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Highlights 

environment for exchange with 20 active researchers pursuing a PhD or postdoc contri
buting, and the strong research links between Groningen and Wageningen received a 
new impetus through the joint project financed by NWO undertaken by Han Olff. 

Before classes started agai n in early September the Third Conference of the European 
Ornithologists' Union was held at the Biological Centre in Haren 21-25 August at the 
invitation of the Netherlands Ornithologists' Union as part of their centenary celebra
tions. The Animal Ecology group, many of whom work with birds, were closely invol
ved in the event and will also play a major role in seeing the proceedings into print. 
Entitled 'The Avian Calendar, exploring the biological hurdles in the annual cycle' 
almost half of the contributions dealt with bird migration and were thus especially 
appropriate for the Groningen hosts. The 230 participants drawn from 25 countries with 
a strong representation from Eastern Europe (65) enjoyed exceptionally favourable 
weather for the excursion introducing the unparalleled avian riches of the Wadden Sea 
and its estuaries, capped by an outdoor supper served at the Biological Centre after
wards. 

On 2 November the Laboratory of Plant Ecology celebrated its 401h anniversary with a 
well attended meeting combining lectures, nostalgic flashbacks to the early days, and the 
presentation of a richly illustrated book. Ecologische Verscheidenheid als Inspiratiebron 
( 127 pages, including a bibliography 1961-through 2000) presents an overview of the 
major achievements of the laboratory, the fi rst of its kind in the Netherlands. Under the 
inspired leadership of Professor Dingeman Bakker training in the experimental appro
ach to plant ecology culminated in the first PhD theses in 1972, and since that time 45 
doctorates have been accorded (39 in Groningen, 6 elsewhere) . Following the untimely 
death of the founder, Jelte van Andel was appointed to the Professorship in 1982, and 
the past two decades have seen a strong development in extending the theoretical frame
work of the subject. A major focus has been the causal interpretation of succession in 
terms of competition and nutrient avai labili ty, with a prominent role for long-term expe
rimental studies in the field, and a growing emphasis on hydrology as it impinges on 
plant distribution. Plant Ecology has always been popular with students, but neverthe
less it came as a surprise to learn that no less than 467 have so far prepared a Master's 
thesis within the topic (in recent years one-quarter of them originating from outside the 
country). 

Awards 

F.J. Weissing was awarded the 2001 Faculty 'Onderwijsprijs' for his outstanding 
teaching, and R.H. Drent was awarded the Robert Cushman Murphy Prize from the 
Waterbird Society and travelled to their meeting at Niagara (Canada) to receive it. 
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Highlights 

In his fieldwork in NW Australia, Theunis Piersma was struck by the distinctive featu
res of the knots wintering locally. Following this lead the Russian expert on avian taxo
nomy Pavel Tomkevich (Moscow State University) substantiated this and prepared a 
publication (Bull.B.O.C. 121: 257-263, 2001) as a surprise, naming the new subspecies 
Calidris canutus piersmai ... "in honour of Dr Theunis Piersma, the Dutch ornithologist 
most deeply devoted to worldwide studies of the Red Knot" . The new subspecies is the 
smallest of the three Siberian populations of this holarctic species, and breeds on the 
Novosibirsk Archipelago, wintering in NW Australia (confirmed by ringing records) and 
probably in New Zealand as well. 

Publications in Nature and Science 

Both, C. & Visser, M.E. 200 l. Adjustment to climate change is constrained by arrival 
date in a long-distance migrant bird. Nature 411: 296-298 

Klaassen, M., Lindstrom, A., Meltofte, H. & Piersma, T. 200 1. Arctic waders are not 
capital breeders. Nature 413: 794 

Kvist, A., Lindstrom, A. Green, M., Piersma, T. & Visser, H. 200 1. Carrying large fuel 
loads during sustained bird flight is cheaper than expected. Nature 413: 730-732 

Veen, T., Borge, T., Griffith, S.C., Saetre, G.P. , Bures, S., Gustafsson & Sheldon, B.C. 
200 l. Hybridization and adaptive mate choice in flycathers. Nature 411: 45-50 

Verhulst, S. & Tinbergen, J.M. 2001. Variation in food supply, time of breeding and 
energy expenditure in birds. Science 294: 47 1a 

Books 

Fresco, L.F.M. , Vander Maarel, E. & Kazmierczak, E. 2001. VEGRON v. 7. 
Numerical analysis in vegetation ecology: Program package and Introduction. Opulus 
Press, Uppsala: 156 pp. 

Jukema, J., Piersma, T. , Hulscher, J.B ., Bunskoeke, E.J., Koolhaas, A. & Veenstra, A., 
eds. 200 1. Goudplevieren en wilsterjlappers: eeuwenoude fasc inatie voor trekvogels. 
Fryske Akademy, Ljouwert/KNNV Uitgeverij , Utrecht: 272 pp. 

Van Andel, J. , Pegtel, D.M. & Joenje, W. 2001. Ecologische verscheidenheid als inspi
ratiebron. Laboratorium voor Plantenoecologie 196 1-200 1: 127 pp. 
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Highlights 

Dissertations granted by the institution in 2001 

A.H.M. Corten Hen·ing and climate; long-term changes in the distribution of 
North Sea herring in relation to natural variations in the environ
ment. Promotor prof.dr. W.J.Wolff and co-promotor dr. W.C.C. 
Gieskes, University of Groningen 

J.A. van Franeker Mirrors in ice-fulmarine petrels and Antarctic ecosystems. 

P.J. de Goeij 

J.J.M. de Jong 

J. Oppentocht 

J.Stahl 

J.H. Venema 

J.T. Vulink 

J. Wijsman 

Promotor prof.dr. W.J. Wolff, University of Groningen 

Burying depth as a trade-off in the bivalve Macoma balthica. 
Promotor prof.dr. R.H. Drent and referent dr. H.W. van der Veer 
(Netherlands Institute for Sea Research), University of Groningen 

Remote sensing of wet forests. Promotor prof.dr.ir. P.J.C. Kuiper, 
University of Groningen 

Alcohol dehydrogenase and alcohol tolerance in Drosophila. 
Promotor prof.dr. W. van Delden, University of Groningen 

Limits to the co-occurrence of avian herbivores. How geese share 
scarce resources. Promotor R.H. Drent, University of Groningen 

Low-temperature tolerance of tomato and related wild 
Lycopersicon species: a comparative study on chloroplast functio
ning. Promotor prof.dr.ir P.J.C. Kuiper and co-promotor dr. P.R. 
van Hasselt, University of Groningen 

Hungry herds. Management by grazing of temperate lowland wet
lands. Promotores prof.dr. R.H. Drent and prof.dr. H.H.T. Prins 
(Wageningen University), University of Groningen 

Early diagenetic processes in northwestern Black Sea sediments. 
Promotores prof.dr. P.A.W.J.de Wilde (Netherlands Institute for 
Sea Research) and Prof.dr. C.H.R. Heip (Netherlands Insti tute of 
Ecology), University of Groningen 
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Highlights 

CEES PhD Students in 2001 

E.B.Adema Plant Ecology/Microbial Ecology 
Alternative stable states in dune slack succession 

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

l\1. Ateweberhan NUFFIC-Marine Biology 
Seasonal dynamics of functional groups of reef algae in the 
Eritrean Red Sea 

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

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

A.C. Bockelmann Deutscher Akademischer Austauschdienst/St. H. Stickler-Plant 
Ecology/Population Genetics!Universitiit Kiel (Germany) 
Orinary and successful: the invation of Elymus athericus in 
European salt marshes 

M.K. de Boer ALW-Marine Biology 
Raphidophyceae, microalgae potentially hazardous to marine life 
in Dutch coastal waters: environmental control of neurotoxicity 

D. Bos SnV-Plant Ecology/Animal Ecology 
Grazing in coastal grasslands: on Brent Geese and facilitation by 
herbivory 

O.G. Bos NWO-PRIORJTEIT-NIOZ/Marine Biology 
Settlement chance and post-settlement mortality in marine soft
sediment communities in relation to the amount of larval supply, 
the size of the local adult stock, and feeding conditions 

K.l\1. Bouwman ALW-Animal Ecology 
Partner choice and sex ratio adjustment as exponents of sexual 
selection the the Reed Bunting 
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L.W. Bruinzeel 

A.H. de Castro 

E. Chang 

J.C.A. Creuwels 
ALTERRA 

G.S. van Doorn 

M. ~urenkamp 

W.M.C. Edelaar 

A. Eggert 

R. Geerts 

R. Gesser 

J. van Gils 

ALW-Animal Ecolog)/Alterra 
An experimental test of the queue hypothesis in the Oystercatcher 

Plant Physiology 
Signal metabolites involved in the coordination between nitrate 
and sulphate assimilatory pathways 

Plant Ecology/Dept. of Botany Univ. Toronto 
RUG Bursary/Nat. Sci. and Engin.Res. Council of Canada 
Seed bank dynamics in a natural salt-marsh system 

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

Population Genetics 
Causes and consequences of sexual selection 

Plant Physiology 
Whole plant regulation of sulfate uptake and assimilation 

Marine fliology/NIOZ 
Predator avoidance by Macoma balthica 

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

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

Marine Biology 
Flatfish flight in a salinity gradient 

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

A.J. van der Graaf Animal Ecology 
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Herbivore facilitation in salt-marsh systems: from temperate to 
arctic 



S.A.Hazelaar 

l\t.E. de Heij 

S.K. Heijs 

J.G. Hiddink 

Highlights 

STW-Marine Biology/Microbial Ecology 
The role of proteins in silica biomineralization in diatoms 

ALW-Animal Ecology 
Defining limitations to egg care in avian life histories 

ALW-Microbial Ecology 
Mediterranean cold seeps and mud volcanoes 

Marine Biology 
The effect of nurseries high in the intertidal zone on the fi tness of 
benthic inYertebrates 

P.M. van Himbergen-Grondwe 
NWO-SRON-Marine Biology 

G. Hoarau 

F. Hoffmann 

D. Joubert 

R.K.H. Kats 
ALTERRA 

P. Korsten 

W. Kotowski 

Biogenic cloud forcing over the North Atlantic 

NWO-PRJORITEIT-Marine Biology!RIVO 
Genetic population structure of plaice (Pleuronectes platessa) in 
European seas 

NWOIALW-Plant Ecology 
Pollinators and flowering plants: metacommunity dynamics and 
biodiversity in the agricultural landscape 

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 

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

Plant Ecology/University of Warschaw/University Utrecht 
Fen communities: ecological mechanisms and conservation 
strategies 
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D.P.J. Kuijper 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 

Y. Malherbe 

M. Mouissie 

T. van Oijen 

D. den Os' 

E. te Poele 

M.van de Pol 

W.H. van de Poll 

J.J. Poos 
RIVO 

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

NlVO/ALW-Plant Ecology 
Dispersal of propagules and pollutants: a bottleneck for biodiver
sity increase in pleistocene areas? A modelling approach 

EU-Marine Biology/NIOZ 
Iron- light interactions in Antarctic phytoplankton 

Plant Physiology 
Integration of light- and ABA-signalling processes in leaf develop
ment 

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

Animal Ecolog}IPopulation Genetics 
Dispersal and settlement decision in a long-lived shorebird 

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

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

Animal Ecology 
Individual feeding behaviour and reproductive success in Branta 
Geese 



Highlights 

1\I.J.A. Rijkenberg 

l\1. Rubinigg 

M¥0-NAAP-NIOZ/Marine Biology 
Positive feedback of enhanced UV-B via iron chemistry of sea 
water on phytoplankton growth and C02 fi xation in the Southern 
Ocean 

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

A.L. Rutten 
ALTERRA 

W.K. Vahl 

STIV-Alterra/Animal Ecology 
Long-term effects of human disturbance on waders feeding on 
intertidal fla ts: the use of telemetry and cage experiments 

NJOZJPopulationGenetics/Animal Ecology 
Interference and carrying capacity 

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

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

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

P. Wiersma Animal Ecology 
Energetics of parental care in Passerines 

H.E. Wolters Plant Ecology 
Restoration of salt marshes 

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

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

H. Beukema 

G. Boedeltje 

P. Boelen 

E. Bolink 

J.F. Cardoso 

PhD projects - thesis in preparation 

Animal Ecology!RIZA/NIOO-CL 
Ecological limitations in the annual cycle of swans 

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

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

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

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

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

E.M.G.T. de Deckere 

O.E. Diekmann 

S.G.A. Draisma 

J. Drent 
NIOZ 

A.H. Engelen 
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ALW- NIOO-CEMO/Marine Biology 
The effect of animals on stability of sediments of tidal flats 

WOTRO-UvA/Marine Biology 
Differentiation in Caribean reef-building corals 

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

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

WOTRO-Marine Biology 
Demography and population structure among windward, leeward 
and deep-water populations of the seaweed Sargassum polyceratium 
on Curac,:ao: coupling matrix population models with DNA 
fingerprinting 



Highlights 

G .H. Engelhard 
ALTERRA 

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

L. Gabrielsen Animal Ecology!NERI, Dept. of Wildlife Ecology, Denmark 
Landscape fragmentation and passerine populations: application of 
a metapopulation model 

G.J. Geertjes 

G.N.j. ter Heerdt 

I.E. Hendriks 

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 

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

NWO-PRIORITEIT- N/00-CEMO/Marine Biology 
Flow-dependent processes in recruitment of intertidal bivalves: 
research into direct effect of shellfisheries 

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

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

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

M.P. McDonnell Alexander 

I. Meusnier 

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

University Lille/Marine 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 
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Y. Oda UE-bursary-Microbial Ecology 
Ecophysiology of photoheterotrophic bacteria: Bioconversion of 
aromatic compounds in micro-oxic environments 

L. Peperzak RIKZ/Marine Biology 
Life-cycle and ecophysiology of Phaeocystis 

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

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 

E. W.M. Stienen 
A!;fERRA 

Population Genetics 
The effects of loss of genetic variation in endangered plant popu
lations 

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

H.J. van der Strate ALW-Marine Biolog}/Population Genetics 

M. Vorenhout 

A. Woxvold 

Z.A. Zekeria 

20 

DNA fingerprinting analysis of the spatial distribution of genetic 
variation within and between natural populations of benthic marine 
algae 

WWF-Plant Ecology/VU/KUN 
Estuarine and coastal ecosystems affected by pollutants 

Melbourne University/Animal Ecology 
Seasonality and sex allocation in the co-operatively breeding 
apostle bird 

NUFFIC-Marine Biology 
Ecology and population dynamics of coral reef fishes in the 
Eritrean Red Sea 
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animal caretaker 
A.Faber 
A.J.van der Graaf 
K.Jansen-van Zelm 
technical assistant 
K. Oosterbeek 
IT assistant 
ing.G.J.van den Burg 
L.J.Steyvers 

Guests/Detachment 
D.Cope 
dr.J.B.Hulscher 
prof.dr.R.L.Jefferies 
dr.M.Magrath 
dr.D.Richardson 
dr.J.Stahl 
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Overview of Academic Results 

Stop-over ecology of the Brent Goose 
Julia Stahl 

During the past few years observers from our group have joined Russian, Swedish and 
Danish colleagues in a team effort to follow the dark-bellied brent goose from the win
tering and spring staging areas in the Wadden Sea on through to their breeding grounds 
on the Siberian coastal tundra (Taimyr Peninsula). By a combination of satellite tracking 
of individual geese I 998, 1999) and aerial surveys in the areas revealed by the tracking 
it has proven feasible to locate the primary staging sites intercalated between the NW 
European coast and the breeding area some 4000 km away. Perhaps unsurprisingly in 
view of the prevailing weather conditions during spring migration (second half of May 
heralds departure from the Wadden Sea) these intermediate feeding sites are all situated 
within the White Sea just beyond the border between Finland and Russia. The sea-ice in 
this region generally breaks up in early May and the major rivers as well, whereas along 
the open Arctic coast of Russia, further to the east ice-box, conditions will prevail until 
well into June. An interesting feature of this migratory path depicted here, is that a 
detour amounting to some 15% added distance is incurred by touching on the White Sea 
which lies well south of the great circle route, hence there must be special reasons for 
touching down in this region. 

22 





CEES Progress Report 2001 

Our preliminary energy budget data emphasize that without replenishment in the inter
mediate staging area (White Sea) successful breeding in Siberia is out of the question, 
and this raises the question on how other high-Arctic breeding geese budget their travels. 
Data comparable to the brent are available for two other goose species, and in both cases 
the intermediate staging site plays a crucial role (see the Figure 1 ). It will at once be 
appreciated that without refuelling the geese will have insufficent body stores after com
pleting migration to be able to breed (note the fuel gauge analogy). In these other spe
cies recent changes in human attitudes provide a natural experiment to test these con
clusions . 
In the case of the pink-footed goose the Vesteralen archipelago in northern Norway is the 
springboard for the Spitsbergen breeding population that winters in the low countries. 
Detailed investigations there have revealed that foraging opportunities are very patchy 
in spring and the birds easily disturbed. Local farmers are not keen in sharing their 
'springbite' grass production and have taken to chasing the geese away from the only 
food source available. Tracing individual geese through the annual cycle by identifying 
coded neck collars has confirmed that females failing to recoup their fat supplies in nor
thern Norway subsequently fail in their breeding attempt at Spitsbergen, so the farmers 
exert a critical influence that may impinge on population-wide reproductive output. 
The case of the greater snow goose that traditionally staged on the StLawrence before 
the final leap to the Arctic shows a similar pattern of fuel use and replenishment. The 
past few years a management scheme has been instituted to reduce this population, 
effectively carried out by harassment at the spring feeding grounds thus interfering with 
refueling in the same manner as in Norway. The result is again to curtail reproduction at 
the population level. 

These studies underline the fact that migration hinges on fuel accumulation and reple
nishment: in the brent goose 100 days of intensive foraging translate into just a few days 
airborne, and the connectivity between breeding and wintering sites is absolutely depen
dent on the availability of intervening strategic sites where the geese can refuel without 
disturbance. 

The herbivore community and the 'green wave hypothesis' 

The brent geese are not the sole herbivores in the Arctic coastal ecosystem, and encou
raged by the cooperative studies so far we have embarked on a more ambitious pro
gramme drawing together both plant and animal ecologists with a more general theme. 
Some time ago it was suggested that the spring migratory wave of geese was timed to 
coincide with the peak nutritive quality of their forage, the birds moving in response to 
the local phenology of their food plants. Typically peak quality occurs very early in the 
growth season, and efficient harvest by the herbivores depends on fine tuning with their 
environment, and with each other as facilitation may easily intergrade with competition. 
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we look forward to intensifying our links with our Russian colleagues. The project pro
fits from the ESF network on Bird Migration currently underway as this mobilizes a 
platform for the practical work, and facilitates regular exchange in thematic workshops. 

Arctic-breeding waders don't fly in the egg-nutrients 
Theunis Piersma 

In their c itation-classic from 1980 on the avian ' prudent parent' (over 750 citations by 
200 l ), Drent & Daan categorised birds as belonging to either of two categories. Birds 
might produce their eggs from recently ingested nutrients ('income breeders') or from 
body stores ('capital breeders'). Since summers are short in the High Arctic, ecologists 
have long thought that arctic migrants need to bring the nutrients for egg production 
from afar, to be able to start breeding immediately upon arrival. Indeed, research on arc
tic-breeding geese confirmed that most of these large-bodied herbivores are capital bree
ders. However, using carbon stable isotope ratios of eggs, natal down, and juYenile and 
adult feathers, Klaassen et al. (2001) now demonstrated that the eggs from ten wader 
species of 12 localities in Northeast Greenland and Arctic Canada are produced from 
nutrients originating from tundra habitats. 
During winter and migration, most arctic-breeding waders eat estuarine invertebrates. 
The birds shift to terrestrial and limnic invertebrates after arrival on the tundra breeding 
grounds. Invertebrates from estuarine and tundra habitats have distinctly different car
bon isotope ratios. Diet-based differences in carbon isotope ratio ( 13CJI2C) are expres
sed in the tissues of the birds, including eggs and feathers. As expected, the flight feat
hers produced during early winter showed ratios typical of estuarine systems (Fig. 3). 
The same was true for the shoulder feathers that are among the last to be moulted befo
re the flight to the breeding grounds. HoweYer, the signature of eggs and natal down was 
typical of ten·estrial and limnic systems. Thus, eggs and the resultant hatchlings were 
produced from local nutrients. This is further supported by the strong resemblance of the 
carbon isotopic signatures of natal down and juvenile flight feathers, which demonstra
ted that eggs and post-hatch tissues have the same nutritional source. 
Thus, with respect to egg production, the arctic-breeding waders investigated are income 
rather than capital breeders. If it is true that larger species such as geese conform to the 
capital breeder mode because they need relatively smaller body stores for egg produc
tion , and because they need a longer period to complete breeding (capital breeding saves 
time), the find ings of Klaassen et al. suggest an a llometric rule. Among the wider impli
cations of this study, Szekely (2002) put forward the suggestion that if local food con
ditions in other arctic species have such a significant impact on reproduction as shown 
in our data set, then the effects of global change including warming and airborne pollu
tion , could be more drastic than so far anticipated. Such changes could initiate a cascade 
of effects on egg size, offspring survival and other life-history traits. 
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Energetics of incubation 
J .M.Tinbergen 

Selection processes are supposed to continuously mould behaviour to maximise fitness, 
and a central question is to what extent and how organisms are successful to do so. The 
approach is to estimate selection pressures acting by experimentally changed individual 
traits and measure the fi tness effects. This approach was used to estimate selection pres
sures acting on clutch size by manipulating brood size and quantifying the fitness effects 
for both parents and offspring. 
Recently this approach has been criticised because it assumes that selection acts in the 
nestling phase ("the peak demand hypothesis"), and not in other periods as egg laying 
and incubation. This assumption was not so much questioneJ perhaps because everybody 
can see that parents feeding their offspring are working hard. The surprise was that 
Williams showed that for birds liYing in the wild the energy expenditure during incuba
tion, based on doubly labeled water (DLW) estimates, did not differ from that during the 
nestling phase. 

FMRinc and FMRnestling, Terrestrial birds 

log(BM, g) 

Figure 4. Field Metabolic Rate as a function of body mass for the nestling period (closed dots) 
and the incubation period (open dots) for different species based on DLW measurements. The 
energetic costs of incubation are comparable to the energetic cost of feeding nestlings. 
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These results lead to the idea that the incubation phase may be an energetically difficult 
phase for those species where the female incubates alone. Maaike de Heij therefore star
ted a PhD project to quantify the energetics of incubation in Great tits in our study area 
the Lauwersmeer. In this area three years of brood size manipulations have shown that 
the parents were able to raise more young, suggesting a positive selection pressure on 
clutch size. An energetic bottleneck during incubation may cause a selection towards 
smaller clutches and potentially can explain why the birds do not lay more eggs in this 
area. 

As a first step 0 2 consumption of incubating females was measured during the night in 
the field. Two portable Oxygen-analysers were used to measure 0 2 consumption as a 
function of clutch size. The oxygen-analyser was placed around 10m from the nestbox 
(photo 2) and the nestbox was used as a respiration chamber (photo 3) 
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Figure 5. Residual energy expenditure at night in relation to clutch size manipulation. 

Clutch sizes were manipulated at least half a day before the measurements. The results 
are promising. Apart from a strong overall temperature effect clutch size did affect meta
bolism at night (fig. 5). The absolute level of incubation costs remains however unclear 
because we found a difference between the two machines used in the field and, despite 
of many weeks of calibrations, it is not yet clear what caused these differences. 
For this year we will estimate the FMR over 24 hours using DLW and spend time on 
measurements of the thermal properties of the nest, to see how important ambient tem
perature is to the determination of the energy expenditure of the incubating bird. 
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Guests/Detachment 
dr.S.S.B .Chauvet 

Overview of Academic Results 

On 1 October 200 I Leo Beukeboom became the new head of the Evolutionary Geneti cs 
Group. He succeeded Wilke van Delden who retired in 2000. To reflect the expansion 
of the research focus, the name of the group changed from Population Genetics to 
Evolutionary Genetics. The research of the Evolutionary Genetics Group focuses on 
evolutionary questions, in particular on how genetic structure and ,·ariation affect evo
lutionary and ecological processes. Research questions are: (I) what is the importance 
of genetic variation, (2) how do selective forces shape genetic variation and reproductive 
systems, and (3) how do populations adapt to changing conditions? The research of the 
group is structured in three organisational sections: Evolutionary Genetics, Conserva
tion & Population Genetics and Theoretical Biology. 
The research in Evolutionary Genetics is new and aimed at unravell ing the genetic regu
lation of reproductive systems and at understanding how reproductive mode has shaped 
mating systems and life-history characteristics. The main focus is on haplodiploidy, 
which combines parthenogenetic and sexual reproduction, as well as differences in ploidy 
level of males and females. Parasitoid wasps (Hymenoptera) and other insects are used 
as model systems. Central topics in Conservation & Population Genetics are the pro
cesses of genetic erosion, inbreeding depression and extinction of (endangered) small 
populations . These processes are particularly studied in relation to deteriorating and 
stressful environments. Other research focusses on life history evolution, includi ng the 
evolution of ageing and reproducti ve strategies in Bryophytes and Drosophila. A rele
vant part of the research of the Theoretical Biology group is related to evolutionary 
genetics. Research topics in this area include evolutionary game theory, life history evo
lution, sexual selection, sex ratio evolution, evolution of sex differentiation, molecular 
evolution, genetic confl icts, sympatric speciation, and evolution in a metapopulation. 

Evolutionary Genetics 

Evolutionary genetics of reproductive modes. 

A large variety of reproductive systems exist, but our understanding of the genetic regu
lation and selective advantages of different reproductive modes is sti ll fragmentary. 
Haplodiploidy combines parthenogenetic and sexual reproduction, as well as differen
ces in ploidy level of males and females. It has led to a number of evolutionary innova-
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nor about the underlying genetic regulation of most sex determining mechanisms. 
Under haplodiploidy one set of chromosomes leads to males and two sets to females. 
Sex in a number of species is determined by the allelic state of a single locus; single
locus Complementary Sex Determination (sl-CSD). The taxonomic distribution of CSD 
is far from clear; many species, such as Nasonia do without. Several approaches are 
used to further study the genetics of sex determination in Nasonia (photos 2 & 3) . (a) A 
comparative approach. A search for sex determination genes is can·ied out in Nasonia by 
using degenerative primers of homologous genes of Drosophila melanogaster (double
sex , sexlethal). (b) A gene expression approach. Gene expression studies using the 
mRNA Differential Display technique will be used to look for genes that are differen
tially expressed in male and female embryos of different age. (c) A mutation screen. Two 
classes of sex determination mutants exist in Nasonia; polyploids and gynandromorphs. 
These strains are characterised genetically and cytogenetically. Attempts will also be 
undertaken to generate new sex-determination mutants through chemical (e.g. EMS) 
and radiation mutagenesis. Identification of individual s with the "wrong" sex is greatly 
facilitated by the use of eye-colour mutants available for all five linkage groups. 

Genetic architecture of courtship behaviour and reproductive isolation in Nasonia. 

The initiation of reproductive isolation is probably associated with quantitative and 
qualitative changes in courtship stimuli involved in partner recognition and receptivity 
induction, traits that typically have complex underlying genetics. The link between dis
play components, their genetic basis and their role in reproductive isolation has been the 
subject of very few studies, and these are merely restricted to Drosophila. The new 
genomics and bioinformatics techniques allow us to address questions such as "how 
many genes steer a particular behaviour?" and "how do these behavioural genes interact 
with other genes?". 
This project aims at investigating the natural variation in courtship motor patterns with 

associated stimulus production (e.g. pheromones, cuticular hydrocarbons), and their 
underlying genetics in three Nasonia sibling species. Extensive intra- and interspecies 
variation in behaviour has already been ascertained in pilot studies. Interspec ies hybrids 
can be generated by curing wasps of their Wolhachia bacteria. A thusfar unexplained, 
non-mendelian, inheritance of behaviour was recently discovered (the "grandfather 
effect" , Beukeboom & van den Assem, 2001). Although the Nasonia genome is not as 
thoroughly characterized as that of for Drosophila, these new techniques enable the ana
lysis of the genetic basis o f these behavioural characteristics. In particular, the analysis 
of differential mRNA display patterns and the use of degenerative primers to amplify 
possible Nasonia orthologs of genes known to regulate sexual behaviour in other insects 
(Apis mellifera, Drosophila) are applied in this project. 
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Parasitoid wasps. 

We are using parasitoid wasps as model systems for a number of good reasons. Many 
species are easy to collect and handle, have short generation times (2-4 weeks), can be 
cultured in large numbers and kept in diapause without maintenance for over a year. The 
haplodiploid mode of reproduction itself offers a number of advantages for genetic ana
lysis, such as (1) unmated females can be cultured to produce all-male progeny, (2) highly 
inbred lines can be produced without the deleterious side effects observed in diploids, 
(3) deviant and mutant phenotypes can be readily detected in haploid males, (4) haploid 
recombinant males can be produced from interstrain (or interspecies) crosses, (5) the 
genetic basis of strain (or species) differences can be rapidly uncovered because markers 
are always informative and there are no dominance interactions, and (6) hundreds of 
genetically identical females can be produced by crossing recombinant haploid males 
(whose sperm are all identical) to inbred strain females, allowing repeated testing of 
genetically similar individuals. Finally, visible and molecular markers are available for 
some species. Nasonia vitripennis (a parasitoid of several flies) has been used as an 
experimental animal for > 70 years. 

Conservation Genetics 

Background. 

Due to human activities populations of many species have become small and isolated. 
In this situation they become subject to genetic drift and inbreeding, resulting in loss of 
genetic variation, an increase in homozygosity, and possibly a decrease in viability (in
breeding depression). This process, referred to as genetic erosion, may significantly 
increase the extinction probability of populations or even species, and is therefore cur
rently an important issue in conservation biology. As empirical data on the significance 
of genetic erosion are still very scarce, our research aims to determine the occurrence, 
extent, and significance of genetic erosion in populations. We approach these questions 
both experimentally by using Drosophila melanogaster as a model organism to get a 
more fundamental insight into the processes that underlie genetic erosion, inbreeding 
depression and population extinction and in a more ' applied ' way by studying the pro
cess of genetic erosion in natural populations. 

Inbreeding, inbreeding depression and population extinction in Drosophila melanogaster. 

Over the past years we haYe 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 probabil ity of these experimental populations (Bijlsma et 

46 





CEES Progress Report 2001 

consequences of inbreeding correctly, one should not only study many fitnes s compo
nents, but it is also necessary to assess inbreeding depression under a suite of relevant 
environmental conditions. 

Application of molecular tools in assessing the genetics of endangered species. 
: 

The tools and concepts of genetics are increasingly applied to problems in conservation 
biology, to study the ecology and genetics of endangered species. Such studies are highly 
facilitated by the development of mo.lecular techniques like protein electrophoresis, 
mitochondrial DNA analyses, mini- and microsatellite fingerprinting, and DNA sequen
cing. Particularly PCR-based techniques offer exciting possibilities to study the genetic 
structure of endangered populations or species. The molecular tools have opened the 
possibili ty to assess important demographic parameters as parentage, breeding system, 
population structure, metapopulation structure, dispersal and founder events, and can 
also be· used to infer systematic units. Such data provide necessary information for 
management decisions and are invaluable for species protection and restoration projects. 
Our research aims at developing and applying the genetic tools for these conservation 
biological problems. In addition to the fundamental aspects, this research is for the greater 
part relevant for society. Most of the research proj ects, therefore, are done in collabora
tion with conservation and management agencies. 
In man-dominated landscapes, populations of once common species have become de
creased in both range and density and are restricted to small habitat patches with redu
ced dispersal possibilities. Such fragmented populations become increasingly affected 
by stochastic population dynamics due to demographic, environmental and genetic 
risks, eventually leading to increased extinction probabilities. The last years, we have 
used molecular techniques to evaluate the genetic variation and differentiation of several 
species that are endangered in The Netherlands . We discovered considerable differences 
in both the level of genetic variation and the level of genetic differentiation between spe
cies. Under the assumption that genetic drift and gene tl.ow are in equilibrium, which 
may be rarely the case in nature, the level of genetic differentiation provides an estimate 
for the number of migrants exchanged per generation. Obviously, migration patterns are 
for a large part species-specific. This is partly due to inherent properties of a species, but 
also depends on the different impact of anthropogenic barriers on species dispersal. This 
has not only consequences for the survival probabilities of species, but also for conser
vation management decisions, such as the re-introduction of the otter in The Nether
lands. These aspects will be illustrated with the following examples. 

( i) Microsatellite analysis of population differentiation. 
Figure 2 shows, based on Nei's genetic distance as determined from microsatellite ana
lysis, the genetic differentiation for three endangered species, that differ considerably in 
respect to habitat and demographic structure: the harbour seal (Phoca vitulina), the root 
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Figure 2. UPGMA distance trees, based on 
Nei 's genetic distance for three endangered 
species. 

A. Harbour seal populations. 
1: Dutch Wadden Sea, 
2: Scotland, 3: Canada, 4: Alaska. 

B. Root vo le populations. 1: Finland, 
2: Norway, 3: Germany, 4: Texel, 
5: Zuid Holland-VI, 6: Zuid Holland-V2, 
7: Noord Holland-!, 8: Noord Holland-2, 
9:Noord Holland-3, 10: Zuid Holland-01, 
11: Zuid Holland-0 2, 12: Zuid Holland-0 3 
(4-12 are Dutch populations). 

C. Badger populations. I: East Jutland, 
2: Middle Jutland, 3 : South. Jutland, 
4:Veluwe, 5: Noord Limburg, 6: Zuid Limburg 
(1-3 Danish and 4-6 Dutch populations). 

vole (Microtus oeconomus) and the badger (Meles meles). In all these cases comparisons 
were made at different geographical scales from local (adjacent) populations through 
regional populations (distinct regions within a country) to comparisons at a continental 
scale. All species have in common that at the larger geographic scale, there is a high 
level of genetic differentiation. This indicates, as expected, that gene flow between dis
tant populations is very low, or near absent. At a smaller scale, however, there are dis
tinct differences between species. For the badger (Frame C) we see that the three regions 
studied within The Netherlands, and a little less so for the populations within Denmark, 
are genetically quite alike, indicating the existence of a high level of gene tlo>v between 
the different regions. In contrast, for the root vole we see that genetic differentiation is 
already substantial between regional populations. In fact, the differentiation between 
regional populations in The Netherlands is of the same order of magnitude as between 
the Dutch populations and those from Finland and Norway. This indicates that for the 
root vole, migration between the different regions is virtually absent. For this species 
migration seems to occur only at a local scale. Also for the harbour seal we observed a 
considerable amount of genetic differentiation, even between relatively close popula
tions. 
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Assuming that for the long-term perspective, fragmentation may lead to increased 
extinction probabilities, particularly in the case of the root vole, our findings indicate 
that it would be advisable to devise appropriate management measures to promote gene 
flow between regional populations. 

(ii) Mitochondrial DNA analysis of different European Otter populations. 
Populations that have been isolated from each other for a long time will have become 
genetically diverged to the extent that they can be regarded as distinct systematic units. 
For instance, the harbour seal populations from the North Sea and those from Alaska are 
cmrently regarded as different subspecies. Moreover, populations can be adapted to 
local environmental conditions. Such characteristics may have important consequences 
for nature conservation projects, particularly in the case of re-introduction projects in 
areas where a species previously has gone extinct. In these situations the aim is to intro
duce individuals from an extant population that (i) resembles the extinct population as 
closely as possible and (ii) will be able to cope with the new local conditions. Such a 
problem has recently been posed for the otter, that will shortly be re-introduced in The 
Netherlands. 
In order to identify the level of genetic differentiation within the European otter (Lutra 
lutra), a 471 basepair fragment was amplified from mitochondrial DNA, containing 45 
bp of the proline-tRNA gene and 426 bp of the control region. For each individual ana
lyzed, this fragment was sequenced. The sequences of all individuals were compared 
and used to generate a phylogenetic (parsimony) tree. The low effective population size 
and the fast rate of mutational change of the control region make this analysis well suited 
for determining long-term population separation and detecting (sub)species differentia
tion. 
We compared, in close collaboration with Alterra (Hugh Jansman), the mtDNA haplo
types of individuals representing different European populations, as well as of some 
museum specimens and animals from a breeding stock. Our data showed no haplotype 
is indicative for a particular population or group of populations. This is shown in the 
parsimony tree (fig. 3) based upon the sequence data of 272 bp from 471 mtDNA frag
ment, where indiYiduals from all populations are scattered throughout the branches of 
the tree. Although there are some individual differences, the main body of the figure 
contains individuals that are genetically much alike, sampled from populations all over 
Europe. Based on this analysis, no populations can beforehand be excluded as source for 
the re-introduction of the otter in The Netherlands. A microsatellite analysis, now in 
progress, using the same populations, supports this conclusion. 

The examples above indicate how genetic tools can be used in the area of conservation 
biology, to provide information about the past and recent history of populations or 
species. Such information can form a solid basis for devising adequate management 
measures that in the long run can ensure the persistence of endangered species. Studies 
like the above, necessarily benefit from a close collaboration between fundamental and 
applied approaches. 
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The above research has been done in collaboration with: The Seal Rescue and 
Rehabilitation Center (Pieterburen. NL), Alterra Green World Research (Wageningen, 
NL), Stichting Das en Boom (Beek-Ubbergen, NL), Stichting Otterstation Nederland 
(Leeuwarden, NL) and the National Environmental Research Institute (Ka10, DK). 
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Figure 3. Consensus phenogram based on I 00 bootstrapped data sets from sequence data of 
the mitochondrial control region of the otter. Each branch represents one single individual from 
the following populations: BEL: Belarus, BLIJN: Breeding programme (B-line), 
CHE:Chechoslovakia, DUI: Germany, FRA: France, LET: Lat\'ia, LUT: Described haplotype, 
MUS: Dutch museum specimen NL: The Netherlands, SWE: Sweden, SPA: Spain. 
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Theoretical aspects of evolutionary ecology 

The theoretical research of our group focuses on intraspecific selection, interspecific 
competition, and the interplay between both processes. Our models stress the inter
dependence of ecological and evolutionary factors: selective forces are derived from 
ecological considerations, while ecological parameters are viewed as the outcome of 
selection. In the realm of selection theory, we focus on processes where differences 
between the sexes play an important role (e.g., evolution of sex, sex differentiation, sex 
allocation, sexual selection, sexual conflict, parental care). In the realm of competition 
theory, the focus is on the effects of spatial structure and on non-equilibrium phenomena 
(e.g., competitive chaos, competition for light, competition in a fractal landscape). Ideas 
and concepts from both theories are integrated in a third research line that attempts to 
arrive at a synthetic theory of adaptive speciation. 

Selection in a sex-differentiated population. 

The majority of population genetical selection models deals with monoecious popu
lations, i.e. with populations without differentiation between the sexes. As a result, there 
are important lacunas in our understanding of the genetic processes governing evolution 
in sexually reproducing organisms, where sex differentiation is the rule rather than the 
exception. To fill at least some of these gaps, we extended the classical models for via
bility and fecundity selection in order to see whether the basic principles of selection 
theory extend to the context of a sex-differentiated population (Weissing & van Boven, 
200 I ). The first conclusion from this endeavour was disappointing: even in simple sce
narios (one gene locus, two alleles, pure viability selection), a two-sex model gets so 
complex that a full dynamic analysis is a forbidding task. Still, we were able to derive a 
number of general results. Most notably, we derived criteria for the invasion success of 
a newly arising allele. We could demonstrate that these criteria correspond to the Shaw
Mohler equation used for judging evolutionary stability in phenotypic models for sex
differentiated populations. This is an important insight, since it shows that the phenoty
pic methods used in other projects have a clearcut population genetical justification. By 
means of examples, we could demonstrate that even "mild" forms of sex differentiation 
can have important and sometimes counterintuitive effects. One might, for example, 
expect that the evolutionary outcome in a two-sex population with selection restricted to 
one sex (e.g., selection in females, selective neutrality in males) is equivalent to that in 
a corresponding one-sex population (i.e. , a population consisting only of females). This 
is, however, not at all the case. In realistic examples, a stable polymorphism evolves in 
the two-sex population while the corresponding one-sex population evolves to a mono
morphic state. Quite generally, polymorphic equilibria of one-sex populations are inhe
rently less stable than those of a corresponding two-sex population with selection re
stricted to one of the sexes. 
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The general principles outlined above were applied to a specific system (Van Boven & 
Weissing, 2001), the t-complex of the house mouse, an intriguing example for the inter
play of selective processes at different levels. So-called t-haplotypes induce lethali ty or 
sterility at the individual level, but they nevertheless reach high frequencies in natural 
populations due to segregation distortion, i.e., a selecti ve advantage at the gamete level. 
Segregation distortion and individual selection both differ between the sexes. In an ear
lier simulation study, we could show that, contrary to claims in the literature, a high de
gree of polymorphism is to be expected in this system. In other words, the simulation 
model predicted the stable coexistence of various t-haplotypes, although some of these 
haplotypes appeared to be "selectively superior" at first sight. With the new analytical 
tools, we could now demonstrate that this trend toward polymorphism is caused by the 
fact that newly arising distorter alleles have a systematic rareness advantage. In fact, the 
earlier simulation results perfectly agree wi th the results of an invasion analysis. The 
invasion analysis does not only lead to new testable predictions, but it also sheds some 
new light on the question why "honest" Mendelian segregation is so stable in most sys
tems. 
We presently apply these new insights to various other model systems, ranging from the 
evolution of allelic diversity at the major histocompatibility complex to the evolution of 
life history characteristics in populations with sex specific dispersal. 

Sexual selection and sympatric speciation. 

In the last couple of years there has been an enormous revival of interest in the process 
of speciation. In particular, it has become clear that speciation might to a much larger 
extent be governed by adaptive (and, hence, predictable) processes than envisaged by 
classical speciation theories, where speciation is usually assumed to be initiated by 
external factors, such a geographical segregation. Two recent theoretical developments, 
from different lines of research, have alleviated two longstanding difficulties in the theo
ry of sympatric speciation. F irst, sympatric speciation requires, almost by definition , the 
evolution of a specific mating structure enabling reproducti ve isolation. Classical 
models had problems to explain the evolution of assortative mating under general and 
plausible conditions. A suite of new models demonstrates that these problems can be 
overcome if sexual selection is the driving force behind the evolution of reproducti\'e 
isolation. Second, reproductive isolation is not sufficient to ensure the sympatric coexis
tence of daughter species. These incipient species can only survi\'e if reproductive iso
lation is associated with ecological differentiation. Only recently, evolutionary bran
ching theory has provided a plausible mechanism for the evolution of ecological diffe
rentiation in the presence of disruptive selection. Based on these new insights, a new 
generation of "ecological" and "sexual selection" models of sympatric speciation has 
been developed. The two research lines focus on two different aspects (ecological diffe
rentiation and reproductive isolation), which are both crucial for a full understanding of 
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speciation. Yet, both lines have largely been developed in isolation. To provide a con
ceptual bridge between the two lines, we have developed and analyzed a combined 
model, which integrates the ecological and sexual selection aspects of sympatric spe
ciation (Van Doorn & Weissing, 2001 ). Using a combined analytical and individual
based simulation approach, we were able to show that sympatric speciation is feasible 
(see Fig. I), and that it indeed requires the simultaneous development of ecological dif
ferentiation ("ecological branching") and assortative mating ("mating type branching"). 
Both types of evolutionary branching can be understood as the outcome of a competi
tion process in which indi viduals compete for a spectrum of either ecological resources 
or mating opportunities. Although sympatric speciation is feasible, it is by no means 
clear how likely its occurrence is in natural systems. Our analysis reveals that sympatric 
speciation only occurs for a restricted range of parameter combinations, corresponding 
to genetic and phenotypic constraints on competitive abilities and mating structure. 

In a combined theoretical and empirical study (Van Doorn, Luttikhuizen & Weissing, 
200 I), we could show that the above ideas can be used to explain the extraordinary 
divergence of sex-related genes. Intuitively, one might expect that sex-related genes and, 
in particular, genes involved in the recognition between sperm and ova, are under strong 
stabilizing selection. Yet, DNA sequence analysis has revealed that, in a wide variety of 
species, such genes evolve at an enormous rate, exceeding the rate of fastly evolving 
genes as those of the immune system. By means of a simple model, we argue that the 
rapid divergence of gamete recognition proteins is driven by the combined action of 
sexual selection and sympatric speciation. In thi s process, intraspecific competition for 
fertilizations enlarges the variation of male gametes, ultimately ini tiating sympatric spe
ciation. During speciation, fertilization avoidance between the incipient species further 
drives the rapid evolution of gamete recognition proteins. This mechanism can account 
for a number of puzzling facts, e.g. the empirical finding that the rate of divergence of 
fertilization genes is not constant, but highest between closely related species (see Fig. 2). 

Competition and the coexistence of species. 

For more than 40 years, ecologists have been puzzled by an intriguing discrepancy 
between the predictions of resource competition theory and the biodiversity found in 
aquatic ecosystems. Competition theory predicts that, in equilibrium, no more species 
can stably coexist than there are limiting resources. In contrast to this prediction, tens or 
even hundreds of phytoplankton species coexist in natural waters, while they are li mi
ted by only a handful of resources. Recently, we have pointed out a potential solution to 
this " paradox of the plankton" (Huisman & Weissing, 1999, 2000). For a broad class of 
models, we could demonstrate that competition for three or more limiting resources is 
fundamentally different from competition for only one or two resources. In the latter 
case, the dynamics of competition always leads to an equilibrium. The situation is very 
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different, however, if organisms compete for three or more resources. Even in a constant 
and well-mixed environment, oscillations and chaos occur for a broad range of para
meter combinations (Huisman & Weissing, 2001a). These non-equilibrium dynamics, 
generated by the competition process itself, can promote coexistence of a large number 
of species. Already in case of three limiting resources, tens or even hundreds of compe
ting species can persist for long periods of time (Huisman et al., 2001 ; see Fig. 3). 

Hence, the paradox of the plankton is essentially solved. The discovery that resource 
competition in a homogeneous environment, arguably the simplest of all species inter
actions, can lead to fluctuations and chaos may have far-reaching implications for eco
logy. It is a characteristic feature of a chaotic system that the exact time course is virtu
ally unpredictable. But multispecies competition may be unpredictable in an even more 
fundamental sense: even if the competitive forces are so simple that always one species 
will ultimately become dominant, it may be impossible to predict which of the species 
will win the competition (Huisman & Weissing, 200lb; see also http://www.sciam.com/ 
explorations/2001!05290 lchaos). Even in a fully deterministic setting without any sto
chastic element and despite knowledge of all species traits and all species interactions, 
the winner of multispecies competition can be as unpredictable as a roll of the dice. 
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Figure 3. Time course of species diversity in a competitive system. Each simulation starts with 
a single species, and a ne\\' species is added once every 50 days. The species compete for 3 
limiting resources. Hence, in the absence of oscillations induced by the interaction among spe
cies, not more than 3 species could coexist. Due to non-equilibrium conditions, tens or even 
hundreds of species can coexist for extended periods of time. Notice that periods with high spe
cies richness can be terminated abruptly due to the invasion of a single new competitor. From 
Huisman, Johannson, Folmer & Weissing (2001): Ecol. Letters 4, 408-411. 
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Overview of academic results 

Workgroup 'Evolutionary ecology of benthic plants and animals' 

The distribution of a species, including its population structure over a range of temporal 
and spatial scales - from deep historical timeframes to contemporary timeframes; and 
from meters to thousands of kilometers spanning ocean basins - is the result of both his
torical events and ecological processes. The interlocking roles of life history types and 
strategies, short- and long-dispersal capaci ties, and adaptive tolerances to temperature 
and light constraints are key variables of interest in our research program. Various 
aspects of the ecology, ecophysiology and evolution of benthic macrophytes (seaweeds 
and seagrasses), invertebrates (corals) and demersal fishes (flatfish, rays), from different 
geographic and climatic regions are investigated in the following ways: 1) Analysis of 
genetic variation as it applies to population genetic structure within and among popula
tions on different spatial scales ranging from meters to thousands of kilometers; 2) 
Experimental analysis of ecophysiological responses of species from different climatic 
regions including testing of temperature and light responses as adaptive strategies in life 
history regulation; and 3) The coupling of molecular phylogenetic and ecological data 
sets to test hypotheses in "historical ecology" to include phylogeography, thermal adap
tation, the evolution of morphological and life history traits, and the resolution of taxo
nomic and identification problems where relevant. 

Population genetic structure, dispersal and mating systems in seaweeds and sea
grasses. Beginning in 1996-97, a number of studies were initiated to explore the popu
lation genetic structure of seaweeds and seagrasses. In order to do that, it was necessary 
to invest considerable time in the technical development of codominant genetic markers 
- specifically, microsatellite loci. This was completed for five species of seaweeds and 
two species of seagrass. Three primer notes were published in 1999-2000 and four more 
(Ascophyllum nodosum, Fucus serratus, F evanescens and Zostera noltii) are currently 
in press (Mol. Ecol. Notes). 

Since our long term research interests are in phylogeography and recolonization path
ways in the North Atlantic, on the one hand; and understanding the role of diverse algal 
life histories on their ecology, on the other hand; our initial questions have fallen in to 
two categories. First, over what spatial scale does population differentiation occur and 
how do leYels of genetic variation differ over biogeographic distributions that involve 
temperature or salinity gradients, physical boundaries and habitat differences? Second, 
how do particular mating systems and strategies (e.g., clonal reproduction), which are 
extremely diverse in seaweeds, affect population structure and dynamics? 
The tropical alga, Cladophoropsis memhranacea, is characterized by a haplodiplontic 
life cycle in which free-living haploid and diploid phases of indistinguishable morpho
logy alternate and/or co-occur. A survey of some 20 populations (>1000 individuals) in 
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(Hoarau et at. in press; Molecular Ecology). Connections between spawning areas, nur
sery grounds and feeding grounds are a key focus in our sampling design. Temporal 
sampling of spawning and nursery grounds on a monthly basis will begin in early 2002. 
Data from mitochondrial D-loop is also providing sufficient variation to allow us to 
investigate the demographic history of plaice populations and to estimate fluctuations in 
effective population sizes in both deep and shallow timeframes. In high dispersal fish 
such as plaice, estimates of stock structure are particularly difficult; therefore, care is 
being taken to consider the smallest details of sampling design and desired statistical 
power. Retrospective DNA data from otolith collections (from the 1950s) may also pro
vide valuable insights into temporal shifts in allele frequencies which is relevant to esti
mations of Ne. A number of exciting "spin-off' discoveries have been made including 
hybridization of plaice with flounder (unpubl.), evidence for recombination in flounder 
mitochondrial DNA (Hoarau et at. submitted; Mol. Biol. Evol. ) and a growing realiza
tion that putative species boundaries in flatfi sh are not as strong as previously assumed. 
At present we are stockpiling samples for a phylogenetic study of North Atlantic flatfish 
which we hope to complete in the coming two years. This will also link with a mito
chondrial genomics sequencing project in flatfish (see later). 

At the end of 2001 we were awarded a companion 4-yr project in the NWO Prioriteit 
Programma involving the common thorn back ray Raja clavata. This project will start in 
2002. Unlike flatfi sh, rays have low fecundity, high juvenile survival and limited dis
persal which leads to the prediction of a more discrete stock structure. An investigation 
of their population dynamics and population genetic structure, in combination with 
simulation modelling, will be used to determine what measures can be taken to reesta
blish rays in the Wadden Sea area. 

Phylogenetics and ecology. An investigation of phylogenetic relationships among f ive 
species of the Caribbean coral Madracis and their associated endosymbiotic dinoflagel
late Symbiodinium species from Cura~ao, have reYealed that four of the five coral spe
cies have introgressed. These results are among the first in support of the surface-ci rcu
lation-vicariance speciation model in which regional coral populations undergo repeated 
fission and fusion events resulting in permanent disequilibrium (Diekmann et al. 2001; 
Marine Biology). The lack of habitat correlation between Madracis species and their 
zooxanthallae also challenges earlier fi ndings in the genus Montastrea where zoo
xanthallae strains were strongly correlated with host depth (Diekmann et al. accepted; 
Mar. Ecol. Prog. Ser.). Surveys of different coral genera and the same genera from other 
geographic localities suggests that the strong correlations exhibited in Montastrea are 
probably a special case. 

Phylogenetics and Genomics. In a shared PhD project with the Dept. of Cryptogams, 
National Herbarium-Leiden we have completely ree\'aluated phylogenetic relationships 
within the Phaeophyceae. In a multi-gene analysis, >200 species representing all of the 
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major orders were compared using nuclear ribosomal and chloroplast genes (Draisma et 
al. 200 l ; J. Phycol. ). The most important results from this research show that some of 
the most recently derived groups of brown algae are not monophyletic and that a num
ber of previously hypothesized sister-group relationships are incorrect. The giant kelps, 
for example, are highly paraphyletic and the fuciods seaweeds, which are widespread 
along Northern European coasts, are demographically young and still in the process of 
radiation following the last glacial maximum. From a technical perspective, it is also 
clear that the rbcL gene provides relatively more phylogenetic information than either 
the SSU or LSU nuclear rONA genes. Analyses based on single analyses were not 
enhanced in a combined analysis. 

The evolution of mitochondrial genomes in marine plants is of interest on two levels: 1) 

to understand genome structure, gene arrangements, duplications and repair mecha
nisms; and 2) to generate new loci for population genetic and phylogenetic studies in 
algae. Both of these levels are being vigorously pursued in marine plants, where mt
genomes vary tremedously in size and composition. Unlike typical ani mal mt-genomes 
which range from I 5-20 Kb, algal mt-genomes are typically from 35-60 Kb. Thus the 
opportunities for molecular evolutionary studies of genome evolution are unique. 

Under an EU-Marie Curie Post-doc Fellowship (Oudot-Le Secq 200 l -2003), we have 
begun a mito-genomics project to explore the evolution of these genomes in the hetero
kontic algae, which encompasses one of the largest and most diverse evolutionary li
neages of marine primary producers - from haptophytes and diatoms to the kelps. 
Building on a number of already published genomes and our own work on the phylo
geny of the Phaeophyceae, we have selected four representative taxa of seaweeds, which 
span the phylogenetic range from ancient to modern. 

Because generation of complete mt-genome sequences is relatively easy, in 2002 we 
wi ll pursue a number of mt-genomes- not only in marine plants- but also in flatfish spe
cies . These developments represent the beginnings of comparative genomics within 
CEES. 

Invasive species and phycological forensics. The impact of the introduced and highly 
invasive seaweed, Caulerpa taxifolia in the Mediterranean has also been a point of conti
nuing research in 2001 with the completion of the PhD thesis of Isabelle Meusnier (shared 
PhD with the Univ. of Lille and supported by a 4-yr grant from the French Department 
of the Environment). Through the development and application of a number of genetic 
markers we have been able to: I) unequivocally demonstrate that the origin of the inva
sive aquariu m strain (which is now present not only in the Mediterranean but in Sydney, 
Australia and San Diego, Cali fornia as well) is Brisbane, Australia; 2) that the Brisbane 
populations are themselves introductions from C. taxifolia populations found to the 
North in the Townsville area; 3) that there has been a second strain introduced into the 
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tically active radiation (PAR) but still received high levels of UV radiation. The mecha
nism for these interactive effects of PAR and UVR will be further investigated (postdoc 
project Bischof). 

Studies on the physiological background of ecotypic differentiation in the temperature 
responses of the green alga Valonia utricularis showed differences in acclimation poten
tial between tropical Indo-west Pacific) and warm-temperate (Atlantic/Mediterranean) 
isolates. In the latter isolates acclimation was achieved by an increase in photosynthetic 
efficiency at low temperatures which results in an improved photosynthetic capacity 
under local winter temperatures. Physiological trade-offs were apparent in the loss of 
potential at high temperatures in the Atlantic/Mediterranean isolates. Differences in the 
resistence to cold stress were also found between the two groups. Atlantic/Mediterranean 
isolates were better able to cope with chilling stress because of their high capacity for 
dynamic photoinhibition. In contrast, the Indo-west Pacific isolates showed only a limi
ted capacity for protective down-regulation of Photosystem-II reaction centres (PhD 
project Eggert). 

Dispersal of benthic invertebrates. The fieldwork on the migration of the bivalve 
Macoma balthica to and from nurseries in the Dutch Wadden Sea was concluded. 
Analysis of the experiments resulted in four papers quantifying the impact of different 
invertebrate predators (Hiddink et at., in press: Mar: Ecol. Prog. Sa, J. Exp. Mat: Biol. 
Ecol., J. Sea Res., Mar. Bioi. ). Based on the results of the fieldwork a model was con
structed to investigate the costs and benefits of various migration strategies. It was 
concluded that the timing of the migration from the nurseries to the low tidal flats is opti
mal , but that the timing of the migration towards the nurseries is suboptimal because of 
hydrographical constraints. 

Following earlier studies in the 1980s investigations on the tidal flats of the Bane 
d' Arguin, Mauritania, were resumed. Attention focused on the role of predation on tidal
flat benthos; studies concentrated on predation by the huge snails Cymbium on bivalves 
and by fi sh foraging during high tide at the flats. We also studied the population struc
ture of an important prey species: the bivalve Anadara senilis. The population of 15-30 
years old found in the 1980s had disappeared and was replaced by a population of which 
the larger part was 0-5 years age. Additionnally, samples from archeological sites were 
used to estimate the 'predation' pressure on Anadara by stone-age human populations. 
Finally, we attempted to reveal the origin of many circular pools in the seagrass beds of 
the Bane d ' Arguin. We concluded that these were not caused by erosion, but instead 
were the result of sedimentation processes. 

Towards the end of the year two PhD projects on invasive species were granted. The first 
project, granted within the Prioriteit Programma 'Sustainable use and conservation of 
marine living resources', aims to find the factors determining the rate of invasions by 
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marine invertebrate species in European waters. The second project focuses on the 
question whether introduced Japanese oysters will change the ecosystems in Dutch 
estuaries into a new state. 

Workgroup 'Ecophysiology of marine microalgae' 

The role of marine phytoplankton in the cycling of climate-relevant elements 
between ocean and atmosphere. The inititative to start a new Working Group of 
SCOR, (the Scientific Committee on Ocean Research) was continued with the planning 
of the first meeting to coordinate our own studies with those of other efforts, nowadays 
taking place world-wide because of their importance for human society: the role of matine 
phytoplankton in the cycling of climate-relevant elements between ocean and atmos
phere. These elements are Carbon (C in the greenhouse gas C0 2) , Sulphur (S in the bio
genic gas DMS that induces cloud formation) and Si (silica, the most abundant element 
on Earth and a constituent of diatom cell walls). Fluxes of C02 are a central topic in the 
international SOLAS programme on land-ocean fluxes and interactions, and the 
measurements of C0 2 flux from the Dutch Wadden Sea that were initiated in coopera
tion with CIO (the carbon isotope research institute of RuG) signal our integration in 
SOLAS. In the Wadden Sea the plankton and the microalgal mats on the tidal fl ats play 
a role in C02 exchange. The extent of the benthic algal growth on the tidal flats of this 
sea and other, similar shallow seas elsewhere in Europe and its control by abiotic con
ditions and by biotic ones, e.g. grazers, were discussed in an EC-sponsored programme 
that finished this year (BIOPTIS, in which remote sensing was used for the inventory of 
microalgal growth on tidal flats around the North Sea: in the UK, the Netherlands, and 
in Germany). 

Gas exchange (C02 and Dl\IS) between the open ocean and the atmosphere. Gas 
exchange between ocean and atmosphere was measured with American colleagues, and 
a highlight was that fluxes of DMS are much higher when assessed with the Relaxed 
Eddy Accumulation technique, an up-to-date alternative of more conventional methods 
such as the Gradient Flux approach. DMS is a degradation product of the algal osmolyte 
and cryoprotectant DMSP. The Gaia hypothesis (on self regulation of "system Earth") is 
stated to be supported by a positive temperature effect on the DMSP contents in cells, 
but the opposite was found in experiments in our laboratories .... exit Gaia?! Ultraviolet 
radiation had no effect at all on the cellular DMSP content of Emiliania huxleyi, also in 
contrast with expectations. Actually, this notorious DMSP producer is much less abun
dant in the oceans than previously thought: analyses of satellite remote sensing images 
of mass occurrence were very convincing, but in some years no blooms could be seen 
at all in the North Atlantic . The modelling of a huge data set of DMS to arrive at a glo
bal inventory of its oxidation products in the atmosphere is in progress; results suggest 
that the contribution of marine plankton is especially high in the southern hemisphere, 
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while in the northern hemisphere oxidation products of human-produced S02 are mostly 
responsible for cloud albedo. 

Iron limitation in plankton. The southern hemisphere also received attention with 
regard to its plankton dynamics because iron limits phytoplankton growth here, a pheno
menon often discussed even in the popular press. Iron fertilisation experiments were car
ried out in the framework of 2 EC-sponsored programmes, CARUSO and IRON AGES. 
Addition of iron to the sea was expected to increase algal growth, including an increase 
in abundance of DMSP producers. This latter aspect was coordinated by our group on 
behalf of all participants, from 6 European nations. Iron limitation was shown to decre
ase photosynthetic efficiency during a cruise to the Weddell Sea, in other words, the tar
get of limitation was the process of photosynthesis, not the nitrogen inventory of the 
cells; sugar metabolism of diatoms was clearly coupled to photosynthesis during day
night cycles, limitation by other nutrients (P, N) lead to sugar accumulation in cells. This 
was found in the lab but also in the field during an iron enrichment experiment conduc
ted from RV "Polarstern", that stimulated microalgal growth, especially that of diatoms. 
Photosynthesis in relation to light and iron co-limitation was further analysed by non
invasive fluorometric methods. 

Silica formation in diatoms. Diatoms are studied intensively because they are the 
majur phytoplankton group that fuel the "biological pump" in the ocean: much C02 is 

sequestered in the deep ocean after sinking of diatoms, heavy, "ballasted" cells because 
of their silica cell wall . Silica formation is studied in our group by methods never 
applied in plankton research: wide, small and ultrasmall X-ray scattering. The synchro
tron radiation facility in Grenoble was visited for this purpose. Powder of 21 species 
confirmed observations by electron microscopy; the added value of WAXS, SAXS and 
USAXS is the quantitative nature of the analyses, and the view on the transition from 
amorphous silica to crystalline, and from there to the pore architecture of the cell wall 
that is highly species-specific. The crystalline effect is more apparent than real, being 
caused by hexagonal empilation, i.e. , accumulation of peres in a highly ordered way. 
The pores in cell walls may well be formed in a way resembling the "eire-perdue" 
methodology of bronze casting to make statues: proteins start silica aggregation, to be 
removed later in the process, leaving a hole: the pore. Species-specific patterns are, 
according to this model, the result of different sets of proteins that are governed on a 
genetic basis. The search for proteins that play a role in biomineralisation continues with 
isolation, purification and sequencing. Silica biomineralisation is known to start in the 
so-called silicon deposition vesicle in diatom cells. We isolate these "SOY's" from syn
chronised diatom cultures. Two fluorescing probes are used to localise the earliest phase 
of the SDV prior to cell division. Expression of RNA in relation to functional proteins 
is studied as a genetic basis of mineralisation processes. A sequence of 30 amino acids 
suggests a new protein with high affinity for silica. 
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Ultraviolet radiation. Ultraviolet radiation is the other "global change" phenomenon, 
next to the influence of C02 on climate discussed above. A review was finished, written 
with American colleagues, in which a synthesis of all our studies on UV effects on 
plankton to date (since 10 years) is presented: a latitudinal comparison, in which it be
came clear that bacteria suffer more damage to their DNA the more poleward samples 
are taken; especially in the Antarctic their DNA is damaged, beyond repair occasional
ly. This is not true for autotrophic (phyto)plankton because species composition mode
rates the north-south gradient of damage found in bacterioplankton: in the tropics small 
cells dominate in the phytoplankton, in arctic and antarctic regions cell tend to be big
ger (diatoms and Phaeocystis dominate there). Lakes in the Andes mountains are a refe
rence point in this study: in high-altitude lakes plankton is adapted to high UV radiation 
in terms of UV sensitivity. Phytoplankton-bacteria interactions will receive priority 
attention in relation to our UV studies, in cooperation with Australian colleagues on the 
Australian Antarctic basis. 

Phytoplankton-bacteria interactions. Phytoplankton-bacteria interactions were also 
studied closer by, in the Dutch Wadden Sea. The laminaran of Phaeocystis (a very abun
dant species, often reaching huge bloom proportions and therefore considered a nuisance 
alga) plays an important role in the microbial loop; Phaeocystis appeared to be control
led in its growth (and therewith, its laminaran production) by light. Field work (taking 
only place in spring, hecause Phaeocystis has a pronounced spring bloom, then disap
pears mostly) was extended to the laboratory. 

Toxic algae. Another "nuisance" group of algae is the class of the Raphidophytes. The 
toxicity of one species, Fibrocapsajaponica, was tested with chemical approaches and 
with bioassays using Artemia and bacteria. The characterisation of the niche of Fibro
capsa in relation to physiological condi tions was studied by an analysis of temperature 
and light effects on its growth in lab cultures. These algae ha,·e apparently reached the 
North Sea from elsewhere, and sexual exchange between populations has possibly 
increased their toxicity ("hybrid vigour", as known already in land plants). 

Workgroup 'Ecology, ecophysiology and bioenergetics of zooplankton, zoobenthos 
and nekton' 

The research activities are focussed on the energetic consequences of the interaction 
with the fluid medium during swimming 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. In this year 's report 
we discuss results of laboratory experiments on the feeding behaviour of barnacles and 
summarise the results of one study outside the main research interest published in 2001. 
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observed heterozygosity (H0 ) of 0.140, as opposed to very low levels of 0.009 and 0.021 
in respectively T. tripteronotus and T. melanurus. Nei 's genetic distance was 0.21 
between T. delai.~i and T. tripteronotus, 0.35 between T delaisi and T. melanurus and 
0.45 between T. tripteronotus and T melanurus. We hypothesise that divergence of these 
species started before the Pleistocene, and that the endemic species survived the 
Pleistocene glaciations in refuges within the Mediterranean. The possibility that T. trip
teronotus and T. delaisi diverged through sympatric speciation is discussed. 

Collaborative project 'Coral-reef ecology' 

There exists no working group on coral-reef ecology within the Department of Marine 
Biology. This research theme is pursued jointly by the workgroup on Benthic ecology 
and the group on Ecology, ecophysiology and bioenergetics of zooplankton, zoobenthos 
and nekton. 

Resource partitioning among four closely related butterflyfish species in the 
Southern Red Sea. Results were presented at the 9th international Coral reef symposium 
in Bali by Z. A. Zekeria. Feeding habits and terri torial behaviour of four sympatric Red 
Sea butterflyfishes were investigated in the Eritrean coastal waters. Individual bite rates 
and types of food consumed were recorded. Stomach contents of 125 specimens were 
analysed in the laboratory. The food items in the stomach were sorted and their volume 
estimated. The four species showed marked variation in their food preferences and fee
ding habits. The most abundant Chaetodon larvatus, an obligate corallivore, forms mo
nogamous pairs. Each pair defends a relatively small territory against conspecifics and 
against C. semilarvatus. The latter species also feeds on scleractinian corals but lives 
solitary or in small aggregations. The third species, Heniochus intermedius, feeds on 
non-coralline benthic invertebrates (mainly polychaetes); it usually lives in pairs or in 
aggregations of up to 24 individuals. Both C. semilarvatus and H. intermedius occupy 
undefended and overlapping home ranges. The least abundant species, C. mesoleucos, 
forms monogamous pairs, defends a territory and feeds mainly on non-coralline benthic 
invertebrates (mainly nematodes and polychaetes). The four species co-exist in the same 
habitat where they partition the food resources. Both C. larvatus and C. semilarvatus 
feed on scleractinian corals, but at different times. While C. larvatus was observed to 
feed only during daytime C. semilarvatus feeds by day and night. 

Seasonal dynamics of functional groups of reef algae in the Eritrean Red Sea. 
Mebrahtu Ateweberhan fini shed the field work for this PhD study. During the last year 
the main emphasis was placed on monitoring labelled plants. For several canopy spe
cies, the lateral branches, which function as more or less independent units, were also 
labelled and monitored. Using thi s approach, he was able to estimate growth rates, per
sistence, reproducti\'e seasonality and mortality at the level of individual branches. In 
Sargassum ilicifolium, one of the dominant canopy species, no temporal Yariation in 
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plant density was detected. Recruitment was limited and population persistence largely 
depended on the survival of established plants. However, at the level of individual late
rals, plants were very dynamic. New laterals were formed only in the winter half year. 
Surprisingly, lateral persistence was highest in summer, when remnants of the previous 
year 's laterals survived. Lateral persistence was lowest in spring, during the period of 
maximum growth and reproduction, when large reproductive gass vesicle bearing bran
ches became detached. At present, the demographic consequences of this strategy are 
being quantified for S. ilicifolium and several other species. 

Publications 2001 

Dissertations 

Doctorate granted by the institution, prepared within the institution 

De Jong, J.J.M. , 2001. Remote sensing of wet forest. Promotor: prof dr ir P.J.C. 
Kuiper, referent: dr. W. Klaassen, University of Groningen 

Doctorate granted by the institution, prepared at another institution 

Corten, A.A.H.M. 200 l. Herring and climate. Changes in the distribution of North Sea 
herring due to climate fluctuations. Promotor: prof.dr. W.J. Wolff, University of 
Groningen 

Van Franeker, J.A. 2001. Mirrors in ice. Fulmarine petrels and Antarctic ecosystems. 
Promotor: prof.dr. W.J. Wolff, Uni\·ersity of Groningen 

Wijsman, J. 200 I. Early diagenetic processes in northwestern Black Sea sediments. 
Promotores: prof.dr. P.A.W.J. de Wilde and prof.dr. C.H.R. Heip, University of 
Groningen 

Publications in journals 

Arrieta, J.M. & Herndl, G.J. 2001. Assessing the diversity of marine bacterial B-gluco
sidases by capillary electrophoresis zymography. Applied Environmental Microbiology 
67: 4896-4900 

Bischof, K. , Hanelt, D. & Wieneke, C. 2001. UV-radiation and Arctic marine macro
alga. Ecological Studies Series : 153: 227-243 
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Boelen, P., Veldhuis, M.J.W. & Burna, A.G.J. 2001. Accumulation and removal of 
UVBR-induced DNA damage in marine tropical plankton subjected to mixed and 
simulated non-mixed conditions. Aquatic Microbial Ecology 24: 265-274 

Bouma, H. , Duiker, J .M.C., De Vries, P.P., Herman, P.M.J. & Wolff, W.J. 2001. Spatial 
pattern of early recruitment of Macoma balthica (L.) and Cerastoderma edule (L.) in 
relation to sediment dynamics on a highly dynamic intertidal sandflat. Journal of Sea 
Research 45: 79-93 

Bouma, H., De Vries, P.P. , Duiker, J.M.C., Herman, P.M.J. & Wolff, W.J. 2001. 
Migration of the bivalve Macoma balthica on a highly dynamic tidal flat in the 
Westerschelde estuary, The Netherlands. Marine Ecology Progress Series 224: 157-
170 

Boye, M., Van den Berg, C.M.G., DeJong, J.T.M., Leach, H., Croot, P. & De Baar, 
H.J.W. 2001. Organic complexation of iron in the Southern Ocean. Deep Sea Research 
148: 1477- 1497 

Buitenhuis, E.T., VanderWal, P. & De Baar, H.J.W. 200 1. Blooms of Emiliania 
huxleyi are sinks of atmospheric carbon dioxide; a field and mesocosm study derived 
simulation. Global Biogeochemical Cycles 15: 577-587 

Burna, A.G.J. , De Boer, M.K. & Boelen, P. 2001. Depth distributions of DNA damage 
in antarctic marine phyto- and bacterioplankton exposed to summertime UV radiation. 
Journal of Phycology 37: 200-208 

Burna, A.G.J. , Helbling, E.W., De Boer, M.K. & Villafane, V. 2001. Patterns of DNA 
damage and photoinhibi tion in temperate South-Atlantic picophytoplankton exposed to 
solar ultraviolet radiation. Journal of Photochemistry and Photobiology B: Biology 62: 
9-18 

Coyer, J.A., Smith, G.J. & Andersen, R.A. 200 l. Evolution of Macrocystis spp. 
(Phaeophyceae) as determined by ITS ! and ITS2 sequences. Journal of Phycology 37: 
574-585 

Diekmann, O.E. , Bak, R.P.M. , Starn, W.T., & Olsen, J.L. 2001. Molecular genetic evi
dence for probable reticulate speciation in the coral genus Madracis from a Carribean 
fringing reef slope. Marine Biology 139: 221-233 

Draisma, S.G.A. , Prud'homme van Reine, W.F., Stam, W.T. & Olsen, J.L. 2001. Are
assessment of phylogenetic relationships within the Phaeophyceae based on RUBISCO 
large subunit and ribosomal DNA sequences. Journal of Phycology 37: 586-603 
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Engelen, A.H., Olsen, J.L., Breeman, A.M. & Stam, W.T. 2001. Genetic differentiation 
in Sargassum polyceratium (Fucales: Phaeophyceae) around the island of Curac;ao 
(Netherlands Antilles). Marine Biology 139: 267-277 

Geertjes, G.J. , Kamping, A. , Van Delden, W. & Videler, J.J. 2001. Genetic relation
ships among one non-endemic and two endemic Meditenanean Triplefin Blennies 
(Pisces, Blennioidei). Marine Ecology 22: 255-265 

Gerringa, L.J.A .. , De Baar, H.J.W., Nolting, R.F. & Paucot, H. 2001. The influence of 
salinity on the solubili ty of Zn and Cd sulphides in the Scheidt estuary. Journal of Sea 
Research 46: 201 -211 

Hanelt, D., Tiig, H., Bischof, K. , Gross, C., Lippert, H., Sawall, T. & Wieneke, C. 
2001. Light regime in an Arctic fjord: a study related to stratospheric ozone depletion 
as a basis for determination of UV effects on algal growth. Marine Biology 138: 649-
658 

Heip, C.H.R., Duineveld, G., Flach, E., Graf, G., Helder, W., Herman, P.M.J. , 
Lavaleye, M., Middelburg, J.J., Pfannkuche, 0 ., Soetaert, K. , Soltwedel, T., De Stigter, 
H., Thomsen, L., Vanaverbeke, J. & De Wilde, P.A.W. J. 2001. The role of the benthic 
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Highlights in 2001 

January 2001: 

AMICO 

~daptation of Microbial 
{lommunities to organic 

contaminants in Qligotrophic 
aquifers 

http://www .geocities.com/ruckimfam ico 

A fifth framework programme of the 
European Committee. 

Thematic Programme: 
Quality of Life and .Management of 
Living Resources 

Key action 3: 
The 'cell factory' 

Priority: 3.2.4: 
Biodiversity and ecological dynamics of 
natural and introduced populations. 

In the AMICO Project two easy accessible model sites have been selected at two indus
trial sites, contaminated predominantly with BTEX (Benzene, Toluene, Ethylbenzene 
and Xylenes). The major goal of this 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 BTEX. A polyphasic approach will be used to study 
the effects of changing environmental conditions on the degradation potential, with the 
major focus on the use of culture independent molecular tools, to identify the dominant 
species and define community shifts in population, as well as to identify critical genes, 
that are indicative for a catabolic round and thereby a bioremedial potential. 

April 2001: 

Start of BIODEEP 

BIOtechnologies from the DEEP 

http://www.geo.unimib.it/BioDeep/Project.html 

86 

OJ 

0 
--1 
m 
n 
I 
z 
0 
r 
0 
(j) 

m 
m 
FROM THE DEEP (2001• 2004} 

A fifth framework programme of the 
European Committee. 

Thematic Programme: 
Energy, Environment and Sustainable 
Development. 

Key Action 3: 
Sustainable Marine Ecosystems 

Priority: 3.2.3: 
Technologies for safe, sustainable and 
economic exploitation of marine resources. 





CEES Progress Report 2001 

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 shown to discharge large quantities of mud, water, 
methane and hydrogen sulfide into the overlying water. These mud volcanoes are now 
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 tube
worms, bivalves, fish, and shrimps that live in these environments are likely to be sus
tained through primary production based on the oxidation of methane or hydrogen sulfide 
by chemosynthetic bacteria. By analogy with hydrothermal vent ecosystems investi
gators have presumed that life in these environments is sustained by the oxidation of sul
fide by chemoautotrophic prokaryotic organisms. However, more recent carbon-isotope 
measurements done on sediment samples collected from Mediterranean mud-volcanoes 
indicate that the oxidation of geochemically produced methane, rather than sulfide oxi
dation, may prove to be the basis of chemoautotrophy in these ecosystems. Since all 
microorganisms known to grow at the expense of methane require molecular oxygen to 
do so, and because oxygen is exceedingly limited in these ' cold seep' sediments, the 
possibility exists that methane oxidation may also occur under anoxic conditions. 
Little is known about the microbial eco.logy of deep-sea cold seep sediments and sur
rounding brine pools. Hence, a primary objective of the present study is to determine the 
structure and composition of microbial communities in these ecosystems. A second goal 
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' ecosystems. For this reason sediment and water samples were collec
ted from several mud volcanoes in the Mediterranean Sea during the Medineth scienti
fic cruise in 1999. 
Selected samples are presently being characterised using a combination of culture
dependent and molecular microbial ecology techniques in an effort to identify the micro
bial populations present so that reasonable inferences can be made about their likely 
physiological role in these environments. The bacterial community structure in the cold 
seep sediments were studied using Terminal Restriction Fragment Length 
Polymorphism (t-RFLP). Preliminary results showed strong similarities as well as spe
cific differences between and within sediment layers from different mud volcanoes. 
Experiments were carried out in order to characterise these bacterial communities in the 
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In the year 2000, a consortium of 12 European research groups has been formed which 
initiated an interdisciplinary research program entitled "BIOtechnologies from the 
DEEP (BIODEEP)". The project that has been funded for a three-year period by the 
European Commission focuses at the biological and geochemical exploration of four 
hyper-saline brines (named L' Atalante, Bannock, Discovery and Urania) located at 3000 
meters below sea level in the Mediterranean Sea (Fig. 1). These brine lakes, which are 
characterised by extremes of salinity and pressure, will be sampled on various cruises. 
Our contribution to the project is to determine the microbial community structure using 
modern molecular tools such as the sequence analysis of 16S rDNA genes. In addition 
we are interested in relationships between the different microbial communities found at 
the various sampling sites within the different brines. Therefore we will study the gene
tic composition of various populations by means of genome fingerprinting techniques 
such as REP-PCR and AFLP. 

Our particular interest is focused at the microbial mats at the seawater to brine interface, 
which is characterised by a sharp increase in salinity and density, and a sharp decrease 
in the oxygen concentration. Especially at these interfaces, interesting interactions are 
possible between microorganisms belonging to different functional groups. 
In August 200 l , the first cruise was held and samples were collected from the brine
seawater interfaces and the brine bodies from the 4 different brines. In addition samples 
were taken of the seawater column above the Discovery and Bannock brine. DNA was 
isolated from these samples and eubacterial and archaeal 16S rDNA clone libraries were 
constructed for the brine-seawater interface samples. Subsequently, approximately 10 
clones of each interface were sequenced. Preliminary results from the obtained sequen
ces indicate that archaeal diversity is lower than the eubacterial diversity in the brine
seawater interface. Furthermore, the data demonstrated that each brine had a specific 
microbial community at the brine-seawater interfaces, which may be a consequence of 
the different ecophysiological conditions of each brine. However, further studies are 
necessary to confirm this hypothesis. 
The obtained sequences were compared with l6S rDNA sequences present in the 
GenBank database. Results showed that a considerable number of the obtained sequen
ces have a low homology to currently known 16S rDNA genes. This indicates that most 
of the bacterial species present in these brines are novel, unknown species that have 
never been seen before. Finally it was observed that a number of sequences showed a 
high homology to sulphate reducing bacteria indicating that sulphate reduction is a me
tabolically important route in these brine-water interfaces. This study is now being 
extended to analyse more clones from the clone libraries to get a better understanding 
about the bacterial communities present in the different brines. Furthermore, a compa
rison between certain functional genes (e.g. sulphite reductase gene) from the different 
brines is under investigation as well. 
The high diversity and large number of novel bacterial species that are already found in 
these brines-seawater interfaces is promising for the discovery of novel products for bio
technological and medical use during this project. 
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Bacteria-Algal Interactions 

Phaeocystis (Prymnesiophyceae) is a colony forming micro alga with a world-wide dis
tribution. It is well known for its massive blooms, with Phaeocystis being organised in 
colonies that consist of cells embedded in a 7 f.im thick mucous layer. During blooms 
Phaeocystis is responsible for a large part of the local annual primary production. At the 
end of a springbloom, a lot of cells lyse, releasing their cellular content into the envi
ronment. On a global scale approximately 50% of the marine primary production is uti
lised by bacteria in the microbial loop. Bacteria also degrade a significant part of the bio
mass produced by Ph.aeocystis. Ph.aeocystis biomass is rich in carbohydrates and can be 
divided into 2 major fractions: the extracellular mucous and intracellular a storage glu
can called laminaran. Laminaran has a rather simple structure of a be ta-l ,3-glucose 
backbone with some branching at position 6. Laminaran may be an important substrate 
for marine bacteria, since many different algae produce it. 
During the 200 I Phaeocystis springbloom we tried to measure the amount of laminaran 
that was produced in the natural environment. Previous studies on carbohydrate pro
duction by Phaeocystis cultures under laboratory conditions revealed that during the sta
tionary phase carbohydrates are accumulated as glucose, mainly in the form of lamina
ran. This is known as overflow-metabolism and occurs when cells are nutrient limited. 
In their natural environment nutrient limitation results in the cessation of the spring
bloom. Therefore it was investigated whether this overflow-metabolism can also be 
measured at the end of a springbloom. 
The total sugar content and monosaccharide composition was determined from surface 
samples from the North Sea, The Netherlands. No apparent increase in carbohydrate 
concentration in the surface water was observed over the course of the bloom. The glu
cose fraction, mainly consisting of laminaran, varied between 20% and 80% of the total 
carbohydrate concentration and does not show a trend over the bloom. These results do 
not show a strong overflow-metabolism in the field, when compared to cultures studies. 
Probably factors like a diurnal cycle and light limitation are also important for the car
bohydrate production by algae in their natural environment. 

A new Ph.D. project involving the analysis of the interaction between bacteria and dia
toms in Antarctic waters was initiated in the summer of 2001 and will start at the begin
ning of 2002. One of the aims of this project is to study the effect of UV radiation on 
the bacterial consortia associated with the phytoplankton. 

Microbial communities and degradation of natural and xenobiotic compounds 

Reductive Dechlorination of Organopollutants 

Reductive dechlorination is a key step in the microbial transformation of highly chlori
nated aliphatic and aromatic environmental pollutants (e.g., PCB 's, chlorobenzenes, 
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chlorophenols, and chloroethenes) under anoxic conditions. To gain an understanding of 
the fate of such chemicals in soils, sediments, and water streams it is important to gather 
detailed information about the biology of the bacteria that are capable of catalysing 
reductive dechlorination. Recently, several new species of Desulfitobacterium and rela
ted organisms haYe been isolated that belong to new genera of anaerobic bacteria able 
to grow by reductive dechlorination of chlorinated ethenes. Such chlorinated organics 
can be used as electron acceptors for the oxidation ("halorespiration") of substrates like 
organic acids, ethanol or hydrogen. The process provides enough energy to allow growth 
of these specialized types of bacteria. The most interesting practical spin-off of these 
microbial activities is the possibility they offer to convert potentially toxic chlorinated 
pollutants into harmless, chlorine-free organic molecules. 
The influence of changes in various rele\'ant environmental conditions in the natural 
habitats of dechlorinating bacteria have been studied in relation to their dechlorinating 
potential. This was done with pure cultures in the laboratory and with entire anaerobic 
communities in soil columns, in laboratory scale soil pilot reactors and in the field. Of 
particular interest in such studies is the effect of competition from non-dechlorinating 
bacteria (e.g. acidogens, sulphate reducing bacteria and methanogens) for commonly 
used growth substrates on the dechlorination activity of individual species (such as 
Desulfitobacteriumfrappieri and related species) and the entire dechlorinating commu
nities. It was found that there exists a complicated combination of competitive and 
mutualistic relationships among these organisms. This paradoxical situation leads to the 
intriguing conclusion that certain competitors for common electron donors (sulphate 
reducing bacteria in particular) actually stimulate anaerobic dechlorination via interspe
cies hydrogen transfer under conditions of limiting avai lability of sulphate, as is com
mon in many natural (polluted) soils. To substantiate these conclusions, mainly based on 
the laboratory-type model systems, various kinds of nucleic acid based probes have been 
developed together with several partners within a current EC-funded demonstration pro
ject. Thus it will now be possible to try and establish changes in relative sizes, distribu
tion and physiological activity of microbial populations (in)directly involved in anaero
bic dechlorination in soils as a function of the availability of various combinations of 
electron donors and acceptors. 

This project was terminated in April 2001 and is not to be continued 

Adaptation of microbial communities to organic contaminants in oligotrophic aquif
er sediments (AMICO). 

When dealing with soils and subsurface aquifers that are polluted with organic contami
nants, bioremediation is considered the most cost effective, relati vely easy to implement 
and safe technology for the complete remoYal of these contaminants. However, subsur
face environments are often severely restricted in the availability of nutrients, carbon 
substrates and electron acceptors and therefore, in situ rates of microbial metabolism in 
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such aquifers are low. Modem ecological approaches revealed functional and genetic 
diverse microbial communities that are well adapted to the low substrate concentrations. 
In this study, funded by the European Committee, we have selected two easy accessible 
model sites at an industrial location; one pristine site and one site contaminated predo
minantly with BTEX (benzene, toluene, ethylbenzene and xylenes). While all BTEX 
compounds are biodegradable, their successful degradation is known to be strongly 
dependent on environmental conditions including the availabi lity of nutrients, presence 
of additional carbon sources and redox conditions. The major goal of this project is to 
find out how the microbial communi ty structure of an oligotrophic aquifer is affected 
when challenged with BTEX. Will these changing conditions stimulate bioremediation 
or might these have a drastic negative effect on the activity and growth of oligotrophic 
communities? 
In order to study the e processes, we will make a comparison of the functional and gene
tic compositions of oligotrophic microbial communities before and after exposure to 
BT EX. A combined approach based on soil microcosms and defined studies with pure 
and mixed cultures in chemostats established and maintained under controlled condi
tions v. ill be set up to determine causal relationships between environmental and com
munity variables and microbial acti vities. A specific objective of this project is to define 
and to compare the structure of microbial communities in pristine and BTEX-contami
nated aquifers. Factors that positi vely affect biodegradation by microbial communities 
in chemostats and microcosms will be evaluated and strategies will be developed for 
stimulation of bioremediation on the selected contaminated sites. 
Up to now, two soil-sampling campaigns were carried out and soil was collected from 
different locations at different depths at the selected site. The samples taken were used 
for chemical analyses and part of the material was processed for distribution to the par
ticipants in this project. We will monitor the shifts of the microbial community structure 
upon pollution, us ing the cultivation-independent molecular fingerprinting technique 
terminal restriction fragment length polymorphism (T-RFLP). Protocols for extracting 
total DNA from the soil samples were optimised and isolated DNA was amplified by 
PCR using primers that amplify virtually all members of the domain Bacteria . 
Preliminary T-RFLP analyses revealed that in most of the samples one to two dominant 
bands were fou nd, independent on the level of contamination of the sites where the 
samples originated. Further research concentrate on the identi ty of these species. 
Beside cultivation-independent methods, also cultivation-dependent methods are used 
to study the microorganisms present. Specific enrichment cultures were set up, using 
BTEX as a sole sou rce of carbon and energy. From these cul tures (communi ties of) 
microorganisms will be isolated, characterised and further enriched to study BTEX 
degradation under various conditions (oxygen-levels, electron acceptors, batch cultures, 
chemostats). Preliminary results suggest that there was a slight difference in the degra
dation behaYiour of microorgani sms from different locations. Further research will be 
done on the expression of enzymes involved in BTEX degradation (e.g. catechol 2,3-
dioxygenase). 
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The participants of the AMICO have now developed the main tools and methods to 
focus on the objectives of this project, that is the study of the microbial community and 
its changes, to study the metabolic potential, to study the stress response upon exposure 
of high BTEX concentrations and to study the physiological response on changes of 
environmental parameters. Exchange of bacterial strains, ON A, primers, etc between the 
participants of this project will stimulate research and lead to a more detailed under
standing in the processes described above. 

Diversity within anoxygenic phototrophic bacteria and the mineralization of chlori
nated aromatic compounds 

Chlorinated benzoic acids are found in the environment mainly as intermediates produ
ced through the partial dechlorination of more highly halogenated organic pollutants. 3-
Chlorobenzoate (3-CBA) has served as a model for this class of compounds and their 
metabolism under various environmental conditions. Processes responsible for the 
mineralization of 3-CBA in natural environments may occur under oxic or anoxic con
ditions, in which facultative anaerobic photoheterotrophic bacteria may play an impor
tant role. Rhodopseudomonas palustris, a purple nonsulfur bacterium, is one of the best
studied species with respect to the anaerobic degradation of aromatic compounds. Until 
recently, a strain of Rps. palustris (DCP3) was thought to be unique in its ability to grow 
on 3-CBA or 3-bromobenzoic acid as the sole carbon and electron source under anoxic 
conditions in the light. 
To better understand the potential of Rhodopseudomonas spp. to degrade chlorinated 
benzoic acids, the adaptive responses of Rps. palustris and the selection of novel meta
bolic ability in this species were investigated. After selective enrichments of 3-CBA
degrading photoheterotrophic bacteria, the strains isolated were all identified as Rps. 
palustris and were only able to degrade 3-CBA in the presence of benzoic acid (BA) as 
an additional substrate. However, after prolonged periods of starvation ranging from 3 
to 4 months in batch cultures under anoxic conditions in the light, some of these strains 
acquired the ability to grow on 3-CBA as their sole carbon source. These results sugge
st that starvation may stimulate either the formation or selection of such variants and that 
the ability to metabolise 3-CBA may be more widespread among strains of Rps. palus
tris than that had been thought previously. 
The disadvantage of using enrichment cultures is that they impose conditions that favour 
the fastest growing over numerically dominant organisms. We have observed that only 
strains of Rps. palustris were isolated from such enrichment cultures that contained a 
mixture of 3-CBA and BA regardless of the geographical and ecological origin of the 
inocula. To expand our knowledge of genotypic and phenotypic diversity of purple 
nonsulfur bacteria in the top layer of aquatic sediments, 128 strains were isolated from 
agar-plates that had been inoculated with sediment samples from the Haren and the 
Biesbosch sites in The Netherlands. Although almost identical colonies based on colour 
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and morphology appeared on the phototrophically incubated agar plates, analysis of 
BOX-PCR genomic DNA fingerprints and 16S rRNA gene sequences showed a high 
level of diversity among the isolates. There were also at least two distinct phenotypes 
within the species Rps. palustris with respect to the ability to degrade BA: those that did 
degrade BA and those that could not. Interestingly, BA-degrading Rps. palustris strains 
formed genotypic clusters significantly different from non-BA-degrading strains. These 
results suggest that strains identified as belonging to Rps. palustris or close relatives of 
this species are genotypically and phenotypically more diverse than hitherto assumed 
based on conventional enrichment techniques. Furthermore, none of the Rps. palustris 
genotypes found in the Haren site was found in the Biesbosch site, indicating that cer
tain strains may be endemic to each sampling site. The existence of distinct clades of 
Rps. palustris strains may reflect an incipient speciation event that arises from adaptive 
evolution to local environmental conditions. 
Further attempts to link the extent of genetic diversity to phenotypic diversity among 
strains of Rps. palustris are currently undertaken with particular emphasis on the influ
ence of the geographic distribution on speciation of these photoheterotrophic bacteria. 

This project was terminated at the end of 2001 and is not to be continued 

Microbial ecology of silage: communities involved in silage stabilization 

Plant materials preserved by ensiling are widely used as 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 or
ganisms. 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 research has 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 increase in stability was due to increased !-propanol and 
ethanol concentrations and decrease lactic acid concentrations, resulting from L. buch
neri capacity to degrade lactic acid to acetic acid and 1 ,2-propanediol under anoxic con
ditions in the absence of an additional electron acceptor. We have isolated two Lacto
bacillus strains from aerobically stable maize silage which are able to further metabolise 
1,2-propanediol anaerobically as a sole substrate to equimolar amounts of !-propanol 
and propionic acid (pH range 3.8 to 5.7). These strains were fully characterized and both 
belong to the same Lactobacillus species (Lactobacillus diolivorans) , which is closely 
related to L. buchneri (Fig. 2). 
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Further research should reveal whether the co-inoculation of L. diolivorans with glyce
rol might improve the development of aerobic stability. 

Mechanisms and regulation of adaptive evolution in microorganisms 

Regulation of mutation rates in Archae a 

Most of what we know today about microbial evolution is limited to a few members of 
the Eubacteria, in particular Escherichia coli. Little is known about the modulation of 
mutation rates in the third domain of life, the Archaea. We therefore chose to use halo
philic members of the Archaea as model organisms to get more insight into the mecha
nisms underlying archaeal evolution. 
Experiments were performed to determine the effect of prolonged starvation on the 
mutation rate in the halophilic archaeon Haloferax volcanii. Four independent batch cul
tures of H. volcanii were grown on minimal medium until stationary phase and subse
quently starved for several weeks . Samples were taken from various stages of growth 
(mid and late log phase) and at several time intervals in the stationary phase. The fre
quency of antibiotic resistant mutants in these samples was determined by monitoring 
the growth in the presence of various antibiotics. It was found that the frequency of 
spontaneous mutation to an antibiotic resistant phenotype increased almost 20 fold after 
one week in the stationary phase. Control experiments ruled out the possibility that the 
observed increase in mutant frequency was due to a mutator phenotype or a beneficial 
mutation at a single locus. 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 H. vol
canii is apparently regulated in response to growth conditions. However, most of the 
proteins and regulatory mechanisms that have been proposed to play an essential role in 
inducing mutagenesis under starvation conditions in bacteria are either absent in 
Archaea (RpoS, and the SOS response) or homologous to eukaryotic proteins (RadA). 
Therefore, Archaea may have evolved different mechanisms to regulate their mutation 
rate in response to the prevailing environmental conditions . 

Long-term evolution in halophilic Archaea 

Adaptive evolution in response to environmental conditions has been studied in mem
bers of both Bacteria and Eukarya with the bulk of this research being carried out in a 
single species, Escherichia coli. These studies have provided some basic knowledge 
about the mechanisms of adaptive evolution, for example the effect of unfavorable envi
ronments on the rate of spontaneous mutation. However, few studies have been done on 
the mechanisms of adaptive evolution in archaeal species. Research into the evolution 
of Archaea is of particular interest, because archaeal genomes are a mosaic of eukaryotic 
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include Pulsed-Field Gel Electrophoresis (PFGE), fluorescent Amplified Fragment 
Length Polymorphism (fAFLP), repetitive DNA sequence- Polymerase Chain Reaction 
(rep-PCR) and nucleotide sequencing. Since research on the adaptive evolution in E. 
coli has shown that insertion sequence elements (IS elements) play an important role, 
restriction fragment analysis will be carried out with IS elements as probes to determine 
whether transposition events occurred. Preliminary analysis of the evolved populations 
after approximately I 00 generations did not yet reveal dramatic changes in relative fit
ness or genetic makeup. 

Long term evolution in Haloferax volcanii: the effect of environmental heterogeneity. 

Although most lab cultures are homogenous systems, most natural environments consist 
of gradients of various biotic and abiotic factors , such as pH, oxygen, nutrients, light and 
UV irradiation. Any combination of these gradients may create a unique ecological 
niche to which (sub-) populations may adapt. As a result of the process of adaptive evo
lution by niche differentiation, populations adapted in a heterogeneous environment 
may have a larger genetic and phenotypic diversity than those grown in homogenous 
environments. We are currently studying the effect of environmental heterogeneity on 
the phenotypic and genetic diversity in the halophilic archaeon Haloferax volcanii in a 
long-Lerrn evolution experiment. For this experiment, two sets of three independent cul
tures, all founded from a single ancestral colony, are propagated under homogeneous 
and heterogeneous conditions. The homogeneous environment is created by continuous 
mixing of the cultures in a shaking incubator and heterogeneous conditions are esta
blished by placing the cultures in an incubator without mixing. The cultures are trans
ferred weekly to fresh medium and samples are taken every second week for storage and 
analysis. Initial results indicate an increase in phenotypic diversity in the populations 
grown in a heterogeneous environment compared to those grown in a homogeneous 
environment, as j udged by the colony morphology. 
Whereas the colonies isolated from the homogeneous cultures have a rather uniform 
morphology, colonies derived from the heterogeneous cultures reveal a large variety in 
both size and pigmentation. Whether this difference in diversity at the phenotypic level 
is also present at the genotypic level will be studied by genome fingerprinting using 
various techniques (e.g. Pulsed-Field Gel Electrophoresis (PFGE), rep-PCR, AFLP). 
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Boczar, B.A., Forney, L.J. , Begley, W.M., Larson, R.J. & Federle, T.W. 2001. 
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for Rhndopseudomonas palustris to degrade chlorinated benzoic acids as the sole 
carbon source. FEMS Microbiology Ecology 38: 133- 139 

Ostrowski, M., Cavicchioli, R., Blaauw, M. & Gottschal JC. 200 I. Specific growth 
rate plays a critical role in hydrogen peroxide resistance of the marine oligotrophic 
ultramicrobacterium Sphingomonas alaskensis strain RB2256. Applied and 
Environmental Microbiology 67: 1292-1299 

Vancanneyt, M., Schut, F., Snauwaert, C., Goris, J., Swings, J. & Gottschal, J.C. 2001. 
Sphingomonas alaskensis sp nov., a dominant bacterium from a marine oligotrophic 
environment. International Journal of Systematic and Evolutionary Microbiology 51: 
73-80 

Abstracts 
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The Laboratory of Plant Ecology celebrated its 40-years jubilee and was delighted 
with the publication ofVEGRON (see the 'Highlights'). The research of the Plant 
Ecology group aims at understanding of species diversity in plant communities, in 
the context of processes at the landscape scale. Fundamental research focuses on 
mechanisms of plant species coexistence, including plant-animal interactions and 
vegetation succession. Applied research is related to problems in the fi eld of conser
vation biology and restoration ecology. There is a strong interaction between the 
two types of research. We report on a few PhD projects. 

Overview of academic results 

Positive feedback in dune slack succession 

Dune slack succession can evolve gradually from bare soil via pioneer and intermediate 
stages to a climax stage. However, in some cases the vegetation development is inhibi
ted in early stages of succession in dune slack ecosystems. In his PhD project, Erwin 
Adema combined theoretical and experimental approaches, aiming at identifying 
mechanisms that can modify the key factors in dune slack ecosystem development in 
such a way that they can explain the observed discontinuous behaviour. 
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A field survey in the 'Buiten Muy', a wet calcareous dune slack on the island of Texel 
provided evidence for the occurrence of alternative stable states. Patches with pioneer 
vegetation, now recorded for more than 62 years, intermingle with patches of late-suc
cessional stages. Adema hypothesized that the occurrence of microbial mats and radial 
oxygen loss (ROL) by early successional species are possible features of the dune slack 
system that could induce positive-feedback switches that stabilize the high biodiversity 
in early stages of succession. 
First the hypothesis was tested that microbial mats inhibit the establishment of late suc
cessional species. Despite different species responses, general differences in the germi
nation and seedling survival between early and late successional species could not be 
detected. However, species of the early and intermediate successional stages grew sig
nificantly better if a microbial mat was present, whereas a late successional species was 
not stimulated. An explanation for this may be that the earlier species can profit from the 
slightly enhanced nitrogen availability caused by N2-fixation of cyanobacteria in the 
microbial mat. 
The enrichment of the soil with nitrogenous and also organic compounds stimulates the 
activity of microorganisms in the soil. This may result in anoxic soil conditions follow
ed by the production of the toxic sulfide by sulfate-reducing bacteria. Sulfide may exert 
an inhibitory effect on dune slack species, but several pioneer plants exhibit ROL and 
can, therefore, protect themselYes against free sulfide. Late successional species not 
capable of ROL may be sensitive to free sulfide and cannot invade the area. If so, such 
phenomena have a stabilizing effect on the pioneer vegetation. A mesocosm experiment 
was set up to test if sulfide becomes toxic in wet dune slack succession. Also, in situ data 
were collected in a dune slack on Texel. Free sulfide was detected only at nighttime in 
mesocosms with Carex nigra (Fig. J ), a late successional species, and in unvegetated 
units, but not in mesocosms vegetated with Littorella uniflora, a pioneer species capa
ble ofROL. Results from field measurements, however, suggested that free sulfide acce
lerates the succession, rather than slowing it down. 
ROL from the roots does not only protect against toxic conditions in anoxic soils. 
Oxygen release could have an influence on abiotic soil parameters and affect the com
petitiveness of species. Adema studied the effects of typical dune slack plants on nutrient 
concentrations, espec ially nitrogen, in the soil solution. Mesocosms with L. unijlora 
showed a higher nitrate concentration in the soil than mesocosms with C. nigra and the 
control. Moreover, a significantly higher fraction of nitrogen was missing in L. uniflora 
(58%) as compared to C. nigra (5%) mesocosms, estimated at the end of the experi
mental period. The observed enhanced nitrogen losses in mesocosms with L. uniflora 
could result in a positive-feedback mechanism. Succession theory predicts that during 
primary succession competi tion for nutrients shifts to competition for light. Therefore, 
early successional species can extend their life span if they can retard the nutrient accu
mulation in the system. Such a process is called a positive-feedback switch. 
Denitrification rates in mesocosms of both early successional species L. uniflora (30 
times) and Schoenus nigricans (I 0 times) were significantly higher than in mesocosms 
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Along the coast of Friesland a summerdike was breached during a storm in the early 
1970s and never repaired. The Peazemerlannen is now a salt marsh with tall canopy, as 
it is not grazed by livestock. Unfortunately, the process of sedimentation and establi sh
ment of the vegetation was not monitored, as the breach was unintended. 
In Noard Fryslan BGtendyks a large (1200 ha) de-embankment programme is planned 
for the near future. The summerdike of a 'test' summerpolder of 135 ha was breached at 
three places (each 50 m wide) in September 2001. The monitoring programme includes 
the decay of the existing vegetation, the soil seed bank, the establishment of salt-marsh 
vegetation, and the rate of sedimentation. Dispersal of seeds and vegetative parts from 
the species pool around the polder will be assessed through driftline material and dis
persal on astro-turfs on the soil (Fig. 5). A comparison will be made with a de-embank
ment started in 1995 at Tollesbury in the Black water estuary, Southeast England. The 
programme is a cooperation of It Fryske Gea, Alterra Texel, Koeman and Bijkerk 
Ecological Research and Consultancy, University of Groningen, and Centre for Ecology 
and Hydrology, Monkswood, UK. 

Monitoring of salt-marsh vegetation by sequential mapping 

For salt-marsh management, vegetation maps are an important source of information. 
They provide a synoptic view of the area and the vegetation is a good indicator of other 
aspects of the landscape. Vegetation maps are used for in\'entories, monitoring and eva
luation of the effects of natural processes and human impact upon vegetation. In the 
Netherlands, the Survey Department provides Rijkswaterstaat with necessary geo-infor
mation, such as vegetation and landscape observation. These maps are based on a com
bination of remote sensing and field observations. In most cases the maps are made by 
interpretation of false-colour aerial photographs. In recent decades there has been an 
increased use in digital remote sensing as a basis for the production of vegetation maps. 
John Janssen (PhD thesis, University of Amsterdam, 2001) compared different methods 
of repeated vegetation mapping and the information a nature manager can derive from 
it. As a case study he discussed changes related to natural succession, i.e. extending of 
the east point of the island of Ameland (Fig. 6), and the effects of soil subsidence by gas 
extraction. 
The use of vegetation maps for inventories, monitoring and evaluation implies two pro
blems: (i) Any method of vegetation mapping includes uncertainties, resulting in uncer
tainties in the final map and vegetation change analysis. (ii) A vegetation map provides 
information at a single spatial thematic scale level. Different map scales show different 
patterns and, therefore, are suitable for monitoring of different processes. 
A comparison of two maps in an area during different years shows both real vegetation 
changes and changes caused by methodological differences and uncertainties in the 
compared maps. Chorological uncertainties may be reduced by application of the 
'Previous Boundary Method', where boundaries of a previous map serve as a basis for 
sequential mapping. 

108 





CEES Progress Report 2001 

It is not possible to determine one specific optimal remote sensing technique and method 
for a management aim. In general, processes that result in large homogeneous patterns 
(such as nutrient accumulation) may be monitored at a small scale. Processes that may 
be monitored at even smaller scales are erosion and sedimentation. For monitoring of 
processes that result in a more subtle vegetation change (such as land subsidence), a 
higher spatial resolution and a higher spectral differentiation (more bands, more detail
ed algorithms) is required. 
In the dynamic salt-marsh ecosystem, relatively coarse vegetation patterns and fast 
vegetation changes occur, and the relationship between vegetation and abiotic environ
ment as welJ as the relationship between vegetation types and spectral characteristics of 
remote sensing images is generally good. Therefore, remote sensing is relatively well 
suited for mapping salt marshes and other dynamic areas such as floodplains, dry dunes, 
former arable fields and nutrient-rich grassland. In less dynamic systems, such as 
nutrient-poor hayfields, heathlands and dune slacks, changes in vegetation occur more 
gradually. Remote sensing may remedy the problem by being used at a lower frequency 
of the application or a more detailed mapping method. In such a case, annual informa
tion from permanent plots will gradually add further information to the maps. Vegetation 
maps provide only information on changes, not on the cause of changes. Observations 
from permanent plots may be added to the spatial data from the maps in order to deter
mine succession lines and rates, and if abiotic data are measured, one can relate vegeta
tion changes to changes in abiotic conditions. However, to relate vegetation changes 
unambiguously to abiotic changes, an experimental design is needed. 

Nitrogen balance in restoration areas 

A previous project by Julia Klooker (1995-1998) showed that biomass production in res
toration areas on former arable fields was controlled by nitrogen availability. Rene 
Verhagen started a follow-up project with the aim of quantifying the nitrogen fluxes by 
field measurements and incorporating them into a numeric model. This model is a so
called rule-based expert system, it uses only readily available parameters and estimates 
fluxes on the basis of relations mentioned in the literature. The next parameters are 
included (Fig. 7): 

Atmospheric deposition; based on regional data; 
Nitrification; assumed to be a fraction of the measured N soil pool in relation to 
soil moisture and measured C/N; 
Denitrification; based on waterlevel and soil type; 

• Nitrogen fixation; based on field data on the availability of Leguminosae; 
Mineralization; assumed to be a fraction of the measured N soil. pool in relation to 
soil type, measured water regime, pH and measured C/N; 
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Figun; 8. Observed and simulated biomass production in 1995 (a) and 2002 (b). 
(PhD project Rene Verhagen) 

Results from model 1 show that the larger the awareness the more diffuse, but also more 
stable the simulated micro-pattern becomes (Fig. 9). Results from model 2 show clus
tered micro-patterns for travelling costs greater than zero, and decreasing spatial and 
temporal stability with increasing travel costs. In both models close correlation was 
observed between frequency height distribution of the vegetation and pattern stability. 
The simulated surface of area that was grazed depends on productivity, stocking rate bite 
size, bite frequency and return sward height. It is concluded that the creation of micro
patterns in previously homogeneous vegetation can be explained by simple instantaneous 
grazing rules based on a non-linear functional response. Pattern clustering can be ex
plained by minimisation of travel costs. Pattern stability is positively correlated to gra
zers' spatial awareness and negatively correlated with travel costs. 
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Publications 2001 

Dissertation 

Doctorate granted by another institution, prepared at another institution 

Janssen, J. 200 I. Monitoring of salt-marsh vegetation by sequential mapping. 
Promotores prof.dr. J. Sevink and prof.dr. J.P. Bakker. University of Amsterdam 
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Publications in books 
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Overview of Academic Results 

China has experienced an unprecedented period of industrial development resulting in a 
high demand for energy. More than 75% of primary energy is supplied by domestic coal, 
which has a high S and dust content. This reliance on coal as the principle source of 
energy has resulted in air pollution dominated by S0 2, particulates, NOx and acid rain. 
In comparison with most of the other developing countries in Asia, China has a higher 
rate of increase in energy consumption. Although some air pollution control measures 
are adopted in China, the emission of S02 is still one of the biggest in the world. The 
dramatic increase in vehicle numbers in Beijing city and growing industrial activity have 
resulted in a 33-fold increase in NOx emission between 1950 and 1990. Visible injury 
and growth and yield reductions caused by ai r pollutants are common phenomena in the 
fields in and around some industrialized areas in China. Vegetables, fruit trees and agri
cultural/horticultural crops appear most at risk, since most of them are grown close to 
the densely populated areas. Recent studies on vegetable species (Brassica juncea; 
Brassica oleracea; Lactuca sativa and Raphanus sativus) grown in pots at distances from 
5 to >20 km downwind of the city of Chongqing showed that in comparison with the 
'clean site', >20 km from Chongqing, yields of all four vegetable species at the two sites 
closest to the city were significantly (45- 88%) decreased by ambient air pollution. Few 
controled studies have been directed at quantifying the impacts of so2 on crops and 
vegetation in China and even less have attempted to investigate the combined effects of 
S02 and other air pollutants as NOx. Most of the research has been conducted using 
unrealistically high pollutant concentrations for a short time period, and little work has 
been directed at investigating the underlying mechanisms. Therefore research on the 
mechanisms underlying the impact of chronic exposure at realistic levels of pollutants 
on growth, physiology, yield and quali ty of crops, and d-based impact assessments to 
quantify the extent of crop loss due to air pollution in China, in relation to fertilizer prac
tice, are urgently needed. Supported by WOTRO it was decided to cooperate with the 
Chinese Academy of Agricultural Sciences, CAAS. To this end CAAS researcher 
Liping Yang joined our research group on sulfur and nitrate research. The profect is 
described here. Progress on other projects reported here are: "The double role of calcium 
in the signal transduction from light to acidification as part of the growth response", 
"limiting factors for growth and carbohydrate utilization in tomato at low temperatures" 
and "pH polarity and photosynthesis by submerged aquatic angiosperms". 

Research on sulfur and nitrogen metabolism: In addition to their phytotoxic effects, 
sulfurous air pollutants also may be uti lized as nutrient for plant growth. Plant shoots 
form a sink for atmospheric sulfur gasses, which is directly metabolized into cysteine 
and subsequently into other organic sulfur compounds. Plants are able to utilize atmosp
heric sulfur gases as sul fur source for growth and it can replace pedospheric sulfate as 
sulfur source. There is a direct interaction between the regulation of uptake and assimi
lation of atmospheric sulfur by the shoots and the uptake of sulfate by the roots and its 
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reduction in the shoot. The foliar application of atmospheric sulfur 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. Furthermore, H2S and S02 impact studies also 
show promise as tool to predict the potential and usefulness of the channeling of extra 
sulfur into specific sulfur pools in order to facilitate improved crop quality by mastering 
the genes involved in the uptake and assimilation of sulfur in plants. Both laboratory and 
agronomic data indicate N/S interactions in metabolism, growth and plant composition, 
though it is not known whether precise regulation of the kind seen in isolated plant cell 
model systems really occurs in whole plants growing in realistic situations. Little is 
known about the mutual regulation of uptake and metabolism of nitrogen and sulfur in 
relation to the metabolic requirement for growth. In general, research on uptake and 
metabolism of sulfur by plants has mainly focussed on elucidating the pathways and 
characterizing the transporters and enzymes involved in the uptake and assimilation of 
nitrogen and sulfur and its subsequent incorporation into organic compounds. The inter
related regulatory aspects of uptake and assimilation of nitrogen and sulfur on the whole 
plant level in relation to nitrogen and sulfur supply is investigated. In addition, the sig
nificance of the impact of realistic levels of atmospheric nitrogen (NH3) and sulfur 
(H2S) and nitrogen deposition will be studied. The effects on regulation are related to 
the genetic differences in nitrogen and sulfur requirement between different plant spe
ci~;;s and lo Lhe nulrilional slalus of Lhe planl. 
In order to get more insight into the factors determining the regulation of the sulfate 
uptake, the impact of sulfur nutrition viz. sulfate-deprivation and H2S exposure on the 
levels of mRNA of the sulfate transporter proteins is investigated. The mRNA level of 
the sulfate transporters of Bras sica oleracea (curly kale) is studied with fragments of the 
Brassica napus sulfate transporters BSTl and BST2. The DNA sequence of the sulfate 
transporter (BoiSTl), which was isolated from curly kale showed a high homology with 
the sulfate transporter BST2 isolated from B. napus and belonged to the group of high 
affinity the root-type sulfate transporters. When curly kale was grown at an ample supply 
of sulfate in the nutrient solution, solely mRNA that hybridized with BST2 was expres
sed in both shoot and roots. The level of mRNA that hybridized with BST2 was not sub
stantially affected after exposure of plants to 0.2 f.lll-1 H2S for one week. There was a 
strong increase in the levels of mRNA that hybridized with both BST 1 and BST2 in sul
fate-deprived plants, however, these levels were substantially lower in sulfate-deprived 
plants which were simultaneously exposed to H2S. The relevance of a change in the 
mRNA levels of the sulfate transporters for the regulation of sulfate uptake by the roots 
will further be evaluated. The family Alliaceae contain so-called secondary sulfur com
pounds, known as alliins, and which consist of different stereoisomers of S-alk(en)yl 
cysteine sulfoxides (ACSO's). Cysteine is the major precursor for the synthesis of al
liins. The content of alliins in the leaves can directly be related to the sulfur status and 
can be affected by the sulfate supply to the roots. The alliins may account for up to 80% 
of the total organic sulfur fraction in Allium cepa and they are metabolically inert end 
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products, wh ich can not be re-metabolized as sulfur source. The interaction between 
atmospheric and pedospheric sulfur nutrition in A. cepa and the significance of secon
dary sulfur compounds as sink for foliarly absorbed sulfur gases is investigated. 

The double role of calcium in the signal transduction from light to acidification as 
part of the growth response. Under influence of light, cell expansion of leaves takes pla
ces. Different parts of the signal transduction of this process are at this moment solved. 
A proton pump ATPase takes care of an apoplastic acidification, and calmoduline is 
involved in red light induced growth and partly (appr. 70%) in the blue light induced 
growth. Besides, coupled membrane-potential changes are dependent on the external 
calcium concentration. This is a strong indication that calcium is involved in the signal 
transduction of light to the final response of cell expansion. 
Sergey Shabala, on sabbatical leave, carried out several experiments with MIFE (micro
electrode ion-flux estimation) set up. MIFE is a technique to measure ion fluxes over the 
cell membrane. Based on the diffusion principl e, ion fluxes over the cell membrane are 
the same as just outside the cell. A microelectrode measures ion specific concentrations 
at two known distances from the cell. Differences in ion concentrations are a measure 
for the fluxes over the cell membrane. Experiments with MIFE with pea epidermal pro
toplast showed proton efflux under influence of light. However no calcium influx was 
found. This is in contrast with the calcium dependent membrane-potential changes du
ring light-induced growth. It is assumed that MIFE can't measure small calcium changes 
which are probably necessary to induce intracellular calcium release, whereas changes 
in the membrane-potential are more sensitive to small calcium changes. It seemed that in 
this signal transduction there is a system working of calcium induced calcium release 
(CICR). To confirm the CICR an increase in the cytoplasmic calcium should be expec
ted. Calcium measurements are carried out by using the technique of calcium imaging. 
Calcium imaging is based on binding calcium to a probe which starts to be fluorescent 
when calcium is bound. The fluorescence is detected by a camera and can be translated 
into a calcium concentration. Experiments started by using the probe calcium-green, 
which can be easily loaded into the cells. This probe is of only limited use as probe con
centration differences cannot be corrected for. Recently we started using Fura-2, a ratio
metric calcium probe by which this difficulty wi ll be overcome. 

Limiting factors for growth and carbohydrate utilization in tomato at low temperatu
res. This project forms part of a Dutch research program 'Breeding for efficient green
house crops', concerning the improvement of energy efficiency in greenhouse crops by 
means of plants breeding. In this project a search is made for physiological causes 
responsible for the differences in the sensitivity of growth for low temperatures between 
the domestic tomato (Lycopersicon esculentum Mill.) and a high-altitude accession of its 
wild relative L. hirsutum Humb. & Bonpl. Previous research showed that exposure of 
250C-grown L. esculentum plants to JOOC inhibited shoot growth with 83% and resulted 
in a pronounced accumulation of non-structural carbohydrates in mature leaves. Chilling 
also caused a strong inhibition (75%) of shoot growth in L. hirsutum, however, no accu-
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mulation of non-structural carbohydrates could be detected in mature leaves of this spe
cies. The obserYation that shoot growth, photosynthesis and dark respiration rates were 
similarly inhibited in L. esculentum and L. hirsutum during chilling poses the question 
of what becomes of the apparent extra photosynthate in L. hirsutum. For this purpose the 
role of the root as sink for photosynthate was examined. It turned out that root growth 
of L. hirsutum was less inhibited than in L. esculentum and that the shooUroot ratio 
decreased significantly in L. hirsutum and only slightly in L. esculentum. Both species 
showed a comparable increase in root carbohydrate content and decrease in root respi
ration rate in response to chilling. The better root growth capacity of L. hirsutum in the 
cold possibly enabled the observed faster regrowth of this species after return to non
chilling temperatures when compared to L. esculentum. Currently we examine how car
bohydrate metabolism of L. esculentum plants is affected by low-temperature stress 
when grafted onto the rootstock of the more chilling tolerant L. hirsutum. 

pH polarity and photosynthesis by submerged aquatic angiosperms. Photosynthetic 
fixation of inorganic carbon in submersed aquatic plants is often restricted at ambient 
air-equilibrium [C0 2]. The low diffusion coefficient of C02 in water as compared to that 
in air, and the large unstirred layer, result in a high transport resistance in the boundary 
layer surrounding submersed leaves. Thus, the 104-fold slower diffusion of C02, rather 
than enzymatic fixation and turnover, is the major limitation on photosynthesis. 
Submersed plants exhibit various mechanisms under C02-limiting circumstances that 
enable them to make better use of the available DIC (Dissolved Inorganic Carbon). 
These mechanisms may enhance the availability of external C02, increase the C02 flux 
into the plant (a COz-flux mechanism or CFM), or actively increase the internal [DIC], 
via a COz-concentrating m echanism (CCM). Here we will discuss the interaction 
between both mechanisms in the subtropical Hydrilla verticillata that shows both. 

A COrflux mechanism operating via pH-polarity in Hydril1a verticillata leaves with 
C3 and C4 photosynthesis. In a CFM the available HC03-, often present in abundance 
in natural waters, is dehydrated to provide additional C02 . The activity of an external 
carbonic anhydrase, or the active acidification of the external medium may be used to 
enhance this conversion of HCOf into C02. Elodea species, Egeria densa, several Po
tamogeton species and Hydrilla verticillata all show a pH-polarity mechanism that acti
vely acidifies the unstirred water layer of the leaf. The pH in the unstirred layer, usual
ly on the abaxial side of the leaf, becomes acid (pH 4 to 6), while the opposite, adaxial, 
side becomes alkaline (pH 10 to 11). Acidification of the abaxial surface shifts the che
mical equilibrium between HCOf and C02 towards C02, thereby increasing the free 
[C02] at the leaf surface and the diffusion gradient into the leaf. Earlier work showed 
that both [C0 2] and irradiance influence the degree of pH-polarity. The combination of 
low [C02] and high itTadiance stimulates pH-polarity. It was concluded at that time that 
the chloroplastic [C02] regulates pH-polarity, and that light and [C02] affect proton 
extrusion and pH-polarity via the redox states of the chloroplasts and cytosol, i.e. the 
ratio of NAD(P)H and NAD(P). 
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pH polarity as an indicator for photosynthetic bicarbonate utilization. 
In a joint project "Establishment of species-rich canal verges" of RWS, Plant Ecology 
and KUN, project leader G. Boedeltje, it was concluded that the above described method 
of pH polarity might be useful to study if bicarbonate contributed significantly to car
bon assimilation by different Potamogeton species. Summer 2001 Potamogeton a/pinus, 
P perfoliatus, P natans, P pectinatus and P bertholdii were collected at the Twenthe 
Kanaal the location of this project and tested for light induced pH polarity in the labo
ratory of plant fysiology of the RUG. All leaves were tested for pH polarity in l mM 
KHC03. pH of the exp. solution was around 8. P perfoliatus has only submerged leaves 
that invariably showed pH polarity which was considered to be an indicator for photo
synthetic bicarbonate utilization. The same was observed for P bertholdii. 
P pectinatus which also has only submerged leaves is generally considered to be a bicar
bonate user. This was not supported by the present results. No pH polarity was observed 
with these submerged leaves. The experiments will be repeated summer 2002. P natans 
has only floating leaves. No bicarbonate utilization was expected with these leaves. No 
typical pH polarity (abaxial side acid pH, adaxial side alkaline) was observed. Sur
prisingly these leaves showed a weak reversed pH polarity in the light: the abaxial side 
became alkaline while the adaxial, the side in contact with air, became pH 7. P a/pinus 
has both submerged and floating leaves. The submerged leaves invariably showed light 
induced pH polarity indicative for photosynthetic bicarbonate utilization. The floating 
leaves showed generally no light induced pH polarity exept when kept under water for 
a longer time. In the past it was observed with P lucens that the leaves when grown at 
high DIC concentration lost their polarity but regained this polarity when kept under low 
DIC. The same mechanism could explain the behaviour of the floating alpinus leaves as 
the floating leaves have far better acces to C02 than under water. To measure pH pola
rity it was necessary to have both sides of the leaf in contact with the exp. solution. Thus 
the presence or absence of polarity can only be tested on submerged leaves . 
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