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Settlement chance and post-settlement mortality in marine soft
sediment communities in relation to the amount of larval supply, 
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fish predation as a driving force 
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Demography and population structure among windward, leeward 
and deepwater populations of the seaweed Sargassum polyceratium 
on Cura<;ao: coupling matrix population models with DNA finger
printing 
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Animal Ecology 

Introduction 

Our research group tries to gain an understanding of the distribution and abundance of 
animals from an evolutionary perspective. This aim necessarily leads to the following 
research attitudes: 
(1) A focus on the individual, the 'decision making' unit of selection that integrates the 

complex array of social and ecological pressures. 
(2) The use of energetics to quantify the dynamic state of an individual animal in the 

variable world around it, to disentangle effects of energy and nutrient expenditure 
on the one hand, and income on the other. 

(3) The use of modern molecular techniques, both to determine genetic relationships 
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. 

(4) An open mind as to what new findings and developments in other fields of biologi
cal enquiry (such as theoretical biology, ethology, biophysics, genetics, endocrino
logy and immunolog) have to offer. 

Our work is done primarily in a natural setting, and hinges upon detailed behavioural 
and physiological measurements, as well as fi tness measurements to judge the conse
quences of behavioural variation. When possible, an experimental approach is chosen to 
determine the causality of relationships between behavioural variation and fitness. It 
goes without saying that this work is relevant for nature conservation as it involves the 
development of empirical and theoretical frameworks to evaluate past human actions 
affecting ecological systems, and even predict the consequences of future human activi
ties. 
This year we present progress reports that show the great variety of topics covered by 
our ecological studies on birds. They range from the settlement decisions in a popula
tion of oystercatchers breeding on Schiermonnikoog (Bruinzeel & Heg), the fitness con
sequences of individual decisions on timing in a long-distance migrant goose (Prop), the 
determination of body composition in a resident population of swans (Ubels & 
Beekman), to the consequences for diet choice, time allocation, and ranging behaviour 
of variation in the size of the digestive apparatus in red knots (van Gils). We also report 
on the life-history correlates of variations in a ultraviolet 'badge' in blue tits (Karsten), 
variation in reproductive success in wrens (Berg) and the promiscuous mating systems 
of reed buntings (Bouwman). 
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average ' home-range' of a nonbreeder intruder amounted to ca. 140 x 50 m. It is also 
repeatable over the years. The site were nonbreeders intruded was closely related to the 
site they eventually settled as a nonbreeder, particularly for the males. 
If breeders are removed, locally active nonbreeders fill the vacancies. The frequent int
rusion behaviour shown by nonbreeders (Fig. 2) may be a mean to acquire knowledge 
about the quality and the availability of local breeding positions, as experimental vaca
ncies remained unfilled in areas with low numbers of intruding nonbreeders ('floaters'). 
Fledglings from high quality territories are more likely to acquire a breeding position in 
high quality territories, whereas fledglings from low quality territories were never seen 
to recruit directly into a high quality territory (although they might promote to such a 
territory in later years). No differences in the age of recruitment could be detected, sug
gesting that quality of the natal territory might outweigh differences in age of recruit
ment due to 'queuing' effects. However, the possibility remains open that many non
breeders queue for high quality territories, but actually fail to succeed and either die or 
accept a low quality territory instead. By studying dominance relationships in the non
breeding season, i.e. interactions over feeding locations, and relate these to breeder sta
tus in the next breeding season, we tried to answer the question whether it is low quali
ty individual that accept low quality breeding territories. Residents won significantly 
more interactions than did leapfrogs. In a laboratory experiment testing residents and 
leapfrogs competing for food such a difference failed to reach significance. 
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Figure 2. Distance between the center of all intrusions attempts and the experimental territory 
(prior to removal) for intmders who fi lled an experimental vacancy (fillers, closed dots) compa
red to a control set of intruders not filling vacancies (candidates, open dots). Candidates were of 
similar sex and all were seen intruding at least once within 150 m from the vacancy. The x-axis 
represents the different experimental vacancies by sex and numbered individually. For each of 
the seven Yacancies the intrusion distance of the fillers was compared with the candidates. In 
the right panel the average distance for fillers and candidates is given. 
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After the winter of 1995-96 the study population of oystercatchers on Schiermonnikoog 
collapsed and many leapfrog territories have remained unoccupied since (Fig. 3). 
Nonbreeder numbers have declined as well, in conjunction with an overall decline in the 
Wadden Sea area of wintering birds. This is of great concern to all people devoted to 
conserving Wadden Sea biodiversity, since the declines have occurred during a time 
when human exploitation of the Wadden Sea has gone unchecked and ill-managed. 
Fisheries have eradicated the mussel and cockle banks from the Dutch Wadden Sea area, 
the staple food for several bird species including the oystercatcher. Recovery is slow and 
local ostercatchers may have delayed breeding on Schiermonnikoog. This is disturbing 
as early laying oystercatchers used to be the most productive providing the 'source ' of 
chicks for future generations. Late breeding increases the likelihood of egg- and chick
loss due to storm-flooding. Studies of wintering and breeding conditions on oyster
catcher reproduction would have to be conducted to study these effects, and to see 
whether reduced fishery activities have a positive effect on the oystercatcher population. 
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Figure 3. Number of breeding pairs on Schiermonnikoog from 1983 to 2003 for birds 
occupying high- and low quality territories separately. 

Older female reed buntings increase extra-pair paternity in their broods: do they 
escape mate guarding by young partners? 
Karen Bouwman 

Extra-pair paternity has been found to be an important aspect of reproductive strategies 
in many species of birds. By gaining extra-pair fertilisations (EPFs), males may increase 
their reproductive success, while females are often thought to seek genetic benefits for 
their offspring. Many studies have found that male characteristics, such as plumage 
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(i.e. the appearance of the plumage) of their mates. There was no difference between the 
percentage of extra-pair young in broods of UV reduced and control males (on average 
10 % of the young were extra-pair). Currently we are working on the assignment of 
paternity of the extra-pair chicks to the males to be able test for an effect of our experi
mental treatment on the success of males in gaining extra-pair young in other nests . 

Variation in reproductive succes in wrens 
Mathew Berg 

Modem evolutionary thinking predicts that organisms will behave in such a way as to 
enhance their individual fitness, through maximising their own survival and their rate of 
successful reproduction. Accordingly, individuals must optimise their life-history deci
sions at all stages of the breeding cycle. Among the most important life history decisions 
faced by individuals is their allocation to reproductive effort, because this can greatly 
impact on both survival and successful reproduction. 
Historically, songbirds were thought to epitomise the close-knit family ideal of steadfast 
monogamy and biparental care of offspring. However, this idealized view failed to re
cognise the complexity of breeding systems found in songbirds. Recently, our view of 
the breeding behaviour of such birds has been greatly influenced by the discovery of 
extra-pair paternity (EPP) in many species, and the growing realisation that this beha
viour is widespread, particularly among songbird species. Such complex mating patterns 
may substantially influence life history decisions, and much recent research has focus
sed on these issues from an individual optimisation perspective. 
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many animal species. It arises because familiar, neighbouring males are deemed to be 
Jess of a day-to-day threat than unfamiliar males, which are more likely to be seeking a 
new territory or immediate mating opportunities. Our research shows that this strategy 
is also dependent on recent experience, with wrens distrusting neighbours that have 
recently intruded into their territory. However, no effect has been found in relation to a 
measure of complexity of the intruder 's song (song type repertoire), which may signal 
some aspects of male quality and thus potential cuckoldry threat (females are thought to 
seek EPCs with the most high quality males). 
Currently, we are investigating the possibility that males vary more complex aspects of 
acoustic structure of their songs in order to deter competitors and protect their resources. 
Such research might go a long way towards our improving our current understanding of 
the astonishingly complex nature of the songs produced many birds such as wrens . 

Phenotype-related variation in diet and patch choice in red knots 
Jan van Gils 

Phenotypic variation within a species is usually ignored by classical optimal foraging 
theory and as long as this was the case diet and patch choices were assumed to be simi
Jar for different individuals living in the an environment. For example, if all individuals 
have the same handling abilities, then handling times will not vary between those indi
viduals, and thus prey types will be ranked along similar scales, in which case diets will 
be identical for all individuals. 
Two rather recent insights contribute to a gradually changing point of view. Firstly, it is 
increasingly acknowledged that besides 'external' handl ing ability, also ' internal' hand
ling ability, i.e. digestive processing capacity, plays an utmost role in shaping foraging 
decisions. For example, if prey types differ in the rate at which they are digested, the 
optimal forager selecting its prey should not only take external handling times into 
account but also the factor(s) slowing down digestion. Secondly, evidence is accumula
ting that animals are able to adjust rapidly and reversibly the size of their digestive 
organs, affecting their rate of digestive processing and thus their optimal prey choices 
accordingly. 
The red knot, Calidris canutus (Fig. 11 ), is well known for its extremely flexible diges
tive organs, and by using ultrasonography on live birds we were able to study one of its 
organs, the gizzard, in great detail. This muscular part of the stomach plays a pivotal role 
in the bird's feeding ecology since it crushes the bivalves and crustaceans ingested 
intact. Upon arrival from its long-distance migrations between breeding grounds and 
intertidal wintering grounds, knots double their gizzard mass in a matter of weeks. 
During late summer in the Dutch Wadden Sea we see inter-individual differences in giz
zard mass, presumably due to differences in the timing of arri val. 
Testing the expectation that foraging decisions vary between individuals that differ in 
gizzard mass, we measured patch and prey choice and length of the foraging day of 
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We studied the use of body stores during egg-laying and incubation in a large and tem
perate breeding precocial bird, the mute swan, Cygnus alar. We estimated the size of the 
stores during different phases of reproduction in the same individuals using deuterated 
water. Utilization of body fat covered on average 69% of total energy needs during egg
laying; protein stores covered 77% of the protein requirements. Clutch size decreased 
with laying date and avai lable body stores. Despite laying an early and large clutch, fat 
females entered incubation with the largest stores and were therefore closer to meeting 
their energy demands during incubation. Time budget observations showed that these 
females spent more time on the nest. This should enhance fitness by lowering the risk 
of egg predation and also enhance hatching success and reduce incubation time leading 
to earlier hatch. 
We found no differences in the rate of mass increase prior to egg-laying, suggesting that 
females differ in the date at which they start building up their condition (Fig. 17 A). We 
conclude that mute swans follow a mixed strategy between income and capital breeders 
(Fig. 17B). Birds laying earlier and larger clutches tended to rely more on their income 
during laying and used the remaining stores during incubation. What enables them to 
start the build up of stores so early, however, remains an intriguing question. 
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A. Female fat mass in different stages of the reproductive cycle relative to the laying date of the 
first egg. Dots represent pre-laying fat masses, numbers represent clutch masses in kg. Grey 
lines show average gain of fat mass in five females prior to laying. Squares show pre-incuba
tion fat stores and triangles represent fat stores at the end of incubation. 
B. A modified capital model as was in essence proposed by Drent & Daan. Dotted lines repre
sent th minimum condition of a female. Females in high quality tenitories may retain some 
condition in winter and enter reproduction cycle in a better condition as compared to females in 
a low quality tenitory. Broken line: predicted effect of poor quality, experience and age of a 
female on clutch size laid as compared to a female of high quality, or with more experience 
(age), laying an average clutch in a territory of equal quality. Such an effect could not be shown 
to exist in this study. 
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Overview of academic results 

The research of the Evolutionary Genetics Group focuses on evolutionary questions, in 
particular on how genetic structure and variation affect evolutionary and ecological pro
cesses. Research questions are: (1) what is the importance of genetic variation, (2) how 
do selective forces shape genetic variation and reproductive systems, and (3) how do 
populations adapt to changing conditions? The research of the group is structured in 
three organisational sections: Evolutionary Genetics, Conservation & Population Gene
tics and Theoretical Biology. 
Central topics in Conservation & Population Genetics are the processes of genetic ero
sion, inbreeding depression and extinction of (endangered) small populations. These 
processes are particularly studied in Drosophila in relation to deteriorating and stressful 
environments. Other research focusses on life history evolution, including the evolution 
of ageing, and reproductive strategies in Bryophytes. The research in Evolutionary 
Genetics is aimed at unravelling the genetic regulation of reproductive systems and at 
understanding how reproductive mode has shaped mating systems and life-history char
acteristics. The main focus is on haplodiploidy, which combines parthenogenetic and 
sexual reproduction, as well as differences in ploidy level of males and females. 
Parasitoid wasps (Hymenoptera) and other insects are used as model systems. A relevant 
part of the research of the Theoretical Biology group is related to evolutionary genetics. 
Research topics in this area include evolutionary game theory, life history evolution, 
sexual selection, sex ratio evolution, evolution of sex differentiation, molecular evolu
tion, genetic conflicts, sympatric speciation, and evolution in a metapopulation. 
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Conservation and Population Genetics 

The research of the Conservation & Population Genetics section is focused on various 
population genetic topics. Considerable emphasis is directed towards understanding the 
dynamics of genetic variation in small, endangered populations (conservation gene
tics), with focus on studying the occurrence, extent, and consequences of genetic ero
sion in relation to the persistence of such populations. We approach these questions both 
theoretically (in collaboration with the Theoretical Biology section) and for a major part 
experimentally. The latter approach includes both fundamental research to gain insights 
into the genetic processes that underlie genetic erosion, inbreeding depression, and po
pulation extinction by using Drosophila melanogaster as a model organism, and practi
cal research to analyse the extent and organisation of genetic diversity in endangered 
species, such as the pine marten (see below), using powerful molecular tools. Other 
topics that are addressed can be broadly summarised as population genetics and, among 
others, focus on reproductive strategies in plants and animals, the evolution of ageing 
(see below), and stress adaptation in Drosophila. 

The projects that had been started before 2003 continued and most of them progressed 
well and some results are highlighted below. In collaboration with Theoretical Biology 
group a 6 months project started in 2003 to develop a mathematical model to estimate and 
predict the outcrossing rates of genetically modified plants (GMO's) with the natural 
flora, funded by the COGEM. Willemien Smith-Kleefsman was appointed to this pro
ject. From January 16 2004 onwards she will continue as Ph.D. student to carry out the 
new project "Determinants of metapopulation dynamics: stochastic processes versus 
adaptation" in the framework of the Breedtestrategie programma "Understanding biodi
versity: neutral versus adaptive explanations". 

Genetic structure of the pine marten (Martes martes) in The Netherlands 
Louis van de Zande, Sanne Boessenkool, Hugh Jansman (Alterra) and Kuke Bij lsma 

Due to deterioration and destruction of natural habitats, many species have become end
angered and confined to small, fragmented populations where gene flow is restricted. In 
addition to demographic and environmental risks, such populations become subject to 
genetic drift and inbreeding, resulting in the loss of genetic variation, an increase of 
homozygosity, and possibly, a decrease of viability (inbreeding depression). This pro
cess, referred to as genetic erosion, may significantly increase their extinction probabi
lity, and is therefore currently an important issue in conservation biology. Gene flow 
between local populations opposes genetic erosion and will restore genetic diversity, and 
consequently will improve persistence. 
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the 1970s the number of pine martens in the centre and the north of the country have sta
bilized to some 250-300 adults which produce around 120 nests per year. Three main 
areas can be recognized where substantial reproduction has been documented: the 
Veluwe, the Utrechtse Heuvelrug and the Fries-Drentse Wouden with several adjacent 
forestry's in Drenthe (see Fig.l ). The Veluwe population, produces around 80 nests year
ly, while the Utrechtse Heuvelrug population is estimated to produce some 25 and the 
Drenthe area around 15 nests per year, respectively. Probably some migration occurs 
between the Veluwe and Utrecht but the extent is unknown. For the Drenthe area it is 
uncertain if this region is connected to other areas by migration. 
Insights into the amount of gene-flow between populations, the level of genetic varia
tion and the mating system within populations is vital to make predictions on the per
sistence of M. martes in The Netherlands and, if needed, to develop adequate manage
ment measures. Using microsatellite markers we have, therefore, addressed the 
questions: (i) are the Dutch populations pauperized of genetic variation and (ii) what is 
the level of gene flow between those populations. 
For this study, a total of 159 M. martes samples, mostly road-kills, from The Nether
lands were provided by Alterra, Centre for Ecosystems. For comparison, museum sam
ples were obtained from the Asturia and Cantabria region in Northern Spain (kindly pro
vided by C. Pertoldi (DK) and R. Zardoya (E)). In this study these two regions are con
sidered as one large population. 

Genetic variation 
All analysed populations show similar levels of genetic variation (Table 1). The mean 
number of alleles per population differed significantly (P=0.031 ), ranging from 3. 75 for 
Spain to 4.75 for the Veluwe. No statistical significant differences were observed, after 
correction for sample size differences (allelic richness) (P=0.345). Overall mean obser
ved and mean expected heterozygosity were both 0.63 with no significant differences 
between population for both measures. As this is more or less the same level of varia
tion for large, non-endangered mustelids, these heterozygosity levels indicate that the 
Dutch pine marten populations are not, or not yet genetically eroded for microsatellite 
loci. In addition, the F15 values did not differ significantly from zero, indicating random 
mating to occur within each of the four populations. 

Table 1. Mean number of alleles, mean allelic richness, expected heterozygosity (HE) 
and observed heterozygosity (H0 ) for each of the four pine marten populations 

Population Mean no. of alleles Mean a!Ielic richness HE Ho 

Veluwe 4.63 3.93 0.61 0.63 
Utrecht 4.13 3.89 0.65 0.67 
Drenthe 4.50 4.27 0.67 0 .67 
Spain 3.75 3.69 0.58 0.53 
Total 4.25 3.94 0.63 0.63 
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Genetic differentiation between populations 
To get insights into the degree of isolation and differentiation, FsT values were calcula
ted. Considerable genetic differentiation was found between the Spanish and the pooled 
Dutch populations (FsT = 0.1412). When the Dutch populations were not pooled over
all FsT was 0.0793. Between the Dutch populations the total FsT was found to be 0.0428. 
Pairwise FsT values between the Drenthe and Utrecht/Veluwe populations were two to 
three times higher than the value between the Utrecht and the Veluwe populations (Table 
2). All these pairwise FsT values are significantly different from zero (after the sequen
tial Bonferroni con·ection P<O.OO 1 ). 
Both the FsT and Nei 's genetic distance suggest a larger genetic divergence between the 
pine marten populati on of Drenthe and the central part of The Netherlands, compared to 
the divergence among the latter populations Utrecht and Veluwe. However, the degree 
of differentiation between the Dutch populations is clearly lower than the divergence 
between The Netherlands and Spain. 
These results indicate that within the Netherlands gene flow between the populations 
Utrecht and Veluwe is greater than between these two populations and the Drenthe pop
ulation. This is corroborated by an assignment test, which, based on the multilocus 
genotype of an individual, estimates the probability that it can correctly be assigned to 
each of the populations. This test (data not shown) reveals that most cross-assignments 
occur between the Veluwe and Utrecht populations, while for the Drenthe population a 
higher fraction of correctly assigned individuals were found. 

Table 2 Pairwise FsT's between populations of the pine marten. 

Population 

Veluwe 
Utrecht 
Drenthe 

Utrecht 

0.02584 

Drenthc 

0.07489 
0.05655 

Principal Components Analysis (PCA) 

Spain 

0.16511 
0.14535 
0.15656 

The genetic differences can easily be visualized in a PCA (Fig. 2). This analysis plots the 
relationship between distance matrix elements based on their first three principal coordi
nates. Three axes are created such that each explains part of the variation in the data. The 
plot of the first and the second axis (top) and the plot of the second and the third axis (bot
tom) clearly show the difference between the Spanish and the Dutch populations, mea
ning that axis two is important for the divergence of the two countries. Plots with axis 1 
(top and middle) show slight divergence of the Veluwe and Utrecht populations . The dif
ferentiation of the Drenthe population can be most clearly seen in the plots with axis 3 
(middle and bottom). 
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Conclusions 
This study will contribute to the insights into the vulnerability of pine martens in The 
Netherlands and to the conservation actions that have to be undertaken. Results indicate 
that, although populations have been subject to strong declines in numbers, they have 
not (yet) suffered a severe loss of genetic variation at microsatellite loci. However, due 
to habitat fragmentation, populations have considerably diverged from each other, and 
show moderate genetic substructuring. There are two possible scenarios for the diver
gence of the populations. First, it could be that the observed differentiation reflects the 
results of recent fragmentation, with the process of genetic drift only just starting to 
decrease genetic variability. In that case it can be assumed that the divergence between 
populations will increase in the future. Second, the observed differentiation could reflect 
historical fragmentation, where populations have diverged form each other in the past 
and currently exist in a certain equilibrium state. To decide which of these two scenarios 
is the right one, an analysis of the genetic diversity of pine marten museum specimens 
and a continued monitoring of the populations in the future is needed. 
The level of genetic differentiation gives information on the gene-flow between popu
lations, which is of vital importance for long-term persistance of small populations. 
Overall, the results of all tests suggest a potential barrier to gene flow to exist between 
the northern and central parts of The Netherlands. 
Veluwe and Utrecht are both relatively large populations producing each at least 25 nests 
per year and are therefore less vulnerable to stochastic risks. Moreover, they seem to be 
well connected by migration and can be regarded as a metapopulation. The Drenthe popu
lation is currently small in numbers (producing at the moment around 15 nests per year) 
and is less connected to the other two main populations in The Netherlands. Therefore 
the Drenthe population may have a considerably higher probability to become subject to 
stochastic risks. This population may become less vulnerable by increasing connectivi
ty with other populations and by other protective measures that increase population 
growth. 
In this study the genetic variation and genetic substructuring of populations within the 
Netherlands was analysed on a national scale. It is possible, however, that gene-flow 
exists between pine marten populations in the Netherlands and populations in neigh
bouring countries like Germany. Such migration could be of vital importance for the 
persistence of Dutch pine martens. Therefore determining to what extent gene-flow 
exists with these neighbouring countries will contribute to a better understanding of the 
extinction risk of the pine marten populations in The Netherlands. 

Conditionally expressed mutants affecting age-specifu: survival in inbred lines of 
Drosophila melanogaster 
Comeel Vermeulen and Kuke Bijlsma 

It is well-known that mating between conspecifics (inbreeding) will eventually result in 
a decrease in many fitness characters like reproduction, development and survival, a 
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phenomenon commonly known as inbreeding depression. Many studies have been devo
ted to inbreeding depression and its impact on fitness, adaptive ability and extinction 
probability of populations and to its role as a selective force in the evolution of mating 
systems and dispersal strategies. This research has major relevance for agriculture, con
servation biology and several evolutionary topics. Therefore, it is striking that know
ledge on the mechanistic genetic basis of inbreeding depression is still very scant. 
Inbreeding depression is believed to result from increased homozygosity, either leading 
to the expression of (partly) recessive deleterious alleles or to a decreased contribution 
of loci that display overdominance. However, to our knowledge, there are no instances 
in which loci involved in inbreeding depression were identified, or in which deleterious 
alleles were isolated and their genetic properties were characterised. Such information 
would be invaluable to researchers in the many disciplines that in one way or another 
deal with the impact of inbreeding depression. 
The perspective of our research is the effect of inbreeding depression on lifespan and 
ageing in the model system Drosophila melanogaster. This research also has a human 
interest, as Drosophila is often used as a model for human ageing and age-related disea
ses. Lifespan is a character that proves to be particularly suitable for more detailed 
research on the genetics of inbreeding depression. Many genetic and environmental fac
tors can exert their influence on lifespan and both general and line-specific effects be
come expressed during inbreeding, suggesting the effects of different specific genes in 
indi vidual inbred lines. It is believed that the decrease in longevity during inbreeding is 
due to fixation of genes with deleterious effects, which leads to disruption of homeosta
sis. Regardless of the mode of action, the relevance of such genes to ageing and longe
vity research depends on allele frequency in outbred populations. However, the identity 
of such genes and phenotypic effects of natural alleles involved in inbreeding depres
sion are poorly understood. 
Known problems of the study of inbreeding depression are poor reproducibility of in
breeding effects, due to extreme sensitivity to environmental conditions and problems 
with maintenance and culture of highly inbred lines. We have discovered two lines of D. 
melanogaster that display reproducible instances of age-specific adult lethality, caused by 
inbreeding depression (Vermeulen and Bijlsma, 2004a; Heredity 92, 275-281). These let
hal effects are conditional on temperature, allowing easy breeding and manipulation at 
permissive temperatures (typically 25°C), whereas the lethal effect can be studied by pla
cing f1ies at more extreme restrictive temperatures (Figure 3). One line (14) expresses the 
lethal effect when kept at high temperature, indicated by the arrow in the bottom panel, 
whereas the other line (IlO) requires a cold shock and low temperatures (arrow, top 
panel). These lines can be used to unravel the genetic basis of inbreeding effects and ident
ify loci that are responsible for inbreeding depression in longevity. At this point, we have 
gathered preliminary data on the genetic characteristics of these lethal effects (Vermeulen 
and Bijlsma 2004b, Genetics, in press). By transferring fly cultures from the permissive 
temperature to the restrictive temperature during successive life stages, we were able to 
determine the temperature sensitive period (TSP) of these lines. We discovered that the 
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Evolutionary genetics of reproductive modes 
A large variety of reproductive systems exist, but our understanding of the genetic regu
lation and selective advantages of different reproductive modes is still fragmentary. 
Haplodiploidy combines parthenogenetic and sexual reproduction, as well as differen
ces in ploidy level of males and females. It has led to a number of evolutionary innova
tions including eusociality and adaptive sex allocation. Our research aims at unravelling 
the genetic architecture of haplodiploid reproductive systems and at understanding how 
this reproductive mode has shaped mating systems and life-history characteristics. This 
approach includes population genetic and evolutionary processes at the genomic and 
molecular level. 

Sex determination 
Albert Kamping and Leo Beukeboom 

All Hymenoptera (ants, bees and wasps) have haplodiploid sex determination. The most 
common mode of reproduction is arrhenotoky, i.e. males develop from unfertilized eggs 
and are haploid, whereas females develop from fertilized eggs and are diploid. As a con
sequence, males inherit genes from their mother only and have no genetic father. In haplo
diploids there are no heteromorphic sex chromosomes; the only genetic difference 
between males and females is the number of chromosome sets. The question of how this 
difference in copy number of the genome can lead to the development of either males or 
females can still not be answered satisfactorily. A number of models have been propo
sed for sex determination in Hymenoptera and available data indicate that at least two 
different mechanisms exist. 
Whiting (1943) introduced single locus Complementary Sex Determination (sl-CSD) 
based on his studies of the parasitoid Bracon hebetor. Sex is determined by a single 
locus; heterozygotes develop into females and hemizygotes and homozygotes into 
males. This mode of sex determination is typically detected with inbreeding crosses 
which lead to diploid homozygous males. A sl-CSD mechanism of sex determination 
has now been shown for over 40 species of Hymenoptera covering all major suborders. 
However, the precise phylogenetic distribution of this mode of sex determination is still 
unclear. In a number of hymenopteran species inbreeding does not result in diploid 
males and indicates the absence of a sl-CSD mechanism. Moreover, although the sex 
locus has recently been characterized from the honey bee the precise molecular genetic 
mechanism of sl-CSD remains to be elucidated. 
The parasitoid wasp Nasonia vitripennis is one of the best studied hymenopterans gene
tically. It has been firmly established that Nasonia does not have sl-CSD. Two alternat
ive models were proposed to explain sex determination in N. vitripennis . Under the 
Maternal Effect Sex Determination (MESD) model sex is determined by a balance 
between a cytoplasmic and a nuclear component. The cytoplasmic component is a 
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maternal gene product in the egg that induces male development in haploid eggs, but is 
outweighed by the nuclear genes in diploid embryos leading to female development. 
The Genomic Imprinting Sex Determination (GISD) model proposes that a paternally 
inherited set of chromosomes is required for female development. It is based on diffe
rential imprinting of maternal and paternal genes. Unfertilized eggs only contain genes 
with the 'maternal imprint' and develop into males, whereas fertilized eggs also receive 
genes with the 'paternal imprint' which leads to female development. We tested these 
alternative models of sex determination inN. vitripennis using a polyploid mutant strain. 

The pol}Ploid strain ofNasonia 
Polyploid mutants appeared several times spontaneously in stock cultures and at least 
one strain has been maintained for a long time (>40 years). The polyploid mutant strain 
carries two recessive eye-color mutations; oyster (oy) and scarlet (st). Both mutations 
occur at a single segregation unit ('R-locus') in which no recombination occurs. 
Homozygous and hemizygous oyster individuals have pink-grayish eyes and scarlet 
individuals bright red eyes. Diploid heterozygous oy +I+ st individuals have dark pur
ple eyes similar to wildtype. The females of this polyploid strain are triploid and lay ha
ploid, diploid and aneuploid eggs. The number of offspring of triploid females is greatly 
reduced due to frequent production of aneuploid eggs. Brood size of females can there
fore be diagnostic for ploidy level: triploid females produce 0-3 offspring per fly host, 
whereas normal diploid females produce 20-30 offspring. 

Maintenance 
The maintenance scheme of the polyploid mutant strain is shown in Figure 5. Triploid 
oy + I + st I + st females reproduce as virgins and lay haploid oy + and + st eggs as well 
as diploid oy + I + st and + st I + st eggs, all of which typically develop into males. 
Diploid oy + I+ st males are crossed to standard diploid + st I + st females giving rise 
to triploid females again. Thus, triploid females receive the full diploid complement 
from their father (due to mitotic spermatogenesis) in addition to a haploid complement 
of their mother. Note that haploid and diploid scarlet males cannot be distinguished even 
though diploid males are typically larger than haploid males, but this difference is not 
always conclusive. 

Daughter production 
Preliminary data had suggested that unmated triploid females sometimes produced 
daughters. To confirm these observations Albert Kamping bred 1200 virgin females. A 
total of 13 females (from 11 triploid mothers = 0.92%, N=l200) and 16 gynandro
morphs (from 16 triploid mothers = 1.33%) were found among their offspring. 
Gynandromorphs are male-female mosaics. The frequency of females and gynandro
morphs differed greatly between consecutive hastings. Later eggs in the oviposition 
sequence had a higher probability to become female. In addition, the production of fe
males and gynandromorphs differed significantly between lineages, probably indicating 
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determination. Fluctuations in dosage compensation in triploid females may occasion
ally result in a low amount of the maternal product which does not outweigh the two 
chromosomal complements and hence induce femaleness . Until reliable information is 
available on dosage compensation in Nasonia, the MESO model remains a viable alter
native. The GISD model proposes that a product Pin the zygote binds to a locus S which 
is under paternal imprinting control. Females inactivate the S-locus by imprinting but 
males do not. Since binding of P to S induces femaleness and only males transmit an 
active copy of S, a paternally derived complement is necessary for femaleness. The 
GISD model predicts that unfertilized diploid eggs carry two S loci with the maternal 
imprint and therefore become male. Slight modifications (or mutations) have to be invo
ked to accommodate parthenogenetic female production. One possibility is occasional 
failure to imprint one or both chromosome sets (supplying a binding site for P) by the 
triploid female. Although imprinting has been invoked for several developmental phe
nomena in Nasonia, it still awaits biochemical confirmation. Another implication of epi
genetic control over sex determination is that incomplete imprinting might occasionally 
result in intersexes, highlighting again the importance of knowing the ploidy level of the 
gynandromorphs. 

Recombination and segregation in polyploids 
For correct interpretation of these sex determining experiments it is important to know 
whether segregation is Mendelian and whether recombination occurs regularly in the tri
ploid strain. Christian Berends therefore constructed a new triploid lineage by crossing 
the original strain with subsequently a Canadian and Russian strain to increase the 
amount of genetic variation. We used eight microsatellites on four of five chromosomes 
(two on chromosome 1, three on chromosome 2, one on chromosome 3 and two on chro
mosome 5) to measure segregation ratios and the amount of recombination in offspring 
of \"irgin triploid females. Diploid females were used as controls. Unlike suggestions in 
the literature about biased segregation, segregation and recombination ratios were found 
to be normal, i.e. not statistically different from the standard diploid control strain. This 
means that all three chromosome complements are processed equally in meiosis. 

Speciation 
Leo Beukeboom and Louis van de Zande 

The behaYiour of interspecific hybrids provides promising openings for the study of spe
ciation and the maintenance of species integrity. We continued our research on beha
Yioural and speciation genetics of Nasonia. In nature, different species of Nasonia are 
not able to get viable offspring, because they are reproductively isolated by Wolbachia 
bacteria, causing cytoplasmic incompatibility. By removing Wolbachia with antibiotic 
feeding in the laboratory it is possible to get viable and fertile hybrids from interspeci
fic crosses. Due to the haplodiploid system, it takes two generations to obtain hybrid 
males (grandsons). Each Nasonia species has its own characteristic courtship behaviour. 
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has decided to join our group. Hemelrijk is starting a new research line focussing on self
organization in biological systems. Much of her work will centre around the question 
whether and to what extent complex stntctures and processes at a higher level of organi
zation can be explained as emergent properties from the rules governing the interactions 
at a lower level of organization. This line of research fits nicely into our programme 
"from individual to population", where we try to understand ecological properties at the 
population level on the basis of selection acting on the level of individuals. 

Sexual selection and sympatric speciation 
Sander van Doorn and Franz J. Weissing 

Despite intense research efforts, the question of the origin of species is still one of the 
most hotly debated topics in evolutionary biology. Currently, the debate revolves around 
the question whether speciation is more strongly affected by ecological factors (disrupt
ive natural selection) or by factors related to the mating system (e.g., disruptive sexual 
selection leading to reproductive isolation). In earlier contributions (e.g., Van Doorn & 
Weissing 2001), we demonstrated that models focusing on only one factor (either eco
logy or sexual selection) are structurally unstable, and that an integrated ' eco-evolutio
nary' view is required to ru.Tive at a really convincing theory of speciation. Keeping this 
basic insight in mind, we are now more specifically focusing on the role that sexual 
selection plays in this context. 

Variation in female preferences 
In one modelling effort, we addressed a major obstacle on the way towards a truly adap
tive theory of speciation by sexual selection. To get the process of reproductive isolation 
by diversifying female preferences started, the initial variation in female preferences has 
to be uncharacteristically high. Such a high variation might be obtained by a rapid and 
dramatic change in the em·ironment or by the accumulation of mutations in the absence 
of selection (Van Doom et at., 200 I ). These explanations for the initialization of the spe
ciation process are, however, not very satisfactory. In fact, they rely on external or non
adaptive factors, and the process of diversification is rather erratic with an outcome that 
is often not robust. We therefore investigated whether the required variation in female 
preferences might result from selection rather than from external events or the accumu
lation of mutations (Van Doorn et al., 2004). By means of a general argument, verified 
by individual-based computer simulations, we could show that, in order to initiate repro
ductive isolation and speciation, selection on female preferences has to be disruptive 
and frequency dependent, i.e., a given preference must have a selective advantage when 
rare and a disadvantage when common. By means of an example (motivated by empiri
cal findings in cichlids), we could show that frequency dependent disruptive selection on 
female preferences is indeed able to induce speciation in a robust and predictable way. 
This is the first example of a truly adaptive model of speciation by sexual selection. 
However, it has to be stressed that the model relies on the interplay of various disruptive 
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forces (female choice and male-male competition), which haYe to work in concert. 
While showing that, in principle, sexual selection can drive speciation from start to end, 
our model also indicates that sympatric speciation by sexual selection is not easy to 
achieve. 

'Good genes' models and speciation 
In a second modeling effort, we addressed another unsatisfactory aspect of current sexu
al selection models of sympatric speciation. All these models rely on the diversification 
of female preferences. Such a diversification is only plausible if the preferences per se 
are quite arbitrary. According to the theory of sexual selection, arbitrary preference 
might result from a 'Fisherian runaway process'. However, in most systems investiga
ted, female preferences do not seem to be arbitrary. Instead, female choice seems to be 
based on indicators of male 'quality' (e.g., good genes, parental quality, direct benefits). 
We therefore investigated whether a 'good genes' process of natural selection might also 
contribute to speciation. In one model (Edelaar, van Doom & Weissing, submitted), we 
showed that female preferences for male quality can indeed play an important role. In 
this model, the prerequisites for speciation (disruptive natural selection induced by local 
adaptation to various habitats and a mild form of assortative mating based on habitat) 
were already present, but for realistic parameter values disruptive selection and assorta
tive mating alone were far too weak to get speciation started. This changed as soon as 
we allowed the evolution of a costly male trait (a 'revealing handicap' ) and a female pre
ference for that trait. The preference rapidly spread, and the resulting sexual selection 
enhanced both natural selection and assortative mating to such an extent that speciation 
into distinct ecotypes resulted. Interestingly, sexual selection played an important role in 
the speciation process without a diversification of preferences: a single preference for an 
indicator of the degree of local adaptation was sufficient. 

Multiple ornaments 
In principle, however, there is a possibility that not only 'arbitrary' preferences diversi
fy in the course of evolution, but also preferences for indicators of male quality. Here 
one might think of systems with multiple ornaments, where different preferences give 
different weights to the various ornaments. To investigate this possibility, new theory 
had to be developed (Van Doorn & Weissing, 2004), since the existing models for the 
evolution of preferences for multiple ornaments are not very satisfactory. In particular, 
present models predict that only one of the ornaments can be an indicator of quality, 
while the other ornaments are 'arbitrary', i.e., maintained by Fisherian runaway select
ion. In contrast to earlier models, we considered the possibility that different ornaments 
provide information about different aspects of male quality (e.g., resistance to parasites 
vs. foraging ability). In other words, the ornaments in our model act as signals for dis
tinct quality components. When the ornaments provide overlapping information about 
these quality components, we retrieve the results of earlier models. However, when the 
ornaments provide independent information, preferences for multiple ornaments may 
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Nonequilibrium aspects of sexual selection 
In the course of our work on multiple ornaments we made another observation that is 
potentially of great importance for the whole theory of sexual selection . Several general 
results of the theory rely on the assumption that female preference and male ornament 
expression eventually converge to a stable equilibrium. Examples of such results are the 
conclusion that no stable preference can evolve for ornaments that are purely epistatic 
indicators, or the conclusion that females should disregard all ornaments except the one 
that provides the most reliable information about genetic quality. In a recent manuscript 
(Van Doorn & Weissing, submitted), we show that the assumption of equilibrium dyna
mics is problematic and we characterize conditions under which female preference and 
male condition-dependent signaling continue to evolve without ever attaining stable 
equilibrium levels. Such limit cycles had been described before in the context of 
Fisherian runaway selection, but now we demonstrate that continual evolution can also 
be driven by the joint action of a 'good genes' process and a sexual conflict over the 
information content of signals used in mate choice. Although the existence of this con
flict has long been acknowledged, its consequences had never been investigated. Our 
model illustrates that non-equilibrium dynamics may have major implications, since 
many of the standard results of sexual selection theory (including those mentioned 
above) do no longer apply away from equilibrium. The model also provides a mechan
ism for the apparent frequent loss of sexually selected traits, and it offers an alternative 
explanation the evolution of preferences for multiple ornaments. Moreover, the model 
illustrates the importance of genetic constraints on the quantitative and qualitative out
come of sexual selection (see Figure 11). It is intriguing to see how strongly the new 
results parallel those in a very different research line, where we showed earlier (in the 
context of resource competition) that many seemingly well-established results in ecol
ogy and evolution only hold if the system does indeed settle on an equilibrium (Huisman 
& Weissing 1999, 200lab, 2002, Scheffer et al. 2003). 

Male-male competition 
In addition to female choice, we also addressed male-male competition, the second 
major aspect of sexual selection and an important ingredient in some of our speciation 
models (e.g. Van Doom & Weissing, 2004). In two articles (Van Doom et al., 2003a, 
2003b), we addressed the question why dominance hierarchies do exist, why they are 
stable, and why one often observes 'winner and loser effects'. In many species, diffe
rence in dominance rank is used as a cue to resolve conflicts between two animals with
out escalated fights. At the group level, adherence to a dominance convention efficiently 
reduces the costs associated with conflicts, but from an individual's point of view, it is 
difficult to explain why a low ranking individual should accept its subordinate status. 
This is especially true if, as suggested by several authors, dominance not necessarily 
reflects differences in fighting ability but rather results from arbitrary historical asym
metries. According to this idea, rank differentiation emerges from winner and loser 
effects, in which winners of previous conflicts are more likely to win the current 
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Several ad-hoc explanations for this discrepancy have been put forward, but most of 
them have not been modeled explicitly, leaving room for doubt about their underlying 
logic. We have taken up this challenge and have examined several potential explanations 
for the absence of extreme sex ratios (Pen et al. , submitted). 

Explanation 1: Costly sex ratio control 
The basic idea here is that sex ratio control can only be achieved at the expense of other 
fitness components. For example, parents might be able abort offspring of the 'unwan
ted' sex only after some initial commitment of resources to that offspring. It turns out 
that this explanation may work, but not always. When costs increase faster than linear
ly with a sex ratio departure from 50:50, then gradual and less extreme sex ratios may 
indeed be optimal. However, when costs increase linearly or slower, selection favors 
parents that produce either extreme sex ratios or no sex ratio bias at all (see Figure 13.1). 

Explanation 2: Imperfect information 
The idea is that parents cannot accurately assess their condition, so that they may esti
mate sons to be of higher value than daughters while in reality the opposite is true. 
Therefore, it is better to produce mixed broods in order to guarantee that at least some 
high-fitness offspring are produced. We show that this idea doesn't work. Parents maxi
mize their fitness by having a bang-bang strategy with respect to their perceived state. 
At the population level this leads to more gradual sex ratio trends, but individual parents 
should still produce extreme sex ratios (see Figure 13.2). 

Explanation 3: Environmental stochasticity 
It is well known that unpredictable variation between years in fitness pay-offs may 
select for mixed strategies ('bet-hedging'). Perhaps a similar result holds true when, for 
example, in some years sons survive better than daughters while in other years daughters 
survive better, given a certain parental state. In the face of such uncertainty, it might be 
better to produce mixed broods. However, we find that this is not the case and that 
parents should still produce extreme sex ratios. For large variation between years, com
plex strategies with multiple switch-points may be optimal (see Figure 13.3). 

Explanation 4: Avoidance of kin competition 
When offspring disperse only a limited distance from their natal area, resource compe
tition between related individuals may occur. In many animals it is commonplace that 
one sex is philopatric, the opposite sex engaging in long range dispersal. Exclusively 
producing the philopatric sex might then lead to increased levels of kin competition. 
This might select for less extreme sex ratio trends. Our analysis confirmed that this argu
ment may work (see Figure 13.4). 
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rules. In this way a kind of ' understanding by building' is developed that differs from 
the understanding obtained without such models. 

Fish schooling behaviour 
The aim of the Rosalind Franklin Fellowship obtained by Charlotte Hemelrijk is to 
apply this approach to animal social behaviour. Here, we illustrate this approach by 
taking fish schooling behaviour as an example. In collaboration with Hanspeter Kunz 
(University of Zurich), Hemelrijk created individual-based models for interactions 
among fish, which are governed by simple but plausible rules. By varying these rules, 
the question is addressed whether and when the behaviour of a group of artificial fish 
resembles that of a school of real fish. In particular, one is interested in the question 
whether simple behaviour at the individual level can explain the complex behaviour at 
a higher level of organisation. 
Real fish live in schools that vary in size ranging from a few individuals to many thou
sands. Among the many advantages that are supposed to accrue to school formation 
(such as obtaining information about food and the availability of mates) protection 
against predators is considered its main function. Subtle regulation of school density as 
a protection against predators has been described. If a predator approaches a school, 
individuals move closer together. Besides, schools of a larger size offer better protection 
against predators due to their size, but also because they are denser. Further, it appears 
that high density of fish varies depending on the place in a school. In several fish spe
cies, fish density is highest behind the front of the school and the shape of the school is 
often oblong. According to predation-minimization models, the last two phenomena 
might be related to predation risk. If the risk of being eaten is highest at the front of a 
school, it might be advantageous to have the highest fish density at the front as well, 
because this allows individuals to hide behind each other at the approach of a predator. 
Further, an oblong shape of the school would guarantee that the frontal area of high risk 
remains small. Moreover, it has often been observed that fish in schools assort themsel
ves by size. This too may be a mechanism of protection against predators, for being sur
rounded by individuals of similar size, reduces the degree to which each individual is 
conspicuous for potential predators. 

Selforganisation of fish schools 
What cognitive mechanisms enable fish to organise themselves with such subtlety in 
view of predators? Kunz and Hemelrijk (2003) could show that no special cognitive 
mechanisms need to be assumed, but that simple rules of coordination will automatical
ly lead to dynamical changes of density. In their model, artificial fish are supplied with 
the following rules of coordination: (1) they avoid others if the others are close, (2) they 
align their body to those at intermediate distances and (3) they are attracted to those at 
larger distances (see Figure 14). Group members that are closest have the greatest inf
luence on the actual behavioural reaction of an individual. The model produces phenom
ena that are remarkably close to phenomena observed in real fish as mentioned above. 
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Population structure and genetic stock assessment in the fla tfish Pleuronectes platessa 
along the European continental shelf was completed in 2003 (PhD project of Galice 
Hoarau). This research was part of the NWO-Prioriteit Programma, "Sustainable Use 
of Marine Living Resources" and will be defended in 2004. As noted previously, high 
inbreeding coefficients have been repeatedly found in plaice. In order to further investi
gate the causes and, in particular, to exclude standard sampling and technical artefacts 
that can produce such values, we designed new PCR primers and new loci; and compa
red temporal changes in Pis estimates with age class by genotyping sequential cohorts 
of juYenile plaice collected biweekly from genetically distinct nursery grounds in the 
Dutch Wadden Sea and Iceland. The frequency of lower individual multilocus hetero
zygosity (MLH) classes was higher than expected under random mating confirming the 
presence of inbred individuals. In a companion analysis, effective population size (Ne) 
was also estimated from archived otolith DNA isolated between 1924 and 2002. Results 
showed that plaice Ne is five orders of magnitude smaller than the census size with Ne 
= 2000 in Iceland and Ne = 20,000 in the North Sea. Although no reduction in genetic 
diversity could be detected over the last century, a dramatic increase in inbreeding was 
found in samples after 1950, which coincides with industrial-scale fishing and fishing 
on the spawning grounds. Results of these two studies are among the first to document 
genetic changes due to fishing pressure and have, therefore, required extra documenta
tion in anticipation of exceptionally critical peer-review in light of the implications for 
fisheries. Manuscripts are in preparation. 

A companion project on the common thomback ray, Raja clavata, PhD student Malia 
Chevolot has just completed her first year. During this time, microsatellite loci have 
been developed for R. clavata (Chevolot et al. in prep) and extensive sampling has been 
obtained from the North Sea and from around Iceland in conjunction with RIVO and 
IBTS survey. A number of egg-carrying females have also been obtained in which it is 
of interest to determi ne if multiple paternity is a common phenomenon in these low 
fecundity elasmobranchs. 

Phylogenetics, speciation and symbiosis. Onno Diekmann defended his thesis "The 
coral genus Madracis, speciation in corals and their symbionts" in 2003. An investiga
tion of phylogenetic relationships among five morphospecies of the Caribbean coral 
Madracis and their associated endosymbiotic dinoflagellate Symbiodinium species from 
Curac;ao have revealed that four of the five coral species have introgressed (See CEES 
report 2002) . The lack of habitat correlation between Madra.cis species and their 
zooxanthellae has also challenged earlier findings. It now appears that Symbiodinium 
diversity is higher than previously supposed and that a combination of vertical inheri
tance (M. mirabilis) and a more flexible environmental acquisition by other Madracis 
species is the rule (Diekmann et al. 2003). As part of our ongoing studies in coral-algal 
symbioses, we have just been awarded a new WOTRO project to investigate switching 
of symbionts by corals on the Great Barrier Reef which will begin in 2004. Switching 
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symbiont strains implies a trade-off between growth and sun·ival which will have con
sequences for the coral's ability to compete for space and recover from disturbances. 

Moving towards genomics in ecology. The EU-Marie Curie Post-Doc Fellowship on 
mitogenomes of brown algae ended in 2003. The Fucus vesiculosus mitogenome has 
been completely sequenced and has an overall length of 36.4 kb, which is almost the 
same as that of Laminaria digitata (38 kb) but significantly shorter than the mitogenome 
of Pylaiella littoralis (58.5 kb). The mt-genomes of Dictyota dichotoma and Desmares
tia have also been completed. Marie-Pierre Oudot-Le Secq has begun annotation and 
GenBank submission. The goals of this project were two-fold: the generation of large 
amounts of sequence for phylogenetic comparison among heterokonts (which include 
diatoms) and to deYelop new markers. 

Much of 2003 was spent on preparation of a FP6 proposal for a Network of Excellence 
(NoE) in Marine Genomics to include an 'algal node' in ecological and functional geno
mics. The NoE was officially awarded at the end of 2003 and will officially begin in 
March of 2004, continuing through 2008. The NoE has 44 partners and will provide the 
infrastructure for the development of marine genomic approaches (i.e., in non-model 
organisms that do not have genomic information currently available). An ear-marked 
project includes a joint EST project in Fucus. 

Invasive species and phycological forensics. The impact of the introduced and highly 
invasive seaweed, Caulerpa taxifolia in the Mediterranean and worldwide has been a 
point of continuing research since 1997. Work in 2003 has shown that hybridization 
among normally isolated geographic populations of C. taxifolia has led to the success of 
the invasive strain which is well-adapted to colder, turbid waters as compared with more 
tropical, clear-water strains (Meusnier et al. accepted; will appear in 2004). 

We have also joined forces with Dr. Linda Walters (Florida Central University and 
Florida SeaGrant) and Prof. Steven Murray (California State University) to survey 
Caulerpa species from around the coast of Florida including the keys; and to assess the 
impact of internet sales of Caulerpa species on the aquarium trade. Initial results sug
gest that most of the source populations of Caulerpa species originate from Caribbean 
waters. 

Invasive species in northwest European coastal waters. A review of all non-indige
nous marine and estuarine species in Dutch coastal waters was submitted for publication. 
In the second year of the PhD study by Deniz Haydar a database of all non-indigenous 
species on Atlantic and North-Sea coasts of Europe was compiled from several regional 
reviews. Based on these data, it could be concluded that the introduction of exotic spe
cies for maricultural purposes, with their associated flora and fauna, accounts for more 
than one-third of the total number of 150 exotic species in these coastal waters (fig. 7). 
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Another important aspect related to 'global change' is a reconstruction of the Total 
Nitrogen (TN) and Total Phosphorus (TP) loads from Lake IJsselmeer into the western 
Wadden Sea between 1935-1998 (van Raaphorst & de Jonge, 2003). The reconstruction 
is based on the TN and TP loads of the river Rhine at the German/Dutch border and fol
lows the aquatic continuum approach to calculate loads further downstream in (l ) the 
river IJssel feeding the IJsselmeer, and (2) the discharge of this lake into the western 
Wadden Sea. The objectives were to determine (I) how the signal of changing nutrient 
loads of the Rhine is transferred downstream, and (2) how hydrological changes in the 
rivers-and-lake system affected the TN and TP discharges into the western Wadden Sea. 
The results show a gradual 12-fold increase of the TN discharge of the IJsselmeer into 
the Wadden Sea from 1935 to 1988, after which it decreased to levels still circa 5-fold 
those in 1935. The discharge ofTP increased more abruptly in the early 1960s to values 
in 1983 circa 10-fold those before 1965, followed by a sharp decrease to values still 
circa 2.5-fold those before 1965. These patterns resemble those in the river Rhine, but 
are modified due to (1) variability of other sources to the lake, and (2) reduction of the 
retention capacity of the lake due to enormous land reclamation. TN:TP atomic ratios in 
the freshwater input to the Wadden Sea as high as 100 in 1995 were caused by success
ful P reduction programmes, less successful N reduction and N-rich inputs from smaller 
rivers and land runoff into the lake IJsselmeer. Land reclamation caused the lake's reten
tion of TN to decrease step-wise from about 70% to circa 45-50% and that of TP from 
85% to 55-60% between 1950 and 1980. 

Another study carried out is the comparison between effects of 'global change' aspects 
as increased wind conditions (30%) and increased river discharge (10%) on the nutrient 
loads, turbidity and primary production of the Ems estuary. These results were compa
red with the effects of channel maintenance dredging intensity. The conclusion is that 
the effects of channel maintenance dredging on the system turbidity and thus primary 
production are dramatic compared to the effects of the described 'global change' scena
rio. Another conclusion is that the combination of 'global change' and channel mainte
nance dredging may force the estuarine system into another ecological state in which the 
benthic primary production becomes the most relevant food source for the system (bent
hic and pelagic). 

Workgroup 'Ecophysiology of marine microalgae' 

Introduction: summary of activities. The role of marine microalgae in the globe-wide 
geochemical cycling of elements that are relevant to climate modeling is now well esta
blished. Fluxes of the carbon-containing greenhouse gas C02 and of the cloud-inducing 
volatile sulphur component OMS are profoundly mediated through interactions in the 
plankton of seas and oceans. Such fluxes are a central issue in new international ocean 
study programmes in which we participate, for example 'SOLAS', on atmosphere-ocean 
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interactions, and ' IMBER' , short for Integrated Biogeochemistry and Ecosystem 
Research. The international Scientific Committee on Ocean Research (SCOR) supports 
these and similar programmes and has therefore asked 3 years ago for a working group 
on a class of phytoplankton (the Haptophyceae) that is a major link in the biogeochemi
cal processing and food chain transfer of C and S underwater and the degradation and 
conversion of climate-relevant biogases once they have reached the atmosphere above; 
Phaeocystis is a key player on the stage. This SCOR Working Group is coordinated from 
our Department. The Bacillariophyceae (also called 'diatoms') is the other class of micro
algae that is of importance for element cycling: its heavy, silicified cells are considered 
to be a carrier of carbon fixed near the ocean's surface that subsequently sinks to the deep 
sea, where this material is then 'sequestered' for many years. We do intensive research on 
silica biomineralisation and its molecular-genetic background in diatoms. In iron enrich
ment experiments of Southern Ocean waters the sequestration potential is studied by 
members of our group; in fact, the coordination of a programme sponsored by the Euro
pean Commission is done from Royal NIOZ and the Department of Marine Biology at 
RuG. In this Ocean around Antarctica not only iron is a limiting and therefore stress fac
tor for the phytoplankton, but also ultraviolet radiation, especially because of the ozone 
hole that still develops each year in the stratospheric ozone layer - a factor well worth stu
dying, preferably in cooperation with groups that own observation stations on the Antarc
tic continent, in casu Australians. Closer by, in the North Sea and the Wadden Sea, studies 
have continued this year on benthic diatoms that by virtue of their primary products influ
ence the sediment and the ecosystem there, and on nuisance algae of the class Raphidophy
ceae, with a focus on the environmental conditions that govern the level of their toxicity. 

Gas exchange between sea and atmosphere. Fluxes and gradients of C02 and OMS, 
above called 'biogases' that are relevant to climate, have been measured from ships 
during cruises, and the data have now been analysed to obtain the relation between gas 
exchange, its concentration gradient, and wind velocity (the most important parameter). 
There is a significant scatter, from which the conclusion can be drawn that a factor such 
as surface contamination influences the rate of gas transfer. Carbon dioxide fluxes were 
also measured using the 60-meter tall tower at the edge of the Wadden Sea north of the 
city of Groningen. This sea appears to be a strong sink for C02 in late spring and early 
summer. Uptake of this gas in the sea and in the sediment is of similar magnitude as upta
ke by the agricultural land south of the tower. The results imply that a dense observation 
network is necessary to determine C02 exchange of coastal areas. The other gas that we 
focus our attention on since over a decade now is OMS, a degradation product of the 
DMSP of several important algal groups, especially the Haptophyceae mentioned in the 
Introduction. OMS is known to undergo chemical transformation once it has reached the 
atmosphere to eventually form non-seasalt (nss) sulphate aerosols. Sulphate aerosols play 
an important role in the radiation balance of Planet Earth by scattering radiation and indi 
rectly by serving as cloud condensation nuclei. The project of quantifying the biogenic 
forcing of climate has moved from using remote sensing data to using a global climate 
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to MSA depends on temperature and light as well. The global mean radiative perturba
tion of nss S0 4 related to DMS oxidation products has been determined as - 0.03 Watt 
per meter square, a rather low value as we have assumed that all otherS sources are al
ready present and the radiative perturbation is hardly sensi tive to additions to the total 
aerosol concentration. Finally, preliminary results of analyses of the cloud droplet num
ber concentration related to marine plankton indicate that over the southern oceans a 
substantial fraction of all cloud droplets originates from DMS. In the Northern hemi
sphere anthropogenic sulphur sources dominate. The lifetime of clouds over the Pacific 
Ocean is relatively long (this factor ' life time' is hardly ever considered) and therewith 
influences the impact of biogenic sulphur; our studies highlight, in the same line, that 
the impact on cloud properties by marine microalgae can be high over ocean regions 
where algal densities are low - a rather unexpected and innovative notion. 

Shallow water ecosystems: distribution and light adaptation of microalgae. We par
ticipate in a European programme sponsored by the EC that has a focus on an inventory 
of the productivity of ecosystems of tidal flat and other shallow coastal seas along wes
tern Europe. Our contribution is the measurement of algal pigment as a measure of bio
mass and taxonomic composition of microalgae, which appear to be mainly species of 
the group of diatoms. Part of the usefulness of this information is the validation of satel
lite remote sensing imagery of the regions studied. We process all samples of all part
ners (from Ireland, Portugal, Scotland, Germany, and the Netherlands) . The amount of 
chromatograms produced in the HPLC facility in our department provided a great 
wealth of pigment data. One of the major difficulties encountered is the enormous hete
rogeneity encountered at all the sites. In order to establish patterns of vertical migration 
(see Fig. 1 0) a number of samples was taken over time, the number of samples depen
ding on the tidal conditions at the various sites. It should be taken in mind that in order 
to discern true patterns of migration, a close comparison with fluorescence parameters 
related to photosynthesis is required. 
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Figure 10. A time series taken during an experiment on a tidal flat in Ireland. A clear pattern of 
Yertical migration can be observe,d with a strong increase of algal biomass (as chlorophyll a) at 
the surface in the course of time. 
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Figure 11. The development of the pigment ratio diatox
anthin/diadinoxanthin over time. Open symbols were taken 
at the start of the time series, the dark symbols at the end. 
The ratio did not change over day and could not be linked 
to the observed decline in surface biomass. 

Pigments can also be of a group that protects the photosynthetic machinery. Whereas 
some mainly serve for light harvesting, others play a rol.e in photoprotection. The con
version of the light harvesting pigment diadinoxanthin into the photoprotector dia
toxanthin can be used as an indication of light stress. The ratio of diato- to diadinoxant
hin is known to increase when cells suffers photodamage. This ratio was studied at all 
sites and compared with migration patterns. It was expected that at those sites where a 
decline in surface biomass at the end of the low tide period was observed, an increase in 
the photoprotective pigments could be found. However, no straightforward relationship 
between patterns of vertical migration and the ratio of diatoxanthin to diadinoxanthin 
could be established (fig. 11). The total content of photoprotecting pigments also did not 
relate in any way to the observed decline in algal biomass at the sediment surface. The 
role of light as a controlling factor in vertical migration thus remains concealed. An 
intercomparison through time, of all the sites could reveal more insight on the role of 
irradiance. 

Pigment data showed that at all sites diatoms dominated the phytoplankton community. 
Fucoxanthin, a marker for Bacillariophyceae, was often dominating the pigment signal. 
Occasionally, Cryptomonades would be present, as indicated by the marker pigment 
crocoxanthin. Notably, the total algal biomass (as expressed in chlorophyll a) was high
ly variable in space and time. The possibility that differences in algal density determine 
the photosensitivity of the community cannot be excluded. 

Microalgaelbacteria consortia under oxidative UV stress in the Antarctic. Research 
was undertaken both in field and laboratory situations directed to high-light driven oxi
dative stress and anti-oxidative action in marine microalgae and bacteria. Two PhD's 
participated in a joint Australian/Dutch field campaign at the Australian Research Base 
Davis. This field campaign was meant to unravel effects of ultraviolet radiation on mari
ne microbial communities. To this end a total of 6 minicosm (500 I) tanks, each equip
ped with special wavelength cut-off filters in the UV-B and UV-A region of the solar 
spectrum, were exposed to natural solar radiation for a total of two weeks. During this 
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time period (phytoplankton) primary and (bacterial) secondary production, species com
position and a range of biochemical indicators were followed. This series of experiments 
was repeated 4 times over a 4 month period. Samples taken from these experiments were 
subsequently analysed in our RUG laboratories. The results so far indicate that the light 
climate affects phytoplankton growth and species composition during the course of the 
experiments. Moreover, effects on the bacterial community structure were also shown, 
by using molecular techniques (DGGE, DNA sequencing). Microalgae are supposed to 
utilize a large variety of enzymatic as well as non-enzymatic antioxidant compounds, in 
response to high light stress (both UV and high levels of visible light). Very little was 
know about the possible effects of the various light components on action or induction 
of antioxidants in Antarctic marine bacteria and algae. Although enzyme assays of the 
antioxidant enzymes superoxide dismutase (SOD) and ascorbate-peroxidase (APX) 
were readily implemented in our lab, results of field experiments did not show promi
sing results: antioxidant enzyme activity was found to be low throughout, irrespective 
of the applied light treatments. Consequently, in-depth information was first to be ob
tained on the responsiveness of Antarctic microorganisms to high light stress, with 
respect to antioxidative enzymes, using experimental approaches with Antarctic micro
algal isolates. 
At the Australian Antarctic Division headquarters a range of experiments was carried out 
to investigate oxidative stress and non-enzymatic antioxidative responses in a range of 
Antarctic algal isolates. Large species-specific effects of high light on antioxidative 
reactions were found. In addition, a strong increase in UV absorbing compounds and 
xanthophyll cycle pigments was found with increasing light intensity, whereas photo
synthetic pigments decreased significantly. These responses however did not affect the 
UV-B vulnerability of the investigated algal species, judging from similar levels of DNA 
damage found in the cultures after single UV-B exposures following long-term visible 
light acclimations. These results indicate that high (visible) light acclimation does no 
affect the vulnerability for UV-B exposure with respect to DNA damage induction. 

Laboratory facility. The newly implemented 'NWO Middelgroot' -sponsored lab faci
lity was made operative in the course of 2003. Culture rooms as well as newly purcha
sed equipment, including flow-cytometry, is now intensively used by a variety of resear
chers and guests, some as far away as the Americas. In addition, light systems were 
designed that allow for either studies at high light intensities (> I 000 1-1mol M·2 s·') as 
well as the simulation of a range of vertical mixing regimes. Culture experiments were 
set-up to investigate high light stress on cell viability in the Antarctic diatom Chaeto
ceros brevis, for which new flow cytometric methodology was developed. High light 
treatments clearly show effects on cell viability, using the cell membrane permeability 
indicator Sytox Green in combination with flow cytometry (Fig. 12). Also high-light 
stress related effects on cell viability was significantly affected by the nutrient status of 
the cells. This series of experiments was repeated 4 times over a 4 month period. Results 
of these experiments are presently being worked out for publication. 
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silica cell wall. To identify the proteins we study silica formation on the protein level as 
well as the DNA/RNA level. In the first experiments silica affinity proteins within the 
cell were isolated, purified and sequenced. This resulted in some promising proteins. 
One of these proteins shows a high affinity with the newly formed cell wall and is 
known to play a role in protein degradation. This confirms a model designed by us to 
explain the pore formation in diatom frustules, in which proteins are used as mold and 
later on are removed -- leaving the pores. 

New, more accurate techniques are now used to isolate more proteins which play a role 
in the building of the silica cell wall. These techniques are used in combination with syn
chronisation experiments. This gives us not only the possibility to estimate difference in 
protein content but also to follow the expression pattern of mRNA (i.e. the active gene 
transcripts) during the formation of the new cell wall. The first 'RNA experiments' have 
shown that there are over 100 differently expressed transcripts(= parts of genes) during 
a cell cycle. From 28 of these transcripts sequences were obtained of which 22 are un
known -- an indication of novel genes. We are now in the process of obtaining the entire 
sequences of these genes. In future experiments the location and their possible role in 
the silica biomineralisation process have to be indentified. 

Raphidophytes, potentially toxic aliens in the North Sea's Dutch coastal waters. The 
project was set up to determine the environmental factors that trigger toxin production of 
Raphidophytes in Dutch coastal waters. In order to allow prediction of risks, occurrence 
and abundance of these microalgae was to be related to the time it takes to develop the 
set of hydrographic conditions that favours toxicity. Attention was paid to cyst formation 
and germination in order to explain and predict survival during periods with unfavoura
ble growth conditions. In fact, the central question was the so-called 'toxic principle' of 
Fibrocapsa japonica, and under what circumstances are toxins produced? A number of 
toxic principles have been proposed for the Raphidophytes. Local strains were examined 
for neurotoxin (brevetoxin) produc6on but these did not seem to contain any, either 
because the circumstances were not right for the algae to produce the toxin or due to 
detection limits. Moreover, none of the samples collected during the study were positive 
in the competitive ELISA (collaboration with Dr. J. Naar, Center for Marine Science, 
University of North Carolina, Wilmington, USA) even though a large array of varying 
environmental conditions was included. However, two strains of the culture collection of 
UNCW did contain brevetoxins, indicating there is a possibility of strain difference or 
environmental triggers we did not check, such as biotic factors for example bacterial acti
vity. The two Wadden Sea strains do, according to the last results, contain a small amount 
of brevetoxins in live samples, just above detection limit. It is still under debate if bre
vetoxins produced by Fibrocapsa japonica can kill fish, because of the small amounts. 

Since a local F japonica strain (from the Dutch Wadden Sea) was reported to be ich
thyotoxic we continued our search on toxicity using bioassays to study toxicity. Vibrio 
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2003 showed also earlier observations, in April. Moreover, in February 2003 F japoni
ca was observed at 2 North Sea locations. It is possible that earlier growth in the field is 
a new niche for this alga because of the combination of an increase of water temperatu
res due to climate change ("global warming") and germination upon a temperature trig
ger instead of light, as found for other microalgae. 

Interestingly, F japonica cells may well be able to survive in adverse conditions such as 
winter conditions or presence in ballast tanks of ships, so they can be distributed wide
ly across the ocean. Tests involved survival of cells as well as cyst formation. We were 
the first laboratory that succeeded to produce cysts under laboratory conditions. This 
finding combined with experimental work supports the hypothesis of ballast water 
mediated introductions. Cysts are produced at unfavourable growth conditions (low 
temperature, adverse salinity, N-limitation, and stationary growth) and can survive for 
at least half a year in the dark. 

Phaeocystis: a new aspect of ecophysiology, and interactions with bacteria. As sta
ted already in the Introduction above, Phaeocystis is an important contributor to the phy
toplankton in spring in regions all over the world, and it plays therefore a major role in 
the biogeochemical cycling of climate-relevant elements studied by us. A new aspect of 
Phaeocystis ecophysiology is its toxicity, that we investigate in the framework of alle
lopathic interactions in the plankton. Interference with cod larvae are known, and fish 
ki lls haYe been reported. Bioassays have now been conducted with fish, with Artemia, 
and with blood cells. The marine bacteria V fischeri was incubated with mesocosm water 
during experiments in Bergen (Norway), but no toxin seemed to be produced. However, 
an erythrocyte lysis assay revealed that hemolysis was related positively with chlorophyll 
concentration, in a dose-response related to temperature in the water. The haemolytic 
effect was ascribed to excretion by living cells, while there was also an effect of light. 

The dynamics of carbohydrate pools were analysed during a mesocosm experiment also 
run in Bergen, Norway. Watersoluble carbohydrates (mucopolysaccharides, extracellu
Iarly produces large molecules and the the intracellular storage glucan laminaran, stored 
in the cells) were followed over a Phaeocystis bloom cycle. It is now possible, for the fi rst 
time, to make a distinction between mucus polysaccharides and laminaran . The ratio car
bohydrate to POC increased over the bloom period;at the end carbohydrates represented 
70 % of total carbon. The ratio laminaran to mucus did not change over time. The pools 
were monitored during diel cycles and it has been shown that the sugar-per-eel! amount 
can vary up to 4-fold over a cycle, influenced by the stage of the bloom and by light avai
lability. During nighttime mainly laminaran was consumed by Phaeocystis. 

Antarctica again: OMS in 'IRONAGES', and iron stress in diatoms. Iron is essen
tial for plant growth and functioning, but it is available at very low concentrations in 
large parts of the Southern Ocean 's surface waters. Photosynthesis of the phytoplankton 
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living here appears to be the primary target of the resulting iron stress, and carbohydrate 
production is consequently reduced. This was found for a representative diatom, the 
Antarctic Chaetoceros brevis. The results of our study indicate that iron limitation 
affects the ability of phytoplankton to maintain high rates of protein synthesis within the 
deep wind-mixed layer of the Southern Ocean. Near the surface, growth may be limited 
by too much light: iron-poor cultures of this diatom grown at low irradiance showed 
enhanced sensitivity to photoinhibition. 

A review was finished in 2003 that was produced for the European program 'IRONA
GES'. This contribution to the programme, that was run in the Southern Ocean, consists 
of an approach to ecosystem modeling of OMS and DMSP. Starting point in this effort 
was the Archer model's DMS(P) module, with a basis of data on DMSP:C ratios india
toms, Chrysophytes, Dinoflagellates, etc. (from Keller 1989 and Corn 1996) and DMSP
Carbon proportions. The picoplankton consortium in the model is 'tricky' because it con
tains so many widely different groups. Controls on phytoplankton DMSP production are 
listed in the review, using recently published data on, for example, the relation between 
DMSP-intracellular concentration (mM) and light, or the % change of DMSP per cell 
versus temperature. Next, algorithms have been extracted for use in modeling. DMSP 
production is a.o. controlled by macronutrients but the iron-N ratio has been explored 
less. Other terms important for modelling were reported in the review, e.g., 6 to 10 % 
DMSP-p appears to leak daily from the cells, a fixed proportion of cell carbon. 
Exudation should definitely be a term in models; also a grazing term because of diffe
rential behaviour: copepods are a special group in the zooplankton because they accu
mulate DMSP. Bacterial consumption of DMSP, its enzymatic cleavage activity, and 
DMSP sedimentation are other items not to be missed in modeling. 

Workgroup 'Experimental Marine Zoology' 

This year we will report on the progress made regarding experimental zooplankton 
research emphasizing the work on the abundant North Sea calanoid copepod Temora 
longicornis. Two articles about previous work appeared in the Journal of Experimental 
Biology in 2003 and are summarised below. New developments regarding tritrophic 
relationships around T. longicornis are discussed. 

Copepod feeding currents: flow patterns, filtration rates and energetics. Particle 
image velocimetry was used to construct a quasi 3-dimensional image of the flow genera
ted by the feeding appendages of the T. longicornis. By scanning layers of flow, detailed 
information was obtained on flow velocity and velocity gradients. The flow around fee
ding T. longicornis was laminar, and was symmetrical viewed dorsally, but highly asym
metrical viewed laterally, with high levels of vorticity on the ventral side. The flow rate 
through the feeding appendages varied between 77 and 220 ml day-1 per individual. The 
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morphology of the flow field ensured that water was entrained over the full length of the 
first antennae. These were kept out of areas with high velocity gradients that could 
interfere with distant mechano- or chemoreception. The volume of influence, i.e. the 
volume of water around the foraging copepod, where shear rates were significantly high
er than background levels, was calculated. Implications for encounter probability and 
mechanoreception are discussed. The average rate of energy dissipation within the cope
pod's volume of influence is several times higher than the levels of turbulent energy dis
sipation these animals are likely to encounter in their environment. Even in highly tur
bulent environments, adult T. longicornis will not experience very significant effects of 
turbulence. Within the volume of influence of the copepods the energy dissipation due 
to viscous friction varied between 6.6xiO·'' and 2.3xi0·'0 W. Taking mechanical effi
ciency and muscle efficiency into account, this results in a total energetic cost of the fee
ding current of 1.6xi0·9 W per copepod. This value represents only a small percentage 
of the total energy budget of small calanoid copepods. 

Escape from viscosity: the kinematics and hydrodynamics of copepod foraging and 
escape swimming. Feeding and escape swimming in adult females ofT longicornis were 
investigated and compared. Swimming velocities were calculated using a 3-D filming 
setup. Foraging velocities ranged between 2 and 6 mm s·', while maximum velocities of 
up to 80 mm s·' were reached during escape responses. Foraging took place at Reynolds 
numbers between 2 and 6, indicating that viscous forces are considerable during this 
swimming mode. Inertial forces are much more important during escape responses, when 
Reynolds numbers of more than 100 are reached. High-speed film recordings at 500 fra
mes s·' of the motion pattern of the feeding appendages and the escape movement of the 
swimming legs revealed that the two swimming modes are essentially very different. 
While foraging, the first three mouth appendages (antennae, mandibular palps and maxil
lules) create a backwards motion of water with a metachronal beating pattern. During 
escape movements the mouth appendages stop moving and the swimming legs beat in a 
very fast metachronal rhythm, accelerating a jet of water backwards. The large antennu
les are folded backwards, resulting in a streamlined body shape. Particle image veloci
metry analysis of the flow around foraging and escaping copepods revealed that during 
foraging an asymmetrical vortex system is created on the ventral side of the animal. The 
feeding motion is steady over a long period of time. The rate of energy dissipation due to 
viscous friction relates directly to the energetic cost of the feeding current. During escape 
responses a vortex ring appears behind the animal, which dissipates over time. Several 
seconds after cessation of swimming leg movements, energy dissipation can still be 
measured. During escape responses the rate of energy dissipation due to viscous friction 
increases by up to two orders of magnitude compared to the rate when foraging. 

Food finding and tritrophic interactions in marine zooplankton. Land plants can 
release volatile odours (gases) that attract flying insects. Some gases are produced at a 
higher rate when the plants become stressed or infested with pests. As an example, 
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aphid-infested barley releases a specific blend of odours that attracts ladybirds to feed 
on the aphids. The interaction between the three trophic levels ' plant' (barley), 'herbi
vore' (aphid) and 'carnivore' (ladybird) is beneficial to the plant and is part of an indi
rect defence mechanism. 

Marine algae (seaweeds and phytoplankton) also produce gases. However, the possible 
ecological role of these gases is not well understood and their function in aquatic tri
trophic interactions has not been addressed before. Experiments with phytoplankton and 
herbivorous microzooplankton indicate the production of several volatile substances 
after ingestion of prey (e.g. Steinke et al., 2002). These include some novel non-methane 
hydrocarbons (NMHC) and the sulphur gas dimethyl sulphide (DMS). Such gases can 
transfer into the atmosphere and influence atmospheric chemistry and global climate. 
Copepods and other zooplankters eat microzooplankton and it is possible that the odour 
released by microzooplankton grazing can help them to detect and locate their prey. 
Mapping of the feeding current and monitoring behavioural changes before, during and 
after addition of relevant odour solutions. Copepods altering their behaviour in the pre
sence of odour indicates that they can detect (e.g.) DMS and suggests that the odour pro
vides copepods with important information on their surroundings, including the presen
ce of prey. First experiments indeed show changes in both the feeding current characte
ristics and the behaviour of the animal itself. Here we report on these first results from 
experiments with T. longicornis. Future experiments will help to fully describe the beha
vioural response of copepods to algal odours, address the effect of DMS on krill and 
investigate the potential role of the NMHC ethene (a hormone for land plants) in marine 
marine tritrophic interactions. 

T. longicornis was used in collaborative experiments conducted with Dr Jacqueline 
Stefels (Depts. of Marine Biology & Plant Physiology, University of Groningen, NL) 
and Dr Michael Steinke (School of Environmental Sciences, University of East Anglia, 
UK) at our laboratories. We used our laser-sheet particle image velocimetry (PIV) sys
tem capable to quantify the flow-fields surrounding small marine organisms. PIV is sui
table for analysing the behavioural response of aquatic animals when exposed to various 
stimuli, including infochemicals. Adult T. longicornis copepods were successfully tethe
red to micro-capillaries using low vacuum. These were placed in a small seawater tank 
seeded with tiny ( <5 11m) reflective neutrally buoyant particles and illuminated by a red 
laser-sheet (see Figure 15A). After a short (<10 min) adaptation period, the copepods pro
duced a feeding current with their mouthparts and the resulting flow vectors were analy
sed using specialised image-analysis software (Stamhuis et al. 2002). Figures 15B+C 
illustrate an example of our initial findings. The feeding current just in front of the mouth 
appendages of the copepod was monitored for approximately one hour, before DMS was 
added to the seawater tank from a 10 11M stock solution to a final concentration of 80 nM, 
a concentration comparable to bulk measurements of DMS in an Emiliana huxleyi bloom 
(Malin et al. 1993). While the DMS dispersed into the seawater via diffusion, the flow 
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water enriched with DMS. It is difficult to translate the behavioural responses of a tethe
red copepod to the possible behavioural pattern in a free-swimming copepod. However, 
it is likely that bending of the urosome and associated re-direction of flow, would result 
in a copepod switching from suspension-feeding, or hovering, to a more active search 
swimming-pattern. In free-swimming copepods this is equivalent to quick circular (som
mersault-like) movements that allow sampling the environment for possible infochemi
cals before a new feeding strategy is established. This behavioural change is difficult to 
quantify and to present here. Figure 16 shows a view of the tethered copepod and of the 
DMS plume and its direction of motion (green arrow) due to the feeding current gene
rated by the copepod, with an explanatory diagram on the right. 

Additionally, a movie of this experiment is available from the webpage of one of the col
laborators that illustrates the behavioural changes. This movie is available for download 
at http://lgmacweb.env.uea.ac.uk/e040/PROTECT (User Name: 'fellowship ' , password: 
'MoviE'). 

Collaborative project 'Coral-reef ecology' 

Ecology and population dynamics of butterfly fishes. The Eritrean PhD student, Z.A. 
Zekeria, successfully defended his thesis entitled 'Butterfly fishes of the southern Red 
Sea: ecology and population dynamics', in 2003. He is the first Eritrean awarded with a 
doctorate in CEES. 

Seasonal dynamics of coral reef algae. The southern Red Sea is characterized by 
strong seasonal variation in environmental conditions, temperature in particular. 
Summer maxima of ca. 35 OC were recorded, which is much higher than in other tropi
cal regions. The Eritrean PhD student M. Ateweberhan studied the seasonal dynamics of 
different functional groups of reef algae: canopy algae, foliose algae, algal turfs and 
crustose corallines. Seasonal peaks in biomass of the different groups shifted over the 
reef. On the shallow reef flat, canopy algae dominated in the cold season but their bio
mass was strongly reduced during the hot season due to annual shedding of branches. 
This annually recurring process releases carbon and nutrients into the adjacent, coral 
dominated areas. Thus, southern Red Sea coral reefs may be detritus-driven ecosystems 
similar to temperate kelp forests. Macrothalli of foliose algae completely disappeared 
from the reef flat in summer when these species survived in a microscopic stage. In the 
shallowest zone on the reef flat, turf algae reached their highest biomass in summer. This 
is probably due to higher light levels in the absence of canopy cover and to a shift in gra
zing pressure towards deeper reef zones. Grazers are largely excluded from these shal
low zones because of excessively high summer temperatures and because of increased 
predator risks in the absence of canopy cover. On the deeper, coral dominated fore reef, 
turf algae reached their highest biomass in winter. Grazing pressure is lowered at this 
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time of year as grazers can also exploit the shallower zones. The biomass of crustose 
corallines, the main reef consolidators, varied less than in the other functional groups. 

Seasonal dynamics in the trophic ecology and energetics of an important grazer. 
J.J. Videler, J.H. Bruggemann and Z.A. Zekeria successfully applied for a WOTRO 
research grant for the Eritrean PhD student Yohannes Afeworki. The title of his project 
is: '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'. 
The scientific background of this project is the fact that coral reefs are threatened in their 
existence worldwide. Reef decline is often evidenced by an ecological shift from domi
nance by reef building corals to fleshy algae. Increased maximum temperatures during 
the summers due to global warming are among the main causes. Herbivores control 
algal biomass, thus imparting resilience to coral reefs. In areas with strong seasonality, 
the equilibrium between growth of corals and algae shifts seasonally in the direction of 
the algae. The ability of herbivores to cope with such shifts is unknown. The effects of 
temperature driven changes in algal distribution and biomass on a dominant primary 
consumer will be studied. 

The pristine coral reefs of Eritrea in the southern Red Sea show strong seasonal tempe
rature changes naturally. Epilithic turf algae escape grazing pressure and develop into 
large plants overgrowing the live corals seasonally. These are no longer a food source 
for herbivorous fishes. The seasonal changes in the feeding behaviour and energetic 
aspects of different live stages of the pa.rrotfish S. ferrugineus, the dominant grazer, will 
be investigated. We expect to fmd how this primary consumer reacts to the consequen
ces of the seasonal temperature changes by altering its feeding habits and by showing 
changes in important items of its energy budget. 

Appointment. The local co-ordinator of our co-operative project in Eritrea dr. J.H. 
Bruggemann was appointed professor and head of the department of Marine Biology at 
the University of La Reunion, France. 
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Overview of academic results 

In the period Januari to August 2003, the Microbial Ecology group was headed by inte
rim head Professor J. van Andel, with the assistance of Dr. H. Bolhuis. The group had 
gone through a difficult period without leadership at the professorship level, and in addi
tion to that, was confronted with several changes in key personnel. With the appointment 
of Professor J.D. van Elsas at the chair in August 2003, the Microbial Ecology group 
was set in a new development. 
The research programme to be developed over the next five years will have its focus in 
the bacterial niche adaptation - genome conundrum. For most of the time since its ori
gin, life has been exclusively microbial. Fluctuating environments, competition, adapta
tion and evolution resulted in the present microbial diversity with organisms inhabiting 
almost every thinkable ecological niche. Microorganisms play a crucial role in essential 
all biochemical processes such as the cycling of elements (nitrogen, carbon, sulphur, 
etc.) and without them life, as we know it, could not exist. Understanding the ecophy
siology of diverse microbial communities and their interaction with the environment is 
one of the major challenges in microbial ecology. At present, the study of microbial 
diversity focuses on the community level. Via culture-independent methods, an inven
tory is made of the extant microbial diversity and their putative ecophysiological role. 
However, finding the same population of species in similar or different environments 
does not necessarily mean that they are also functionally identical. Part of this is caused 
by the fact that microbial populations are genetically much more diverse than can be 
concluded from the diversity in 16S ribosomal RNA genes. In fact, genetic diversifica
tion within microbial populations is the key step in microbial adaptation and evolution. 
Several mutational processes, ranging from replication errors, homologous recombina
tion and horizontal gene transfer may yield variants with novel beneficial ecophysiolo
gical traits. From this pool of mutants within a population, the environment can select. 
The resulting genetic diversity within a population is often missed by 16S rONA-based 
culture-independent methods, the current standard approach to determine microbial 
diversity. This omission forms the basis of this research which aims to addresses key 
questions in the field of molecular microbial ecology, i.e. "how does genetic diversity 
and diversification affect microbial diversity at the community level". 
In generic terms, questions as to how bacteria adapt genomically to environmental chal
lenges, when they do this, how horizontal gene transfer impacts the adaptational process 
and at which speed adaptations occur, will be the main topics to be addressed in the pro
gramme. In terms of ecosystems, the focus will be 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 differentia
tion, and (2) major drivers of microbial activity, including adaptational activity, such as 
plants and soil animals, are available. In addition, several projects deal with non-soil 
systems, such as deep-sea habitats, marine waters, salterns and Antarctic systems. 

110 







Microbial Ecology 

the activity and growth of oligotrophic communities? In order to study these processes, 
a comparison of the functional and genetic compositions of oligotrophic microbial com
munities before and after exposure to BTEX was made. 

A combined approach, based on soil microcosms and defined studies with pure and 
mixed cultures in chemostats established and maintained under controlled conditions, 
were set up to determine causal relationships between environmental and community 
variables and microbial activities. A specific objective of this project was to define and 
to compare the structure of microbial communities in pristine and BTEX-contaminated 
aquifers. Thus, the factors that affect biodegradation of microbial communities in che
mostats and microcosms were evaluated and strategies developed for simulation of bio
remediation on the selected contaminated sites and thereby enable efficient exploration 
and exploration of micro organisms for the clean-up of contaminated environments. 
Based on the characterization of the contaminated site during the first two years of this 
project, a model was set up to describe and predict the evolution of BTEX contamina
tion. This model was in good agreement with the analytical results from spatial and tem
poral monitoring during the third year. Furthermore, a bioremediation strategy based on 
the addition of nutrients and terminal electron accepters (nitrate) was developed. Micro
bial characterization, using both cultivation-dependent and cultivation-independent 
methods has resulted in a detailed characterization of the microbial community at the 
various contaminated monitoring sites. Highest diversity was found in the uncontami
nated site and lowest at the highly contaminated site. Various BTEX-contaminated sites 
were isolated, mainly y-Proteobacteria (Pseudomonas sp.) at the contaminated sites and 
from the uncontaminated site in addition to Pseudomonas sp. several Arthrobacter and 
Rhodococcus strains. 
Laboratory degradation tests (soil columns and chemostat) revealed that, under aerobic 
conditions, alls BTEX components were degraded, the xylenes being the most resistant 
to biodegradation. In contrast, no anaerobic degradation of benzene and o-xylene was 
observed on the electron acceptor added, whereas toluene, followed by ethylbenzene 
was degraded best under anaerobic conditions (particular under nitrate reducing condi
tions). 
Eventually, an in situ mesocosm system we developed for monitoring the effects of 
BTEX contamination on the diversity of soil community and its catabolic potential. In 
this system, uncontaminated soil was inserted into the contaminated site and an evolu
tion of the community structure towards the structure of the contaminated site took 
place. Moreover, some in situ experiments are still running to examine the effects of 
nutrient/terminal acceptor electron addition on the microbial community at the conta
minated site. 
A whole set of tools was developed, which can be generally employed in the monitoring 
of bioremediation activities at BTEX contaminated sites, including primer sets against 
catabolic genes involved in BTEX degradation. Furthermore, a broad variety of strains 
were isolated and characterized with respect to taxonomy and catabolic properties, 
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are related to phylogenetic groups not found in normal seawater, indicating that a spe
cific microbial community is present in the Discovery brine. Together with the detection 
of metabolic activities for different processes in the brine, these data suggests that life 
exists in such an extreme environment. 

Bacterial diversity in deep sea mud volcanoes and fluid seeps 
In the past three decades mud volcanoes and fluid seeps have been discovered along the 
Eastern Mediterranean Ridge and were linked to tectonic activity in this area. Two of 
these areas (Olimpi Mud Volcano area (OMV) and Anaximander Mountains area (AM)) 
were studied in Dutch-French expeditions MEDINAUT and MEDINETH in 1998 and 
1999. These studies revealed details on the occurrence of cold seeps and brine lakes on 
several mud volcanoes and showed the presence of communities of higher organisms 
including mollusks, tube-worms, urchins, shrimps and fish. A strong dependence of 
Eastern Mediterranean cold seep communities on methane was tentatively correlated 
with a higher abundance of macrofauna at sites of apparent greatest fluid emission. This 
was supported by lipid biomarker studies which showed that chemoautotrophy with 
methane as the main electron donor and carbon source supports the microbial commu
nities in deep-sea sediments and carbonate crusts on mud volcanoes in the Eastern Medi
terranean. 
Knowledge on deep-sea microbial communities in the Eastern Mediterranean Sea is 
limited. Therefore we investigated microbial communities in carbonate crusts, a micro
bial mat and sediment samples collected from geographically distant mud volcanoes in 
the Eastern Mediterranean deep-sea with 16S rRNA gene sequence based techniques 
and compared these with chemical data. 
Bacterial 16S rRNA gene sequences obtained were related to Actinobacteria, Bacilli, 
Chloroflexi, a-, f3 -, o-, e-, y-Proteobacteria and unclassified novel bacteria, whereas 
archaeal sequences were affiliated with Methanosarcinales, Thermoplasmales, Halobac
teriales, novel Crenarchaea and Marine Group I archaea. These bacterial and archaeal 
communities were diverse and unique at a species level for each of the sites studied, but 
similar microbial communities were found in comparable ecosystems and sediment 
depth layers at a phylogenetic group level. Linking sequence data to potential metabo
lic processes, our data suggests that aerobic heterotrophy and aerobic sulfide and methane 
dependant chemotrophy were predominant in the microbial mat and most of the mud 
volcano surface sediments studied. In addition, anaerobic processes such as the anaero
bic oxidation of methane (AOM), sulfate reduction and anaerobic heterotrophy were 
predominant in deeper mud volcano sediment layers. The potential for these processes 
was supported by chemistry data. 
We conclude that sulfide and methane dependent chemotrophy is important in Eastern 
Mediterranean deep-sea cold seeps. In addition, linking potential metabolic processes 
with a high species diversity and similarity among prokaryotic communities in the 
geographically distant sites studied, we conclude that our data support a conservation of 
function in the sediments of the Eastern Mediterranean mud volcanoes. 

115 







CEES Progress Report 2003 

sensitive to yeast extract, a medium component that is essential for the supply of micro
nutrients. It is commonly added to many different growth media for prokaryotes, but 
inhibits growth of many haloarchaea at higher concentrations. Initial growth experi
ments revealed a tolerance to high concentrations of MgC12 (>2 M) in the presence of 
3.3 M of NaCl, which makes sense since these organisms dominate the crystalliser bas
ins of solar saltern where the concentration of NaCl approaches saturation and the con
centration of MgC12 increases. Another striking feature of this unique organism is the 
formation of extraordinarily large cells (> 40x40 11m) that do not contain any visible 
division structures, ranking them amongst the largest prokaryotes known to date. Even 
larger 'cells' have been observed that are visible with the naked eye, but which also do 
not contain signs of a multi-cellular structure. This feature is subject to further investi
gation. The genome, with an estimated size of three million base pairs, will be sequen
ced and analysed in cooperation with the genome sequencing facility of Prof. dr. D. Oes
terhelt at the Max Planck Institute for Biochemistry, Martinsried, Germany and the group 
of Prof. dr. F. Rodriguez-Valera of the Universidad Miguel Hernandez, Alicante, Spain. 

Effects of ultraviolet radiation on the diversity of marine microbial communities 
This project is conducted in collaboration with the department of Marine Biology of the 
University of Groningen and the Australian Antarctic Division, Australia 

Marine microalgae are important determinants of global atmospheric C02 concentra
tions. Approximately 20% of the phytoplankton produced in the photic zone sinks rapid
ly to the ocean floor where it becomes largely inaccessible to remineralisation and the
reby directly contributing to the loss of C02 from the atmosphere; a phenomenon known 
as the 'biological pump'. However, recent studies revealed the importance of bacterial 
activity in marine surface waters involved in phytoplankton breakdown. Consequently, 
the biological pump may well be far less efficient than previously assumed. So far, little 
is known about microbial communities associated with diatom blooms. 
The polar regions are assumed to be very important in the biological pump. However, 
due to the severe ozone depletion in this region, the incident ultraviolet-B radiation 
(UVBR) is significantly increased and may dramatically affect the extant microbial 
communities. Little is known about the vulnerability of marine bacteria towards (in
creased) UVBR, and the possible consequences of UVBR induced changes in the bac
terial community, their association with microalgae and degradation of organic matter 
associated with the microalgal blooms. 
In the antarctic summer of2002-2003, a field campaign was carried out at the Australian 
Research Station Davis. 500 liter minicosms were inoculated with seawater and exposed 
to different regimes of incident UV irradiation. Samples were subtracted from the mini
cosms at different time intervals, filtered and used for cultivation and molecular analy
sis of the extant microbial diversity. Preliminary data obtained from DGGE community 
fingerprinting revealed differences in microbial community stlucture affected by UVRB 
irradiation. 
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Overview of academic results 

Award 

Liesbeth Bakker and Han Olff were given the 2003 Editors' Award for the best paper 
according to the Editors of the Joumal of Vegetation Science. The paper is entitled 'The 
impact of different-sized herbivores on recruitment opportunities for subordinate herbs 
in grasslands'. From the jury report we quote: 'This paper examines the effects of her
bivores on vegetation dynamics. It does this especially well in that it examines four cru
cial aspects of the process, and in that it includes an experimental approach: (1) The 
vegetation was characterized demographically by recording local colonization and 
extinction for seven years. (2) The role of dung in dispersing species was examined by 
collecting dung from the field, and examining its seed bank in a greenhouse germination 
experiment, with a control. (They were careful to collect cow dung less than a day old -
they almost deserve the prize for this alone .) (3) They recorded the gaps available for 
colonization by seeds at 51 times, categorizing the gaps where possible by the agent cau
sing the disturbance (ants digging, rabbits using the latrine). (4) Even when a seed arri
ves in a gap, it needs the right conditions to germinate and establish, and they examined 
the effect of dung here. Since dung might have various effects, they also used a simula
ted dung of toilet paper (appropriately!) plus nutrients, with other treatments including 
the paper and the nutrients alone. All this work was extended to the community level by 
examining relative abundance distributions. 
The study site is land of high conservation value. Bakker & Olff demonstrated that the 
high species richness is largely due to subordinate herbs. They have a high tumover rate, 
colonizing gaps. Dispersal is due mainly to the cattle, whose dung produced 13 times as 
many seedlings as rabbits'. However, species diversity is better maintained when seeds 
are dispersed into bare soil, and for gap availability the community has mainly to thank 
the rabbits.' 

The start of a PIONIER-project on the interplay of biodiversity and spatial heterogeneity 

Han Olff was given an opportunity to join in as professor of Community and Conser
vation Ecology since September 2002, due to a Van der Leeuw chair financed by NWO 
for a period of two years, in perspective of continuation of his appointment at the Uni
versity of Groningen from September 2004 onwards. In his inaugural lecture in Febru
ary 2003 he outlined his research plans. The matching obligations for the PIONIER 
grant he had obtained from NWO early 2002, while he was still appointed at Wage
ningen University, was adequately provided by the University of Groningen. 
His PIONIER project proposes a new, and potentially major underlying explanation of 
biodiversity patterns: Biodiversity may promote itself by feedbacks upon the same spa
tial structure of resources that it needs for its maintenance. This idea is explored through 
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The effects of herbivory and interspecific plant competition on the establishment of E. 
athericus were studied in a field experiment. Seedlings were transplanted at sites with a 
different successional age. Competition reduced growth of seedlings and the effect of 
competition increased with salt-marsh age. Herbivory, mainly by hares, strongly redu
ced survival. The largest reduction in survival was found at the youngest salt marsh. 
Grazing thus mainly seems to affect the establishment of this late successional species. 
The long-term impact of herbivory on salt-marsh vegetation succession was studied. 
Excluding both geese and hares resulted in the largest changes in species composition at 
young salt marshes. At these sites, typical late successional species, such as Atriplex 
portulacoides and E. athericus became established after seven years without herbivores. 
Excluding geese only did not affect the species composition of the vegetation. It seems 
that mid-succesional stages on the salt-marsh system are skipped in the absence of small 
herbivores (Fig. 2). The same patterns of vegetation development were observed at two 
islands were no hares were present, namely, Rottumerplaat and Mellum (but geese did 
occur) since the beginning of salt-marsh formation. Thirty years of succession had resul
ted on both islands to a dominance of A. portulacoides on the low and E. athericus on 
the high salt marsh. Stages dominated by both species can only be found on marshes of 
more than 50 years old at the grazed salt marsh of Schiermonnikoog. This leads to the 
conclusion that grazing by mainly hares can retard vegetation succession for at least 20 
years. However, hares can not prevent the invasion of these late successional species 
with increasing levels of soil ni trogen. Old productive marshes show a high dominance 
of both plant species. The presence of tall less palatable plants has a negative effect on 
the grazing intensity by hares, hence old marshes ha\'e a low numbers of hares. 

With hares and geese 

~lid-success ional stage 

High abundance of 
grazing-tolerant plant 
species (Festuca rubra, 
Puccinellia maritima, 
Plantago maritima, 
Triolochin maritima\ 

Pioneer stage 

Early successional 
species ( Salicornia 
europaea, Suaeda 
maritima) 

Late successional 
stage 

Dominance of tall
growing plants 
(Eiymus athericus, 
A trio/ex 

No herbivores 

Figure 2. Schematic presentation of salt- marsh succession with and without the presence 
of hares and geese. 
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Cattle grazing at these old marshes leads to a reduction of tall-growing plants and to a 
return of a short vegetation with a high abundance of preferred food plant species. Cattle 
thus facilitate for both geese and hares. In the absence of cattle the cover of tall plants 
increases. Hares can cope with a higher cover of E. athericus than geese (Fig. 3) Small 
herbivores, such as hares and rabbits, have several adaptations in their digestive system 
to cope with low quality forage. However, when tall plants become dominant at the 
marshes, they will disappear. Although they control the vegetation at the unproductiYe 
sites, they have lost control at the high productive sites. At these sites they need the help 
of a large herbivore to top-down regulate the vegetation. 
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Figure 3. Studies in different areas in the Wadden Sea where grazing by livestock was ceased 
in either part of the area or experimentally by means of exclosures. At each site a pair-wise 
comparison is made between a cattle-grazed marsh and an ungrazed marsh. The cover of vege
tation dominated by Elymus athericus in the ungrazed areas is indicated. The preference was 
calculated as the percentage of droppings counted at the ungrazed marsh. I) ex closure erected 
during one growing season at Schiermonnikoog, NL. 2) exclosure at Schiermonnikoog, 3) 
exclosure at Friedrichskoog, DE, 4) ungrazed marsh at Terschelling, NL, 5) exclosure at 
Skallingen, DK, 6) exclosures at Schiermonnikoog, 7) exclosure at Sonken-Nissen-Koog DE, 
8) Ungrazed marsh at Schiermonnikoog, 9) exclosure at the Leybucht, DE. 

In contrast to previous theories Dries Kuijper found that top-down effects decrease and 
bottom-up effects increase along a gradient of plant productivity. Hence, small herbivo
res, such as geese and especially hares, have the strongest impact on the vegetation in 
low-productive stages of the productivity gradient. This can be explained by the selec
tive grazing of the herbivores, which prevent establishment at the unproductive stages 
of succession. 
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Figure 6. Relationship between Ellenberg nitrogen indicator values and relative seed dispersal 
(seeds in herbiYore dung/ seed supply, log scale) by cattle: R2=0.51, P=0.006 

Nutrient redistribution affected by temperature-driven water flows in the acrotelm of 
a bog 

Rappoldt et al. (2003) reported in the Proceedings of the National Academy of Science 
of America on a very exciting transport mechanism for solute transport in peatlands, that 
could function as a mechanism for retaining nutrients and C02 in the living top layer of 
a bog. They showed that the temperature increases during the day as a result of warm 
air and sunlight At night the surface cools down considerably leading to a situation with 
relatively cold water on top of warmer water with a lower density. Under such condi
tions, convection- or buoyancy cells will develop if the temperature drop is sufficiently 
large. Convection cycles occur in such buoyancy cells; warm fluids are rising and cool 
fluids sinking. This phenomenon was studied by means of numerical simulation and 
laboratory measurements and showed that they are likely to develop during the firs t four 
hours of the night The numerical simulation showed that they fade away towards the 
end of the night due to cooling of the entire peat layer. Laboratory measurements in a 
mesocosm with growing Sphagnum cuspidatum demonstrated a satisfactory agreement 
between temperature cycles measured at various depths and simulated ones. 
The main consequence of the nocturnal flow is mixing of the water within several days 
(Fig. 7). Dispersion and diffusion will enhance this mixing. In combination with uptake 
by plants a net upward transport of minerals can occur from the deeper decomposing 
layers. It was hypothesised that redistribution of the nutrients stimulates peat growth, 
especially if major nutrients such as nitrogen, potassium and phosphorus are involved. 
This can have large consequences for the peat growth. 
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15N-isotopes will also be used to investigate the nitrogen distribution within the living 
Sphagnum layer. These experiments will show if buoyancy cells indeed redistribute 
nitrogen and if the present Sphagnum will profit from this redistribution by enhanced 
nutrient availability in the top. 

Ecoinformatics: databases and data mining 

The emergence of the new field of Ecoinformatics (i.e. the science of information 
(Informatics) in ecology and environmental science) will bring dramatic transformations 
to the field of ecology, as was the case for gene frequency data that resulted in the field 
of Bioinformatics. Due to the building of databases, including increasing amounts of 
information on species co-occurrences, site attributes, species attributes and characte
ristics, as well as changes in species distribution patterns, we can expect these big chan
ges in the ecology field as well. 
The key to understanding changes in biodiversity is understanding the processes that 
affect the distribution and abundance of species. Recently major advances have been 
made in describing the relationships between species diversity and ecosystem processes, 
in identifying functionally important species, and in revealing underlying mechanisms. 
Changes in land use are consistently identified as the most potent drivers of species 
extinction and involve predictable functional shifts as sets of species with particular 
traits are replaced by other sets with different traits. On the habitat scale, for example, 
anthropogenic land use change has resulted in a strong decrease in species characteris
tic of natural or semi-natural landscapes. 
Nature management practices have started to restore former species-rich plant commu
nities using practices such as rewetting, top soil removal, and cutting of planted wood
land. Such practices restore, either immediately or gradually, the abiotic habitat condi
tions, but various constraints restrict the re-establishment of characteristic target plant 
species (e.g. short-lived soil seed bank, low dispersal capacity). 
In combining available data from restoration projects, Ecoinformatics can be of great 
use to predict the possible arrival of target species at a site. Other benefits of Ecoinfor
matics are i.e. the calibration of species indicator values, niche modelling, analysis of 
long-term vegetation change, spatial modelling of vegetation patterns, data exchange, 
assessment and application (e.g. database expert systems, linking plant trait data with 
distribution atlases, conservation planning). 
An important issue for fundamental research will be data mining, i.e. searching for cor
relations of life-history traits of species. For instance, understanding the dynamic pat
tern of biodiversity and rarity of a species, information on the corresponding environ
mental data of a the site and the traits relevant for the spatial dynamics of the species is 
required. With this information a site-environmental factors matrix and a species-trait 
matrix can be built, serving as explanatory variables (see Fig. 8). The species-trait matrix 
contains the life-history of a species (the sum of its traits) and the distribution of a trait 
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Figure 8. Three collated matrices are needed to explain and assess biodiversity and rarity. The 
species-site matrix (box l) and the site-environmental factors matrix (box 2) can be assembled 
from field data, allowing to build the species-trait matrix (box 3) for a data set. 

over the flora of a region (Fig. 8). Given the trade-off structure of life-history traits, the 
species-trait matrix will reveal species-trait clusters also known as functional types. 
At present most data sources are in several different languages and distributed across 
different institutes and national agencies, often collected and stored in different ways 
and mutually not integrated. This severely impedes the functional data analysis and also 
poses technical and scientific challenges. To maximize the availability and utility of 
such data, (inter)national data exchange and communication will be critical, and ecolo
gists need to develop and conform to standard data structures and exchange formats. 
Recent developments in Ecoinformatics field at the Community and Conservation 
Ecology Group are the LEDA Traitbase (www.leda-traitbase.org) and the Dutch plant 
database on reproductive traits (IRIS: www.synbiosys.alterra.nl/IRIS). The EU-LEDA 
Traitbase project, including ten partners from six countries, provides an open Europe
wide database of plant traits relevant for the conservation and sustainable use of biodi
versity in changing European landscapes. Starting with the flora of NW Europe, the 
underlying principle on which the Traitbase is based is to explain biodiversity in terms 
of the functional types persistence, regeneration and dispersability. The Traitbase is to 
be used as a tool in planning, in nature conservation and restoration, as well as in fun
damental research. 
The IRIS trait database is constructed for the purpose of analyzing changes in plant 
diversity in Dutch landscapes. Three groups of traits have been selected according to 
their potential impact on the spatial and temporal mobility of plants: vegetative persis
tence, dispersal and seed longevity. 

138 



Plant Ecology 

Publications 2003 

Dissertations 

Doctorate granted by another institution, prepared at another institution 

Bakker, E.S. 2003. Herbivores as mediators of their environment. Promotores prof. 
dr. F. Berendse and prof. dr. H. Olff, Wageningen University 

Publications in journals 

Adema, E.B., Van Gemerden, H. & Grootjans, A.P. 2003. Is succession in wet cal
careous dune slacks affected by free sulfide? Journal of Vegetation Science 14: 
153-162 

Adema, E.B. & Grootjans, A.P. 2003. Possible positive-feedback mechanisms: 
plants change abiotic soil parameters in wet calcareous dune slacks. Plant Ecology 
167: 141-149 

Apol, M.E.F. & Amadei, A. 2003. Mixing Distributions within the Quasi-Gaussian 
Entropy Theory: Multistate Thermal Equations of State Valid for Large Temperature 
Ranges. Journal of Physical Chemistry B 107: 1410-1422 

Bakker, C., Blair, J.M. & Knapp, A.K. 2003. Does resource availability, resource 
heterogeneity or species turnover mediate changes in plant species richness in grazed 
grasslands? Oecologia 137: 385-391 

Bakker, E.S. & Olff, H. 2003. Impact of different-sized herbivores on recruitment 
opportunities for subordinate herbs in grassland. Journal of Vegetation Science 14: 
465-474 

Bakker, J.P., Bos, D., Stahl, J. , De Vries, Y. & Jensen, A. 2003. Biodiversitat und 
Landnutzung in Salzwiesen. Nova Acta Leopoldina 328: 163-194 

Bekker, R.M., Bakker J.P., Ozinga, W.A. & Thompson, K. 2003. Seed traits: essential 
for understanding seed longevity. Aspects of Applied Biology 69: 1-9 

Bekker, R.M., Porcella, F., Grundy, A.C., Jones, N.E., Marshall, E.J.P. & Murdoch, 
A.J. (eds) 2003. Seedbanks: Determination, dynamics and management. Aspects of 
Applied Biology 69: 1-310 

139 



CEES Progress Report 2003 

Blomqvist, M.M., Bekker, R.M. & Vos, P. 2003. Restoration of ditch bank plant spe
cies richness: The potential of the soil seed bank. Applied Vegetation Science 6:179-
188 

Bockelmann, A.C., Reusch, T.B.H., Bijlsma, R. & Bakker, J.P. 2003. Habitat differen
tiation vs. isolation by distance: the genetic population structure of Elymus athericus 
in European salt marshes. Molecular Ecology 12: 505-512 

Boedeltje, G., Bakker, J.P., Bekker, R.M., Van Groenendael, J.M. & Soesbergen, M. 
2003. Plant dispersal in a lowland stream in relation to occurrence and three specific 
life-history traits of species in the species pool. Journal of Ecology 91: 855-866 

Boedeltje, G., Bakker, J.P. & Ter Heerdt, G.N.J. 2003. Potential role of seed banks in 
the development of aquatic vegetation in backwaters along navigation canals. Aquatic 
Botany 77: 53-69 

Etienne, R.S., Vos, C.C. & Jansen, M.J.W. 2003. Ecological impact assessment in 
data-poor systems: a case study on metapopulation persistence. Environmental 
Management 32: 760-777. 

Grootjans A.P., Adema, E.B., Baaijens, G.J., Rappoldt, K. & Verschoor, A. 2003. 
Mechanisms behind restoration of small bog ecosystems in a cover sand landscape. 
Archiv fur Naturschutz und Landschaftsforschung August 2003: 43-48 

Knevel, I.C., Venema, H.G. and Lubke, R.A. 2002. The search for indigenous dune 
stabilizers: Germination requirements of selected South African species. Journal of 
Coastal Conservation 18: 169-178 

Knevel, I. C., Bekker, R.M., Bakker, J.P. & Kleyer, M. 2003. Life history traits of the 
Northwest European flora: The LEDA database. Journal of Vegetation Science 14: 
611-614 

Mat~jkova, I. , van Diggelen, R. & Prach, K. 2003. An attempt to restore a central 
European mountain grassland through grazing. Applied Vegetation Science 6: 161-168 

Matus, G., Verhagen, R., Bekker, R.M. & Grootjans, A.P. 2003. Restoration of the 
Cirsio dissecti-Molinietum in The Netherlands: can we rely on soil seed banks? 
Applied Vegetation Science 6: 73-84 

Rappoldt C., Adema E.B., Baaijens G.J., Van Duijn C.J., Grootjans A.P. & Pieters 
G.J.J.M. 2003. Buoyancy-driven flow in a peat bogs as a mechanism for nutrient cy
cling. Proceedings of the National Academy of Science of America 100: 14937-14942 

140 



Plant Ecology 

Ter Braak, C .J.F. & Etienne, R.S. 2003. Improved Bayesian analysis of metapopula
tion data with an application to a tree frog metapopulation. Ecology 84: 231-241 

Thompson, K., Ceriani, R.M., Bakker, J.P. & Bekker, R.M. 2003. Are seed dormancy 
and persistence in soil related? Seed Science Research 13: 97-100 

Van der Graaf, A.J., Bos, D., Loonen, M.J.J.E., Engelmoer, M. & Drent, R.H. 2002. 
Facili tation of management regimes for Brent Geese in polder and salt marsh areas. 
Journal of Coastal Conservation 8: 179-188 

Van der Maarel , E. 2003. Some remarks on the functions of European coastal eco
systems. Phytocoenologia 33: 187-202 

Van Diggelen, R. & Marrs, R.H. 2003. Restoring plant communities - Introduction. 
Applied Vegetation Science 6: 106-110 

Van Diggelen, R. & Marrs, R.H. (eds.) 2003. Restoring plant communities. Special 
Feature. Applied Vegetation Science 6: 106-278 

Van Gemerden, B.S., Shu, G.N. & Olff, H. 2003. Recovery of conservation values in 
Central African rain forest after logging and shifting cultivation. Biodiversity and 
Conservation 12: 1553-1557 

Van Gemerden, B.S., Olff, H. , Parren, M., & Bongers, F. 2003. The pristine rain 
forest? Remnants of historical human impacts on current tree species composition 
and diversity. Journal of Biogeography 30: 1381-1390 

Publications in books 

Bakker, J.P., Bos, D. & De Vries, Y. 2003. To graze or not to graze: that is the 
question. In: Challenges to the Wadden Sea Area (eds. W.J. Wolff, K. Essink, A. 
Kellermann & M.A. Van Leeuwe). Proceedings of the 10'h International Scientific 
Wadden Sea Symposium, pp. 67-88. Ministry of Agriculture, Nature Management 
and Fisheries, Department of Marine Biology, University of Groningen 

Loonen, M.J.J.E. & Bos D. 2003. Geese in the Wadden Sea: an effect of grazing on 
habitat preference. In: Challenges to the Wadden Sea Area (eds. W.J. Wolff, K. Essink, 
A. Kellermann & M.A. Van Leeuwe) . Proceedings of the lO'h International Scienti fic 
Wadden Sea Symposium, pp. 107- ll 9. Ministry of Agriculture, Nature Management 
and Fisheries, Department of Marine Biology, University of Groningen 

141 



CEES Progress Report 2003 

Van der Maarel, E. 2002. Long-term environmental monitoring. In: Encyclopedia 
of Environmetrics (eds. A.H. El-Shaarawi & W.W. Piegorsch). Vol. 2: 1189-1195. 
Wiley, Chichester 

Professional publications 

Bakker, J.P., Bekker, R.M., Ozinga, W.A. & Wallis de Vries, M.F. 2003. Er zit weinig 
beweging in de Ecologische Hoofdstructuur. De Levende Natuur 104: 261-266 

Bakker, J.P., Bos, D., Drent, R.H. & Loonen, M. 2003. Rotganzen tussen polder en 
kwelder. De Levende Natuur 104: 24-29 

Berendse, F., Janssen, A. & van der Maarel, E. 2003. De natuur in beweging. Ver
arming en herstel van biodiversiteit. Stedebouw en Ruimtelijke Ordening 84: 19-26 

Boedeltje, G., Smolders, A., Tukker, W. & De Groot-Van Leerdam, M. 2003. 
Beperkingen en kansen voor waterplanten in natuurvriendelijke oevers langs scheep
vaartkanalen. H20 36: 22-24 

De Groot, A.V., Vander Klis, M.M.l.P., Van Wesenbeeck, B.W., Ten Have, R., De 
Meijer, R.M. & Bakker, J.P. 2003. Natural radionuclides in salt marsh sediments: 
revealing spatial sediment patterns. KVI annual report 2002 

Garbutt, A., Gray, A., Reading, C., Brown, S. & Wolters, M. 2003. Saltmarsh and 
mudflat development after managed realignment. Proceedings 38'h DEFRA Flood 
and Coastal Management Conference, Keele: 1- 10 

Joenje, W. 2003. De Lauwerszeepolder anno 2003. Natura 100: 170-175 

Grootjans, A.P., Adema, E.B. & Everts, F.H. 2003. 10 jaar monitoring van maatregelen 
tegen verzuring, verdroging en eutrofiering: Duinvalleien. Eindrapport EGM/OBN 
1991- 2002. Rapport EC-LNV 

Grootjans, A.P., Adema, E.B. & Everts, F.H. 2003. 10 jaar monitoring van maatregelen 
tegen verzuring, verdroging en eutrofiering: Beekdalen. Eindrapport EGM/OBN 1991-
2002. Rapport EC-LNV 

Kwak, M.M. 2003. Hommels: verspreiding en herkenning, nestgelegenheid en feno
logie. Natura 100: 50-54 

Kwak, M.M. 2003. Bloembezoek in weer en wind. Natura 100: 76-79 

142 



Plant Ecology 

Kwak, M.M. 2003. De voortplanting van hommels: nestontwikkeling en paring. 
Natura 100: 100-103 

Kwak, M.M. 2003. Mimicry, parasieten, ziektes en vijanden. Natura 100: 144-149 

Stadler, M., Bekker, R.M., Knevel, I.C., Kunzmann, D. & Schlegelmilch, J. 2003. 
A common data standard for life-history traits of the Northwest European flora. 
Proceedings 8'h International conference on Environmental Science and Technology: 
822-829 

Vander Maarel, E. et al. 2002. De natuur in het Strategisch Akkoord: een strategische 
dissonant. Manifest aangeboden aan de Vaste Kamercommissie voor Landbouw, 
Natuurbeheer en Visserij , 16 oktober 2002 

Vander Muren, C., Hoffmann, F. & Kwak, M.M. 2003 . Insect diversity on yellow 
Asteraceae in road verges in the Netherlands. Proceedings of the Section Experimental 
and Applied Entomology of the Netherlands Entomological Society (NEV) 14: 115-118 

Van Diggelen R. 2003. Can we achieve species-rich plant communities on re-created 
wetlands? Proceedings of the International Conference 'Towards natural flood reduc
tion strategies', Warsaw, 6-13 September 2003 

Verhagen, R. , Van Diggelen, R. & Bakker, J.P. 2003. Natuurontwikkeling op minerale 
gronden. Veranderingen in de vegetatie en abiotische omstandigheden gedurende de 
eerste tien jaar na ontgronden. Laboratorium voor Plantenoecologie, Rijksuniversiteit 
Groningen; It Fryske Gea, Olterterp 

Verschoor, A.J., Grootjans, A.P., Everts, F.H., Baaijens, Rooke, W. & Van der Schaaf, 
S. 2003. Hoogveenontwikkeling in veentjes en kleinschalige hoogveencomplexen op 
het Dwingelerveld; een landschapsbenadering. Dee! 2, Rapport EC-LNV, 2003/227 0 

Weesie, P. & Van Andel, J. 2003 On biodiversity and its valuation. Centre for 
Development Studies, University of Groningen 

143 



CEES Progress Report 2003 

144 





CEES Progress Report 2003 

Overview of academic results 

A matter of integration. As sessile organisms plants have to respond to changes in the 
environment by adapting their growth, physiology or morphology. Fleeing from detri
mental conditions is not an option. The question how plants do integrate the sometimes 
contradictory signals they receive is the subject of an active area of research. Leaf 
growth is a model in our lab to study the interaction between the effect of light, which 
stimulates leaf expansion, and drought, which inhibits the increase in leaf area. Drought 
conditions are perceived first by the roots. If prolonged periods of drought are encoun
tered the plant hormone abscisic acid is produced in the root cells and this hormone is 
transported to the shoot with the transpiration stream in the xylem. The cell expansion 
process, responsible for about 60 % of the final increase in leaf area, is inhibited by in
ceased levels of abscisic acid. Light on the other hand stimulates via both a blue light 
receptor and phytochrome (primarily a red I farred light receptor) an a signal transduc
tion cascade the increase in cell volume. The interference of abscisic acid with this light 
signalling process is studies at the level of ion transport across the cell membrane of epi
dermal cells, at the level of signal transduction and at the level leaf growth characteris
tics. Since abscisis acid inhibits the ion transport processes and the leaf expansion in 
both wild type (control) and mutant plants that are missing the red I farred receptor phy
tochrome, the implications are that abscisic acid either interferes with the blue light 
receptor and the subsequent signalling cascade or with the ion transporters responsible 
for the ion transport processes. 
These questions are now being addressed with the microelectrode ion flux estimation 
(MIFE) setup, a new technique that was established in our lab this year that enables us 
to monitor not only ion concentration changes that result from changes in membrane 
transporter activities, but also the ion fluxes themselves. This technique has successful
ly been aplied to Rumex etioles responding to flooding conditions, Pisum leaf epidermis 
protoplasts, leaf epidermal strips and leaves of submerged aquatic plants. Detailed meas
urements of the kinetics of flux changes as influenced by light and abscisic acid will 
allow accurate determination of the interaction of light and drought signalling. 

Whole plant regulation of sulfur and nitrogen uptake and assimilation in relation to 
the need for growth. Both laboratory and agronomic data indicate sulfur/nitrogen inter
actions in metabolism, growth and plant composition, though it is not known whether 
precise regulation of the kind seen in isolated plant cell model systems occurs in intact 
plants. Little is known about the mutual regulation of uptake and metabolism of sulfur 
and nitrogen in relation to the metabolic requirement for growth. In general, research on 
uptake and metabolism of sulfur by plants has mainly focussed on elucidating the path
ways and characterizing the transporters and enzymes involved in the uptake and assi
milation of nitrogen and sulfur and its subsequent incorporation into organic compounds 
(Fig. 1). At present it is not yet possible to draw firm conclusions on the significance of 
the tentative signal molecules in the regulation of the assimilatory pathways in the whole 
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and in the protection and adaptation of plants against stress and pests. Sulfur deficiency 
will result in loss of plant fitness, plant's resistance to environmental stress and pests and 
in decreased food quality and safety. In general plants utilize sulfate taken up by the 
roots as sulfur source for growth and prior to its assimilation sulfate needs to be redu
ced to sulfide before it is metabolized into organic sulfur compounds. Under normal 
conditions the rate of uptake and assimilation of sulfur will be in tune with the plant's 
sulfur need for growth which can be defined as the rate of sulfur uptake and its assimi
lation considered necessary per gram plant biomass produced with time. It can be cal
culated as follows: 

Sneed (pmol g·' plant day')= RGR (g g·'day') x Scontcnt (pmol g·' plant) 

where RGR represents the relative growth rate and Scontent the total plant tissue sulfur 
content. In plants, which contain high levels of sulfate the actual sulfur need to maintain 
'structural' growth may have to be reconsidered. The sulfur need may strongly vary 
between species (Table 1) and it is likely to fluctuate during the plants' life cycle, since 
the sulfur need of a species may strongly vary at different developmental stages (vege
tative growth period, seed production) and the potential sink capacity of a species for 
secondary sulfur compounds. 

Table 1. Sulfur need of seedlings of Brassica oleracea (curly kale) and Allium cepa 
(onion). Data are expressed on a fresh weight basis (units as in formula). Plants were 
grown on 25 % Hoagland nutrient solution for 2 weeks in a climate-controlled room. 

Allium cepa 
Brassica oleracea 

RGR 

0.095 
0.235 

scontent 

9.4 
43.1 

0.89 
10.13 

The tuning/regulation of the uptake and assimilation of sulfur in relation to the need for 
growth and adaptation to changes in environmental conditions is rather complex. The 
current information on the shoot/root co-ordination of the uptake of sulfate versus its 
assimilation and the signal transduction pathways therein involved is rather ambiguous. 
There may be a fast response regulation to sudden changes in the environment, for in
stance sulfur supply, via metabolite activation/deactivation and expression/de-repression 
of genes encoding the sulfate transporters and the enzymes involved in sulfur assimila
tion. In addition, changes in tuning/regulation may occur via altered growth patterns (viz. 
changes root development and/or shoot/root ratio). It is still largely unclear to what extent 
sulfate it self and/or other metabolic products of the sulfur assimilation are directly invol
ved in sensing or act as regulatory signals. Atmospheric H2S and S02 impact studies are 
helpful as tool to get insight into the regulation of sulfate uptake and sulfur assimilation 
and the dissection of the signal transduction pathways involved. 
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In addition to pedospheric sulfate, plants are also able to utilize foliarly absorbed H2S 
as sulfur source and it is evident from research in our group that in some plant species, 
e.g. Brassica, there appears to be a good co-ordination between roots and shoots in the 
tuning of the rates of sulfur uptake and its reduction/assimilation. Onion (Allium cepa 
L.) a species with a potential high sink capacity for secondary (reduced) sulfur com
pounds, was able to use atmospheric H2S as sole sulfur source for growth. The foliarly 
absorbed H2S was rapidly metabolized into water-soluble non-protein thiol compounds, 
including cysteine, and subsequently into other sulfur compounds in the shoots (Fig. 2). 
In H2S exposed plants, the accumulation of sulfur compounds in the shoots was nearly 
linear with the concentration and duration of the exposure. Exposure of onion to levels 
of 0. J 5-0.6 ).d 1·1 H2S for up to a week did not affect the sulfur content of the roots. 
Secondary sulfur compounds formed a sink for the foliarly absorbed sulfide and the sul
fur accumulation upon H2S exposure could for a great part be ascribed to enhancement 
of the content of y-glutamyl peptides and/or alliins. Furthermore, there was a substan
tial increase in the sulfate content in the shoots upon H2S exposure (Fig. 2). The accu
mulation of sulfate both originated from the pedosphere and from oxidation of absorbed 
atmospheric sulfide and/or from degradation of accumulated secondary sulfur comp
ounds. From studies on the interaction between atmospheric and pedospheric sulfur nut
rition, it was evident that H2S exposure did not result in a down-regulation of the sulfa
te uptake by the roots. The physiological and molecular aspects of sulfur assimilation in 
onion upon H2S exposure will further be investigated in close cooperation with other 
European research groups. 
The impact of atmospheric S02 on plant growth and organic and inorganic sulfur and 
nitrogen compounds of two varieties of Chinese cabbage (Brassica oleracea L. , cv. 
Kasumi Fl , Nickerson-Zwaan, The Netherlands and a local Chinese variety, Brassica 
campestris L., ssp. pekinensis, Beijing 3, China) were studied in plants grown in soil 
without nutrient limitation or in nutrient solution with or without sulfate. Plants of both 
varieties, grown in soil were exposed to 0.10-0.80 ).111·1 S02 for ten days. Beijing 3 was 
more sensitive to atmospheric S02 than Kasumi Fl . Exposure to 0.10 and 0.20 ).111·1 S02 
resulted in a decrease in shoot fresh biomass production in Beijing 3, while in Kasumi 
Fl shoot fresh biomass production was not negatively affected. In both varieties the con
tents of total sulfur, sulfate and water-soluble non-protein thiol compounds in the shoot 
were significantly increased upon exposure to elevated S02. S02 exposure did not sig
nificantly affect the ratio of organic sulfur to total sulfur. The content of organic N in 
both varieties was not affected by elevated S02. For the experiments on nutrient solu
tion 25% Hoagland solutions with and without sulfate were used. 'Kasumi Fl ' was 
exposed to 0.06 ).111·1 S02 and Beijing 3 was exposed to 0.06 to 0.18 ).111·1 S02 for five 
days. Exposure of sulfate-deprived plants to S02 resulted in alleviation of the sulfur 
deficiency symptoms and increase in the biomass of both shoot and roots. In both varie
ties the total S and sulfate contents increased in the shoot but were not affected in the 
roots upon exposure to S02. In Kasumi F J exposure of the sulfate-deprived plants to 
0.06 ).11 11 S02 resulted in a decrease in the nitrate content of both shoot and roots and 
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Figure 2. The impact of sulfate nutrition and H2S exposure on total sulfur and sulfate content 
and sulfate/total sulfur ratio in shoot and roots of onion. Plants were exposed to 0 and 0.3 Jl] l·' 
H2S for 7 days with 0 (-S) and 0.5 (+S) mM sulfate in the nutrient solution. Data are expressed 
as Jlmol plant'. 

in the amino acid content of the shoot. In Beijing 3, accumulation of nitrate in the shoot 
in sulfate-deprived plants was not found, while exposure to 0.06 to 0.18 f.lll·' S02 resul
ted in an increase in the total nitrogen, nitrate and organic nitrogen compounds content 
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RLKs are integral plasma membrane proteins that contain an extracellular receptor 
domain and a cytoplasmic kinase domain, which are linked by a transmembrane domain. 
Binding of a ligand to the RLK results in activation of the kinase domain which is fol
lowed by the transduction of the signal to downstream signal networks and subsequent
ly adaptation of metabolism, growth or development. 
We are interested in the involvment of RLKs in stress adaptation of plants in order to 
elucidate the function of at least some of the huge number of uncharacterized RLK
encoding genes. We are developing methods to 1) identify RLKs which are involved in 
stress adaptation and 2) to match ligands to these RLKs. Exposing Arabidopsis plants to 
water stress will lead to responses of the involved ligand/RLK pairs, which can be detec
ted as changes in phosphorylation of RLKs, in amounts of the ligands and RLKs or in 
levels of gene expression. Changes in the phosphoproteome of the plasma membrane 
will be assessed with the use of mass-spectrometry. Overproduced and purified RLKs 
will be used to screen plant-derived solutions for their matching ligands by biosensors 
in combination with micropreparative HPLC or by induction of autophosphorylation of 
the RLKs. Changes in gene-expression will be assessed with a combination ofRLK-spe
cific AFLP and micro-array experiments. 
Finally, we are assessing the importance of RLKs in the observed plasticity of Arabi
dopsis concerning salt-tolerance. A recent study by Quesada and co-authors showed that 
within the species Arabidopsis thaliana, ecotypes have been collected which display a 
large variation in tolerance towards salt. 
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