anneke Boerema retired from her
OBP position and was succeeded by Anna Rensink.

Introduction

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. Parasitoid wasps
(Hymenoptera), Drosophila and other insects are used as model systems.
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In the broad field of evolutionary genetics the group addresses a variety of research
questions that are grouped in two research sub-programs, evolutionary genetics and con-
servation & population genetics. For evolutionary genetics there are five major research
lines: 1) Genetics and evolution of sex determining mechanisms, 2) Genetics and evo-
lution of reproductive isolation, 3) Genetics, ecology and evolution of life-history traits
and reproductive strategies, 4) Genomics of host-parasitoid interactions, 5) Evolutionary
and ecological drivers of biodiversity. Conservation & population genetics research is
focused on the dynamics of genetic variation in small endangered populations, espe-
cially on consequences of genetic erosion in relation to the persistence of such small
populations. Other topics of this research line are: the evolution of ageing, that is aimed
at unraveling the genes determining longevity and stress adaptation in Drosophila.
Below we present progress on some aspects of our research program.
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Population history of Nasonia vitripennis (Hymenoptera) in North America
research project of B.K. Grillenberger, R. Bijlsma, L. van de Zande and 
L.W. Beukeboom

Parasitic wasps of the genus Nasonia are thought to have evolved in North America. N.
vitripennis, a cosmopolitan species with populations in North America and Europe
showed in a previous study reduced genetic variation in North America compared to its
sister species. It was hypothesized that this reduction in variation is due to a selective
sweep in the North American N. vitripennis populations. We tested whether the North
American N. vitripennis populations show reduced genetic variation compared to its
European counter parts. We analyzed the population history of 89 N. vitripennis speci-
mens from Europe and North America using three types of genetic markers: 1) a 399 bp
fragment of the mitochondrial cytochrome oxidase I gene, 2) nine polymorphic nuclear
microsatellites and 3) six Wolbachia genes. 
We found that the genetic diversity of N. vitripennis at the mitochondrial level is much
higher in Europe than in North America, even though the latter specimens were spread
over a larger geographical area (nucleotide diversity ": NA = 0.0031, EU = 0.0236). As
a consequence, the phylogenetic analysis shows a much weaker structuring of the North
American cluster. There is one predominant haplotype (#2) in North America that is pre-
sent but infrequent in Europe. The negative Tajima’s D value suggests that there has
been a rapid expansion of N. vitripennis in North America, while there is no evidence
for such an event in the European data. 
The observed pattern can be explained by two scenarios. In scenario (1) a selective
sweep in favour of haplotype #2 occurred in the North American population. Although
haplotype #2 involves only synonymous substitutions compared to most of the other
haplotypes, it may still be possible that a beneficial mutation is located outside the
sequenced COI fragment and that haplotype #2 swept through the population by hitch-
hiking. Alternatively, the selective sweep could be associated with an advantageous
Wolbachia strain, since a selective sweep of a Wolbachia type would result in hitch -
hiking of the associated mitochondrial haplotype due to their maternal co-inheritance.
The alternative scenario (2) is that the North American population went through a seve-
re bottleneck that caused the reduction in mitochondrial diversity. This bottleneck could
have happened in the course of a founder event of individuals carrying haplotype #2
coming from Europe. In this scenario the situation in Europe is the product of a long his-
tory resulting in a diverged population, while the North American population is the pro-
duct of a rather recent migration event. However, this interpretation assumes that the
similar levels of microsatellite variation observed in European and North American pop-
u lations, are due to high mutation rates of microsatellites that restored an equilibrium
variation since the bottleneck (see also below).
The microsatellite data show no difference in the allelic richness (Europe 7.98±3.00,
North America 8.39±3.28). The mean genetic distance among the European samples is
slightly higher than among the North American samples indicating that there is stronger
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differentiation between the local populations in Europe than in North America. In the
case of a founder effect during the colonization of North America, one would expect a
drastic reduction in genetic diversity. However, the differences detected in the microsa-
tellite variation are only subtle, and therefore do not indicate a recent bottleneck. It is
obvious that there is no direct gene flow between the two continents. However, the
microsatellite data do not reveal a clear split between the European and North American
populations (Figure 1). The missing phylogenetic differentiation between the two conti-
nents together with the equal level of nuclear variation, suggests that the differences
between the continents are masked by homoplasy. This could be explained by the high
mutation rate of the microsatellite markers, which leads to the relatively fast recovery of
genetic variation but a high risk of homoplasy over time.
One of the key features about the natural history of mitochondria is their association
with maternally inherited endosymbionts like Wolbachia. Since they are co-inherited,
Wolbachia can have profound effects on the evolutionary history of the host mito-
chondria. Wolbachia induced cytoplasmic incompatibility can drive a particular combi-
nation of mitochondria and bacterial types to very high frequencies in a population
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Figure 1. Unrooted Neighbour joining tree based on Nei’s genetic distance DS (Nei, 1987)
between subpopulations calculated on the basis of nine polymorphic microsatellites. Branch
lengths indicate genetic distance, numbers at branches the bootstrap value after 1000 permuta
tions. Numbers in brackets indicate the number of individuals combined in the subpopulation.
Germany = GER; Netherlands = NL; Switzerland, Italy and France = CH IT FR; Canada = CN;
Idaho = ID; New York = NY; Utah = UT; Montana, Oregon, Wyoming, Nevada and South
Dakota = MT OR WY NV SD; Pennsylvania and Virginia = PE VI; Indiana, Michigan, 
Ohio = IN MI OH, Russia = RU.

       



resulting in a Wolbachia-mitochondrial sweep in the host population. Such sweeps are
indicative of new Wolbachia invasions. Therefore, one explanation for the presence of
multiple mitochondrial haplotypes could be the presence of different Wolbachia infec-
tions in the wasps. Previous studies have shown that N. vitripennis is infected with two
Wolbachia strains, each belonging to one of the super groups A and B, with each infec-
tion causing bi-directional cytoplasmic incompatibility with each other. 
We found three individuals to be uninfected, and three to be singly infected with type
wNvitA. The loss of an infection only occurred in laboratory lines and can be attributed
to laboratory conditions, where prolonged diapause can result in the loss of infections.
We did not find any variation in the six genes of the Wolbachia among the 15 doubly
infected individuals. We do not expect that the missing variation is due to a reduced
sample size for the Wolbachia screen, as we selected the specimens in such a way that
we covered all variation based on the mitochondrial data. This would improve our chan-
ces of detecting a correlation between mitochondrial and Wolbachia variation, if present.
Nevertheless, the hypothesis that the variation in mitochondria in N. vitripennis is a
reflection of the variation in Wolbachia infections cannot be fully rejected. A key aspect
of Wolbachia biology in Nasonia that has recently emerged is the relative mutation rate
of the bacteria and host nuclear and mitochondrial genes. Nasonia has an extremely high
rate of synonymous mutation in its mitochondrial genes which are estimated to evolve
at a rate nearly 40 times faster than the nuclear genes. On the other hand, the Wolbachia
genome evolves at a rate that is approximately 1/3 that of the nuclear genes.
Extrapolating, there are roughly 120 mutations in the Nasonia mitochondria for every
mutation in Wolbachia. This can explain the mitochondrial diversity with respect to the
lack of diversity in the Wolbachia infections of N. vitripennis. 
Given the high mutation rate observed in Nasonia mitochondria (~ 40 greater than the
nuclear point mutation rate), the high similarity between the common haplotype in
North America and an uncommon variant in Europe implies that the bottleneck in North
America would have been very recent. Otherwise, variation would have accumulated in
the North American haplotype since the founder event. In contrast, the pattern of micro-
satellite variation would suggest that the founder event was not recent. Therefore, the
severely reduced mitochondrial variation in North America coupled with its high muta-
tion rate would argue for a North American mitochondrial sweep rather than a founder
event. Resolution of the issue, however, will require calibrating microsatellite to mito-
chondrial and nuclear (SNP) mutation rates.
Summarizing, we found clear evidence for a reduction in the mitochondrial variation of
North American samples compared to European samples in N. vitripennis. However, our
data cannot resolve between the following two scenarios: either a selective sweep in
favour of haplotype #2 (possibly due to associated Wolbachia variants) occurred in
North America, or N. vitripennis was introduced into North America. To decide conclu-
sively whether there has been a bottleneck or a selective sweep, more nuclear markers
with a lower mutation rate (e.g. SNPs) need to be screened, and the advent of high
throughput techniques will make this affordable in the near future. 
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Genetic basis of photo- and thermoperiodism in Nasonia
ALW research project of R.C. Bertossa (in collaboration with D. Beersma and R. Hut,
Chronobiology), started January 2008

In nature, periodism must be under high selection pressure since it relates to primary fit-
ness decisions, like timing of reproduction and survival strategies (hibernation and dia-
pause). Female Nasonia wasps (Hymenoptera; Pteromalidae) parasitize on fly pupae.
They can produce two types of larvae that can be morphologically distinguished (deve-
loping larvae are transparent and yellowish, diapausing larvae are opaque and white).
The first type develops to adult stage within 14 days (25°C) and is produced by the
female wasp at a young age. The second type consists of diapausing larvae (Photo 1), an
overwintering stage that requires a cold period to resume development into pupae. The
required number of days at which the transition from producing normal larvae to dia-
pausing larvae occurs strongly depends on photoperiod and on thermoperiod (Figure 2),
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Figure 2. Percentage of diapausing larvae produced by female Nasonia waps (A) as a function
of the amount of time per 24h of high environmental temperature (23C against 13C) and (B) as
a function of photoperiod.

Photo 1. Diapausing Nasonia larvae.

       



indicating an interaction between circadian and annual control mechanisms. The respon-
ses are extremely pronounced at the so-called critical photo/thermo-period. If the circa-
dian system is involved in this response, it is expected that modification of a critical ele-
ment in the circadian system will lead to clear changes in diapause induction. Well be fore
the era of molecular genetics, Nasonia wasps have been used extensively to decipher the
conditions under which diapause is induced. In this project we reinstate Nasonia to
study the genetic mechanism of diapause induction, using the molecular genetic tools
currently available.
Apart from diapause behaviour, Nasonia shows two other types of pronounced rhythmic
behaviours, ultradian in the form of cyclical motor patterns during courtship and circa-
dian in e.g. pupal emergence and adult locomotor activity under constant conditions
(Figure 3). The courtship rhythm concerns a frequency of about 0.1 Hz, far away from
the once per day frequency of circadian rhythms. If the period gene is involved in such
distinct frequency ranges it might play a general role in rhythmicity, and possibly in the
regulation of annual diapause induction.
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Figure 3. Activity record of Nasonia males (double plotted). The activity was entrained by a
light dark cycle during 3 days, followed by free run in darkness. 

Experimental approach
We will use an integrated behavioural and genetic approach to answer whether photo-
period and thermoperiod rely on similar genetic pathways to induce diapause. The uni-
que possibility to induce diapause by means of two distinct cues (photo- and thermope-
riod) will allow us to define the role of circadian clock genes in diapause induction. In
the genetic approach we will extend our preliminary analysis of candidate clock genes
(period, cryptochrome, timeless) in silico using the Nasonia Genome Sequence. This is
important as to immediately identify divergencies and commonalities with their coun-
terparts in other species at the structural level. This will serve as the basis for a trans-
cript analysis consisting of (1) determination of transcripts and alternative splicing (e.g.

       



sex-/temperature-/stage-/age-dependent) through RT-PCR, 5’/3’-RACE and/or scree-
ning of a Nasonia adult head cDNA library, (2) in-situ localization of transcripts, and (3)
nor thern blots and/or quantitative real-time PCR of different developmental sta-
ges/treatments. We will make gene knock-downs using the RNAi technique. Effective
gene knock-down is monitored by quantitative real-time PCR. Individuals whose genes
have been knocked-down will be used to measure locomotor activity in constant dark-
ness and diapause induction under various light- and temperature protocols. Specific
additional attention will be paid to heat shock factors. As a first approach we will meas-
ure transcript levels in females with different diapause characteristics. Second we aim to
modify heat shock genes by RNAi.
In another, recently initiated parallel project we will investigate whether natural variants
exist for genes involved in diapause induction. We have frequently observed differences
between laboratory strains in their diapause tendency under constant conditions.
Although not systematically investigated, these are expected to have a genetic basis and
may reflect for instance latitudinal clines in photo-and/or thermoperiod response. To test
this hypothesis, we will collect lines from different latitudes in Europe and North-
America, and measure the required day number for diapause induction as a function of
photo- and thermoperiod. Crosses between strains with different diapause tendency and
subsequent QTL analyses in combination with genome sequence information will be
used to identify putative underlying genes. 

Genetic linkage map of Nasonia based on microsatellite markers
L.W. Beukeboom, B.A. Pannebakker, T. Koevoets, and L. van de Zande

Genetic linkage maps are essential for the genetic analysis of biological traits.
Especially, the identification of the genetic architecture of quantitative traits relies
heavily on the availability of linkage maps. The availability of the genome sequence
information replaces the costly cloning and sequencing efforts to detect markers and
allows for the rapid development of hundreds of microsatellite and SNP markers. An
additional advantage of a physical genome sequence is that one can use information of
the genomic position to select markers with equal recombinational spacing across the
genome, which greatly facilitates mapping of traits of interest. Moreover, one can com-
pare local recombination frequencies with features of the physical map position to iden-
tify, for example, recombination hotspots, chromosomal inversions, and gene rich geno-
mic segments.
Our model organism is the parasitoid (jewel) wasp Nasonia vitripennis, whose complete
genome sequence together with its closely related congeners N. giraulti and N. longi-
cornis will be published soon (The Nasonia Genome Consortium 2009). Nasonia allows
for a comparison of recombination frequencies of a second hymenopteran to other
insects, as well as to the honey bee, which has an exceptionally high recombination rate.
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The Nasonia species complex has become especially instructive for genetic analysis of
species differences, because the species can be crossed and genomic regions easily
exchanged between species. For this purpose, many studies have used linkage maps
constructed from interspecific crosses. In fact, an intraspecific Nasonia map based on
molecular markers has never been published. However, linkage maps based on inter-
specific crosses may yield incorrect information, both in the location or recombination
distance between a marker and the gene/s of interest due to hybridization artefacts.
Recombination frequencies may be increased or decreased when combining genomes of
two species because of major genome reorganizations or the release of recombination
suppressors. Moreover, recovery of alleles may be affected by nucleo-nucleo and
nucleo-cytoplasmic genic incompatibilities that are known to occur in Nasonia hybrids.

Intraspecific N. vitripennis map
The map based on the crosses between two N. vitripennis field strains is 515 cM in size
and comprises 35 microsatellite markers. These markers are distributed over all five
linkage groups, representing the five chromosomes, and have an average distance of
10.0 cM (Figure 4). Eye colour markers were placed next to the marker they showed the
closest linkage with, based on segregation ratios between the mutant marker and micro-
satellites in F2 males of crosses between a mutant and a wildtype strain.
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Figure 4. Genetic linkage map of Nasonia vitripennis. The map comprises 35 microsatellite
markers on five linkage groups, spanning a total of 515 cM. Each chromosome contains at least
one eye colour marker, which allowed to link  linkage groups with the chromosome numbers.
Markers are shown on the left side and map distances are given in cM  on the right side of each
chromosome.

       



Intraspecific versus interspecific recombination frequencies 
We compared the recombination frequencies of 33 genome regions distributed over the
entire linkage map between adult N. vitripennis males (average region size 12.8 cM,
map size 515 cM) and interspecific N. vitripennis x N. giraulti embryos (average region
size 11.0 cM, map size 381.5 cM). We chose to use embryos of the interspecific cross
since we first wanted to eliminate the effect of hybrid incompatibilities in adults on
recombination frequencies potentially allowing us to identify genome-reorganizations.
Embryos of this particular cross do not show significant marker transmission ratio dis-
tortion. Pairwise comparison of recombination frequencies of the intraspecific and inter-
specific map revealed a slightly higher intraspecific recombination frequency on a
genome wide level of 1.8% (N=33 genomic segments, Wilcoxon matched-pairs test,
p=0.005). 

Interspecific N. vitripennis x N. giraulti versus N. vitripennis x N. longicornis recombi-
nation frequencies 
Comparing F2 hybrids with identical cytoplasm between interspecific N. vitripennis x
N. giraulti and N. vitripennis x N. longicornis crosses, did not indicate any significant
differences in recombination estimates for adults or embryos (N=13 shared genomic
regions; Wilcoxon matched-pairs test, p>0.05; Figure 5). Hybrids between N. vitripen-
nis and either N. giraulti or N. longicornis also did not show significant differences in
recombination rates (N=13 shared genomic regions; Wilcoxon matched-pairs test,
p>0.05), indicating that the N. giraulti and N. longicornis nuclear genome and cyto-
plasm act similar upon hybridization with the N. vitripennis genome.
One potential problem with using different species for genome mapping is that delete-
rious interactions between the two genomes may cause marker transmission ratio dis-
tortion, in particular in haploid males. Crosses between Nasonia species are known to
result in nucleo-nucleo and cytonuclear genic incompatibilities that cause an increase of
hybrid mortality in the hybrid’s larval stage. A major concern in Nasonia research
dealing with the identification of speciation genes and species differences based on
interspecific crosses has therefore been whether interspecific linkage maps accurately
reflect the correct order and distance between markers. We found that the presence of
segregation biases did not significantly affect the observed genome-wide recombination
frequencies (Figure 5), as linkage maps based on embryos or adults had similar sizes.
As we compared recombination frequencies between adjacent markers that were shared
between two mapping populations, our results are not obscured by differences in map
sizes due to differences in the number of markers used. In addition, we found that intra -
specific recombination rates were only slightly higher (1.8%) than interspecific rates,
which indicates that the observed genic incompatibilities between Nasonia species do
not severely increase or decrease recombination between the two genomes (or recovery
of particular recombinants).
We found no evidence for major genome rearrangements between the Nasonia species,
which may be explained by their relatively recent divergence. This suggests that hybrid
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Genetics and genomics of life-history trade-offs in the parasitoid wasp Nasonia
vitripennis
VENI research project of B.A. Pannebakker, started September 2008

Evolutionary change is driven by heritable variation in fitness, which is determined by
variation in life-history traits. Crucial to life-history theory is the existence of trade-offs
between traits, which limit the possible set of trait combinations. Much evidence exists
for trade-offs at the phenotypic level, but there is still little understanding of the under-
lying mechanisms at the genetic level. Understanding how natural selection acts on trade-
offs at the phenotypic level requires knowledge on how trade-offs work at the genetic
level. Life-history evolution has received much attention in parasitic wasps, focusing on
a wide array of traits, such as survival, fecundity (Photo 2), clutch size and longevity. 

breakdown in Nasonia is largely due to detrimental interactions between specific genes
rather than large scale rearrangements. 
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Figure 5. Comparison of recombination frequencies between embryo and adult mapping popu
lations in four interspecific crosses (Nasonia vitripennis x N. giraulti and N. vitripennis x N.
longicornis). The nuclear genome of the parental species is indicated by two letters representing
the parental species (V = N. vitripennis; G = N. giraulti; L = N. longicornis). The identity of the
cytoplasm is shown in brackets (e.g. [V]= vitripennis cytoplasm). Box plots show the median
(thick horizontal line within the box), 25 and 75 percentiles (box) and 1.5 times the interquartile
range of the differences between analogous genome regions defined by flanking shared markers
(horizontal lines), outliers are indicated by an open circle.
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Possibly the best understood life-history trait in parasitoids is sex allocation. The vast
amount of sex allocation research means we have an extremely good understanding of
the selective factors involved, which make sex allocation stand out as a model trait to
address general questions in evolutionary biology. In this VENI project, the genetic and
genomic constraints imposed on sex allocation by trade-offs with other life-history traits
will be determined in the parasitoid wasp Nasonia.
Focus will be on two trade-offs with offspring sex ratio: the well characterized trade-off
between offspring sex ratio and clutch size; and the trade-off between offspring sex ratio
and within-host mating tendency. For both trade-offs we will: (1) Explore the phenoty-
pic space using artificial selection. The selection lines will be used to: (2) Determine the
genetic constraints using a quantitative trait loci approach; (3) Determine the genomic
constraints at gene expression level using microarrays. By addressing the genetic and
genomic constraints of life-history traits, this work will be important for understanding
life-history evolution, and be informative about the limits of evolutionary adaptation to
climate change. Knowledge on the genetic basis of life-history traits can potentially
benefit the use of parasitoid wasps in biological control.

Photo 2. Parasitising Nasonia female.
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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 including
work on hybrid zones, speciation and phylogeography; and 2) experimental communi-
ty ecology, focusing on factors that promote resilience in complex benthic communities.
There are also subprogrammes related to invasive species and general ecology of the
Antarctic. We utilize field and laboratory methods with emphasis on links between eco-
logical and evolutionary processes. There is a strong emphasis on the development and
use of molecular tools in combination with manipulative field experiments.

1. Population genetics-genomics, response to global climate change, 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. 

The seaweed genus Fucus has provided new evidence for population/genetic changes in
response to global climate change. In a study by Coyer et al. (2008) (an F1000 recom-
mended citation in Dec 2008), the same population of F. serratus was sampled in 2000
and 2008 off the coast of southern Norway. Species composition and density in the area
changed significantly between 1968 and 2008 (Fig. 1), and allelic richness (as measured
by 26 microsatellite loci) of F. serratus declined by 14%. Perhaps more importantly, the
effective population size of F. serratus (the number of individuals that successfully con-
tribute to the next generation) decreased and the ratio of the effective population size to
the census size was extremely low (10-3 to 10-4). The decreases may be a response to the
increased frequency of exceptionally warm summers and mild winters in southern
Norway over the past decade and suggest that the Slåttholmen population of F. serratus
may be at risk of local extinction. On a more general level, being abundant (large cen-
sus size) does not guarantee local survival in the long term (small effective population
size).

We continued our phylogeographic analyses of the genus Fucus, specifically the North
Pacific and North Atlantic occurring F. distichus, and the Atlantic species F. vesiculosus
and F. spiralis. A field trip to Spitsbergen (Svalbard) gathered critical samples to better
understand the North Pacific-North Atlantic pathway (Fig. 2). Preliminary data suggest
multiple colonization pathways of F. distichus from the North Pacific to the North
Atlantic, a single colonization of F. vesiculosus from northern Europe the to the east
coast of US/Canada, and cryptic speciation within F. spiralis.
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Figure 1. The Slåttholmen site in (a) 1968 (Lewis 1968) and (b) 2008. Two common species in
1968 (Pelvetia canaliculata and Fucus spiralis) were absent and two others (Ascophyllum
nodosum, F. serratus) were significantly reduced in 2008.

               



Our hybridization studies in Fucus expanded with the recent introduction of F. distichus
in to Bergen Harbor (Norway). The species was introduced within the past two years and
preliminary data reveal that the introduction is confined to 500 m of coast line and that
a single F. distichus x F. serratus (native) hybrid was present (Fig. 3). As it is a rare
opportunity to follow an introduction from the earliest stages, ecological and genetic
monitoring will continue in collaboration with the University of Bergen.
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Figure 2. Sampling site for Fucus distichus at Madeleinefjord, Spitsbergen.

Figure 3. Location of introduced Fucus distichus in Bergen Harbor, Norway. A single F. dis-
tichus x F. serratus F1 hybrid was found in location Fd1.
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The intertidal area is a harsh environment for marine organisms, as changes in tempera-
ture, salinity, light, and moisture occur both in a predictable (tidal) and unpredictable
(rapid) manner. Thus, intertidal organisms such as Fucus provide an excellent opportu-
nity to study population divergence with trait-associated genes. Using genome scans,
Coyer et al. tested 31 EST-linked microsatellites with two neutrality tests. Replicate
populations of F. serratus were compared along a strong salinity gradient in a
Norwegian fjord and across the Kattegat/Baltic Seas (Fig. 4). Only one locus was a con-
sistent outlier when comparing least saline to more saline sites in both regions. Nine
other loci revealed putative signatures of selection for salinity in either Norway or the
Kattegat/Baltic, but not both. The single locus annotated to a putative mannitol trans-
porter, an important component of cellular osmoregulation. Another locus was annota-
ted to TFIIIA, a polymerase active in the first stages of transcription. The search for loci
under salinity selection continues using recently developed AFLP and SNP markers.

Figure 4. Identification of outlier loci using the neutrality test of Beaumont and Nichols. Four
populations in a Northern Norway fjord spanning 12 km in distance and ranging from low
salinity (6.0 psu, K1) to fully marine salinity (33.0 psu, K4) are analyzed on a pairwise fashion.
Several loci lie outside of the 95% (red) and 99% (blue) confidence limits and therefore, are
putative loci under selection, particularly when comparing low vs. higher salinity populations.
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PhD student Jos Mieog completed his thesis in May which investigated the adaptive
bleaching hypothesis in scleractinian corals at two sites on the Great Barrier Reef. Using
custom holobionts, i.e., corals inoculated with specific algal strains of Symbiodinium, he
conducted a reciprocal transplant experiment between warm and cool reefs. He was able
to show that at least some corals are able to adjust their symbiont to different stress con-
ditions and that this happens in the field.

PhD student Andreas Zipperle has studied the reproductive ecology and population
dynamics of the dwarf eelgrass Zostera noltii in the Wadden Sea with a temporal sam -
pling of seeds from the sediment and genetic assignment tests of seedlings to popula-
tions of adult shoots from previous years (Fig. 5). Annual sediment seed density avera-
ged 421 m-2 for the two year period. From 16% - 25% of over-wintering seeds germina-
ted under laboratory conditions and field-germination revealed a 12% survival to the
seedling stage. Using nine microsatellite loci, seedlings sampled in 2004, 2005 and 2006
were compared with adults sampled in 2002, 2003 and 2004 and revealed that 7-33% of
seedlings could be assigned to the local adult population in current or previous years.
Although new recruitment plays an important role in the maintenance of these meadows,
considerable new recruitment comes from within the meadow. Seeds are viable for at
least three years, forming a relatively short-term, but persistent seed bank.

Figure 5. Zostera noltii. L to R from top: Ripe spathe
with seeds; seeds (1–2 mm); ruptured seed coat with
embryo ready to germinate; germinating seed with 
coleoptile; germination in the field.

               



Initial analysis of clonal architecture suggests that: 1) persistence and genet size are
positively correlated as clones, with >50% cover at the beginning of the growing sea -
son, were competitively dominant and persisted for at least two yrs (Fig. 6), and 2) long
term persistence of meadows in the intertidal Wadden Sea was achieved by high genet
turnover and frequent sexual reproduction from a seed bank. Outcrossing rates, multi ple
paternity and pollen dispersal are currently being investigated.

Marine Benthic Ecology and Evolution (MarBEE)

123

Figure 6. Fine scale clonal architecture of 1 x 1 m plots (subdivided into 0.2 x 0.2 m subplots)
from June 2003 to September 2004. Clone maps of plots Q1-4 are shown from left to right and
temporally sorted from top to bottom. Genotypes found on multiple sampling times are identi-
fied with letters. Genotypes found in more than one subplot, but at only one sampling time, are
identified by numbers. Genets are framed in black for better visualization. Small triangles (!)
indicate unique genotypes found only once in time. Light grey areas indicate bare sand.

Marloes Poortvliet, former TopMaster student, started her PhD study in April. Her pro-
ject will investigate population connectivity and dispersal in devil rays in the tropical
Pacific. Her project is a collaboration with Prof. Donald Croll (Univ. California at Santa
Cruz, CA) and co-sponsoring from the Monterey Bay Aquarium Research Institute. 
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2. Experimental community ecology

Biodiversity and resilience

The main aim of this research group within MarBEE, led by tenure tracker Britas
Klemens Eriksson, 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
so far focused on hard-bottom communities and in 2008 we performed a number of new
experiments in the Baltic Sea that demonstrate how human impacts cannot be confined
to single trophic levels and ecosystems. 

In 2008 the group was also able to attract a major grant from the Start Program:
Changing Carrying Capacity within the new NWO Program on Sea and Coastal
Research (ZKO). This grant covers two PhD and one post-doc position within CEES
(MarBEE, Animal Ecology and COCON) that together with participants from NIOZ and
NIOO has initiated a major research program with focus on understanding human
impacts in the Wadden Sea food web. In 2009 we will start a number of field-experi-
ments testing consequences of removing ecosystem engineers on the resilience and
function of soft-bottom communities.

Eutrophication and fishing are among the most important drivers of biodiversity loss
and attendant marine processes at a global scale. Previous work by Eriksson and stu-
dents have discovered trophic cascades in shallow bays in the Baltic Sea, by manipula-
ting the abundance of larger predatory fish in small-scale experiments. During 2008, we
documented declines of the dominating coastal predators - perch and pike (Perca flu-
viatilis and Esox lucius, respectively) - and explored causes of these declines. The
results where striking and show that large-scale effects of off-shore fishing for cod
(Gadus morhua) have spilled over in to the coastal zone, generating parallel off-shore
and coastal trophic cascades (Fig. 7). Cod fisheries have changed the open Baltic Sea
from a cod-dominated ecosystem with high abundances of zooplankton, to a planktivore-
dominated ecosystem with high phytoplankton production. While cod abundances have
decreased 75 %, the abundance of the dominating planktivore (sprat - Sprattus sprattus)
has doubled since the 1980s. We demonstrated that an 80% decline in perch and pike
stocks was related to their inability to compete with sprat for zooplankton during their
larval stage, thus leading to a reproductive failure that hase accelerated since the mid-
1990s. The absence of perch and pike, in turn, leads to another mesopredator-release of
a medium-sized coastal fish, the three-spined stickleback (Gasterosteus aculeatus), that
together with nutrient enrichment, increases the production of filamentous algae. Thus,
in this project we have demonstrated that the detrimental effects of commercial off-
shore fishing cascades to adjacent ecosystems and makes the coastal zone less resilient
to eutrophication effects.

               



PhD student Katrin Sieben is exploring the effects of changes in trophic structure on
ecosystem function by combinations of experiments manipulating the Baltic Sea food-
web. Her research specifically looks at consequences of functional diversity in predator
and prey communities. In 2008, we scaled up earlier small-scale field experiments,
generating artificial mesopredator releases in four 30 m x 30 m cages on the Swedish
east coast (Mönsterås) (Fig. 8). The aim was both to 1) document specific effects on the
herbivore community by earlier demonstrated increases in mesopredators (sticklebacks)
from excluding larger predatory fish (perch and pike), and 2) to validate if the small
scale results were translatable to near-natural conditions. Increasing stickleback abun-
dances in the cages decreased the abundance of palatable invertebrate herbivores (am -
phipods, isopods, and small gastropods), while unpalatable herbivores were unaffected
or increased (larger gastropods). At the same time, the growth of filamentous algae
increased significantly with increasing abundances of sticklebacks. This suggests that
we have a trade-off between grazing efficiency and predator defences in this herbivore
community, that determine the strength of a trophic cascade from predators to algae.
Katrin’s project has already made a novel contribution by demonstrating that the inter-
action between predator and prey traits controls effects of human impacts on marine
food-webs.
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Figure 7. Parallel trophic cascades and ecosystem connectivity in the Baltic food-web. The
trophic cascades generate reinforcing interactions between off-shore fishing and coastal eutro -
phication.

               



SUSUSE-Sustainable use and conservation of marine living resources

The main objective of the NWO project ‘Sustainable use and conservation of marine
living resources’ (SUSUSE) was the examination of temporal and spatial mismatch
between biological processes and resource exploitation as well as management action.
Within the final phase of the project this information was integrated in order to develop
general approaches for sustainable ecosystem management and the implementation of
an ecosystem approach. In this context, post-doc Henning Reiss focused on three
research objectives as part of the SUSUSE project: a) reviewing the mismatch between
the genetic population structure of marine fish and current management units in the NE
Atlantic; b) testing the suitability of quota management strategies for wider ecosystem
management approaches; and c) investigating the effects of fishing disturbance on ben -
thic communities.

The mismatch between genetic population structure of fish and current management
units was clearly demonstrated. A spatial mismatch was found for six fish species, des -
pite the fact that data about population structure are still rare for most of the species
exploited in the NE Atlantic. The review discussed alternative approaches based on a
greater understanding of the underlying complexity of populations, which will require
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Figure 8. One of four fish enclosure cages placed along the shore at Mönsterås, western Baltic
Sea, Sweden. Inset: one of 24 algal sampling substrates placed in each cage.
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both genetic information and implementation of fisheries management techniques that
reflect an understanding of the underlying population dynamics and complexity.

Although management units should ideally match with biologically meaningful entities,
the question remains as to whether the fisheries management tools currently used with -
in these units are directly linked to effects on relevant biological components of the eco-
system. Many current fisheries management systems still apply the total allowable catch
(TAC) for target species (stocks) as the main management tool. 

Using the mixed demersal fisheries of the North Sea as a case study, we analyzed the
relationship between annual TACs and resulting fishing effort (as a proxy for fishing dis-
turbance) and tested the hypothesis that changes in TACs are directly linked to changes
in the resulting fishing effort. The results showed that linkage between TACs and fishing
effort in the mixed fisheries of the North Sea is weak and, thus most ecological manage-
ment objectives cannot be addressed by using TACs as the main management tool. 

However, for the implementation of an Ecosystem Approach to Management, which is
a holistic approach aiming to control effects of fishing on all major ecosystem compo-
nents, these linkages are essential.
In the previous study we pointed out that effects of fishing on non-target ecosystem
components are of particular importance to achieve future ecological management
objectives within the framework of an ecosystem approach. Therefore, we studied the
effects of different fishing disturbance regimes on benthic communities within a heavily
fished area in the southern North Sea. The overall objective was to investigate whether
the effects of fishing on benthic community structure and function were detectable in
areas with a long history of fishing. The results showed that even in heavily fished areas,
benthic biomass, species richness, and secondary production decreased significantly
with increasing fishing intensity. This finding is in contrast to the assertion that incre-
ased trawling effort in already heavily trawled areas would have little, if any, addition-
al impact on benthic communities with important consequences for management. Thus,
in implementing an ecosystem approach, managers will need to take into account the
possibility that, even in areas of high chronic fishing disturbance, further increases in
fishing activity may still cause additional damage to non-target ecosystem components.
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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
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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).

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. 

Adaptational processes that allow Ralstonia solanacearum to survive under temperate
climate conditions
The Gram-negative bacterium Ralstonia solanacearum is a plant pathogen that causes
bacterial wilt of a variety of plants and is responsible for great economic losses in tro-
pical and subtropical areas. The bacterium is highly diverse in host range, biochemical
properties and virulence. In the nineties, potato brown rot, caused by race3/biovar 2, was
increasingly observed in temperate climate zones. Despite efforts to prevent re-intro-
duction and spread, R. solanacearum was still detectable in the Netherlands in 2004.
The presence of the bacterium in surface water and the colonization of Solanum dulca-
mara (bittersweet), a weed that grows along west European waterways, plays an impor-
tant 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
persisted in the local surface waters and in S. dulcamara growing along the waterways,
as the organism can still be found in several sites in the Netherlands. We hypothesized
that the organism may have increased its fitness by adaptations in its genome, allowing
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
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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. 
The fitness of three R. solanacearum biovar 2 strains was studied under semi- natural
temperate climate conditions (low and moderate temperature) and upon invasion of
tomato plants. The strain set consisted of two well defined potato strains, i.e Dutch strain
1609 and tropical strain 715 and one bittersweet strain, strain KZR-5, which lacks a
putative genomic island (PGI-1) of which the function is unknown. To investigate a
potential role for PGI-1 under stress conditions or in association with plants, we com-
pared the fitness of strain KZR-5 with two strains isolated from different habitats (tem-
perate vs tropical) under low temperature conditions and upon invasion of tomato. R.
solanacearum biovar 2 strains were kept in water at 20ºC and 4ºC and plate counts were
performed to monitor the ability to form colonies (culturability) over time. Strains incu-
bated at 20ºC remained culturable for up to two years with CFU numbers that decreased
from between log 6.6 and log 7.1 CFU/ml at day 1 to between log 3.7 and log 6.1
CFU/ml upon incubation for two years. Strains incubated at 4ºC started to show a
decline in CFU numbers after 30 days with differences between strains emerging after
prolonged incubation. Strain KZR-5 was the most tolerant to the induced low tempera-
ture stress and remained culturable for at least 113 days (log 1.3 CFU/ml). Investigation
of the competitive ability of strain KZR-5 against strains 1609 and 715 showed in -
creased fitness for strain KZR-5 at 16ºC. Using 1:1 mixed start cultures of strains 1609:
KZR-5 and 715: KZR-5, the number of KZR-5 cells was, after six serial dilutions, incre-
ased 6 to 370 fold relative to strain 1609 or strain 715 cells present in the mixture. Upon
inoculation of tomato plants with single strains, no difference in virulence was observed.
However, when using 1:1 mixtures of strains, we found a reduced ability for strain KZR-
5 to colonize plants. This result suggests a potential role for PGI-1 in plant interaction. 

Fungal-associated bacterial communities and their adaptation - The role of plasmids
with high gene-mobilizing capacity 
The selection of a specific bacterial type in the mycosphere of the ectomycorrhizal fun-
gus Laccaria proxima was investigated. The organism, identified as Variovorax para-
doxus, comprised 8.5% of the total culturable bacterial community in the mycosphere.
It was closely related to a group of plant- and fungus-associated sphingomonads. Strain
HB44 was unable to survive in the soil in which the mycosphere of its L. proxima host
had selected it. The low survival rate was attributed to the acid nature of the soil (pH
4.0), as a pH raise to 5.6 in the soil resulted in greatly enhanced survival and growth.
Moreover, strain HB44 survived well in two other, more neutral, soils. The presence in
the soil of a close relative of L. proxima, the saprophytic fungus Lyophyllum karsten,
was shown to raise the pH, which was consistent with the apparent selection of V. para-
doxus types in the mycosphere. 
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L. karsten grown in liquid was an avid producer of glycerol (detected via HNMR ana-
lysis), which constituted the most abundant carbon source present in exudates. Strain
HB44 was able to grow at the expense of the glycerol liberated by the fungus, as evi-
denced by HNMR analysis of the exudates before and after bacterial growth.
Specifically, the glycerol peaks were completely absent after bacterial growth, indica-
ting degradation by HB44. It was subsequently shown that strain HB44 grew on glyce-
rol, and that, in glycerol amended soil, its survival was enhanced as compared to that in
unamended soil. 
The presence of hyphal networks of L. proxima like fungi in acid soil may create speci-
fic niches for S. echinoides types. In addition to the putative release of specific metabo-
lites, it also creates a less acid pH which is favourable to V. paradoxus survival and
growth. 

Bacterial interactions with mycorrhizal fungi – migration via the fungal highway
Bacterial interactions with fungi are common in soil, and microscopic analyses have
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. We hypothesi-
zed that soil bacteria, which live in a grossly carbon-deprived habitat, 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. In this study, the selection of
bacteria on the basis of their migration via fungal hyphae in soil was investigated in
microcosm experiments containing Lyophyllum karsten (DSM2979). One week follo-
wing inoculation with a bacterial community obtained from soil, selection of a few spe-
cific bacterial types was noticed at 30 mm in the growth direction of L karsten in sterile
soil. Cultivation-based analyses showed that the migration-proficient types encompas-
sed ten bacterial groups, as evidenced by GTG-5 genomic fingerprinting as well as 16S
rRNA gene sequencing. These were (>97% similarity) Burkholderia terrae BS001, B.
sordicola BS021, B. sedimenticola BS010, B. phenazinium BS028, Dyella japonica
BS013, BS018 and BS021, Sphingoterrabacterium pocheensis BS024, S. daejeonensis
BS025 and Ralstonia basilensis BS017. Migration as single species was subsequently
found for B. terrae BS001, D. japonica BS018 and BS021 and R. basilensis BS017.
Typically, migration only occurred when these organisms were introduced at the fungal
growth front, and only in the direction of hyphal growth. Migration proficiency showed
a one-sided correlation with the presence of the hrcR gene, used as a marker for the Type
III secretion system (TTSS), as all single-strain migrators were equipped with this sys-
tem and most non-single-strain migrators were not. This stood in contrast with the low
prevalence of TTSS within the bacterial community used as an inoculum (<3%).
Microscopic examination of B. terrae BS001 in contact with L. karsten hyphae revealed
the development of a biofilm surrounding the hyphae. Migration-proficient bacteria
interacting with L. karsten may show complex behaviour (biofilm formation) at the fun-
gal tip leading to their translocation and growth in novel microhabitats in soil.
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Microbial diversity and functioning in complex ecosystems 
In November 2008, a new activity started in the microbial ecology group with the advent
of the appointment of Joana Salles as a tenure tracker. The activities listed in this report
correspond to those carried out in the last two months of 2008, the period during which
the focus was mainly on the development of the novel research lines. In broad terms, the
research interests are in the diversity and biogeography of microorganisms. For both
topics, we will go beyond the descriptive analyses and provide a mechanistic interpre-
tation of the causes and consequences of microbial diversity and distribution. Following
this general guideline, a PhD project was elaborated to study the relationship between
bacterial diversity and the stability of bacterial communities. From previous work, there
are indications that complementarity of resource use is a key mechanism controlling the
productivity of bacterial communities. In this context, the aim of the PhD project is to
address the role of complementarity for resource use in the long term functioning of bac-
terial communities, such as: 
(i) the community stability under changing environments and 
(ii) the resistance and resilience of the communities when subjected to environmental 

stresses. 
This project is funded by the RuG (bursaal), and the candidate should start in September
2009. 

The rice endophyte diversity – a metagenomics approach
Bacterial endophytes live inside plants for at least part of their life cycle. Studies of the
interaction of endophytes with their host plants and their function within their hosts are
important to address the ecological relevance of endophytes. The modulation of ethylene
levels in plants by bacterially produced 1-aminocyclopropane-1- carboxylate deami nase
is a key trait that enables interference with the physiology of the host plant. Endophytes
with this capacity might profit from association with the plant, because 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. To
investigate this hypothesis further, a metagenomic DNA library was obtained from rice
plants of rice cultivar APO grown in an experimental field of the International Rice
Research Institute in the Philippines. DNA was isolated from the roots applying a pro-
tocol that minimized contamination with plant DNA as well as DNA derived from rhi-
zoplane-colonizing microbes. Library construction and sequencing was performed by
JGI. A total of 100 Mbp sequence information was obtained, of which approx. 50 Mbp
were derived from endophytes. In addition, a PCR-based 16S rRNA gene library was
constructed and sequenced, yielding information of 696 full-length bacterial 16S rRNA
genes. Phylogenetic analyses revealed an unexpectedly high diversity of putative bacte-
rial endophytes. The majority of endophytes belonged to Alpha- and Gamma-
Proteobacteria comprising a number of novel clades. In addition, several endophytes
grouped with the Beta-, Delta- and Epsilon-Proteobacteria as well as with Firmicutes
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and Planctomycetes. The metagenome sequence revealed several strikinfg functional
characteristics, which are specific for endophytes and provide greater insight in the
interaction between rice and endophytes. A publication on these findings is in prepara-
tion.

Microbial maturation of novel substrates
In this Ph.D. project, we assessed how microorganisms colonize thermally-treated grass
fibers. The project was executed in collaboration with Plant Research International,
Wageningen. What microbial players and what mechanisms play a role and what is the
outcome? Can microbiological stability, i.e. the medium- to long-term persistence of a
community of stable composition, be achieved? Can phytotoxic 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. In 2008,
the research was completed. Eleven bacterial and one fungal strains significantly re -
duced phytotoxicity. These were all checked for their ability to grow on agar containing
phenol, 2-methoxyphenol, 2,6-dimethoxyphenol, 2-furalaldehyde, pyrrole-2-carboxal-
dehyde and furan-2-methanol as sole C-sources. The fungus F/TGF15 and the bacterial
strain 66/TGF15 could grow on all six compounds. Five bacterial strains grew on 2 up
to 4 compounds, and one strain (72/TGF15) on one compound. Four strains did not grow
on any of the toxic compounds. Gas chromatographic analyses of torrefied grass extracts
determined which compounds were removed by the microorganisms. One strain depleted
phenol, 2-methoxyphenol, 2-dihydrofuranone and pyrrole-2,5-dione-3-ethyl-4-methyl.
Four strains and the fungus depleted 2-furalaldehyde, 2-furan-carboxaldehyde-5-methyl,
pyrrole-2-carboxaldehyde, 5-acetoxymethyl-2-furaldehyde, and benzaldehyde-3-hydro-
xy-4-methoxy. The most promising candidates to colonize and simultaneous ly reduce the
phytotoxicity of torrefied grass fibres were affiliated with Pseudomonas putida, Serratia
plymuthica, Pseudomonas corrugata, Methylobacterium radiotolerans and Coniochaeta
ligniaria. These were tested in a microcosm experiment with pot plants. Radoslava
Trifonova successfully defended her Ph.D. thesis at the RUG in december 2008.

Analysis of bacterial communities in soil by use of denaturing gradient gel electro -
phoresis and clone libraries, as influenced by different reverse primers
To assess soil bacterial diversity, PCR systems consisting of several slightly different
reverse primers together with forward primer F968-GC were used along with subse-
quent denaturing gradient gel electrophoresis (DGGE) or clone library analyses. In this
study, a set of 13 previously used and novel reverse primers was tested with the canoni-
cal forward primer as to the DGGE fingerprints obtained from grassland soil. Analysis of
these DGGE profiles by GelCompar showed that they all fell into two main clusters sepa-
rated by a G/A alteration at position 14 in the reverse primer used. To assess differences
between the dominant bacteria amplified, we then produced four (100-membered) 16S
rRNA gene clone libraries by using reverse primers with either an A or a G at position

            



14, designated R1401-1a, R1401-1b, R1401-2a, and R1401-2b. Subsequent sequence
analysis revealed that, on the basis of the about 410-bp sequence information, all four
primers amplified similar, as well as different (including novel), bacterial groups from
soil. Most of the clones fell into two main phyla, Firmicutes and Proteobacteria. Within
Firmicutes, the majority of the clones belonged to the genus Bacillus. Within
Proteobacteria, the majority of the clones fell into the alpha or gamma subgroup where-
as a few were delta and beta proteobacteria. The other phyla found were Actinobacteria,
Acidobacteria, Verrucomicrobia, Chloroflexi, Gemmatimonadetes, Chlorobi, Bacte roi -
detes, Chlamydiae, candidate division TM7, Ferribacter, Cyanobacteria, and Deinococ -
cus. 
Statistical analysis of the data revealed that reverse primers R1401-1b and R1401-1a
both produced libraries with the highest diversities yet amplified different types. Their
concomitant use is recommended [Appl Environ Microbiol. 2008 74:2717-27].

The functional and structural prokaryote diversity of soil under potato 
This project aims to elucidate the functional and structural prokaryote diversity of soil
under potato in order to understand how the plant affects the microbiota associated with
it. Two Ph.D. students are involved in the work. The experiments were executed in the
field and one full growth season was monitored. The first season sampling was comple-
ted, including rhizosphere and bulk soil samples take at three plant growth stages. 

In the first part of the project (Ph.D. student 1), we are trying to establish a normal ope-
rating range (NOR) for the cropping of potato in Dutch soils, using nitrification in soil
as an indicator step. The first year was mostly used to test and optimize procedures for
the extraction of DNA and further purification of soil samples, in order to analyze the
microbial community. Since both archaeal and bacterial groups are capable of oxidizing
ammonia, a system is required for analysis of both these groups. An existing PCR ampli-
fication system of 16S rDNA fragments specific for ammonia oxidizing bacteria is there-
fore not complete. An option to monitor both bacterial and archaeal ammonia oxidizers
is to analyze the gene amoA. This is a gene encoding a subunit of the AMO enzyme,
catalyzing the first step in the oxidation of ammonia to nitrite, thought to be the limiting
step in nitrification. In soil samples, the amoA gene was analyzed using two different
strategies. The first is DGGE, giving a fingerprint of the community based on PCR
amplification of a DNA fragment. The second is a qPCR system, following the presence
of either bacterial or archaeal amoA.
DGGE - The analysis of the community with DGGE has so far resulted in the setup and
optimization of the system for archaeal amoA. Preliminary results seem to indicate that
different growth stages of the plant cause a major shift in the community composition
of ammonia oxidizing archaea. More investigations should provide a better view on the
effects of cultivar, field and other growth stages on the community composition. The
DGGE system for bacterial amoA still needs to be optimized further. After optimization,
samples can be tested fast and on larger scale to assess the effects of cultivar, field (soil
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type) and growth stage on the community composition of bacterial ammonia oxidizers.
qPCR - The qPCR systems for both the bacterial and archaeal amoA fragments needs
further optimization before any results can be obtained.

Since a second interest was in the mineralization of sulfur via desulfonation (Ph.D. stu-
dent 2), a qPCR system was established to follow the organisms which are responsible
for this process. A pure culture isolate, Variovorax sp., was used as a positive control in
the detection system. Besides, DGGE analysis on rhizosphere-derived DNA was per-
formed which will indicate if the microbial community structure of the rhizosphere soils
of six different cultivars grown at the same sampling site differ from each other and indi-
cate where a transgenic plant takes place in between them. It will also point out if there
is any effect of sampling site on the samples belonging to the same cultivars and indi-
cate shifts of relative abundances of ribotypes in comparison with bulk soil.
As a result of practical work on soil DNA extraction, there will be a publication - in a
shared first authorship with P.P. Hill and E.F. Hoogwout: Effect of soil DNA extraction
method on the apparent microbial diversity of soil.

The baseline of soil functioning across a range of soils 
Soil represents a highly heterogeneous and dynamic environment for its microbiota. The
biodiversity of the living soil is uncountable. Soil microorganisms play key roles in
several important ecosystem processes, including nutrient acquisition, nitrogen cycling,
carbon cycling and soil formation. Thus, the microorganisms in soil are important in
maintaining the quality of agricultural soil systems. It is known that there is a natural
fluctuation of the soil microbiota and its activity, which is caused by factors such as soil
type and soil edaphic factors, plant type, soil management practices and environmental
perturbations. 
Biological nitrogen fixation lies at the basis of all life on Earth. It is performed by phy-
logenetically diverse groups of prokaryotic organisms which harbour the nifH gene. The
relationship between soil microbial community structure and ecosystem processes, such
as nitrogen cycling, is relatively poorly understood. Hence, this project will, through an
in-depth analysis of a representative number of soils selected all over the Netherlands,
evaluate the baseline of soil functioning and the impact of soil abiotic conditions, plant
growth stage (before planting, seedling stage, flowering, senescence, after harvest) and
season, using different nitrogen cycling genes and several microbial groups as bioindi-
cators.
In 2008, we achieved the following. Eight soils were sampled as representative soils
across the Netherlands. Soil DNA was extracted (15 ug/g of soil) using the Power Soil
Mobio Kit, and shown to be of sufficient purity for subsequent PCR-based analyses.
Different microbial groups were analyzed by PCR-DGGE, i.e. Bacteria, Archaea, Alpha -
proteobacteria and Fungi. Abiotic (e.g. nitrate, ammonium, total carbon, total nitrogen,
dissolved organic carbon and dissolved organic nitrogen) as well as biotic (e.g. copiot-
rophs; oligotrophs; denitrifies; nitrogen fixers) parameters were measured over time.

Microbial Ecology

139

            



Microbial diversity in contrasting terrestrial soils and sediments 
While there has been considerable research carried out on the prokaryotic communities
of natural environments, much less is known about those of human-affected environ-
ments. What research there is, often focuses on the management of microbial commu-
nities (e.g. bioreactors, compost heaps) or on the effect of contaminants, rather than
assessing these communities as a potential resource for bioprospecting. 
Environmental DNA from urban street dust and contrasting soils was characterized with
eubacterial, actinobacterial and type I polyketide specific primers. Street dust samples
were taken from a range of European cities (e.g. Paris, Brussels, Groningen) and Faisa -
la bad, Pakistan. Soils were on contrasting parent materials (e.g. limestone, glacial till)
under cultivation, forest or pasture from the Czech Republic, Canada, Colombia and
Siberia. Results from all four primer sets suggest that actinomycetes are selected for in
street dust. Actinomycetal sequences composed more than 90% of two clone libraries
from street dust, and were absent from soil clone libraries. Type I polyketide sequences
from street sediments were actinobacterial, while the majority of those from soil ap -
peared to be from the myxobacteria, a subgroup of the "-proteobacteria.
These results suggest that city streets are promising sources of novel Actinomycetal
diversity. Biostatistical analysis of the clone libraries is underway in collaboration with
students of the Hanzehogeschool.

Culturing the ‘unculturables’; a challenging approach to recover new species from
the rhizosphere
It is generally accepted that between 1-5 % of the bacteria present in soil can be cultured
and also the vast majority of bacteria present in rhizospheres are unculturable under
standard culturing conditions. In this study, we aim to enhance the culturability of such
populations. Moreover, the omics age increased the knowledge about microbial com-
munities in the environment providing direct access to the vast majority of unculturable
bacteria. Even though the omics techniques offer great advances in our capabilities to
unravel the rhizosphere microbiota, there still are technological hurdles that hamper a
thorough analysis. To circumvent problems such as mosaic genomes, interpretation of
huge databases and lack of information along time course we developed a research
based on: (a) a initial isolation step of hitherto uncuturable bacteria from the rhizosphe-
re environment; (b) study the distribution of these ‘special’ isolates in the different soil-
plant compartments, (c) study of their fluctuation in time course in different plants, (d)
genomics of selected bacterial strains. 
In the first two years of this experimental program using low carbon availability media,
long incubation periods and screening of microcolonies we obtained one isolate affilia-
ted to the Acidobacteria group 8 (leek rhizosphere) and eight Verrucomicrobia subdivi-
sion 1 isolates (leek and potato rhizospheres) and other bacteria previously uncultured
from well-characterized phyla. During the third year, we developed a qPCR for an
Acidobacteria group 1 isolate based on soil metagenome data from previous research.
In a pilot study with this qPCR, we demonstrated that rhizosphere soils show lower

CEES Progress Report 2008

140

            



numbers of Acidobacteria group 1 representatives when compared with the respective
bulk soil. Also, we studied the distribution of the Acidobacteria and Verrrucomicrobia
population in the bulk soil, outer and inner rhizosphere with culture-dependent and -
independent techniques. With this approach, it was shown that Acidobacteria and
Verrucomicrobia communities differ in composition in different soil compartments both
in the culturable and unculturable fractions.
In the coming year, we aim to study specific Acidobacteria and Verrucomicrobia during
time courses in three different plant types (grass, leek and potato), to perform genomic
studies of selected bacteria and to have a primary description of the physiology of the
novel rhizosphere isolates. The data represent an initial and important step to understand
the ecology of the Acidobacteria and Verrucomicrobia as well as of other hitherto-
uncultured bacteria from the rhizosphere.

Bacterial diversity in the marine demosponge Aplysina fulva endemic in South-atlan-
tic coastal waters
This study, described below, was completed and the work published in a renowned inter-
national journal. To address the question whether benthic marine metazoans (sponges)
serve as collection and accumulation points for specific microbial communities in marine
settings, triplicate specimens of the demosponge Aplysinia 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-depen-
dent and cultivation-independent methods were applied to shed light on the bacterial
diversities present in the sponges. The cultivation-dependent approach revealed that all
sponges contained considerable bacterial loads, albeit at great variation among speci-
mens. 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, Actinobacteria and Pseudomonas revealed that the
structure of the bacterial assemblages in A. fulva differs drastically from that observed
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. Figure 1 shows the diversity of
Chloroflexi.
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Figure 1. Aplysinia fulva. 
Phylogeny of the Chloroflexi as delineated by 167 representative taxa. Solid circles next to tree
branches correspond to bootstrap values higher than 50%. Aplysina fulva derived clones are in
bold, with their respective tree leaves marked in red. Trees display one representative clone per
OTU. A single OTU embraces, here, all clone sequences sharing at least 99% similarity. All
previously described Chloroflexi subdivisions  as designated by Rappé and Giovanonni (2003.
Annu. Rev. Microbiol. 57: 369 394) (clades 1 8) and Costello and Schmidt (2006. Env.
Microbiol. 8: 1471 1486) (clades C12, C05, H09, E05, G04, B12 and A07)  are shown and
appear, mostly, as collapsed clades. Clades composed exclusively by uncultured (dark green) or
containing cultured (light green) representatives are differentiated. Four novel Chloroflexi sub
divisions represented solely by sponge derived uncultured bacteria are highlighted (colored ran
ges on sequence labels).
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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-atmosphere interactions; External forcings of marine phytoplankton
growth; Energetics and Behavioral mechanics of (marine) animals; Marine trophic inter-
actions, and Polar marine Ecosystems. An overview is given for the first four themes.
Research falling within the last Theme (Polar marine ecosystems) is integrated in the
other themes. First, we shortly report on the Antarctic IPY-CASO/GEOTRACES Polar -
stern expedition, in honour of our lost expedition members.

Antarctic expedition in the International Polar Year
In the context of the 2007-2008 International Polar Year (IPY), 1 scientist of the CEES
Department of Plant Physiology, 6 scientists of the CEES Department of Ocean
Ecosystems and 10 scientist from NIOZ joined an Antarctic expedition of overall 54
scientists and 42 officers and crew aboard the research ice-breaker Polarstern of the
Alfred Wegener Institute for Polar and Marine Research (Germany). The aim of the
expedition was to conduct a research program, integrating physical oceanography and
sea-ice dynamics (Climate in Antarctica and the Southern Ocean; IPY-CASO) with the
study of trace elements and isotopes (IPY-GEOTRACES) in relation to the pelagic eco-
system and the ocean carbon cycle. The 17 campaign members of The Netherlands fo -
cused on the increasing CO2 uptake; the effects of this elevated CO2 accompanied by
ocean acidification on the plankton ecosystem; the photoinhibition and photopigment
composition of phytoplankton; the role of viruses in plankton ecology; the trace metals
iron (Fe), manganese (Mn) and Aluminium (Al) and the major nutrients nitrogen (N),
phosporus (P) and silicon (Si).
Polarstern expedition ANT XXIV-3 left from Cape Town, South Africa, at 10 February
2008 and arrived at 16 April 2008 in Punta Arenas, Chile (Figure 1). Upon 3 weeks of
research along the Zero Meridian section, at 29 February the expedition traveled in tran-
sit to the German Neumayer station on the Antarctic ice shelf in order to supply the base
and exchange a few personnel.
Shortly after the early morning sunrise arrival at Sunday 2 March 2008 of Polarstern at
the ice edge a helicopter left the ship bound for the Neumayer station. The helicopter
crashed and the pilot and the NIOZ technical expert Willem Polman lost their lives.
Maarten Klunder, PhD student of NIOZ, was among the three passengers on the back
bench who fortunately survived the accident thanks also due to their fast rescue and
excellent medical treatment of injuries. In this annual report the grief for the loss of
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Willem Polman and the pilot combines with gratitude for the full recovery of Maarten
Klunder and the two other injured who have now all returned to work.
The expedition was delayed until successful evacuation of the three injured passengers
by airplane on Wednesday 5 March upon which date Polarstern continued the journey
and the scientific program, also in honor of our lost colleagues. 
The expedition was scientifically very successful and the major findings are written into
manuscripts for several PhD theses in preparation by Steven van Heuven, Ika Neven,
and NIOZ colleagues Maarten Klunder, Rob Middag and Charles-Edouard Thuroczy, all
five towards eventually obtaining the PhD degree at the University of Groningen.
Sometime after the expedition Babette Bontes has left the PhD candidate position.
Several manuscripts are in preparation for a dedicated special issue of the expedition
ANT XXIV-3 to be published in Deep-Sea Research II. For those who returned home,
the wondrous impressions of Antarctica remain but are dominated by the tragic events
of 2 March and the memories of our lost friends remain etched into our minds.
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Figure 1. Route of expedition ANT XXIV 3 aboard Polarstern, dots show days of the calendar
year 2008.

            



Marine Biosphere-atmosphere interactions
Steven van Heuven, Han van der Strate, Hans Slagter, Hein de Baar

During the above described ANT XXIV-3 Polarstern cruise Steven van Heuven (PhD
student) and Hans Slagter (MSc student) measured the concentrations of CO2 (as
Dissolved Inorganic Carbon or DIC) in full depth profiles over the water column. The
recently collected CO2 data contribute significantly to the detection of trends in the CO2
inventory of the Southern Ocean over the1984-2008 time interval based on high accur-
acy measurements (Figure 3). The associated measurements of total alkalinity help in
separating the anthropogenic contribution to the observed trends in the CO2 inventory
of the Southern Ocean from natural variability.
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Figure 2. Group photo of the Dutch team on the helicopter deck at the end of the Weddell Sea
section. Missing are Willem Polman (deceased 2 March) and Maarten Klunder (evacuated 5
March). From left to right: Hans Slagter (OE RUG), Jan van Ooijen (NIOZ), Sven Ober
(NIOZ), Babette Bontes (OE RUG), Patrick Laan (NIOZ) and Charles Edouard Thuroczy
(NIOZ), Rob Middag (NIOZ), Hein de Baar (OE RUG), Loes Gerringa (NIOZ), Erwin Frijling
(NIOZ), Cees van Slooten (OE RUG), Ika Neven (PP RUG), Steven van Heuven (OE RUG),
Anne Carlijn Alderkamp (OE RUG), Claire Evans (NIOZ). (Affiliations: OE RUG is Ocean
Eosystems group University of Groningen, PP RUG is Plant Physiology group University of
Groningen, NIOZ is Royal Netherlands Institute for Sea Research).

            





Our own datasets for a time series of cruises along a meridional section between Ireland
and the southern tip of Greenland (Figure 4) have also been contributed to the CARINA
database. This section is very crucial, because a large part of uptake of anthropogenic
CO2 by the oceans takes place in wintertime in waters North of Iceland, where deep
mixing combined with formation of deep waters is a conduit to bring CO2 into the deep
oceans. Next the deep waters of the basin North of Iceland contribute to deep overflows
over the sills situated to the east and the west of Iceland. This is the origin of the well-
known global ocean conveyor belt of deep waters flowing through the deep ocean bas-
ins of the rest of the world. Our section of repeated cruises is judiciously positioned just
South of these major overflows. We are now able to quantify over years and decades,
the increasing CO2 content of these deep waters flowing southward into the Atlantic
Ocean basin.
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Figure 4. Concentrations of anthropogenic CO2 in the North Atlantic Ocean in micromoles per
kg seawater. Towards the North Iceland is positioned, surrounded by the large Iceland plateau.
Towards the East and West the shallow sills separate the northwards deep Greenland Iceland
Norwegian Sea from the southwards deep North Atlantic Ocean. Every winter within the
Greenland Iceland Norwegian Sea there is net uptake of anthropogenic CO2 and formation of
deep waters. Next these deep waters overflow southwards across the shallow sills and enter into
the North Atlantic Ocean. Highest concentrations of anthropogenic CO2 are found in surface
waters (up to 60 µmol/kg), resulting from atmospheric uptake. Near the bottom concentrations
are much lower: around 0 µmol/kg just West of the UK, where the water has not been in recent
contact with the atmosphere. Intermediate concentrations of anthropogenic CO2 are found in
the intermediate layers and the bottom waters further West, which have in recent years been in
contact with the atmosphere in the Greenland Iceland Norwegian Sea and higher Arctic
regions. Data collected in 2008 cruise and further processed by Steven van Heuven, Henk
Zemmelink and Astrid Hoogstraten.

            



The North Sea as a carbon source or sink
Within the Carboocean project weekly surveys of CO2, salinity, O2, pH, turbidity, chlo-
rophyll fluorescence and temperature in surface waters are executed (since January
2008) with autonomous instruments (Ferry Box) aboard the Voluntary Observing Ship
Trans Carrier (Seatrans Inc., Norway) sailing between Bergen (Norway) and Amsterdam
(The Netherlands) and aboard the Zirfaea (Dutch monitoring program North Sea, coope-
ration with RWS, DNZ). The overall objective of the Carboocean project is to use this
combined data set to accurately examine the chemical, physical and biological factors
that determine the temporal and spatial role of the North Sea as a carbon source or sink.
Since the beginning of 2009 also phytoplankton species composition shifts are measured
biweekly using flowcytometry (Cytosense, Figure 5) and DGGE (denaturating gradient
gel electrophoresis), in order to determine and quantify key species within the investi-
gated North Sea transects.
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Figure 5. Cytosense: a flow through analysis system for fast optical analysis of individual sus
pended particles. Detection and quantification is done using fluorescence and light scattering
signals generated by particles flowing in single file through a sharply focused laser beam. 

            



External Forcings of marine phytoplankton growth
Anne-Carlijn Alderkamp, Peter Boelen, Paul Janknegt, Gemma Kulk, Willem van de
Poll, Hein de Baar, Anita Buma

Photoacclimation of natural Antarctic phytoplankton assemblages
On the Ant 24/3 ‘Polarstern’ cruise, Anne-Carlijn Alderkamp studied the photoacclima-
tion of natural phytoplankton assemblages in the photic zone of the Southern Ocean.
The pigment composition and fluorescence properties of Antarctic phytoplankton were
determined in profiles of the surface 100 m of the water column at various locations
along the cruise track. In addition, photoinhibition and recovery thereof were deter mined
in short-term surface irradiance exposure experiments (Figure 6). Both experiments and
profile data revealed that photoinhibition is a common aspect for phytoplankton residing
at the surface of waters in the Antarctic Circumpolar Current with deeply mixed upper
layers, as well as at the surface of the shallower mixed layers of the ice-covered Weddell
Sea. Surface levels of Photosynthetically Active Radiation (PAR) and UV-A radiation
(315 - 400 nm) damage the core proteins in photosystem II (PS II), thus preventing phy-
toplankton from efficiently using all available light in the upper mixed layer. This, rather
than low light levels per se, affects phytoplankton growth on the zero meridian transect.
This research is a joint effort of the Ocean Ecosystems group of the University of
Groningen, the Royal NIOZ and Stanford University, California, USA within the frame -
work of the US-IPY funded project DynaLiFe: The interplay of iron limitation and dyna-
mic irradiance conditions in governing the phytoplankton distribution in the Southern
Ocean.

CEES Progress Report 2008

152

Figure 6. A typical example of photosynthetic efficiency of PS II (Fv/Fm) dynamics during a
surface irradiance exposure experiment followed by recovery under low light conditions. Means
and standard deviations are shown for triplicate incubations of water collected at 10m and 50m
depth, without and with (+) the addition of lincomycin, an inhibitor of repair of PS II.

            



Southern Ocean Primary Productivity in a High-CO2 World 
This research project is a cooperation between the CEES departments Plant Physiology
(Neven), Babette Bontes (NIOZ) and Ocean Ecosystems (Boelen). The project is focu-
sing on plankton ecology of the Southern Ocean in a High-CO2 World by experiments
mimicking the CO2 of glacial/interglacial periods of past >400,000 years, the modern
CO2 of today, and the double CO2 of 2050 A.D. Dramatic surface ocean pH changes (due
to the invasion of CO2) are expected to have a major impact on marine primary produc-
tion, particularly in the polar oceans. The Southern Ocean is in this respect of special inte-
rest: CO2-dependent changes in the availability of inorganic carbon might affect the bio-
logical carbon pump and accordingly influence the Southern Ocean in its function as
anthropogenic CO2 sink. To predict the consequences of varying CO2 scenarios on the
phytoplankton community, it is necessary to understand how different CO2 levels affect
algal carbon metabolism. Most algal species respond to low CO2 concentrations through
the induction of carbon concentrating mechanisms. With these mechanisms they can opti-
mize their internal CO2 concentration and adapt to variations in external carbon concen-
trations. Although this mechanism is energetically unfavourable, algae may in this way
be capable of maintaining relatively high growth rates, under environmental conditions
where energy or other resources (light, nutrients) are non-limiting. The PhD students
Babette Bontes and Ika Neven (Department of Plant Physiology) conducted 6 phyto-
plankton experiments during the above mentioned ANT XXIV-3 Polarstern cruise, of
which 3 on the Zero Meridian, 2 in the Weddell Sea and 1 in the Drake Passage. In these
experiments (Figure 7) the local phytoplankton community was exposed to different CO2
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Figure 7. Carbondioxide incubation experiments under controlled laboratory conditions to
mimic the effect of CO2 on the plankton community during the last glacial maximum (190 10 6
atm), present (380 10 6 atm) and the future acidified ocean (750 10 6 atm). Shipboard experi
ments using natural Antarctic phytoplankton assemblages (Babette Bontes and Ika Neven, pho
tograph by Ika Neven).

            



levels to assess the response of algae to past, present and future CO2 conditions. An
effect of the different CO2 levels on the carbon uptake mechanism was observed, how -
ever no unequivocal effect on growth rate was measured. Phytoplankton communities
grown under high pCO2 showed an increase in particulate organic carbon (POC) con-
tent. However, no effect on C:N ratios was found. Using the isotope disequilibrium tech-
nique it was shown that phytoplankton are able to downregulate the contribution of ext-
ra cellular Carbonic Anhydrase (eCA) to inorganic C uptake under future high CO2.
Overall uptake of HCO3- was high ranging from 58 to 98 %. This makes bicarbonate
(HCO3-) the predominant carbon species taken up by Antarctic phytoplankton. Changes
in phytoplankton composition community during experimentation are now being asses-
sed microscopically in stored samples.
Earlier lab-based work had demonstrated that under saturating irradiance and nutrient-
replete conditions, pCO2 affected the affinity for dissolved inorganic carbon (DIC) but
not the growth rate in the Antarctic diatom Chaetoceros brevis. In a new series of labo-
ratory experiments the Antarctic diatom C. brevis was cultivated under dynamic irra-
diance (simulating wind driven vertical mixing) as well as under constant irradiance.
Four irradiance regimes were tested: the algae were grown under saturating irradiance
(dynamic, constant) as well as under low, energy limited, irradiance conditions (dyna-
mic, constant). The cultures were aerated with sterile synthetic air containing low or
high CO2. During the experiments growth, oxygen evolution, PSII efficiency, C/N ratio,
pigment content and RuBisCO enzyme activity and gene expression were monitored.
The first results indicate that under natural, dynamic irradiance conditions there is no or
only a minor effect of CO2 on growth rate and photosynthetic performance of this
Antarctic diatom.

Xanthophyll cycling in marine microalgae
The light that drives phytoplankton photosynthesis is highly dynamic in terms of quan-
tity and spectral composition. Meteorological conditions (passing clouds), optical pro-
perties of the water column (attenuation, focusing of light by waves), and wind driven
transport (vertical mixing) contribute strongly to these dynamics. Therefore, fluctu-
ations in perceived light can range from full sunlight to complete darkness and can occur
on a time scale that varies from seconds to hours. When residing in the upper part of the
water column phytoplankton can be exposed to excess photosynthetically active radia-
tion (PAR: 400 - 700 nm), which coincides with ultraviolet radiation (UVR: 280 - 400
nm) exposure. Short wavelength UVR is attenuated faster than PAR, causing a vertical
gradient in spectral composition in the water column. Therefore, frequency and duration
of high PAR and UVR exposure depend on the turbulence and light attenuation in the
aquatic environment. Excess PAR and UVR affect various molecular targets, which can
lead to reduced growth or viability loss in situ. However, microalgae have developed
several mechanisms for photoprotection, such as antioxidant activity, UVR absorbing
compounds, enhanced D1 protein turnover or DNA repair mechanisms. Xanthophyll pig-
ments play a crucial role in photoprotection during high radiation exposure. In diatoms,
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the light harvesting xanthophyll pigment diadinoxanthin is rapidly de-epoxidated into
the heat dissipating pigment diatoxanthin upon excess irradiance exposure, in order to
facilitate removal of superfluous energy. So far, research on the interacting effects of
excess PAR and UVR on xanthophyll synthesis and xanthophyll cycle activity had pro-
duced contrasting views. In 2008 we compiled the state of knowledge on the impact of
excess irradiance, including ultraviolet radiation, on the photoprotective xanthophyll
cycle in marine microalgae. Furthermore, supporting experiments were conducted during
a field campaign carried out at Estacion Fotobiologia Playa Union, (Trelew, Chubut,
Argentina, November 2008) using the common temperate diatom Thalassiosira weiss -
flogii. Cultures of this alga were repeatedly exposed outdoors under natural radiation con-
ditions, however with and without exclusion of natural UVR. These outdoor incubations
gave clear results with respect to UVR induced xanthophyll cycle functioning. First of
all, moderate UVR exposure caused enhanced synthesis of the xanthophyll cycle pigment
diadinoxanthin, as opposed to non-UVR exposed cells (Fig. 8). This de novo synthesis

Ocean Ecosystems

155

Figure 8. Incubation of the marine diatom Thalassiosira weissflogii under moderate ambient
UV conditions, at Estaction Fotobiologica Playa Union, November 2008. UV addition caused
rapid synthesis of xanthophylls pigments. As a result, counterintuitively, DEPS was depressed
under natural UVR exposure (vd Poll & Buma, in press).

            



led to reduced xanthophyll cycle activity when expressed as DEPS (de-epoxidation
state, relative level of heat dissipation, Fig. 8). However, the UVR induced reduction in
de-epoxidation state did not imply reduced dissipating potential given the increase in
xanthophyll pigment pool size.

Photoacclimation of marine picophytoplankton
This recently started PhD project focuses on genotypic and phenotypic variation in pho-
toacclimation processes in marine picophytoplankton and the consequences of stratifi-
cation and deep vertical mixing for oceanic phytoplankton productivity and composi-
tion, with particular attention to the Gulf of Aqaba (Red Sea) system. In order to start
laboratory experiments, several phytoplankton species were purchased from the Roscoff
Culture Collection (France) and the Provasoli-Guillard National Center for Culture of
Marine Phytoplankton (United States of America), including the key oceanic species
Prochlorococcus sp. and Synechococcus sp.. Cultures were transferred successfully so
that a culture collection of picophytoplankton, representative for the Gulf of Aqaba (Red
Sea), is now available at the Department of Ocean Ecosystems, University of
Groningen. In addition, several methods commonly used for measuring phytoplankton
growth and photosynthesis, including flowcytometry, have been tested and optimized
for the smaller (pico)phytoplankton species. First series of experiments were conducted
studying photoacclimation potential of some key picophytoplankton species, using our
computer controlled dynamic irradiance set-ups. 

Energetics and Behavioral mechanics of (marine) animals
Henk-Jan Hoving, William Thielicke, Eize Stamhuis

Squid
In July 2008 Henk-Jan Hoving visited the Monterey Bay Aquarium Research Institute
in Moss Landing (California, USA) where he performed experiments on live deep-sea
squid in collaboration with the midwater ecology research group of Dr Bruce Robison.
Squids were caught alive between 500-1000 m of depth by the Remotely Operated
Vehicle ‘Ventana’ (Figure 9) in the Monterey Canyon, and brought back to the research
ship at the surface. 
The aim of his research was to validate increment deposition in the squid statoliths (hear
stones), meant to determine age and growth rates of deep-sea squid. The tested hypothe -
sis was that increments are laid down daily, comparable to neritic squid. Live squid were
brought back to the lab and exposed to tetracycline solution which is incorporated in the
statolith, forming a fluorescent increment (indicating t0). Subsequently the squids were
kept alive for as long as possible in the institute’s seawater lab. When an animal died,
the statoliths (~2 mm long) (Figure 10) were sectioned and viewed under a microscope.
The number of elapsed days was compared to the number of formed increments after the
fluorescent tetracycline marking. The results of these experiments were promising but
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the number of caught squid and the survival rates was low. Longevities and growth rates
are still unknown for any deep-sea squid and therefore additional experiments are nee-
ded.
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Figure 9. ROV Ventana in operation (Monterey Bay Aquarium Research Institute). 

Figure 10. ROV Electron microscopy photograph of squid statolith. 

            



Ontogeny of jet-propulsion in juvenile squid
Within the project on the effect of size and scale on the physical interaction process
between animal and environment, a study of the ontogeny of jet-propulsion in juvenile
squids (picture) and culttlefish was 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.
In cooperation with the sea aquarium facility of the ‘Arsenaal’ in Vlissingen we were
able to continue the experiments with a new year-class of larval and juvenile cuttle-fish
(Sepia officinalis). This showed that an increase of locomotor efficiency with size (and
therefore with age) was indeed evident. The results are now being processed further.

Mapping flow around bird wings
For the project on mapping flow around bird wings the in-house developed apparatus for
testing hydro- en aerofoils and wing- and fin-shapes started to deliver its first real data
series. Apart from the model of the wing of an Indonesian swiftlet we are also using an
‘idealised and generalised’ bird wing based on morphometric measurements and litera-
ture data. The new system is able to measure actual Lift and Drag forces developed by
the hydro- or aerofoil in water but in principle also in air. This can be done simulta neous
with mapping the flow in 2D or in 3D around the moving foil using our Digital Particle
Image Velocimetry system to verify the hydro- and aeromechanics of fins and wings.
The first experiments showed that unsteady flow phenomena enhanced the flow great-
ly. These experiments are currently verified and the created dynamic forces are com -
pared to previous assumptions and hypotheses. 
To see whether unsteady aerodynamics such as delayed stall or a Leading Edge Vortex
(LEV) play a part during flapping flight in birds, we built a robotic bird wing that
mimics the wing shape as well as the flapping pattern of an Indonesian swiftlet
(Collocalia linchi). We made the transparent wing flap in our water tunnel at the appro -
priate Reynolds number and Strouhall number, that is at reduced flow speed and redu-
ced frequency compared to flapping in air. The whole flowfield around the wing was
mapped in 3D using Digital Particle Image Velocimetry by taking series of 2D cross-
sectional planes from two perpendicular views. This was done by traversing the laser
sheet + the camera at sub-pixel accuracy using a home-built traversing system. The
results allowed a detailed full 3D analysis which clearly showed a start-vortex at the
beginning of the downstroke, a LEV developing instantaneously on the top side of the
wing which was continuous with the tip vortex (see Figure 11). The full 3D approach
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allowed for a momentum balance analysis which showed that the wingbeat indeed pro-
vides more than enough lift force to keep the bird airborne, but also showed that at low
speeds the added lift from the LEV is necessary to stay aloft. Further experimental work
with a range of wing variables, such as planform, profile, sweep angle and twist is cur-
rently conducted as part of William Thielicke’s PhD-project in cooperation with the
University of Applied Sciences in Bremen.

Schooling behaviour
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 (in coope-
ration with C.K. Hemelrijk, Theor. Biol. CEES). We have an on-going series of experi-
ments 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. Comparison of the
empirical results with the theoretical models shows that on average the models fit rea -
sonably well but that the fish modulate and vary continuously along the predicted ideal
line. By using different 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 help to progress our under-
standing of schooling behaviour as well as further validating and adapting the models.
Recent experiments concentrated 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 fac-
tors such as the presence of a constriction or an aquarium wall influences the school
shape indirectly through adapted behaviour of individuals. These effects are studied fur -
ther and implemented in the models. 

Mechanisms of filter feeding
In 2007 a study on the mechanism(s) of filtration in filter feeding fish was started. Many
fish (e.g. herring and mullet) feed by either filtering blobs of water parallel to their
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Figure 11. Top view of the flow pattern around the robotic model wing of an Indonesian swift
let during 7 stages of the downstroke. The wing is visible as an orange outline, vorticity iso
surfaces are displayed in 2 levels, showing from left to right the start vortex at the trailing edge
connected to the leading edge vortex (LEV) and the base vortex; the LEV increasing in
strength as time during the down stroke progresses, until the LEV tip vortex system breaks
down at the end of the downstroke.
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periodic inhalation of water for respiration purposes, or swim with their mouth open,
directing 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 upstream sides to filter food items out
of the water and keep these in the buccal cavity. Unlike many human used sieves, these
rakers do not seem 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
mechanisms are involved. Potential mechanisms in this group are very short flow rever-
sals 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 leaving a slurry of food particles for inges -
tion. 
To get accurate and detailed insight in 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 informa-
tion on the filter-characteristics as a function of raker position and gill position. The 3D
arrangement of the filtering structures appeared to be very difficult to deduce from dis-
sected animals, because the dissection also damaged the tissues that keeps them in place.
We established a cooperation with the university medical centre (UMCG-Dept Nuclear
Diagnostics) to make 3D reconstruction of intact (frozen) fish using CT scanning. This
appeared to be a very calculation-intensive exercise that is starting to yield its first
results now (Figure 12). 

Figure 12. X ray Computer Tomography of the head and gill system of a Herring (Clupea
harengus) showing the gill structure inside the intact head. (Top view = left panel, side view =
middle panel, frontal view = right panel). Cooperation with Dept of Nuclear Diagnostics,
University Medical Centre.

            



Marine trophic interactions
Karin de Boer, Anouk Piquet, Han van der Strate, Anita Buma

Consequences of climate change for Arctic marine pelagic microbial communities
The objective of this IPY project is to increase our understanding of the conditions that
structure coastal Arctic microbial and phytoplankton production, abundance and diver-
sity and how this is influenced by melt water of retreating glaciers. A second field cam-
paign was performed in April-May 2008 in the Kongsfjorden - Krossfjorden system,
Spitsbergen (78° 55’N, 11° 56’E), in collaboration with the Alfred Wegener Institute
(AWI). The 2008 campaign covered the initiation of the Arctic spring bloom, while the
2007 campaign had focused on the termination of the spring bloom and the transition to
post-bloom conditions. The study was carried using the research vessel Teisten enabling
us to visit 3 sampling stations in each fjord (outside the fjord, in the middle of the fjord
and in front of the glacier) on a weekly basis from April to May 2008. Water samples
were collected for microbial/phytoplankton species abundance, composition and diver-
sity, together with profiling of physical/chemical water column properties (salinity, tem-
perature, spectral light attenuation). The relative algal class abundance was determined
by HPLC pigment fingerprints, whereas species composition was determined by classi-
cal microscopy and by sequencing, while community shifts and diversity was assessed
by DGGE DNA fingerprinting. Additionally, bacterial and phytoplankton production
were measured using isotope incorporation assays, and group specific activity of major
bacterial groups was determined by Micro-CARD-FISH. This method combines fluo-
rescent group specific probe labeling and the uptake of radioactively labeled amino-
acids. We also conducted land-based minicosm experiments, studying the effects of tur-
bidity, salinity and nutrients on species composition, diversity, abundance and producti-
vity of the eukaryotic and bacterial microbial community. 
Although DGGE and pigment analysis are currently in progress, the available data sug-
gest increased phytoplankton and microbial activity in April due to increasing solar
angle. Stations in front of both glaciers (Kongsbreen, Lillehöökbreen) showed particu-
larly high species richness compared to the other stations. The phytoplankton spring-
bloom was first detected outside the fjord and was characterized by high biomass (maxi-
mal 15 " g Chl a / L), dominated by Phaeocystis sp. and diatom species. Advection of
the bloom into the fjord provided similar bloom conditions at the mid- and inner-fjord
locations with one and two weeks delay, respectively. The spring-bloom lasted into May,
when all major nutrients became depleted. This marked the termination of the spring-
bloom and the transition to the nutrient depleted post-bloom situation, characterized by
low biomass (0-1 " g Chl a / L), dinoflagellate dominance and a strong increase in spe-
cies richness. This was observed in all stations of both fjords. Bacterial production incre-
ased throughout the bloom period in response to the increased input of dissolved orga-
nic matter. The composition, abundance and activity of the bacterial community also
reacted to the phytoplankton bloom. Micro-CARD-FISH analysis revealed a strong
increase in Bacteroidetes and Roseobacter abundance and activity in both fjords in
response to increased primary productivity. 
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We are currently integrating the data collected over the three field campaigns (2005,
2007 and 2008). Our sampling periods coincided with the onset of the bloom, the decay
and transition to the summer-stratified grazer dominated situation. Thus, we will shed
more light on the natural dynamics of the Kongs- Krossfjorden microbial communities
and in particular the influence of glacial melting throughout the productive period.

Fish killing microalgae
In East Asian coastal waters, marine microalgal species from the class of Raphido -
phyceae are feared for their induction of toxicity to fish and benthic life, leading to mass
mortalities and economic loss. So far such harmful algal bloom (HAB) events have not
been recorded in Dutch coastal waters. In contrast, in 1998, 2000 and 2001, Chattonella
aff. verruculosa caused mass mortalities of herring and garfish in the Skagerrak and of
salmon along the South West coast of Norway. In 2006 a huge bloom of C. aff. verru-
culosa (> 107 cells/l) was observed in Dutch coastal areas, yet, due to the lack of detail-
ed, comprehensive monitoring no direct harmful effects on the marine environment
could be observed. In general, recent phytoplankton monitoring data of RIKZ provide a
strong indication that several species of the raphidophytes are now permanently esta-
blished in Dutch coastal waters.
In our lab we study the key raphidophyte species Fibrocapsa japonica. This alga poses
a chronic problem to the Japanese fish farming industry. Since 1995, F. japonica is
observed yearly in the Dutch coastal zone, and it is believed that this is due to repeated
introductions via ballast water release. As a result many populations of F. japonica
might have been established in Dutch coastal waters. These different populations could
be genetically different and could therefore also differ in their toxicity. In 2008 we first
of all investigated whether new F. japonica populations could be established by hybri-
dization of existing local F. japonica strains. The probability of hybridization was inves-
tigated by screening thirteen potential hybrids and parental strains of F. japonica on their
genetic differences as well as a possible “Heterosis Effect”. This means that the hybrid
offspring could potentially be superior in traits such as toxicity, due to the heterogenic
combination of the parental genes.
Some earlier studies on HAB species had suggested a possible relationship between
toxicity and allelopathy, which is ‘the influence or sometimes harmful effects of a living
plant on other nearby plants or microorganisms’. In another study we investigated alle-
lopathic effects of F. japonica when co-cultured with a range of other microalgae.
Results of these experiments indeed demonstrated allelopathic responses of F. japonica
cells, but not towards all tested microalgal species. Judging from enhanced haemolytic
activity in the stationary growth phase of F. japonica it was concluded that the allelo-
pathic impact might be stronger under nutrient limitation. This might have ecological
implications, such as enhanced competitive potential under nutrient limited field condi-
tions.
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Another main issue addressed the possible ichthyotoxic effects of F. japonica on fish
behaviour and physiology. We used larvae of Dover sole (Solea solea), which is of high
economic importance in the Netherlands. Sole is common in the Dutch Wadden Sea and
North Sea, and uses the Wadden Sea as a nursery ground. At IMARES IJmuiden sole is
successfully cultivated, and therefore experiments were carried out in cooperation with
IMARES (Prof Dr. A.D. Rijnsdorp). Several possible vectors for ichthyotoxicity of F.
japonica were tested on sole larvae (Figure 13). These experiments included mucocyst
ejection, brevetoxin production and poly-unsaturated fatty acids (PUFAs) production.
F. japonica was shown to affect the performance of sole larvae. Mucocyst excretion
was expected to cause obstruction of the gills, however during some experiments the
threads could not be obtained. At a cell concentration of 1.8*104 cells mL-1 100% sole
mortality was observed. The exposure to pure brevetoxins showed a lower mortality
than the direct exposure of sole larvae to F. japonica cells. However, PUFAs induced
the fastest mortality of all tested mechanisms. Histological analysis, kindly performed
by Dr. M. Engelsma, Central Veterinary Institute (Wageningen UR) did not reveal gill
damage, mainly due to the poor development of the gills in the larval stage (Figure 14).
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Figure 13. Difference in appearance of the larval life stage of sole (Solea solea). The smallest
larva (left) was about one week old, while the oldest (right) was about 2 3 weeks. The one in
the middle is of intermediate size and age. Photo: J. Visser.

Figure 14. Five micro meter sections through the body of a sole larva (Solea solea).The images
are coloured with haemotoxylin eosine. Figure 2A is exposed to the cells of a turbulated Fibro 
capsa japonica culture. Figure 2B is exposed to the polystyrene balls of 20 µm. No histological
damage was observed.

            



The behaviour of sole larvae during exposure to F. japonica was also monitored.
Abnormal behaviour was observed when sole larvae were exposed to brevetoxins.
Furthermore the activity of sole larvae was influenced by the presence of F. japonica
cells. The highest activity was observed when they were exposed to a F. japonica cultu-
re from mid-exponential phase. This might indicate that the sole larvae respond to
enhanced PUFA cellular production during this growth phase. In conclusion, PUFAs
seem to be the most likely candidate causing fish toxicity. 
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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-
ming ly “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
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 parameters as fixed
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and externally given, even though these parameters are the result of an evolutionary pro-
cess. Many parameter combinations considered by ecologists are not “reasonable” from
an evolutionary point of view, since they are not evolutionarily stable. Hence evolutio-
nary 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 ecolo-
gical 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. This
may be helpful in gaining understanding of both the mechanisms of group behaviour and
their evolution. For instance, empirical validation in cooperation with empirical scien-
tists shows that the typical complex patterns of flocking of huge swarms of thousands
of starlings at their roosting site only appear in a model of ‘fish schooling’ if we add ban-
king while turning. Because the flocking behaviour of massive starling ‘clouds’ is diffi-
cult to study empirically, such models are needed to gain better understanding of its
mechanistic properties. Further, in a model of groups of individuals that perform domi-
nance interactions and show affiliate behaviour, a difference 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
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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 evolutionary 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-organization appro-
ach is a major challenge and one of the central goals of the Theoretical Biology research
programme.

Overview of Academic Results

In 2008, our group continued at a stable pace. Thor Veen, Magdalena Kozielska, Joke
Bakker and Thomas Berngruber all successfully defended their thesis. Magdalena’s de-
fence was awarded the qualification “cum laude”; she continues her career as a postdoc
at the University Centre for Pharmacy in Groningen. Thor Veen was awarded a Rubicon-
grant by the Dutch Science Organisation (NWO) to work on the evolution of dual-func-
tion sexual ornaments at the University of Exeter (UK). The self-organisation group of
Charlotte Hemelrijk organized a one-day workshop on “Reconciliation”, which was
financially supported by a Network grant of the NWO programme Cognition. The head
of the group, Franjo Weissing, became a member of the Executive Board of the Faculty
of Mathematics and Natural Sciences. In addition, he was appointed director of the new
Groningen Graduate School of Science. As a compensation for these additional duties,
we could attract Leif Engqvist (formerly University of Bonn) as a new member of the
Theoretical Biology group. 
The following contributions give an impression of the work being done in the
Theoretical Biology group. Barbara Feldmeyer presents a theoretical and an empirical
approach from her thesis on the effect of temperature on sex determination. Harold de
Vladar analyzes the stochasticity and variability in the dynamics and genetics of popu-
lations. Daan Reid applies a new type of model to study the hydrodynamics of swim-
ming fish. Pete Skelsey introduces a fractal-based approach to model the spread of trans-
genes in a landscape with populations of related and competing plant species. Leif
Engqvist reviews some of his recent work on male mating behaviour and sperm com-
petition in scorpionflies.
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The effect of temperature on sex determination - On the co-evolutionary dynamics of
environmental- and genetic sex determination
Barbara Feldmeyer, Franjo Weissing, Leo Beukeboom and Ido Pen

In many cold blooded species, like many reptiles and fish, the sex of an individual is
determined by temperature during embryogenesis with some temperatures leading to
female and others to male development. This is called temperature dependent sex deter-
mination (TSD). In contrast, in most other organisms, such as all mammals and birds,
the sex of an individual is determined by its genotype. Such a system is called genetic
sex determination (GSD). Recent work on the molecular basis of sex determination has
revealed that the dichotomy between GSD and TSD may not be as sharp as previously
believed. The underlying gene networks are quite similar and small changes can convert
a GSD system into TSD and vice versa. In addition, more and more species are being
discovered where both genes and temperature affect sexual development, and where
multiple sex determining (SD) systems coexist within one species. Phylogenetic analy-
ses strongly indicate that multiple transitions between GSD and TSD, in both directions,
have occurred.
There are several hypotheses regarding the evolution of TSD from GSD, but by far the
most influential hypothesis is the so-called Charnov & Bull hypothesis. The basic idea
is that the fitness of males and females is differentially affected by variation in environ-
mental conditions. Specifically, under some conditions females have a higher expected
fitness than males, while other conditions benefit males more. TSD is a mechanism that
allows for flexible adjustment of sex ratios in situations where biased sex ratios are selec-
tively favoured. GSD does not readily allow for such flexible facultative sex ratio adjust-
ments, thus giving TSD a selective advantage in these cases. However, the very flexibi-
lity of TSD can also be a liability when fluctuations in temperature between years are suf-
ficiently large. In that case, years with extreme temperatures may lead to very biased sex
ratios among the offspring, and thereby cause (near) population extinction. This is less
of a problem in long-lived species, where the fluctuations over a lifetime tend to cancel
each other out. 
Here we present a model that is not based on the assumption of environment-dependent
sex-specific fitness effects, but is based on selection for specifically biased sex ratios
due to local kin competition. Sex ratio theory predicts that the more dispersive sex
should be overproduced since it is least likely to compete with relatives for resources or
space. The basic idea is that under these conditions TSD is likely to evolve because it
allows for specifically biased sex ratios and therefore has an advantage over GSD. In the
model the degree of environmental fluctuations and longevities was systematically
varied to understand the interplay and importance of the different factors. Starting with
a GSD population it was investigated whether and under which conditions TSD might
evolve.
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Figure 1. Illustration of the main outcomes of our simulations: (a) GSD; (b) TSD; (c) coexis
tence of TSD and GSD; (d) new GSD; (e) two level GSD. Note that the sex ratio is 1:1 in all
cases except TSD (b) where the sex ratio is biased towards the dispersing sex, females in this
case. The TSD sex ratio variance is inversely correlated with the number of TSD individuals. 
In figure (c) TSD persists at a frequency of about 20 percent. The female bias at the T locus is
counter acted by a higher frequency of Y at the G locus. In figure (d) the C locus becomes the
new sex determination locus. The frequency of TSD increases while the Y chromosome goes to
fixation, the T locus evolves to extreme values leading to all females from “TSD” individuals
and all males from “GSD” individuals. In figure e) “TSD” also persists in the population howe
ver does not show any temperature dependence any more. All simulations started with 95%
GSD and 5% TSD individuals; &P, &F, &E = 0.01; dF,=0.99; dM =0.01; XY long lived.

Five different outcomes were observed (Fig. 1): (i) the initial GSD state was stable; (ii)
TSD evolved and took over; (iii) a new type of GSD evolved at a second locus; (iv) GSD
and TSD stably coexisted; (v) multiple coexisting GSD systems evolved. In line with
earlier work, TSD evolved more easily when environmental fluctuations were small and
when lifespan was long (Fig. 2). 

            





The effect of temperature on sex determination - Climatic variation and the geogra -
phical distribution of sex determining mechanisms in the housefly
Barbara Feldmeyer, Magdalena Kozielska, Bram Kuijper, Franjo Weissing, Leo
Beukeboom and Ido Pen

Here the main goal was to study the effect of temperature variation on the distribution
of sex determining (SD) factors in the housefly. The default sex of houseflies is female
since all individuals carry the female determining factor F. Individuals that carry an
additional male determining factor M, which suppresses the function of F, turn into
males. In the so called standard XY system, which is most common at high latitudes and
high altitudes, M is found on the Y chromosome. In populations at lower latitudes and
altitudes the M factor can be found on any, or even multiple of the five autosomes. In
populations with autosomal M factors females often posses a mutated version of F, the
FD factor, which is insensitive to M.
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Figure 3. Best predictors of frequencies of sex determining factors in houseflies, pooled data.
Relationship between the single variables of the most parsimonious logistic regression models
and frequencies of (A) males with autosomal M factors and (B) females with FD factors.
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But what causes these clines? The most obvious factor that varies along latitude is tem-
perature. This leads several authors to suggest that the distribution of SD factors is
somehow caused by variation in temperature. 
However, not only temperature but also other climatic variables change systematically
along latitudinal and altitudinal clines. Nowadays climatic databases are publically avai-
lable, making it possible to obtain data on a number of climatic factors on a global scale.
Using newly collected data on SD factor frequencies of the southern hemisphere plus
data of previously published studies and data on several climatic variables we conduc-
ted a meta analysis to investigate which climatic variable(s) can best explain the clinal
distribution of the SD factors.

The results show that seasonality in the degree of temperature variation rather than mean
temperature best explains the distribution of the male SD factor, in the sense that auto-
somal M factors are more common in places with less seasonal temperature fluctuation
(Fig. 3, Tab. 1). For female SD factors on the other hand the combination of humidity
and yearly mean temperature best explains their distribution, low humidity and high
mean temperature being positively correlated with the frequency of FD.
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Table 1. Logistic regression model selection for autosomal M frequencies (males) and FD fre
quencies (females) for pooled data. Depicted are the one variable models with the lowest
QAICc (i.e., Quasi Akaike Information Criterion), three of the best two variable and three
three variable models and the results of F tests by deleting the right most variable. Note that
the two variable models have lower QAICc than the one variable models, but for males the
second variable can be removed without significantly affecting the model. The same holds true
for the two variable and three variable models in females. DF = residual degrees of freedom;
bold = final model.

Model DF QAICc F P Model DF QAICc F P 
Males     Females     
Season2  92.24   Humidity  23.63   
Season2 + 
DailyTR 

71 88.17 1.09 0.30 Humidity + Tmean 26 18.65 6.82 0.02

Season2 + 
Sunshine 

71 89.16 0.50 0.48 Humidity + Sunshine 26 19.35 0.54 0.47

Season2 + 
Humidity 

71 92.16 0.05 0.83 Humidity + Frost 26 20.17 7.41 0.01

          

     
Humidity + Tmean + 
Sunshine 

25 17.74 0.29 0.59

     
Humidity + Tmean + 
DailyTR 

25 18.06 0.57 0.46

     
Humidity + Tmean + 
Season2 

25 18.28 0.00 0.97
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Stochasticity and variability in the dynamics and genetics of populations - Population
dynamics
Harold de Vladar and Ido Pen

Since its conception by Darwin and inspired by Malthus, the idea of “struggle for exis-
tence” in the evolutionary theory reflects that the differential growth of individuals is the
basic and fundamental process by which natural selection acts. The quantification of
population growth has been achieved in a battery of specific models that reproduce pat-
terns observed in natural and artificial populations. The use of these models goes beyond
the demographical description of populations, and they have been used to complement
other aspects of the evolutionary theory, from the genetics (next section) to life history
and ecology. Typically, the distinct descriptions are chosen by convenience, and not by
any objective criterion. We aim to bring several of these models together in a single
description. This has been achieved by studying not only the size of the population, but
also the per capita growth rate as two separate dynamic variables. 

Box 1. The model of growth decoposes the population size (x) and 
per capit  r h r  (r) into two separat  n mi  ri les:

dx/dt = x r
dr/dt = ( ) r

Where is the Maltusian growth 
parameter, and the intraspecific 
competition coefficient. Distinct 
combinations of these two 
parameters, along with the initial 
rate r* (shown as the gray 
density) recover common growth 
patterns, as shown in the figure in 
the right. The four dots in the four 
quadrants, are the main four regimes that the model has, and the four 
dots over the axes are bifurcation points. In quadrant I, r* is an unstable 
node, and determinate growth can exist; the point at = 0, following 
the arrow, is a bifurcation point (r* is at infinity). In quadrant II, r* is a 
saddle, with the stable variety in the ordinate. Following the arrow to

= 0 another bifurcation point is found. After this point only 
indeterminate growth and ext s are possible. Continuing to 
quadrant III, r* continues to be a saddle. Following the arrow to the 
point at = 0 another bifurcation is found. The stability of this point 
changes in quadrant IV to a stable node. Finally, returning to quadrant 
I, another bifurcation at = 0 changes the stable node to an unstable 
node, and determinate growth is again possible. Particular examples of 
the growth rates are represented with white dashed lines. Potential 
growth comprises parabolic and hyperbolic replication.
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In Box 1, we show the mathematical description of the model, along with a brief expla -
nation. In short, the model has two parameters, the Malthusian and the (intra-specific)
competition parameters, which can be tuned to obtain many different growth equations.
We are thus exploring the idea of the per capita growth – the average effects of density
on the Malthusian fitness of an individual – as a trait with its own demographic and evo-
lutionary response. In our opinion, this is more consistent with the context of the evolu-
tionary theory, where the individual is the focus of processes, but the population is evol-
ving. However, unlike models of determinate growth, our model does not hypothesize a
carrying capacity. Nevertheless, depending on the combination of the parameters and
initial conditions, limited growth might be a result. This is a first argument against the
idea of carrying capacity, which, according to the definition, is the amount of individu-
als that an environment can support. Of course the environment is a main determinant
of the fitness of an individual. But the latter is constrained and determined by life-his-
tory and genetics. Thus the relationship between fitness and environment is more neat-
ly regarded as a result of evolution in a given environment, rather than by only an envi-
ronmental capacity.
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Figure 4. Realizations of stochastic per capita rate dynamics. (A) Determinate growth: when
the deterministic rates decrease to zero, the stochastic dynamics will also decrease to zero, but
with a stochastic trajectory that touches zero at a random time. (B) Indeterminate growth: when
deterministic rates explode the stochastic dynamics remain finite. The dotted lines show deter
ministic solutions, while the continuous bold lines show the stochastic realizations.

Our second argument against carrying capacity determining the size of a population
comes from environmental and drift fluctuations of the intraspecific parameter. Here,
unexpected results arise. On the one hand, those populations that would grow to a deter-
minate size (e.g., a logistic-like growth) would still reach a stable size since their rate is
stochastically damped to zero (Fig. 4A), but this size would be attained at a random
value, irrespective on the deterministic “carrying capacity” (Fig. 5A). Furthermore,
these populations will fit extremely well to a logistic equation, despite the fact that the
mechanisms might have nothing to do with a logistic equation (Tab. 2). 

            



On the other hand, populations that would deterministically “explode” (i.e., grow to
infinity in a finite time) are regulated by the effects of noise (Fig. 4B). The stronger the
fluctuations, the stronger the damping of the interactions. Hence, these populations will
grow at a steady exponential rate (Fig. 5C).
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Thus, the stochastic element can explain a good deal of patterns in a rather different way
from the classical density dependent arguments based on carrying capacities. These are
aspects of our theory that allow falsification against models relying on the idea of car-
rying capacity as the mechanisms driving density dependence.

Stochasticity and variability in the dynamics and genetics of populations - Population
genetics
Harold de Vladar, Nick Barton and Ido Pen

A major step in evolutionary theory came with the discovery of Mendelian genetics.
However, metric traits have inheritance patterns that complicate their evolutionary dyna-
mics, especially in transient periods. Unlike the case of infinite alleles with differential

Table 2. The correlation coefficient (r2) between the parameters and estimators for the logistic
estimations are very low, indicating that the fits have little predictive power with respect to the
deterministic part of the process, even thought they could be considered virtually perfect. & is
the Malthusian growth rate; & the intraspecific competition coefficient; &* is the Malthusian
growth rate from the logistic fit; K* is the carrying capacity from the logistic fit.

    * 
* 0.53 0.3  

K* 0.07 0.03 0.01 

Figure 5. Integrations for population size for distinct realizations of the same process. (A)
Determinate growth, resembling logistic curves. (C) Indeterminate growth resembling exponen
tial growth (semi log scale). Otherwise as in Fig. 4.

            



effects over a trait when the replacement of an allele affects the trait in a notable way,
the evolutionary dynamics of metric traits are hard to predict. This is because selection
over a polygenic trait will induce asymmetries in the distribution of allele frequencies,
and the quantification of the asymmetry will require precise knowledge of the popula-
tion's genetic composition at all times. In an analogy with statistical mechanics in phy-
sics, we devised a method to be able to predict the evolutionary dynamics without nee-
ding to know the genetic composition of the population. We achieved this by averaging
over the possible fluctuations of genetic drift, and studying the evolution of the expec-
tancies of the trait and genetic variance. We did so by maximizing an entropy measure
which corresponds to the distribution of allele frequencies at equilibrium following the
diffusion equation model, and which approximates very well during the dynamics.
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Figure 6. Evolutionary dynamics of genetic variability (top left) and trait mean (top right). The
horizontal lines show the stationary values. The solid curves show the approximation, and the
dashed curves show  numerical solutions to the diffusion equation; these are not distinguishable
on this scale. Changes over time in the mutation rate (bottom left), and selection intensity (bot
tom right). Time is scaled to 2N generations, mutation rate at equilibrium is 0.6, and selection
changes from 2 to +2 at time t = 0.
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The approximation was implemented mainly for directional selection for a trait with an
arbitrary number of di-allelic loci of unequal effect, in a population of finite size that is
thus affected by genetic drift (Fig. 6). Our formulation achieves some generalizations of
the classical results of quantitative genetics like the breeder's equation, accounting for
the effects of mutation and drift jointly with the effects of selection over the changes
across generations in the trait means. 

We extended the ideas further in order to study the evolutionary dynamics of a group of
traits pleiotropically affected by the same genes. In this case, we extended Lande's for-
mulation based on the G-matrix of genetic covariances, for which we were able to com-
pute its dynamics under directional selection, as well as the effects of pleiotropy (Fig. 7).

            



We also re-evaluated empirically determined G-matrices for two populations of Rana
temporaria. The original study reports that selection has induced a change in G across
time, while re-evaluation with our methods show that although this is true, the effects of
drift and sampling account for a better explanation of the observed differences than
selection (Fig. 8). Finally, we introduced some ideas for the extension to stabilizing
selection and traits with dominance effects and epistatic effects, although more research
is needed in this line.
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Figure 7. Response of the G matrix (ellipses) of two traits subject to selection in opposite
directions, with varying degrees of pleiotropic effects. From top to bottom the amount of 
pleio tropic loci increases systematically from 0 to 6. Selection proceeds from neutral states 
to a selection mutation drift equilibrium with selection intensity of 2 and 2 over the first and
second trait respectively, and a mutation rate of 0.01. The horizontal direction is the time (log
scale). The lengths of the semi axes are given by 1.96 "½ where " are the eigenvalues of G. 
The orientation of the ellipses are given by G’s eigenvectors.
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Figure 8. Effects of drift and sampling on G (two principal components: development time and
tail length) in two Swedish populations of Rana temporaria. Top row: effects of genetic drift on
G evaluated by randomly sampling the allele frequencies (gray ellipses). Black ellipses: expec
tancies of G. Bottom row: effects of sampling individuals from a particular population (gray
ellipses). Dotted black ellipses: ‘empirical’ G's. Population and sample sizes are 300 for the
expectations, and 72 for the drift samples. The representations of G follow the conventions as
in Fig. 7.
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Flow around fish in a computer model
Daan Reid, Hanno Hildenbrandt, Johan Padding and Charlotte Hemelrijk

Swimming fish have fascinated scientists for centuries, but only recently has it become
possible to study their hydrodynamics experimentally. These empirical measurements of
hydrodynamics are difficult and time-consuming, however. Modelling studies can the-
re fore be of great benefit. 
Traditionally, hydrodynamics are modelled by approximating the Navier-Stokes
equations of flow. This method has some issues, however: it requires a spatial grid to be
continually adapted to whatever shape is being studied, and extra assumptions are nee-
ded for example to deal with sharp edges such as the trailing edge of the tail fin of a fish.
Recently a different type of models of hydrodynamics has come in use, so-called meso -
scale models. These models approximate the fluid as moving particles. Mesoscale
models have so far mainly been used to study microscopic phenomena in fields such as
physics, biochemistry and biology. In biology, they have been applied in studies at the
cellular level, for example red blood cells in flow.

            



Here, as part of a long-term project to study the hydrodynamics of swimming fish, we
use the recently developed multiparticle collision dynamics model for the study of the
hydrodynamics of shapes of biological organisms. We use multiparticle collision dyna-
mics because it does not use a grid, unlike most other mesoscale models, which makes
it much easier to accurately represent these shapes.
In this study we test how suitable this model is for our purposes. We first validate our
implementation of the model using simple geometrical shapes such as a rectangle and a
circle. Then we investigate the hydrodynamics of more complex, biological shapes,
namely a tadpole and a fish. Finally, we test the model by measuring the effects on drag
and flow of the addition of thin plates (so-called splitter plates) to simple shapes. 
First, to validate the model, we place a circular and square cylinder in a channel through
which fluid flows (Fig. 9).
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Figure 9. System setup. Fluid flows through a channel of width W and length L. An object of
diameter D (as measured perpendicular to the flow) is placed in the centre of the channel.

This is a standard experimental setup, for which much experimental and model data is
available. We measure the drag force on the cylinder and study the wake structure, and
compare our results against those from earlier experimental and theoretical studies. This
shows that our implementation is correct. Second, we investigate the more complex
shape resembling a tadpole because results are available from another modelling study.
One of the most interesting of their findings is that leg-like growths behind the thick head
neither change the flow nor increase the drag. We confirm this in our model (Fig. 10). 

Further, when we add the same leg growths to a fish shape in our model, they greatly
increase its drag (Tab. 3).Third, we note that the shape of a tadpole with its thick head
and long, thin tail resembles that of a cylinder with an attached splitter plate. We com-
pare drag and flow patterns of three shapes, namely a flat plate, a circle and a square,
with and without an attached splitter plate. In all cases, the addition of a splitter plate
appears to reduce drag (Tab. 4) and to stabilise the wake (Fig. 11). 
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Figure 10. Flow field around the shape of a tadpole. (A) from a previous modelling study, (B)
in our model and (C) in our model with added leg growths. Colour indicates flow speed.

Table 3. Drag coefficients (CD) for cylinder shapes without and with an attached splitter plate.

  Reynolds No. Without legs
CD 

With legs
CD 

Tadpole 528 1.01 1.01 
Straight fish 724 0.97 1.22 

Table 4. Drag coefficients (CD) for the shapes of a tadpole and a fish, without and with leg
growths.

 Reynolds no. Without splitter
CD 

With splitter
CD 

Flat plate 70 2.0 1.7 
Circle 115 1.22 1.05 
Square 80 1.8 1.45 

            



To gain more quantitative insight in this drag reduction we study the drag of the circu-
lar cylinder for a range of Reynolds numbers, and find that the splitter plate only redu-
ces the drag for Reynolds numbers higher than approximately 45. This is because at
lower Reynolds numbers the wake is shorter than the splitter plate and in this case, the
plate causes extra drag. 
The results of our model agree with those of experimental and theoretical studies. We
conclude that the multiparticle collision dynamics model is suitable for the study of bio-
logical shapes, and will proceed to study hydrodynamics of moving organisms, such as
a swimming fish.

Modelling the spread of transgenes
Pete Skelsey, Franjo Weissing and Kuke Bijlsma

A concern frequently expressed in the context of transgenic crops is that hybridization
with wild relatives will cause fitness-related transgenes to escape and persist in wild
populations. If wild plants acquire transgenes coding for resistance to disease, environ-
mental stress, herbivory, and/or commonly used herbicides, they could become more
abundant in their natural habitat or invade previously unsuitable habitats. This could
cause disruption to entire ecological communities and even ultimately result in the
extinction of other species. The ERGO project (Ecology Regarding Genetically modified
Organisms) aims to provide the knowledge required to perform ecological risk assess -
ments for transgenic crops. The basic questions we have are: (i) whether or not trans -
genic traits can be stably introgressed into the genome of wild relatives; and (ii) how
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Figure 11. Streamlines for flow around cylinders without and with attached splitter plates. Flow
is from left to right. The Reynolds number and diameter D (as measured perpendicular to the
flow) is the same in all cases.

            









their mating investment over successive matings. The focus of my work has been to
understand how high costs of mating and the resulting trade-off between present and
future mating effort will select for prudent male mating strategies. During the last years
I have integrated theoretical and experimental work using Panorpa scorpionflies as
model organisms to increase our understanding of strategic mating effort. Below I re -
view some of the recent research highlights.

Male mating effort in scorpionflies
The mating systems of scorpionflies are characterised by the adoption of different male
mating tactics. In general, male scorpionflies may use one of three different mating tac-
tics: they may either offer females a) a dead arthropod (a prey) or b) a salivary secre-
tion, which are consumed by the female during copulation, or c) they may attempt to
mate with the female without nuptial food gifts. However in P. cognata, my main study
object, matings are always accompanied by nuptial food gifts. The most beneficial tac-
tic, but also the most costly, is the offering of salivary masses. Females feed on the sali-
vary mass during copulation, and terminate copulation when they have consumed it
(Fig. 16). Saliva production is costly, prompting the question of the benefit to males of
producing these gifts.
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Figure 16. A courting and eventually copulating pair of Panorpa cognata. Males initiate copu
lation (left) by producing a salivary mass. During the copulations (right), females feed on the
salivary mass, and terminate copulation when they have consumed it.

One line of research has therefore focused on the function of these nuptial gifts. We have
been able to demonstrate that the main function is mating effort. Potentially, nuptial gifts
might also function as paternal effort. Female scorpionflies (and their offspring) gain
some nutritional benefits from nuptial gift consumption, but the effect is marginal. On
the other hand, there is a threefold function as mating effort. First, at least in P. cogna-
ta, males must present a nuptial gift in order to achieve a copulation. Second, the pro-
duction of larger nuptial gifts lead to copulations of longer duration, which increase
female sperm storage as sperm transfer is continuous during copulation. By using mole-
cular techniques we have studied the mechanism of sperm competition in scorpionflies

            







where females mate very frequently, high sperm competition risk will covary with high
sperm competition intensity leading to more unpredictable conditions, as high competi-
tion intensity should favour smaller ejaculates. Furthermore, empirical studies on sperm
expenditure in relation to female mating status have thus far produced very disparate
results.
We therefore performed a theoretical analysis of how males should respond to variation
in female mating status (e.g. virgin vs. mated) in mating systems with internal fertiliza-
tion. In our simulations, we found that males should allocate more sperm in matings
with virgin females when female mating frequency is relatively high, whereas low rema-
ting rates will select for higher effort in matings with nonvirgin females. (Fig. 19).
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Figure 19. Results of simulations showing optimal sperm expenditure on matings with virgin
(open circles) and already mated females (closed circles) in relation to the average female
remating propensity of the population, assuming a fair raffle. Each value represents the mean
value from ten simulations and the lines show the corresponding standard deviation.
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These results shed some light on several findings that have been difficult to explain
adaptively by the hitherto developed theory on sperm allocation. Some studies do in deed
support the predominant view that males should allocate most sperm to matings with
nonvirgin females. However, the opposite case, higher ejaculate expenditure in matings
with virgin females, has been found in studies from a wide diversity of species, inclu-
ding mites, orb-weaving spiders, bush crickets, bedbugs and stalk-eyed flies. Hitherto,
these data have been difficult to explain, but the predictions from our model might allow
interpreting these data from the perspective of optimal male sperm allocation.
Furthermore, these novel predictions have already inspired new empirical work in this
exciting research field.
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