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Highlights 

Conferences 

In 2002 the CEES graduate student lectures started. This monthly series of lectures is an 
initiative of the graduate students in CEES. These lectures are presented by inter
nationally reknowned scientists, selected by the graduate students, who are invited to 
come to Groningen to also share their experiences in science also in a more informal 
way with the students. The lectures haYe already proven to also attract non-specialists 
and to provide grounds for lively discussions. 

Dissertations granted by the institution in 2002 

E.B. Adema Alternative stable states in dune slack succession. Promotor 
prof.dr. J. van Andel, co-promotores dr. A.P. Grootjans and 
dr. H. van Gemerden, University of Groningen 

A.C. Bockelmann Ordinary and Successful -The invastion of Elymus athericus in 
European salt marshes. Promotores prof.dr. J.P. Bakker and 
prof.dr. K. Dierssen (University of Kiel), co-promotor dr. R. 
Bijlsma, University of Groningen 

P. Boelen Sun-dazed to the core: accumulation of DNA damage in (sub) 
tropical picoplankton assemblages exposed to solar ultraviolet 
radiation. Promotor prof.dr. W.J. Wolff, referents A.G.J. Burna 
and M.J.W. Veldhuis, University of Groningen 

D. Bos Grazing in coastal grasslands. Brent geese and facilitation by 
herbivory. Promotores prof.dr. J.P. Bakker and prof.dr. R.H. Drent 

W.M.C. Edelaar The ecology and evolution of anti-predation traits in a burrowing 
bivalve Macoma balthica. Promotores prof.dr. W.J. Wolff, co
promotor dr. T. Piersma, referent dr. J. van der Meer (NIOZ), 
University of Groningen 

A. Eggert Thermal ecotypes in the green macrophyte Valonia utricularis. 
Promotor prof.dr. W.J. Wolff, co-promotores dr. A.M. Breeman 
and dr. P.R. van Hasselt, University of Groningen 

G.H. Engelhard Southern elephant seal population declines: the human onshore 
disturbance hypothesis. Promotores prof.dr. R.H. Drent and 
prof.dr. W.J. Wolff, referent dr.ir. P.J.H. Reijnders (Institute 
Alterra, Texel), University of Groningen 
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J.G. Hiddink The adaptive value of migrations for the bivalve Macoma 
balthica. Promotor prof.dr. W.J. Wolff, University of Groningen 

W.H. Kotowski Fen communities. Ecological mechanisms and conservation 
strategies. Promotor prof.dr. J . van Andel, referents dr. W. Dembek 
(Institute for land reclamation and grassland farming, Raszyn 
Poland) and dr. R. van Diggelen, University of Groningen 

Y. Oda Physiological and genetic diversity of the purple nonsulfur 
bacterium Rhodopseudomonas palustris. Promotor 
prof.dr. L.J. Forney, University of Groningen 

L. Peperzak The wax and wane of Phaeocystis globosa blooms. Promotores 
prof.dr. W.J. Wolff and prof.dr. F.C. Colijn (University of Kiel), 
co-promotor dr. W.W.C. Gieskes, University of Groningen 

M.J.M. Reichert On the life history of the fringed flounder (Etropus crossotus), 
a small tropical flatfish in the South Atlantic Bight. Promotores 
prof.dr.R.H. Drent and prof.dr. J.M. Dean (University of South 
Carolina), referent dr. H.W. van der Veer (Netherlands Institute 
for Sea Research), University of Groningen 

M. Rubinigg Physiological aspects of N Nutrition in saline and water logged 
soils . Promotores prof.dr. J.T.M. Elzenga and prof.dr. J.P. Bakker, 
University of Groningen 

CEES PhD Students in 2002 

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

A.G.J.M. Ayrinhac lOP Genomics-Population Genetics 

J. Bakker 
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The genetic determination of longivety and disease at old age: 
longevity in Drosophila melanogaster 

WOTRO-Population Genetics 
Dynamics and significance of genetic variation in a metapopula
tion context an integrated theoretical and experimental approach 











Highlights 

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

impact on meadowbird populations 

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

intertidal flats: the use of telemetry and cage experiments 

K. Troost NWO-PRIORITEIT/Marine Biology 
Will an introduced species, the Japanese cupped oyster, force 
Dutch estuarine ecosystems into a new stable state? 

W.K. Vahl NIOZJPopulationGenetics/Animal Ecology 
Interference and carrying capacity 

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

R.l\I. Veeneklaas Plant Ecology/Population Genetics 
Dispersal and adaptation in two salt-marsh plant species 

H.l\I.C. Verhagen Plant Ecology/Fryske Gea 
Nature restoration on mineral soils 

C.J. Vermeulen Population Genetics 
Evolution and genetics of ageing 

H.E. Wolters Plant Ecology 
Restoration of salt marshes 

L.Yang WOTRO-Plant Physiology 
Impact of atmospheric sulfer and nitrogen deposition on crop 
cultivars in relation to fertilizer practice in rapidly developing 
regions in China 

H.J. Zemmelink Marine Biology 
Marine ecosystems as sources for sulphur emission 
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PhD projects - theses in preparation 

M. Ateweberhan NUFFIC-Marine Biology 

J .H. Beekman 

H. Beukema 

G. Boedeltje 

Seasonal dynamics of functional groups of reef algae in the 
Eritrean Red Sea 

Animal Ecology!RIZAINIOO-CL 
Ecological limitations in the annual cycle of swans 

WOTRO-Plant Ecolog)J!CRAF-Indonesia 
Pteridophyta in rubber agroforests at a range of management 
intensities and the choice between segregation and integration 
of biodiversity conservation and agricultural productivity 

mrS/Plant Ecology!KUN 
Establishment of species-rich canal verges 

E. Bolink Plant Physiology 
Effects of increased UV-B radiation on photosynthesis, growth 
and water relations (stomata) of leaves of plants, exposed to high 
irradiation 

J.F. Cardoso FCT-Portugal -NIOZ/Marine Biology 
The importance of predation by epibenthos as forcing function 
for the structure of the benthos of the North Sea 

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

E.M.G.T. de Deckere 
ALW- NIOO-CEMO!Marine Biology 
The effect of animals on stability of sediments of tidal flats 

O.E. Diekmann WOTRO -UvA!Marine Biology 
Differentiation in Caribean reef-building corals 

j. Drent NIOZ/Marine Biology 
NIOZ The effects of temperature on tidal flat ecosystems 

A.H. Engelen WOTRO-Marine Biology 
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Demography and population structure among windward, leeward 
and deep-water populations of the seaweed Sargassum poly
ceratium on Cura<;ao: coupling matrix population models with 
DNA fingerprinting 



Highlights 

L. Gabrielsen 

G.J. Geertjes 

J. van Gils 

A.V. de Groot 

Animal Ecology/NERI, Dept. of Wildlife Ecolog); Denmark 
Landscape fragmentation and passerine populations: application 
of a metapopulation model 

Marine Biology/Population Genetics 
Relations between reproductive strategies of reef fishes, 
hydrographic conditions and the genetic differentiation between 
parrotfish populations on the reefs of Caribbean islands 

NWO-Animal Ecology/NJOZ 
Habitat use and prey selection in the Knot as a reflection of 
individual decisions 

ALW-LOICZJKVI RUG!Plantecology 
Rejuvenation of salt marshes 

N. Hagenah Wageningen University/Plant Ecology 
The interplay of small mammals with large herbivores 

G.N.J. ter Heerdt Plant Ecology 
Development of helophytic vegetation as related to hydrological 
management in inland polders 

I.E. Hendriks NWO-PRIORITEIT- NJOO-CEMO!Marine Biology 
Flow-dependent processes in recruitment of intertidal bivalves: 
research into direct effect of shellfisheries 

F. de Jong IWSS/Marine Biology 
Marine eutrophication: ecology and policy 

R.H.G. Klaassen Netherlands Institute of Ecolog); Centre for Limnolog)l 
Animal Ecology 
The scale of foraging decisions in waterfowl 

M.P. McDonnell Alexander 

I. Meusnier 

UE bursary-Plant Ecology/Plant Physiology 
Plant competition and coexistence in successional grasslands: 
effects of heterogeneous soil conditions 

University Lille/Marine Biolof?y 
Origin and genetic differentiation in populations of Caulerpa 
taxifolia in the Mediterranean 
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Introducing the group 
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The study of evolution can be pursued at different levels, but the final arbiter must be 
selection at the individual level. We now realize that individuals differ in many respects, 
and it has been a major challenge to trace causal relations between fitness and individu
al traits. In reducing this problem to manageable proportions, a major step was to define 
the alternative options open to the individual, and to track subsequent fitness in relation 
to the option chosen (the 'indiYidual decision' in the current jargon). This cost/benefit 
approach received a major impetus by placing the options in the context of an optimi
sation model of individual beha\·iour, and in both foraging theory and reproductive bio
logy this approach has been a powerful tool. At the same time, the erection of formal 
optimisation models has increased greatly the need for data collected in the field as the 
ultimate test. For example, the sophisticatiou of current models on breeding date and 
family size requires estimating the costs of current reproduction in relation to future 
reproduction and tbus entails long-term pedigree data, followed up wherever possible by 
a field experiment. Embarking on this type of work is clearly wholly dependent on the 
ability to follow indiYiduals in the field , and for this reason most of our research has 
been centred on marked birds and mammals in natural populations, supplemented by 
experimental studies on their main food organisms. 

Maintaining these intensive field-based studies is a major undertaking, and for that rea
son we ha\·e concentrated on several species followed in great detail in a defined local 
area (tits, starlings, seychelles warbler) and others followed on a wider scale (Wadden 
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Sea or greater) such as geese, oystercatchers and knot in cooperation with other agen
cies (Alterra, KNIOZ, and research groups abroad). These studies nov. span several 
decades, and increasingly have engendered experimental work with capti\'e individuals 
to confirm the contours of the economic models of beha\'iour employed. Under ex
perimental conditions defining the options is more straightforward, and the parameter 
being maximised can be arrived at empirically. The critical feature of this exerimental 
approach is the ability to investigate the constraints and trade-offs that intervene in re
stricting the options open to the individual. An example of such work is presented below 
where the costs and benefits of carrying reserves (energy stores) has been investigated 
in starlings forced to collect all their food in a closed system with an adjustable regime. 
As shown below, uuder the harshest regime the starlings undergo a whole suite of changes 
in acclimating to scarcity. 

In the field, accumulating pedigrees is absolutely essential, but this has until recently 
been hampered by the inability to confirm parentage beyond simply recording otfspring 
associated with a set of (pntative) parents. The advent of reliable molecular techniques 
to trace parentage has revolutionized the field, and entails collecting blood samples of 
each an evry individual for subsequnt analysis in the molecular laboratory. At about the 
same a further breakthrough was achieved when it became possible to sex individuals 
by DNA techniques from minute blood samples. This opens up the field of sex alloca
tion, and of 'skew' in reproductive performance. In tits and the seychelles warbler these 
sophistications are being vigorously pursued, and the award of a VICI award to Jan 
Komdeur and his team (notably Joost Tinbergen and Christiaan Both) will allow conti
nuation and expansion of the programme. As explained below, incorporating quantitati
\'e study of dispersal is an innovative feature of these integrated projects that also draw 
on the expertise of the theoreticians in the Centre. 

The next two contributions stem from our long-term involvement from the fieldstation 
on Schiermonnikoog, and are both designed to upscale the problem to the Wadden Sea 
or even beyond. The lessons from these studies on marked individuals confirm the over
riding impact of human disturbance in the system. Choice of spring foraging sites in 
geese is modulated by human disturbance at an inter-island scale that would have elu
ded the investigators without a experiment. This joint project with the plant ecologists 
will be continued in the conviction that unravelling the individual choices that geese 
face when deciding where (and when) to forage will eventually underpin the conserva
tion measures called for to maintain the integrity of the Waddeu Sea system for these 
migrant birds linking temperate and Arctic environments. 

The fortunes of the oystercatcher, one of the flagship species of the Wadden Sea, are cur
rently at a low ebb. In sharp distinction to the first fifteen years of the study, reproduc
tion in the island study population is now below replacement. The shortfall resulting 
from severe winters, a normal feature in the life history of oystercatchers, is no longer 
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made good in the following years. That the pool of non-breeding birds do not leap at 
their chance, and that the breeding birds lay later by ten days is a significant finding 
when contrasted to the many species (inclnding waders) now laying earlier in the 
Netherlands on account of climatic amelioration. These features at Schiermonnikoog are 
also found on Texel at the other extreme of the Wadden Sea chain and we face a grave 
responsibility transcending the scientific objectives defined for each PhD project in kee
ping overall population balance and the factors that impinge on this to the forefront of 
our attention. This work has additionally been supported by the Foundation STW 
(Applied Research) and it is a disappointment not to come up with a simple remedy, but 
appreciating the scale of the probem is a first step towards a solution. An international 
team has been formed to tackle this. 

The final research note concerns the ecology of the knot, a longdistance aYian migrant 
that fully deserves the appelation 'world traveller' as some populations of this hoi arctic 
breeding wader winter at the other extremes of the globe (S America, S Africa, 
Australasia) . These birds thus pass through many ecosystems in the course of their tra
vels, and one of the questions raised is whether the species-rich mudflat communities in 
the tropics have a special significance in the annual itinerary due to their diversity. A 
simplistic \·iew would posit that the richest systems with greatest diversity of potential 
prey for the birds would allow the highest intake and consequently highest fuelling rates. 
In fact this simplistic view does not hold, and a more comprehensive approach will be 
required to budget migratory traye)s in relation to environmental factors where gain 
rates can be compared with the expected costs. A mismatch at this scale may well threaten 
the survival of the migrants at the population level and recent indications of local de
clines underline the urgency of gaining understanding of the ecology of these migrant 
knots. 

Overview of Academic Results 

When the going gets tough: metabolic adjustments in starlings coping 
with deteriorating food reward rates 
Popko Wiersma 

Many animals rely on food sources that in fact are not reliable at all. Extreme tempera
tures, rainfall , ice, human exploitation, amongst others, can have long-term detrimental 
effects. Large variations in food supply are rather the rule than the exception in nature, 
and because they are thought to exert a major selection pressure on birds, it is important 
to know how birds adapt to this variation. Knowledge about how physiological or meta
bolic acclimation relate to foraging reward rate is essential for making predictions about 
behavioural choices of animals. It appears that the response of a bird to changing food 
conditions has many dimensions: the energy expenditure during the night or during the 
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heavy nestlings and females dispersed farther than males. The difference in dispersal 
distances between the sexes could be explained by the differences in their nestling mas
ses and birth date and were not necessarily related to other differences between the 
sexes. Effects of body mass and birth date may both be related to competition, early and 
heayy offspring remain in the natal site, and of these remaining birds a larger proportion 
are males. This result suggests that dispersal is the outcome of local competition. If this 
were the case we would expect that natal dispersal also associates negatively with sub
sequent breeding success. 
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Figure 3. Example of dispersal distance in relation to nestling mass at day 14. Closed circles 
females , open circles males. Regression and 9Y,o confidence limits are given. 

Reproductive performance 
There was absolutely no effect of natal dispersal on both laying date and clutch size in 
the first year of reproduction. Since we generally use these parameters as an estimate of 
the performance of birds we were surprised to find this result. Does this mean that there 
is no measurable association between natal dispersal and reprodnction? We decided to 
also analyse the survival of the offspring of these first breeding attempts. Recruitment 
rate was strongly related to natal dispersal of the parents. Parents that came from far had 
lower recruitment than those that remained in the natal site (Figure 4) and for males this 
was not due to a correlation in natal dispersal between offspring and parents. Parental 
survival was independent of natal dispersaL This strongly supports the hypothesis that 
dispersing birds have been locally out-competed and make the best of a bad job. 
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Figure 4, Survival and reproductive performance as a function of natal dispersal. Birds that 
came from far produced fewer recruits. Circles females squares males, closed dots parents open 
dots recruits. 

Causes offitness consequences of dispersal 
We analysed whether long distance dispersers had lower body condition during first 
breeding. This was not the case. Although lighter (but not smaller) offspring dispersed 
farther, this mass difference had completely vanished at first breeding. The birds com
pensated their lower body masses in winter. But if it is not the condition of the birds 
what than lowers their success? Are the sites that these long distance dispersers occupy 
inferior? To answer this question we analysed whether there was a relation between the 
productivity of nestboxes and the natal dispersal distance of their occupants (see Figure 
5). The analysis allows us to answer the question if the 'immigrants' are doing less well 
as compared to 'locals' using the same box in other years. This is not the case, pointing 
in the direction that long distance dispersers have a higher probability to breed in a nest
box at an inferior site. Coming season we will try to detect what makes the sites occup
ied by long distance dispersers inferior. 

Conclusion 
So far the data are consistent with the hypotbesis that dispersers are locally outcompe
ted and subsequently make the best of a bad job. The data suggest that dispersers have 
lower chances to occupy a good breeding site or tenitory. Experiments are needed to 
verify how competition affects the causal chain in the process of dispersal. Our new pro
ject in collaboration with Jan Komdeur and Christiaan Both is described below. By 
experimentally affecting local sex ratio's of the juveniles at fledging we will study how 
operatial sex ratio determines dispersal decisions. 
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Within nestboxes 
(controlled for box and year) 
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Figure 5. Residual recruits (controlled for year and box) as a function of natal dispersaL There 
is no indication that birds with a high natal dispersal have lower recruitment when normalised 
for the nestbox occupied. 

Fitness consequences of avian sex allocation and dispersal strategies 
Jan Komdeur 

Modern eYolutionary theory is based on the idea that individuals maximise their lifetime 
inclusive fitness. Two major determinants of an individual 's fitness are (i) the decision 
whether to disperse or not, and (ii) the allocation of resources to sons and daughters. 
Theoretically, these two decisions should be intimately related. On the one hand, dis
persal of an individual should be intluenced by local operational sex ratio. On the other 
hand, sex allocation should be affected by differences in dispersal between the sexes. In 
birds this interplay is far from being understood. Especially problematic is the lack of 
experimental studies and accurate inclusive fitness measurements. My aim is to remedy 
this situation and to provide a rigorous test of modern kin selection theory. Two model 
species will be used, the Seychelles warbler (Acrocephalus sechellensis; Figure 6) and 
the great tit (Parus major). The great tit project is a joint-enterprise with Joost Tin
bergen. 

Long-term fitness consequences of sex allocation in the Seychelles warbler 
The entire population of the Seychelles warbler was until 1988 restricted to Cousin 
Island (29 ha), Seychelles , where it has reached carrying capacity. It is a co-operatively 
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Decline of the Schiermonnikoog oystercatchers 
Leo Bruinzeel and Martijn van de Pol 

Since the early 1980s a marked populationn of Oystercatchers has been followed inten
sively in the immediate environs of the field station. As is typical for territorial systems, 
the quality of the breeding territories occupied by the birds represents a quality gradient. 
Favourable sites on the edge of the marsh (the 'residents') allow the parents to walk out 
on the mudflats with their offspring at low water, and feed them efficiently. Parents with 
low quality territories further inland (the 'leapfrogs') are forced to make feeding flights 
back and forth (their young waiting for them on the marsh) and typically achieve only 
one-third the reproductive output of the 'residents'. In the years up to 1995 only minor 
adjustments in the number of breeding pairs was noted, and even the very severe winter 
of 1986/87 (with high adult mortality) did not result in a reduction of teritories, the vacan
cies being filled from the floating population and 'waiting line' or queue as postulated 
in earlier work by Ens and collaborators. 

The severe winters of 1995/96 and 1996/97 mark a break with this scenario of a satura
ted population, with buffer capacity. The vacancies arising from winter losses in these 
two years were not a ways filled the next spring, and in particular many of the 'leapfrog' 
territories remained vacant. In these same years oystercatchers breeding in marginal 
habitat elsewhere (e.g. dry dunes) also declined markedly (data SOVON). It is striking 
that the decline on Schiermonnikoog was mirrored exactly on Texel where Alterra has 
been conducting a study. 

The classic interpretation that the island situation (both the physical slots available for 
breeding and the food resources of the mudflats) allowed relative stability because suf
ficient candidates were always on hand to take their chance, is clearly no longer valid. 
With the increased incidence of \'acancies following on the winters 95/96 and 96/97 
theory demands that the non-breeders in the 'waiting line' should undertake breeding at 
a lower age. In fact, however, first breeding in the depleted population is still strongly 
delayed (mean age at first breeding now at 6 to 7 years). Another observation points to 
an increased choosiness, the birds originating in the study population settling at steadi
ly increasing distances from their home nest. 

So far there is no evidence for a shift in mortality ('easy v. inters' 0-5o/c, severe winters 
15-20% as in former years). Reproduction has howeYer fallen off sharply, and indeed in 
the past five years practcally no young have been raised to fledging age in the study 
population. The reproductive output of the two study islands (Schiermonnikoog and 
Texel) is strongly correlated so we are not dealing ere with a local effect. Detailed stu
dies of feeding ecology of parents and ju\'eniles in relation to the food stocks are under
way to take this relation one step further. 
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To account for the relatively low fueling rates of red knots we can hypothesize that (a) 
high temperatures limit the feeding effort by these warm-blooded birds in the tropics, 
and thus put an upper limit to fueling rates, or (b) food anilability from the bird's point 
of view is not as high as the overall biodiversity measure would suggest. With respect 
to (a) there is no evidence to suggest that during low tide, feeding performance is limi
ted by high temperatures. Nevertheless, tropical roost sites during high tide may be 
selected on the basis of 'cooling factors'. With respect to (b) we have evidence that the 
harvestable mollusk biomass for red knots may indeed be greater at higher latitudes. In 
addition, the high biodiversity and complicated structure of the sediments at many tro
pical intertidal mudflats may generate foraging problems. Studies in Roebuck Bay have 
shown that young red knots may take several years before they achieve intake rates com
parable to those of experienced adults (D.I. Rogers in prep.). Young birds appear to learn 
the ropes by copying the behaviour of more experienced birds. Learning how to deal 
with complicated and biodiverse tropical habitats may also explain why most red knots 
from Roebuck Bay are 3-4 years old when they first fly north to the summer-tundra 
(Figure I2B). Red knots wintering in the Wadden Sea routinely do so when they are only 
2 years old. 

Publications 2002 

Dissertations 

Doctorate granted by the institution, prepared within the institution 

Bos, D. 2002. Grazing iu coastal grasslands. Brent geese and facilitation by herbivory. 
Promotores prof.dr. J.P. Bakker and prof.dr. R.H. Drent, University of Groningen 

Doctorate granted by the institution, prepared at another institution 

Edelaar, W.M.C. 2002. The ecology and evolution of anti-predation traits in a 
burrowing bivalve, Macoma balthica. Promotor prof.dr. W.J.Wolff, co-promotor 
dr. T. Piersma, University of Groningen, referent dr. 1. van der Meer, NIOZ 
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this reproducti\'e mode has shaped mating systems and life-history characteristics. This 
approach includes population genetic and evolutionary processes at the genomic and 
molecular level. 

Speciation 
The behaviour of interspecific hybrids pro\'ides promising openings for the study of spe
ciation and the maintenance of species integrity. As part of our ongoing research project 
on beha\'ioural and speciation genetics, we investigated courtship and mating behaviour 
of interspecific hybrids of the pteromalid wasp Nasonia. Characteristics of the displays 
were intermediate between those of the parental species (see Figure I), but at the same 
time were biased towards the paternal side. Due to the haplodiploid sex determination 
system of the Hymenoptera, the nearest male parent of the haploid (hence, fatherless) 
Nasonia males are their grandfather. Therefore, we have called this bias the 'grandfather 
effect' (Beukeboom & van den Ass em 200 I Behavior Genetics 31: 167 -177). We now 
im·estigated one of the possible causes of the 'grandfather effect': nucleo-cytoplasmic 
interaction. In interspecific hybrids, the paternally donated nuclear genes must operate 
in an 'alien' en\'ironment: the maternal (heterospecific) cytoplasm. Adverse effects may 
pre,·ail in this situation, and result in a biased gene transmission (although to the mater
nal side). With introgression techniques and subsequent hybridisation of introgressed 
lines, we constructed male progeny in which paternally contributed nuclear genes are 
conspecific with the maternal cytoplasm. Courtship of these males provide a test of the 
interaction hypothesis. Because our results showed a persistence of the 'grandfather 
effect', a simple nucleo-cytoplasmic interaction seems an unlikely explanation of the 
phenomenon. 
Our results indicate that the basis for the grandfather effect is a stronger expression of 
paternally donated genes than maternally donated genes in hybrid males, hence, some 
epigenetic phenomenon. It would require that males activate the genetic substrate under
lying courtship behaviour in one way or another, and that this imprint "survives" trans
mission through the hybrid daughters . This is not completely surprising since genomic 
imprinting effects have previously been invoked from studies on sex determination in 
Nasonia. Homologous genes of paternal and maternal origin seem to act differently in 
inducing maleness or femaleness. Presently we do not know whether the grandfather 
effect is a biologically relevant phenomenon or merely an artefact of hybridisation. 
Before speculating about any biological significance, we must show that this effect can 
also be traced in intraspecific crosses. This would be of special interest, since the possi
bility that the maternal and paternal genomes of hymenopteran females are differently 
expressed could prompt a rethink of three decades of theoretical models on the evolu
tion of social behaviour in ants, wasps and bees (Haig 1988, TREE 10: 380-381). 
For this purpose, behavioural lines with quantitatively different characters are needed. 
Since in Nasonia vitripennis most natural lines show similar behaYioural features it is 
necessary to artificially generate such di\·ergent behavioural lines, to subsequently cross 
them and test for the grandfather effect. A selection experiment was performed by A. 
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From our results so far, we can draw some preliminary conclusions on the application 
of the standard Wright-Fisher model in estimating demographic parameters from field 
data. Even in our simple Drosophila model system we find systematic deviations from 
the theoretical expectations, indicating that details such as mating system and migration 
pattern may be very important. Thus, extreme caution is required when standard models 
are extrapolated to natural systems that are far more complex thau our standardized 
experiments, so that model assumptions are even less likely to be realistic. A second 
point of attention is the considerable variation between replicates that occurred even 
under highly controlled experimental conditions despite the relatively high level of repea
tability, in particular in the genetic drift series. Such results clearly indicate a further 
need for caution in extrapolating single data points in field research. In line with these 
findings, we expect even larger eflects in our current experiments that include local 
extinction and recolonization. 

Fluctuating asymmetry as a monitor for genetic and environmental stress in 
Drosophila 
Ph.D. student D.Joubert 

DeYelopmental stability refers to processes that buffer the development of an organism 
against genetic and environmental disturbances, and is reflected in the ability of the 
organism to produce an "ideal" phenotype under a specified set of conditions. Fluctua
ting asymmetry (FA) is the most broadly used measure of morphological developmental 
stability. Simply described, FA is the difference in the expression of phenotypic charac
ters between both sides of a normally bilateral organism resulting from random develop
mental "accidents" or developmental noise. Generally, it is assumed that organisms that 
are fitter can maintain a higher level of developmental stability and as such become 
more symmetric. 

In recent years there has been an increasing interest in the study of FA in many biologi
cal disciplines, especially in behaYioural ecology and conservation biology, for two 
major reasons. Firstly, FA is thought to reveal the presence of environmental and/or 
genetic stresses during development, which is reflected by an increase in the level of FA. 
As such, the level of FA is regarded to be a sensitive and reliable indicator of both types 
of stress. Secondly, it is thought that FA is an indirect measure of the fitness of indivi
duals in a population , and that changes in FA may reflect or predict changes in fitness. 
Based on these ideas, it is increasingly suggested that measures of FA are valuable indi
cators of the "well-being" of both individuals and populations, and as such have impor
tant implications and applications for conservation biology as it could signify the pre
sence of (genetic) stress before it exerts its detrimental effects. However, the published 
data on this issue are highly inconsistent and the relation between FA and inbreeding (or 
the level of heterozygosity) is by no means unequivocal. 
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were significant only for one trait: wing length. Moreover, a significant difference was 
observed between inbred levels for wing length only: inbred lines on average showed 
higher FAl values than non-inbred lines. This is corroborated by the fact that out of a 
possible 100 pairwise comparisons between an inbred and non-bred lines for this trait, 
the inbred line showed a higher FAl in 78 cases, which is highly significant. One could, 
however turn the argument around and come to the conclusion that in 22c:·o of the cases 
we would come to the wrong conclusion. In summary, at least for the inbreeding level 
tested in this study, our data do support the hypothesis that inbreeding increases FA 
significantly only marginally. Only one of the traits showed an increase in FA upon 
inbreeding, while also only part of the inbred lines (populations) showed an increase. 

In the previous experiment we deliberately used a high level of inbreeding. Uninten
tionally, however, we might at the same time have selected for lines that had a high fit
ness and, in concert, lines with a high developmental stability. To test this possibility, we 
made 1 0 new inbred lines by full-sib mating for 7 generations and determined the change 
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altruism. However, we could show (Pen & West, submitted) that this prediction depends 
crucially on the mating system of the population. Specifically, when reproduction is 
skewed, so that certain individuals gain a dispropmtionate amount of reproductive suc
cess, limited dispersal facilitates the evolution of altruistic behavior (see Figure 1). 
Reproductive skew is common in animals, and so our results show that, as Hamilton ori
ginally suggested, limited dispersal can play an important role in favouring altruism. 

Although kin selection theory may explain cooperation between relatives, it clearly can
not explain all forms of cooperation, such as the widespread occurrence of mutualisms 
(mutually beneficial relationships between members of different species). One of the 
factors that may stabilize mutualistic interactions is when individuals preferentially 
reward more mutualistic (beneficial) behaYior and/or punish less mutualistic (more 
parasitic) behavior. We have developed (West eta!. 2002) a model that shows how such 
sanctions provide a fitness benefit to the indi\·iduals that carry them out. Although our 
approach is quite general, we applied it to a specific type of mutualism, the interaction 
between legumes and rhizobia. We demonstrated that natural selection can favour the 
evolution of 'plant sanctions'. In fact, under certain conditions plants are selected to sup
ply preferentially more resources to nodules that are fixing more N2. On the other hand, 
such plant sanctions are a prerequisite for the evolution of N2 fixation at appreciable 
leYels. Hence, our model provides a plausible explanation for the evolution and stabili
ty of plant-legume mutualism. 

Sexual selection and sympatric speciation 
In the last couple of years there has been a revival of interest in the process of specia
tion. In particular, it has been suggested that speciation is to a much larger extent go
verned by adaptive (and, hence, predictable) processes than emisaged by classical specia
tion theories, where speciation is usually assumed to be initiated by external factors, 
such a geographical segregation. Two receut theoretical developments, from different 
lines of research, have alleviated two longstanding difficulties in the theory of sympa
tric speciation. First, sympatric speciation requires, almost by definition, the evolution 
of a specific mating structure enabling reproductive isolation. Classical models had pro
blems to explain the evolution of assortative mating under general and plausible condi
tions. A suite of new models indicates that these problems can be overcome if sexual 
selection is the driving force behind the evolution of reproductive isolation. Second, 
reproductive isolation is not sufficient to ensure the sympatric coexistence of daughter 
species. These incipient species can only survive if reproductive isolation is associated 
with ecological differentiation. Only recently, evolutionary branching theory has provi
ded a plausible mechanism for the evolution of ecological differentiation in the presence 
of disruptive selection. Based on these new insights, a new generation of 'ecological' 
and 'sexual selection' models of sympatric speciation has been developed. The two 
research lines focus on two different aspects (ecological differentiation and reproductive 
isolation), which are both crucial for a full understanding of speciation. In the previous 
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year, we have developed a combined model, which, for the first time, integrates the eco
logical and sexual selection aspects of sympatric speciation (Van Doorn & Weissing, 
2001). We were able to show that sympatric speciation is indeed feasible, but ouly if 
some rather restrictive conditions are met. In fact, sympatric speciation requires the 
simultaneous development of ecological differentiation ('ecological branching') and as
sortative mating ('mating type branching'). 
Not all questions had, howe\"er, been answered satisfactorily. Like all other sexual selec
tion models of sympatric speciation, our models required a high variation in female pre
ferences to obtain divergence of male mating types. In our models, this variation was the 
result of mutation-selection balance, i.e. of a combination of high mutation rates and 
weak selection. Other models assumed a dramatic change in the environment, exposing 
previously hidden preferences to selection. These and similar assumptions are not very 
satisfactory in that they, again, require external or non-adaptive factors to get the pro
cess of sympatric speciation started. 
To explore the possibility of a truely 'adaptive' road towards sympatric speciation, we 
investigated a model where the variation in female preferences could be caused by 
diversifying selection, rather than by mutation or by external events (Van Doorn et al., 
submitted). By means of a general argument, verified by individual-based computer 
simulations, we could show that selection on female preferences has to be frequency 
dependent in order to get divergence of male and female mating types. If the fitness of 
females only depends on their own preference, and not on the preferences of other fe
males, mating type branching cannot occur, and the population will always end up in a 
monomorphic state with one type of preference and the conesponding male mating type 
(see Figure 2). 
Hence, selection on female preferences has to be disruptive and frequency dependent to 
initiate reproductive isolation and speciation. However, disruptive frequency dependent 
selection on female preferences is not sufficient to achieve the simultaneous divergence 
of female preferences and male mating types. On the contrary, we could show that for a 
broad class of models branching of female preferences and branching of male mating 
types exclude each other: whenever selection on female preferences is disruptive, selec
tion on male mating types is stabilizing, and vice versa. From this, one may conclude 
that truely adaptive speciation by sexual selection is much less easy to achieve than 
many current models seem to suggest. 
In principle, however, adaptive speciation by sexual selection is possible, provided that 
several disruptive forces are working in concert. We could demonstrate this by building 
the first truely adaptive model of sympatric speciation (see Figure 3). To this end, we 
added male-male competition as an additional disruptive factor into our model. The 
model structure was motivated by empirical findings on cichlids, where female choice 
and male-male competition are closely interrelated. Our model is, therefore, perhaps not 
too far removed from real -world situations. But it clearly indicates that sympatric spe
ciation is not easy to achieve, and that much more research is required to fully under
stand the emergence of reproductive isolation in sympatry. 

66 







Evolutionary Genetics 

Competition and the coexistence of species 
For more than 40 years, ecologists haYe been puzzled by an intriguing discrepancy 
between the predictions of resource competition theory and the biodiversity found in 
aquatic ecosystems. Competition theory predicts that, in equilibrium, no more species 
can stably coexist than there are limiting resources. In contrast to this prediction, tens or 
even hundreds of phytoplankton species coexist in natural water~, while they are limi
ted by only a handful of resources. A few years ago, we have pointed out a potential 
solution to this 'paradox of the plankton' (Huisman & Weissing, 1999, 2000). For a stan
dard model of resource competition, we could demonstrate that competition for three or 
more limiting resources is fundamentally different from competition for only one or two 
resources. In the latter case, the dynamics of competition always leads to an equilibri
um. The situation is very different, however, if organisms compete for three or more 
resources. Even in a constant and well -mixed environment, oscillations and chaos occur 
for a broad range of parameter combinations. These non-equilibrium dynamics, genera
ted by the competition process itself, can promote coexistence of a large number of spe
cies. Already in case of three limiting resources, tens or even hundreds of competing 
species can persist for long periods of time. Hence, the paradox of the plankton is essen
tially solved. 
The discovery that resource competition in a homogeneous environment, arguably the 
simplest of all species interactions, can lead to fluctuations and chaos may have far
reaching implications for ecology. It is a characteristic feature of a chaotic system that 
the exact time course is virtually unpredictable. But multispecies competition may be 
unpredictable in an even more fundamental seuse: even in a fully deterministic setting 
without any stochastic element and despite knowledge of all species traits and all spe
cies interactions, the winner of multispecies competition can be as unpredictable as a 
roll of the dice. 
A potential limitatiou of our findings is related to the fact that all our models were based 
on Liebig's Law of the Minimum, a standard assumption in resource competition theory. 
According to this law, the growth rate of a species is fully determined by the resource 
that is most limiting. Resources that obey Liebig's law are frequently referred to as 'per
fectly essential'. One may criticize Liebig's law on both biological aud mathematical 
grounds. From a biological point of view, it is known that seYeral essential resources 
show interactive effects, rather than following Liebig 's law. From a mathematical point 
of view, the minimum operator used to describe the law implies that the growth rate of 
a speL:ies is not a continuously differentiable function of resource availability. One might 
argue that this mathematical feature introduces model artefacts and, thus, that results 
obtained with Liebig's law might not be robust. 
To investigate this, we considered a broad spectrum of models for 'interactively essen
tial' resources that do not obey Liebig's law (Huisman & Weissing, 2002). The general con
clusion of this study is that our earlier findings are not mere reflections of Liebig's law 
but that they are quite robust. In particular, oscillations, chaos, and supersaturation (the 
coexistence of many species on a few limitiug resources) are observed for interactively 
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the Canary Islands revealed that the haploid phase was consistently dominant, accoun
ting for up to 95% of the thalli. In addition, clonal propagation of the haploid phase 
accounted for up to 60% of local patch structure at several locations in the Canary 
Islands (Van der Strate et al. 2002). The geographical position of the Canary Islands, at 
the crossroads of several important temperature boundaries, explains the high diversity 
of the marine flora and lack of equilibrium in this high gene flow species. A comparison 
of ITS sequence data with microsatellite data revealed the presence of a cryptic species 
of Cladophoropsis as well as a shallow phylogenetic topology within C. membranacea. 
Such a pattern is indicative of recent (rc )colonizatiou of the archipelago against a backg
round of periodic extinctions which are probably related to sea-surface temperature 
shifts (Van der Strate et al. 2002). An analysis of isolation by distance in the Canary 
Islands revealed a strong withiu-island pattern and a weak between island pattern (Van 
der Strate et al., in press). 

Fucoid seaweeds play a dominant ecological role throughout Europe with six species of 
Fucus being among the most dominant. Fucus has long been a model system for cell bio
logy and development and is now about to join the ranks of an ecological and evolutio
nary model (see later under genomics). The various species have strongly overlapping 
distributions both latitudinally and lougitudinally; exhibit both dioecious and herma
phoditic mating systems; variable dispersal capacities; and differing demographic tra
jectories. One of the most exciting discoveries has been the documentation of hybrid 
zones betweeu Fucus serratus and F evanescens (Coyer et al. 2002) . Though long sus
pected based on the presence of intermediate morphologies, only with the development 
of suitable markers and comparisons of putative hybrids in the field with laboratory 
crosses, has this been actually proven (Coyer et al. 2002). Hybrid zones have never been 
previously studied in marine benthic plants. We are in the process of deYeloping these 
stndies in more detail including their importauce to inYasion biology. 

Our phylogeographic and population-level studies on seagrasses continue to focus on 
Zostera noltii and Zostera marina. Under the Breedtestrategie "Dispersal and Adap
tation" we ha\'e spent the past two field seasons investigating the stability of Z. noltii 
beds at sites experiencing different disturbance regimes . Initial data reveal that Z. noltii 
beds at Sylt and Zeeland are composed of numerous, small clones with a genetic neigh
borhood size of< 2m. Highest genetic diversity and new recruitment occur at Sylt. In 
North Groningen, patches have remained intact, but most have decreased substantially 
in size from 2001 to 2002. Recruitment is low to absent. Counterintuitively, bed stabili
ty does not appear to be density dependent as initially hypothesized. In addition to the 
studies in patch dynamics, we have also just completed a phylogeographic survey of Z. 
noltii throughout its entire biogeographic range from Norway to Mauritania and the 
Azoy Sea to Portugal. Strong population differentiation is evident with a hiatus zoue in 
Portugal. Two manuscripts have been submitted and will be reported on here next year. 
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The EU-Marie Curie Post-Doc Fellowship on mitogenomes of brown algae has progres
sed significantly. The Fucus vesiculosus mitogenome is now completely sequenced and 
has an overall length of 36.4 kb, which is almost the same as the already known mito
genome of Laminaria digitata (38 kb) but significantly shorter than the mitogenome of 
Pylaiella littoral is (58.5 kb ). Three additional genomes are >SOC:~ complete and, in a still 
pending proposal, we plan to expand the sampling to 20 mt genomes in 2003. 

Comparative mt genomics in flatfish (Pleuronectiformes) has started with the analysis 
of the mitogenomes of two Pleuronectidae, Pleuronectes platessa and Pseudopleuronec
tes americanus. About 65% of both mitogenomes are now sequenced. 

In 2002 we initiated a number of pilot projects using genomic approaches and two pro
posals to expand genomics approaches in marine ecology. Our ultimate goal is to be able 
to address gene expression "in nature" and to extend current methods in molecular eco
logy that utilize neutral markers to those that include markers under selection. 2003 
should be an exciting year. 

Invasive species and phycological forensics. The impact of the introduced and highly 
invasive seaweed, Caulerpa tax(folia in the Mediterranean has also been a point of con
tinuing research since 1997 (see previous CEES reports). Meusnier et al. (2002) have 
extended the work and been able to: I) unequivocally demonstrate that the origin of the 
invasive aquarium strain (which is now present not only in the Mediterranean but in 
Sydney, Australia and San Diego, California as well) is Brisbane, Australia; 2) that the 
Brisbane populations are themselves introductions from C. taxifolia populations found 
to the North in the Townsville area; 3) that there has been a second strain introduced into 
the Mediterranean; and 4) that hybridization among normally isolated geographic popu
lations 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. 

In 2002 our lab was asked to consult with California Fish and Wildlife and to help coor
dinate a "Caulerpa characterization" effort in Florida supported by US SeaGrant. This 
work will commence in early 2003. 

Ecophysiology and Historical Ecology. Several tropical red macroalgae were tested for 
their sensitivity to ultraviolet-B radiation (UVBR) and the effect of temperature on the 
repair rate of UVB induced damage. Contrary to expectations, all investigated species 
from the tropics suffered photoinhibition under ambient UVBR doses at the water sur
face. DNA damage was also found in several species. However, relatively fast repair 
occurred in species growing in the intertidal and upper subtidal region. In contrast, spe
cies confined to deeper water showed no or only slow recovery. Repair rates were not 
influenced by temperature, in contrast to previous findings for temperate and polar 
macroalgae. It is concluded that UVBR stress may be a major factor in determining the 
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vertical distribution of macroalgae, both in polar/temperate and in tropical regions. 
Under current UVBR regimes, intertidal tropical algae experience UVBR stress where
as those from temperate and polar regions have sufficient tolerance to cope with a pos
sible increase of UVBR levels due to depletion of the atmospheric ozone layer (PhD 
project van de Poll). 

UVBR effects were also measured in the green alga Ulva rigida, which forms dense 
mats in tidal lagoons in southern Spain. The top-layers of the mats were bleached out 
completely, thus providing protection for the underlying layers to intense solar radiation. 
Under natural sunlight, photosynthetic activity was strongly reduced in the middle of the 
day. Surprisingly, this "dip" disappeared when plants were protected from photosynthe
tically active radiation (PAR) but still received high levels of UV radiation. These inter
active effects of PAR and UVBR were caused by changes in the xanthophyll-cycle. High 
UVBR levels prevent the formation of the photoprotective pigment zeaxanthin, and 
cause the plants to be more sensitive to high levels of PAR (postdoc project Bischof). 

ln her PhD project, Anja Eggert showed for the first time that differences in the capaci
ty of macroalgae to adjust their photosynthetic responses to low-temperature stress have 
major consequences for their geographic distribution. She found that strains of the 
(sub)tropical green alga Valonia utricularis originating from the Atlantic/Mediterranean 
adjusted their photosynthetic performance in response to low temperature stress. In con
trast, isolates from the Indo-Pacific lacked the capacity of low-temperature acclimation. 
The different responses in the two oceans may be related to paleoclimatic factors. In par
ticular, the occurrence of thermal vicariance in the subtropical Atlantic/Mediterranean 
region may have led to the evolution of thermal (acclimation) ecotypes in the isolated 
eastern Mediterranean. Such refuge areas were not available in the glacial subtropical 
Indo-Pacific. Following postglacial warming and the extension of distribution ranges, 
northern boundaries in the Atlantic now lie much further north than those in the Pacific. 
A similar northward displacement of Atlantic boundaries has now been reported for 
many other seaweed species. Thus, the different climatic histories in the two oceans 
appear to have had major consequences for thermal adaptation, ecotype formation and 
speciation (PhD project Eggert). 

Migration and dispersal of benthic invertebrates. The aim of the work on Macoma 
balthica was to determine why this species migrates between nurseries at the high tidal 
flats and adult locations at lower tidal levels; do these migrations increase the fitness of 
this species? To answer this question the costs and benefits of migration and nursery use 
were assessed in laboratory and field experiments. Tbe costs of migration appears to be 
found especially in enhanced predation on the migrating juveniles during daylight. This 
may explain why M. balthica especially migrates at night. The benefits of uursery use 
are found in spatial differences in the tidal flat em·ironment. By migrating to the high 
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Applying our results in Integrated Coastal Zone Management. It was shown (de 
Jonge & de Jong, 2002) that the amount of maintenance dredging of the Rotterdam har
bours is a function of the discharge of the river Rhine. The disposal of the dredged material 
in the Dutch coastal zone in turn is mainly responsible for the interannual yariation in 
the suspended matter concentrations in the tidal inlets of the western Dutch Wadden Sea. 
It was also shown that the maximum mean mud concentrations (up to circa 90 mg.l-1

) 

were over six fold the concentrations in the past when dredge spoil was not dumped at 
sea. It is concluded that under 'global change' scenarios with increased wind speed and 
increased river discharge, this relationship will increase the turbidity in the Wadden Sea 
with another 209t compared to the present average situation. It is expected that these 
changes will impact productivity as well as biodiversity. 

During the 1 0'" International Wadden Sea Symposium a presentation was given entitled: 
"The need for new paradigms in integrated socio-economic and ecological coastal poli
cy making" (de Jonge et al., 2003). This paper forms the basis of a new line of research. 
The ideas for this research are deriyed from and based on the requirements of the EU 
Water Framework Directive and are meant to bridge the gap between fundamental scien
ce and the application of its results in the policy making arena. It consists of several 
approaches such as the application and further development of 'Ecological Network 
Analysis', studying pattern formation, stability and instability aspects in intertidal sys
tems in relation to 'global change'. It also aims at developing a better integration of eco
logy and socio-economy iu such a way that the results can be applied in the 'decision 
making' arena and in particular in 'decision supporting (computer) systems'. 

Workgroup 'Ecophysiology of marine microalgae' 

Gas exchange between the open ocean and the atmosphere. Since the incorporation 
of the forest hydrology group of the former Department of Physical Geography into the 
Department of Marine Biology a few years ago, measurements of gas exchange between 
ocean and atmosphere have been au integral part of our research group's focus because 
of the expertise that became available. The last manuscript on forest hydrology has been 
published early this year, and attention can from now on be directed to ocean-to-air 
exchange processes of C02 and of the biogenic gas dimethyl sulphide (DMS) and its 
deri\'atives. C02 emission from the Wadden Sea was the first project of our "gas flux 
unit" to answer the question whether this shallow sea just north of the Netherlands ' 
mainland is a source or sink of this major greenhouse gas. The meteorological mea
surements from the 60 m tall tower close to the Wadden Sea's edge erected in 2001 are 
now operational. Measurements of DMS were, howeyer, made as far away as the Pacific 
off California, in cooperation with American teams. The analyses ha\·e shown that DMS 
t1uxes can be measured using two techniques: the gradient flux method (based on mea
surements at different heights above the sea surface) and the relaxed eddy accumulation 
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technique, based on a separation of the OMS concentration in upward and downward 
winds. Due to the relatively large concentration difference of DMS in water and in the 
air above, OMS appears ueseful to quantify the transfer velocity of any other gas, nota
bly C02 . Estimates based on OMS fluxes indicate that the gas transfer velocity increa
ses with windspeed at a rate different from the one commonly estimated. SensitiYity ana
lysis of the gas transfer rate to other environmental conditions is in progress. In colla
boration with the University of Utrecht a globe-wide estimate is made of the contribu
tion of marine OMS emissions to the total atmospheric sulphate burden on earth. Over the 
continents and most of the northern hemisphere atmospheric sulphate appears to be main
ly anthropogenic, while the marine source dominates over large parts of the southern 
hemisphere, especially over the Southern Ocean and the eastern part of the Pacific 
Ocean. The marine source accounts for 18% of global atmospheric sulphate. A start has 
been made to analyse the inpact of atmospheric sulphate of marine origin on cloudiness. 
A priori we expect that sulphate results in more cloud condensation nuclei and clouds 
with smaller droplets. Such clouds have a high "albedo" and thus cool the earth. Smaller 
drops also retard rain formation and increase clond lifespan. This part of our studies is 
done with a global armospheric model with explicit chemical and cloud parameterisa
tion schemes. Free admission to a Canadian model has been secured. 

Modelling of the role of the oceans in climate change is an ongoing effort within the EO
project "IRONAGES". The task of our group is to give a better functional description 
of the biological and chemical processes that affect the production of OMS . One of the 
main achievements of the large Global Ocean Models that are under development with
in this project is to give a much better description of the biological component, by dis
tinguishing 5 functional phytoplankton groups. Two of these are the notorious DMS(P)
producers Phaeocystis and Emiliania, which are key organisms within the experimental 
research of our group. 

Iron limitation in phytoplankton. The ratio of biological versus physical processes as 
drivers of large oscillations of the air-to-sea flux of C02 in the Antarctic marginal ice
edge zone was established there during summer, from the German R.V. "Polarstern". It 
is now well known that the biological process of primary production, in which carbon 
is fixed, sets the stage for global cycling of this climate-relevant gas. This is especially 
the case in the Southern Ocean, where iron limits primary production, in combination 
with light as a co-limiting factor depending on depth and the vertical mixing regime, as 
we have found. Enhanced carbohydrate production by phytoplankton of the Southern 
Ocean was recorded both in situ and in deck incubations on board in response to iron 
fertilisation , at different irradiance conditions. This is in fact a clear physiological 
response of the diatom community, indicative of the importance of iron in determining 
the export of carbon to the deep sea via the biological pump. The distribution and fate 
of iron during a Southern Ocean iron release experiment coordinated by us was studied 
as a background to understand and interpret the biological response to iron enrichment, 
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now considered interesting form a scientific point of view but an unrealistic option to 
combat anthropogenic greenhouse warming of the globe, as again shown by a group of 
our undergraduate students during a regular course in 2002: deliberate iron addition to 
ocean regions does not necessarily automatically create a C02 sink. 

Ultraviolet radiation. The other major aspect of anthropogenic global change, one that 
remains a hot issue also in the popular press, is ozone depletion, especially above 
Antarctica. The "hole in the stratospheric ozone layer" gets smaller since a few years but 
the problem has made many scientists aware of the fact that UV radiation is also a natural 
stress factor near the surface of the ocean, and at the surface of tidal tlats. For example, 
UV has been found by us to be related to the amount of the DMS precursor DMSP, an 
osmolyte in marine microalgae- or, as recent research suggests, a radical scavenger in 
microalgal cells, or, alternatively, a carbon overflow mechanism when photosynthesis is 
deregulated by iron stress. DMSP was coupled to growth so the concentration decreased 
wheu growth was less under the influence of UV. Consequently, the amount of DMSP 
per cell remained the same. Also interactions in the ecosystem, such as those between 
phytoplanton and bacteria, may be pa1tly governed by UV radiation, and to this end a 
large new Antarctic cooperation project was started between our group and the 
Australian Antarctic Division and the University of Tasmania. Our contribution to the 
field part of the project was set up to unravel physiological mechanisms of acclimation 
of Antarctic microbial communities to UV, mainly focussing on defenses against oxida
tive stress. One essential activity required for the preparation of this field campaign was 
the development and fine-tuning of assays related to this stress. The assays include SOD 
(snperoxide dismutase) , APX (ascorbate peroxidase), MDA (malondialdehyde) and 8-
oxo-G (oxidative DNA damage). Furthermore, several molecular methods ha\"e now 
been adapted for application to marine Antarctic bacterial assemblages. These include 
rep-PCR analysis, 16S-DNA sequence aualysis , and 16S-rDNA restriction fragment 
analysis (t-RFLP). During the months spent al the Australian Antarctic base Davis 
Station several series of experiments, each lasting a fortnight, were conducted, compri
sing the the exposure of microbial communities to a range of UV regimes, during which 
changes in the communities as well as physiological aspects that may provoke such 
changes were followed. Samples have been stored for further analysis later in the labo
ratory in Groningen. Supporting laboratory experiments were carried out in Hobart in 
order to gain backgrouud information on the induction of oxidative stress and related 
defenses, under varying environmental conditions. To this end representative species of 
microalgae were acclimated to Yariable levels of visible light after which the vulnerabi
lity for UV-related oxidative stress was studied. The first results indicate that acclima
tion to various levels of light strongly affects the UV-radiation response. 

Mapping intertidal microalgae. Closer by, a programme funded by the European 
Commission in which we participate was started. The acronym is HIM OM, Hierarchical 
Monitoriug Methods with the purpose to map the distribution of microalgal cover on 
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tidal flats of shallow coastal seas off western Europe geographically and in time. Within 
the programme pigment signatures (indicative of taxonomic composition of benthic 
microalgae and biomass) are coupled to ref1ectance signals and other remote sensing 
data, collected by the German partner. The information will eventually be important 
because in the future major changes are expected due to global warmiug and sea level 
rise, which will affect these regions in particular. The project started with an intercali
bration campaign in the Westerschelde estuary, SW-Netherlands. Proper extraction of 
pigments from sediments appeared to be crucial. Uniform protocols were agreed upon. 
Depth profiles collected by the British partners revealed strong stratification of pig
ments, with highest concentrations near the very surface, in the top millimeter. Marker 
pigments indicated that the microalgal population usually consisted of diatoms. This is 
an important observation, if only because diatoms are known for their stabilisation of 
sediment because of their excretory carbohydrate products. Interestingly, a pilot project 
done by students suggests that this stabilising effect can be enhanced by grazing 
Hydrobia ulvae that leave a mucus layer on the surface they crawl on. This is an impor
tant observation in Yiew of the great abundance of this tiny snail that is so characteris
tic for the Wadden Sea. 

Silica formation in diatoms. Diatoms are also studied by us for another purpose: this 
dominant component of marine micoalgae (and iudeed, marine plant biomass) is known 
for its species-specific cell-wall architecture, made of amorphous silica as we have 
shown earlier quite convincingly by small and wide angle X-ray scattering using syn
chrotrons in Daresbury and Grenoble, in the UK and in France. Silica formation india
toms is mediated ("templated") by peptides and polyamines that start silica aggregation. 
Silica formation is studied by us on the protein level as well as the DNA/RNA level. 
Silica affinity proteins present within the cells were isolated, purified, and sequenced. 
Some of these are very promising for further research because they confirm a model 
designed by us to explain the pore formation in diatom frustules. As synchronisation can 
be established in diatom cultures, the expression pattern of RNA during the formation 
of the cell wall can be followed. The synchronised cultures are also used in attempts to 
isolate the so-called silicon deposition vesicles (SDY's), known to be the location where 
silica biomineralisation is started in diatom cells. Fluorescing probes have been used to 
localise the earliest phase of the SDV prior to cell division. Eventually, biomimicking of 
these processes will be feasible: the purpose of this project, that is of much interest to 
the silica industry. This study is done with the Technical University of Eindhoven and 
now also jointly with other specialist European groups in a EC-sponsored programme, 
SILIBIOTEC. 

Toxic algae. The other microalgal group studied in our group that is relevant to society, 
uot for its potential use but for its toxicity, is the class of the Raphidophytes. These are 
"potentially hazardous to marine life", the title of the programme, funded by ALW. 
EnYironmental control of the neurotoxins is our contribution to world-wide efforts to 
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The scaling and structure of aquatic animal wakes. 1\lo\'ing aquatic animals exchange 
forces with the tluid. E\'ery force exerted by the animal is opposed by an equal reaction 
force in opposite direction according to Newton's tbird law. Moving in a fluid is com
plicated by the fact that forces applied to tbe medium cause it to move. 

Water can be considered an incompressible fluid with a density (p) of about I 01 kg m-3 

for fresh water at I atm and 15 · C and a viscosity (~)of about IO·' (Pas or Nsm·2). The 
amount of moving water and the speed and direction of movement in reaction to the 
propelling animal depends on the size of the propeller and the speed of its movement. 
This movement is characterized by the non-dimensional Reynolds number (Re), which 
is the ratio of the product of speed u (m s·1) and length I (m) and the kinematic dscosi 
ty v (m2 s·1

). The kinematic viscosity is the ratio of viscosity over density. 
Re is usually expressed as: 

Re = u 1 p ~-~ 

At a gi\'en kinematic viscosity, theRe number will , by definition, scale with speed and 
length. The range for animals starts with values less than one for protozoans and ends 
with figures reaching lQH for the blue whale. At low Renumbers, the flow caused by ani
mal moyements is dominated by viscous forces. This implies a lack of continuation of 
the flow phenomena after the movements that caused them stops. The flow will have the 
tendency to remain laminar at low Re numbers but rotation is not precluded by the main
ly viscous nature of the interaction among water particles. Rotational flow is the predo
minant type of flow. Shear due to friction in the fluid will soon stop the mo\'ements and 
the energy will dissipate as heat. 

ln a fluid medium, generation of velocity gradients usually induces rotational move
ments or vortices. A vortex has a centre where the rotational velocity is minimal; away 
from the centre the rotational \'elocity increases to a maximum and gradually dies out 
beyond that. The rate of rotation is termed vmticity, which is usually maximal in the 
centre of a vortex. Fluid dynamic theory implies that, in the direction along its centre, a 
vortex cannot end in the fluid. A vortex may either end at the boundary of the fluid or 
may form a closed loop with itself to form a vortex ring. This is important in the present 
work as movements of animals generate velocity gradients and hence vortices. 

At the inertia-dominated end of theRe scale, movement causes turbulence in the water. 
Vortices form and break up readily and make the flow highly unstructured. Inertia is the 
dominant physical factor and the fluid keeps moving long after the causes have ceased 
to exist. In intermediate Re ranges , both viscosity and inertia determine the flow pat
terns. It is hard to predict from hydrodynamic theory what kind of patterns can be expec
ted. Under this regime, vortices can be either laminar or turbulent. 
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Maps of flow induced by continuous foraging and intermittent escape responses of 
tethered nauplius and copepodid stages of the marine copepod Temora longicornis offer 
insight in viscosity-dominated flow regimes. Fast escape responses of the equally sized 
largest nauplius stage and the smallest copepodid stage are compared . The nauplius 
mo\·es by generating a viscous flow pattern with high velocities and vorticity; the cope
podid moves by using inertial effects to produce a vortex ring with a rearward jet 
through the center. 

Larvae and small adult fish (zebra danio) use a burst-and-coast-swimming mode at Re 
numbers up to 6000, shedding a vortex ring with the associated jet at the tail during the 
burst phase. Flow patterns during the coasting phase differ between the small larvae and 
larger adults due to the changes in importance of viscosity 
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Figure 9. The wake behind a 4.1 mm zebra danio larn after a tail llick at t = 0 in A where the 
arrow indicates the future swimming direction of the lan·a. B and C are velocity fields (black 
an·ows) and maximum vorticity at t = 0.24 and t = 0.64 s after the tail flick respectively. 
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Seasonal dynamics of coral reef algae. The Eritrean student Mebrahtu Ateweberhan stu
died the seasonal dynamics of different functional groups of reef algae in the Eritrean Red 
Sea. The Red Sea is characterized by much higher maximum temperatures than occur in 
most other tropical seas. For instance, on the shallow reef flats, summer maxima may 
rise to above 35 ·c. Canopy algae, such as Sargassum spp. and Turbinaria triquetra sur
vive these extreme conditions as reduced basal holdfasts. Smaller foliose algae disappear 
altogether and survive in a microscopic stage. The seasonal strategy of the canopy spe
cies was determined by monitoring tbe initiation, growth, fertility and senescence of 
individual lateral branches. We found that these species are "season anticipators". In 
fact, the initiation of new laterals stopped well before the onset of the hot season. So the 
laterals that were formed earlier in the year had sufficient time to grow and reproduce 
before temperatures became too high. A "season anticipator" strategy has not been pre
viously reported for tropical macroalgae, although it appears to be common in temperate 
and polar species. 
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Overview of academic results 

The chair Microbial Ecology remained empty for another year, but there are good per
spectives for the year 2003 . Dr Jau Gottschalleft the group at the end of 2001, and his 
position was left open until a uew professor will have been appointed. Dr Henk Bolhuis 
mmed to the group Marine Biology which enabled him to perform a postdoc project. In 
the meantime, the BIODEEP project continued to be successful and became more and 
more challenging. Sander Heijs is giving a finishing touch to his PhD study on micro
bial communities of Mediterranean cold seep sediments and their relation to methane
driven chemoautotrophy. Folkert Faber and coworkers made good progress in the 
AMICO project, methodologically paYing the way towards a firm analysis of the adap
tatiou of microbial communities to organic contaminants in oligotrophic aquifers. Yasu 
Oda defended his PhD thesis and was awarded the doctor 's degree by his promotor pro
fessor Larry Forney, who has been so kind as to continue his guest professorship. 

BIODEEP: exploring deep-see hypersaline anoxic Mediterranean basins 

The project BIOtechnologies from the DEEP contributes to the fifth framework pro
gramme of the European Union, key action Sustainable Marine Ecosystems. It explores 
deep-see hypersaline anoxic basins of the Eastern Mediterranean. Analysis of the micro
bial communities inhabiting these unique and extreme environments of over 3000 m 
deep provides insight into the major biogeochemical processes. In August 2001, the first 
cruise was held and samples were collected from the brine-seawater interfaces and the 
brine bodies from 4 different brines (Photo 1). DNA was isolated from these samples 
and eubacterial and archaeal I 6S rDNA clone libraries were constructed for the brine 
and brine-seawater interface samples. Subsequently, approximately 100 clones of each 
sample were sequenced. Comparison of the bacterial sequences revealed a high diversi
ty and a unique community composition for each brine and brine-seawater interface. 
The archaeal commuuity is less diverse and similar species are found in each sample. 
Comparison of the obtained sequences with 16S rDNA sequeuces present in the 
GenBank database revealed low similarity to currently known 16S rDN A genes for the 
majority of the bacterial aud archaeal samples, indicating that most of the bacterial spe
cies are novel. A number of sequences showed a high homology to sulfate reducing bac
teria, indicating that sulfate reduction is a metabolically important route in these brine
seawater interfaces. A second cruise was held in 2002. DNA samples of the 2002 cruise 
(together with the scheduled 2003 cruise) will be analysed to follow the microbial com
munity composition in time. In addition cultivation experiments were initiated that are 
focused on the isolation of sulfate reducing and thiosulfite oxidizing microorganisms. 
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activity and growth of oligotrophic communities? ln order to study these processes, we 
will make a comparison of the functional and genetic compositions of oligotrophic 
microbial communities before and after exposure to BTEX. A combined approach based 
on soil microcosms and defined studies with pure and mixed cultures in chemostats esta
blished and maintained under controlled conditions will be set up to determine causal 
relationships between environmental and community variables and microbial activities. 
A specific objective of this project is to define and to compare the structure of microbial 
communities in pristine and BTEX-contaminated aquifers. Factors that positively affect 
biodegradation of microbial communities in chemostats and microcosms will be evalu 
ated and strategies will be developed for simulation of bioremediation on the selected 
contaminated sites and thereby enable efficient exploration and exploration of micro
organisms for the clean-up of contaminated environments. 

Up to now, \'arious soil-sampling campaigns were carried out at the selected site. The 
samples taken were used for chemical analyses and part of the material was processed 
for distribution to the participants in this project. We have been monitoring shifts of the 
microbial community structure upon pollution, using the cultivation-independent mole
cular fingerprinting techniques T-RFLP. The initial T-RFLP fingerprinting patterns re
vealed that in most of the samples one to two dominant bands were found, independent 
of the level of contamination of the sites where the samples originated. Furthermore, 
only slight changes in the community structure could he observed over time. Beside cul
tivation-independent methods, also cultivation-dependent methods are used to study the 
microorganisms present. Specific enrichment cultures were set up, using BTEX as a sole 
source of carbon and energy. Besides the isolation of BTEX degrading organisms, these 
enrichment cultures were used to inoculate micro-aerobic continuous cultures, with either 
nitrate or sulphate as alternative electron acceptors. In both chemostats BTEX was the 
sole source of carbon and energy. These chemostats were subjected to changing growth 
conditions (oxygen concentration, dilution rates, BTEX-concentration) and the effect on 
the BTEX-degradation rate, as well as on the changes of the microbial community were 
studied. After running for approx. 4 months, the microbial community present in the 
chemostats consisted of at least 8 different microorganisms. At present, these microor
ganisms are characterized and their role in this microbial community studied. 
The participants of the AMICO have now developed the main tools and methods to 
focus on the objectives of tbis project, that is the study of the microbial community and 
its changes, to study the metabolic potential, to study the stress response upon exposure 
of high BTEX concentrations and to study the physiological response on changes of 
environmental parameters. Exchange of bacterial strains, DNA, primers, etc between the 
participants of this project will stimulate research and lead to a more detailed under
standing in the processes described above. 
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Environmental microbial ecology of Rhodopseudomonas palustris 

Yasuhiro Oda defended his PhD thesis entitled "Physiological and genetic diversity of 
the purple nonsulfur bacterium Rhodopseudomonas palustris" in Groningen on 21 
October 2002. The natural habitats of purple nonsulfur bacteria are subject to substan
tial and frequent changes in environmental conditions (e.g., oxygen levels and light 
penetration) and these will influence the growth rate and physiological state of these 
bacteria. The sensitivity of the FISH technique, using 16S rRNA oligonucleotide probes, 
is dependent on the cellular abundance of rRNA, and therefore on the cellular growth 
rates of purple nonsulfur bacterial populations in natural environments. The detectabili
ty of individual cells using the FISH technique was strongly influenced by their physio
logical history and current physiological state. There were significant differences in 
metabolic activity and cell Yiability of R. palustris that had been grown and starved 
under oxic conditions in the dark, or under anoxic conditions in the light. Apparently, 
light serYes as a source of energy for maintaining cell viability in the absence of an 
external growth substrate. 

Several studies in the past suggested that purple nonsulfur bacteria are likely to play an 
important role in mineralization of halogenated compounds in natural environments . To 
better understand the potential of purple nonsulfur bacteria to degrade such compounds, 
the adaptive responses of R. palustris and the selection of novel metabolic ability in this 
species were investigated. All of the R. palustris strains tested were originally solely 
able to metabolize 3-chlorobenzoate if benzoate was provided as a co-substrate. 
However, after long-term exposure to 3-chlorobenzoate the strains acquired the ability 
to metabolize this compound as the sole carbon source. Phenotypic and genetic charac
teristics of R. palustris strains originating from various environments were analysed (see 
Photo 5). While all the strains had certain phenotypic characteristics in common, inclu
ding the ability to metabolize benzoate and degrade 2- and 3-chlorobenzoate, there were 
also significant differences among the strains. All the different analyses showed the exis
tence of three distinct clades, which may have developed through adapti\ e evolution of 
R. palustris clones to prevailing specific emironmental conditions and this may repre
sent an incipient speciation event. The analysis of phenotypic and genetic characteris
tics was further elaborated by comparing samples from a number of terrestrial and aqua
tic locations. 
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Overview of academic results 

Award 

-020701 

Erwin Adema (Photo 1) was given the 2002 Editors' Award for "the paper that most 
impressed the Editors of the Journal of Vegetation Science". The paper- co-authored by 
Grootjans, Petersen and Grijpstra - is entitled "AlternatiYe stable states in a wet calcare
ous duue slack in the Netherlands". From the jury report we quote: "AlternatiYe stable 
states in vegetation are probably caused by a switch, in which one vegetation state 
affects the environment in a way that reiuforces its tenure, and an alternatiYe state affects 
the environment in a way that reinforces its tenure. In Adema's paper, computer-desk 
diagrams meet the real world. Though the authors don't have evidence for the full story, 
they report a sharp boundary between communities that has remained for 62 years . They 
document the discontinuity in species composition and in biomass, and its stability 
through time. Then, rather than assume the enYironmental factor involved, they analyse 
soil and/or groundwater at different depths (up to 1 m) for bulk density, moisture, organic 
matter, thickness of the organic layer, pH, oxygen saturation, redox potential, conducti
vity, carbon dioxide, bicarbonate, sulphide, sulphate, Ca, Cl, Fe, K, Mg and Na. They 
suggest that the pioneer state reinforces its hold by radial oxygen loss from the roots lea
ding to lower N aYailability, or by a microbial mat that creates a chemical environment 
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is a typical bog species, was present as a distinct layer at the base of the system. Later 
on, a tall sedge peat developed, indicating rather eutrophic and calcareous conditions. In 
a later stage chalk was deposited on top of the peat, after a period in which a lot of iron 
and pyrite was deposited. 
The stages with active CaC03 deposition and the peat formation that may follow are 
most rich in endangered plant and animal species (Photo 3), because chalk deposition 
keeps the nutrient availability at an extremely low level. Our combined efforts will focus 
on the biochemical control of nitrogen and phosphorous in such stages and also on 
hydrological processes controlling shifts from chalk deposition to peat formation or to 
peat degradation. Field experiments will be carried out to assess the type of nutrient 
limitation and to assess the properties of the soil seed bank of endangered species. The 
hydrological conditions in these spring ecosystems are very dynamic and active chalk 
and peat formation may change suddenly due to climate changes, local interference with 
water courses and probably also due to restoration measures . Information on soil pro
perties and soil seed banks will he added to larger European data banks. 

Midden Groningen and Hunze valley 
Two other applied projects have been launched. In the area of Midden Groningen, a res
toration project of 2000 ha, a field-scale experiment has been set up in three different 
sites on three different soils. Each of these sites consists of an area of about 0.75 ha 
where the water level and the competition by existing vegetation are manipulated. The 
experiment is planned to last for 5 years and is meant to test hypotheses about esta
blishment success in relation to plant traits under several types of environmental stress. 
A second project deals with the valley of the river Hunze where flood plain meadows 
are (re)created in an attempt to remove nutrients from the polluted water. The aim of this 
project is to measure nutrient tluxes and to determine trade-offs between nutrient upta
ke and biodiversity increase. It is planned to last for another two years . 

Visitors 
In 2002 the working group Restoration Ecology was visited by 3 PhD students and 1 
post doc from abroad. Ibanez (post-doc, Pamplona, Spain) stayed the whole year on a 
scholarship of the Spanish ministery of education and worked on plant traits as predic
tors of restoration success after topsoil removal. Matejkova (PhD, Ceske Budejovice, 
Czech Republic) stayed for 6 months on a EU Socrates exchange scholarship and worked 
on spontaneous vegetation snccession as a mecbanism for restoration of mountainous 
grasslands. Cseserets (PhD, Bndapest, Hungary) stayed for 3 months on a Huygens 
exchange scholarship from the Dutch ministery of education and worked on clonal 
expansion in relation to biodiversity increase in restoration projects . Vecrin (PhD, Metz, 
France) stayed for two months and measured seed buoyancy as a possible trait predic
ting restoration success in floodplain grasslands. These four researchers have written 
and submitted a m~muscript about their work in Groningen. 
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Sporobolus virginicus floated for I 20 days, whereas those of Ehrharta villosa sunk after 
one day. The viability of Sporobolus virginicus fragments was negatiYely affected by 
seawater by an increase in sprouting time. The seeds of all tested species germinated 
readily under controlled conditions, except for Scaevola plumeri seeds that required a 
long lag-phase before germination. In the field seeds of Arctotheca populifolia, Scaevola 
plumeri and Ipomoea pes-cap rae germinated and produced many seedlings. Of the spe
cies found in the foredunes, 57% was represented in the soil seed bank. For most spe
cies the seeds that were found in the seed bank showed a viability of at least 40%. Many 
of the seeds found were older than one year, suggesting a short-term persistent seed 
bank. 
Sporobolus plumeri thrived under sand burial, which makes it a good candidate for sta
bilization purposes. The growth of Sporobolus plumeri was seasonal, with the highest 
leaf production during spring and summer. Stems situated at the landward face showed 
a higher leaf production than at the seaward face of the dunes. Tbe nematode survey of 
soil and roots of several foredune species showed that all species featured a characteris
tic nematode fauna in the rhizosphere soil and the roots. The specific nematode fauna 
affected the growtb of foreign plant species in a transplantation experiment. 
The study demonstrated that all species were easy to grow under controlled conditions, 
and thus could be used for stabilization purposes. When the more rapidly growing spe
cies are planted in combination with succeeding foredune species, a functional ecosys
tem, including indigenous species could be created. 

Coexistence of competing species in hay meadows 

Competition between plant species has been considered a major mechanism of vegeta
tion succession. Many competition theories are based on what is supposed to be happe
ning under conditions of a theoretical steady state, while in plant communities transient 
states are the rule rather than the exception. In experiments using, e.g., continuous flow 
cultures, steady state conditions are generally arranged under homogeneous nutrient 
supply, whereas in plant communities in the field this is far from reality. The dominant 
role of competition as a mechanism of succession may hold for primary successions on 
soils which steadily increase in nutrient richness as a result of plant growth, but it may 
not be tme for secondary successions on initially rich soils or in semi-natural hayfields. 
Michael McDonnell-Alexander is giving a finishing touch to his PhD thesis on the role 
of spatial soil nutrient heterogeneity in plant species coexistence in Calthion communi
ties. Many studies compare contrasting species from poor vs. rich soils, but how do com
peting species within a plant community remain coexisting? He tested the effects of soil 
nutrient heterogeneity on the competitive abilities of species from Calthion communi
ties, using mesocosm experiments with 7 species ranging from dominants to subordi
nates and monocots to dicots (Figure 6, Photo 6). Fine-grained heterogeneity allowed an 
increased biomass to develop for the plant communities. This was reflected in the signifi
cantly reduced under-canopy light levels. The coarser-grained heterogeneity communities 
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Overview of Academic Results 

A matter of integration? Under natural conditions plants do experience a multitude of en
vironmental influences simultaneously. Our long-tenn aim is to understand how plants 
integrate the sometimes very different requirements imposed on them. For instance, 
light triggers a plant to expand their leaves, while a drying soil (signalled by the plant 
hormone abscisic acid [ABA]) requires a reduction of water loss through inhibition of 
leaf growth. The light-induced increase in leaf area is completely due to cell expansion, 
not to increased cell division. Light triggers a signal transduction pathway in which 
membrane potential changes dependent on external calcinm, internal calcium increases 
and protein phosphorylation ultimately lead to cell wall acidification, which through 
loosening of the ce11 wall via expansins and turgor changes enables the cell to expand. 
It is likely that cell expansion is also the process that is affected by drought. As we try 
to elucidate how both light and drought interact in the regulation of the growth response, 
we need to answer to the following question first. Does ABA influence leaf area by inhi
biting cell expansion in pea or is cell expansion inhibited during drought because of a 
lower water potential? We found that ABA inhibits the light-stimulated leaf growth and 
that this inhibition is explained by reduced cell expansion and not reduced cell division. 
Because the cells were not dehydrated, the effect of ABA is directly on cell expansion, 
indicating that drought effects are mediated by ABA. 
An important question that remains is, at what level does ABA interfere with the light
induced cell expansion? Is that at the level of signal transduction, osmotic potential or 
cell wall extensibility? ABA is known to affect H+, K• and anion eft1ux and Ca2

• influx 
in stomata, but is this also true for epidermal cells? To determine the level at which ABA 
interferes with the light-induced cell expansion in epidermal cells ion fluxes outside the 
cell, cytoplasmic [Ca2

• ], cell wall acidification are being determined. 
To rule out specific parts of the signal tranduction we use different mutants (Figures 1 
and 2). With these mutants we can determine how cytoplasmic calcium changes are 
under control of phytochrome and the effect of ABA on cell wall acidification and cell 
expansion without interference of endogenous ABA production. 

Effect of NaCl salinity on nitrate fluxes, growth and specific root length in the halo
phyte Plantago maritima: Soil salinity is a major agricultural problem in many semi
arid and arid regions ofthe world and NaCl induced reduction in nitrate uptake has been 
assumed to contribute to the negative effect on growth and de\'elopment in crops. The 
main interest of the PhD project of Michael Rubinigg was to study the effect of high 
NaCl concentrations in the root zone on the regulation of nitrate uptake in relation to 
effects on relative growth rate (RGR), partitioning of biomass, N and C, and root mor
phology. The highly salt tolerant halophyte Plantago maritima was used as a model spe
cies. The use of a this plant allowed easier comparison between NaCl treatments. First, 
the RGR of P maritima was not reduced by exposure to external NaCI concentrations 
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of up to I 00 mol m'. Second, biomass partitioning between shoot and root did not change 
at any of the NaCl treatments applied. Since the root is not only directly involved in 
nitrate uptake but also indirectly, root weight is also used as parameter to express nitrate 
fluxes. Equal partitioning of biomass between root and shoot makes it easier to compa
re uptake fluxes between treatments. Third, P. maritima does not accumulate N contai
ning osmotic solutes, which might increase the N demand of the plant at high external 
NaCI concentrations. Exposure of P. maritima to elevated NaCl concentrations (50, I 00 
and 200 mol m ') in the root zone led to a reduction in net nitrate uptake rate (NNUR) at 
all salinity levels applied but decreased the RGR at 200 mol m ' NaCl only. The effect 
on NNUR was specific, since net uptake rates of sulfate and phosphate were unaffected 
at aU external NaCI concentrations applied. Assessment of net assimilation rate (NAR), 
C partitioning and allocation showed that a reduced C aYailability to supply energy and 
building blocks for nitrate uptake, reduction and translocation did not occur. From the 
results on N partitioning between nitrate and reduced N compounds it became obYious 
that the reduced rate of NNUR was not caused by inhibition of processes involved in the 
assimilation of nitrate. Therefore the conclusion could be drawn that the interaction 
between NaCI and nitrate uptake was due to a direct and specific effect on processes 
invoh·ed in the regulation of NNUR at the root plasma membrane. Assessment of the 
effect of salinity on root morphology of P. maritima re\'ealed significant changes at 
external NaCl concentrations as low as 50 mol m l. The presence of N aCl in the nutrient 
solution inhibited or delayed the initiation, expansion or emergence of lateral root pri
mordia or the subsequent activation of the apical meristem, while length growth of indi
vidual roots appeared to be unaffected or eYen stimulated. The taproot of plants expo
sed to NaCl became longer and thinner, leading to significant changes in the specific 
root length. The observed morphological changes, however, had a minor effect on nitrate 
tluxes expressed on a root fresh weight basis. The effect of NaCI on nitrate fluxes (in
flux, efflux and N net translocation rate) to the shoot was measured in a steady state sys
tem with 15N-nitrate as a tracer. The results showed that the reduced rate of NNUR was 
almost entirely due to a reduction in nitrate int1ux. Nitrate efflux, expressed as a pro
portion of influx, remained unchanged and was even lower at 200 mol m.:• NaCI. The 
rate of 1' N net translocation to the shoot decreased relative to the rate ofNNUR. Further 
labelling experiments ruled out that the effect of NaCI on nitrate influx is due to com
petitive inhibition by external CL It is concluded that the negative effect of NaCl on 
nitrate uptake at non growth limiting salinity levels is caused by effects of NaCI on ni 
trate transporters in the root plasma membrane and/or processes mediating the translo
cation of nitrogen compounds, possibly nitrate, to the shoot. Fina11y, the NaCI induced 
reduction in NNUR might have been the cause for the observed reduction in RGR (25 S·a) 
at the highest salinity level. 

Nitrate and chloride have different effects at the membrane potentials of Plantago 
maritima root cells. In chapter 5 of his doctoral thesis M. Rubinigg describes the effects 
of chloride uptake in Plantago maritima. In these experiments seedlings of the halo-
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