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MarBEE tenure-tracker Britas Klemens Eriksson was featured in Nature news online (1 December
2009/doi:10.1038/news.20091116) for his research on the link between overfishing and algal blooms
in which the depletion of large predators disrupts the foodweb.  This article was published in
Ecological Applications 19: 1975-1988. His work was also recommended as a “must read” article in the
Faculty of 1000 and received media coverage in the largest morning paper in Sweden (Dagens
Nyheter), as well as Swedish national radio and television.

Major new grants
Jacqueline Stefels of Ecophysiology of Plants was granted a 3-year, ALW Polar Programme project:
“The sea-ice sulphur cycle in a global climate model”. In this project she will collaborate with col-
leagues from the USA to develop sea ice-ocean-sulphur models coupled to global climate models. 

Bart Pannebakker and Louis van de Zande of Evolutionary Genetics were awarded a Netherlands
Genomics Initiative Horizon Breakthrough grant for  a project entitled “Genomic selection analysis
as a tool for unraveling the genetic basis of life-history traits ”. Ammerins de Haan started as a
research technician on this project.

Two new books
Living on the Edge: Wetlands and birds in a changing Sahel
On 18 September the Animal Ecology Group hosted the presentation of an exciting new compendi-
um on the ecology of the Sahel, with emphasis on the migrating bird resources shared between this

part of Africa and Europe and Asia. Living on
the Edge: Wetlands and birds in a changing Sahel is
written by Leo Zwarts, Rob G. Bijlsma, Jan van
der Kamp and Eddy Wijmenga, and is pub-
lished by KNNV Publishing. Zeist. The book
features much research entertained by
Groningen biologists, e.g. the recent satellite
tracking studies on Montagu’s Harriers breed-
ing in the east of the province of Groningen.

Digital Atlas of Economic Plants
The book Digital Atlas of Economic Plants writ-
ten by René Cappers, Reinder Neef and Renée
Bekker is an instant classic. It consists of a
book, including three volumes, and a website.
The book deals with plants important for the
trade in economic plants. The first volume con-
tains apart from an introduction and an expla-
nation of the terms used to edscribe the plant
parts, and index of scientific names and indices
in various languages. The pictures of the plant
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parts (seeds, fruits, stems, leaves, whatever is
important for economic use) are included in
volumes 2A and 2B. All images are also accessi-
ble via the website of the University Library of
the University of Groningen
(www.plantatlas.eu). The pictures on the web-
site are available in high resolution. The website
also allows to make selections based on taxono-
my, economic use, plant parts ad geographical
origin. For over 4500 species the economic use
is indicated: food, food additive, animal food,
host plant, bee plant, medicine, ritual and social
use, vertebrate poison, pesticide, environmental
use, material, fuel.

Productive get togethers
Social cognition in animals
In October 2009 organiseerde Charlotte
Hemelrijk of Theoretical Biology co-organised
an international workshop on "Social cognition
in animals: Is it as smart as it looks?" with 15
speakers and 50 attendants. This workshop was
financed by a grant from the Joint Forces
Network of the NWO programme on Brain and
Cognition. 

Plant functioning on a changing planet
Luit J. De Kok, together with Michael Tausz of
the University of Melbourne, edited a Special
Issue in Plant Biology entitled “Plant
Functioning in a Changing Global
Environment”. This issue contained a selection
of papers presented at the 7th Air Pollution and
Global Change (APGC) symposium, held in
December 2008 at the Creswick Campus of the
University of Melbourne, which was jointly
organized by the Melbourne School of Land
and Environment, University of Melbourne
and the Laboratory of Plant Physiology,
University of Groningen. 
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Dissertations granted by CEES in 2009
B.V. Feldmeyer The effect of temperature on sex determination. 

Promotores Prof.dr. I. Pen, Prof.dr. F.J. Weissing, Prof.dr. L.W. Beukeboom,
University of Groningen

H. Flores Frozen desert alive. The role of sea ice for pelagic macrofauna and its predators:
implications for the Antarctic pack-ice food web.
Promotor Prof.dr. W.J. Wolff, University of Groningen

B.P. Freymann Functional roles of termites in savanna ecosystems.
Promotor Prof.dr. H. Olff, University of Groningen

B.K. Grillenberger Biogeography, population genetics and mating systems of natural Nasonia
populations.
Promotores Prof.dr. L.W. Beukeboom, Prof.dr. R. Bijlsma, University of
Groningen, Prof.dr. J. Gadau, Arizona State University

A.V. de Groot Salt-marsh sediment. Natural γ-radioactivity and spatial patterns.
Promotores Prof.dr. R.J. de Meijer, Prof.dr.J.P. Bakker, University of Groningen

P.J. Janknegt Antioxidants, a radical solution antioxidant responses of marine microalgae to
increased ultraviolet radiation.
Promotor Prof.dr. A.G.J. Buma, University of Groningen

I.V. Mateo Leach Genetics of arrhenotokous and thelytokous reproduction in Venturia canescens
(Hymenoptera).
Promotor Prof.dr. L.W. Beukeboom, University of Groningen

J.C. Mieog Flexibility of the coral-algal symbiosis in the face of climate change: Investigating
the adaptive bleachin hypothesis.
Promotores Prof.dr. J.L. Olsen, Prof.dr. W.T. Stam, University of Groningen

H. Moradi Characterization of ClC Transporter Proteins – Functional analysis of ClC
mutants in Arabidopsis thaliana. 
Promotor Prof.dr. J.T.M. Elzenga, University of Groningen

H. Najafi Zarrini` Receptor-like kinases – proteome, dynamics and functions.
Promotor Prof.dr. J.T.M. Elzenga, University of Groningen

M. Nicolaus Reproductive rates under competition.
Promotores Prof.dr. J.M. Tinbergen, Prof.dr.ir. J. Komdeur, University of
Groningen

K.A. Schubert Breeding on a budget: fundamental links between energy metabolism and mam-
malian life history trade-offs.
Promotores Prof.dr. S. Daan, Prof.dr. H.A.J. Meijer, University of Groningen

K. Troost Pacific oysters in Dutch estuaries. Causes of success and consequences for native
bivalves.
Promotores Prof.dr. W.J. Wolff, Prof.dr. E.J. Stamhuis, University of Groningen

H.P. de Vladar Variability and stochasticity in the dynamics and genetics of populations. 
Promotores Prof.dr. I. Pen, Prof.dr. F.J. Weissing, University of Groningen



10 HIGHLIGHTS

CEES PhD Students in 2009
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.D.P. Bhola UE-bursary/Community and Conservation Ecology
Characterization of the scale of spatial heterogeneity in savanna systems as novel
apprach 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

M. Briga RUG bursary - Theoretical Biology
Sociality and cognition: a study across vertebrate societies

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

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

R.F. Castillo Cajas EU-Marie Curie – Theoretical Biology
Modes of speciation and biodiversity patterns

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

D. de Corte Ocean Ecosystems
Viral diversity in the North Atlantic deep waters

M.S. Cretoiu Microbial Ecology
Meta genomics-based exploration of soils and aquatic samples

J. van de Crommenacker NWO-WOTRO - Animal Ecology
Stress and fitness in small bottlenecked populations of the tropical Seychelles
warbler

J.A. Warmink Bacterial response to ecological opportunities offered by soil fungi.
Promotor Prof.dr. J.D. van Elsas, University of Groningen

M. Wolf Adaptive individual differences: the evolution of animal personalities. 
Promotor Prof.dr. F.J. Weissing, University of Groningen 
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W. Diao Evolutionary Genetics
Genetics and genomics of presygotic isolation in Nasonia

X. Du Grant Chinese Academy of Sciences
Progress in neutral theory for ecological communities 

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

K. Elschot OIO/NWO-ALW
Biotically created vegetation heterogeneity during early primary succession on
salt marshes

F.A. Encinas Viso UE-Bursary
Theoretical study of mutualistic interaction webs

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

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

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

C.X. Garzon López UE-bursary - Community and Conservation Ecology
Determinants and consequences of the spatial arrangement of trees in the
tropical rainforest of Barro Colorado, Panama

S. Gerritsma Evolutionary Genetics
Identifying genomic variationamong natural Drosophila melanogaster populations
and its association to immunological resistance against parasitoids

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

C.G. Gosling NWO-ALW Pionier bursary - Community and Conservation Ecology
Biotic determinants of functional heterogeneity in a tropical savanna

M. Hammers ALW NWO - 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 Vogelbescherming Nederland/FWN/Animal Ecology
Adaptations to a changing environment: in search of bottlenecks in the annual
cycle of skylarks
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S.M.A.C. van Heuven EU Carbo Ocean – Ocean Ecosystems
Meridional carbon transport in the North Atlantic Ocean

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

E.F. Hoogwout Microbial Ecology
Microbial diversity in potato

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

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

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
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 Ministerie van Landbouw, Natuur en Voedselkwaliteit - Animal Ecology
Populatiedynamica van weidevogels

R. van Klink Waddenfonds/VROM
Biodiversity and nature management on mainland saltmarshes

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

E. Koomson NWO-WOTRO -  NIOZ - Centre for African Wetlands (University of Ghana, Accra)
NIOZ Comparative demographics of tropically and temeparte wintering Sanderling

Calidris alba

A.L.W. Kuijper RUG bursary - Theoretical Biology
Genetic conflict and the evolutionary causes and consequences of sex determina-
tion systems

G. Kulk Ocean Ecosystems
Genotypic and phenotypic variation in phto acclimation: consequences of stratifi-
cation and deep vertical mixing for oceanic phytoplankton productivity and com-
position
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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 concentra-
tions and source/sink functions

M. Langenhof UE bursary/Animal Ecology
Social Evolution in real time: the effect of frequency dependent selection on
animal personlities

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

T. Lok ALW NWO/Animal Ecology
Comparative demography of migratory and resident spoonbill populations with
overlapping ranges

P.M.G. Lourenço Portuguese Science Foundation - Animal Ecology
Cross-seasonal interactions in the annual cycle of black-tailed godwits

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

W.J. Ma Evolutionary Genetics
Ecology and mechanisms of sex determination in the asobara genus
(hymenoptera: braconidae)

C.E. Mallon Microbial Ecology
Understanding the effects of bacterial diversity on community functioning and
stability

F. Mandema Waddenfonds/VROM
Biodiversity and nature management on mainland saltmarshes

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

L. Molleman UE bursary – Theoretical Biology
Human cooperation - the role of prosocial norms

R. Nazir Microbial Ecology
Potential mechanisms making bacteria fit in fungal- associated soil environmental
niches

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

S. Nolte Waddenfonds/VROM
Biodiversity and nature management on mainland saltmarshes

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

J.E. Oosten Rosalind Franklin bursary - Theoretical Biology
Social context and behavioural syndromes: models and experiments in fish

A. Ordoñez-Gloria UE-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. 

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

F. van der Plas UE-Bursary - Community and Conservation Ecology
Species assembly at different trophic levels over environmental gradients in a
savanna ecosystem

M. Poortvliet Marine Biology (MarBEE)
Population connectivity and dispersal in devil ras in the tropical Pacific

P.E. Puentes Téllez Microbial Ecology
Adaptation of Fecoli to heterogeneous conditions

I. Puga-Gonzalez RUG bursary - 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

L. Ross RUG bursary - Theoretical Biology
Conflict and cooperation over sex allocation in the mealybug Planococcus citri
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J.L. Ruifrok SBB
How herbivores create landscape mosaics of different plant functional types in
temperate ecosystems

L. Salazar Jaramillo Evolutionary Genetics
Comparative genomics of parasitoid resistance in Drosophila spp.

L. Schmaltz RuG/Provincie Friesland/Animal Ecology
Comparative demography of Ruff and Golden Plover

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

M.J.J. Schrama NWO Pionier bursary - Community and Conservation Ecology
Food web assembly in a dynamic salt marsh

J. Schröder Animal Ecology
Individual fitness correlates in Black-tailed Godwits

E. Schut FWN - 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
Unsteady aerodynamics of flapping bird wings

C. Trierweiler Animal Ecology/Stichting Werkgroep Grauwe Kiekendief
Demography and conservation of Montagu's harrier in an agricultural area

E.E. van der Vaart NWO-TopTalent - Theoretical Biology
Theory of Mind in corvids: Insights from modeling

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 grazed ecosystems:
consequences for spatial patterns and diversity
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E. van Velzen UE-bursary - Community and Conservation Ecology
The interplay between speciation, dispersal and adaptation to local conditions in
a heterogeneous environment, and its effect on food web/ community structure

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 energetics, corticosteroid
response and immune function in avian life history

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

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

J. van der Woude ALW VICI/Animal Ecology
Fitness consequences of intra-specific competition and social stress in the
Seychelles warbler

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

PhD Projects - thesis 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

A.I. Bijleveld NIOZ/Animal Ecology
Cost-benefit analyses of flocking in shorebirds, with a focus on information
exchange

J.C.S. Creuwels GOA-Marine Benthic Ecology & Evolution/Animal Ecology/Alterra
Individual quality of Antarctic petrels

S. Duijns NIOZ/Animal Ecology
Foraging ecology of the bar-tailed godwit, Limosa lapponica

S. Ferber Marine Biology (MarBEE)
Mechanisms underlying the genetic structure of seagrass meadows: historical
stochastic events versus adaptation
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M. van der Geest NIOZ/NWO WOTRO/Animal Ecology
Fragile biodiversity linkages: production and consumption in a nutrient-poor sea-
grass-dominated intertidal ecosystem

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

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

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

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

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

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

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

V.S. Parada Koninklijk NIOZ/ALW
Virioplankton dynamics and diversity in relation to bacterioplankton 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
The dynamics of effort allocation of fishing fleets with special emphasis on spa-
tial scale of exploitation

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

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

M. Roodbergen NWO-ALW-Alterra/Animal Ecology
Pollutant induced changes in life support functions of soils and its impact on
meadowbird populations

A.L. Rutten STW-Alterra / Animal Ecology
Long-term effects of human disturbance on waders feeding on intertidal flats: the
use of telemetry and cage experiments
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M. Schotten Marine Benthic Ecology and Evolution/University of Hawaii
Use of echo location and communication signals of wild dolphins

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

E. van der Zee Animal Ecology
A regime shift in bentic organisms in the Waddensea: causes and consequences
for higher trophic levels

A.M. Zipperle Ubbo Emmius Bursary – Marine Biology (MarBEE) 
Inter-relationships between reproductive ecology, genetic structure and fitness in
populations of the seagrass Zostera noltii in the Wadden Sea – North Sea
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Technical/Administrative Staff source fte period
secretary
J.G. Rietveld RUG 0.5
Technical assistent
J.C.E.W. Hooijmeijer RUG 1.0
R. Ubels RUG 0.8
M. van der Velde NWO VICI 0.8 040401-100401
IT-assistent
ing. G.J. van den Burg RUG 0.2
(part-time) field assistant
R. Bijlsma RUG 0.45 070101-111231
Dr. P.J. de Goeij RUG
R. van der Zee-Gietema RUG
Y.K. Galama RUG
N. Groen RUG
P. Wolfs RUG

Other PhD Students
drs. A.I. Bijleveld NIOZ 1.0 090101-131231
drs. J.C.A. Creuwels Alterra
drs. S. Duijns NIOZ 1.0 091001-130930
drs. M. van der Geest WOTRO-NIOZ 1.0 061001-101001
drs. P.J. van den Hout NIOZ 0.8 030401-080401
drs. K. Hutchings NWO-VICI/U East Anglia
drs. C. Kraan NIOZ 0.8 030401-080401
drs. J.J. Poos RIVO
drs. M. Roodbergen SOVON
drs. E. van der Zee NIOZ 1.0 090101-131231

Guests/Detachment
drs. R. van Dijk University of Bath, UK
dr. P.J. de Goeij Groningen,NL
drs. N. Groen Groningen,NL
dr. P. Wiersma Groningen,NL
dr. R. Piault
dr. D.I. Rogers Arthur Rylah Institute For Environmental Research, Vic., Australia
Yang Hong-Yan East China Normal University, Beijing
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Introduction

The Community and Conservation Ecology group studies the interactions in ecological communi-
ties, to better understand the determinants of biodiversity, and to provide insight in how such com-
munities 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 con-
sumers 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 dif-
ferent trophic levels (soil biota, plants, herbivores, predators) with emphasis on understanding the
consequences of these interactions for the structure of ecological communities and the functioning of
ecosystems. We do this by studying the key processes that determine the abundance and distribu-
tion of species in ecological communities, such as competition, facilitation, mutualism, plant-herbi-
vore interactions and predator-prey interactions. In theoretical studies, we aim at unravelling the
relative importance of stochastic and deterministic 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 theoreti-
cal, experimental and observational approaches. 

In addition to ongoing work in savannas and tropical rainforest, our group intensified research in
the Wadden Sea area through starting novel projects on the structure and dynamics of communities
and ecosystems on salt marshes and in the intertidal zones. These projects involve exciting new col-
laboration opportunities with the RUG animal ecology group, with the Royal Netherlands Institute
for Sea Research (NIOZ) on Texel and with the Centre for Estuarine and Marine Ecology (NIOO-
CEME) in Yerseke. In this work, a novel perspective on the functioning of the Wadden Sea as a
meta-ecosystem is explored, with special emphasis on the role of ecosystem engineers (sea grasses,
mussels, lugworms) in affecting community and ecosystem dynamics. New substantial funding
from the Waddenfonds has facilitated this work, of which first results will be summarized in future
annual progress reports. 

An important event for the group over the last year was the gradual retirement of Prof. Jan P. Bakker,
who was a key player in the research group COCON over the last decades, including its predeces-
sor the Plant Ecology group. Prof. Bakker started his work in 1972 and has greatly contributed to the
success of the research group, by combining solid long-term monitoring work with continuous inno-
vations in the field of trait-based community ecology, seed bank ecology, plant dispersal studies and
applications of these fields to restoration ecology. This led to an extensive and well-cited publication
record of his work. With our novel Wadden Sea projects we will continue work in these lines of
research, and fortunately Prof. Bakker is still involved through the supervision of several PhD projects. 

The following sections contain specific areas of progress of our research during 2009.













61COMMUNITY AND CONSERVATION ECOLOGY

invasive plant populations, are still scarce. In our
experiments we showed that soil biota did not
affect total biomass, but did change the biomass
allocation pattern in C. odorata individuals.
Plants from invasive populations increased rela-
tive allocation to stem biomass and height
growth when confronted with soil communities
from the invasive range. These effects are gener-
ally overlooked in existing literature, as most
studies only take into account total biomass as a
proxy for performance. However, allocation
effects might be of great influence on the out-
come of competition between C. odorata and

native species. Increased stem allocation and
height growth is a plastic response generally
allowing species to be more successful when
competing for light. Therefore soil biota-induced
change in plant biomass allocation can affect the
competitive balance between native and invasive
species. Furthermore, the allocation response
differed between native and invasive-range
C. odorata populations, suggesting that selection
may have taken place during the process of inva-
sion. However, the evolutionary potential of this
soil biota-induced change in plant biomass
allocation needs further study.

The African continent hosts a huge diversity of
large mammalian herbivore species that strictly
eat grass. This diverse community has been
intensively studied as a model system to under-
stand one of the classic questions in biology;
how do closely related species coexist? One of
the classic answers is that species coexist
through partitioning their resources. In his PhD
Dr. Joris Cromsigt argued that the spatial dimen-
sion has been overlooked in historical studies on
resource partitioning, partly explaining why
some species coexistence patterns remain
unclear. In 2009 two studies following from this
PhD were published. In the first study
(Cromsigt, Prins and Olff 2009 Diversity and
Distributions) we tested the hypothesis that body
mass drives habitat selection and facilitates
coexistence of ungulates, where large species
use a higher proportion of the landscape than
smaller species, because a wider food quality
tolerance allows them to use a higher diversity
of habitat types. Digestive physiology should
further modify this relationship, because non-
ruminants have a wider diet tolerance than

ruminants. We tested this hypothesis in
Hluhluwe-iMfolozi Park, South Africa. We
recorded herbivore dung and habitat type on 24
line transects totalling 190 km to determine habi-
tat selection and landscape distribution of three
ruminant and three non-ruminant grazers.
Larger ruminant grazers were more evenly dis-
tributed than smaller ruminants, had a more
diverse use of habitats and used more low qual-
ity habitat. In contrast, non-ruminant grazers
were more evenly distributed than similar-sized
ruminants and body mass did not clearly influ-
ence diversity of habitat use and use of low
quality habitat. Hence, we confirmed that body
mass influences diversity of habitat use but
digestive strategy potentially modifies this rela-
tionship. Hence, habitat heterogeneity might
facilitate herbivore diversity in savanna ecosys-
tems and high heterogeneity might counterbal-
ance the effects of fragmentation and declining
reserve size. Concluding, processes that homog-
enize the landscape might be as threatening as
landscape fragmentation, especially for smaller
ruminant herbivores.

Mammalian herbivores partitioning space
Joris P.G.M. Cromsigt
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Introduction

The research programme in the Microbial Ecology Department focuses on the adaptation 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 adaptation to biotic and abiotic factors, and
consequent evolution, have resulted in the fascinating 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 diversity 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 diversi-
ty. 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 adaptation and evolution. Several mutational
processes, ranging from horizontal gene transfer through genomic rearrangements to small muta-
tions, 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 meth-
ods, although we do not fully understand the limits to using 16S rRNA genes to infer community
function.  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 diversity reflect func-
tional 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 horizontal gene transfer impacts
on the adaptational process and at which speed adaptations occur, represent main topics addressed
in the Microbial Ecology research programme. In terms of ecosystems, the focus is on soil and soil-
related habitats, as (1) in the light of the multitude of niches and gradients present in this habitat,
there are challenging and largely unstudied processes of niche adaptation and niche differentiation
to be found in this habitat, and (2) a number of key and major drivers of microbial activity, includ-
ing adaptational activity, such as plants and soil fungi, are available. Several other projects deal with
non-soil systems, such as freshwater and surface marine waters (sponges).
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Research on biodiversity and ecosystem func-
tioning takes many angles, from the diversity
and stability of communities to the preservation
of ecosystems and ecosystem services. In spite of
the overwhelming microbial diversity, the con-
cern about how environmental changes affect
life in our planet has also taken microscopic
scales. It is therefore crucial to understand how
ecosystem processes are affected by microbial
diversity, but also the mechanisms through
which microbial diversity affects community
functioning. These are key questions in the
research carried out by the tenure tracker Joana
Falcão Salles, who has joined the RuG a year ago
and is directly involved in leading this research.
Predicting biodiversity effects on ecosystem
functioning requires adequate evaluation of the
mechanisms explaining why more diverse sys-
tems could perform better than less diverse
ones. In this context, tackling functional diversi-
ty has become an important issue. By using
experimental communities of denitrifying bacte-
rial species, Salles et al. (2009) showed that by
defining an index for the breadth of the niche
occupied by a community, one should be able to
predict ecosystem processes which are related to
resource extraction by that community in a
given multiple resource environment. The
experiment consisted of determining the activi-

ties of 16 bacterial species grown individually on
six different carbon sources. Then, the same set
of species was used to assemble communities
varying in both species richness and composi-
tion in microcosms containing a mixture of all
six carbon sources. The performances of individ-
ual species on individual carbon sources were
then used to calculate an a priori index called
‘‘community niche’’ that accounted for the per-
formances of the species present in a given
community across the entire range of the six re-
sources. Salles et al. (2009) showed that bacterial
species richness had a positive but small effect
on community processes whereas community
niche explained a much larger proportion of the
variation. Thus, by aggregating resource-use
characteristics of species in a community into a
synthetic descriptor of community niche, one is
able to better predict the observed variations in
community functioning. In addition to commu-
nity niche, the presence of particular bacterial
species also influenced community functioning,
indicating that other effects than the capacity to
use the carbon sources provided in culture
medium played a role in the experiment. This
study demonstrated the importance of comple-
mentarity for resource use among species in
explaining the enhanced performance of diverse
bacterial communities.

Microbial community ecology – diversity and community niche 

Biodiversity is also implicated in the likelihood
of a community to be invaded by alien species.
Theoretical and experimental studies have indi-
cated that biologically-diverse (plant) communi-
ties are often less prone to being invaded than
simpler ones, but effects of microbial diversity
on invading organisms have remained unex-
plored.  The guest worker Diana Tazetdinova,

from Kazan State University, tackled this issue
by following the fate of pathogen E. coli O157:H7
in soil microcosms, which had been constructed
by using  the dilution-to-extinction approach to
establish microbial communities of different
levels of species richness. The results from this
project suggested that the survival of bacterial
pathogens was strongly limited in microbiologi-

Microbial diversity and invasiveness 
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The present project will focus on the ecology
and evolution of microbial chitinases and chitin
deacetylases. The major questions of the project
are the following. How do different habitats
drive the selection of bacterial chitinolytic com-
munities? Do similar habitats drive selection of
similar communities? Which are the local condi-
tions involved in these selection? Are the
enzymes from these habitats suitable for
biotechnological manipulations? 

The habitats selected for this study are soil,
different sponges and bryozoans. The main cri-
terion used for the selection of these habitats
was the fact that some are well known, and
some are yet unexplored, but all are character-
ized by the potential richness of bacterial species
and diverse enzymatic activities. The work

methodology (see fig. 1) will include advanced
molecular (metagenomics) and biochemical
methods to study the complex bacterial commu-
nities in these habitats and their chitinolytic
activity. Total genomic DNA extraction will be
performed and, after that, construction of
metagenomic libraries. These libraries will be
the subject of sequence analysis and chitinolytic
gene expression. PCR-based methods will be
based on existing primers systems, but we will
develop also new primers, especially for chitin
deacetylases. 

Investigation of different habitats with
respect to their “chitinase pool” is important to
understand the ecology of this function among
the microbial populations and communities and
to establish future plans for their use.

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 the
full growth season (second year) was monitored.
The first season sampling was completed,
including rhizosphere and bulk soil samples
take at three plant growth stages. 

In the first part of the project (Ph.D. Eeko
Hoogwout), we are trying to establish a normal
operating range (NOR) for the cropping of pota-
to 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

amplification 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, giv-
ing a fingerprint of the community based on
PCR amplification of a DNA fragment. The sec-
ond 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 opti-
mization of the system for archaeal amoA.
Preliminary results seem to indicate that differ-
ent growth stages of the plant cause a major shift
in the community composition of ammonia oxi-
dizing archaea. More investigations should pro-

The functional and structural prokaryote diversity of soil under potato 
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vide a better view on the effects of cultivar, field
and other growth stages on the community com-
position. The DGGE system for bacterial amoA
still needs to be optimized further. After opti-
mization, samples can be tested fast and on larg-
er scale to assess the effects of cultivar, field (soil
type) and growth stage on the community com-
position of bacterial ammonia oxidizers.

qPCR - The qPCR systems for both the bacte-
rial 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. Ötgül
Inceoglu), a qPCR system was established to fol-
low 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 performed which will indi-
cate if the microbial community structure of the
rhizosphere soils of six different cultivars grown
at the same sampling site differ from each other
and indicate where a transgenic plant takes
place in between them. It will also point out if
there is any effect of sampling site on the sam-
ples belonging to the same cultivars and indicate
shifts of relative abundances of ribotypes in
comparison with bulk soil.

The PCR system to target the asfA gene (sulfur
mineralization process) was optimized. This sys-
tem can be used to make clone libraries and
assess the effect of cultivar and season on the
process. A microcosm experiment is being set up
to see the effect of sulfonate on the soil microbial
community, particularly on desulfonators. Since
there is no naturally available sulfonate com-
pound, sodium dodecyl benzenesulfonate will
be used. A group in France was contacted to
measure the concentration of sulfonated com-
pound in soil. We decided to do collaborative
work.  First of all, the growth ability of Vario-
vorax paradoxus with sulfonated compounds in
liquid medium is assessed to determine if the
organism uses this compound as sulfur and/or
organic source. Afterwards, a greenhouse exper-
iment will be set up with two potato cultivars
(high and low starch content) and different con-
centration of sulfonate. As a result of the work
on soil DNA extraction, there will be a publica-
tion - in a shared first authorship with E.F.
Hoogwout:
Effect of soil DNA extraction method on the appar-
ent microbial diversity of soil.
A second paper “Effect of plant genotype and
growth stage on the β-proteobacterial community
associated with different potato cultivars in two
fields” was also accepted for publication.

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 impor-
tant ecosystem processes, including nutrient
acquisition, nitrogen cycling, carbon cycling and
soil formation. Thus, the microorganisms in soil
are important in maintaining the quality of agri-
cultural 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 per-
turbations. 

Biological nitrogen fixation lies at the basis of
all life on Earth. It is performed by phylogeneti-
cally 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

The baseline of soil functioning across a range of soils 
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(including Fe-ligand characteristics) in control-
ling phytoplankton productivity and communi-
ty composition, 2) use these results to improve
the ability of models to predict the ecological
consequences of changes in irradiance condi-
tions and nutrient supply resulting from shifts in
Southern Ocean climate to 3) predict the subse-
quent changes in carbon export in this region.

We visited the Amundsen Sea area on our
latest DynaLiFe cruise in the Austral summer of
2008-2009 (Fig 3). The Amundsen and Pine
Island Bay polynyas are areas with the highest
phytoplankton primary productivity per surface
area in the Southern Ocean, as estimated from
satellite imagery, yet in situ studies of phyto-
plankton productivity and its controls in this
area were lacking. Moreover, this area is affected
by an increase in melting rate of the floating gla-
cier termini and ice shelves, most notably of the
Pine Island Glacier (PIG), the effect of which on
phytoplankton productivity is unclear. 

During the cruise we encountered unusually
massive (up to 15 mg chl a m-3) and persistent
(>60 days) phytoplankton blooms in both the
Amundsen and Pine Island Bay polynyas. The
bloom in the Pine Island Bay was fuelled by
inputs of dissolved Fe (DFe) from the upwelling
Circumpolar Deep Water from beneath the PIG
terminus. DFe was rapidly removed from the
surface waters by both phytoplankton uptake
and binding to organic ligands, leading to
extremely low DFe concentrations in the surface
waters of the central Pine Island Bay polynyas
with high phytoplankton biomass and produc-
tivity (Fig 3). Underway measurements of pCO2

and DMS showed large variations in biological
signals on small spatial scales that were closely
linked to local hydrography. Comparing the
results of this area with extensively studied
areas such as the Ross Sea and lab experiments
under controlled conditions will reveal more
robust understanding of the controls of phyto-
plankton productivity in Antarctic waters.

Southern Ocean Primary Productivity in a
High-CO2 World

This project, which is cooperation between the
Departments Plant Physiology and Ocean
Ecosystems, is focusing on plankton ecology of
the Southern Ocean in a High-CO2 World by
experiments mimicking the CO2 of glacial/inter-
glacial periods of past >400,000 years, the mod-
ern 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 production,
particularly in the polar oceans. The Southern
Ocean is in this respect of special interest: CO2-
dependent changes in the availability of inor-
ganic carbon might affect the biological 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
optimise the internal CO2 concentration and
adapt to variations in external carbon concentra-
tions. 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-lim-
iting. Earlier lab-based work (Fig. 4) demonstrat-
ed 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 laboratory experiments
cultures Chaetoceros brevis were subjected to fluc-
tuating irradiance regimes simulating deep or
shallow vertical mixing, and compared with
stable water column conditions at limiting and
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In 2009, we focussed on the question if F. japoni-
ca is able to form a new population that could
increase the risk of more toxic harmful algal
blooms. In particular, we have studied the ques-
tion whether new F. japonica populations could
be formed by hybridisation of two existing
F. japonica populations and if a “Heterosis Effect”
existed. Heterosis Effect means that the hybrid
offspring can be superior in their traits, such as
toxicity, compared to their parents due to the
heterogenic combination of the parental genes.
Sexual reproduction is not a common feature in
microalgae, but based on information about a
freshwater raphidophyte species it is supposed
that in F. japonica it could take place before or
after cyst formation. In earlier studies we
already showed that it is possible to induce cyst
formation and germination under laboratory
conditions within one F. japonica strain. To see
whether hybridisation really can take place,
potential hybrids and parental strains of F. japon-
ica were studied on genetic differences. Different
attempts were made to induce the formation of
potential hybrids of several different F. japonica
strains. Only in one set up the combination of a
Wadden Sea strain and a Japanese strain
induced the formation of cysts. The germinated
cells from these cysts were treated as potential
hybrids. We assumed that a hybrid of both
strains had to contain a mix of the parental poly-
morphisms in the ITS sequences in cistrons, the
so-called ambiguities. The ITS sequences of all
possible hybrids were compared with the ITS
sequences of the two parental strains. In addi-
tion the toxicity of the possible offspring cells
were compared with the toxicity of the parental
cells.

Both genetic analysis and the toxicity tests
showed significant differences between the pos-
sible hybrids and the parental F. japonica strains.
Only a few monocultures of the possible hybrids
contained a mix of both parental ambiguities
and were indeed hybrids. In addition, only two
potential hybrids showed a “Heterosis effect”,

but these strains were not significantly different
from the parental strains. 

In general, F. japonica is one of the microalgal
species that is capable of hybridisation, a phe-
nomenon which is not often seen in unicellular
species. Therefore it is possible that different
populations of F. japonica can hybridize into a
new population. Although we have found an
increase of toxicity in some possible hybrids, the
actual hybrids we have found so far showed a
decrease in toxicity in comparison to the
parental strains. Consequently, at this moment
we cannot predict a higher risk of more toxic
HABs due to hybridisation of different F. japonica
populations, but the hypotheses of a “Heterosis
Effect” in F. japonica is not yet rejected.





155OCEAN ECOSYSTEMS

Hoving, H.J.T., Lipinski, M.R., 2009. Female reproductive biology, and age of deep-sea squid
Histioteuthis miranda from southern Africa. ICES Journal of Marine Science 66: 1868-1872

Hoving, H.J.T., Nauwelaerts, S., Genne, B. van, Stamhuis, E.J.,  Zumholz, K., 2009. Spermatophore
implantation in Rossia moelleri Steenstrup, 1856 (Sepiolidae; Cephalopoda). Journal of Experimental
Marine Biology and Ecology 372: 75-81

Janknegt, P.J., Graaff, C.M., Poll, W.H. van de, Visser, R.J.W., Helbling, E.W., Buma, A.G.J., 2009.
Antioxidative responses of two marine microalgae during acclimation to static and fluctuating
natural UV radiation. Photochemistry and Photobiology 85: 1336-1345

Janknegt, P.J., Graaff, M. de, Poll, W.H. van de, Visser, R.J.W., Rijstenbil, J.W., Buma, A.G.J., 2009.
Short-term antioxidative responses of 15 microalgae exposed to excessive irradiance including
ultraviolet radiation. European Journal of Phycology 44: 525-539

Middag, R., Baar, H.J.W. de, Laan, P., Bakker, K., 2009. Dissolved aluminium and the silicon cycle in
the Arctic Ocean. Marine Chemistry 115: 176-195

Poll, W.H. van de, Buma, A.G.J., 2009. Does ultraviolet radiation affect the xanthophyll cycle in
marine phytoplankton? Photochemical and Photobiological Sciences 8: 1295-1301

Poll, W.H. van de, Janknegt, P.J., Leeuwe, M.A. van, Visser, R.J.W., Buma, A.G.J., 2009. Excessive irra-
diance and antioxidant responses of an Antarctic marine diatom exposed to iron limitation and
to dynamic irradiance. Journal of Photochemistry and Photobiology B 94: 32-37

Prow, A.E.F., Thomas, H., Pätsch, J., Kühn, W., Bozec, Y., Schiettecatte, L.-S., Borges, A.V., Baar,
H.J.W. de., 2009. Mechanisms controlling the air-sea CO2 flux in the North Sea. Continental Shelf
Research 29: 1801-1808  

Takahashi, T., Sutherland, S.C., Wanninkhof, R., Sweeney, C., Feely, R.A., Chipman, D.W., Hales, B.,
Friederich, G., Chavez, F., Sabine, C., Watson, A., Bakker, D.C.E., Schuster, U., Metzl, N.,
Yoshikawa-Inoue, H., Ishii, M., Midorikawa, T., Nojiri, Y., Körtzingerm, A., Steinhoffm, T.,
Hoppema, M., Olafsson, J., Arnarson, T.S., Tilbrook, B., Johannessen, T., Olsen, A., Bellerby., R.,
Wong, C.S., Delille, B., Bates, N.R., de Baar, H.J.W., 2009. Climatological mean and decadal change
in surface ocean pCO2, and net sea-air CO2 flux over the global oceans. Deep-Sea Research II 56:
554-577

Takahashi, T., Sutherland, S.C., Wanninkhof, R., Sweeney, C., Feely, R.A. , Chipman, D.W., Hales, B.,
Friederich, G., Chavez, F., Sabine, C., Watson, A., Bakker, D.C.E., Schuster, U., Metzl, N.,
Yoshikawa-Inoue, H., Ishii, M., Midorikawa, T., Nojiri, Y., Körtzingerm, A., Steinhoffm, T.,
Hoppema, M., Olafsson, J., Arnarson, T.S., Tilbrook, B., Johannessen, T., Olsen, A., Bellerby., R.,
Wong, C.S., Delille, B., Bates, N.R., de Baar, H.J.W., 2009. Corrigendium to “Climatological mean
and decadal change in surface ocean pCO2, and net sea-air CO2 flux over the global oceans”
[Deep Sea Res. II 56 (2009) 554-577]. Deep-Sea Research I 56: 2075-2076 

Thomas, H., Schiettecatte, L.-S., Suykens, K., Kone, Y.J.M., Shadwick, E.H., Prowe, A.E.F., Bozec, Y.,
Baar, H.J.W. de, Borges, A.V., 2009. Enhanced ocean carbon storage from anaerobic alkalinity
generation in coastal sediments. Biogeosciences 6: 267-274

Troost, K., Stamhuis, E.J., Duren, L.A. van, Wolff, W.J., 2009. Feeding current characteristics of three
morphologically different bivalve suspension feeders, Crassostrea gigas, Mytilus edulis and
Cerastoderma edule, in relation to food competition. Marine Biology 156: 355-372

Weinbauer, M.G., Arrieta, J.M., Griebler, C., Herndl, G.J., 2009. Enhanced viral production and infec-
tion of bacterioplankton during an iron-induced phytoplankton bloom in the Southern Ocean.
Limnology and oceanography 54: 774-784



156 CEES PROGRESS REPORT 2009

Wilhartitz, I., Kirschner, A.K.T., Stadler, H., Herndl, G.J., Dietzel, M., Latal, C., Mach, R.L.,  Farnleiter,
A.H., 2009. Heterotrophic prokaryotic production in ultraoligotrophic alpine karst aquifers and
ecological implications. FEMS microbiology ecology 68: 287-299

Zemmelink, H.J., Slagter, H.A., Slooten, C. van, Snoek, J., Heusinkveld, B., Elbers, J., Brink, N.J.,
Klaassen, W., Philippart, C.J.M., Baar, H.J.W. de, 2009. Primary production and eddy correlation
measurements of CO2 exchange over an intertidal estuary. Geophysical research letters 36: L19606

Zhang, Y., Sintes, E., Chen, M.N., Zhang, Y., Dai, M., Jiao, N., Herndl, G.J., 2009. Role of mesoscale
cyclonic eddies in the distribution and activity of Archaea and Bacteria in the South China Sea.
Aquatic Microbial Ecology 56: 65-79





158 CEES PROGRESS REPORT 2009

Introducing the group

Most of the models developed in the Theoretical Biology group address research questions in ecolo-
gy, 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 mean-
ing. 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 mis-
leading when applied to particular real-world situations. With models of intermediate complexity,
we hope to achieve a good balance between conceptual simplicity and analytical 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 collaboration 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 bet-
ter understanding of the dynamics of multi-species interactions. Even seemingly “simple” interac-
tions, like competition for nutrients, tend to be highly complex when more than three or four
species are involved. However, systems that appear chaotic and unpredictable at the micro-level
may look regular and predictable when viewed from a higher-level perspective. It is one of 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 approached from an evolutionary
perspective. Ecologists tend to treat ecological parameters as fixed and externally given, even
though these parameters are the result of an evolutionary process. Many parameter combinations
considered by ecologists are not “reasonable” from an evolutionary point of view, since they are not
evolutionarily stable. Hence evolutionary arguments can be used to delimit the “relevant” part of
parameter space. By doing this we expect to obtain important new insights into the nature and
dynamics of ecological interactions.

Evolutionary dynamics
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 plau-
sibility considerations. The resulting model populations grow or decline exponentially and are
obviously not “ecologically stable.” This is problematic, since ecological factors (like density-depend-
ence) 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 sys-
tematically from mechanistic and ecological considerations. In parallel, we develop new analytical
tools that allow coping with the increased complexity of the resulting models. This mechanistic
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approach is applied to three classes of research questions. The first class of questions addresses the
causes and consequences of sexual reproduction. 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 circum-
stances? 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? A second class of
questions relates to the evolution of cooperation. How can cooperation be evolutionarily stable
when cheating seems to provide a selective advantage? In particular, what stabilizes mutualisms
between different species, e.g., between ants and aphids? How can we explain the evolution of divi-
sion of labour in social insects? What explains the diversity of parental strategies in birds and mam-
mals? Can evolutionary models shed light on the emergence of (pro-)social norms in humans? How
do cultural and genetic evolution interact in shaping the advanced forms of cooperation found in
our own species? The third class of questions relate to “adaptive variation,” that is, intraspecific
variation that is shaped and maintained by selection. Why do we often observe a polymorphism
involving several phenotypes, while a single generalist phenotype seems selectively advantageous?
Why is the observed variation so similar in a diversity of organisms (ranging from squids to
humans)? Can the same principles explaining morphological polymorphisms be used to explain ani-
mal and human personalities? 

Self-organization of social systems
In many biological systems, the understanding of patterns and processes is enhanced by the explicit
consideration of different levels of organization. Seemingly well-understood phenomena at a higher
level of organization can often in a surprising way be re-interpreted as emergent properties from the
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 coopera-
tion with empirical scientists 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
banking while turning. Because the flocking behaviour of massive starling ”clouds” is difficult to
study empirically, such models are needed to gain better understanding of its mechanistic proper-
ties. Further, in a model of groups of individuals that perform dominance interactions and show
affiliate behaviour, a difference in a single parameter (intensity of aggression) affects the social struc-
ture 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 differ-
ence in a single trait at a lower level, and the evolution of social systems may, correspondingly,
reflect the evolution of a few individual traits. By applying 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 approach is a major challenge and one of the
central goals of the Theoretical Biology research programme.
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