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Centre for Ecological and Evolutionary Studies ( CEES) 
~niversity of Groningen 

Address: Biological Centre 
Postbus 14 
9750 AA Haren Gn 
The Netherlands 
Telephone: (0)50-3632040 
Telefax: (0)50-3635205 
e-mail: S.C.Bakker-Ge1uk@BIOL.RUG.NL 
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Dietz, Dr. M.W. 3632235 Dr. Th.Piersma 3632037/0222-369485 
Diggelen, Dr. R. van 3632233 Prins,'Dr. H.B.A. 3632304 
Drent, Prof.Dr. R.H. 3632043 Starn, Dr. W.T. 3632252 
Elzenga, Dr. J.T.M. 3632307 Stamhuis, Dr. E.J. 3632078 
Forney, Prof.Dr. L.J. 3632151 Stulen, Dr. G. 3632373 
Fresco, L.F.M. 3632234 Tinbergen, Dr. J.M. 3632065 
Gemerden, Dr. H. van 3632161 Videler, Dr. J.J. 3632077 
Gieskes, Dr. W.W.C. 3632241 Weissing, Dr. F.J. 3632131 
Gottschal, Dr. J.C. 3632162 Wolff, Prof.Dr. W.J. 3632260 
Grootjans, Dr. A.P. 3632229 Zande, Dr. L.P.W.G.M. \'an de 3632126 
Hasselt, Dr. Ph.R. van 3632292 
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Highlights 

the British Ecological Society and the Netherlands Ecological Society in Wageningen. 
At year's end Ecologische Atlas van de Nederlandse Wadvogels authored by Theunis 
Piersma (our Pionier grantholder jointly with NIOZ) and two former PhD students 
(Bruno Ens, Leo Zwarts) and the gifted photographer Jan vd Kam was published by 
Schuyt & Co (pp.l-368) and presented to Minister Pronk (Ministry of the Environment). 
This richly illustrated volume brings to a wide audience the fruits of decades of intensive 
fieldwork on the waders of the Wadden Sea, including the expeditionary work in the 
tropics and the Arctic at the extremes of the migratory pathways that converge on the 
mudflats of the Wadden, and there is already a call for editions in other languages. 
Rick Looijen 's thesis was accorded the honour of inclusion in the Kluwer Science Series 
(Ed. M. Bunge, Me Gill University) and appeared in full as volume 23 (p 1-350) under 
the title Holism and Reductionism in Biology and Ecology. 

Conferences 

Organized by Marine Biology: 
"The Second International Symposium on Biological and Environmental Chemistry 
of DMS(P) and Related Compounds, Haren, 25-28'h August 1999" brought together 
a group of 70 specialists in a follow-up to the earlier meeting held in Mobile, 
Alabama USA. The symposium was followed by a workshop "The role of Phaeo
cystis in Marine Biogeochemical cycles and Fluxes, Haren, 28-30 August 1999" 

Organized by Plant Physiology: 
"Meetings of Working Groups I and III of COST Action 829" on "Sulfur and Crop 
Quality: Molecular and Agronomical Strategies for Crop Improvement, Naples, 
Italy, 8-10 January 1999". 
"Plant adaptation to stress" Symposium on the occasion of the 65'h birthday of 
Prof.Dr.Ir. Pieter J.C. Kuiper, Haren, 25'h June 1999" . 
"4'h International Workshop on Sulfur Nutrition and Sulfur Assimilation in Higher 
Plants: Molecular, Biochemical and Physiological Aspects, Wengen, Switzerland, 
6-10 April 1999". 

Sequence package 

On 9 April the Molecular Ecology Laboratory was opened by dr. J. Olsen in the presence 
of the Rector Magnificus and representatives of the Netherlands Organization for 
Scientific Research NWO. This joint initiative of the Marine Biology, Microbial 
Ecology and Population Genetics groups, is equipped with modem DNA sequencers 
with the aid of a special grant from NWO, matched by funds from the Faculty and 
CEES. This facility will form the hub of an increasing array of projects relying on the 
new techniques as was elucidated by the presentations "at the base of the rnillenium" 
following the opening. 
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Appointments 

Although many shared in the work of making this new facility possible, dr. Olsen was 
especially commended for her championship of molecular ecology, and we were pleased 
to hear that the University had agreed to appoint her to a personal chair. Similarly agree
ment with the Faculty has been reached to apply for a personal chair for dr. F.J. Weissing 
for Theoretical Biology, for which the Groningen Universiteitsfonds (GUF) will be 
approached. This favourable reception of the proposal coincided with the appearance of 
his Nature paper jointly with Jef Huisman of Amsterdam University ("Biodiversity of 
plankton by species oscillations and chaos") which goes a long way towards solving the 
"Paradox of the Plankton". NWO also announced their willingness to finance an early 
appointment of the successor to Drent's chair of Animal Ecology, and this 'Van der 
Leeuw' initiative will allow a three year overlap to allow the transition to new directions. 
Next year we expect to start the search for the successor to Prof. W. van Delden 
('Evolutionary Genetics'). 

PhD candidates 

During 1999 some fifty-eight PhD candidates were enrolled in the membergroups of 
CEES, including the final round of Ubbo Emmius Scholarships for students from abroad, 
and a number of new appointments under the auspices of the three special programmes 
of NWO ('Biodiversity in Disturbed Ecosystems', 'Sustainable Use and Conservation 
of Marine Living Resources' and 'Biodiversity') and 10 PhD degrees were granted here 
and 3 elsewhere. Of the latter degrees two relate to the previous appointment of Prof. Dr. 
W.J. Wolff, who held the chair in Aquatic Ecology at Wageningen University 1989-
1995. Wolff has now completed his obligations there (10 PhD 's awarded in total). 

Visitors 

Prof. Hugh Ducklow 
Prof. M.A. Fedak 
Prof.dr. R.L. Jefferies 
Prof.dr. PeterS. Liss 
Dr. G. Matus 
Prof.dr. S. Molin 
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Dissertations completed within CEES in 1999 

Dauwe, B. Organic matter quality in North Sea sediments. 
Promotores Prof.dr. C.H.R. Heip and Prof.dr. W.J. Wolff 

De Vries, A.C. Land surface roughness and remote sensing. 
Promotor Prof.dr. J.van Andel 

Gan, Y. Towards improved N2 fixation and yield in soy bean. 
Promotores Prof.dr.ir. P.J.C. Kuiper and Prof.dr.ir. H. van Keulen 

Heg, D.H. Life history decisions in oystercatchers. 
Promotor Prof.dr. R.H. Drent 

Jonkers, H. Microbial production and consumption of dimethyl sulfide (OMS) 
in intertidal sediment ecosystems. 
Promotor Prof.dr. L.J. Forney and Co-promotor Dr. H. van 
Gemerden 

Krooneman, J, Ecophysiological studies on bacterial degradation of chloro
benzoates. 
Promotor Prof.dr. L.J. Forney 

Lammerts, E.J. Basiphilous pioneer vegetation in dune slacks on the Dutch 
Wadden Sea islands. 

Ries, E .H. 

Promotores Prof.dr. J . van Andel and Prof.dr. E. van der Maarel 

Population biology and activity patterns of harbour seals (Phoca 
vitulina) in the Wadden Sea. 
Promotores Prof.dr. W.J. Wolff and Prof.dr. M.A. Fedak 

Van Wijnen, H.J. Nitrogen dynamics and vegetation succession in salt marshes. 

Wiebenga, C.J. 
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Promotores Prof.dr. J.P. Bakker and Prof.dr. W.J. Wolff 

Process studies of dissolved organic carbon and bacterioplankton 
in the ocean. 
Promotores Prof.dr. H.J.W. de Baar and Prof.dr. L. Dijkhuizen 



Highlights 

Dissertations completed within CEES in 1999 
Doctorate granted by another institution 

Lange, H.J. de 

Loth, P. 

Liirling, M. 

Z. Abdulkerim 

E.B.Adema 

Effects of ultraviolet-B radiation on phytoplankton-zooplankton 
interactions. Promotor: Prof.dr. W.J. Wolff and co-promotor: 
Dr. E. van Donk, Wageningen Agricultural University, 1999. 

The Vegetation of Manyara. Scale-dependent states and transitions 
in the Africa! Rift Valley. Promotores Prof.dr. H.H.T. Prins and 
Prof.dr. J . van Andel, Wageningen Agricultural University, 1999. 

The smell of water. Grazer-induced colony formation in 
Scenedesmus (cum laude) 
Promotor: Prof.dr. W.J. Wolff and co-promotor Dr. E. van Donk, 
Wageningen Agricultural University, 1999. 

PhD students in 1999 

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

Plant Ecolog;!Microbial Ecology 
Interaction between plants and micro organisms in early
successional dune valleys 

M. Ateweberhan NUFFIC-Marine Biology 

J. Bakker 

M. Berg 

H. Beukema 

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

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

UE bursary-Animal Ecology 
Mutual sexual selection in the European wren 

WOTRO-Plant Ecology/JCRAF-Indonesia 
Pteridophyta in rubber agroforests at a range of management 
intensities and the choice between segregation and integration of 
biodiversity conservation and agricultural productivity 
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A.C. Bockelmann Deutscher Akademischer Austauschdienst!St. H. Bockler-Plant 
Ecology/Population Genetics/Universitiit Kiel (Germany) 
Population genetic and ecological background of the invading 
plant species Elymus athericus 

M.K. de Boer 

W.F. de Boer 

E. Bolink 

D.Bos 

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 
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ALW-Marine Biology 
Environmental factors that determine the toxicity of 
Raphidophyceae 

Animal Ecology/Wageningen University 
Between the tides: the impact of human exploitation on an inter
tidal ecosystem, Mozambique 

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

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

NWO-N/07/Marine Biology 
Settlement chance and post-settlement mortality 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 the Reed Bunting 

ALW-Animal Ecology/A/terra 
An experimental test of the queue hypothesis in the Oystercatcher 

GOA-Marine Biology/Animal Ecology/A/terra 
Individual quality of Antarctic petrels 

Population Genetics 
Causes and consequences of sexual selection 

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

N/07/Marine Biology 
The effects of temperature on tidal flat ecosystems 



W.M.C. Edelaar 

A. Eggert 

A.H. Engelen 

G.H. Engelhard 
At:fERRA 

P. Esselink 

R. Geerts 

R. Gesset· 

J. van Gils 

G.N.J. ter Heerdt 

S.K. Heijs 

E.G. Hiddink 

Highlights 

Marine Biology!NIOZ 
Predator avoidance by Macoma balthica 

UE bursaf)·-Marine Biology/Plant Physiology 
Thermal ecotypes and genetic divergence in subtropical marine 
macrophytes 

WOTRO-Marine Biology 
Demography and population structure among windward, leeward 
and deep-water populations of the seaweed Sargassum polycera
tium on Cura~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 

Plant Ecolog}IAnimal Ecology 
Nature management of coastal salt marshes: interactions between 
anthropogenic influences and natural dynamics 

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 

NWO-Animal Ecology/NIOZ 
Habitat use and prey selection in the Knot as a reflection of indi
vidual decisions 

Plant Ecology 
Development of helophytic vegetation as related to hydrological 
management in inland polders 

ALW-Microbial Ecology 
Mediterranean cold seeps and mud volcanoes 

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

M. van Himbergen NIVO-SRON-Marine Biology 
Biogenic climat forcing of the oceans 
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G. Hoarau 

J.J.M. de Jong 

D. Joubert 

R.K.H. Kats 
ALTERRA 

D.P.J. Kuijper 

NWO-Marine Biology!RIVO 
A comparative study of population structure and population 
dynamics in a commercially important flatfish species 

NWO!SRON-Physical Geography/Plant Physiology 
Hydrology of vegetations: vegetation wetness measured by radar 

ALW-Population Genetics 
Fluctuating asymmetry as a monitor for genetic and environmental 
stress in Drosophila: Fundamental and applied aspects 

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

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

P.C. Luttikhuizen NWO-Population Genetics/NIOZ 
Population genetics of Macoma balthica 

M.P. McDonnell Alexander 

Y. Malherbe 

I. Meusnier 

UE bursary-Plant Ecolog)!Plant Physiology 
Plant competition and coexistence in successional grasslands: 
effects of heterogeneous soil conditions 

UE bursary-Population Genetics 
Molecular genetic analysis of quantitative traits involved in stress 
resistance and fitness 

University Lille/Marine Biology 
Origin and genetic differentiation in populations of Caulerpa 
taxifolia in the Mediterranean 

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

D.J.B. Noordkamp 

Y.Oda 
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Microbial Ecology 
Marien algae-bacteria interactions: factors regulating growth, 
colony formation and mucus excretion by Phaeocystis pouchetii 

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



T. van Oijen 

D. Pasmans 

I. Pen 

E. te Poele 

W.H. van de Poll 

J.J. Poos 
RIVO 

0. Quilambo 

M. Rubinigg 

A.L. Rutten 
ALTERRA 

J. Stahl 

E. W.M. Stienen 
ALTERRA 

H.J. van der Strate 

Highlights 

EC Marine Biology 
Iron-light interactions in Antarctic phytoplankton 

ALW-Microbial Ecology 
Mechanism and tempo of adaptive evolution in the Halophilic 
Arch aeon! Halobacterium salinarum 

ALW-Population Genetics/Animal Behaviour 
Sex-ratio evolution in a life-history context 

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

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

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

NUFF/C-Plant Physiology 
Functioning of peanut (Arachis hypogaea L.) under nutrient de
ficiency and drought stress in relation to symbiotic associations 

UE-bursary Plant Physiology/Plant Ecology 
Food and protein quality of the salt marsh plant Plantago mari
tima 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 
Itinerant herbivory and interspecific competition: a comparison 
between different goose species in a coastal ecosystem 

Animal Ecology/A/terra 
Population persistence of the Sandwich Tern Sterna sandvicensis 
in relation to the local food stocks 

ALW-Marine Biology/Population Genetics 
DNA fingerprinting analysis of the spatial distribution of genetic 
variation within and between natural populations of benthic 
marine algae 
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M. van der Velde ALW-Population Genetics 
Structure and maintenance of genetic variation in haploid 
organisms: a study of the moss genus Polytrichum 

H.M.C. Verhagen Plant Ecology/Fryske Gea 
Nature restoration on mineral soils 

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

S. Westerman Plant Physiology 
Sulfur metabolism of S-containing Cruciferae as affected by 
S deposition and sulphate nutrition 

P. Wiersma Animal Ecology 
Energetics of parental care in Passerines 

H.J. Zemmelink Marine Biology 

J.H. Beekman 

G. Boedeltje 

P. Boelen 

E.T. Buitenhuis 
NIOZ 

A. Corten 
RIVO 

O.E. Diekmann 

I.C. van Duren 
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Marine ecosystems as sources for sulphur emission 

PhD projects - thesis in preparation 

Animal Ecolog}IR/ZA/NJOO-CL 
Ecological limitations in the annual cycle of swans 

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

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

NIOZ/Marine Biology 
Interactions between Emiliania huxleyi and the dissolved 
inorganic carbon system 

RIVO/Marine Biology 
Temporal variability of North Sea ecosystems 

UvA/Marine Biology 
Differentiation in Caribean reef-building corals 

ALW-Plant Ecology 
Changes in nutrient availability as a result of rewetting of 
desiccated brook valley grasslands 



Highlights 

L.A. van Duren Marine Biology 
Swimming and feeding behaviour of the calanoid copepod Temora 
longicornis 

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

L. Gabrielsen 

G. Geertjes 

P.J. de Goeij 

I. Janse 

A.J.M. Jansen 
K!WA 

F. de Jong 

I.M. Knevel 

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 flats in the Wadden Sea 

Microbial Ecology 
Marine algae-bacertia interactions: chemical structure of mucus 
from Phaeocystis pouchetii and its degradation by marine baceria 

KIWA-Plant Ecology 
Hydrology and restoration of wet heathland and fern meadow 
communities 

CWSS/Marine Biology 
Marine eutrophication: ecology and policy 

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

T.A. W. van der Kooij 
Plant Physiology/Population Genetics 
The genetical and physiological basis for the evolution of adapta
tion of plant populations to S02 pollution and elevated C02 levels 

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

J.E. Oppentocht Population Genetics 
Population genetic analysis of fitness differences among Adh
variants in Drosophila melanogaster 
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L. Peperzak RIKZ/Marine Biology 
Life-cycle and ecophysiology of Phaeocystis 

H. Schekkerman Animal Ecology/A/terra 
ALTERRA Growth and survival of the Godwit Limosa limosa in relation to 

habitat use in an agricultural landscape 

J.M.B. Schoondergang 
Population Genetics 
The effects of loss of genetic variation in endangered plant 
populations 

R.J. Strykstra Plant Ecology 
Reintroduction of rare species to restore species-rich grasslands 

A. van der Veen Plant Ecology 
Mechanisms of vegetation succession: factors limiting primary 
succession in wet coastal ecosystems 

0. Velterop Population Genetic!JPlant Ecology 
The effects of pollinating insects on gene flow, genetic variation 
and fitness of isolated plant populations 

J.H. Venema Plant Physiology 
Physiology of chilling sensitivity in Lycopersicon species 

M. Vorenhout WWF-Plant EcologyNU/KUN 
Estuarine and coastal ecosystems affected by pollutants 

Th. Vulink RIZA-Animal Ecology!Wageningen University 
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Large herbivores in young wetlands; habitat use, performance and 
grazing effects 
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IT assistant 
L.J.Steyvers 

Guests/Detachment 
drs.A.N.J.Baarspul 
drs.L.Gabrie!sen 
drs.H.van der Jeugd 
drs.K. K.raaijeveld 
dr.M.Magrath 
drs.J.Prop 
dr.D.Richardson 
drs.I.Woxvold 

RUG 

Groningen,NL 
NERI,Denmark 
Univ.Lund,Sweden 
U niv.Melbourne,Australia 
U ni v.Melbourne,Australia 
Groningen,NL 
U ni v. Sheffield, UK 
U ni v.Melbourne,Australia 

0.5 

Overview of academic results 

Distributional ecology of radio marked red knots in the Wadden Sea 

Our knowledge about large-scale movements of individual organisms in nature has 
always been severely constrained by our own locomotory and sensory limitations. 
Lately technology has come to help; the availability of miniaturized transmitter and 
automated receiving stations make all the difference in studies on the distributional eco
logy of shorebirds in the Wadden Sea. In 1999 we marked 45 red knots at Riche! in early 
August and then followed their tide-induced movements in the western Dutch Wadden 
Sea using 14 strategically placed automatic receiving stations. The tagged birds were all 
in active wing-moult and thus belonged to the subspecies Calidris canutus islandica that 
breeds in northern Greenland and the Queen Elizabeth Island in the northeastern 
Canadian Arctic. 
From 10 August till6 October the automatic receiving stations were in operation. Only 
one of the 45 tagged birds was never heard after release. Sixteen individuals remained 
detectable in the study area during the whole study period. On average, red knots were 
detected for one month, and the average individual was registered intensively (i.e. for 
more than 30% of the 24 hour period) on nine different days. 
The figure shows the overall movements in the course of the tide. That red knots cap
tured during high tide at Riche! commonly occurred much further west at Hengst indi 
cates that the two roost sites belong to the same 'functional unit'. The receiving station 
placed near the most important high tide roost at Riebel showed peak numbers soon after 
high tide. At ebbing tide the red knots first moved to the intertidal flats north and north
east of Griend and then continued further east. The most distant mudflat area 
(Ballastplaat) was only reached after time of low tide (as measured near Riche!). The 
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birds seemed to move with the low tide which is delayed away from the big tidal inlet 
between Vlieland and Terschelling. By moving in this way they are able to extend the 
time foraging on exposed intertidal flats. That the flats south and west of Griend were 
used much less than those east of Griend can easily be explained by the much higher 
food availability in the latter area. However, food was even better on Ballastplaat which 
was used rather less than expected. Perhaps the distance to the preferred roost at Riche) 
restricted the use of this area. 
We confirmed the earlier finding that red knots forage by day as well as by night. 
Nevertheless there exist quite subtle day-night differences in the use of foraging and 
roosting areas. For example, an area east of Griend where the birds were probably 
visually hunting for shorecrabs and shrimp was mostly visited during the day, whereas 
a nearby area where buried bivalves (items that can be found by their exquisite 'remote'
detection mechanism) formed the diet, red knots were present in greatest numbers 
during the night. 

Is parental effort in birds tending nestlings time or energy limited? 

Since the first estimates of parental energy expenditure under field conditions became 
feasible, debate centred on the question if the parents were indeed constrained by a limi
tation on the rate of energy accumulation or energy expenditure. In this view, this ener
getic limitation would set the upper bounds to parental care. Parental effort devoted to 
raising nestlings provides an ideal setting to test these ideas: the parents are working 
under marathon conditions, and as they are bound to a central location capture for physio
logical measurements is straightforward. A salient advantage of work at this reproductive 
stage is that the parental work load can be manipulated by shifting nestlings , and more
over fates of both young and adults involved in the experiments can be followed subse
quently to measure consequences in fitness terms. 

Tinbergen and co-workers have investigated this problem systematically by measuring 
the energetic expenditure of hen great tits tending nestlings in a variety of settings (rich 
and poor environments, sites along a latitudinal gradient differing in daylength, broods 
reduced or enlarged in relation to controls). Together with Verhulst, Tinbergen recently 
collated the determinations of DEE (Daily Energy Expenditure) as ascertained by the 
doubly-labeled water method , for great tits raising nestlings in the Hoge Veluwe study 
area. Their findings point to an energetic ceiling, as in all years of the study hens raising 
larger broods than originally intended failed to increase DEE above the control levels 
for unmanipulated broods (see the figure). Earlier work demonstrated that parents ten
ding enlarged broods suffered a fitness cost (reduced likelihood to engage in second 
brood) but the finding that DEE of such birds was not increased rules out the possibili
ty that the energetic work level translates in a simple way into subsequent propensity to 
extend the breeding season. Going the other way, when hens were confronted with redu
ced broods they did indeed reduce energetic expenditure and are clearly responsive to 
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Figure 2. Mean DEE rem(± SEM) of females tending manipulated broods. 0 1985; D. 1986; 
0 1987 plotted against the mean number of young in the nest directly after manipulation. 

conditions at the nest. This downwards adjustment hints at some disadvantage associa
ted with the level of parental activities even that typical for the unmanipulated situation. 

An interesting feature of this data set is the difference in the energetic ceiling achieved 
in the various years, pointing to an interaction with environmental conditions rather than 
an intrinsic and invariable physiological upper limit. Further analysis makes it likely that 
inter-year differences in the temperature regime are involved in setting the DEE 
plateaus, either by some direct influence on parental energy budgets, or indirectly via 
differences in the prey situation. 

Another revealing parameter is female body mass. Typically hens reduce body mass 
when tending enlarged broods, presumably to profit from lowered costs of flight, but 
this cannot be the whole story as hens with reduced broods did not avail themselves of 
this energy-saving device. There must be hidden costs associated with reduced body 
mass, and indeed it transpired that body condition of the female when captured on the 
brood on night 11 of nestling life was positively correlated with local survival in the fol
lowing winter season. This is a hint worth following up. 

So far discussions of repercussions of brood size on parental care have considered the 
nestling stage in isolation , and have largely ignored the complication that the ability to 
tend a large brood rests on the presumption that incubation of an enlarged clutch does 
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not entail costs insurmountable in the eventual trade-off. To fill this void NWO has 
awarded a PhD position to tackle the incubation phase in the great tit in order to define 
limitations to egg care in avian life histories and Tinbergen hopes to initiate this new 
project next year. 

Adaptive sex modification in the Seychelles Vt'arbler: the swap experiment 

Earlier Komdeur and his colleagues demonstrated that individual female Seychelles 
Warblers on Cousin Island (29 ha) are able to modify the sex ratio according to external 
circumstances. In high quality territories rich in insect food, sex ratio of the eggs is 
skewed towards daughters many of whom may remain in the home territory to assist the 
parents subsequently. In low quality territories where food is scarce retaining daughters 
as helpers would be counterproductive since there is not enough food to support more 
than the pair and its current offspring. Hence sons are produced that emigrate to other 
parts of the island. This neat adaptive story relies on pedigree information ('family 
trees') but so far has eluded confirmation by DNA fingerprinting to confirm putative 
relationships between nestowners and the young they tend. Recently David Richardson, 
a postdoc in the project working in Terry Burke's lab in Sheffield, developed a series of 
polymorphic microsatellite markers by means of which he was able to assign sampled 
chicks to a mother and a father. The first surprise to emerge from this work was the 
finding that although the primary male on territory sired 59% of all young, the remainder 
(41 %) were sired by other primary males. Chicks were never sired by male helpers. 
When breeding with a helper daughter, sometimes the daughter produced offspring. 
However, when breeding in pairs, the pair female was always the mother of the 
offspring, none of the offspring being produced by extra-group females. Given these 
complications it is now possible to trace reproductive success in mothers with certainty 
providing DNA from each nest young can be obtained. Fitness calculations for fathers 
require a full DNA data bank covering all warblers and this has gradually been achieved 
by annual blood sampling of all adult birds and all nestlings produced on the island since 
1995. Recognition programmes have yet to be run to accomplish this but eventually the 
story for fathers will emerge as well. 

Against this background it has proven possible to assemble data on the inclusive fitness 
of mothers (the sum of fitness obtained through breeding offspring+ fitness through hel
ping offspring in the form of extra offspring corrected for the degree of relatedness to 
the parent) living under the conditions of rich (high quality territory = hqt) or sparse 
(poor quality territory= lqt) food. Since sons are normally scarce in the former (hqt) and 
daughters in the latter (lqt) an experiment was undertaken 1994 to 1996 by exchanging 
young chicks of the adaptive sex to provide step-sons or step-daughters and hence be 
able to follow the fates of the non-adaptive sex. Because the relatedness coefficients for 
the mothers are known, inclusive fitness for the breeding females can now be measured 
(including grand children). 
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observation site were typically highly site faithful , whereas some of the low dominance 
individuals had originally been caught and marked on other islands. We will continue 
these observations to follow how individuals climb the social ladder in the course of 
time, and by collating observations throughout the winter range we hope to obtain sur
vival data in relation to dominance in both species(so far we have only local return 
rates). 

Publications 1999 

Dissertations 

Heg,D.H. ( 1999) Life history decisions in oystercathers. University of Groningen, 
promotor prof.dr. R.H.Drent. 

Publications in journals 

Baker,A.J., T.Piersma & A.D.Greenslade (1999) Molecular versus phenotypic sexing 
in Red Knots. Condor 101: 887-893. 

Bakker,L., R. van der Wal, P.Esselink & A.Siepel (1999) Exploitation of a new staging 
area in the Dutch Wadden Sea by Greylag Geese Anser anser: the importance of food
plant dynamics. Ardea 87: 1-13. 

Both,C., M.E.Visser & N.Verboven (1999) Density-dependent recrui tment rates in 
great tits: the importance of being heavier. Proc.R.Soc.Lond.B 266: 465-469. 

De Leeuw,J.J. (1999) Food intake rates and habitat segregation of tufted duck Aythya 
fuligula and scaup Aythya marila exploiting Zebra mussels Dreissena polymorpha. 
Ardea 87: 15-31. 

De Leeuw,J.J. , M.R.van Eerden & G.H.Visser (1999) Wintering tufted ducks Aythya 
fuligula diving for Zebra mussels Dreissena polymorpha balance feeding costs within 
narrow margins of their energy budget. J.of Avian Biology 30: 182-192. 

Dietz,M.W., A.Dekinga, T.Piersma & S.Verhulst (1999) Estimating organ size in small 
migrating shorebirds with ultrasonography: an intercalibration exercise. Physiological 
and Biochemical Zoology 72: 28-37. 

Dietz,M.W., T.Piersma & A.Dekinga (1999) Body-building without power training: 
endogenously regulated pectoral muscle hypertrophy in confined shorebirds. The 
Journal of Experimental Biology 20: 2831-2837. 

27 



CEES Progress Report /999 

Drent,J., W.D.van Marken Lichtenbelt & M.Wikelski (1999) Effects of foraging mode 
and season on the energetics of the marine Iguana Amblyrhynchus cristatus. 
Functional Ecol. 13: 493-499. 

Heg,D. & R.van Treuren (1999) Female-female co-operation in polygynous Eurasian 
Oystercatchers. In: Proc. 22 Int. Ornithol. Congr., Durban (N.J.Adams, R.H.Siotwo, 
eds.). Ostrich 69: 323. 

Honkoop,P.J.C., P.C.Luttikhuizen, & T.Piersma (1999) Experimentally extending the 
spawning season of a marine bivalve using temperature change and fluoxetine as 
synergistic triggers. Mar.Ecol.Prog.Ser. 180: 297-300. 

Keller,T.M. & G.H.Visser (1999) Daily energy expenditure of great cormorants 
Phalacrocorax carbo sinensis wintering at lake Chiemsee, Southern Germany. Ardea 
87: 61-69. 

Komdeur,J. & B.J.Hatchwell (1999) Kin recognition: function and mechanism in avian 
societies. Trends Ecol. Evol.,vo1.14,6: 237-241. 

Komdeur,J. & B.J.Hatchwell (1999) Reply from J. Komdeur and B.J. Hatchwell. 
Trends Ecol. Evol., 14: 448. 

Komdeur,J. & R.K.H.Kats (1999) Predation risk affects trade-off between nest 
guarding and foraging in Seychelles warblers. Behav. Ecol. 10: 648-658. 

Komdeur,J., F.Kraaijeveld-Smit, K.Kraaijeveld & P.Edelaar (1999) Explicit experi
mental evidence for the role of mate guarding in minimizing loss of paternity in the 
Seychelles Warbler. Proc.R.Soc.Lond.B 266: 2075-2081. 

Loonen,M.J.J.E., L.W.Bruinzeel, J.M.Black & R.H.Drent (1999) The benefit of large 
broods in barnacle geese: a study using natural and experimental manipulations. 
J. of Animal Ecology 68: 753-768. 

Meijer,Th. & R.Drent ( 1999) Re-examination of the capital and income dichotomy in 
breeding birds. Ibis 141: 399-414. 

Piersma,T., M.Dekker & J.S.Sinninghe Damste (1999) An avian equivalent of make
up? Ecology Letters 2: 201-203. 

Piersma,T., G.A.Gudmundsson, K.Lilliendahl (1999) Rapid changes in the size of 
different functional organ and muscle groups during refueling in a long-distance 
migrating shorebird. Physiological and Biochemical Zoology 72: 405-415. 

Ritchie,M.E. & H.Oiff (1999) Spatial scaling Jaws yield a synthetic theory of bio
diversity. Nature 400: 557-560. 

28 



Animal Ecology 

Sanz,J.J. (1999) Does daylength explain the latitudinal variation in clutch size of Pied 
Flycatchers Ficedula hypoleuca? Ibis 141: 100- 108. 

Sanz,J .J., S.Kranenbarg & J.M.Tinbergen ( 1999) Differential response by males and 
females to manipulation of partner contribution in the great tit (Parus major). 
J. of Animal Ecol 68: l-12 .. 

Sanz,J.J. & J.M.Tinbergen (1999) Energy expenditure, nestling age, and brood size: 
an experimental study of parental behavior in the great tit Parus major. Behavioral 
Ecology vol 10: 598-606. 

Schekkerman,H. , M.W.J.van Roomen & L.G.Underhill (1999) Growth, behaviour of 
broods and weather-related variation in breeding productivity of curlew sandpipers 
Calidrisferruginea. Ardea 86: 153-168. 

Stienen,E.W.l\1. & A.Brenninkmeijer (1999) Keep the chicks moving: how Sandwich 
terns can minimize kleptoparasitism by black-headed gulls. Animal Behaviour 57: 
1135-1144. 

Tinbergen,J.M. & C.Both (1999) Is clutch size individually optimized? Behavioural 
Ecology 10: 504-509. 

Vander Veen,I.T., H.P.van der Jeugd, & M.J.J.E.Loonen (1999) Rain limits food 
supply of temperate breeding barnacle gees (Branta leucopsis). Wildfowl SO: 57-67. 

Van Gils, J. & T.Piersma ( 1999) Day- and nighttime movements of radiomarked Red 
Knots staging in the western Wadden Sea in July-August 1995. Wader Study Group 
Bulletin 89: 36-44. 

Van Treuren,R., R.Bijlsma, J.M.Tinbergen, D.Heg & L.van de Zande ( 1999) Genetic 
analysis of the population structure of socially organized oystercatchers (Haematopus 
ostra!egus) using microsatellites. Molecular Ecology 8(2): 181-187. 

Van Wijnen,H.J., R.van der Wal & J.P.Bakkcr (1999) The impact of herbivores on 
nitrogen mineralization rate: consequences for salt-marsh succession. Oecologia 118: 
225-23 1. 

Verhulst,S., S.J.Dieleman & H.K.Parmentier ( 1999) A tradeoff betv. een immunocom
petence and sexual ornamentation in domestic fowl. Proc.Nat.Acad.,Sci.USA. 
Re\ iewed in Science 284: 1140. 

Wilson,D.J., R.van der Wal, E.Chang, A.Jensen & R.L.Jefferies (1999) Urea hydro
lysis and nitrification in arctic salt-marsh soils: Possible constraints on the growth of 
forage plants. Ecoscience 6: 72-78. 

29 



CEES Progress Report /999 

Wright,J. & N.J.Dingemanse (1999) Parents and helpers compensate for experimental 
changes in the provisioning effort of others in the Arabian babbler. Animal Behaviour 
58: 345-350. 

Books 

Olff,H., V.K.Brown & R.H.Drent, eds.(1999) Herbivores: Between Plants and 
Predators: the 38th Symposium of the British Ecological Society 1997, Blackwell 
Science Ltd.: pp. 1-639. 

Van de Kam,J., B.Ens, T.Piersma & L.Zwarts (1999) Ecologische atlas van de 
Nederlandse wadvogels. Schuyt & Co, Haarlem: pp. 1-368. 

Publications in books 

Andreyev,A.A., M.Poot, R.Drent, B.Nolet & P.Kiaussen (1999) Spring migration of 
the water-fowls in Dvinski bay of the White Sea. In: Actual problems of Ecological 
Education and Environmental Protection, Scientific Papers (E.V. Shavrina, ed.). 
Pomor State University, Arkhangelsk, 1997: 195-199. [in Russian] 

Drent,R.H. & R. van der Wal (1999) Cyclic grazing in vertebrates and the manipu
lation of the food resource. In: Herbivores: between Plants and Predators (H.Oiff, 
V.K.Brown & R.H.Drent, eds.). Blackwell Science, Oxford: 271-299. 

Gessaman,J.A. & T.Piersma (1999) Nutrient store dynamics and functional ecology of 
intra-individual compositional changes. In: Proc. 22 Int. Ornithol. Congr., Durban 
(N.J.Adams, R.H. Slotwo, eds.). Bird Life South Africa, Johannesburg: I. 

Huisman,J., J.PGrover, R.van der Wal & J.van Andel ( 1999) Competition for light, 
plant-species replacement and herbivore abundance along productivity gradients. In: 
Herbivores: between Plants and Predators (H.Olff, V.K.Brown & R.H.Drent, eds.). 
Blackwell Science, Oxford: 239-269. 

Komdeur,J. (1999) Reproductive control in cooperatively- and polygynously-breeding 
Acrocephalus species. In: Proc. 22 Int. Ornithol. Congr., Durban (N.J.Adams, 
R.H.Slotow, eds.). Bird Life South Africa, Johannesburg: 2910-2921. 

Piersma,T. & M.Klaassen (1999) Methods of studying the functional ecology of 
protein and organ dynamics in birds. In: Proc. 22 Int. Ornithol. Congr., Durban 
(N.J.Adams, R.H. Slotow, eds.). Bird Life South Africa, Johannesburg: 36-51. 

Van Marken Lichtenbelt,W.D., R.H.Drent & M.S.Westerterp-Plantenga (1999) Energy 
balance and evolution. In: Regulation of food intake and energy expenditure (M.W. 
Westerterp-Plantenga, A.B.Steffens & A.Tremblay, eds.). Edra, chapter 24: 459-487. 

30 





CEES Progress Report 1999 

Beekman,J.H., Yu.N.Mineev, R.Ubels & J.Nienhuis (1999) Does early arrival in the 
Russia tundra mediate individual reproductive output in Bewick's Swans? Final 
Report Environmental Degradation and Bird Migration (NWO proj. 047-002-008) 
NIOO, Nieuwersluis: 44-47. 

Drent,R.H. (1999) Obituary: Gerard Baerends. ASAB Newsletter, Sept.: 19-20. 

Lindstrom,A., T.Piersma & G.H.Visser (1999) Flight studies in the Lund wind tunnel. 
In: Annual Report 1998 Netherlands Institute for Sea Research (NIOZ) (G.C.Cadee, 
W.Yan Raaphorst, L.R.M.Maas & N.Krijgsman, eds.). Texel, Netherlands Institute for 
Sea Research NIOZ: 50-51. 

Nolet,B.A. , V.A.Andreev, P.Clausen, M.J.M.Poot & E.Wessel (1999) Significance of 
the Divina Bay (White Sea) as a spring stopover for Bewick's Swans. Final Report 
Environmental Degradation and Bird Migration (NWO proj. 047-002-008) NIOO, 
Nieuwersluis: 20-24. 

Nolet,B.A., J.H.Beekrnan, M.Klaassen, O.Langevoord, B.Lambek & E.Wessels (1999) 
Route and stopover use of migrating Bewick's Swans as revealed by satellite tracking. 
Final Report Environmental Degradation and Bird Migration 
(NWO proj. 047-002-008) NIOO, Nieuwersluis: 39-43. 

Nolet,B.A. & R.H.Drent (1999) Bewick's Swans refuelling on pondweed tubers during 
their spring migration: first come, first served. Final Report Environmental Degradation 
and Bird Migration (NWO proj. 047-002-008) NIOO, Nieuwersluis: 25-30. 

Nolet,B.A., M.Klaassen, R.Pel, T.Dekkers & J.H.Beekman (1999) Carbon stable 
isotope analysis to estimate the contribution of aquatic and terrestrial plants to the diet 
of swans. Final Report Environmental Degradation and Bird Migration 
(NWO proj. 047-002-008) NIOO, Nieuwersluis: 33-35. 

Pepping,M., T.Piersma, G .Pearson & M.Lavaleye (1999) Intertidal sediments and ben
thic animals of Roebuck Bay, Western Australia. N/OZ-Report 99-3, Texel: pp. 1-214. 

Piersma,T., A.Dekinga, R.Dekker, P.Edelaar, J.van Oils, P.de Goeij, A.Koolhaas, J.van 
der Meer & S.Nebel ( 1999) Het konijn uit de zwa1te doos: kokkels en visserij-effecten 
in de westelijke Waddenzee. Waddenbulletin 34: 33-35. 

Tosserams, M., J.Th.Vulink & H.Coops (1999) Tussen Water en Land; Perspectief 
voor oeverplanten in bet Volkerak-Zoommeer. Eindrapportage 'Planten in de Peiling' . 
RIZA rapport 99.031: pp. 1- llO. 

Voogd,F.J. & M.J.J.E.Loonen (1999) Planten in de Peiling- Benutting van oevervege
tatie door grauwe ganzen (Anser anser) op de Krammerse Slikken- RIZA werk
documentnr. 99.094x, RUG 

32 





CEES Progress Report 1999 

drs.W.M.C.Edelaar RUG 0.8 970101 -020101 
drs.A.Eggert RUG Ubbo Emmius 1.0 970401-011001 
drs.A.Engelen NWO-WOTRO 1.0 951101-991101 
drs .R. Gesser RUG 1.0 99090 1-030901 
drs.J.G.Hiddink RUG 1.0 98020 1-020201 
drs.P.M.van Himbergen NWO-SRON 1.0 99090 1-030901 
drs.G.Hoarau NWO-ALW 1.0 000115-040114 
drs.M.M.Moeseneder NIOZ 1.0 970101-991101 
drs.L.Poort RUG 1.0 990901-000101 
drs.W.H.van de Poll RUG 1.0 981001-021001 
drs.H.J.van der Strate NWO-ALW 1.0 941101-990201 
drs.H.J.Zemmelink RUG 1.0 9 8 0401-02040 1 

Technical and Administrative Staff 
secretary 
G. van Roon-ter Horst RUG 0.5 
J.de Vries-Veldkamp RUG 0.5 
technician 
S.A.Boele-Bos RUG 0.5 
H.Peletier RUG 0.5 
J.H.Veldsink EU 1.0 980315-010315 
L.H. Venekamp RUG 0.5 
R.J.W.Visser RUG 0.5 
J.J.de Wiljes RUG 1.0 

Guests/Detachment 
drs.O.E. Diekmann UvANWO-WOTRO 1.0 96060 1-00060 1 

Overview of academic results 

Evolutionary ecology of benthic macrophytic algae 

Research foci are the ecology and evolution of marine macrophytes in different climatic 
regions: 1) Analysis of genetic variation as it applies to phylogenetic reconstructions, 
and gene flow within and among populations on different spatial scales; 2) Ecology and 
ecophysiology of species from different climatic regions including experimental testing 
of temperature and light responses as adaptive strategies in life history regulation; 3) 
The coupling of molecular phylogenetic and ecological data to test hypothesis in "his
torical ecology" and biogeography such as thermal adaptation, the evolution of ecolo
gical and morphological traits, and biodiversity. 
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It should also be noted that in 1999 we expanded the "molecular ecology" projects to 
include other organismal groups. We mention these under this section. The two projects 
are 1) Invertebrate-algal symbiosis and adaptation in the Caribbean coral Madracis and 
its endosymbiotic dinoflagellate Symbiodinium. This project has two facets, compara
tive DNA sequencing of the two groups and an assessment of phylogenetic relationships 
among the five morphospecies of Madracis. Results form ITS sequencing show that 
Madracis species are introgressed and that the endosymbionts are not host specific as 
found for some other coral species. Two manuscripts will be submitted in early 2000; 2) 
Population structure and stock assessment in the flatfish Pleuronectes platessa. In 1999, 
17 polymorphic microsatelhte loci have been developed. In addition to the basic 
descriptive work of North Sea s.l. populations, we will be investigating the connections 
between nursery grounds, spawning grounds and year-class strength. Both of the afore
mentioned projects have phylogeographic and population level components within the 
larger theme of evolutionary ecology. 

Population-level studies. Projects involving microsatellite markers include the alga 
Cladophoropsis membranacea in the Canary Islands and Curat;ao (ALW), the seaweed 
Ascophyllum nodosum in Sweden, Isle of Man and the Brittany coast of France (EU 
MAST-III BIOGAP partnership), the seaweed Fucus serratus in the North Atlantic/
Baltic (EU MAST-III BIOBASE partnership) and in the seagrass Zostera marina in 
Northem Europe and the Baltic (EU-TMR fellowship). All of these projects are investi
gating population differentiation with respect to spatial distribution of genetic variation. 
The role of the mating system (sexual and asexual reproduction) is important criteria for 
comparison. The contribution of asexual reproduction is important in two cases and two 
other projects involve matrix modeling of demography. A few highlights follow. 

The C. membranacea data set is now complete and five manuscripts are in preparation 
with submission in early 2000. A survey of some 20 populations (N>lOOO individuals) 
in the Canary Islands (but also outliers in the Cape Verde and Caribbean regions) re
vealed an extremely high level of haploid plants (haplodiplontic life history) but no evi
dence for low genetic diversity. Haplotypes (based on 8 loci and 80 alleles) are wide
spread among islands but populations differentiation is still weakly significant among 
most population pairs. Clonal propagation can account for up to 40% of the local patch 
structure. A comparison of ITS data with microsatellite data showed both deep and shal 
low genetic architecture, which is indicative of sweepstakes recruitment and periodic 
local extinctions. Sexual reproduction remains elusive but must be present (possibly 
sporadic or microscopic so that sampling regimes will miss these individuals). A cryp
tic species has also been identified which couples to earlier work. 

The A. nodosum project officially came to completion in September 1999. At least four 
papers are expected to come from this study, two of which are in preparation. Eighteen 
populations, representing the entire biogeographic range of the species, were analyzed 
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using six microsatellite loci. For three areas (Roscoff, Isle of Man and Tjarni:i), detailed 
demographic data were also collected. Most populations are in Hardy Weinberg 
Equilibrium but at least four were not. A comparison of habitat types revealed differen
ces in the mating system whereby inbreeding and sib-mating have been promoted. The 
demographic data for these populations also revealed that these plants are extremely old 
(i.e., "marine trees" with genets up to 500 years old) and may actually represent rem
nants of 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 correlate well with oceanographic currents. In conclusion, the entire North Atlantic 
region represents a disequilibrium set of conditions characteristic of recent recoloni
zation of the area following the last glacial maximum. 

The population-level study on the seagrass Z. marina is also now complete with four 
publications and three more in press. This was the first study ever to employ high
resolution, co-dominant markers in seagrasses which was necessary since earlier studies 
with allozymes have generally revealed low variation and hence an inability to distin
guish duplicate genotypes that may have occurred by chance. This study has been hugely 
successful with respect to development of microsatellite markers, the identification of 
clonal contribution to population structure (seagrasss have a genet-ramet structure), 
identification of levels of genetic diversity and estimates of patch side and age in rela
tion to habitat 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 reproductive success associated with sperm
limitation plays a role and is currently under experimental investigation. 

In 1998 we also started a study on population structu~e and dispersal in the fucoid 
seaweed F serratus. In 1999 we had 8 polymorphic loci and have assayed some 10 
populations from Spain to Norway (N>500). Standard population estimators are being 
calculated with regard to diversity, inbreeding and differentiation. In general, diversity 
is high but differentiation is low. What makes this study interesting is the finding of 
interspecific hybrid zones. At this stage we are conducting laboratory crosses among a 
number of closely related species of Fucus and testing these against putative hybrids 
collected in the field. 

Microsatellite development in the tropical seaweed Sargassum polyceratium (WOTRO) 
was discontinued the end of 1998 because no polymorphic loci could be found. Though 
more limited in their versatility, RAPD markers were substituted for the genetic part of 
the study. Those results are now complete and the first manuscript has been submitted. 
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Comparisons among 12 populations from around the island of Cura~ao reveal that most 
of the variation is within populations (ca. 70%) although significant differentiation was 
found among all populations (smallest scale is 200 m but most bays are 30 km apart). 
This is consistent with sexually reproducing, outbreeding populations. Using a factorial 
design and AM OVA, the role of leeward-windward, shallow-deep, and bay were inves
tigated. The main conclusions are that depth is the most important factor and that eco
typic differentiation between shallow and deep populations is much stronger than 
between windward and leeward populations. 

The impact of the introduced and highly invasive seaweed Caulerpa taxifolia in the 
Mediterranean has also been a point of research (funded by the French Dept. 
Environment). DNA sequence (rDNA-ITS) comparisons of C. taxifolia and related 
morphotypes from inside and outside of the Mediterranean show that the Mediterranean 
strain is of Pacific origin (probably Australia), is virtually identical to a widely cultiva
ted aquarium strain and may be clonal (DALP and allozyme data). Allegations 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 (16S) in 1999 have investigated the endosymbiotic and surface bac
teria on C. taxifolia. Bacteria belonging to alpha, beta, delta and cytophagales have been 
identified and are strongly correlated with the biogeographic origins of the alga. A 
manuscript will be submitted in March 2000. 

Ecophysiology and Historical Ecology. Repair of UV-B induced DNA damage was 
studied in the temperate red algae Palmaria palmata and Rhodymenia pseudopalmata. 
Efficient photoreactivation was found in both species. However, dark repair was much 
less efficient in R. pseudopalmata than in P palmata. Moreover, DNA repair rates ap
peared to depend upon complex interactions between temperature, the intensi ty and 
spectral distribution of photoreactivating light, and the initial amount of DNA damage 
induced by UVB radiation. Thus, possible effects of climate change on benthic algae 
will depend on interactive effects of various factors, such as increasing temperatures and 
higher UVB doses. Pilot studies with other temperate red algae have shown that their 
differential susceptibility to UVB radiation probably determines their depth distribution. 
In two strictly subtidal species, growth came to a standstill over a period of 2 weeks 
under a moderate dose of UVB. In these species, DNA damage accumulated, and no 
screening pigments were formed. In contrast, species also occurring in the intertidal con
tinued to grow exponentially, DNA damage was repaired completely and the contents of 
screening pigments steadily increased. Although all species showed a decrease in their 
maximum photosynthetic capacity (FvfFm measured with PAM fluorometry) directly 
after UVB exposure, complete repair occurred overnight in most species. Thus, the 
major effect of UVB on growth, an important fitness parameter, seems to be through 
damage to the DNA, rather than inhibition of photosynthesis. 
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Studies on the physiological background of ecotypic differentiation in temperature 
responses in the green alga Valonia utricularis were continued. Cold adaptation and a 
high acclimation potential to lowered temperatures have now been found in for several 
strains from the colder parts of the distribution in the Mediterranean/ Canary Islands 
region. The absence of acclimation to cold temperatures previously found in a strain 
from the tropical Seychelles was also evident in a strain from tropical Japan. Thus, 
thermal ecotypes as expressed in growth responses, may, in fact, reflect differences in 
acclimation potential of the strains. 

Demographic and ecological work on Sargassum polyceratium on Curayao was con
tinued in order to monitor the effects of the severe hurricane that hit the Caribbean in 
December 1999. Populations on the windward side of the island were virtually unaffec
ted but major damage had occurred to leeward populations, in particular those in shal
low water. However, the amount of damage was not uniform along the leeward coast but 
depended to a large extent on the position and topology of the bays. 

Role of microalgae in marine ecosystems 

International cooperation was not only limited to the partners in the projects funded by 
the European Commission in which we participated: it extended all the way to South 
America, where we continued collaboration in studies of effects of stratospheric ozone 
depletion on microbial plankton; in the southern part of Argentina the edge of the well
known "ozone hole" passes by each spring, the center being more to the South, where 
field work was done off the British Antarctic island of Rothera. In the Antarctic, natural 
summertime radiation levels of ultraviolet-B appeared to induce significant levels of 
damage done to DNA of both microalgae and bacteria. Off Patagonia (Argentina) DNA 
damage was recorded down to 3 m depth; mechanisms of UV stress with respect to the 
various molecular targets were elucidated - the subject of reports presented at meetings 
abroad. Also in the tropics, off Curayao, natural solar radiation appears to elicit damage 
to DNA of microorganisms; dose-normalised damage accumulation rates were not sig
nificantly different in the wind mixed layer from rates in a non-mixed situation. 

Effects of light, including the UV part of the spectrum, were also evaluated in the impor
tant coccolithophorid Emiliania huxleyi, especially in terms of DMSP contents. DMSP 
is an osmolyte that is the precursor of dimethyl sulfide, a sulfur gas that is emitted to the 
atmosphere during and after blooms of Prymnesiophyceae. This gas is relevant to cli
mate and is therefore studied in a project in which the role of Emiliania is studied in a 
modelling approach to biogenic climate forcing, in collaboration with the universities of 
Leiden and Amsterdam. The DMSP contents of cells appears to be independent of radia
tion, although growth is slower under UV-A and UV-B; continuous exposure to visible 
light, however, led to an increase. OMS flux from sea to atmosphere was recorded in 
collaboration with American gas flux experts from Woods Hole with the so-called eddy 
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accumulation method, which has never been used for DMS. DMS is thought to induce 
cloud formation above the ocean so it contributes to albedo, an atmospheric effect of 
phytoplankton that was investigated in terms of light absorption by algal pigments to 
start a project on the relation between globe-wide plankton distribution and albedo by 
analysis of satellite remote sensing imagery. Remote sensing was also used to make an 
inventory of microalgal cover on tidal flats off north-western Europe. Field work for this 
project, funded by the EC under the name BIOPTIS, was done in Scotland and in 
Germany. 

DMS(P) was also the topic of the international Symposium held in Groningen that 
marked the end of the EC-sponsored programme ESCAPE. Scientists from 13 countries 
(not only the Eurpean partners) were invited to discuss progress of sulfur metabolism 
and cycling by marine microbes, with a focus on Phaeocystis, another Prymnesiophyte 
notorious for its DMSP production. Publication procedures for the proceedings of the 
Symposium were started. The programme will be continued as a DMS research contri
bution to another EC programme with the acronym "IRONAGES", for which a propo
sal was written - with positive result. 

The fourth EC-sponsored programme that we participate in is CARUSO, in which iron 
is the central issue as a limiting factor to phytoplankton activity in the Southern Ocean. 
The German R.V. "Polarstern" was the platform for experiments in the field to detect 
effects of iron limitation on cellular processes: photosynthesis and carbohydrate meta
bolism in representative species, especially diatoms, in relation to carbon drawdown in the 
Antarctic as the consequence of carbon fixation by algae that sequester C after sinking 
to the deep sea. The population of phytoplankton encountered was not truly iron
limited; there was an adaptation to low light, at a low activity. Changes in irradiance had 
another photosynthetic response in flagellates than in diatoms. 

Diatoms were also the topic of a project in collaboration with the Microbiology 
Department of RuG and with NIOZ that focusses on diatom-bacteria interactions: bac
teria consume the organic outer part of the silica cell wall, therewith enhancing silica 
dissolution. Investigations of silicon biomineralisation, the other side of the coin, con
tinue in an STW project with the University of Eindhoven. The physico-chemical 
characteristics of biogenic silica were described at the finest scale of surface area; small
angle X-ray studies at the Daresbury (UK) synchrotron revealed the amorphous nature 
of diatom silica. Much attention is now paid to the functional role of peptides in silica 
polymerisation. 

Another aspect of phytoplankton population structure and diversity in the sea is the pre
sence of toxic algae. Raphidophyceae are hard to culture and are therefore less studied 
than other groups. Toxicity profiles of a number of species, obtained mostly from culture 
collections elsewhere, have been analysed in relation to environmental factors. Diversity 
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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 natural 
behaviour of dominant species from plankton, nekton and benthos. 

Zebra danios (Brachydanio rerio) swim in a burst-and-coast mode. Most swimming 
bouts consist of a single tail flick and a coasting phase, during which the fish keeps its 
body straight. When visualising the flow in a horizontal section through the wake, the 
effects of the flow regime become apparent in the structure of the wake. In a two-dimen
sional, medio-frontal view of the flow, larvae and adults shed two vortices at the tail 
during the burst phase. These vortices resemble a cross section through a large-core vor
tex ring: two vortex cores packed close together with the central flow directed away 
from the fish. This flow pattern can be observed in larvae (body length approximately 4 
mm) at Reynolds numbers below 100 as well as in adult fish (body length approxima
tely 35 mm) at Reynolds numbers above 1000. Larval vortices differ from those of adult 
zebra danios mainly in their relatively wider vortex cores (higher ratio of core radius to 
ring radius) and their lower vortex circulation . Both effects result from the increased 
importance of viscosity on larval flows. During the coasting phase, larval and adult 
flows again differ because of the changing importance of viscosity. The high viscosity 
of the water causes large vortical flows adjacent to the larva's body. These regions of 
high vorticity represent the huge body of water dragged along by the larva, and they 
cause the larva to stop almost immediately after thrust generation ceases. No such areas 
of high vorticity are visible adjacent to adult zebra danios performing a comparable 
swimming manoeuvre. The rapid decrease in vortex circulation and the severe reduction 
in the coasting distance due to viscous drag contribute to the high cost that larvae - unlike 
adult fish - face when using a burst-and-coast swimming style. 

Vertebrates swimming with undulations of the body and tail have inflection points where 
the curvature of the body changes from concave to convex or vice versa. These inflec
tion points travel down the body at the speed of the running wave of bending. In move
ments with increasing amplitudes, the body rotates around the inflection points, indu
cing semicircular flows in the adjacent water on both sides of the body that together 
form proto-vortices. Like the inflection points, the proto-vortices travel towards the end 
of the tail. In the experiments described here, the phase relationship between the tail beat 
cycle and the inflection point cycle can be used as a first approximation of the phase 
between the proto-vortex and the tailbeat cycle. Proto-vortices are shed at the tail as 
body vortices at roughly the same time as the inflection points reach the tail tip. Thus, 
the phase between proto-vortex shedding and tailbeat cycle determines the interaction 
between body and tail vortices, which are shed when the tail changes direction. The 
shape of the body wave is under the control of the fish and determines the position of 
vortex shedding relative to the mean path of motion. This, in tum, determines whether 
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and how the body vortex interacts with the tail vortex. The shape of the wake and the 
contribution of the body to thrust depend on this interaction between body vortex and 
tail vortex. So far, we have been able to describe two types of wake. One has two vor
tices per tail beat where each vortex consists of a tail vortex enhanced by a body vortex. 
A second, more variable, type of wake has four vortices per tailbeat: two tail vortices 
and two body vortices shed from the tail tip while it is moving from one extreme posi
tion to the next. The function of the second type is still enigmatic. 

The primary settlement, migration, and secondary settlement of the bivalve Macoma 
balthica were studied on the tidal flats of the Wadden Sea North of Groningen. The field 
work focussed on the quantification of predation by a variety of species, including shore 
crabs, brown shrimps, gobies, lugworms and ragworms, on the bottom-living juvenile 
stages. Experimental work in the lab attempted to quantify predation on Macoma's 
migrating in the water column. 

Coral reef ecology 

To determine the impact of the grazing activity of Sparisoma vi ride (stoplight parrotfish) 
on living coral colonies, dynamics of grazing scars or white spots, including increase, 
regeneration and overgrowth by filamentous algae, on the reef building coral 
Montastrea annularis were followed on the reef of Bonaire during one month. The area 
investigated was 4000 m2 on the shallow reef near the former research station Karpata. 
The total surface area of 422 white spots measured on live M. annularis during the study 
period was 2778 cm2

• Of these 422 spots, 141 spots showed regeneration with a total 
regenerated area of 356 cm2

• The total increase of white spot area of 517 cm2 was caused 
by 35 growing spots. Most white spots become overgrown by filamentous algae before 
regeneration starts. The conclusion is that the impact of stoplight grazing on the health 
of live coral is very limited. A comparison of the grazing activity on live coral between 
summer and winter showed that live coral grazing increases during the winter period 
when primary production is low. 

Zekeria Abdulkerim continued the field work of his PhD study in Eritrea on 'The eco
logy and population dynamics of reef fishes targeted by the aquarium fishing industry'. 

Mebrahtu Atewebrehan continued his PhD research in Eritrea on the subject: 'Seasonal 
dynamics of functional groups of reef algae in the Eritrean Red Sea'. During the first 
year of observation, distinct seasonal patterns were found for the various species of 
Sargassum that constitute the main macroalgal belts on the reefs of Eritrea. Seasonally 
fluctuating abiotic conditions (mainly temperature) and sporadic episodes with intense 
grazing by herbivorous fish seem to be the main controlling factors. In contrast, the 
smaller filamentous and endolithic algae, and the crustose corallines maintained a con
stant biomass in the coral reef throughout the year. 
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Indicators of quality and reputation (if applicable) 

a: meetings organized 

A.M. Breeman 

J.L. Olsen 

W.T. Starn 

International Organizing Committee Vllth International 
Phycological Congress, Thessaloniki, Greece (to be held in 2001). 
International Organizing Committee Vllth International 
Phycological Congress, Thessaloniki, Greece (to be held in 2001). 
International Organizing Committee lind European Phycological 
Congress, Montecatini, Italy, I 999. 

b: editorial and advisory boards 

Editorship of learned journals 
W.T. Starn Journal of Phycology (Molecular Biology) 

Membership of international editorial boards 
A.M. Breeman Botanica Marina 

European Journal of Phycology 
W.W.C. Gieskes Journal of Sea Research 

Journal of Plankton Research 
J.L. Olsen 

J.J. Videler 
W.J. Wolff 

c: committees 

A.M. Breeman 
W.W.C. Gieskes 

J.L. Olsen 

W.T. Starn 
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Aquatic Botany 
European Journal of Phycology (Molecular Biology) 
Journal of Eukaryotic Microbiology 
Journal of Phycology 
Phycologia 
Marine Ecology Progress Series 
Journal of Sea Research 
Biological Conservation 
Aquatic Conservation 

Board member foundation NWO/WOTRO ( 1998-2000, fi rst term) 
Membre Comite Scientifique of the CNRS Programme 'PROOF', 
France 
Chair NWO/ ALW committee on the Advancement of Woman in 
Science in the Netherlands 
Member evaluation committee NWO/ALW-4; Ecology, biodiver
sity and evolution 



W.J. Wolff 

d: distinctions 

Marine Biology 

- Chair NWO Committee on Antarctic Research 
- Member NWO Advisory Committee on Earth Sciences 
- Chair steering committee NWO PRIORITEIT programme 

'Sustainable use and conservation of marine living resources' 
- Member Advisory Council of Netherlands Minister of 

Agriculture, Nature Management and Fisheries 
- Member Netherlands Liaison Committee for ICSU Scientific 

Committee on Antarctic Research (SCAR) 
- Member Scientific Council of the Convention on the 

Conservation of Migratory Wild Animals 
- Member Evaluation Panel for the research by the Instituto de 

Oceanografica of the University of Lisbon, Portugal 
- Member of Evaluation Panel of the Portuguese Program for the 

Stimulation of Marine Science and Technology 

e: invited keynote adresses 

J.L. Olsen 

W.T. Starn 

J.J. Videler 

W.J. Wolff 

- Invited plenary lecture at KNAW symposium on Biodiversity, 
Amsterdam. 

- Invited symposium speaker at the lind European Phycological 
Congress, Montecatini, Italy. 

- Invited plenary speaker at the Symposium "Vertebrate evolution 
and mechanics" At the annual meeting of the Dutch Anatomical 
Society, 8-J-99. Title: Evolution of Avian Flight. 

- Invited plenary speaker at the meeting in celebration of the work 
of R. McNeill Alexander: "Designs for life : the Science of bio
mechanics" Organised on 26-3-99 at the annual conference of 
the Society for Experimental Biology in Edinburgh. Title: Aquatic 
vertebrate locomotion: interactions between animals and water. 

- Festrede at the 75'h anni versary of the Wattenmeerstation Sylt 
of the Alfred-Wegener Institut ftir Polar- und Meeresforschung 
Keynote address 'Biodiversity in the North Sea' at the 
'Noordzeedagen' of the Dutch Marine Research Institutes 

f: grant support awarded in 1999 

J.L. Olsen, WT. Starn & A. Rijnsdorp (RIVO) 
"Population structure and population dynamics in a commercially important 
flatfish species (Pleuronectes platessa) based on microsatellite loci and long
term demographic data" 1 OiO within NWO Prioriteit programme. 
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W Klaassen, W W C. Gieskes & H.J. W de Baar 
"Biogenic climate forcing of the North Atlantic" 1 OiO with SRON 

H.J. W. de Baar 
"Positive feedback of enhanced UV-B via iron chemistry of sea water on phyto
plankton growth and C02 fixation in the Southern Ocean" I postdoc (NIOZ) 
and l OiO with NWO-ALW (CAO) 

W. W C. Gieskes & E. G. Vrieling 
"Raphidophyceae, microalgae potentially hazardous to marine life in Dutch 
coastal waters: environmental control of neurotoxicity" 1 OiO with NWO-ALW 

W.WC. Gieskes & E.G. Vrieling 
"Diatom silicon mineralization as an inspirational source of new approaches to 
silica production" I postdoc with STW 

J. Stefels & W.J. Wolff 
"Scientific support of marine biological studies at the Frisian Front" 1 postdoc 
position with Rijkswaterstaat 

g: Ph.D. external examiner 

A.M. Breeman Dr. L. Aerts- UvA 
W.J. Wolff Dr. P.A. Walker - UvA 

Dissertations 

Dr. P. van den Brink - LUW 
Dr. Z. Jager - UvA 
Dr. B.P.Mensink-WAU 

Publications 1999 

Doctorate granted by the institution, prepared within the institution 

Wijnen, H.J. 1999. Nitrogen dynamics and vegetation succesion in saltmarshes. 
Promotores Prof.dr. J.P. Bakker and Prof.dr. W.J. Wolff, University of Groningen. 

Doctorate granted by the institution, prepared at another institution 

Dauwe, B.D. 1999. Organic matter quality in North Sea sediments. Promotores 
Prof.dr. C.H.R. Heip and Prof.dr. W.J. Wolff, University ofGroningen, pp. 151. 

Ries, E.H. 1999. Population biology and activity patterns of harbour seals (Phoca 
vitulina)in the Wadden Sea, Promotores Prof.dr. W.J. Wolff and Prof.dr. M. Fedak, 
University of Groningen, pp. 103. 
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Wiebinga, C.J. 1999. Process studies of dissolved organic carbon and bacterioplankton 
in the ocean, Promotores Prof.dr. H.J.W. de Baar and Prof.dr. L. Dijkhuizen, University 
of Groningen, pp. 173. 

Doctorate granted by another institution 

De Lange, H.J. 1999. Effects ofultraviolet-B radiation on phytoplankton-zooplankton 
interactions, Promotor Prof.dr. W.J. Wolff and Co-promotor Dr. E. van Donk, · 
Wageningen Agricultural University. 

Liirling, M. 1999. The smell of water. Grazer-induced colony fmmation in Scenedesmus 
(cum laude), Promotor Prof.dr. W.J. Wolff and Co-promotor Dr. E. van Donk, 
Wageningen Agricultural University. 

Publications in journals 

Bakker, D.C.E., De Baar, H.J.W. & DeJong, E. 1999. The dependence on temperature 
and salinity of dissolved inorganic carbon in East Atlantic surface waters. Marine 
Chemistry, 65, 263-280. 

Bakker, D.C.E., De Baar, H.J.W. & DeJong, E. 1999. Dissolved carbon dioxide in 
tropical East Atlantic surface waters. Physics and Chemistry of the Earth (B), 24, nr. 5, 
399-404. 

Boelen, P., Obernosterer, I., Vink, A.A. & Burna, A.G.J. 1999. Attenuation of biologi
cally effective UV radiation in tropical Atlantic waters measured with a biochemical 
DNA dosimeter. Photochemistry and Photobiology, 69, nr. I , 34-40. 

Boriss, H., Boersma, M. & Wiltshire, K.H. I999. Trimethylamine induces migration of 
waterfleas. Nature, 398, 382. 

Buitenhuis, E., De Baar, H.J.W. & Veldhuis, M.J.W. 1999. Regulation of photosyn
thesis and calcification of Emiliania huxleyi by the different species of dissolved 
inorganic carbon in seawater. Journal of Phycology, 35, 64-73. 

Coale, K.H., Worsfold, P., & De Baar, H.J.W. 1999. Iron Age in Oceanography. Eos: 
transactions/American Geophysical Union, 80, pp. 337, 382. 

De Baar, H.J.W., DeJong, J.T.M., Nolting, R.F. , Timmermans, K.R., Van Leeuwe, 
M.A., Bathmann, U ., Rutgers van der Loeff, M.M. & Sildam, J. 1999. Low dissolved 
Fe and the absence of diatom blooms in remote Pacific waters of the Southern Ocean, 
Marine Chemistry, 66, 1-34. 

DeGraaf, M. , Geertjes, G.J. & Videler, J.J .. 1999. Observations on spawning of 
scleractinian corals and other invertebrates on the reefs of Bonaire (Netherlands 
Antilles, Caribbean). Bulletin of Marine Science, 64, nr. I , I89-194. 
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Hoppema, M., Fahrbach, E., Stoll, M.H.C. & De Baar, H.J.W. 1999. Annual uptake of 
atmospheric C02 by the Weddell Sea derived from a surface layer balance, including 
estimations of entrainment and new production. Journal of Marine Systems, 19, 
219-233. 

Janse, I., Rijssel, M. van, Ottema, A. & Gottschal, J.C. 1999. Microbial breakdown of 
Phaeocystis mucopolysaccharides. Limnology and Oceanography, 44, nr. 6, 1447-1457. 

Laroche, D., Vezina, A.F., Levasseur, M. , Gosselin, M., Stefels, J. , Keller, M.D., 
Matrai, P.A., Kwint, R.L.J. 1999. DMSP synthesis and exudation in phytoplankton: 
a mooeling approach. Marine Ecology Progress Series, 180, 37-49. 

Louanchi, F., Hoppema, M., Bakker, D.C.E., Poisson, A., Stoll, M.H.C., De Baar, 
H.J.W., Schauer, D.P., Ruiz-Pino, D.P. & Wolf-Giadrow, D. 1999. Modelled and 
observed sea surface fC02 in the Southern Ocean: a comparative study. Tellus 51B, 
541 -559. 

Nolting, R.F. , De Baar, H.J.W., Timmermans, K.R. & Bakker, K. 1999. Chemical 
fractionation of zinc Yersus cadmium among other metals nickel, copper and lead in 
the northern North Sea. Marine Chemistry 67, 381-301. 

Olsen, J.L. , Valero, M., Meusnier, I., Boele-Bos, S.A. & Starn, W.T. 1999. Reply to 
comment by Chisholm and Jaubert. Journal of Phycology, 35, 441. 

Orfanidis, S., Breeman, A.M. 1999. Geographic variation in thermal traits in Digenea 
simplex and Champia parvula ((Rhodophyta) in relation to present and glacial 
temperature regimes. Journal of Phycology, 35, 919-930. 

Reise, K., Gollasch, S. & Wolff, W.J. 1999. Introduced marine species of the North 
Sea coasts. Helgolaender Meeresuntersuchungen, 52, 2 19-234. 

Reusch, T.B.H., Bostrom, C., Starn, W.T. & Olsen, J.L. 1999. An ancient eelgrass 
clone in the Baltic. Marine Ecology Progress Series, 183, 301-304. 

Reusch, T.B.H., Hukriede, W., Starn, W.T. & Olsen, J.L. 1999. Differentiating between 
clonal growth and limited gene flow using spatial autocorrelation of microsatellites. 
Heredity, 83, 120-126. 

Reusch, T.B.H., Starn, W.T. & Olsen, J.L. 1999. Microsatellite loci in eelgrass Zostera 
marina reveal marked polymorphism within and among populations. Molecular 
Ecology, 8, 317-321. 

Reusch, T.B.H., Starn. W.T., Olsen, J.L. 1999. Seze estimated age of genetics on eel
grass Zostera marina L. assessed with microsatellite markers. Marine Biology, 133, 
519-525. 
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Sinninghe Damste, J.S. , Rijpstra, W.I.C., Schouten, S., Peletier, H., Vander Maarel, 
M.J.E.C. & Gieskes, W.W.C .. 1999. A C25 highly branched isoprenoid alkene and C25 

and C27 n-polyenes in the marine diatom Rhizosolenia setigera. Organic 
Geochemistry, 30, 95-100. 

Sinninghe Damste, J.S., Schouten, S., Rijpstra, W.LC.,Hopmans, E.C., Pelletier, 
H., Gieskes, W.W.C., Geenevasen, J.A.J. J 999. Structural identification of the C25 

highly branched isoprenoid pentaene in the marine diatom Rhizosolenia setigera. 
Organic Geochemistry, 30, 1581-1583. 

Stoll, M.H.C., De Baar, H.J.W., Hoppema, M. & Fahrbach, E. 1999. New early winter 
fC02 data reveal continuous uptake of C02 by the Weddell Sea. Tellus (B), 51, 679-687. 

Van de Poll, W.H., Vrieling, E.G. & Gieskes, W.W.C. 1999. Location and expression 
of frustulins in the pennate diatoms Cylindrotheca fusiformis, Navicula pelliculosa, 
and Navicula salinarum (Bacillariophyceae). Journal of Phycology, 35, nr. 5, 
1044-1053. 

Videler, H., Geertjes, G.J., & Videler, J.J. 1999. Biochemical charcteristics and anti
biotic properties of the muscous envelope of the queen parrotfish. Journal of Fish 
Biology, 54, 11 24- 1127. 

Videler, J.J. , MUller, U.K. & Stamhuis, E.J. 1999. Aquatic Yertebrate locomotion: 
wakes from body waves. Journal of Experimental Biology, 202, 3423-3430. 

Visser, P.M., Sneider, E., Kop, A.J., Boelen, P., Burna, A.G.J. & Van Duyl, F.C. 1999. 
Effects of UV radiation on DNA photodamage and production in bacterioplankton in 
the coastal Caribbean Sea. Aquatic Microbial Ecology, 20, 49-58. 

Vrieling, E.G., Beelen, T.P.M., Van Santen, R.A. & Gieskes, W.W.C. 1999. Diatom 
silicon biomineralization as an inspirational source of new approaches to silica pro
duction. Journal of Biotechnology, 70, 39-5 1. 

Vrieling, E.G., Poort, L., Beelen, T.P.M. & Gieskes, W.W.C. 1999. Growth and silica 
content of the diatoms Thalassiosira weissjlogii and Navicula salinarum at different 
salinities and enrichments with aluminium. European Journal of Phycology, 34, 
307-316. 

Vrieling, E.G., Gieskes, W.W.C. & Beelen, T.P.M. 1999. Silicon deposition in diatoms, 
control by the pH inside the silicon deposition vesicle. Journal of Phycology, 35, 
548-559. 

Warnock, R.E., Gieskes, W.W.C. & VanLaar, S. 1999. Regional and seasonal 
differences in light absorption by yellow substance in the Southern Bight of the North 
Sea. Journal of Sea Research, 42, 169-178. 

49 



CEES Progress Report 1999 

Wijnsma, G., Pierce, G.J. & Santos, M.B. 1999. Assessment of errors in cetacean diet 
analysis: in vitro digestion of otoliths. J. mar. bioi. ass. U.K., 79, 573-575. 

Wijnsma, G., Wolff, W.J. , Meijboom, A. & De Vias, J. 1999. Species richness and 
distribution of benthic tidal flat fauna of the Bane d' Arguin, Mauritania. Oceanologica 
Acta, 22, nr. 2, 233-243 . 

Wiltshire, K.H. & Lampert, W. 1999. Urea excretion by Daphnia: a kairomone for co
lony formation by Scenedesmus? Limnology and Oceanography, 44, nr. 8, 1894-1 903. 

Wolff, W.J. 1999. Exotic invaders of the meso-oligohaline zone of estuaries in the 
Netherlands: why are there so many? Helgolaender Meeresuntersuchungen, 52, 
393-400. 

Wolff, W.J. 1999. The conservation value of artificial habitats in the marine environ
ment: a case study of the artificial rocky shores of The Netherlands. Aquatic 
Conservation, 9, 541-544. 

Publications in books 

De Baar, H.J.W. & Boyd, P.M. 1999. The Role oflron in Plankton Ecology and 
Carbon Dioxide Transfer of the Global Oceans. In: The Dynamic Ocean Carbon 
Cycle: A Midterm Synthesis of the Joint Global Ocean Flux Study (Ed. by R.B ., 
Hanson, H.W. Ducklow, H.W. & J.G. Field, J.G.), Chapter 4, pp. 61-140. International 
Geosphere Biosphere Programme Book Series, Vol. 5, Cambridge University Press, 
ISBN 0 521 65603 6. 

Professional publications/Proceedings 

Olsen, J.L. 1999. Earth is a marine habitat and marine biodiversity matters , In: Third 
European Marine Science and Technology Conference: Lisbon, 23-27 May 1998. (Ed. 
by Barthel, K.-G. , [et al.]), conference proceedings, Office for official publications of 
the European Communities, Luxembourg, 319-328. 

Vrieling, E.G., Beelen, T.P.M., Van Santen, R.A. & Gieskes, W.W.C. 1999. Combined 
small and wideangle X-ray scattering analysis on silica derived from living diatoms. 
In: Frontiers in SAXS and SANS, ESRFIJLL (Ed. by B. Deme, 0. Diat, Th. Narayanan 
& Th. Zemb), pp. 65. Grenoble, France. 
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Overview of academic results 

Microbial Ecology of Marine Ecosystems 

Microbial communities of Mediterranean cold seep sediments and their relation to 
methane driven chemoautotrophy 

About ten years ago, dome-like structures called 'mud volcanoes' (or 'cold seeps') 
found in deep sea environments of the Atlantic, Eastern and Western Pacific oceans, as 
well as the Mediterranean Sea were found to discharge large quantities of mud, water, 
methane and hydrogen sulfide into the overlying water. These mud volcanoes are being 
intensively studied to assess their potential role as a natural source of atmospheric "pol
lution" since methane is an important greenhouse gas. Previous studies have shown that 
communities of higher organisms including tubeworms, bivalves, fish, and shrimps that 
live in these environments are likely to be sustained through primary production based 
on the oxidation of methane or hydrogen sulfide by chemosynthetic bacteria. By ana
logy with hydrothermal vent ecosystems investigators have presumed that life in these 
environments is sustained by the oxidation of sulfide 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 oxidation, 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. Hence, a 
primary objective of the present study is to determine the structure and composition of 
microbial communities in these ecosystems. A second goal will 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' ecosys
tems. Toward this end, sediment and water samples were collected from several mud 
volcanoes in the Mediterranean Sea during the Medineth scientific cruise in 1999. The 
samples are presently being characterized using a combination of culture-dependent and 
molecular microbial ecology techniques in an effort to identify the microbial popula
tions present so that reasonable inferences can be made about their likely physiological 
role in these environments. Thus far, methods for the isolation of DNA have been opti
mized and used to obtain total community DNA from samples of both sediments and 
carbonate crusts. The microbial community structures of three different carbonate crusts 
are being studied by analysis of 16S rDNA gene clone libraries that were constructed 
following PCR amplification of bacterial and archaeal 16S rDNA genes present within 
extracted community DNA. Preliminary data indicate the eubacterial and archaeal 
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Bacteria-Algal Interactions 

Phaeocystis (Prymnesiophyceae) is a colony forming microalgae with a worldwide dis
tribution that is well known for its massive blooms. During such blooms Phaeocystis is 
organized in globular colonies that consist of cells embedded in a 7 IJm thick mucous 
layer that is remarkable free of bacteria prior to senescence. Others have proposed that 
this apparent inhibition of bacterial growth is caused by acrylate produced by alga cells. 
However, this seems unlikely based on data we have obtained since the concentration of 
acrylate in seawater during Phaeocystis blooms (nM-j..!M concentrations of acrylate) 
would probably not be sufficiently high to cause inhibition of bacterial growth. Quite 
surprisingly, it was found that the acrylate produced by Phaeocystis is not uniformly dis
tributed throughout the culture medium, but is localized in the mucous layer of the colo
nies where it reaches concentrations that are 1000-fold higher ( 1.5-6.5 mM) than in the 
bulk medium. While this may be sufficient to inhibit growth in the vicinity of the mucus 
layer, the acrylate also represents a potential source of carbon and energy for bacterial 
growth. Preliminary data indicate that there are 104-10 5 bacteria per ml seawater capa
ble of consuming acrylate released by these colonies. In addition, the growth rate of 
acrylate- and non-acrylate metabolizing bacterial strains were unaffected at concentra
tions of acrylate as high as 50 mM. This suggests that inhibition of growth by acrylate 
is not an explanation for the absence of bacteria in young and healthy colonies. It is 
postulated that in young and healthy Phaeocystis colonies, acrylate is adsorbed to the 
mucus and is unavailable to bacteria, including to those that have the ability to consume 
acrylate. However, upon senescence of the colonies, acrylate is released into the sur
rounding environment and consumed by these bacteria. 
The absence of bacteria associated with Phaeocystis colonies may also be caused by 
dimethylsulfide (DMS). DMS is a toxic, volatile compound that is produced (along with 
acrylate) by algal cleavage of dimethylsulfoniopropionate (DMSP). It is found that there 
are 10 2-10 3 aerobic OMS-consuming bacteria per ml seawater during a Phaeocystis 
bloom. Additional studies are in progress to characterize DMS utilization by axenic bac
terial cultures. The strains obtained thus far appear to closely resemble Methylophaga 
sulfidovorans that had been previously isolated from a microbial mat and shown to 
metabolize DMS. 

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 limita
tions, we proposed to use a culture-independent method based on the analysis of fluores-
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cently labeled terminal restriction fragments (T-RF's) of PCR-amplified small subunit 
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. As part of this work we demonstrated that total 
microbial community DNA could be extracted from bacterial species thought to be com
monly found in this habitat and used as a template in PCR reactions to amplify 16S 
rRNA genes. Other studies were done to identify oligonucleotide primers that meet two 
criteria: (a) could be used to simultaneously amplify 16S rRNA genes from eubacterial 
populations in the model vaginal microbial community, and (ii) could theoretically be 
used to amplify 16S rRNA genes from a large fraction of other known eubacterial spe
cies. 
'Computer simulated restriction analyses' were done to assess the ability of various re
striction enzymes to digest 16S rRNA genes from model community members as well 
as closely 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. The computerized restriction analysis revealed that 7 out of 
17 restriction enzymes generated a high diversity in unique length of the terminal re
striction fragments. These enzymes were Alul, Haeiii, Hhal, Hinfl , Mspl, Mvnl and 
Rsal. Due to the high number of clinical vaginal samples to be analysed by T-RFLP, only 
one set of primers (8f and 926r) will be used to generate 16S rDNA amplicons and these 
amplicons will be digested with only one restriction enzyme, Haeiii. This combination 
of primers and restriction enzyme was chosen for the following reasons. (1) Empirical 
data obtained following digestion of DNA isolated from a vaginal clinical resulted in the 
highest number of unique T-RF's. (2) The computerized restriction analysis on 16S 
rDNA sequences in the Ribosomal Data Project database showed that this combination 
resolves several Lactobacillus species known to be numerically important members of 
this community. (3) Using this combination, 12 out of 16 species to be used for the vagi
nal model community can be resolved. (4) Experimental restriction analysis on indivi
dual vaginal strains showed the absence of additional T-RF's with unexpected sizes. 
Based on these analyses, we concluded that an optimal strategy for comprehensive, 
high-resolution analyses of numerically dominant microbial populations in vaginal 
model communities would entail the use of the primer pair 8f and 926r in combination 
to the restriction enzyme Haelll. This strategy will be used to characterize the microbial 
community structure and composition of vaginal samples that will be collected in a clini
cal study to be done in this spring of 2000. 
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Silage stabilisation 

Plant materials preserved by ensiling are widely used has feed for ruminant animals. The 
production and preservation of silage depends entirely on the activity and interactions 
between fermentative and oxygen consuming microbes. Preservation of plant residues 
is achieved through a spontaneous lactic acid fermentation that results in increased 
amounts of low molecular weight fatty acids and alcohols, with a concomitant decrease 
in pH. The conditions that develop in the silage prevent the growth of spoilage organisms. 
However, if oxygen is introduced during the storage and use of silage then 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 ten-fold as compared to 
non-treated silages. This occurred despite a significant decrease in the concentration of 
lactic acid in the silage. It has been subsequently shown that L. buchneri degrades lac
tic acid to acetic acid and 1 ,2-propanediol under anoxic conditions in the absence of an 
additional electron acceptor. Even though L. buchneri was not able to further degrade 
I ,2-propandiol, !-propanol was found to be a predominant fermentation product in tre
ated silages, suggesting that other bacteria were probably involved. Recently, we isola
ted two bacterial strains (strain JKD6 and strain ACD7) from maize silage that were later 
shown to metabolise 1,2-propanediol anaerobically to !-propanol and propionate. Both 
strains were heterofermentative Lactobacillus species and were closely related to L. 
buchneri (based on phylogenetic analysis of 16S rDNA gene sequences). Batch culture 
experiments showed that these strains were also able to anaerobically metabolise lacta
te to 1 ,2-propanediol with the same fermentation characteristics as L. buchneri (e.g., lac
tate fermentation occurs below pH 4.5). Anaerobic 1 ,2-propanediol degradation was stu
died in more detail for strain JKD6. 1,2-Propanediol, used as a single substrate, was 
degraded to equimolar amounts of !-propanol and propionate (pH range 3.8 to 5.7). 
However, 1,2-propanediol degradation in the presence of additional glucose resulted in 
an increased ratio of !-propanol to propionate, probably because propionaldehyde 
(an intermediate in the I ,2-propanediol degradation) was used as an external electron
acceptor for the heterofermentative degradation of glucose. 

The potential use of strain JKD6 as a silage inoculant has been investigated in maize 
silages, with or without co-inoculation with L. buchneri. The so-called "aerobic stability" 
of silage seems to develop faster (after 3 weeks) when the material has been first inocu
lated with strain JKD6. However, after longer incubation times (3 months) the aerobic 
stability of silages inoculated with L. buchneri were higher as compared to silages 
inoculated with strain JKD6. Preliminary results suggest that the absence (or lower con
centrations) of propionate found in strain JKD6 inoculated silages result in the lower 
aerobic stability. These changes in the ratio of !-propanol to propionate produced reflect 
those observed in the batch cultures. Research currently is focussed on determining the 
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effect of adding external electron-acceptors on the ratio of products produced on the sta
bility of silage under aerobic conditions. 

Molecular techniques (based on differences in 16S rDNA gene sequences) that provide 
a means to track individual strains in defined mixed cultures and inoculated silages have 
been developed, and are being used to investigate population dynamics during pilot
scale ensiling processes. Data from these studies will provide insight to changes in the 
relative abundance of various microbial populations involved in the development of 
"aerobic stability" in silages. 

1 ,2-Propanediol, pH 3.8 

.- .. _ ... 

Figure 3. Anaerobic growth of Lactobacillus sp. strain JKD6 on 40 mM 1,2-propanediol, 
which is degraded into !-propanol and propionic acid, with propionaldehyde as an intermediate. 
Symbols: 0, glucose; ..a., lactate; •, !-propanol; 0, propionate; 0, 1,2-propanediol; 
+, propionaldehyde; ---, 00433. 
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Reductive Dechlorination of Organopollutants 

Reductive dechlorination is a key step during the microbial transformation of highly 
chlorinated aliphatic and aromatic environmental pollutants (e.g. , PCB 's, chlorobenze
nes, chlorophenols, and chloroethenes) under anoxic conditions. To gain an understan
ding of the fate of such chemicals in the environment, and for developing a means to 
clean up polluted soils, sediments, and water streams it is important to gather detailed 

Desulfovibrio gigas (1-Propanol) 
Desu/fovibrio fructosovorans (Fructose) 
Desulfovibrio sapovorans (Fatty acids: C4-C16) 
Desuffobufbus proplonicus (Propionate) 
Desuffosporosinus orientis (Methanol) 
Desulfotomacufum sapomandens (Benzoate) 
Desuffotomacufum sp. strain Groll (Aromatics) 

cis-DCE + 2 HCI 

SRB 

TCE1 

Figure 4. Presumed hydrogen transfer between Desulfitobacterium.frappieri TCEI and various 
sulfate reducing bacteria. 
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information about the biology of the bacteria that are capable of catalyzing reductive 
dechlorination. Recently, several new species of Desulfitobacterium and related orga
nisms have been isolated that belong to new genera of anaerobic bacteria able to grow 
by reductive dechlorination of chlorinated ethenes or chlorinated phenols. These chlori
nated organics are used as electron acceptors for the oxidation of substrates like organic 
acids, ethanol or hydrogen. This represents a novel type of anaerobic respiration that has 
been termed "dehalorespiration". 

The influence of environmental conditions likely to prevail in the natural habitats of 
dechlorinating bacteria on the dechlorination of organic pollutants is being studied. Of 
particular interest is effect of competition from non-dechlorinating bacteria (e.g. acido
gens, sulfate reducing bacteria and methanogens) for commonly used growth substrates 
on the metabolism of chlorinated compounds by Desulfitobacteriumfrappieri TCEI and 
related organisms. There appears to be a complicated combination of competitive and 
mutualistic relationships among these organisms that appears to lead to an intriguing 
outcome wherein competitors for common electron donors (such as sulfate reducing 
bacteria) actually stimulate the anaerobic dechlorination via interspecies hydrogen 
transfer to specialized dechlorinating anaerobes. This possibility is currently been inves
tigated in various simple model communities that have been established in laboratory 
reactors. In addition, various kinds of nucleic acid based probes are being developed for 
use in correlating the physiological activities of dechlorinating anaerobic soil bacteria to 
their actual abundance, and for use in monitoring these bacterial populations in bio
remediation research projects. 

Adaptive Evolution 

Regulation of mutation frequencies in response to environmental conditions 

A central thesis of neo-Darwinism is that the process of evolution is "blind" in so far as 
organisms have no way to anticipate which mutations are likely to offer selective advan
tages. Thus, organisms can increase the odds of survival and adaptation only by in
creasing the number of variants that are produced. However, in asexually reproducing 
organisms this presents a paradox since most mutations are deleterious or neutral, a high 
mutation rate would be expected to cause a gradual "ratcheting" downward of fitness. A 
potential resolution of this paradox is to modulate the frequency of mutations so that it 
is low under favorable conditions, and increased when the organism is confronted with 
adverse conditions. A heritable (mutation) event would not be a desirable means to 
achieve an increased mutation frequency since the phenotype would not offer a selective 
advantage under subsequent periods of nutrient sufficiency. Other investigators have pro
posed a more plausible strategy to achieve this end by modulating the mutation frequency 
in response to the availability of nutrients and other environmental conditions through 
altering the expression of recombination proteins (RecABCD) and the methyl-directed 
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mismatch repair system (MutHLS). Numerous other studies have shown that gene 
expression in prokaryotic cells is often coordinated by changing the sigma factor asso
ciated with the RNA polymerase holoenzyme. The rpoS gene has been shown to enco
de a sigma factor ( cr38) that has a central role in a regulatory cascade that ensues follo
wing a shift from favorable to unfavorable growth conditions, such as when growth is 
restricted due to nutrient limitation. The physiological adaptation to unfavorable condi
tions mediated by RpoS is pleiotropic in nature, and entails a concerted program of alte
red gene expression involving both the cessation and initiation of gene expression at 
various loci that 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 may have a role in the regulation of mutation frequen
cies in response to nutrient deprivation or stress. 
To monitor the expression of RecA, MutS and RpoS under various growth conditions, 
we are constructing reporter gene fusions, wherein promoter sequences from the genes 
of interest are being fused to structural genes that can readily be assayed. We have elec
ted to use the green fluorescent protein (GFP) as a reporter protein because it does not 
require a cofactor or an additional substrate to be detected. Moreover, variants of GFP 
have been constructed that have different emission spectra and are unstable. These pro
vide means to simultaneously monitor the expression of more than one gene and to 
detect changes in gene expression that occur transiently or over a short time scale. The 
reporter genes are being constructed on a suicide vector that will subsequently be intro
duced into the original host and clones with the reporter construct stably inserted in the 
chromosome will be selected. Experiments can then be done to study the expression of 
RecA MutS, and RpoS under various growth conditions such as starvation stress and 
during growth at different growth rates. 

Adaptive evolution in Archaea 

Previous studies on adaptive evolution in response to environmental conditions have 
been restricted to species of Eubacteria (most often E. coli). In contrast, virtually 
nothing is known about the mechanisms of adaptive evolution in Archaea, the third 
domain of life. Archaea are of special interest since they inhabit extreme environments 
that resemble conditions on earth when life originated. Moreover, Archaea have an 
important position in the tree of life, being the closest known relatives of the earliest life 
forms. Furthermore, they are also the closest prokaryotic ancestors of the eukaryotes, a 
fact that is reflected in a large number of archaeal proteins that have homologues in 
Eucarya but not in the Eubacteria. For this reason we have elected to study the molecu
lar mechanisms of adaptive evolution in Archaea. 
Experiments have been done to determine the effect of prolonged starvation on the 
mutation rate in the halophilic archaean 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 
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(mid and late log phase) and after I and 2.5 weeks of starvation. These samples were 
used in a microtiter assay to monitor growth in the presence of various antibiotics in 
order to determine the frequency of spontaneous antibiotic resistant mutants. The fre
quency of resistance to at least four different antibiotics was found to increased drama
tically upon starvation (up to I 0.000 fold after 2.5 weeks of starvation). Control experi
ments ruled out the possibility that the observed increase in mutant frequency could be 
ascribed to a mutator phenotype or a beneficial mutation at a single locus. Instead, the 
most likely explanation for the observed 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 Archaea is apparently regulated in response 
to unfavorable growth conditions. However, most of the proteins and regulatory mecha
nisms that are proposed to play an essential role in inducing mutagenesis under starva
tion conditions in bacteria are either absent in Archaea (RpoS, MutHLS, and the SOS 
response) or homologous to eucaryotic proteins (RadA). Therefore, Archaea may have 
evolved different mechanisms to regulate their mutation rate in response to the prevai
ling environmental conditions. Further analysis of adaptive evolution in Archaea will be 
focused on the regulation of putative archaeal repair proteins under various growth con
ditions. 

Determinants of fitness in experimentally evolved bacterial populations 

Studies were done to identify specific genetic determinants that contribute to microbial 
fitness. In previous studies, 18 populations of Ralstonia sp. TFD41 were propagated for 
1000 generations in media containing 2,4-dichlorophenoxyacetic acid (2,4-D) as a sole 
carbon source. The fitness of the evolved populations improved by an average of about 
45% relative to their common ancestor. Studies done to characterize and quantify the 
extent of genetic divergence between the evolved and ancestral genotypes using rep
PCR fingerprinting, pulse field gel electrophoresis of genomic DNA, and restriction 
analysis of plasmid DNA showed there were significant differences between the ge
nomes of the evolved populations as compared to that of the common ancestor, and that 
genomic rearrangements had occurred. The functional and potential ecological signifi
cance of these genetic changes was reflected in dramatic differences in the colony and 
cell morphologies, range of substrates that could be metabolized (as determined using 
BIOLOG microtiter plates), bile salts sensitivity, adherence capability, and whole-cell 
fatty acid methyl ester analysis of the evolved lines and the ancestor. Although nine dis
tinct genotypes could be distinguished based on rep-PCR, all the evolved populations 
shared one feature in common: the loss of a 2.4-kb fragment from their rep-PCR DNA 
fingerprints. This common event is a remarkable example of parallel evolution, and the 
occurrence in all the evolved populations suggests there may be a causal relationship 
between this event and the observed increase .in fitness. 
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To determine the role of the observed loss of the 2.4 kb rep-PCR fragment in the fitness 
increase, the 2.4 kb deletion will be precisely reconstmcted in the parental strain, and 
the contribution of this single change on the fitness of the organism will be determined 
in pair-wise competition experiments with the ancestral strain. During the past year, a 
cosmid library of R. eutropha TFD41 genomic DNA was constructed and screened in 
order to identify a clone that encodes the region of the genome corresponding to the 2.4 
kb deletion. A positive clone containing the 2.4 kb fragment has been identified and 
work is in progress to characterize and sequence the DNA flanking the 2.4 kb fragmen t. 
This work has been stymied by problems arising from instability of the cosmid clone in 
E. coli. Should these problems be resolYed, then we can move forward to construct the 
requisite deletion and introduce it into the chromosome of the parental strain via recom
bination . 

Program development 

Adaptation of microbial communities to organic contaminants in oligotrophic aquifer 
sediments 

Bioremediation is currently considered the most cost effective, relatively easy to imple
ment and safe technology for the complete removal of organic pollutants in soils and 
subsurface aquifers. This technology exploits the enormously diverse degradation 
potential of microorganisms and therefore it allows removal of a broad range of diffe
rent contaminants under a variety of natural environmental conditions. It is of particular 
relevance to note that modern molecular ecological approaches to study natural com
munities in soils and in deep subsurface have revealed not only large functional and 
genetic diversity but also the fact that this diversity is often not reflected in the variety 
of cultivated species known to date. The crucial implication of this situation is that we 
only have a very limited knowledge of the conditions required for those uncultured orga
nisms to become metabolically active, which makes it very hard to design proper strate
gies for in situ bioremediation of contaminated subsurface environments. 

Subsurface environments are often severely restricted in the availability of nutrients, 
carbon substrates and electron acceptors. Therefore, in situ rates of microbial metabo
lism in such aquifers are low. Hence, as aquifer oligotrophic communities are often 
adapted to low substrate concentrations, a sudden input of supplied substrates or elec
tron acceptors might have drastic negative effects on the activity and growth of oligo
trophic communities. This phenomenon is particularly relevant for in situ bioremedia
tion technologies that commonly rely on substantial external supply of organic sub
strates, additional nutrients, and oxygen. To our knowledge, a comprehensive study on 
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the effect of a sudden substantial increase in the content of organic matter (either in the 
form of organic pollutant or substrate) on oligotrophic microbial communities involved 
in the degradation of organic contaminants at a specific polluted site, has not yet been 
performed. 

The major goal of our project is to find out how significantly and in which direction the 
microbial community structure of an oligotrophic aquifer changes when that community 
is challenged with organic pollutants. Thus, we will make a comparison of the functional 
and genetic composition of the oligotrophic microbial communities before and after 
exposure to a pollutant plume passing through an aquifer. We expect that once we are 
able to understand the nature of processes within microbial communities we will experi
mentally exploit microbial diversity and manipulate the conditions in order to obtain the 
most efficient bioremediation. The specific objectives of the project will be to: (i) define 
and to compare the structure of microbial communities in pristine and contaminated 
aquifers at a selected industrial site (ii) characterize and quantify the degradation poten
tial of such communities; (iii) identify genes which are typically expressed at different 
conditions of nutrient and/or pollutant content in bacterial cultures; (iv) evaluate factors 
that positively affect biodegradation of microbial communities in chemostats and micro
cosms; and (v) develop strategies for stimulation of bioremediation on the selected con
taminated sites and thereby enable efficient exploration and exploitation of microorga
nisms for the clean-up of contaminated environments 

Environmental control of toxic shock syndrome toxin-1 expression in Staphylo
coccus aureus 

Toxic shock syndrome (TSS) is a serious disease caused by the TSST-1 toxin produced 
by Staphylococcus aureus growing on or near tissue surfaces in the human body. As in 
all toxemias, the seriousness of the disease is directly dependent on the amount of toxin 
produced by the microorganisms, and the extent to which this toxin is absorbed into the 
tissues and the bloodstream. The aspect of staphylococcal TSS that has received the 
most public attention is that the illness occurs in menstruating women, and is thought to 
to be associated with the use of high absorbancy tampons. However, the majority of 
cases of TSS occur in settings other than menstruation, in the absence of foreign bodies, 
and among individuls of both sexes and ages. The reason for the association of tampons 
with TSS is not completely understood, but has been investigated in many laboratories. 

It is clear that toxigenic cells of S. aureus do not produce TSST-1 under all environ
mental conditions. The production of this toxin, like that of many other toxins and en
zymes, is controlled by quorum sensing mechanisms that lead to toxin production when 
a minimum cell density is achieved. Since the mechanism that mediates quorum sensing 
is responsive to many environmental factors, the regulation ofTSST-1 gene expression is 
complex. Two factors that may be important to the expression of the gene in the vagina 
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are the levels of oxygen and carbon dioxide. In vitro studies have demonstrated that little 
or no TSS is produced in non-aerated bacterial cultures. The level of expression is in
creased as oxygen availability is increased, and is further enhanced by carbon dioxide. 
These results suggest that oxygen may be key to the onset of disease caused by toxigenic 
S. aureus, or that it may serve as a surrogate indicator for another factor that has not been 
identified yet. The experiments done to date have employed batch culture conditions 
wherein it is difficult to carefully control cellular growth rate, growth conditions, or oxy
gen concentrations. Thus, it is difficult to reach definitive conclusions concerning the 
direct or indirect effect that oxygen and carbon dioxide concentrations may have on 
TSST-1 expression. 

In the proposed study we will explore the effect of growth rate, oxygen concentration 
and carbon dioxide concentration on the expression of TSST-1 by S. aureus. Experi
ments will be done in continuous cultures using defined growth conditions and the level 
of toxin production will be monitored using a lux-reporter system. 

Use of genome arrays to monitor changes in gene expression in response to nutrient 
limitation and differences in growth rate 

The physiological response to starvation has extensively been studied in E. coli using 
various techniques, including two-dimensional gel electrophoresis and lacZ gene
fusions. These studies showed that a large set of genes is induced at the onset of starva
tion and is part of a complex network of global regulators, including more than a dozen 
genes or operons that are directly or indirectly controlled by RpoS, and about 30 other 
proteins that are independent of RpoS. There is a distinct possibility that additional 
genes that play a role in adaptation to nutrient limited conditions may have been over
looked due to the low resolution and sensitivity of two-dimensional gel analyses and 
limitations inherent to transposon mutagenesis [to form reporter gene fusions]. The 
completion of the E. coli genome sequence has permitted the development of new tools 
for genome-wide analysis, such as the use of D_NA arrays to measure the genomic 
expression patterns of cells with a physiological different state. We propose to determine 
the compared patterns of gene expression as a function of cellular growth rate, and as a 
function of nutrient availability. 

Microbial ecology of brine lakes in the Mediterranean Sea 

Throughout the more than 3.5 billion years of biological evolution on earth, microorga
nisms have adapted to the conditions found in many environments, including those that 
are considered "extreme" with respect to abiotic factors such as temperature, pH and 
salinity. Many of these environments, which sti ll remain largely unexplored, may pro
vide important insights to species diversity and adaptive evolution of microorganisms 
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under extreme growth conditions, and may yie ld important novel products for biotechno
logical and medical use. 

In the coming year we will initiate an interdisciplinary research program entitled 
"BIOtechnologies from the DEEP (BIODEEP)" that includes geochemists and biolo
gists from 12 other European research laboratories. This project has been funded by the 
European Commission and aims to three different hyper-saline brines that are present at 
3000 meters below sea level in the Mediterranean Sea. These brine lakes, which are 
characterized by extremes of salinity and pressure, will be sampled on various cruises 
starting in the summer of 2001. Our contribution to the project will be to analyze the 
microbial community structure by analyses of 16S rDNA sequences and to study the 
genetic diversity both between and within the species of microorganisms found in the 
different brines. 
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Publications in books 

Drzyzga, 0., Gerritse, J., Krooneman, J. & Gottschal, J.C. 1999. Dechlorination in 
anoxic and micro-oxic environments: some ecophysiological considerations. In: 
Treatment of Wastewaters with halogenated organic compounds (Ed. by A.Kommiiller), 
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Professional publications 
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Overview of academic results 

The research focuses on the analysis of mechanisms of vegetation succession in an eco
system context. Ecosystem characteristics such as hydrology and nutritional status set 
the scene for plant growth, and ecosystem components such as herbivores act as modi
fiers in the phenology of plants and the interactions among plant species. Successional 
trends can be discovered only by long-term comparative observations, and mechanisms 
can be identified only by experimental manipulation in well-known successional field 
sites (so-called chronosequences). Additional mesocosm experiments in glasshouses 
and climatized cabinets are indispensable. Here we report only part of the results, main
ly related to last year's published dissertations. 

Nitrogen dynamics and vegetation succession in salt marshes 

Salt-marsh communities at back-barrier islands develop from bare sand once deposition 
of clay starts in the shelter of dune systems and the first plants establish. The salt-marsh 
plants emerge from seeds that have most likely been dispersed by inundations from the 
sea. At low elevation with respect to Mean High Tide (MHT) plant species replacement 
can be seen from Salicornia species, Spergularia media via Puccinellia maritima and 
Limonium vulgare towards Atriplex portulacoides. At higher elevation the succession 
goes from Salicornia species, Puccinellia maritima, via Festuca rubra and Artemisia 
maritima towards Elymus athericus. Harm van Wijnen related nitrogen dynamics and 
vegetation succession in his PhD thesis. 
An important input of nitrogen in salt marshes is via sediment deposition. There is a 
large amount of spatial variation in deposition rate, with a higher rate in the lower salt 
marsh where the frequency of inundation is higher. During the first 100 years of marsh 
development, marsh surface elevation increases faster than sea level rise, which results 
in a reduced inundation frequency. After 100 years, sea level rise is faster than marsh 
surface increment due to shrinkage of the clay layer. In addition to tidal deposition, 
atmospheric deposition is an important inorganic nitrogen input which increases during 
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during five years, showed an increase in the rate of mineralization in the successional 
series from three to hundred years. The rate of mineralization only slightly increased in 
grazed control sites (Figure 1 ). At a 150-year-old salt-marsh site that is grazed by cattle, 
a rate of mineralization of 1 g N/m2/yr was found. At sites that had been not grazed for 
25 years or mown, mineralization rates ranging from 7 to 8 g N/m2/yr were recorded. 
The low rates at the cattle-grazed sites compared with the geese- and hare-grazed sites 
(Figure 1) were attributed to soil compaction by heavy cattle with subsequent low aera
tion of the soil and hence low mineralization. 
The impact of grazing of small herbivores on the composition and structure of the vegeta
tion is illustrated in figures 2 and 3. At the low salt marsh of 5 years old, the exclosure 
excluding both geese and hares is apparent. The exclosure where hares have free access, 
and only geese are excluded during five years, shows no difference with the control site. 
At the high salt-marsh site of 100 years, no effects of the exclosures can be seen at all. 
This implies that especially hares have a strong impact on the vegetation succession at 
the young salt marsh: they retard the vegetation succession for several decades. When 
the salt marsh is getting older, small herbivores are unable to affect the succession: only 
large herbivores such as cattle are capable of resetting the successional clock. 

Basiphilous pioneer vegetation in dune slacks 

Dune slacks in the Wadden Sea islands harbour many rare and protected plant species, 
among which several orchids, rushes and sedges. In his doctoral thesis Evert Jan Lam
merts studied the factors which contol the necessary habitat conditions for basiphilous 
species. These plant species are characteristic of pioneer communities, that can be suc
ceeded by later successional plant communities (Figure 4). The longevity of basiphilous 
pioneer communities depends on the type of buffer mechanism. This mechanism is 
capable of maintaining the soil-pH above 6, which is generally considered a minimum 
value for most basiphilous species. For primary dune slacks, on lime-rich soils and/or 
periodically influenced by brackish water, life span estimates of basiphilous pioneer 
communities ranged from 30- 50 years without a mowing regime, and 100- 150 years 
when the slacks are mown. If hydrological systems supplied calcareous and iron-rich 
groundwater to slacks, their magnitude and strength determined the life span of basiphi
lous pioneer vegetation: estimates varied between 20 and 200 years. 
The analysis of hydrological data from the dune slacks on the Dutch Wadden Sea islands 
of Texel, Vlieland, Terschelling and Ameland revealed two key variables with respect to 
the hydrological conditions. The first is the local drainage level. The second is the yield
factor, representing the storage capacity in the subsoil. 
The oligotrophic character of dune slack habitats of basiphilous pioneer communities is 
generally caused by nitrogen deficiency. Nitrogen pool and availability were studied in a 
chronosequence, i.e. a set of sites in a dune slack with different ages after sod removal 
ranging from 0 to 80 years. The fairly constant annual supply of nitrogen from its main 
source, atmospheric deposition, corresponded to the annual storage in organic matter, 
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while net nitrogen mineralization was very low at all stages with different age (Figure 
5). The high rate of mineralization at bare soil in the dune slack, might be due to the 
decomposition of fresh roots remaining after sod cutting. The low rate of mineralization 
in dune slacks as compared to salt marshes (Figure 1) might be attributed to the Jack of 
sedimentation in dune slacks. Fertilizer experiments revealed that the habitat of basiphi
lous pioneer species is not only governed by a low availability of nitrogen but also by a 
low availability of phosphorous. Apparently the most important effect of the buffer 
mechanism maintaining basiphilous pioneer communities, is the fixation of inorganic 
phosphorus in mineral phosphates. Once this mechanism is lost during acidification 
when the slacks are getting older, grasses and dwarf shrubs will become dominant, can 
take over by their taller growth form and win the competition for light. 
Restoration of older dune slacks, including the re-establishment of basiphilous pioneer 
species, does not only depend on the proper abiotic conditions. The success of restora
tion also depends on seed availability in sites to be restored. Viable seeds of some of the 
target species can still be found in the soil seed bank of relatively old successional sta
ges. The longevity for some pioneer species is estimated to range between 40 and 80 
years. Basiphilous species not found in the seed bank must spread by some means of dia
spore dispersal. The tussock sedge Schoenus nigricans might be spread by water during 
winter inundation. Of course dispersal is only possible when some tussocks are present 
nearby the newly developing pioneer stands. 
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Figure 5. Rate of mineralization in a successional gradient of dune slacks at Terschelling. 
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Figure 7. Above-ground biomass measured in sites after top-soil removal compared to estima
ted biomass following theN-model. 

Top soil removal leads to a decrease of the nutrient pool, but the degree of reduction 
depends on the removal depth and the nutrient concerned. The nitrogen pool especially 
is reduced considerably, even when only a few em of the topsoil had been removed. 
However, the calium and phosphorus contents are only slightly reduced. Fertilization 
experiments indeed showed that nitrogen was the limiting factor for plant production 
after removal of the topsoil. Nitrogen budgets of all study sites have been estimated 
based on soil chemical analyses and literature data to get an impression of nitrogen supply 
rates. This resulted in the estimation of above-ground peak standing crop. The measured 
peak standing crop fitted well with the estimation (Figure 7). Hence, the parameters in 
the estimated nitrogen budget seem reliable. If that is true, the atmospheric deposition 
turns out to be an important source of available nitrogen, apart from mineralization of 
organic matter when present. The combination of nitrogen limitation and large quanti
ties of available phosphorus makes the study sites very susceptible for increased nitro
gen availability from atmospheric deposition. 
The soil seed bank can act as a source for target species if the seeds survived the period 
of intensive agricultural exploitation. Most of the study sites were reclaimed between 
1930 and 1950. Old maps showed that heathland used to be the most common vegeta
tion, alternated with nutrient-poor grassland. Sampling showed that immediately after 
top soil removal mainly seeds from very common pioneer species were present. Viable 
seeds from target species were extremely rare, even from species that were probably 
common before the sites were converted to agricultural fields. Seeds of target species 
may reach the target sites by wind, water or animals. Recording of the seed rain in the 
target areas, revealed wind transport of very common pioneer species and ruderals into 
all sites, not of target species. The annual vegetation monitoring indeed suggested that 
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the invasion of target species is a slow process. Nevertheless, it can be demonstrated that 
some target species do spread from existing source areas such as road verges adjacent to 
the target site (Figure 8). 
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Figure 8. Target species gradually invade grid cells in a former pasture where the top soil has 
been removed, from a source area in the north. 

78 



Plant Ecology 

Other indicators of quality and reputation 

a: meetings organized 

J.P. Bakker - ESF Network programme 'Changing Landuse and its IMpact on 
Biodiversity' (CLIMB): coordinator. 

- Second meeting in Miinsingen (Germany), 8-14 October 1999. 

b: editorial and advisory boards 

J. van Andel 

J.P. Bakker 

A.P. Grootjans 

c: committees 

J. van Andel 

J.P. Bakker 

- Plant Species Biology : member editorial board 

- Journal of Vegetation Science : associate editor 
- Applied Vegetation Science : associate editor 
- Trends in Ecology and Evolution : advisor editorial board 

- Journal of Coastal Conservation : editorial board 

- Searching committee for the chair Ecophysiology of Plants, 
chairman 

- RUG Centre for Development Studies, member of the board 
- Steering Committee NUFFIC MHO programme Ouagadougou, 

chairman 
- Steering Committee NWO Priority Programme 'Biodiversity in 

disturbed ecosystems' 
- NWO advisory committee Van der Leeuw chairs 
- NWO panel Ecology and Biodiversity 
- STW panel Sciences 

- Scientific Advisory Board Natuurmonumenten, chairman 
- Advisory Committee Nature Conservation Prins Bernhard 

Fonds, member 
- Advisory Council International Association for Vegetation 

Science, member 
- IAVS Working Group on Long-term Vegetation Studies, chairman 
- Programme Committee NWO Stimulation Programme 

'Biodiversity', chairman 
- Board Ecological Fieldstation Oland, University of Uppsala, 

member 
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A.P. Grootjans - Working Group Restoration Ecology, chairman 
- Advisory Committee for Environmental Impact Assessment, 

member 

R. van Diggelen - Advisory Committee for Environmental Impact Assessment, 
member 

d : distinctions 

e: invited keynote addresses 

J. van Andel - Workshop 'Ecology and Nature management', Zurich, on the 
occasion of Prof. F. KlOtzli 's retirement 

- Guest lecture Uppsala University 

J.P. Bakker - Annual Meeting British Ecological Society, Brighton 
- Workshop Biologische Risikofaktoren bei Pflanzen, 

Wettersheim 
- Annual Meeting Netherlands Flemish Organisation for Ecology, 

Antwerpen 

f: grant support fellow & student position 

NWO/Stimulation Program 'Biodiversity' 
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Project title: 'Predicting plant biodiversity in changing Dutch landscapes'. 
Cooperation between University of Groningen, University of Leiden, University 
of Nijmegen, Ministry of Agriculture, Nature Conservation and Fisheries: 
ALTERRA with 0.8 fte postdoc, 0.6 fte researcher, 2 PhD students. Plant 
Ecology 0.8 fte postdoc (4 years). 
Project title: 'Biodiversity of metacommunity systems in fragmented (agricul
tural) landscapes. A study on the dynamics of plant- pollinator and multitrophic 
interactions. Cooperation between University of Groningen, University of 
Leiden, University of Amsterdam, Ministry of Agriculture, Nature Conservation 
and Fisheries: ALTERRA, Netherlands Institute of Ecology with 1.4 fte post
doc, 3 PhD students. Plant Ecology 0.2 fte postdoc (3 years), 1 PhD student 
(4 years). 
Project title: 'Restoration of biodiversity on the Pleistocene sandy deposits in 
the Netherlands. Cooperation between University of Groningen, University of 
Nijmegen, University of Utrecht with 3 PhD students. Plant Ecology 1 PhD 
student (4 years). 



f: grant support 

Main sources for contract research and consultancies: 
Ministry of Agriculture, Nature Management and Fisheries 
Ministry of Foreign Affairs 
Local governments 
Natuurmonumenten 
other small grants 

Total1999 

g: Ph.D. external examiner 

J. van Andel 

J.P. Bakker 

21-04-99 
14-06-99 
16-07-99 
21-09-99 
12-11-99 

22-01-99 
12-02-99 
26-02-99 
02- 11-99 

Wageningen University 
Wageningen Unversity 
University of Groningen 
Wageningen University 
Wageningen University 

University of Oulu 
Wageningen University 
University of Liverpool 
University of Rennes 
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f 10.000 
f 40.000 
f 125.000 
f 25.000 
f 10.000 

f 317.000 
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Publications 1999 

Dissertations 

Doctorate granted by the institution, prepared within the institution 

De Vries, A.C. 1999. Land surface roughness and remote sensing. Promotor 
Prof.dr. J. van Andel, University of Groningen. 

Van Wijnen, H. 1999. Nitrogen dynamics and vegetation succession in salt marshes. 
Promotores Prof.dr. J.P. Bakker and Prof.dr. W.J.Wolff, University of Groningen. 

Doctorate granted by the institution, prepared at another institution 

Lammerts, E.J. 1999. Basiphilous pioneer vegetation in dune slacks on the Dutch 
Wadden Sea islands. Promotores Prof.dr. J. van Andel and Prof.dr. E. ,·an der Maarel, 
University of Groningen. 

Doctorate granted by another institution, prepared at another institution 

Loth, P. 1999. The Vegetation of Manyara. Scale-dependent states and transitions in 
the Africa) Rift Valley. Promotores Prof.dr. H.H.T. Prins and Prof.dr. J. van Andel, 
Wageningen Agricultural University. 

Publications in journals 

Bakker, J.P. & Berendse, F. 1999. Constraints in the restoration of ecological diversity 
in grassland and heathland communities. Trends in Ecology and Evolution 14:63-68. 

Bakker, L., VanderWal, R., Esselink, P. & Siepel, A. 1999. Exploitation of a new 
staging area in the Dutch Wadden Sea by Greylag Geese Anser anser: the Importance 
of food-plant dynamics. Ardea 87: 1- 13. 

Bekker, R.M., Lammerts, E.J. , Schutter, A. & Grootjans, A.P. 1999. Vegetation 
development in dune slacks: the role of persistent seed ~anks. Journal of Vegetation 
Science 10: 745-754. 

Bockelmann, A.-C. & Neuhaus, R. 1999. Competitive exclusion of Elymus athericus 
from a high-stress habitat in a European salt marsh. Journal of Ecology 87: 503-513. 
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Grootjans, A., Swinkels, J., Groeneweg, M., Wolejko, L. & Aggenbach, C. 1999. 
Hydro-ecological aspects of a Polish spring mire complex (Diabli Skok). Crunoecia 
6:73-82. 

Huisman, J. 1999. Population dynamics of light-limited phytoplankton: microcosm 
experiments. Ecology 80: 202-210. 

Huisman, J., Jonker, R .R., Zonneveld, C. & Weissing, F.J. 1999. Competition for light 
between phytoplankton species: experimental tests of mechanistic theory. Ecology 80: 
211-222. 

Lammerts, E.J., Pegtel, D.M., Grootjans, A.P. & VanderVeen, A. 1999. Nutrient limi
tation and vegetation changes in a coastal dune slack. Journal of Vegetation Science 
10: 111-122. 

Looijen, R.C. & Van Andel, J. 1999. Ecological communities: conceptual problems 
and definitions. Perspectives in Plant Ecolog)~ Evolution and Systematics 2: 210-222. 

Pegtel, D.M. 1999. Effect of ploidy level on fruit morphology, seed germination and 
juvenile growth in Scurvy grass (Cochlearia officina/is L. s.l., Brassicaceae). Plant 
Species Biology 14: 201-215. 

Pfadenhauer, J. & Grootjans, A. 1999. Wetland restoration in Central Europe: aims and 
methods. Applied Vegetation Science 2:95-106. 

Ritchie, M .E. & Olff, H. 1999. Spatial scaling laws yield a synthetic theory of bio
diversity. Nature 400: 557-560. 

Siva!, F.P. & Strijkstra-Kalk, M. 1999. Atmospheric deposition of acidifying and 
eutrophicating substances in dune slacks. Water; Air; and Soil Pollution 116: 461-477. 

Ter Heerdt, G.N.J. , Schutter, A. & Bakker, J.P. 1999. The effect of water supply on 
seed-bank analysis using the seedling-emergence method. Functional Ecology 13: 
428-430. 

Van Wijnen, H.J. & Bakker, J.P. 1999. Nitrogen and phosphorus limitation in a coastal 
barrier salt marsh: the implications for vegetation succession. Journal of Ecology 87: 
265-272. 

Van Wijnen, H.J., VanderWal, R. & Bakker, J.P. 1999. The impact of herbivores on 
nitrogen mineralization rate: consequences for salt-marsh succession. Oecologia 118: 
225-23 1. 

VanZanten, B.P. & Akiyama, H. 1999. Racopilum niutensis, a new species from 
Kalimantan Barat (Indonesian Borneo) and notes on Bornean species of the 
Racopilaceae (Bryopsida). Bryobrotheria 5: 17-21. 
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Publications in books 

Huisman, J., Grover, J.P., VanderWal, R. & Van Andel, J. 1999. Competition for 
light, plant-species replacement and herbivore abundance along productivity gradients. 
In: Herbivores: Between Plants and Predators (Ed. by H. Olff, V.K. Brown, 
R.H. Drent), Blackwell Science, Oxford, chapter 8: 239-269. 

Kwak, M.M. & Fresco, L.F.M. 1999. Visual and olfactory flower discrimination by 
bumblebees: experiments with natural and artificial flowers. Proc. Exper. & Appl. 
Entomol., N.W.V. Amsterdam, 10: 163-168. 

Van Andel, J. 1999. Introductory remarks. In: Herbivores: Between Plants and 
Predators. (Ed. by H. Olff, V.K. Brown, R.H. Drent), Blackwell Science, Oxford: 
169- 173. 

Van Diggelen, R. & Grootjans, A. 1999. Restoration prospects of degraded lowland 
brook valleys in The Netherlands: an example from Gorecht Area. In: An international 
perspective on wetland rehabilitation (Ed. by W. Streever), Kluwer Academic 
Publishers, Dordrecht: 189-196. 
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Professional publications 

Everts, F.H., Pranger, D.P. & Grootjans, A.P. 1999. Monitoring effectgerichte maatre
gelen Vroongronden op Schouwen; 1995-1998. Everts & De Vries e.a./ Laboratorium 
voor Plantenoecologie, Rijksuniversiteit Groningen. 

Grootjans, A.P., DeJong, J.W. & Janssen, J.A.M. 1999. Slufters en rode lijstsoorten 
op Schiermonnikoog. Een analyse van de vegetatieontwikkelingen in de Strandvlakte 
en het gebied rond de Oosterduinen tussen 1958 en 1994. Vereniging tot Behoud van 
Natuurmonumenten/ Laboratorium voor Plantenoecologie, Rijksuniversiteit 
Groningen. 

Klooker, J., Van Diggelen, R. & Bakker, J.P. 1999. Natuurontwikkeling op minerale 
gronden. Ontgronden: nieuwe kansen voor bedreigde plantensoorten. Laboratorium 
voor Plantenoecologie, Rijksuniversiteit Groningen, pp. 1-155. 

Kwak, M.M. & Schwab-Vos, T. 1999. Bloemzaadmengsels voor hommels, bijen en 
vlinders: handig of niet. Natura 2:41-43. 

Kwak, M.M. & Bekker, R.M. 1999. Biotische processen in ecosystemen. 
In: Landschapsecologie: Natuur en landschap in een veranderende samenleving. 
(Ed. by D. Van Dorp, K.J. Couters, J.T.R. Kalkhoven, P. Laan). Hoofdstuk 3: 77-86. 

Tosserams, M., Vulink, J.Th. & Coops, H. 1999. Tussen water en land. Perspectief 
voor oeverplanten in het Volkerak-Zoommeer. Eindrapportage 'Planten in de peiling'. 
RIZA rapport: 99.031. ISBN 90 3695 2557. 

Van Diggelen, R. 1999. Bijdrage in: Stikstofonderzoekprogramma (STOP). De stikstof
problematiek op locale en regionale schaal nader onderzocht. (Ed. by J.W. Erisman & 
L. Vander Eerden). ECN rapport no. C-99-094, RIVM rapport no. 725601002. 

Verweij, G.L. 1999. Begrazingsbeheer op de Oosterkwelder Schiermonnikoog; 
evaluatie 1993-1998. Vereniging N atuurmonumenten!Laboratorium voor Planten
oecologie, Rijksuniversiteit Groningen, pp. 1-28. 

86 





CEES Progress Report 1999 

Overview of academic results 

After 25 year head of the department of Plant Physiology Pieter.J.C. Kuiper retired from 
his chair as professor of Plant Physilogy at the Biology department of the University of 
Groningen. To commemorate his considerable contribution to the development of 
Ecophysiology of Plants a symposium was organized at June 25th 1999 on plant adap
tation to stress. A select group of speakers and numerous colleagues visiting from all 
over the world made this symposium a very special occasion. The contributions of the 
speakers are published in the journal Phyton. Luckily Pieter Kuiper will not yet leave 
our department. Actually, as retired professor he will be able to devote more of his time 
and energy to research than ever before. 

Extracellular carbonic anhydrase kinetics in Pha eocystis and other algae. 
As stated in the working plan 1999 research in our group aims at the understanding of 
problems at an ecological level which are taken all the way down to the cellular level. 
An example of a fruitful combination of an ecological question solved by a physiologi
cal approach was our cooperative research with Marine Biology on the role of extracel
lular carbonic anhydrase activity in organic carbon uti lization of the alga Phaeocystis 
globosa and other marine algae using the isotopic disequilibrium technique. Comparison 
of the carbon uptake kinetics in the absence and presence of acetazolamide or dextran
bound sulfonamide, inhibitors of external carbonic-anhydrase, showed that Phaeocystis 
globosa, Dunaliella tertiolecta and some strains of Emiliania huxleyi use bicarbonate by 
extracellular carbonic-anhydrase catalysed conversion to C0 2. Nannochloropsis , 
Thalassiosira pseudomanna and Synechococcus use bicarbonate without extracellular 
conversion. Thalasiosira punctigera, some strains of E. huxleyi and Rhodomonas spec. 
use exclusively free C0 2. The presence of carbonic anhydrase in Phaeocystis is induced 
under low inorganic carbon conditions. Determining acetazolamide-induced changes in 
carbon uptake kinetics provides a very sensitive test for the presence of extracellular car
bonic-anhydrase activity. With the potentiometric method no carbonic-anhydrase activi
ty could be measured, whereas the isotopic disequilibrium technique showed significant 
activity. 

The role of carbon dioxide concentration and biomass production in Arabidopsis. 
The role of carbon dioxide concentration on biomass production was also central in the 
research of increasing atmospheric carbon dioxide and the biomass production of 
Arabidopsis thaliana. A. thaliana plants were exposed to 390, 560, 810, 1240 and 1680 
jll l · I C02 • Maximal increase in shoot fresh and dry weight was obtained at 560 jlll - I 

C0 2, which was due to a transient stimulation of the relative growth rate for up to 3 
days. The shoot starch content increased with increasing C0 2 concentrations up to two 
fold at 1680 jlll -1 C0 2 whereas the contents of soluble sugars and phenolic compounds 
were hardly affected by elevated C0 2. There was no acclimation of photosynthesis at 
elevated C02. A doubling of the ambient C0 2 level resulted in a 5 1% increase in seed 
production (Figure 1). 
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Nitrogen supply and biomass production in soybean. 
Another factor, nitrogen availability, was studied for its effect on biomass production of 
the very important agricultural crop soybean (Glycine max). Soybean plays a key role in 
many cropping systems and can be planted as a vegetable to supplement the limited 
vegetable supply in early summer in Central China. To maximize soybean yield, farmers 
in China apply high rates of nitrogen fertilizer as a single dressing before flowering, a 
practice that seriously suppresses symbiotic N2 fixation. 
A series of experiments, both in the field in China and under controlled environmental 
conditions in Haren , was conducted to investigate soybean crop response to nutrient 
supply. These experiments showed that the results of experiments performed under con
trolled conditions are consistent with those of field experiments. Plants which had free 
access to nitrate produced more roots, a higher total nodule number and higher nodule 
dry weight than plants with only N2 fixation for nitrogen supply. Net nitrate uptake rate 
in N2 fixing plants was considerably reduced. Bleeding sap analyses clearly showed 
increased transport of reduced N compounds from the roots, associated with N2 fixation. 
The high concentration of reduced N compounds in the roots, therefore, might act as the 
signal for the observed down regulation of nitrate uptake by the root. 
Timing of fertilizer application was studied by investigating the effect of nitrate supply 
at various stages of development, viz. continuous nitrate supply, no nitrate supply at all , 
or with interruptions with no supply during various growth stages. The effect of these 
treatments on various growth parameters is summarized in Figure 2. 

The results of the investigations made it possible to formulate a recommendation for 
the best fertilizer management for soybean in Hubei province in China. 

Direct interaction between the regulation of uptake and assimilation of atmospheric 
H2S by the shoots and the uptake of sulfate by the roots and its reduction in the shoot. 

From research on the interaction between atmospheric and pedospheric sulfur nutrition 
it has become evident that plant shoots form an active sink for atmospheric H2S, which 
is directly metabolized into cysteine and subsequently into other organic sulfur com
pounds (Figure 3). It has been observed that Brassica oleracea L. (curly kale) is able to 
utilize H2S as sulfur source for growth and it could replace pedospheric sulfate as sulfur 
source. Atmospheric H2S deposition resulted in a slight overload of the plants' sulfur 
demand as is illustrated by an increased size and composition of the thiol pool, however, 
the overall deposition appeared to be under strict metabolic control. The uptake and meta
bolism of both H2S by the shoot and sulfate by the roots were in tune and adjusted to the 
actual sulfur demand for growth. There was a direct interaction between the regulation 
of uptake and assimilation of atmospheric H2S by the shoots and the uptake of sulfate 
by the roots and its reduction in the shoot. The uptake of sulfate by the roots was reduced 
upon H2S exposure, even though expression of the sulfate transporter protein remained 
unaffected. Furthermore, the sulfate assimilation in the shoot was reduced by a down 
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Figure 3. Metabolism of atmospheric H2S in plant shoots. 
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regulation of the activity of adenosine 5' -phoshosulfate reductase. The foliar application 
of atmospheric H2S appears to be a useful tool for studying the signals involved in the 
regulation of the sulfur flux (rate of uptake, reduction and metabolism) in the plant in 
relation to the demand for growth and the interactions with nitrogen metabolism. H2S 
impact studies also show promise as a tool to predict the potential and usefulness of the 
channeling of extra sulfur into specific sulfur pools in order to faci litate improved crop 
quality by mastering the genes involved in the uptake and assimilation of sulfur in 
plants. 

Physiological mechanisms of the growth reduction of tomato, Lycopersicon 
esculentum, at sub-optimal temperature. 

An important horticultural crop in The Netherlands is tomato (Lycopersicon escu
lentum). This species originates from South America and is thermophilic (heat loving). 
In temperate climates, like The Netherlands, tomatoes are grown in heated greenhouses. 
To reduce heating costs and the C02 emission caused by heating greenhouses, crops like 
tomato which grow and produce better at lower temperature should be selected. 
Therefore a study was started to get more insight in the physiological mechanisms of the 
growth reduction of tomato at lower temperature. In a series investigations the effect of 
acclimation to suboptimal temperature was studied comparing domestic species with 
better cold adapted high-altitude species. In one of these investigations the response was 
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Figure 4. Temperature dependence of electron transport related chlorophyll fluorescece 
quenching (qp) of five Lycopersicon species: ( • ) L. esculentum, (e) L. pimpinellifolium, 
( 0) L. peruvianum, ( 0) L. hirsutum and ( 1::::. ) L. chilense measured at an irradiance of 
370 J..lmol m·2 s·1

• Data represent means ± SD, n = 3. 
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studied of five Lycopersicon species to 14 days moderate chilling at 10°C under low 
light. The subsequent recovery was examined by measurements on relative shoot growth 
rate, leaf dry matter content, carbohydrate content, C02 exchange and pigment compo
sition. In addition, the susceptibility to dark chilling and temperture dependence of chlo
roplast electron transport were analysed by chlorophyll a fluorescence measurements. 
The interspecific differences in chilling sensitivity at the chloroplast level, analyzed by 
the decline of the maximum rate of induced fluorescence rise after 40h at ooc and the 
temperature at which photochemical quencing (qp) reached the value of 0.5, correlated 
with the differences measured at whole plant level. 

It was concluded that these fast fluorescence measurements can be used for selecting 
genotypes wich can better acclimate to low temperature. Recovery of photosynthesis 
following exposure to low temperature was better in the high-altitude species. In res
ponse to chilling domestic and low altitude species showed an increase in the total pool 
of xanthophyll pigments, whereas in the wild high-altitude species the de-epoxidation of 
the xanthophyll cycle increased. Both responses resulted in increased zeaxanthin levels 
in chilled leaves of all species. 

Phytochrome and blue-light induced acidification by leaf epidermal cells of Pisum 
sativum. 
Future research of our group will be aimed at the physiology of signal transduction in 
plants responding to multiple environmental signals. Therefore in conclusion we report 
on our research on phytochrome and blue-light induced acidification by leaf epidermal 
cells of Pisum sativum. Blue light induces extracellular acidification, a prerequisite of 
cell expansion, in epidermis cells of young pea leaves, stimulating the paton pumping 
ATPase at the plasmamembrane. Kinetic analysis of the red and blue light induced acidi
fication showed the involvement of several reactions between light perception and 
activation of the ATPase. Wild-type plants showed a low and a high fluence saturation. 
The phytochrome-deficient mutant pcd2 showed a selective loss of the hi gh fluence 
component. Treatment with the calmodulin inhibitor W7 also led to elimination of the 
high-fluence component. The hypothesis that phytochrome and a blue light receptor 
interact in a short-term photoresponse is endorsed by model calculations based on a 
three-step signal transduction cascade with one component modulated by phytochrome 
as shown in figure 5. 
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Figure 5. Kinetic models for the blue light induced surface pH change. 
A: Photobiological minimal model adopted from Lina et al. (1985). 
B: Four step model that can model the dynamics of the pH changes. 
C: Addition of the phytochrome signal transduction chain to the four step model to 

explain the biphasic fluence response relation. 
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Other indicators of quality and reputation 

Advisory and Editorial Boards: 

L.J. de Kok: 
Member of the Organizing Committee of the 31'h Air Pollution Workshop, 
April 25-30 1999, Corvallis,USA. 

L.J. De Kok en I. Stulen: 
Series editors Kluwer Series Handbook of Plant Ecophysiology. Editors Special 
Issue Phyton, dedicated to Prof Dr PJC Kuiper. 

H.B.A. Prins: 

Editorial and Advisary Board of Aquatic Botany. 

I. Stulen: 
Member of the Scientific Committee 6 •h International Nitrogen Symposium, 
September 2001, Paris, France. Member of the ENAAG (European Nitrogen and 
Ammonium Group) committee. 

Meetings organized: 

Plant Adaptation to Stress: 
Symposium on the occasion of the 65 •h birthday of Prof.Dr.Ir. P.J.C. Kuiper. Haren, 
June 25, 1999. 

L.J. De Kok and I. Stulen: 
Organization of the COST Action 829 meeting: January 8-10 1999, Napoli, Italy 
"Sulfur and crop quality. 

L.J. de Kok and I. Stulen: 
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Overview of academic results 

The relation between variation at the DNA-level and fitness 

Previous work on the In(2L)t inversion in Drosophila melanogaster has shown the 
important effect of this second chromosome inversion polymorphism on the Adh and 
aGpdh polymorphisms. Part of the clinal, latitudinal, variation of these allozyme poly
morphisms can be explained by hitchhiking with /n(2L)t. 
The hypothesis that In(2L)t has originated from a unique mutational event in the past has 
been investigated by various comparisons of the DNA variation in ln(2L)t and Standard 
(ST) chromosomal arrangements originating from two populations: a Mediterranean 
French and a Dutch population. For this purpose the whole /n(2L)t region was assayed 
with the RAPD technique, while in addition the Adh and aGpdh regions were surveyed 
for RFLP variation and, finally, part of the aGpdh gene was sequenced. The data do not 
contradict a unique origin of ln(2L)t. The Adh region, e.g., which is located close to the 
proximal breakpoint of ln(2L)t, exhibits a four-fold lower level of nucleotide hetero
zygosity for ln(2L)t (2.01 X I o-3

) than forST (8.20 X 10 .3). Moreover geographic diffe
rentiation within ln(2L)t as well as between ln(2L)t and ST is absent in this region. This 
finding, together with the results from the other molecular analyses, confirms the former 
hypothesis, already endorsed by fitness tests, that ln(2L)t contains a specific set of gene 
variants providing high fitness under high temperature conditions. 
The tremendous difference in ethanol resistance between D. melanogaster and several 
D. quinaria species initiated an investigation into the molecular structure and the regu
lation of the Adh genes in these species by J. Oppentocht. In view of the important roles 
in ethanol tolerance of ADH in the highly resistant species D. melanogaster, the Adh 
region in the latter species was compared to that of D. kuntzei, a species highly sensitive 
to ethanol (Figure 1). One of the most remarkable differences was the apparent absence 
of different larval and adult promotors in D. kuntzei which occur in D. melanogaster as 
well as in several other investigated Drosophila species. 

Studies in D. melanogaster have shown that, apart from the Adh gene, also other genes 
are involved in the tolerance to ethanol as found in strains which have been maintained 
under ethanol stress for several generations. To analyse this phenomenon three different 
types of selection for ethanol resistance were applied: selection in the juvenile life stage, 
selection in the adult life stage and selection during the whole life cycle. Selection lines 
were set up both for homozygous Adh ss as well as Adh FF lines. Preliminary results point 
to quite different selection outcomes in the various lines. Preparations have been made 
to identify the genes involved in differential ethanol resistance by means of microanay 
techniques. A study was started to clarify the "Mediterranean instability" in Adh allele 
frequencies in D. melanogaster. For this purpose the clinal course of Adh allele fre
quencies will be studied in relation with the aGpdh and ln(2L)t polymorphisms and the 
genetic variation for both life history and morphological traits. 
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Inbreeding, inbreeding depression and popukttion extinction in Drosophila melano
gaster 

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. L 999). Moreover, we showed that the impact of inbreeding on the probability of popu
lation 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 
(Bijlsma et al. 2000: J. Evol. Bioi. 13: 502). This finding 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 seYeral fitness components in relation to high temperatures also indicate 
that the genotype-by-environment interaction may be due to very specific temperature 
sensitive mutations. 

The PhD project that aims to evaluate the usefulness of fluctuating asymmetry (FA, the 
deviation from left-right bilateral symmetry) as a measure for genetic and/or environ
mental stress, showed that high levels of inbreeding do increase the level of FA. 
However, this was only observed for one (wing length) out of five morphological char
acters studied, suggesting that FA is at its best a poor indicator of genetic stress. 

Funded by the NWO priority programme 'Biodiversity in disturbed ecosystems' a PhD 
project was initiated that aims to unravel the causes and mechanisms that govern the pat
terns and dynamics of genetic variation in a metapopulation context (in collaboration 
with Prof.Dr. R.F. Hoekstra, Wageningen University). The problems will be approached 
both theoretically, using Monte Carlo simulations, and experimentally, using Drosophila 
metapopulations. 
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In collaboration with Prof.Dr. V Loeschcke (Aarhus University, DK) R. Bijlsma orga
nized a symposium on 'Adaptation to Environmental Stress' during the 7th congress of 
the European Society for Evolutionary Biology (Barcelona, August 23-28). 

Genetics of endangered species 

The root vole (Microtus oeconomus) 
In collaboration with R.C. van Apeldoorn (Aiterra) the extent and consequences of gene
tic erosion in fragmented populations of the root vole was investigated. Microsatelli te 
analysis using 8 polymorphic loci showed that regional Dutch root vole populations 
have become genetically differentiated to a significant level (mean Fsr = 0.158). A com
parison with German, Norwegian and Finish populations revealed that the degree of dif
ferentiation between these geographically separated populations was of the same order 
of magnitude as between the Dutch regional populations. This is in agreement with the 
data observed for all ozymes (Leijs eta!. 1999). A much lower level of genetic differen
tiation was observed within each of the regions, i.e. between local populations (mean 
Fsr = 0.038). Although low, the level of differentiation was significant for most pairs of 
local populations examined, possibly indicating recent but progressive isolation 
between the populations. 

The badger (Metes meles) 
In collaboration with R.C. van Apeldoorn (Aiterra), the foundation 'Das en Boom' and 
the 'Stichting Dassenwerkgroep Limburg' the genetic structure of three Dutch badger 
populations (Veluwe, Noord-Limburg and Zuid-Limburg was assessed using 8 poly
morphic microsatelli te loci. Compared to other Mustilidae, average expected hetero
zygosity was low, ranging from 0 .. 33-0.42. No significant genetic differentiation was 
observed between the populations. This may indicate the sufficient migration between 
the badger populations either naturally through corridors or artificial migration by 
humans. The study is currently extended by incorporating data from three populations 
from Denmark in collaboration with the University of Aarhus. 
Using the badger primers, the genetic structure of two pine marten (Martes martes) popu
lations (Veluwe and Utrechtse Heuvelrug) was analysed in collaboration with S. 
Broekhuizen and G. Mtiskens (Alterra). Of the 8 badger primers 6 yielded an amplifi
cation product in the pine marten, of which three were polymorphic. Expected hetero
zygosity was relatively high (0.57) for these heterologous primers and no significant 
genetic differentiation was observed between the populations. 

The harbour seal (Phoca vitulina) 
The genetic variation at the Major Histocompatibility Complex (MHC) of harbour seals 
from the Dutch Wadden Sea has been further analysed by DNA sequencing. A compari
son of PCR fragments from at least two members of the multigene MHC class I family 
revealed variation both within and between these fragments. Evidently, the low genetic 
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variation as observed for minisatellite and microsatellite loci does not extent to the 
MHC, possibly through strong balancing selection acting on this complex. 

Theoretical aspects of evolutionary ecology 

Our theoretical research is focussed on intraspecific selection, interspecific competition, 
and the interplay between both processes. Most of our models stress the interdependence 
of ecological and evolutionary factors: selective forces are derived from ecological con
siderations, while ecological parameters are viewed in the light of underlying selection 
processes . In the realm of selection theory, the emphasis of our research has been on 
extensions of life history theory in order to make it applicable to sex-differentiated popu
lations. In the realm of competition theory, we have focussed on the effects of spatial 
structure and on non-equilibrium phenomena. Moreover, we have shown how ideas and 
concepts from both theories can be used to get a better, synthetic insight into (intra
specific) interference competition. 

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 fi tness measures are not 
applicable to stage-structured and sex-differentiated populations. By extending the clas
sical 'reproductive value' concept, we have now shown how these problems can be over
come and how an adequate fitness measure can be systematically derived from popula
tion dynamical considerations. The new fitness measure has a number of advantages 
with respect to earlier approaches: (1) Even in case of complex life histories, it is ana
lytically tractable. As a consequence, more complex models can be analyzed, and the 
relative importance of various factors on the evolutionary outcome can be systematically 
evaluated. By means of such a 'synthetic ' model, we have, for example, shown that 
Fisher's 'equal allocation principle' and Smith & Fretwell 's theory on the optimal balance 
between number and size of offspring are closely related to another (Pen & Weissing, in 
press). In another model, we could clarify the relative importance of ecological and life 
hi story constraints for the evolution of cooperative breeding (Pen & Weissing, in press). 
In still another model, we could show that the interplay between sexual selection and sex 
ratio evolution leads to quite different results than earlier verbal arguments seemed to 
suggest (Pen & Weissing, in press). (2) The reproducti\'e value concept allows the ana
lysis of 'mechanistic' models. The parameters of such models correspond to measurable 
biological entities, facilitating the comparison between model predictions and empirical 
findings. By translating various classical sex allocation models into mechanistic models, 
we could show that a number of textbook results are much less robust than hitherto 
assumed (Pen & Weissing, in press; Pen et al. 1999). (3) The new approach is simple 
and versatile enough to be applicable to specific real-world examples. We could, for 
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example, derive the evolutionari ly stable sex ratio trend for the European Kestrel (Pen 
et al. 1999), predict the optimal sex ratio for species with helpers at the nest (Pen & 
Weissing, in press), analyze sperm competition and sex allocation in simultaneous 
hermaphrodites (Pen & Weissing, 1999), and examine the trade-off between fecundity 
and survival in a metapopulation (Pen, in press). (4) The new approach shows that ear
lier results, based on seemingly plausible but theoretically unjustified ad hoc fitness con
cepts, may be highly misleading. For models from three different areas of research, we 
could demonstrate that conclusions based on the popular fitness measure 'lifetime repro
ductive success' are not only quantitatively, but also qualitatively incorrect: optimal ter
ritory choice in Oystercatchers and other long-living species is governed by other prin
ciples than suggested by earlier models (Pen & Weissing, in press); in line with empi
rical evidence but in contrast with earlier theoretical results, cooperative breeding is not 
affected by ecological constraints (Pen & Weissing, in press); the life history explana
tion for allometric relationships is an artefact of the fitness measure used (Weissing et 
al., in prep.). 

Selection at different levels 

Over the past years we have studied the evolutionary dynamics at the t-complex of the 
house mouse, an intriguing example for the interplay of selective processes at different 
levels. t-Haplotypes induce lethality or sterility at the individual level, but they never
theless reach high frequencies in natural populations due to segregation distortion, i.e. a 
selective advantage at the gamete level. Moreover, sexual selection, inter-deme selection, 
and selection at modifier loci also play a role. With a population genetical metapopula
tion model we systematically investigated various determinants for the evolutionary 
success of a t-haplotype (e.g. invasion efficiency, typical frequency in a deme, persis
tence ability, effect on deme productivity, migrant production). Interestingly, interme
diate segregation ratios seem to represent an optimal compromise with respect to the 
opposing demands of gene, individual, and group selection (Van Boven & Weissing, 
1999). Moreover, an invasion analysis (Weissing & Van Boven, submitted) revealed that 
newly arising distorter alleles have a systematic rareness advantage. Hence, in contrast 
to claims in the literature, not a single distorter allele will become dominant, but a high 
degree of polymorphism is to be exptected. These general results are confirmed by a 
detailed simulation study based on a model specifically tailored to the mouse t-complex 
(Van Boven & Weissing, in press). In light of the model predictions, the integrity of 
"complete" t-haplotypes and their prevalence in natural populations is much more sur
prising than conceived thus far. 

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 
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mixed, and dense phytoplankton blooms can only develop if the water column is shal
low. If, on the other hand, vertical mixing rates are less than the critical turbulence, 
blooms develop in a completely different manner. In this case, the phytoplankton popu
lations aggregate in the upper water column, and dense blooms can develop irrespective 
of water column depth (Huisman et at., l999a). Although these results are important for 
a good understanding of algal growth, they do not contribute much to the solution of the 
paradox of the plankton. In principle, more species can coexist than classical theory pre
dicts, but at equilibrium a high degree of biodiversity seems to be the exception rather 
than the rule (Huisman et al., 1999b). For this reason, we presently follow a different 
approach. A systematic investigation ·of competition for three or more resources 
(Huisman & Weissing, in press) revealed that, even in a homogeneous environment, the 
dynamics of competition do not necessarily lead to equilibrium. Surprisingly, oscilla
tions and chaos do occur for a broad range of parameter combinations. These non
equilibrium dynamics, generated by the competition process itself, can promote coexis
tence of a large number of species. Already in case of three limiting resources, tens of 
competing species can stably persist (Huisman & Weissing, 1999). Hence, the number 
of coexisting phytoplankton species may greatly exceed the number of limiting resour
ces, even in a constant and well-mixed environment. In this sense, the paradox of the 
plankton is essentially solved. 
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