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At the close of the year the welcome news was received from the Board of the Univer
sity that the program proposal "Dispersal and Adaptation" had been awarded in full (pro
viding 4 PhD and 2 Postdoc appointments for the period 2000-2004) which rewards the 
combined proposal from five of the six CEES members, coordinated by Dr. F.J. 
Weissing. 

Conferences 

Four international conferences were organized with the help of CEES. 
On 1 May the symposium "Integrating Population Changes and Food-Web Dynamics" 
was held at the premises of the KNAW (Royal Netherlands Academy of Arts and 
Sciences) in Amsterdam (organized jointly by CEES and NECOV, the Nederlands
VIaamse Ecologen Vereniging) with the aid of a grant from the KNAW. 
On 3 1 October-3 November the I Oth International Scientific Wadden Sea Symposium 
was convened in Groningen by the Ministry of Agriculture, Nature Management and 
Fisheries in cooperation with Prof. W.J. Wolff. 
An especially lively Master Class in the "Evolutionary Ecology of Sex" organized by 
Dr. F.J . Weissing and coworkers at the Biological Centre 29 August-2 September attrac
ted 70 PhD students drawn not only from the graduate school Functional Ecology which 
sponsored the event, but from a wide range of universities in 18 different countries. This 
event underwent a snowball treatment and grew to include fourteen top-notch lectures 
delivered to an audience of 180 highly enthusiastic participants. Although the local 
arrangements were somewhat strained to handle so many outsiders the response was 
overwhelmingly positive and we can look back on a milestone event punctuated by the 
thesis defence by ldo Pen on the last day of the conference. 
On 12 December a large and appreciative audience attended the one-day symposium 
"Genetic Variation, Selection and Evolution" held at the Biological Centre in Haren and 
organised by Dr. R. Bij lsma and his colleagues of the Population Genetics group. This 
event provided a cross-section of the research themes undertaken by the group over the 
past decades, and represented a personal tribute to Wilke van Delden with whom all 
speakers had collaborated at some stage of their career. 

Books 

A surprise event on 6 May marked the presentation of the book "De Onvrije Natuur" 
dedicated to Prof. Rudi Drent by former students and colleagues and sparked by the 
accumulation of more than for ty PhD theses in which he had a hand. Published by the 
KNNV (Koninklijke Nederlandse Natuurhistorische Vereniging) and edited by 
J.Tinbergen, J.Bakker, T.Piersma and J. van den Broek the book provides an integrated 
collection of essays reviewing highlights of empirical and theoretical research aiming at 
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Highlights 

Dissertations granted by the institution in 2000 

W.F. de Boer Between the tides; the impact of human exploitation on an interti
dal ecosystem, Mozambique. Promotores prof.dr. R.H. Drent and 
prof.dr. H.H.T. Prins, University of Groningen 

E.T. Buitenhuis Interactions between Emiliania hu.xleyi and the dissolved inorganic 
carbon system. Promotor prof.dr. H.J.W. de Baar, University of 
Groningen 

I.C. van Duren Nutrient limitation in drained and rewetted fen meadows. 
Promotores prof.dr. J. van Andel and prof.dr. C.W.P.M. Blom, 
University of Groningen 

L.A. van Duren Moving (in) water. Behavioural kinematics, hydrodynamics and 
energetics of the calanoid copepod Temora longicornis . 
Promotores prof.dr. J.J. Videler and prof.dr. W.J. Wolff, University 
of Groningen 

P. Esselink Nature management of coastal salt marshes: interactions between 
anthropogenic influences and natural dynamics. Promotores 
prof.dr. J.P. Bakker and prof.dr. R.H. Drent, University of 
Groningen 

I. Janse C in the Sea: production and breakdown of Phaeocysti poly
saccharides. Promotor prof.dr. L.J. Forney, University of 
Groningen 

A.J.M. Jansen Hydrology and restoration of wet heathland and fen meadow com
munities. Promotores prof.dr. E. van der Maarel and co-promotor 
dr. A.P. Grootjans, University of Groningen 

A. Kamping On the maintenance of allozyme and inversion polymorphisms in 
Drosophila melanogaster. Interactions between Adh, a Gpdh and 
In(2L)t . Promotor prof.dr. W. van Delden, University of 
Groningen 

T.A.W. van der Kooij 
Response of Arabidopsis thaliana to elevated C02 and S02. 

Promotores prof.dr.ir. P.J.C. Kuiper and prof.dr. W. van Delden, 
University of Groningen 

II 
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I .B. Obernosterer Photochemical transformations of dissolved organic matter and its 
subsequent utilization by marine bacterioplankton. Promotores 
prof.dr. G.J. Herndl and prof.dr. W.J. Wolff, University of 
Groningen 

I.R. Pen Sex allocation in a life history context. Promotor prof.dr. S. Daan 
and co-promotor dr. F.J. Weissing, University of Groningen 

O.A. Quilambo Functioning of peanut (Arachis hypogaea L.) under nutrient defi
ciency and drought stress in relation to symbiotic associations. 
Promotor prof.dr.ir. P.J.C. Kuiper, University of Groningen 

A.W. Stienstra Nitrification in semi-natural grasslands. Promotores prof.dr.ir. J.W. 
Woldendorp and prof.dr. L. Brussaard, University of Groningen 

R.J . Strijkstra Reintroduction of plant species: shifting settings. Promotores 
prof.dr. J.P. Bakker and prof.dr. J. van Andel, University of 
Groningen 

A. van der Veen On the mechanisms and causes of vegetation succession in coastal 
sand dunes. Promotores prof.dr. J. Yan Andel and prof.dr. J.P. 
Bakker, University of Groningen 

M. van der Velde Geneti c structure of the moss genus Polytrichum. Promotor 
prof.dr. W. van Delden, University of Groningen 

0. Velterop 

S. Westerman 
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Effects of fragmentation on pollen and gene flow in insect-pollina
ted plants. Promotores prof.dr. W. van Delden and prof.dr. J. van 
Andel, University of Groningen 

Response of sulfur assimilation in curly kale to atmospheric hydr
ogen sulfide. Promotor prof.dr.ir. P.J.C. Kuiper, University of 
Groningen 



Highlights 

PhD Students in 2000 

E.B. Adema Plant Ecology/Microbial Ecology 
Interaction between plants and micro organisms in early-succes
sional dune valleys 

A.C. Alderkamp Marine Biology/Microbial Ecology 
Polysaccharides synthesized by microalgae; their contribution to 
the microbial loop in marine systems 

M. Ateweberhan NUFFIC-Marine Biology 
Seasonal dynamics of functional groups of reef algae in the 
Eritrean Red Sea 

J, Bakker ALW-Population Genetics 
Dynamics and significance of genetic variation in a metapopula
tion context: an integrated theoretical and experimental approach 

M. Berg UE Bursary-Animal Ecology 
Mutual sexual selection in the European wren 

H. Beukema WOTRO-Plant Ecolog)IICRAF-lndonesia 
Pteridophyta in rubber agroforests at a range of management 
intensities and the choice between segregation and integration of 
biodiversity conservation and agricultural productivity 

A.C. Bockelmann UE Bursary/St. H. Bockler-Plant Ecolog)!Population 
Genetics!Universitiit Kiel (Germany) 
Population genetic and ecological background of the inYading 
plant species Elymus athericus 

M .K. de Boer ALIV-Marine Biology 
Environmental factors that determine the toxicity of 
Raphidophyceae 

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 

D. Bos STW-Plant Ecology/Animal Ecology 
Carrying capacity of the Wadden Sea foreshore for the Brent 
Goose under different management regimes 
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O.G. Bos 

K.M. Bouwman 

L.W. Bruinzeel 

J.C.A. Creuwels 
ALTERRA 

G.S. van Doorn 

S.G.A. Draisma 

J. Drent 
NIOZ 

M. Durenkamp 

W.M.C. Edelaar 

A. Eggert 

R. Geerts 

R. Gesser 
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NWO-NJOZ/Marine Biology 
Settlement chance and post-settlement mortali ty in marine soft
bottom communities in relation to the amount of larval supply, the 
size of the local adult stock, and feeding conditions 

ALW-Animal Ecology 
Partner choice and sex ratio adjustment as exponents of sexual 
selection the Reed Bunting 

ALW-Animal Ecology!Alterra 
An experimental test of the queue hypothesis in the Oystercatcher 

GOA-Marine Biology/Animal Ecolog}!Alterra 
Individual quality of Antarctic petrels 

Population Genetics 
Causes and consequences of sexual selection 

ALW-Leiden Universit}/ Marine Biology 
Evolutionary radiation in the Sphacelariales (Phaeophyta) 

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

Plant Physiology 
Whole plant regulation of sulfate uptake and assimilation 

Marine Biolog)INJOZ 
Predator aYoidance by Macoma balthica 

UE Bursary-Marine Biolog)!Plant Physiology 
Thermal ecotypes and genetic divergence in subtropical marine 
macrophytes 

ALW-Population Genetics 
Genetic dissection of long-term insecticide resistance in 
Drosophila: in search of compensatory evolution 

Marine Biology 
Flatfish flight in a salinity gradient 



Highlights 

J. van Gils NWO-Animal Ecology/NIOZ 
Habitat use and prey selection in the Knot as a reflection of indivi
dual decisions 

S.A.Hazelaar NWO/STW-Marine Biology 
Diatom silicon biomineralization as an inspirational source of new 
approaches to silica production 

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

M.E. de Heij ALW-Animal Ecology 
Defining limitations to egg care in avian life histories 

S.K. Heijs ALW-Microbial Ecology 
Mediterranean cold seeps and mud volcanoes 

J.G. Hiddink Marine Biology 
The effect of nurseries on the fitness of benthic invertebrates (e.g. 
Arenicola, Macoma) in the intertidal zone 

M. van Himbergen NWO-SRON-Marine Biology 

G. Hoarau 

F. Hoffmann 

J.J.l\1, de Jong 

D. Joubert 

Biogenic climate forcing of the oceans 

NWO-Marine Biology/RIVO 
A comparative study of population structure and population dyna
mics in a commercially important flatfish species 

NWO/ALW-Plant Ecology 
Pollinators and flowering plants: metacommunity dynamics and 
biodiversity in the agricultural landscape 

NWO!SRON-Physical Geography/Plant Physiology 
Remote sensing of wet forests 

AL\V-Population Genetics 
Fluctuating asymmetry as a monitor for genetic and environmental 
stress in Drosophila: Fundamental and applied aspects 
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R.K.H. Kats 
ALTERR \ 

P. Korsten 

D.P.J. Kuijper 

NWO-Alterra Texel!Animal Ecology 
Large-scale population of Eiders and their long-term impact on 
commercial shellfish 

ALW-Animal Ecology 
Sex-biased investment in Blue Tits (Parus caeruleus): primary sex 
ratio and paternal quality 

Plant Ecology!Wageningen University 
Experimental tests on the effects of one or two herbivores on plant 
succession in a productivity gradient 

P.C. Luttikhuizen NIVO-Population Genetics/NJOZ 
Population genetics of Macoma balthica 

Y. l\Ialherbe UE Bursaty-Population Genetics 
Molecular genetic analysis of quantitative traits involved in stress 
resistance and fitness 

M.P . .McDonnell Alexander 

M. Mouissie 

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

NWOIALW-Plant Ecology 
Dispersal of propagules and pollutants: a bottleneck for biodiversi
ty increase in pleistocene areas? A modelling approach. 

D.J.B. Noordkamp Microbial Ecology 

Y.Oda 

D. Pasmans 

E. te Poele 
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Marine algae-bacteria interactions: factors regulating growth, colo
ny formation and mucus excretion by Phaeocystis pouchetii 

UE Bursary-Microbial Ecology 
Ecophysiology of photoheterotrophic bacteria: Bioconversion of 
aromatic compounds in micro-oxic environments 

ALW-Microbial Ecology 
Mechanism and tempo of adaptive evolution in the Halophilic 
Aschaeon Halobacterium salinarium 

Microbial Ecology 
Metabolic divergence and rate of adaptive change towards optimal 
fitness 



W.H. van de Poll 

J.J. Poos 
Rl\·o 

M. Rijkenberg 

l\1. Rubinigg 

A.L. Rutten 
ALTERR:\ 

J. Stahl 

W.K. Vahl 

Highlights 

Marine Biology 
Temperature dependence of UV-B radiation effects on marine 
plants from different c limate zones 

N1"l0-RIVO/Animal Ecology 
The dynamics of effort allocation of fishing fleets with special 
emphasis on spatial scale of exploitation 

ALW-NIOZ/Marine Biology 
Positive feedback of enhanced UV-B via iron chemistry of sea 
water on phytoplankton growth and C02 fixation in the Southern 
Ocean 

UE Bursary-Plant Physiology/Plant Ecology 
Food and protein quality of the salt marsh plant Plantago maritima 
as determined by nitrate uptake and utilisation 

STW-Alterra!Animal Ecology 
Long-term effects of human disturbance on waders feeding on 
intertidal flats: the use of telemetry and cage experiments 

Bursary Stiftung des Deutschen Volkes -Animal Ecology 
Limits to the co-occurrence of avian herbivores: how geese share 
scarce resources 

NIOZ/Population Genetics/Animal Ecology 
Interference and carrying capacity 

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

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

P. Wiersma Animal Ecology 
Energetics of parental care in Passerines 

Z.A. Zekeria NUFFIC-Marine Biology 
Ecology and population dynamics of coral reef fishes in the 
Eritrean Red Sea 

H.J. Zemmelink Marine Biology 
Marine ecosystems as sources for sulphur emission 
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J .H. Beekman 

G. Boedeltje 

P. Boelen 

A. Corten 
RIVO 

O.E. Diekmann 

A.H. Engelen 

G.H. Engelhard 
ALTERRA 

PhD projects - thesis in preparation 

Animal Ecology/R/ZAIN/00-CL 
Ecological limitations in the annual cycle of swans 

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

NWO-NIOZ/Marine Biology 
Effects of UV-B on oceanic phytoplankton 

RIVO/Marine Biology 
Temporal variabili ty of North Sea ecosystems 

UvA!Marine Biology 
Differentiation in Caribbean reef-building corals 

WOTRO-Marine Biology 
Demography and population structure among windward, leeward 
and deep-water populations of the seaweed Sargassum polycerati
um on Curar;:ao: Coupling matrix population models with DNA 
fingerprinting 

GOA-Animal Ecology/Marine Biology/A/terra Texel 
Impact of disturbance on breeding behaviour and physiology of 
southern elephant seals 

J.A. van Franeker A/terra/Marine Biology 
ALTERRA Ecology of Antarctic fulmarine petrels 

L. Gabrielsen 

G. Geertjes 

P.J. de Goeij 
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Animal Ecology!NERI, Dept. of Wildlife Ecology, Denmark 
Landscape fragmentation and passerine populations: application of 
a metapopulation model 

Marine Biology/Population Genetics 
Relations between reproductive strategies of reef fishes, hydro
graphic conditions and the genetic differentiation between parrot
fish populations on the reefs of Caribbean islands 

Animal Ecology/NIOZ 
Predation by birds and epi-benthos on the macrozoobenthos of 
tidal fl ats in the Wadden Sea 



Highlights 

. J, Janssen University of Amsterdam/Plant Ecology 
Monitoring of salt-marsh vegetation by sequential mapping 

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

R.H.G. Klaassen Netherlands Institute of Ecology, Centre for Limnology/ 
Animal Ecology 
The scale of foraging decisions in waterfowl 

I.M. Knevel EU/Plant Ecology/University of Grahamstown (South Africa) 
The search for indigenous dune stabilisers, or: which species can 
replace the alien Ammophila arenaria? 

W. Kotowski Plant Ecology/University of Warsaw/University Utrecht 
On the ecology of fen plants in the context of fen restoration 

I. Meusnier University Lille/Marine Biology 
Origin and genetic differentiation in populations of Caulerpa taxi
folia in the Mediterranean 

M.M. Moeseneder NIOZ/Marine Biology 
Nioz Role of turbulence on marine bacterioplankton 

T. van Oijen 

J.E. Oppentocht 

L. Peperzak 

M.J.M. Reichert 

H. Schekkerman 
.\ LTERRA 

EC Marine Biology 
Iron-light interactions in Antarctic phytoplankton 

Population Genetics 
Population genetic analysis of fitness differences among Adh
variants in Drosophila melanogaster 

RIKZ/Marine Biology 
Life-cycle and ecophysiology of Phaeocystis 

University of South Carolina/Animal Ecology 
Life history of the fringed flounder, Etropus crossotus (Pisces 
Pleuronecti formes) 

Animal Ecology!Alterra 
Growth and survival of the Godwit Limosa limosa in relation to 
habitat use in an agricultural landscape 
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IT assistant 
ing.G.J.van den Burg 
L.J.Steyvers 

Guests/Detachment 
drs.J.Drachmann 
drs.M.Edelenbos 
drs.C.Hambly 
dr.J.B.Hulscher 
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dr.M.Magrath 
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drs. Y. Verkuil 

RUG 
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Groningen, NL 

Overview of Academic Results 

The Queue Hypothesis revisited 
Dik Heg 

Oystercatcher society during the breeding season -which fills more than six months each 
year- is characterized by a complex territorial system. Not only does each pair defend a 
nesting territory, but birds nesting along the shoreline also defend a feeding territory on 
the adjoining mudflats where they forage during low water. The oystercatcher is unusu
al among waders in feeding the young over a protracted period, and this feature has been 
related to the complex feeding technique involving the opening of mussels and other 
shellfish, a technique incurring risk of damage to the bill and requiring a long period of 
learning to achieve proficiency. In our island study Ens discovered that parents further 
back from the shoreline were forced to fly over the mudflat territories of the birds nes
ting along the margin, and moreover these ' leapfrog' parents were often unsuccessful in 
raising young. The oystercatcher is a "single prey loader" and poorly adapted to trans
porting meals efficiently at any distance. The parents along the shoreline avoid this bot
tleneck by making excursions with their chicks on the mudflats and feeding them hand
outs as the family moves along. By scrutiny of marked birds the non-breeders could also 
be identified, and some of these could be localised at social gatherings ('clubs') or pair
wise on territory on the mudflats at low water at some distance from shore (see the sche
matic diagram, fig.l). 

Given the quality differential among the territories depending on their distance to shore 
competition for the best sites should be intense, and the case histories of natural vacan-
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Flight performance of long-distance migrant shorebirds 
Theunis Piersma 

Animal Ecology 

Several research projects carried out by members of CEES and associated institutions 
revolve around questions on avian food intake rates in relation to food abundance, (re
)fue lling rates at staging sites and migration performance of the many migrants (espe
cially waterbirds) that visit The Netherlands during some time of the year. Much of the 
energy and nutrients stored during their stay in our internationally important wetlands is 
expended during flight. It was very unfortunate that. so far, nobody had been able to 
make direct measurements of the flight costs of heavy and light mi grating birds. As a 
consequence we have been unable to realistically evaluate the options for birds leaving 
staging sites with different levels of fuel stores, other than using a variety of, mainly 
theoretically, deri ved models. 
T he development by Thomas Alerstam and Colin Pennycuick at Lund University, 
Sweden, of a windtunnel devoted to studies of bird flight, is now changing the face of 
studies of aYian flight performance. The low-turbulence windtunnel is situated in an 
annexe to the Ecology Building of Lund University. For the avian scientist its greatest 
asset is perhaps the easy access to the open flight section, which enables the experi
menter to directly interact with the birds before, during and after flight (fig. 3a-d). 
Whereas maximum fl ight times in windtunnels historically tended to be measured in 
minutes at most, birds in the Lund windtunnel routinely fly for several hours. The cur
rent maximum of 16 hours of sustained flight by a thrush nightingale was curtailed by 
the stamina of the attending researchers rather than the bird! 
As part of the joint PIONIER-project of the University of Groningen and the 
Netherlands Institute for Sea Research (NIOZ) lead by Theunis Piersma, an intense co
operative study was developed with the Department of Animal Ecology at Lund 
University to study sustained fl ight performance in the focal avian predator of this pro
ject, the red knot Calidris canutus. In a most gratifying way, the expertise developed and 
maintained at various institutions could be brought together to advance the frontiers of 
knowledge on bird fli ght. The practical expertise to catch and keep individuals happy 
and healthy for long periods of time at NIOZ (B. Spaans, T. Piersma), the experimental 
and theoretical knowledge of the bird fli ght experts at the Lund windtunnel (A. 
Lindstrom, A. Kvist, M. Green), the expertise to use the turnover of doubly-labelled 
water to study the energetics of exercising birds at University of Groningen's CIO and 
CEES (G.H. Visser), the non-invasive ultrasonographic techniques to study flight mus
c le size in birds recently developed at CEES (M.W. Dietz, A. Dekinga) and the ability 
to measure and interpret patterns of blood metabolites at the Swiss Ornithological 
Institute (S. Jenni-Eiermann , L. Jenni), in a multi-season study all focused a group of ca. 
10 red knots that liked flying in a windtunnel (about one third of the individual red knots 
that we tried to fl y, did quite like it). 
Using ultrasonography before and after flights of 10 hours, we discovered that fl ight 
muscle thickness decreased in parallel with decreases in body mass, a decline that surp-
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risingly appeared indistinguishable from that during periods of natural and experimen
tal fasting and fue lling. Also, the body-mass related variation in flight muscle thicknes.s 
between and within individuals was not related to the amount of time that this particu
lar individual had flown , indicating that changes in avian muscle do not require power
training as is the case in mammals. The study of metabolites in flying red knots compa
red with resting birds that fasted, demonstrated that plasma levels of free fatty acids, gly
cerol and uric acid increased during flight irrespective of flight duration and that trigly
ceride, very low density lipoprotein and beta-hydroxy-butyrate levels were decreased. 
Glucose levels remained unchanged. This pattern indicates an instantly increased cata
bolism of fats from adipose tissue and of protein from muscle during flight. The corre
lated interindividual variation in energy expenditure, body mass loss and metabolite 
concentrations suggested that a higher individual energy expenditure entails a higher 
catabolism of both lipids and protein, not a shift in fuel substrate. 
Perhaps the most spectacular outcome of our collaborative studies has been the finding 
that, although total metabolic power input increases with fuel load. it does proportiona
tely less than the predicted mechanical power output from the flight muscles (fig. 4). 
The most likely explanation is that the efficiency with which metabolic power input is 
converted into mechanical output by the flight muscles increases with fuel load. This 
means that current models of avian flight and migration seriously underestimate the 
added flight time and distance that additional fuel can yield and may help explain why 
some shorebirds routinely make non-stop flights of 4,000 km and more. 
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Figure 4. Total metabolic power input in relation to average body mass in red knots fly ing at 
54 km/h r. Different symbols denote different individuals. The common slope relating log power 
input to log body mass, correcting for individual differences in intercept, was 0.35. This is 
much lower than the exponent that is theoretically expected, i.e. an exponent close to 1 (from 
A. K\ist 2001. Fuel and fly: adaptations to endurance exercise in migrating birds. Thesis, Lund 
University). 
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human exploitation has a much larger effect on rocky shore communities, as has been 
documented in other studies. And thirdly, there is a continuous tidal transport of poten
tial prey species from subtidal and inaccessible areas to the exploitation area. 
Consequently, by comparing exploited and unexploited areas, we could not fi nd any 
effect of exploitation on the benthic biomass or abundance. However, a small decrease 
in species diversity was found in exploited areas, not due to the removal of prey species, 
but probably due to the increased mortality of small-bodied species as a consequence of 
sediment disturbance during exploitation. 

Geese and hare on the salt-marsh 
Rene van der Wal 

Over the past few years animal and plant ecologists working on the salt-marsh of 
Schiermonnikoog have joined forces by relating the ongoing plant succession to the 
actions of the various herbivores. The leading question is whether the herbivores can 
retard or even arrest the onward march of vegetation change to prolong the duration of 
the younger stages that provide the most palatable forage and hence support the highest 
herbivore densities. The chief actors are three goose species (Greylag, Anser anser, 
Brent, Branta bernicla, and Barnacle Goose, Branta leucopsis) that graze on the island 
in winter and spring, and the Brown Hare, a year-round resident. In a series of experi
ments Rene van der Wal and hi s coworkers have demonstrated that on the short term 
hare and the Branta geese compete during the spring period when all three species 
depend heavily on the graminoid Festuca rubra as their staple forage. Virtually all geese 
(92%) were excluded from a one-hectare bloc on the marsh by erecting a grid of nylon 
ropes 1m off the ground in the period 15 April -15 May. By contrast, hare entered the 
goose exclosure freely by hopping in below the rope barrier. Herbivore visitation was 
monitored within the goose cxclosure and in a control area of similar vegetation com
position by counting droppings every fortnight in 4m2 plots (45 and 77 respectively). 
Counts of hare droppings (see figure 7) revealed a strong response following exclusion 
of the geese from the Festuca area and the heightened visitation rate by hares carried 
over into the second half of May (when the brent geese shift their grazing pressure to 
the lower marsh dominated by Puccinellia). The overlap in diet and habitat use (direct 
observations of the geese, radio tracking of hare) thus appears to result in competition 
for food. Subsequent experiments by Julia Stahl with tame barnacle and brent geese in 
the same area point to a facilitating effect of goose grazing early in the season (late 
March, early April) extending the window of high protein in the lush above-ground leafy 
material. 

Turn ing now to the larger question of the herbiYores manipulating the vegetation to their 
own advantage over the long term, van der Wal et al. were able to show that hares (the 
resident herbivore) indeed delay plant succession thus extending the period of exploita-
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tion by themselves and the geese by decades. This work relied on the permanent exclos
ures set up on the marsh (illustrated in last year 's report) and is summarised in fig. 8 
showing how hare grazing retards the establishment of the woody Atriplex portulacoi
des. Encroachment of this shrubby plant effectively eliminates the grazing lawns favou
red by the geese, but fortunately for them Atriplex cannot withstand hare grazing which 
damages the basal tissue of the stem. These hare grazing episodes so important for the 
integrity of the graminoid swards occur mainly in late winter when forage is scarce on 
the marsh, particularly when snow cover restricts access to alternative foods but A triplex 
protrudes invitingly. Dries Kuijper of the Plant Ecology group will be following this 
lead up during his PhD study on the island by employing tame hares to allow direct 
experimentation of their impact on the vegetation. 

Pied flycatchers adjust to rising temperature, but not enough 
Christiaan Both 

Presumably most existing species of the northern temperate zone were able to adjust to 
dramatic climate changes in the past such as the ice ages. It is however unknown how 
organisms will respond to the present drastic increases in temperatures caused by human 
activities . Organisms with a strong seasonal timing are likely to be most sensitive, since 
their seasonality is predominantly an adjustment to the availability of resources. Most 
passerine birds breeding in forests in the temperate zone show such seasonality, and 
breed in the early spring when insect abundance is highest. Their breeding time is tight
ly tuned to the phenology of trees, and the concomitant peak of phytophagous insects. 
Because the breeding environment of these birds undergoes rapid change each spring 
over a short time we can use the current climate change as an excellent opportunity to 
study the possibilities of micro-evolutionary change and the constraints that might pre
vent perfect adjustment. 
In collaboration with colleagues from the Netherlands Institute of Ecology, Christiaan 
Both analysed how well pied flycatchers cope with warmer spring temperatures. This 
species is a long-distance migrant wintering in tropical Africa, and arrives in April in the 
Netherlands to benefit from the peak in food abundance in temperate forests. Data were 
used from the long-term study on the Hoge Veluwe carried out by the Netherlands 
Institute of Ecology in Heteren, where flycatchers breed in nest boxes. Since 1980 the 
temperature at the time of arrival and egg-laying of flycatchers increased (figure 9a), 
and flycatchers responded with advancing their laying date (figure 9b). In these 20 years 
the mean date of egg-laying advanced about 10 days. Although the birds thus showed a 
strong response with their laying date to the temperature change, the response was not . 
enough to track the advancement of spring. In the course of this 20-year period selec
tion for earlier breeding became stronger: the earliest breeding birds increased their fit
ness advantage relative to later breeding birds (figure 9c). Why did the flycatchers fai l 
to advance their egg-laying date as much as they ought to do? 
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The reason that the flycatchers did not perfectly track the advancement of spring may 
lay in their migration strategy. They have to decide in Africa when to start their migra
tion to Europe in order to arrive here in time. As far as we know the timing of this migra
tion is determined by changes in day length, and hence by calendar date and not by cli
matic factors. This makes sense, because climatic factors in Western Africa are likely to 
be (at best) weakly linked to the advancement of spring in their breeding areas. This 
calendar-based timing of migration must have evolved in this way to allow the fly
catchers to arrive at the appropriate time. This arrival time may have been a bit earlier 
than the average optimal breeding time, which enabled them to start egg-laying earlier 
in a warmer than average spring. When the temperature increases in their breeding area 
at the current high rate, the timing of migration may become inappropriate because the 
birds leave Africa too late to arrive here at the advanced optimal breeding date. Spring 
arrival of pied flycatchers in the Netherlands did indeed not advance during the period 
1980-2000 (figure 9d). 
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Figure 9. Changes in the course of the years in: (a ) mean spring temperature, (b) mean laying 
date, (c) selection differential (relative early bi rds do better in the course of the years) and (d) 
median an·ival date for a population of pied flycatchers. 
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The flycatchers thus could not advance their egg-laying date more, because they did not 
arrive earlier from their wintering grounds. A better response to rising temperatures 
requires a change in the decision rule, making the fl ycatchers start migration at a shor
ter day-length in Africa. We believe that this will involve an evolutionary change, with 
selection for a genotype that starts migration earlier or has a higher migration speed. 
Whether there is genetic variation for these migratory traits is as yet unknown. In the 
near future we may witness evolution in action, or the decline of the flycatcher popula
tion because they cannot adapt to this rate of environmental change. In many parts of the 
northern hemisphere climate records reveal strong rates of change and these are often 
accompanied by the uncoupling of the rise of spring temperatures over the latitudinal 
gradient. The dilemma faced by our flycatchers is thus a symptom of a much broader 
problem, and analysis of long-term data sets elsewhere is called for. 
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Overview of academic results 

Evolutionary ecology of benthic plants and animals 

Research foci in the ecology and evolution of benthic macrophytes (seaweeds and 
seagrasses) in different climatic regions includes: 1) Analysis of genetic variation as it 
applies to phylogeny reconstruction and to population genetic structure within and 
among populations on different spatial scales (meters to thousands of kilometers); 2) 
Ecology and ecophysiology of species from different climatic regions including experi
mental testing of temperature and light responses as adaptive strategies in life history 
regulation; 3) The coupling of molecular phylogenetic and ecological data to test hypo
theses in "historical ecology" and biogeography such as thermal adaptation, the evolu
tion of morphological traits and correlations with life history strategies such as clonali
ty and haplodiploidy. 

At the end of 1999 we expanded the "molecular ecology" approach to include other 
organismal groups and questions. The year 2000 has thus been an important transition 
year that will continue into 2001. The two projects are: I) Invertebrate-algal symbioses 
and adaptation in the Caribbean coral Madracis and its endosymbiotic dinoflagellate 
Symbiodinium. Results from this study are now complete and show that Madracis spe
cies are introgressed and that the endosymbionts are neither host-specific nor environ
mentally adapted to light as found for some other coral species (one manuscript is accep
ted (Marine Biology) and the other has been submitted). 2) Population structure and 
stock assessment in the flatfish Pleuronectes platessa along the European continental 
shelf. At the end of 2000, 17 microsatellite loci had been identified and optimized and 
an initial survey of the European continental shelf populations undertaken. Connections 
between spawning areas, nursery grounds and feeding grounds are key foci. These 
results will be reported in 2001. 

Both of the aforementioned projects have additional phylogeographic compon_ents wit
hin the larger theme of evolutionary ecology. 

Population-level studies. These projects investigate population differentiation with 
respect to spatial distribution of genetic variation. The role of the mating system (sexu
al and asexual reproduction) and the effects of environmental gradients are important 
components. A few highlights follow. 

The Cladophoropsis membranacea (tropical alga) data set is now complete. One paper 
has been published and four are in the final stages of preparation. A survey of some 20 
populations (N.l 000 individuals) in the Canary Islands (but also outliers in the Cape 
Verde and Caribbean regions) revealed an extremely high level of haploid plants (hap
lodiplontic life history) but no evidence for low genetic diversity. Haplotypes (based on 
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post-glacial recolonization events. Spatial autocorrelation and kinship analyses reveal 
many half-sib matings at a scale of 0.5-m. Small populations along the Belgian and 
Dutch coasts have experienced severe bottlenecks with evidence of significant linkage 
disequilibrium. Global estimates of gene flow (isolation by distance under a stepping 
stone model) reveal no pattern, whereas, estimates at regional scales of 1-100 km cor
relate well with oceanographic currents. In conclusion, the entire North Atlantic region 
represents a di sequilibrium set of conditions characteristic of recent recolonization of 
the area fo llowing the last glacial maximum. 

The Zostera marina (seagrass) project was also brought to completion in 2000 with the 
fifth paper published in 2000. This was the first study ever to employ high-resolution, 
co-dominant markers in seagrasses which was necessary since earlier studies with allo
zymes have generally revealed low variation and hence an inability to distinguish dupli
cate genotypes that may have occurred by chance. This study has been hugely success
ful with respect to deYelopment of microsatellite markers, the identification of clonal 
contribution to population structure (seagrasss have a genet-ramet structure), identifica
tion of levels of genetic diversity and estimates of patch side and age in re lation to habi
tat fragmentation. Meadows can be monoclonal or extremely diverse. Retrospective 
estimates of fragmentation can be made on a meadow-specific basis. Hypotheses that 
the decline of Dutch populations was related to small size and low genetic diversity are 
unfounded. Low reproducti ve success associated with sperm-limitation plays a role and 
is currently under experimental investigation. The success of this project has resulted a 
newly funded parallel project to investigate similar questions in the seagrass Zostera 
noltii. Both of these seagrasses are under consideration for restoration projects. 

The Fucus serratus (seaweed) project will run until mid-2001. Thi s project focuses on 
population structure through a salinity gradient from the North Sea into the Baltic. All 
fieldwork has been completed and most of the laboratory analyses. There are also puta
tive hybrid zones. Field samples are being compared wi th laboratory crosses and analy
zed using microsatellite loci. 

The impact of the introduced and highly invasive seaweed Caulerpa taxifolia in the 
Mediterranean has also been a point of continuing research in 2000 (funded by the 
French Department of the Environment). DNA sequence (rDNA-ITS) comparisons of C. 
taxifo/ia and re lated morphotypes from inside and outside of the Mediterranean show 
that the Mediterranean strain is of Pacific origin (probably Australia), is virtually iden
tical to a widely cultivated aquarium strain and may be clonal (DALP and allozyme 
data). Allegati ons that C. taxifolia is actually a cryptic form of C. mexicana, a long-term 
resident in the eastern Mediterranean flora, are unfounded based on comparative DNA 
sequence data. Sequencing studies in 1999-2000 investigated the endosymbiotic and 
surface bacteria on C. taxifolia. Bacteria belonging to alpha, beta, delta and cytophaga
les have been identif ied and are strongly correlated with an Australian origin of the alga 
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(paper in press Molecular Ecology). 

Ecophysiology and Historical Ecology. The effects of UV-B radiation on temperate 
red macrophytes were found to be directly related to their habitat. Deep sublitoral spe
cies suffered severe growth reductions, caused by damage to the DNA, photoinhibition, 
and inadequate repair mechnisms. In contrast, upper subtidal/intertidal species suffered 
only minor damage, and formed protective screening compounds (mycosporin-like 
amino-acids). Surprisingly, the UVB-sensitivity of polar isolates from Spitsbergen was 
no higher than in temperate isolates from Brittany in three red algal species. 
Temperature effects on UVB sensitivity were found with regard to photoinhibition and 
repair but not with regard to growth and DNA damage/repair capacities. We conclude 
that polar populations still carry the UVB tolerance which is required at more southern 
latitudes, to which species must have retreated during the last glacial maximum (PhD 
project van de Poll). 

Studies on the physiological background of ecotypic differentiation in the temperature 
responses of the green alga Valonia utricularis showed differences in acclimation poten
tial between tropical and warm-temperate isolates. A higher degree of eurythermy, with 
major improvements in cold tolerance were found in Atlantic/Mediterranean strains, 
compared to those from the (sub)tropical Pacific. Differences in cold-adaptation and 
acclimation potential could be attributed to different degrees of glacial cold-stress in the 
Atlantic/Mediterranean and the Pacific oceans. Semi-enclosed seas, like the 
Mediterranean enhanced the chances of thermal vicariance through which severe cold
stress operated on isolated populations. No such semi-enclosed basins existed in the gla
cial Pacific. As a result, no cold-tolerant ecotypes developed in this region (PhD project 
Eggert). 

Ecophysiology of marine microalgae 

Funding to an amount of nearly 500,000 Euro was secured for a substantial improve
ment of laboratory facilities when an investment proposal to obtain high-performance 
culture equipment for multi-stress studies of marine microorganisms was granted by 
NWO. The facility, which will also be available to guest researchers, includes rooms for 
culturing under conditions ranging from those in the tropics to the Antarctic; flow-cyto
metry; a flow injection and detection system for metal analysis; and PTR-MS to meas
ure traces of biogenic gases. 

For the time being, such gases (namely C02 and OMS) were measured by regular gas 
chromatography during cruises at a number of locations spread across the globe, in 
cooperatieve projects with American experts: off San Diego in the Pacific, off Woods 
Hole in Vineyard Sound and Buzzard's Bay in the Atlantic, and in the North Sea all the 
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way up to 120 km north of Texel at platform F3. Sea-to-air exchange of one or both of 
these gases was measured directly, together with the parameters that influence the flux. 
DMS fluxes can be used as a model for C02 because there is always a DMS emission; 
C02 fluxes are much more difficult to detect because the gradient sea-air is small 
(except under algal bloom conditions) while at the same time C02 sensors are much bet
ter than those for DMS. Modelling of a very large dataset obtained from IMAU 
(Utrecht) to assess the contribution of oceanic DMS to the global sulphur cycle (how 
much S is derived from the sea, how much from terrestrial, notably human-influenced 
sources?) suggests that sulphur aerosols over remote ocean areas are only related to 
marine biogenic production. The fate of different sulphur gases and effects on radiati ve 
forcing of the resulting aerosols awaits quantification in order to assess their influence 
on climate. Direct radiative forcing of oceanic phytoplankton was quantified by an ana
lysis of satellite (SEAWiffs) images of coccolithophore blooms in the Atlantic over a 
number of years. The magnitude of the effect appeared to be surprisingly small; the 
importance of the Prymnesiophyte Emiliania huxleyi has clearly been overestimated in 
the past. This species is a notorious DMS producer. Higher temperatures appeared to inf
luence the content of the precursor DMSP, and also ultraviolet radiation affected the 
contents of DMSP per cell , through its effect on growth, not on synthesis per se. In the 
E.C. programme "IRONAGES" the work package "DMS" is coordinated from 
Groningen; special attention wil be paid to Prymnesiophytes, the most notorious DMSP 
producers of all marine phytoplankton. 

Studies of the consequences of increased ultraviolet radiation at the sea surface were 
continued in other ways, too, namely with an expansion to other trophic levels, a.o. pha
gotrophic protists, and to effects on macroalgae and land vegetation in the Antarctic, in 
a number of cooperative projects with groups elsewhere (Argentina; the USA; England, 
the British Antarctic Survey) and with a sequence of guest researchers in our laborato
ry. In the field, DNA damage effected by UV-B was found in microorganisms in situ to 
depths of 50 m in the Gulf of Aqaba (Israel), much deeper than the depth to which this 
radiation penetrates. Vertical mixing must have been the mechanism of transport of 
damaged cells, a mechanism in operation in situ elsewhere, too, especially in the 
Antarctic. 

Also in the Antarctic, the phenomenon of iron limitation was studied in situ during a 
cruise with R.V. "Polarstern" in the framework of the E.C. programme "IRON AGES". 
Iron was supplied to a region just north of the Weddell Sea, and the response of the phy
toplankton was striking. For example, the sugar metabolism showed a clear day-night 
rhythmicity with respect to cell volume and fluororescence. Laboratory studies have 
revealed that photosynthetic parameters of Antarctic microalgae appear to differ struc
turally from phytoplankton elsewhere: the relation of photosynthesis with "yield" and 
with growth rate is not necessarily the same. Moreover, diatoms and flagellates appe
ared to react differently on rapid changes in light, such as those experienced by cells that 
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are subject to vertical mixing, the rule in the Southern Ocean. Chlorophyll fluorescence 
analysis brought us to this conclusion. Another cell compartment was investigated, too: 
the thylakoid membrane lumen, which was shown to be less acidic under non-stress con
ditions than was thought. This was found in living cells, in which all regulation mecha
nisms were intact. 

Diatoms are known to be the most important group of algae for C02 sequestration in the 
ocean due to their weight, which is of course influenced by their heavy silica cell wall. 
But also for other reasons this porous silica is studied in detail: diatom silica biomine
ralisation can in theory be mimicked for industrial purposes. This process is followed by 
us by synchrotron methodology, using facilities in England and in France (Grenoble). 
On a scale of less than 60 nm diatom silica was shown to be highly uniform as to pore 
dimension and pore distribution. The silica itself was shown to be amorphous. An arti
cle published on these findings was nominated for the prestigious American "Provasoli 
award". Changes in the formation of silica were followed by observing changes in X
ray scattering. It looks now as if aggregates of organic molecules (peptides) govern sili
ca precipitation. The idea is that peptides that play a role in pore formation do not remain 
in the silica of the cell wall, but are regenerated. In fact, they should only be observable 
during one brief stage in plate formation, if this runs parallel with cell division. 
Sequential analysis of peptide patterns during one division cycle in synchronised cells 
is in progress. 

Exercises in molecular biology were also done in a project with a focus on toxic micro
algae and the environmental conditions inducing toxicity and determining survival sta
ges, namely of Fibrocapsa japonica. New cultures were isolated from Dutch coastal 
waters. One question is how cells of this species have reached this area. Evidence has 
now been collected that populations of Fibrocapsa exchange and distribute widely, over 
huge distances, a finding based on analysis ofiTS-1 and ITS-2 that revealed preciously 
little genetic variation between isolates sampled across the globe. 

Another nuisance alga, which blooms to dense proportions off The Netherlands, is 
Phaeocystis. Also here, molecular-biological techniques were applied to study interac
tions between this Prymnesiophyte with bacteria. Bacterial community analysis was 
made using DGGE and the physiological capability of enrichments to degrade 
Phaeocystis mucus. The purpose is to link representatives of bacterial clusters with the 
degradation of complex algal polymers in the sea. The diversity of genes encoding for 
polysaccharide-degrading enzymes is one of the goals of the project, and degenerate 
PCR primers have now been designed on known laminarase enzyme conserved regions. 
This work was partly done in preparation to the field campaign of next spring, when the 
bloom of Phaeocystis will be followed in the western Wadden Sea off Texel. This tidal 
flat area is also part of the region covered by another EC-sponsored project, BIOPTIS, 
in which an inventory is made of microalgal cover of tidal flats in northwestern Europe. 
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This cover stabilises the sediment when it is dense enough. To detect seasonal density 
differences over large areas, satellite and airplane remote sensing is used. "Ground 
truth" was collected and analysed for algal pigments by HPLC, which supported the 
notion of dominance of benthic diatoms. Like in most of our projects, also this one is 
productive thanks to our cooperation with colleagues from other RUG departments, 
from other Dutch institutes, and from institutes abroad, mostly from Germany, the UK, 
and France. 

Ecology, ecophysiology and bioenergetics of zooplankton, zoo benthos and nekton 

The research activities are focussed on the energetic conse-quences of the interaction 
with the fluid medium during swim-ming and feeding activities of marine animals. The 
ultimate goal of our studies is to gain insight in the energy budgets related to the natur
al behaviour of dominant species from plankton, nekton and benthos. Two projects on 
hybrid or parallel used thrust and locomotion mechanisms in crayfish and on filter fee
ding in acorn barnacles have recently been started and yield their first results. We will 
report on these projects next year. We also report on three studies outside the main 
research interest which resulted in publications in international journals in the year 
2000. 

Feeding mechanism and strategy of the heart urchin Echinocardium cordatum. The 
feeding mechanism and strategy of the deposit feeding Heart Urchin Echinocardium 
cordatum has been studied at animals in experimental situations in the lab. The feeding 
mechanism appeared to be very hard to identify but showed that the Heart Urchin in
gests sediment from the surface as well as from sub-surface layers. Ingested sediment 
indicates that selection has taken place, resulting in a two-fold increase of the organic 
fraction. By flexibly changing its behaviour, the animal reacts adaptively to possible 
sources of food and chooses to either stay in the sediment and slowly move to a richer 
spot, or crawl over the sediment reaching the richer spot faster and taking the risk of 
being more exposed. Directionality of the ambient flow with respect to the food source 
location seems to play a role in the decision making process but this is still under inves
tigation. 

Migration of the bivalve Macoma balthica. En- and ex closure experiments on the tidal 
flats of the Wadden Sea north of Groningen quantified the predation by shorecrabs, 
brown shrimps and fish on juvenile and adult Macoma, on high and low tidal flats. We 
found that densities only of juvenile Macoma were reduced by epibenthic predation. 
Adults were not affected. The effect of predation was stronger on low than on high tidal 
flats. This correlates with higher densities of predators and larger predators in the low 
intertidal. Predation by the ragworm Nereis diversicolor, the lugworm Arenicola mari
na and the gastropod Retusa obtusa on juveniles of Macoma was studied in the field and 
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lab. Macoma was found in the stomachs of Nereis and Arenicola. Densities of Macoma 
in laboratory-experiments were reduced by the presence of these polychaetes. Retusa 
did eat the bivalves in the lab, but the species was rare on the tidal flats in spring. 
Experimental work in the laboratory attempted to quantify predation on Macoma migra
ting in the water column. In daytime, small Macoma run a higher risk to be eaten by flat
fish when migrating than when they remain buried. A nightly migration did not increa
se mortality. 

Photic entrainment in fish. Light is the main environmental factor that entrains circa
dian rhythms. In vertebrates, formal properties of entrainment have been documented 
extensively in mammals and birds. In fish, however, the evidence for entrainment by 
light, studied under light dark (LD) cycles and in continuous light conditions, is scarce. 
Tonic effects of light on rhythms in fish have been collected in many fish species. 
Arguments for phasic effects of light can be drawn indirectly from studies of annual 
effects on timing of activity. Several species change phase of activity (day, night, or cre
puscular) according to the season. However, a majority of fish species kept in constant 
darkness loses circadian activity patterns within some weeks. Discrepancy between 
rhythmic patterns in nature and the lack of rhythmicity in laboratory conditions have led 
to the generalized statement that in fish the rhythm finds full expression only under sui
table environmental conditions. It is thus understandable that so far the effect of light 
pulses on the phase of circadian rhythms has not been summarized in fish in form of a 
phase response curve (PRC). In this study we report on activity patterns in Halichoeres 
chrysus. This species, like other labrid fish species, shows discrete rest/activity cycles 
by hiding under sand cover during inactivity. From preliminary observations we noticed 
that this species shows free-running circadian activity rhythms in constant darkness 
(DD) characterized by a remarkably intra-individual stability of the circadian period 
length 1. We constructed a PRC and a 1 response curve, by measuring the phasic and 
tonic effects of light pulses on activity rhythms. In addition, we studied synchronization 
in LD cycles and entrainment in skeleton photoperiods of two light pulses per day in DD 
conditions. By the latter, we avoided the problems of masking induced by the applica
tion of LD cycles. 
Initial entrainment in a 12: 12h LD cycle was followed by a free-run after transition into 
constant dim light conditions. Light pulses of a comparable intensity as used in the light 
part of the LD cycles did not result in significant phase shifts of the free-running rhythm 
in constant darkness. Application of much brighter 3h light pulses resulted in a phase 
response cur\'e (PRC), with pronounced phase advances during late subjective night. 
T he PRC differed from those mainly obtained in other vertebrate taxa by the absence of 
significant phase delays in the early subjective night. At that circadian phase significant 
tonic effects of the light pulses caused a shortening of the circadian period length . 
Entrainment to skeleton photoperiods of 1 h light and 11 h dim light was observed in 
five of six wrasses exposed, also after a three hour phase advance of this LD cycle. 
Subsequently, a I h light and 11.25 h dim light cycle resulted in entrainment in four of 
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phytes on the Eritrean reefs. Major canopy algae (i.e. Sargassum spp and Turbinaria tri
quetrum) showed peaks in biomass and reproductive allocation during the cold season, 
and survived the hot summer months as basal holdfasts bearing reduced primary axes . 
Other macroalgae, such as Dictyota cervicornis and Stoechospermum marginatwn , dis
appeared completely during the summer, surviving as microscopic stages in the 'seed 
banks'. Seasonal fluctuations in abiotic conditions (mainly temperature) and sporadic 
episodes with intense grazing by herbivorous fish seem to be the main controlling fac
tors. In contrast, smaller filamentous and crustose coralline algae, which occupy deeper 
reef zones with less pronounced seasonal temperature fluctuations, maintained a more 
constant biomass throughout the year. 
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fide by chemoautotrophic prokaryotic organisms. However, more recent carbon-isotope 
measurements done on sediment samples collected from Mediterranean mud-volcanoes 
indicate that the oxidation of geochemically produced methane, rather than sulfide oxi
dation, may prove to be the basis of chemoautotrophy in these ecosystems. Since all 
microorganisms known to grow at the expense of methane require molecular oxygen to 
do so, and because oxygen is exceedingly limited in these 'cold seep' sediments, the 
possibility exists that methane oxidation may also occur under anoxic conditions. 
Little is known about the microbial ecology of deep-sea cold seep sediments and sur
rounding brine pools. Hence, a primary objective of the present study is to determine the 
structure and composition of microbial communities in these ecosystems. A second goal 
wi ll be to better understand the potential for methane-driven chemoautotrophy and the 
role of anaerobic methane oxidizing prokaryotes in the biogeochemistry of sediments in 
these 'cold seep' ecosystems. For this reason sediment and water samples were collec
ted from several mud volcanoes in the Mediterranean Sea during the Medineth scienti
fic cruise in 1999. 
Selected samples are presently being characterized using a combination of culture
dependent and molecular microbial ecology techniques in an effort to identify the micro
bial populations present so that reasonable inferences can be made about their likely 
physiological role in these environments. During 2000 the microbial community struc
ture of three different carbonate crusts was studied by analysis of 16S rDNA gene clone 
libraries . These clone libraries were constructed following PCR amplification of bacte
rial and archaeal 16S rDNA genes present within extracted community DNA. The data 
obtained indicate that the eubacterial and archaeal communities in all three crusts were 
complex and differ in terms of the numerically dominant populations that were present. 
Combining our results with geochemi stry and carbon isotope data (co-operation with 
NIOZ, Texel and University Pierre et Marie Curie, Paris-France) we were able to con
clude that the occurrence of anaerobic methane oxidation is a phylogenetically more 
widespread phenomenon than previously assumed. In addition, attempts were made to 
enumerate and isolate populations that are representative of specific functiomil groups 
of microorganisms involved in the production and consumption of sulfide or methane. 
Although it was possible to enrich a mixed culture of the numerically dominant sulfate
reducing bacteria from the sediments of an active mud volcano, the ability to utilize 
methane under anaerobic conditions was not observed. In the future further attempts to 
culture numerically dominant organisms of different functional groups will be made. 
Analyses of bacterial community structure in selected sediment samples, through profi
les of terminal restriction fragment length polymorphisms (T-RFLP analyses) of 16S 
rDNA genes, have shown that the microbial communities found at different depths in the 
sediment appear to be similar to one another, but that clear differences can also be dis
cerned based on the presence or absence of specific phylotypes in a given community. 
Further experiments are being done to more rigorously define these differences and · 
similarities by means of phylogenetic analyses of the eubacterial and archaeal 16S 
rDNA genes. 
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sampled on various cruises, the first of which is scheduled to take place in august 200 I . 
Our contribution to the project is to determine the microbial community structure using 
modern molecular tools such as the sequence analysis of 16S rDNA genes. In addition 
we are interested in life history and relationships between the different microbial com
munities found at the various sampling sites within the different brines. Therefore we 
will study the genetic composition of various populations by means of genome finger
pri nting techniques such as REP-PCR and AFLP. 
Our particular interest is focused at the microbial mats at the seawater to brine interface, 
which is characteri zed by a sharp increase in salinity and density, and a sharp decrease 
in the oxygen concentration. Especially at these interfaces, all kinds of interesting inter
actions are possible between microorganisms belonging to different functional groups. 

Bacteria-Algal Interactions 

Phaeocystis (Prymnesiophyceae) is a colony forming micro alga wi th a worldwide dis
tribution. It is well known for its massive blooms, with Phaeocystis being organized in 
colonies that consist of cells embedded in a 7 1-1m thick mucous layer. During blooms 
Phaeocystis is responsible for a large part of the local annual primary production, which 
is partly channelled through the microbial loop. During most of the bloom period, 
Phaeocystis colonies are remarkably free of bacteria and are apparently not colonized 
until they become senescent. It was initially proposed that inhibition of bacterial growth 
in the early stage of Phaeocystis blooms is caused by the production of acrylate by the 
algal cells. However, the concentration of free acrylate in seawater during Phaeocystis 
blooms appeared extremely low (in the nM range) and clearly insufficient to inhibit bac
terial growth. Alternatively, inhibition of bacterial growth may be caused by acrylate 
accumulated inside the mucous layer of the Phaeocystis colonies, where it reaches at 
least 1000-fold higher concentrations than in the surrounding environment. But even 
these higher, mucous associated acrylate concentration, are probably too low to inhibit 
growth. These data show that inhibition of bacterial growth on young Phaeocystis colo
nies is not caused by acrylate. In fact, field studies revealed that the number of bacteria 
capable of consuming acrylate increased from I 04 bacteria per ml seawater before the 
Phaeocystis bloom to I os bacteria per ml after the bloom. This might be interpreted as 
indicat ing that growth of bacteria is actually stimulated by Phaeocystis, partly due to the 
excretion of some acrylate. In young Phaeocystis colonies acrylate is absorbed to the 
mucous layer and therefore unavailable to bacteria but upon senescence the mucous 
layer is degraded, acrylate is released and consumed by bacteria. 
During a spring bloom Phaeocystis builds up substantial biom.ass, rich in carbohydrates, 
that can be divided into 2 major fractions : the ex tracellular mucous and an intracellular 
storage glucan. After the bloom, most of these carbohydrates are degraded. The mucous 
is a complex substrate, and degradation requires the synergisti c interaction of a consor
tium of bacteria. The microbial community in an enrichment culture on mucous was 
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characterized using denaturing gradient gel electrophoresis (DGGE). It was found that 
a substantial number of bacterial species were present in the enrichment. Putative 
mucous degrading bacteria could be identified by compari ng DGGE patterns obtained 
from a mucous degrading enrichment with that of a non-mucous degrading enrichment. 
Database comparisons subsequently revealed that the putative mucous degraders are 
members of the a- and y subdivisions of the Proteobacteria, the Cytophaga-Flexibacter 
cluster, and the Planctomyces and Yerromicrobiales c lade. 
Studies on carbohydrate production by Phaeocystis cultures revealed that mucous repre
sents only a relatively minor part of the total carbohydrates. At least 50% of the total car
bohydrates in stationary phase cultures consist of the intracellular storage glucan lamin
aran. Therefore, laminaran may be an important substrate for marine bacteria during and 
after the Phaeocystis bloom. Moreover, laminaran is produced by a large number of dia
toms and other algal species. In the summer of 2000 a PhD-project was initiated that 
aims at elucidating the contribution of laminaran to the carbon flux through the micro
bial loop. Accumulation and the potential rate of laminaran degradation will be deter
mined during a Phaeocystis bloom. In addition, the putative bacterial enzymes involved 
in laminaran degradation (laminarinases) will be characterized in bacterial isolates from 
various stages of the bloom usi ng a molecular, culture independent approach. To this end 
the genes encoding Jaminarinases from various bacteria will be obtained by PCR-ampli
fication , using degenerate PCR-primers that are designed on the basis of conserved 
domains of known laminarinases. Sub-cloning and sequence analysis of the amplified 
DNA fragments may yield information about the nature and diversity of the bacterial 
Jaminaran degrading enzymes among natural bacterial isolates. 

Microbial communities and degradation of natural and xenobiotic compounds 

Reductive Dechlorination of Organopollutants 

Reductive dechlorination is a key step in the microbial transformation of highly chlori
nated aliphatic and aromatic environmental pollutants (e.g., PCB's, chlorobenzenes, 
chlorophenols, and chloroethenes) under anoxic conditions. To gain an understanding of 
the fate of such chemicals in soils, sediments, and water streams it is important to 
gather detailed information about the biology of the bacteria that are capable of cataly
sing reductive dechlorination. Recently, several new species of Desulfitobacterium and 
related organisms have been isolated that belong to new genera of anaerobic bacteria 
able to grow by reductive dechlorination of chlorinated ethenes. Such chlorinated orga
nics can be used as electron acceptors for the oxidation ("halorespiration") of substrates 
like organic acids, ethanol or hydrogen. The process provides enough energy to allow 
growth of these specialized types of bacteria. The most interesting practical spin-off of 
these microbial activities is the possibility they offer to convert potentially toxic chlori
nated pollutants into harmless, chlorine-free organic molecules. 
The influence of changes in various relevant environmental conditions in the natural 

70 



Microbial Ecology 

habitats of dechlorinating bacteria have been studied in relation to their dechlorinating 
potential. This was done with pure cultures in the laboratory and with entire anaerobic 
communities in soil columns, in laboratory scale soil pilot reactors and in the field. Of 
particular interest in such studies is the effect of competition from non-dechlorinating 
bacteria (e.g. acidogens, sulphate reducing bacteria and methanogens) for commonly 
used growth substrates on the dechlorination activity of individual species (such as 
Desulfitobacteriumfrappieri and related species) and the entire dechlorinating commu
nities. It was found that there exists a complicated combination of competitive and 
mutualistic relationships among these organisms. This paradoxical situation leads to the 
intriguing conclusion that certain competitors for common electron donors (sulphate 
reducing bacteria in particular) actually stimulate anaerobic dechlorination via interspe
cies hydrogen transfer under conditions of limiting availability of sulphate, as is com
mon in many natural (polluted) soils. To substantiate these conclusions, mainly based on 
the laboratory-type model systems, various kinds of nucleic acid based probes have been 
developed together with several partners within a currentEC-funded demonstration pro
ject. Thus it will now be possible to try and establish changes in relative sizes, distribu
tion and physiological activity of microbial populations (in)directly involved in anaero
bic dechlorination in soils as a function of the availability of various combinations of 
electron donors and acceptors. 

Adaptation of microbial communities to organic contaminants in oligotrophic 
aquifer sediments 

Subsurface soil environments are often severely restricted in the availability of nutrients, 
carbon substrates and electron acceptors. Therefore, in situ rates of microbial metabo
lism in aquifers are generally low. Hence, oligotrophic communities in aquifers are often 
adapted to and specialized in the use of very low substrate concentrations. As a result 
sudden inputs of organic substrates or electron acceptors might have drastic negative 
effects on the activity and growth of such oligotrophic communities. This phenomenon 
is relevant for an understanding of the vulnerability of natural microbial communities 
for sudden changes in organic inputs into the subsurface of natural soils. But obviously 
this same phenomenon is particularly relevant for the application of any in situ biore
mediation treatment which almost invariably relies on a substantial external supply of 
organic substrates, additional nutrients, and oxygen. To our knowledge, a comprehensi
ve study on the effect of sudden changes in the leYel of organic matter (be it in the form 
of natural organics or pollutants) on oligotrophic microbial communities inYolved in the 
degradation of organic contaminants at a specific polluted site, has never been done. 
The major goal of the new EC-project, started at the very end of 2000, is to find out to 
what extent and in which direction the microbial community structure of an oligotrop
hic aquifer may change when that community is challenged with organic pollutants. 
Thus, a comparison will be made of the functional and genetic composition of the oli
gotrophic microbial communities before and after exposure to a pollutant plume passing 
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through an aquifer, below some highly polluted and a relatively unspoiled location in the 
Czech Republic. The specific objectives of the project are: (i) define and compare the 
structure of microbial communities in the pristine and contaminated aquifers; (ii) char
acterize and quantify the degradation potential of such communities; (iii) identify genes 
which are typically expressed under conditions of different nutrient and/or pollutant 
levels in microbial communities in chemostats and microcosms in the laboratory. 

Diversity within anoxygenic phototrophic bacteria and the mineralization of 
chlorinated aromatic compounds 

Chlorinated benzoic acids are found in the environment mainly as intermediates produ
ced through the partial dechlorination of more highly halogenated organic pollutants. 3-
Ch lorobenzoate (3-CBA) has served as a model for this class of compounds and their 
metabolism under various environmental conditions. Processes responsible for the 
mineralization of 3-CBA in natural environments may occur under oxic or anoxic con
ditions, and facultatively anaerobic photoheterotrophic bacteria might play an important 
role. Rhodopseudomonas palustris, a purple nonsulfur bacterium, is one of the best-stu
died species with respect to the anaerobic degradation of aromatic compounds. Until 
recently, a strain of R. palustris (DCP3) was thought to be unique in its ability to grow 
on 3-CBA or 3-bromobenzoic acid as the sole carbon and electron source under anoxic 
conditions in the light. 
The abundance nutritional versatili ty of Rhodopseudomonas spp. in natural environ
ments has been studied after selective enrichments of 3-CBA-degrading photohetero
trophic bacteria. The strains isolated were all identified as R. palustris and were only 
able to degrade 3-CBA in the presence of Benzoic acid (BA) as an additional substrate. 
However, after prolonged periods of starvation ranging from 3 to 4 months in batch cul
tures under anoxic conditions in the light, some of these strains acqui red the ability to 
grow on 3-CBA as their sole carbon source. These results suggest that starvation may 
stimulate either the formation or selection of such variants and that the ability to meta
bolize 3-CBA may be more widespread among strains of R. palustris than had been 
thought previously. The disadvantage of using enrichment cultures is that they impose 
conditions that favour the fas test growing over numerically dominant organisms. We 
have observed that only strains of Rps. palustris were isolated from such enrichment 
cultures that contained a mixture of 3-CBA and BA regardless of the geographical and 
ecological origin of the inocula. To expand our knowledge of genotypic and phenotypic 
diversity of purple non-sulfur bacteria in the top layer of aquatic sediments, 128 strains 
were obtained by direct isolation from agar-plates that had been inoculated with sedi
ment samples from sites in Haren and in the Biesbosch. Although almost identical colo
nies, based on colour and morphology, appeared on the agar-plates under anoxic condi
tions in the light, analysis of BOX-PCR-based genomic DNA fingerprinting and 16S 
rONA gene sequencing showed a high level of diversity among the isolates. There were 
also at least two distinct phenotypes with respect to the abi lity to degrade BA: those that 
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in pH. The conditions that develop in the silage preYent the growth of spoilage orga
ni sms. However, if oxygen is introduced during storage and use of silage, spoilage may 
occur that decreases its feed value and the palatability of the material. 
Previous studies have shown that bacterial inoculants can be used to improve the stabi
lity of silage under aerobic conditions and thereby maintain its quality. Inoculation with 
Lactobacillus buchneri increased the aerobic stability of silage at least ten-fold as com
pared to non-treated silages. It was shown that L. buchneri degrades lactic acid to ace
tic acid and 1,2-propanediol under anoxic condi tions in the absence of an additional 
e lectron acceptor. Even though L. buchneri was not able to further degrade 1,2-propan
diol, ! -propanol was found to be a predominant fermentation product in treated silages, 
suggesting that other bacteria were involved in its conversion. We isolated two bacterial 
strains (strain JKD6 and strain ACD7) from maize silage that are both able to metaboli
se 1,2-propanediol anaerobically as a sole substrate to equimolar amounts of 1-propanol 
and propionic acid (at pH-values of 3.8 to 5.7). Phylogenetic and phenotypic characte
risation showed that both strains belong to the same Lactobacillus species (Lacto
bacillus diolvorans sp. nov.), and that this species is closely related to L. buchneri. Batch 
culture experiments showed that L. diolvorans was also able to anaerobically metaboli
se lactic acid with the same fermentation characteristics as L. buchneri, but with acetic 
acid and ! -propanol as end-products. Fermentation experiments with glucose, lactic 
acid, and/or l ,2-propanediol suggested that 1 ,2-propanediol mainly sen ·es as an electron 
acceptor in the presence of glucose or lactic acid, resulting in the formation of !-pro
panol. 
Similar fermentation characteristics were observed in maize silage inoculated with L. 
diolvorans. Although the aerobic stability of the silage seemed to develop faster (after 3 
weeks) when the material was inoculated with L. diolvorans, longer incubation times 
(>3 months) indicated that the aerobic stability of silages inoculated with L. buchneri 
were higher. Preliminary results suggest that the absence (or lower concentrations) of 
propionic acid found in silages inoculated with L. diolvorans maybe responsible for this 
difference. 
Research is currently focussed on the influence of adding external electron-acceptors on 
the fermentation product formation and its effect on the stability of silage under aerobic 
conditions. Preliminary results from batch culture studies suggest that, as an example, 
glycerol is converted to 1 ,3-propanediol in glucose-grown cultures of L. diolvorans. 

Microbial ecology of the human vagina 

The microbial community of the human vaginal tract has been intensively studied using 
methods dependent on the cultivation of microorganisms. However, previous studies 
have shown that the vast majority (>99%) of microorganisms in most habitats are not 
culturable and their ecological role and significance remain unknown. This could be the 
case for the vaginal ecosystem as well. Furthermore, the identification of bacteria based 
on cultivation techniques is tedious, laborious, and imprecise. To overcome these limi-
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tations, we proposed to use a culture-independent method based on the analysis of fluo
rescently labeled terminal restriction fragments (T-RFs) of PCR-amplified small subu
nit ribosomal RNA (16S rRNA) genes as a means to define and monitor the structure of 
the microbial community found in the human vagina. 
The goals of these studies are to (1) develop a model vaginal microbial community that 
is representative in terms of the kinds and relative abundance of bacterial species found 
in normal, healthy women, and (2) develop an optimal strategy for analysis of vaginal 
microbial communities using T-RFLP. 'Computer simulated restriction analyses' were 
done to assess the ability of various restriction enzymes to digest 16S rRNA genes from 
model com munity members as well as c losely related strains. Combinations of primers 
and enzymes were identified that (when used individually or in combination) produce 
terminal restriction fragments that have unique sizes thus providing a means to resolve 
all members of the community through T-RFLP analyses. Based on initial analyses done 
so far, we concluded that an optimal strategy for comprehensive, high-resolution analy
ses of numerically dominant microbial populations in vaginal model communities 
would entai l the use of the primer pair 8f and 926r in combination to the restriction 
enzyme Haelll. This strategy was used to characterize the microbial community struc
ture and composition of vaginal samples that were collected in a clinical study started in 
the spring of 2000. 
This project was terminated in the summer of 2000 and is not to be continued. 

Mechanisms and regulation of adaptive evolution in microorganisms 

Regulation of mutation rates in response to environmental conditions 

A central thesis of neo-Darwinism is that the process of evolution is "blind" in the sense 
that organisms cannot direct mutations to produce an advantageous genotype. 
Organisms can augment the chances of survival only by increasing the number of 
variants they produce. However, in asexually reproducing organisms this presents a 
paradox: most mutations are deleterious or neutral and a high mutation rate is thus like
ly to cause the fitness of the population to "ratchet" down. A potential resolution of this 
paradox is to modulate the mutation rate in such a way that it is low under favorable con
ditions and higher when the organism is confronted with adverse conditions. Such an 
increased mutation rate would not be achieved by the generation of a heritable trait, as 
the resulting phenotype would be disadvantageous when conditions are favorable. A 
more plausible hypothesis is that bacterial populations control their genetic diversity by 
modulating the mutation rate in response to environmental conditions. This can be 
achieved through altering the expression of the bacterial recombination proteins 
(RecABCD) and the methyl-directed mismatch repair system (MutHLS). Numerous stu
dies have shown that gene expression in bacteria is often coordinated by altering the 
sigma factor associated with the RNA polymerase holoenzyme. The rpoS gene-encoded 
sigma factor ( cr38) has a central role in a regulatory cascade that ensues following a shift 
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from favorable to unfavorable growth conditions, such as when growth is restricted due 
to nutrient limitation. The physiological adaptation to unfavorable conditions mediated 
by rpoS is pleiotropic in nature. It entails a program of altered gene expression invol
ving both up- and down regulation of gene expression at various loci . These changes in 
gene expression have been observed during survival of famine conditions and when 
cells are challenged with chemical, osmotic, acidic, thermal, or oxidative stresses. It is 
tempting to speculate that rpoS has a role in the regulation of mutation frequencies in 
response to nutrient deprivation or stress. 

Regulation of mutation rates in response to the growth rate 

Since unfavorable conditions are often accompanied by a decreased growth rate and an 
increased mutation rate, the factors that modulate the mutation rate may directly or indi
rectly be coupled to the growth rate. Indeed, in one of the very first experiments done 
with chemostats, Novick and Szilard (Proc. Nat!. Acad. Sci. (USA) 36:708-719, 1950) 
found that the mutation rate per generation increased proportionally with decreasing 
growth rate. However, at this moment little is known about the molecular mechanism 
underlying the modulation of the mutation rate in response to the growth rate. To deter
mine the molecular factors that affect the mutation rate in response to growth rate, the 
experiment conducted by Novick and Szilard ( 1950) will be repeated and extended with 
modern molecular tools. Since the complete genome sequence of E. coli K 12 MG 1655 
is known and DNA-arrays are commercially available, we are able to compare global 
gene expression patterns of cultures grown at different growth rates. 
In an initial experiment we used batch cultures to compare the global gene expression 
patterns of exponentially growing cells and of cell s from the late stationary phase. The 
expression patterns obtained from exponential grown and stationary phase cells, re
vealed significant differences in approximately 8% of the 4290 open reading frames 
(ORFs). Many IS-element related transposase-genes, which are known to be involved in 
generating genome rearrangements, showed significantly elevated expression. 
Transposase-mediated genome rearrangements may therefore be one of the mutagenic 
processes that are modulated in response to the growth rate. Interestingly, almost half of 
the ORFs of which the expression was found to be significantly altered are of unknown 
function. These may include new genes and yet unexplored important mechanisms 
involYed in stationary phase survival. 

Regulation of mutation rates in Archaea 

Most of what we know today about microbial evolution is limited to a few members of 
the Eubacteria , in particular Escherichia coli. Little is known about the modulation of 
mutation rates in the third domain of life, the Archaea. We therefore chose to use halo
philic members of the Archaea as model organisms to get more insight into the mecha
nisms underlying archaeal evolution. 
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Experiments were performed to determine the effect of prolonged starvation on the 
mutation rate in the halophilic archaeon Haloferax volcanii. Three independent batch 
cultures of H. volcanii were grown on minimal medium until stationary phase and sub
sequently starved for several weeks. Samples were taken from various stages of growth 
(mid and late log phase) and after L and 2.5 weeks of starvation. The frequency of anti
biotic resistant mutants in these samples was determined by monitoring the growth in 
the presence of various antibiotics . It was found that the frequency of spontaneous muta
tion to an antibiotic resistant phenotype was dramatically increased in starved popula
tions (up to I 0.000 fold after 2.5 weeks of starvation). Control experiments ruled out the 
possibility that the observed increase in mutant frequency was due to a mutator pheno
type or a beneficial mutation at a single locus. The most likely explanation for the obser
ved increase in mutant frequency is a strong increase in the mutation rate in response to 
the starvation stress. Similar to what was found in bacteria and eukaryotes, the mutation 
rate in H. volcanii is apparently regulated in response to growth conditions. However, 
most of the proteins and regulatory mechanisms that have been proposed to play an 
essential role in inducing mutagenesis under starvation conditions in bacteria are either 
absent in Archaea (RpoS, MutHLS, and the SOS response) or homologous to eukaryo
tic proteins (RadA). Therefore, Archaea may have evolved different mechanisms to 
regulate their mutation rate in response to the prevailing environmental conditions. 
Further research on adaptive evolution in Archaea will be focused on the regulation of 
putative archaeal repair proteins under various growth conditions. 

Long-term evolution in halophilic Archaea 

Adaptive evolution in response to environmental conditions has been studied in mem
bers of both Bacteria and Eukarya with the bulk of this research being carried out in a 
single species, Escherichia coli. These studies have provided some basic knowledge 
about the mechanisms of adaptive evolution, for example the effect of unfavorable envi
ronments on the rate of spontaneous mutation. However, few studies have been done on 
the mechanisms of adaptive evolution in archaeal species. Research into the evolution 
of archaea is of particular interest, because archaeal genomes are a mosaic of eukaryo
tic and bacterial features and unique archaeal genes. In addition, many archaea inhabit 
environments with extreme conditions that resemble those present on earth when life 
originated. 
We have chosen to carry out long-term evolution experiments with the halophilic 
archaea Halobacterium sp. NRC-I and Haloferax volcanii. Both organisms are easy to 
culture in the laboratory. In addition, the physiology and ecology of these organisms are 
well studied and the complete nucleotide sequence of Halobacterium sp. NRC-1 has 
been published. 
The long-term adaptive eYolution will be studied over at least 1,000 generations. The 
rate and trajectory of adaptation and divergence will be studied under several environ
mental conditions, including starvation, and will be monitored by competition studies 
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the phenotypic and genetic diversity in the halophilic archaeon Haloferax volcanii in a 
long-term evolution experiment. For this experiment, two sets of three independent cul
tures, all fou nded from a single ancestral colony, are propagated under homogeneous 
and heterogeneous conditions. The homogeneous environment is created by continuous 
mixing of the cultures in a shaking incubator and heterogeneous conditions are esta
blished by placing the cultures in an incubator without mixing. The cultures are transf
erred weekly to fresh medium and samples are taken every second week for storage and 
analysis. Initial resul ts indicate an increase in phenotypic diversity in the populations 
grown in a heterogeneous environment compared to those grown in a homogeneous 
environment, as judged by the colony morphology. 
Whereas the colonies isolated from the homogeneous cultures have a rather uniform 
morphology, colonies derived from the heterogeneous cul tures reveal a large variety in 
both size and pigmentation. Whether this difference in diYersity at the phenotypic level 
is also present at the genotypic level will be studied by genome fingerprinting using 
various techniques (e.g. Pulsed-Field Gel Electrophoresis (PFGE), rep-PCR, AFLP). 

Publications 2000 

Dissertations granted by the institution 

Janse, I. 2000. C in the Sea: production and breakdown of Phaeocysti 
polysaccharides. Promotor prof.dr. L.J. Forney, University of Groningen 

Publications in journals 

Heijs, S.K., Azzoni, R. , Giordani, G. Jonkers, H.M., Nizzoli , D., Viaroli , P. & Van 
Gemerden, H. 2000. Sulfide-induced release of phosphate from sediments of coastal 
lagoons and the possible relation to the disappearance of Ruppia sp. Aquatic Microbial 
Ecology 23: 85-95 

Heijs, S.K. & Van Gemerden, H. 2000. Microbiological and environmental variables 
involved in the sulfide buffering capacity along a eutrophication gradient in a coastal 
lagoon (Bassin d'Arcachon, France). Hydrobiologia 437: 12 1-13 1 

Janse, I., Zwart, G., Vander Maardel, M.J.E.C. & Gottschal, J.C. 2000. Composition 
of the bacterial community degrading Phaeocystis mucopolysacchardies in enrichment 
cultures. Aquat. Microb. Ecol. 22: 119-133 
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Overview of academic results 

The research of the Plant Ecology Group focuses on the analysis of vegetation succes
sion in the context of ecosystem processes . In the present annual report, we refer to 
results from last year's published dissertations on vegetation and ecosystem studies, 
mainly in coastal salt marshes and inland fen meadows. The studies deal with interac
tions between the major ecosystem components, with a focus on the soil-plant-herbivo
re system, while recognizing that plant and ecosystem processes strongly depend on 
nature management and land use. Field observations and manipulations, and laboratory 
experiments have revealed insight into bottle-necks and limiting factors. This knowled
ge is made applicable to the practice of nature conservation and ecological restoration. 

Ecology and management of coastal salt marshes 

Peter Esselink studied the anthropogenic influences on the ecosystem dynamics in the 
artificial brackish marsh of the Dollard at the border between Germany and The 
Netherlands. The previously intensively exploited marsh partly became a nature reserve 
in 1981. Hereafter, the upkeep of the artificial drainage system was discontinued, and 
cattle grazing was gradually reduced to low to moderate stocking rates. 

A complex relationship was detected between inundation and sedimentation patterns in 
the tidal marshes. Vertical accretion rates were negatively correlated with earlier marsh 
elevations, distance from intertidal mudflats, distance from main creeks, and in many 
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grazing, resulting in a higher amount of litter, whereas it decreased with the exclusion 
of below ground grazing. Clipping experiments revealed similar conclusions. Most inter
esting are interactions between aboveground and belowground herbivores via their host 
plants. Both groups can change each other's food quantity and quality. 

Competition intensity was measured as the effect from neighbouring vegetation on plan
ted seedlings of a few species characteristic of three successional stages, as compared to 
the response of control seedlings without neighbours. In general, there was no positive 
relationship between competition intensity and standing crop. Nor did the results resem
ble a convex or concave pattern of competition intensity and plant productivity. The pat
tern found fits the resource-ratio hypothesis (Fig. 3b). 

The thesis shows that competition can be an important mechanism from the beginning 
of a primary succession onwards, until the intensively grazed stage of succession. In the 
early stage, stress factors and competition for nutrients played a role, while in later sta-
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Figure 3. The importance of competition (ic) along a productivity gradient according to 
(a) Grime, (b) Tilman, (c) Menge and Sutherland (M-S), (d) the abiotic stress hypothesis (ASH) 
and (e) the exploitation ecosystem hypothesis (EHH). 
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ges competition for both nutrients and light were important determinants of succession, 
which was then modified by the herbivores. Despite the oYerall high importance of com
petition, the competition intensity of the individual species often differed between sites. 
Competition was negatively related with standing crop, while shoot competition was 
positi\·ely related to standing crop. Root and shoot competition were negatively corre
lated. Excluding aboveground grazing increased the competi tive intensity experienced 
by transplants of seven species (Figs. 4 and 5). 
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Figure 4. Competition intensity experienced by seedlings of 7 different species as a function of 
standing crop. 
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The dissertation of Andre Jansen deals with the restoration of fen meadows (Cirsio dissecti
Molinietwn in particul ar) on very wet soils, that are usually flooded by groundwater during the 
winter. He has monitored and reviewed 18 restoration projects, which were initiated to restore 
the original species composition of the plant community. The vegetation zonation in the research 
area Punthuizen is shown on Photo 2, along with the hydrological data that explain part of the 
zonation. He used various criteria to judge the success or failure of restoration measures: ( I ) spe
cies di,·ersity (richness and eYeness), (2) re-establishment of endangered species, (3) life-form 
composition and (4) growth-form composi tion. He found that most degraded fen meadows could 
be restored on the community level by a combination of rewetting and sod-cutting. In successful 
projects, however, the species richness and the number of endangered species were always lower 
(c. 28%) than those in their former, undisturbed state. This incomplete restoration is probably 
due to lack of viable seeds of species with a short-lived seed bank and to dispersal problems of 
target species. Most characteristic species of fen meadows have a short- lived soil seed bank and 
will not re-establish populations when they arc no longer present in the vicinity of the restora
tion areas. This limited seed longevity of many fen meadow species stresses once more the 
importance of existing nature reserves with well-developed fen meadows for their conservation 
and restoration. 

Successes and failures of fen meadow restoration also depend on the hydrological sys
tem influencing the meadows. Jansen distinguished 6 hydrological system types which 
could provide site conditions required by species-rich fen meadows. Fen meadows of 
the lower Holocene landscape usually occur in man-made surface water systems. 
Almost all stands have been severely deteriorated and their restoration prospects are 
limited. The best developed fen meadows still occur in groundwater fed nature reserves 
in the Pleistocene parts of The Netherlands and the prospects for restoration are good 
when the hydrology can also be restored. Jansen even described examples of successful 
restoration of fen meadows in former agricultural fields which had been used as corn 
fields for several decades. In such situations soil stripping and a complete reconstruction 
of hydrological conditions had been carried out. Furthermore, this nature development 
project had been performed adjacent to existing fen meadow reserves, which eliminated 
dispersal problems. 

Nutrient limitation in drained and rewetted fen meadows 

The structure and functioning of species-rich fen meadows is, as we have seen, highly 
dependent on complex interactions among hydrological conditions, soil and vegetation. 
Causes of degradation and prospects for restoration of species-rich fen meadows were 
experimentally explored by Iris Yan Duren, with a focus on effects of rewetting on 
nutrient availability (Fig. 6). Disturbance by drainage (including acidification) and fer
tilization cause secundary succession towards a few fast-growing and high-yielding 
plant species. The question is whether rewetting and nutrient export by yearly hay-crop
ping may result in restoring the original high richness of vascular plant species. 
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of pollen flow in Scabiosa columbaria. Here we highlight some of the ecological aspects 
of the project. 

In The Netherlands, bumblebees and syrphid flies are important pollinators of Scabiosa 
columbaria. Butterflies are rather inefficient pollinators, but they bridge larger distances 
between plants. In populations in France, honeybee species have a pollination value 
similarly high as the value for bumblebees and syrphid flies in The Netherlands. In addi
tion, the specialist bee species Dasypoda argentata was commonly observed in French 
poplations; it is a very efficient pollinator and covers relatively large distances. As each 
insect taxon contributes to different aspect of successful pollination, the presence of a 
diverse pollinator guild is important inS. columbaria (Photo 4). 

Habitat fragmentation results in increased distances between patches and often an incre
ase in barriers, restricting pollinator foraging and gene flow. Experiments revealed that 
isolation by distance severely reduces pollen dispersal already at disctances of a few tens 
of meters (e.g. a reduction by 75% at a distance of 25 meters). A corridor of flowering 
species influenced both insect behaviour and pollen flow. In corridors consisting of 
Scabiosa columbaria, pollinators flew shorter distances between subsequent flower 
visits, compared to heterospecific corridors containing Aster flowers. Furthermore, cor
ridors containing heterospecific flower species resulted in a high deposition of hetero
specific pollen in the receptor patches. Different pollinator species reacted differently to 
fragmentation of the plant population. 

Publications 2000 

Dissertations 

Esselink, P. 2000. Nature management of coastal salt marshes: Interactions between 
anthropogenic influences and natural dynamics. Promotores prof.dr. J.P. Bakker and 
prof.dr. R.H. Drent, University of Groningen 

Jansen, A.J.M. 2000. Hydrology and restoration of wet heathland and fen meadow 
communities. Promotor prof.dr. E. van der Maarel and copromotor dr. A.P. Grootjans, 
University of Groningen 

Strykstra, R.J. 2000. Reintroduction of plant species: Shifting settings. Promotores 
prof.dr. J.P. Bakker and prof.dr. J. van Andel, University of Groningen 

Van der Veen, A. 2000. Competition in coastal sand dune succession. Promotores 
prof.dr. J. van Andel and prof.dr. J.P. Bakker, University of Groningen 
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Rosen, E. & Van der Maarel, E. 2000. Restoration of alvar vegetation on Oland, 
Sweden. Applied Vegetation Science 3: 65-72 

Semenova, G.V. & Vander Maarel, E. 2000. Plant functional types- a strategic per
spective. Journal of Vegetation Science 11: 917-922 

Van Duren, I.C. & Pegtel, D.M. 2000. Nutrient limitations in wet, drained and rewet
ted fen meadows: evaluation of methods and results. Plant and Soil 220: 35-47 

VanderWal, R. , Egas, M. , VanderVeen, A. & Bakker, J. 2000. Effects of resource 
competition and herbivory on plant performance along a natural productivity gradient. 
Journal of Ecology 88: 317-330 

VanderWal, R. , Van Lieshout, S., Bas, D. & Drent, R.H. 2000. Are spring staging 
brent geese evicted by vegetation succession? Ecography 23: 60-69 

VanderWal, R., Van Wijnen, H., VanWieren, S., Beucher, 0. & Bas, D. 2000. On 
facilitation between herbivores: How Brent Geese profit from brown hares. Ecology 
81: 969-980 

Van Wijnen, H.J. & Bakker, J.P. 2000. Annual nitrogen budget of a temperate coastal 
barrier salt-marsh system along a productivity gradient at low and high marsh eleva
tion. Perspectives in Plant Ecolog)~ Evolution and Systematics 3: 128-141 

Publications in books 

Bakker, J.P. 2000. Environmental heterogeneity: effects on plants in restoration ecolo
gy. In: The Ecological Consequences of Environmental Heterogeneity (Ed. by M.J. 
Hutchings, E.A. John & A.J.A. Stewart), pp. 379-400. Blackwell Science, Oxford 

Beukema, H. 2000. Biodiversity and productivity in the rubber landscape of Jambi 
Province, Sumatra. In: The biology and fertility of tropical soils. Report of the 
Tropical Soil Biology and Fertility Programme (TSBF) 1997-1998. Nairobi 

Bos, D., Grootenhuis, J.G. & Prins, H.H.T. 2000. Financial feasibility of game crop
ping in Machakos district, Kenya. In: Wildlife Conservation by Sustainable Use (Ed. 
by H.H.T. Prins et al.). Kluwer Academic Publishers, Boston 

Rozema, J. , Leendertse, P. , Bakker, J.P. & Van Wijnen, H.J. 2000. Nitrogen and vege
tation dynamics in European salt marshes. In: Concepts and controversies in tidal 
marsh Ecology (Ed. by D.A. Kreeger & M.P. Weinstein), pp. 469-491. Kluwer 
Academic Publishers, Dordrecht 
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Professional publications 

Augusteijn-Esser, M.J., Faber, D.C., Oosterhuis, J .J. , Pegtel, D.M., Roest, D.G.C., Ter 
Veer, P.K. & Zegveld, W. 2000. Rapport Werkgroep Voedselveiligheid, D66, 
Amsterdam 

Baaijens, G.J., Everts, F.H. & Grootjans, A.P. 2000. Bevloeien van grasland in 
Nederland. Rapport Overlevingsplan Bos en Natuur!Laboratorium voor 
Plantenoecologie, Rijksuniversiteit Groningen 

Bakker, J.P. (2000) Koeien op de kwelder. In: De Onvrije Natuur. Verkenningen van 
natuurlijke grenzen (Ed. by J.M. Tinbergen, J .P. Bakker, T. Piersma & J.M. Van den 
Broek), pp. 220-225. Uitgeverij KNNV, Utrecht 

Bakker, J.P. , Grootjans, A.P., Hermy, M. & Poschlod, P. eds. 2000. Special Feature 
Restoration Eco.logy. Applied Vegetation Science 3: 1-72 

Bakker, J.P. 2000. Restoration of species-rich grassland communities after agricultura] 
intensification. Proceedings 261" Annual Conference South African Association of 
Botanists: 59-60 

Bekker, R.M. & Lammerts, E.J. 2000. Naar een rode lijst met Groene Stip voor hoge
re planten in Nederland. Informatie- en KennisCentrum Natuurbeheer, Wageningen 

Bekker, R.M. & De Vries, Y. 2000. Zaadvoorraad van vaatplanten in drie gedegene~ 

reerde valleien in de Amsterdamse waterleidingduinen. Laboratorium voor 
Plantenoecologie, Rijksuniversiteit Groningen 

Bockelmann, A.C. (2000) The invasion of Elymus athericus. An ecological and evolu
tionary approach. Introductory Essays in Functional Ecology 5: 1-26 

Bredemeijer, B., Kiehl, K. , Liebmann, F. & Stock, M. 1999. The impact of goose gra
zing on saltmarsh vegetation at the Hamburger Hallig. Senkenbergiana maritima 29: 
43-44 

Esselink, P. 2000. Gravende grazers. In: De Onvrije Natuur. Verkenningen van natuur
lijke grenzen (Ed. by J.M. Tinbergen, J.P. Bakker, T. Piersma & J.M. Van den Broek), 
pp. 56-63. Uitgeverij KNNV, Utrecht 

Everts, F.H., Fresco, L.F.M., Pranger, D., Berg, G.J. & Van Til, M. 2000. Beweiding 
op het eiland van Rolvers: Analyse permanente kwadraten. Rapport Laboratoriurn 
voor Plantenoecologie!Everts & De Vries ecologisch advies & onderzoek, Groningen 
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Everts, F.H. & Grootjans, A.P. 2000. Monitoring anti-verdrogingsmaatregelen 
Schiermonnikoog. Rapport Laboratorium voor Plantenoecologie!Everts & De Vries 
ecologisch advies & onderzoek, Groningen 

Grootjans, A.P. 2000. Restoration prospects of selected peatlands in the Slovak 
Republik. Report Institute of Applied Ecology DAPHNE, Bratislawa 

Grootjans, A.P. , Everts, F.H. & Adema, E. B. 2000. Monitoringsonderzoek Vlieland. 
Rapport Laboratorium voor Plantenoecologie!Everts & De Vries ecologisch advies & 
onderzoek, Groningen 

Grootjans, A.P., Jansen, A.J.M. & Kemmers, R.H. 2000. Advies Deskundigenteam 
natte Schraallanden over de Friese Blauwgraslanden Wyldlannen en Blaugerzen 
(Akmarijp). KIWA-rapport, KOA-rapport 00.84 

Grootjans, A.P., Jonkman, M., Everts, F.H., Adema, E.B. & Verbeek, S. 2000. 
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Rapport Laboratorium voor Plantenoecologie!Everts & De Vries ecologisch advies & 
onderzoek, Groningen 
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ungrazed salt marsh of Stiderhafen (Nordstrand Island). Senkenbergiana maritima 29: 
63 -66 

Jansen, A.J.M., Grootjans, A.P., Kemmers, R.H. & Van Wirdum, G. 2000. 
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Overview of Academic Results 

June 2000 Dr. J.T.M. Elzenga was nominated full professor to head the group Plant 
Ecophysiology at the Groningen University. Professor Elzenga studied plant physiology 
and ecology at the University of Amsterdam. After a short stay at the Shell Oil compa
ny he moved to the Groningen University where he received the Ph. D. title in 1989 for 
his thesis: Mechanism for Bicarbonate Utilization in Water Plants. After a series of post
doc positions, a.o. at the University of Washington in Seattle with Dr. Van Volkenburgh 
where he further specialised in electrophysiology and signal transduction, he got a per
manent position as assistant professor at the University of Groningen where he was 
appointed full professor to succeed Dr. P.J.C. Kuiper who retired in 1999. 
Year 2000 was further characterised by a strong effort of the group to integrate the main 
research interests. Collective research is aimed at the physiology of signal transduction 
in plants responding to multiple environmental signals, including those from air pollu
tants, nutrients and temperature. Our policy is an integration of biochemical and bio
physical research combined with a biomolecular approach, such as the use of transgenic 
plants. Our research with Plantago maritima on the interaction between N03- household 
and high external NaCllevels is a good example why integration of diferent approaches 
is needed to understand the responses of plants to multiple and often simultaneous 
external signals and to deepen our insight in the functional analysis of genetic variation. 

Effects of NaCl salinity on N03- influx, efflux and net uptake in the halophyte 
P. maritima L. 
Net uptake of N03- across the root plasma membrane is the result of influx and efflux. 
In plants, which have unlimited access to N03-, efflux can be a significant proportion of 
N03- net uptake. Conclusions on the nature of the interaction between NaCl salinity and 
the N03- uptake system in disturbance as well as steady state studies are usually based 
on the assessment of N03- net uptake. Both influx and efflux might be affected to a dif
ferent degree by NaCl salinity. In the present study, net uptake and influx of N03- in the 
halophyte P. maritima grown on elevated levels of NaCl were assessed in a steady state 
system using 15N as a tracer. Our data showed that the observed decrease in N03- net 
uptake upon exposure to NaCl is due to an inhibition of N03- influx. Efflux, expressed 
as the ratio between N03- net uptake and influx, was unaffected by moderate salinity 
(50, 100 mM NaCl) and slightly decreased at high salinity levels (200 mM NaCI). Based 
on these results and the fact that net uptake of sulfate and phosphate were not altered by 
NaCI salinity and that feedback down-regulation by a lower demand for growth at 
moderate salinity levels (up to I 00 mM NaCI) did not occur, we speculated that the 
observed inhibition of N03- influx was due to a specific interaction between Na+ or Cl
and the system of N03- transfer within the plant. A problem with long term studies of 
this kind is NaCI induced changes in biomass composition and root morphology. These 
parameters were therefore integrated in our study. We conclude that due to accumulation 
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of Na+ and Cl- in the root, expression of flux rates on a root dry matter basis would 
underestimate fluxes by up to 9%. Water accumulation on the other hand does not reach 
a level, which would significantly affect flux rates expressed on a fresh matter basis. 
Further studies on N03- uptake by the different morphological regions of the root sys
tem are needed to assess the effect of increased side root elongation and biomass parti
tioning between tap root and side roots induced by NaCl salinity. 

Interaction between cz- and N03- transport in roots ofP. maritima: an electrophy
siological approach. 
Research on proton conductance in leaf cells of submerged aquatic plants is gradually 
brought to an end and the electrophysiological expertise is used for the central theme of 
integrative signal transduction. The above described experiments with Plantago indica
ted that N03- and cr may compete for the Proton Motive Force (pmf) and/or that both 
use the same symport driven transport system. Membrane potential measurements with 
intracellular microelectrodes were used to study trans.port of N03- and Cr across the 
root cell plasmalemma driven electrogenically by symport with 2 protons. It is general
ly assumed that N03- influx has an inducible and a constitutive high affinity and a low 
affinity transport system. Both systems probably are energetically coupled to the pmf 
created by a PM H+ ATPase. Nitrate influx is regulated by the nitrogen status of the plant 
and external nitrate supply. Chloride influx across the root plasma membrane has been 
proposed to be performed by a H+/CJ- symport system. Direct interactions between Cl
and N03- at the level of N03- influx across the root plasma membrane can be appro
ached with electrophysiological methods not only membrane potential measurements 
but also using patch clamping and the detection of intracellular N03-, Cr and H+ con
centrations using ion selective electrodes. Membrane potential measurements and meas
urements wi th H+ selective electrodes are currently performed on cells of excised roots 
in order to determine the effect of N03- and cr- pulses on membrane potenti.al and H+ 
gradient. Eventually, measurements with H+/N03- selective electrodes will be perfor
med, providing pulses of Cl- at a constant background of N03- and vice versa in order 
to determine whether competition for the transport site between both ions occurs. 

Phytochrome/Cryptochrome co-action - integrated responses to multiple external sig
nals. 
This project originates from our research with the Seattle group on light regulated leaf 
growth and is a cooperation with the department of Biophysics. Leaves of plants grown 
in darkness remain small and do not unfold. To expand and unfold light is essential. Cell 
division is not affected by light: the number of cefls in the leaf epidermis of dark-grown 
leaves is equal to that in leaves gr.own in darkness. The leaves remain small in darkness 
because the cells do not expand. Blue light induces extracellular acidification, a prere
quisite of cell expansion, in epidermis cells of young pea leaves by stimulation of the 
proton pumping-ATPase activity in the plasma membrane. A transient acidification, 
reaching a maximum 2.5 to 5 minutes after the start of the pulse, could be induced by 

101 









Plant Physiology 

the leaf is inhibited by low temperature. To study this wild and domestic tomato plants 
were grown hydroponicaly in two growth rooms at 25 or l5°C. The root compartments 
of half of the plants in the 25°C room were cooled to l 5°C or warmed to 25°C in the 
l5°C room. The results of this study showed clear differences between L. esculentum 
and the wild L. hirsutum. In L. esculentum cooling of only the root or only the shoot 
resulted in less inhibition of growth than cooling of the whole plant indicating that the 
plant reached a functional equilibrium when root and shoot temperature were different. 
In the wild L. hirsutum cooling of the shoot alone caused growth inhibition of the whole 
plant but seperate cooling of the root had no effect on plant growth indicating that in the 
wild species root metabolism was more cold tolerant compared with the domestic toma
to. The physiological backgrounds of growth inhibition in tomato species will be furt
her investigated in the framework of a multidisciplinary project: "Rassen onder glas met 
minder gas" (Tomatoes under glass using less gas). 

Nutrients, drought stress and mycorrhiza in peanut, Arachis hypogaea L. 
Peanut is a common crop in the semi-arid tropics and for the majority of the population 
in southern Mozambique a yet irreplaceable constituent of the daily diet. Peanut yields, 
however, have decreased in the last years due to (i) low soil fertility, low nitrogen (N) 
and phosphorus (P), (ii) growing of unimproved landraces, (iii) poor agricultural practi 
ces and (iv) drought stress. Drought stress in particular has been recognised as the major 
constraint for the peanut production, due to the unpredictability of its occurrence, sever
ity, timing, duration and to the interaction with other abiotic and biotic stresses. These 
constraints have shifted peanut from a cash crop to a subsistence crop, The maj ority of 
the population now relies on imported peanut seeds for agricultural production and 
human consumption. Any effort to increase peanut production is therefore of great 
value. Peanut is rich in oil , protein content and vitamin B 1• In his thesis Orlando 
Quilambo investigated the responses of selected peanut cultivars to controlled changes 
in soil fertility, especially to low N and P, drought stress and inoculation with arbuscu
lar mycorrhizal fungi (AMF). Drought stress was the major constraint for the production 
and yield of the peanut culti vars. Relative water content, cell membrane integrity, pro
line content, maximum root length to leaf area ratio and root weight ratio were found to 
be drought stress indicators. Inoculation (at a ratio of 5 % of the pot volume) of the 
peanut cultivars with self-produced indigenous AMF inoculant from Mozambique and 
commercial inoculant resulted in increased root colonisation and growth. The cultivar 
Falcon, a product of a high input agriculture system showed a higher dependence on ino
culation while the cultivar Local, a landrace, was more compatible with the indigenous 
inoculant. This confirmed the high fertility-demanding characteristic of cultivar Falcon, 
expressed by its high sensitivity to low N. Inoculation (at a ratio of 10 % of the pot volu
me) under dro ught stress, particularly with the indigenous inoculant, resulted in the 
same growth as the control plants. An increase in leaf area, leaf number and a reduced 
root weight ratio were observed in drought-stressed and inoculated plants of both culti
vars. Clearly indigenous inoculant could alleviate drought stress effects in a non-sterili-
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sed soil. The indigenous inoculant was more adapted to the drought stress conditions 
than the commerc ial inoculant. The present results showed that under low input agri
culture, the correct management of indigenous AMF represents a real alternative to min
imise the constraints in peanut production, since they are known not only to increase 
drought tolerance, as found in present study, but also to increase the uptake of other 
mineral nutrients such as N, P, potassium, sulphate, copper and zinc. Mycorrizal sym
biosis could also help improving not only grain yield, but also soil physical, chemical 
and biological factors, enhancing the growth environment for other non-legumes. 
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The relation between variation at the DNA-level and fitness. 

A. Allele frequencies and adaptive potential. 
Extinction and recolonisation is probably a common phenomenon for populations of 
Drosophila melanogaster. A population may descend from only a low number of indi
Yiduals . This will have consequences for the level of genetic variation and the genetic 
associations within a population, for the genetic differentiation between populations and 
for the potential to adapt to specific enYironments. Allele frequenci es will be different 
from those in the ancestral population, and the probability of polymorphism will depend 
on the number of founders and the allele frequencies in the ancestral population. To 
study this, a large number of D. melanogaster subpopulations were established, each 
with the first generation descendants of a single female (isofemale lines), which was 
captured from a French natural D. melanogaster population. 
As expected the isofemale lines showed considerable variation in the initial allele fre
quencies for the Adh and aGpdh loci. The AdhS allele frequency ranged from 0 to 0.56 
(mean 0.21, SE = 0.03 ; N = 29) and the aGpdhS allele frequency ranged from 0 to 0.88 
(mean 0.33, SE = 0.04; N = 29). The mean allele frequencies were similar to those 
observed in the ancestral wild D. melanogaster population. 
A ll isofemale lines were duplicated and reared both at 20°C and 29.SOC for many gene
rations. The mean Adhs frequency decreased at 20°C and increased at 29.SOC and the dif
ference between the two environments was statistically significant from generation 30 
onwards (paired t-test). After 90 generations the mean Adhs allele frequency in initially 
polymorphic isofemale lines, was 0.16 at 20°C and 0.43 at 29.SOC (paired !-test, P < 
0.001 ), while the mean aGpdhS frequency in all isofemale lines which were initially 
polymorphic was not significantly different (0.36 at 20°C and 0.34 at 29.SOC). So, it is 
clearly shown that environmental temperature has strong effects on the Adh polymorp
hism, while for the aGpdh polymorphism no systematic differences were found when 
all isofemale lines were considered. However, when only the populations which were 
polymorphic for both loci were taken into account, the aGpdhs frequencies were signi
fi cantly higher at 20°C. This indicates that genetic changes depend on interactions 
between the polymorphisms and on environmental conditions . 
Initially, 20 isofemale lines were polymorphic for both the Adh and aGpdh genes, from 
which J 6 isofemale lines showed complete linkage disequilibrium between these genes, 
caused by the very low number of founders of each of these isofemale lines. The dyna
mics of allelic associations between the two genes was deri,·ed from the observed mul
tilocus genotypes in further generations. The isofemale lines polymorphic for the two 
allozyme genes were classified into two groups: 1) complete linkage disequilibrium was 
maintained in further generations due to the presence of the polymorphic chromosomal 
inversion In(2L)t (located on the same chromosome arm), irrespective of environmental 
conditions; 2) linkage disequilibrium gradually changed or disappeared in the course of 
time due to recombination, or due to fitness disadvantage of individuals carrying allelic 
combinations, which caused linkage disequilibrium. A remarkable distinction between 
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val stage only; 2) the adult stage only and 3) continuously during all life stages. Due to 
differences in developmental time, the different selection lines were assayed for ethanol 
resistance in generation 12 - 15. Generally, selection did increase tolerance to environ
mental ethanol, compared to the non-selected control strain, in all li fe cycles, and the 
effect was more pronounced in AdhFF than in AdhSS flies. For the Adhss flies, a striking 
difference between male and female resistance was observed (Figure 1.). 

In order to identify other genes involved in conferring tolerance to environmental 
ethanol, the selected lines that are homozygous for the Adh locus can serve very well as 
starting lines. By examining the expression profi les of selected versus not-selected flies, 
and identifying the differentially expressed genes, it should be possible to identifying 
the genes that are involved in the development of ethanol tolerance. As a first step in this 
direction, a differential display profile was generated from continuously selected and 
control AdhFF flies. From these flies mRNA was extracted, and this mRNA was used to 
generate eDNA. The eDNA was used in a selective PCR reaction, to generate a ditfe
rential expression pattern of the differently treated strains. The resulting profile was, as 
expected, rather complicated. 

Indeed several expressed genes could be detected in the ethanol selected lines, that were 
absent in the control lines, but also several differentially expressed genes were identi
fied that were correlated to the age of the flies rather than to the history of selection 
(Figure 2). NeYertheless, the results demonstrate that alcohol tolerance development 
involves several (trans acting) genes, that can be identified and eventually cloned using 
the differential display technique. 

Conservation Genetics 

Background 
Due to human activities populations of many species have become small and isolated. 
In this situation they become subject to genetic drift and inbreeding, resulting in loss of 
genetic variation, an increase in homozygosity, and possibly a decrease in viability (in
breeding depression). This process, referred to as genetic erosion, may significantly 
increase the extinction probability of populations or even species, and is therefore 
currently an important issue in conservation biology. As empirical data on the signifi
cance of genetic erosion are still very scarce, our research aims to determine the occur
rence, extent, and significance of genetic erosion in populations. We approach these 
questions both experimentally by using Drosophila melanogaster a a model organism 
to get a more fundamental insight into the processes that underlie genetic erosion, in
breeding depression and population extinction and in a more 'applied ' way by studying 
the process of genetic erosion in natural populations. 
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Inbreeding, inbreeding depression and population extinction in Drosophila 
melanogaster 
Over the past years we have studied the consequences of inbreeding in D. melanogaster 
for the persistence of small populations. Our results have shown that inbreeding signifi
cantly increased the extinction probability of these experimental populations (Bijlsma et 
al. 1999). Moreover, we showed that the impact of inbreeding on the probability of pop
ulation extinction became intensified under stressful environmental conditions. Much 
more important, however, was the observation that the impact of stressors, such as high 
temperature, becomes significantly enhanced for higher inbreeding coefficients . This 
shows that inbreeding and environmental stress were not independent but did act syner
gistically, and indisputably demonstrates that more inbred populations will be more 
prone to environmental stochasticity and hence have a higher extinction probability 
(B ijlsma et al. 2000: J. Evol. Bioi. 13: 502). This f inding is the more important as many 
endangered species have to cope with changing and deteriorating environmental condi
tions. 
The underlying causes of inbreeding depression and the synergistic genotype-by-envi
ronment interaction have been further investigated by pre-adapting the flies to different 
environmental stresses either as large population prior to inbreeding or during inbree
ding before assessing the extinction probability of small populations. Only when the 
flies had been adapted to stress during inbreeding, increased persistence was observed 
at the specific stress the population was adapted to. This suggests that many of the genes 
responsible for the genotype-by-environment interaction are recessive with a low fre
quency in the founder population, which become highly deleterious under stress and in 
fact can be regarded as conditional lethals. 
Investigations into the consequences of inbreeding for several fitness components in 
relation to high temperatures also indicate that the genotype-by-environment interaction 
may be due to very specific temperature sensitive mutations. Adult life span is one of 
the fitness components negatively affected by inbreeding. Among the lines tested for 
this character, two showed conspicuous temperature dependence and were further ana
lysed. One of the lines showed increased early mortality when kept at 29°C but only for 
the males (mean life span at 29°C: females 30 days, males only 9 days; at 2 I °C: 55 and 
44 days respectively). This indicates the present of a sex specific lethal triggered at high 
temperature. Another inbred line showed the reverse pattern and showed decreased life 
span when kept at 21 °C but a normal survival curve at 29°C. Further analysis of this lat
ter line revealed that the lethal effect was triggered by treating very young adults (0-5 
hrs after eclosion) with a cold shock of on zero 0 C. After this treatment all flies reco
vered but most died three days later when kept at temperatures lower than 20°C and 
showed a normal life span when kept at 25°C and higher. Surprisingly, the cold shock 
treatment had no effect when adult flies were treated 24 hrs after eclosion, indicating a 
very narrow temperature sensitive period. Such findings clearly how unrealistic it is to 
assess the fitness of a genetically impoverished population, and thus its extinction pro
bability, under only one set of environmental conditions. 
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num, P commune and P uliginosum. The latter two are often regarded as two infra-spe
cific taxa of P commune s.l., P commune var. commune and P commune var. uligino
sum that can only be properly distinguished using a microscope by the morphology of 
the apical cell the leaf lamellae (see Fig 3). We observed, however, that these two taxa 
exhibit very distinct multi-locus genotypes and are genetically highly diverged, Nei's 
genetic identity I was only 0.61 (Bijlsma et al., 2000). Therefore, they should be regar
ded as distinct species. Research in progress indicates that the isolation between this pair 
of species is probably post-zygotic as in a mixed population young sporophytes were 
found that showed a hybrid microsatellite banding pattern, while such hybrids were not 
observed for nearly ripe sporophytes. Such hybridization events eventually could lead 
to new diploid species as has been observed for P longisetum that was found to be an 
allodiploid species of which P formosum was one of the progenitor species (Van Der 
Velde et al, 2001; Plant Biology, in press). The genetic identities between all pairs of 
Polytrichum species ranged from ranged from /=0.071 to /=0.611 with an average of 
1=0.222, which is very much lower than the average genetic identity of /=0.79 general
ly observed for congeneric species of different genera of flowering plants. This sugge
sts that the morphological conservatism in Polytrichum is not due to lack of genetic 
variability and evolutionary potential. 
Based on allozymes, gene diversity within populations (Hs) for the different species ran
ged from very low (0.025) to moderate values (0.127), being, on average, lower than 
those observed for vascular plants and many other moss species (Van Der Velde & 
Bijlsma, 2000). P piliferum and P juniperinum showed significantly higher levels of Hs 
than the other species examined, which possibly might be explained by sexual repro
duction being more prevalent in these two species, that often live in more dynamic habi
tats, where turn-over of individuals is more frequent. The much more variable microsa
tellite markers that were developed for P formosum (Van Der Velde et al, 2000) confir
med the low levels of variation observed for allozymes in this latter species: gene diver
sity was only 0.262, which, although significantly higher than for allozymes, was much 
lower than generally observed for plant (VanDerVelde et al, 2001; J. Evol. Bioi. 14: 
288-295). 
At the intra-specific level, genetic differentiation among populations of most 
Polytrichum species was on average low, indicating a considerable degree of gene flow 
by wind dispersed spores over substantial distances (Van Der Velde & Bijlsma, 2000). 
In contrast to most examined Polytrichum species, only for P juniperinum relatively 
high levels of genetic differentiation and a clear genetic structure were observed among 
European populations of this species. The genetic structure within P juniperinum is pro
bably best explained by recolonisation of western Europe from two different refugia 
after the latest glacial period in combination with low levels of gene flow between pop
ulations of the two genetically distinct groups (VanDerVelde et al, 2001; submitted). 
The development of highly polymorphic microsatellite markers for Pformosum allowed 
us to study the genetic structure in this species at a very local scale as we could genoty
pe individual shoots and sporophytes. We assessed both clonal structure and paternity in 
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Life history evolution in sex-differentiated populations 
In many 'real-world' systems, reproductive decisions are sex-specific and they have to 
take account of the trade-off between current and future reproduction. In the past, theo
retical progress was hampered by the fact that the classical fitness measures are not 
applicable to stage-structured and sex-differentiated populations. As a substitute, resear
chers typically rely on ad hoc fitness concepts that are often intuitively plausible, but not 
based on population genetical and population dynamical considerations. By reanalyzing 
some classical examples, we could show that the results of this 'intuitive' approach can 
be highly misleading. In contrast to claims in the literature, we could show that ecolo
gical constraints do not necessarily predispose a species to cooperative breeding (Pen & 
Weissing, 2000a), that populations with helpers at the nest should not necessarily bias 
the sex ratio towards the helping sex (Pen & Weissing, 2000b), that attractive males 
should not necessarily produce a male-biased sex ratio (Pen & Weissing, 2000c), that 
optimal territory choice does not necessarily result in a maximal population output (Pen 
& Weissing, 2000d), and that assurance of offspring survival cannot explain cooperati
ve breeding (Druben et al., in press). All these examples demonstrate how new and 
intuitively plausible insights can be obtained from a 'reproductive value' approach, a fit
ness concept that is firmly rooted in population genetical and population dynamical prin
ciples. Quite surprisingly, the reproductive value approach has proven to be analytical
ly tractable even in case of complex life histories. As a consequence, more complex 
'synthetic' models, incorporating ecological and evolutionary factors , can be evaluated 
systematically for the first time. For all the examples mentioned above, we were able to 
develop such synthetic models and to derive clearcut quantitative predictions from them. 
Several of these predictions are currently being tested in a field setting. We could also 
show how the reproductive value approach can be used to obtain more general insights 
into the interplay of ecological and evolutionary factors. We derived, for example, the 
rather surprising result that reproductive effort should, quite generally, be lower in well
mixed populations than in spatially structured populations (Pen, 2000). In another 
model, we could clarify the relation between Fisher's 'equal allocation principle' and 
Smith & Fretwell's theory on the optimal balance between number and size of offspring. 
Interestingly, both principles are strongly dependent on another (Pen & Weissing, in 
press). 

The paradox of the plankton 
For more than 40 years, ecologists have 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 waters, while they are limi
ted by only a handful of resources. Recently, we have pointed out a potential solution to 
this 'paradox of the plankton ' (Huisman & Weissing, 1999, 2000). For a broad class of 
models, we could demonstrate that competition for three or more limiting resources is 
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