In the long history of humankind (and animal kind, too)
those who learned to collaborate and improvise most
effectively have prevailed
Charles Darwin

Darwin Center for Biogeology
The Darwin Center for Biogeology seeks to perform cutting-edge science in the
central field of Biogeology, where Biology and Earth Sciences meet. Its research
mission is to understand the functioning of global, regional and local ecosystems,
focusing on change and feedback at all time scales in and between biotic and
abiotic components of a changing Earth.
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Credits

After an initial period starting up and getting into gear, the Darwin
Center is now a prospering scientific center. When, after much
preparation, the first NWO funding period actually started in early
2005, there was virtually nothing in place. However, the Darwin Office
was set up in no time at all by Arian Steenbruggen, ably supported by
Marjolein Boonstra. Together, they managed the finances and
organized the calls, including the peer review process. In the past four
years, it never took them more than eight (!) weeks, after the deadline
for submitting applications, to send out the letters advising of the
Darwin Board’s decision on whether a proposal would be funded. The
researchers obviously welcomed this rapid procedure. In retrospect,
we can all be very pleased with this efficiency and the low office
overhead costs. The maximum amount of funding was and is going to
the scientists.
The Darwin Center is all about science: we successively approved 43
scientific positions spread over the six participating institutes. All the
positions were taken up by very talented young people from various
countries, some of whom are now nearing the end of their contracts.
The first results in the form of papers and PhD theses are now being
published, and expectations are high. That is understandable, given
the participating groups’ track records: over the past few years they
have published many groundbreaking Nature or Science papers, as
well as significant numbers of papers in other high-profile journals.
This year, the Darwin Center is entering a new phase: it has moved on
from the start-up phase to become well established. The time has
come to build on the results from the first period and gain Europewide recognition as an excellent, high-profile research center. That
will not be easy: there are no other centers in Europe with the same
type of organization (a virtual center) or the same funding structure
(partly NWO, partly participating institutes). Participating groups

already have their own contacts and partnerships with many European
organizations. The challenge will be to brand the Darwin Center as a
whole as a top research center for the Biogeosciences. To that end, we
decided in 2008 to expand the Darwin Center and are very pleased to
report that six very good research groups will be joining us. NWO’s
decision in early 2009 to fund the second phase from 2009 to 2013 was
obviously an essential ingredient in this respect.
All in all, the future looks promising, although lots of hard work will still
be needed to keep the Center on track. It is a good omen that the second
stage of the Darwin Center is starting in the Darwin Year 2009.
The introduction to the Darwin Correspondence Project stated:
‘Darwin made use of his large network in truly innovative ways. He
devised a questionnaire on human expression which was circulated in
every corner of the globe and provided him with important data for
his book ‘Expression of the emotions in man and animals’. The key to
Darwin’s success in mobilizing his own world-wide web was his ability
to interest others in his research, his scrupulous attribution of
information he received, and his willingness to reciprocate by
providing colleagues with rare experimental material as well as
thoughtful and incisive advice.’
Some 150 years later, the Darwin Center should follow Darwin’s
example: use its network in an innovative way, provide thoughtful
and incisive advice and make science prosper. My task as scientific
director has ended; I should like to wish the new scientific director,
Professor Jack Middelburg, and everyone involved in the Darwin
Center all the best for the future.

Bert van der Zwaan
Scientific Director 2005 – 2008

Darwin Research – Themes

Approach

Themes

Biogeochemical Cycles
and Functional Biodiversity
1A

2A

Process

Molecular and Microbial Roots of

Evolution of Life: impact on Past

Biogeochemical Cycles

Biogeochemical Cycling

1B

2B

Relations between Biogeochemical Cycling

Development, Validation

and Ecosystem Functioning

and Application of Proxies

System

Paleoenvironmental Reconstructions
and Biological Validation of Proxies

Disturbances of the Earth and its ecosystems result in both rapid
and slow changes, the nature of which is difficult to predict. This is
due to the many feedbacks between biota and the surrounding environment, leading to a complex process - response interplay, with
very different stable states as possible outcomes. This complexity
is further enhanced by change-response patterns at different spatial scales up to the largest scale, where we speak of System Earth.
For a proper understanding of System Earth, a study of its steady
state provides less insight than a study of various disturbances
and the feedback mechanisms that start operating later. So far,
most research has dealt with the steady state at different scales.
However, we believe that change and feedback mechanisms should
be the focus of our research as they determine system behavior

over time. Therefore, the overall theme of the Darwin Center is
the study of biogeochemical cycling and resulting environmental
change. This includes reconstruction of abrupt changes in the
geological past and their impact on biota on long time scales. In
this context, the Darwin Center has formulated the following two
main themes:
• Biogeochemical cycles and functional biodiversity
• Paleoenvironmental reconstructions and biological validation of
proxies.
To focus on change and feedback mechanisms within these two
themes, a process-based approach and a system-based approach
are distinguished. This results in four sub-themes:
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Darwin Research – Participating groups
Soil biogeochemistry: Kabat/Hoosbeek

To carry out this ‘Darwin Research’, the six institutes participating in the Darwin Center

Prof. N. van Breemen (Chair in Pedology)

till 2006

(UU, NIOZ, VU, NIOO, RU and WUR) contributed a total of 15 research groups,

Dr. P. Buurman (Associate professor)

till 2006

together with their facilities, for the period 2005 – 2008.

Prof. Dr. Pavel Kabat (Chair in Earth System Science from 1-4-2006)

April 2006 – 2009

These groups consisted of the following researchers and group leaders:

Dr. M.R. Hoosbeek (Associate Professor)

from start until 2009

RU
Aquatic Ecology: Roelofs

Participating institutes and their research groups, leaders & members

Period

UU
Biogeology, Paleoecology Molecular paleontology: Van der Zwaan
Prof.dr. G.J. van der Zwaan (Chair in Biogeology)

from start to date

Dr. F.J. Hilgen (Associate Professor)

from start to date

Dr. L. Lourens (Assistant Professor)

from start to date

Dr. W.J. Zachariasse (Associate Professor)

retired 2005

Dr. A.J. van der Meulen (Assistant Professor)

retired 2005

Prof.dr. J.W de Leeuw (0.2 Chair in Organic Geochemistry)

from start to date

Prof.dr. J.S. Sinninghe Damsté (0.2 Chair in Molecular Paleontology)

from start to date

Dr. G.J. Reichart (Assistent Professor)

2005 to date
Marine Biogeochemistry: Van Cappellen

Prof. dr. P. Van Cappellen (Chair in Geochemistry)

from start to date

Dr. Ir. C. Slomp (Associate Professor)

from start to date

Dr. P. Regnier (Assistant Professor)

from start to date

dr. T Behrends (Assistant Professor)

since 2007 to date

Prof.dr. G.J. de Lange (UHD/Professor)

from start to date
Paleoecology: Lotter

Prof.dr. A.F. Lotter (Chair in Palaeoecology)

from start to date

Prof. Dr. H. Brinkhuis (Associate Professor)

from start to date

Dr. R. Wagner (Assistant Professor)

from start to date

Dr. W. Kürschner (Assistant Professor)

from start to date

Prof. dr. J.W. de Leeuw (0.1 Chair Molecular Paleoecology)

from start to date

NIOZ
Marine Biogeochemistry: Sinninghe Damsté
Prof.dr. J.S. Sinninghe Damsté (Department Head; 0.8)

from start to date

Dr. S. Schouten (Senior Scientist)

from start to date

Dr. E.C. Hopmans (Scientist; 0.8)

from start to date

WUR
Terrestrial Ecosystems and Nature Conservation: Berendse
Prof. F. Berendse (Chair in System Ecology and Nature Conservation)

from start to date

Dr. E. Veenendaal (Associate Professor)

from start to date

Dr.ir. M.M.P.D. Heijmans (Lecturer)

from start to date

Prof.dr. J.M.van Groenendael (Chair in Aquatic Ecology)

till September 2007

Prof.dr. J.G.M. Roelofs (Associate Professor)

from start to date

Dr. L.P.M. Lamers (Assistant Professor)

from start to date

Dr. A.J.P. Smolders

since October 2006 to date
Microbiology: Jetten

Prof.dr.ir. M.S.M. Jetten (Chair in Microbiology)

from start to date

Dr. H.J.M. Op den Camp (Associate Professor)

from start to date

Dr.ir. M. Strous (Assistant Professor)

from start to date

Dr. J.T. Keltjens (Associate Professor)

from start to date

NIOO
Ecosystem Studies: Middelburg
Prof. Dr. C.H.R. Heip (Centre Director)

from start to date

Prof. Dr. J.B.M. Middelburg (Head of Department)

from start to date

Dr. K.E.R. Soetaert (Senior Scientist)

from start to date
Microbial Ecology: Laanbroek

Prof. H.J. Laanbroek (Centre Director / Head of Department)

from start to date

Dr. H.J. Gons (Senior Scientist)

Died in September 2007

Dr. P.L.E. Bodelier (Senior Scientist)

since 2008

VU
Terrestrial biogeochemistry: Dolman
Prof. A.J. Dolman (Chair in Geo-environments)

from start to date

Dr. L.A. Bruynzeel (Associate Professor)

until 2006

Dr. J. van Huissteden (Assistant Professor)

from start to date
Paleoceanography: Kroon

Prof. D. Kroon (Chair in Paleoecology and Paleoclimatology)

until 2007

Dr. G.M. Ganssen (Associate Professor)

from start to date

Dr. O. van der Plassche (Asssociate Professor)

from start to date

Dr. S.R. Troelstra (Assistant Professor)

from start to date

Dr. H.B. Vonhof (Assistant Professor)

till 2006
Terrestrial Ecology: Aerts

Prof. R. Aerts (Chair in System Ecology)

from start to date

Prof. J. Rozema (Professor)

from start to date

Dr. J.H.C. Cornelissen (Assistant Professor)

from start to date

Microbiology: Stams
from start to date

Prof .dr. F. Stams (Professor Microbiology)
Ecology and Modeling: Scheffer
Prof .dr. M. Scheffer (Chair in Aquatic Ecology)

No active participation
since start until 2009

Abbreviations:
UU
Utrecht University
WUR
Wageningen University and Research Centre
NIOO
Netherlands Institute of Ecology

RU
VU
NIOZ

Radboud University Nijmegen
VU University Amsterdam
Royal Netherlands Institute for Sea Research
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Interview with

Interview with

Francien Peterse:

Juan Juan Wang:

‘Understanding past climate changes can help us predict
future global climate changes’

‘Imagine finding the first living species of a specific group
of iron-oxidizing bacteria!’

‘There are various ways to track changes in sea surface temperatures, but just recently a new method was
developed that also makes it possible to determine past changes in continental climate. This method is
based on the composition of branched tetraether membrane lipids of soil bacteria found in marine
sediments close to large river outflows, where they were deposited after the river had transported them
from the land to the sea. An empirical study of globally distributed surface soils has indicated that the
composition of these membrane lipids is a function of the mean annual air temperature (MAT) and the soil
pH. This means that, by analyzing the lipid composition in marine sediments, we can obtain a long-term
record of past changes in MAT and soil pH, integrated over the drainage basin of the river.
In my PhD research I am trying to validate these empirical relationships and to test their suitability for use
as proxies for continental climate change in the past. I like it when I have to search for sites and samples
on which I can apply the MBT/CBT proxy to test all our hypotheses. It is especially nice when, after obtaining
a sample and passing it through the entire work-up procedure in the lab, results meet our expectations
and help us to further understand the influence of environmental parameters on the composition of
membrane lipids. For instance, right at the start of my PhD research, we sampled geothermally heated
soils surrounding two hot springs in California. We found that the branched tetraether lipid composition
in these soils changed with decreasing soil temperatures in the same way as in the initial global soil
calibration set on which the MBT/CBT proxy is based. It is nice to find out that environmental samples
you’ve collected yourself confirm an empirical relationship!
Rozelin Aydin, my Darwin project partner at Wageningen University, is isolating and cultivating bacteria
from my samples, which contain a lot of membrane lipids. Once enough bacteria have been cultured, it
will be my turn to analyze whether the cultured bacteria contain the right membrane lipids. Unfortunately,
we have not yet been able to find the bacteria that produce the branched tetraether membrane lipids. I am
currently trying to find the head groups that are normally attached to the membrane lipids in living
organisms. I hope that identifying the head groups will then lead us towards the branched tetraether
membrane-lipid-producing bacteria.’

‘I’ve always believed that wetlands are one of the most important environments on Earth as they have
unique ecological features and functions. The iron cycle, and especially iron-oxidizing bacteria play an
essential role in wetlands, for example in the rhizosphere of wetland plant roots, which release oxygen
into the soil and so create suboxic conditions favorable to these organisms. My project is seeking to
understand the biogeochemical cycling of iron in wetlands by studying the ecology of iron-oxidizing
bacteria present there.
The most exciting and challenging aspect of this research is that, compared to similar topics, research on
bacterial iron oxidation in wetlands is still in its infancy; and there is little information and few methods
available. It is very difficult to isolate the organisms, to get them growing and study their activities.
The first euphoric moment in my research was when I finally got the isolates! After a long and tedious
cultivation experiment, I got these difficult organisms growing nicely in the lab. That was really exciting.
If everything went well, I would get the first living species of this specific group of iron-oxidizing bacteria.
Another peak moment was when we designed specific 16S rRNA primers for these bacteria. We recently
published a paper about it – the first paper on the application of molecular primers for iron-oxidizing
bacteria in nutrophilic conditions – on ISMEJ.
I think the best aspect of the Darwin project is that we always collaborate with colleagues from other
fields, for example geochemistry. We can learn a lot from each other and broaden our views in research.
We go on sampling trips together, and this facilitates the progress of the entire experiment. We are also
planning to combine our data and write papers together.’
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Darwin Research – Programs

1050

1a/1b

Sinninghe Damsté

11-01-06

1051

Jetten

S.C.M.Haaijer (PD)

1-01-07

The Darwin Center for Biogeology only funds multidisciplinary programs in which biologists and earth scientists

1052

Middelburg

B. Veuger (PD)

1-07-07

collaborate. All Darwin researchers (as listed in the previous section) are eligible to submit program proposals

1053

Sinninghe Damsté

A. Pitcher (PhD)

1-05-06

involving a minimum of two and a maximum of four PhDs and/or Postdocs. In total, 66 PhD/Postdoc positions

1060
1061

will be funded over a period of eight years. In the first phase (2005 – 2007) 17 programs, involving a total of 43

1062

PhD/PD positions, were funded, with five programs from the last call of the first phase starting in 2007.

1070

Prog.nr. Program title
1010	Bacterial anaerobic methane oxidation in high temperature
environments
1020	Role of cyanobacteria in present and past biogeochemical
cycling
1030	The role of microbial activity in iron-deposition in wetland
ecosystems
1040	Biogeological feedbacks between temperature change,
hydrology, vegetation change and the carbon cycle at high
latitudes
1050
The role of crenarchaeota in the marine nitrogen cycle
1060	Carbon recycling in peat bogs, with special emphasis on
the role of methanotrophic symbionts
1070	The DARWIN Azolla project – (palaeo) ecology and
biogeochemistry of the freshwater fern Azolla and its
importance in global biogeochemical cycles
1080	Impact of benthic processes on biogeochemical organic
carbon cycling and organic proxy records in marine
sediments
1090
The role of benthic foraminifera in the global N-cycle

1100	The Darwin Phosphorus cycle project: Role of sulphatereducing bacteria in sediment phosphorus preservation
and consequences for global climate change
1110	Anaerobic ammonium oxidation: Impact on present and
past oceanic nitrogen cycling
2010	Validation of paleotemperature proxies in marine and
lacustrine systems
2020
Origin and cause of Paleogene hyperthermal events
2030	Biological validation of carbonate-based proxies and
application to the Middle Miocene onset of icehouse
conditions and the closure of the Tethys: seasonality as a
key factor
2040	Niche engineering and the evolution of biogeochemical
cycles through time
2050	Continental climate signals from marine sediments:
validation of organic proxies based on membrane lipids of
soil bacteria
2060	Microbial carbon fixation in past and future high CO2
oceans.

More information on the scientific content of these programs can be found in the section on Research Progress.
The table below lists the 17 programs, together with the related sub-theme numbers, program coordinators,
project leaders, PhDs or Postdocs, funding dates and starting dates of the projects.

Program nr.
Project nr.

Subtheme

Program coordinator
project leader

1010

1a

Stams

Researcher (PhD/PD)

1a/1b

1b

Jetten

11-01-06

Jetten

D.J. Kip (PhD)

16-10-06

Sinninghe Damsté

J. van Winden (PhD)

1-07-07

Lotter

11-01-06

1071

Roelofs

M. van Kempen (PhD)

1-10-06

1072

Lotter/Brinkhuis

J. Barke (PhD)

1-09-06

1073

Reichart

E. Speelman (PHD)

15-07-06

1080

1a/2b

Schouten

5-07-06

1081

Middelburg

L. Pozzato (PhD)

17-04-08

1082

Schouten

S. Lengger (PhD)

1-11-08

1090

1a/1b

Jetten

1091

Jetten

1092

van der Zwaan

1100

1a/1b

10-01-07
M.C. Schmid (PD)
L.A.M.P. van Niftrik (PD)

Van Cappellen

1-07-08 until 31-10-08
1-12-08
10-01-07

1101

Laanbroek

A.K. Steenbergh (PhD)

1-10-07

1102

Slomp

V. Palastanga (PD)

1-02-08

1110

1a/2b

Jetten

10-07-07

1111

Jetten

W.J. Maalcke (PhD)

15-02-08

1112

Sinninghe Damsté

D. Rush (PhD)

1-08-08

2010

2b

Sinninghe Damsté

13-04-05

2011

Sinninghe Damsté

C. Blaga (PhD)

1-11-05

2012

Laanbroek

L. Vissers (PhD)

1-10-05

Lotter

F. Verbruggen (PhD)

1-10-05

2013
2020

2b

Kroon

8-04-05

2021

De Lange

S. Ní Fhlaithearta (PhD)

1-02-06

Funding date
start of project

2022

Kroon

M. Dedert (PhD)

1-03-06

2023

Lourens

L. Stap (PhD)

1-03-06

1-04-05

2030

2b

van der Zwaan

13-04-05

1011a

Stams

M. Balk (PD)

15-09-05

2031

Reichart

J. Wit (PhD)

1-12-06

1011b

Stams

T. van Gelder (techn)

15-09-05

2032

Kroon

S. Jung (PD)

1-03-06

1012

Sinninghe Damsté

A. Klimiuk (PhD)

8-10-06 until 7-06-08

2033

Hilgen

A. Mourik (PhD)

1-09-05

1-04-05

2040

1020

1a/2a

Sinninghe Damsté

M. Wolthers (PD)
M. Brouwer (PhD)

1-03-06 until 15-01-08
15-01-08

11-01-06

2042

Middelburg

J. van Frausum (PhD)

22-11-06

J. Compaore (PhD)

1-02-06

1022

Sinninghe Damsté

Th. Bauersachs (PhD)

1-02-06

Laanbroek

4-07-05

van der Zwaan

Stal
1a

van der Zwaan

2041

1021
1030

2a

1031

Laanbroek

J.Wang (PhD)

1-11-05

2050

1032

Van Cappellen

S.Vollrath (PhD)

1-01-07

2051

Stams

R. Aydin (PhD)

15-03-07

31-01-06

2052

Sinninghe Damsté

F. Peterse (PhD)

1-01-07

1040

1b

Dolman

2b

1b/2a/2b

Sinninghe Damsté

5-07-06

1041

Dolman

F.J.W. Parmentier (PhD)

1-11-06

2060

Middelburg

10-07-07

1042

Aerts

F. Keuper (PhD)

1-02-07

2061

De Baar

A. Hoogstraten (PhD)

1-11-07

1043

Berendse

D. Blok (PhD)

15-03-07

2062

Middelburg

A. de Kluijver (PhD)

7-04-08

1044

Lotter

M. van Hardenbroek (PhD)

1-01-07

2063

Schouten

P. Schoon (PhD)

1-03-08
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Calls for proposals
In 2007, one final call was issued to fill the last seven of the total of 43 positions originally agreed with NWO
for the first phase. Information on this 5th call can be found in the 2007 annual report.
Indices of submitted and funded programs per subtheme and call
call 1 (2005)

call 2 (2005)

call 3 (2006)

call 4 (2006)

call 5 (2007)

total

Submitted
sub-theme

#

positions

#

positions

#

positions

#

positions

#

positions

#

awareness of major global environmental challenges, such as
climate change, energy supply, overpopulation and natural
disasters. The truck attracted great interest from schools all
over the Netherlands and Belgium. The Darwin Center played a
key role in designing and developing the project.
•  In 2006/2007 Utrecht University was awarded the Annual
Academic Award for its work on ‘joining paleoclimatologists on
an expedition to a future greenhouse world’. This project
included scientific contributions by the Darwin Center for
Biogeology.

positions

1a

3

8

4

9

1

2

2

4

1*

2*

11

25

1b

2

7

4

11

0

0

1

2

3**

7**

10

27

2a

3

8

0

0

0

0

0

0

0

0

3

8

2b

4

11

0

0

3

6

1

2

1

4

9

23

total

12

34

8

20

4

8

4

8

5

13

33

83

Newsletters
Nr. 5
Nr. 6
Nr. 7
Nr. 8
Nr. 9
Nr. 10

March 2007
July 2007
October 2007
January 2008
March 2008
December 2008

Funded
sub-theme

#

positions

#

positions

#

positions

#

positions

#

positions

#

positions

1a

2

5

3

7

1

2

2

4

1*

2*

9

20

1b

0

0

2

7

0

0

0

0

1**

3**

3

10

2a

1

2

0

0

0

0

0

0

0

0

1

2

2b

3

9

0

0

1

2

0

0

0

0

4

11

total

6

16

5

14

2

4

2

4

2

5

17

43

# = number of programs; * = also subtheme 2a; ** = also subtheme 2a and 2b
Of the 43 positions funded, 41 had been filled by 31 December 2008.

Overview of Darwin activities 2007 – 2008
Scientific meetings

Activities for the general public

• 	On 16 January 2007 a symposium on Anthropogenic and climatic
impact on shelf sea ecosystems was held at Utrecht University’s
Department of Geosciences.
• 	The Darwin Center organized the Darwin Days at the Koningshof in
Veldhoven in 2007 and 2008. These meetings took the form of
international biogeology conferences with internationally
renowned keynote speakers, as well as presentations and posters
by Darwin researchers. In 2008, the Darwin Days were combined
with the NAC Conference (Nederlands Aardwetenschappelijk
Congres).
• 	In August 2008 the Bioturbation: an update on Darwin’s last idea
conference was organized by Dr. Ir. Filip Meysman and co-funded by
the Darwin Center. This was the second conference in the Nereis Park
series and a follow-up of the conference held in Marseilles in 2004.
• 	The Darwin Center provided financial and organizational support
to the Urbino Summer School, the successful international summer
school on paleoclimatology, in both 2007 and 2008.

• 	The National Darwin Climate and Environment debate was held
at De Balie in Amsterdam on 20 January 2007.
• 	 The PCCC (Platform Communication on Climate Change)
organized a symposium in Amsterdam in June 2007 to mark the
publication of the PCCC reports.
• 	The Darwin Center and De Volkskrant newspaper together
organized two very well attended Christmas lectures in Museum
Naturalis in Leiden in 2007 and 2008. In 2007 Jelle Reumer gave
a lecture entitled Mankind as a geological force. The 2008
lecture, A Mc Ecosystem in every climate zone?, was presented
by Tijs Goldschmidt.
•  On 22 April 2008, Jacqueline Cramer, the Dutch Minister of
Housing, Spatial Planning and the Environment, gave the
official starting signal for the Geotruck, an interactive mobile
classroom travelling around the Netherlands and Belgium as
part of the International Year of Planet Earth (2008). The aim of
the Geotruck project was to increase secondary school students’

Internal Mid-Term Evaluation 2005 – 2007
In spring 2008, three years after it was established, the Darwin
Center had its performance evaluated by its own International
Advisory Board. The objective of this internal evaluation was to
advise the Board of NWO Earth and Life Sciences on overall funding
for the second tranche of the Darwin Center covering the period
2009 to 2013. The evaluation included a self-assessment and site
visits on 17, 18 and 19 March 2008. The Standard Evaluation Protocol
2003 – 2009, which was jointly developed by VSNU, KNAW and
NWO, was used to structure this assessment. The assessment
report, entitled Internal Mid-Term Evaluation, Darwin Center for
Biogeology, 2005 – 2007, was published in summer 2008.
The IAB commented very positively on the future of the Darwin
Center, calling it an exciting and very competent research body,
with the potential to address some of the most vexing problems
facing scientists today. Of significant added value was the fact
that the Center had been able to fund high-risk and truly
interdisciplinary research, which would otherwise have been at a
considerable disadvantage in mainstream funding channels. Such
centers are rare internationally.
The IAB made a number of recommendations for the second phase.
The Darwin Center was advised to develop a roadmap to create a
stronger identity, with a more prominent international profile. In
this respect, the Center’s mission statement should be rewritten
and focused around key research issues involving the Center as a
whole, rather than a statement divided into themes and
subthemes. To further enhance its international profile the Darwin
Center should also seek to improve the branding of its name by,
for example, teaming up with EU Initiatives, holding international
meetings (such as the Darwin Days, but on an international scale),
identifying products such as symposium volumes, developing and
expanding the website, producing video clips of Darwin activities
and organizing courses on Darwin subjects. Researchers should
act as Darwin ambassadors more than they are doing at present
and publicize their Darwin Center affiliation much more clearly,
not only in recognition of their funding source, but also to
highlight their qualities as researchers.

In the case of the financial conditions applying during the second
phase, the IAB recommended broadening the matching rules by
allowing 3rd-stream funding and entering into collaborative
ventures with partners from industry and abroad.
The IAB definitely sees opportunities to continue the Darwin
Center, possibly as a scientific network, after the second phase
ends. Core funding should come from the participating institutes
and possibly also from NWO. In addition, participating groups
should themselves be responsible for generating project funding.

Groups leaving and joining the Darwin Center
In preparation for the new funding tranche for the second phase of
the Darwin Center, the overall composition of the participating
groups was reviewed in summer 2007. New groups were given the
opportunity to join, while some other groups chose to withdraw.
The process started with declarations of interest to join the Darwin
Center for the years 2009 to 2012 (the duration of the second
tranche). Interested groups had to have an ‘excellent’ rating
according to the verifiable visitation criteria set in the Standard
Evaluation Protocol. The declarations of interest were reviewed in
turn by the Steering Committee, the Board and the International
Advisory Board. On 25 June 2008 it was decided to admit five new
groups from 2009 onwards. These groups comprise:
Prof. Marten J. Wassen, Faculty of Geosciences, Department of
Environmental and Innovation Studies (Utrecht University).
Participating members: Dr. Max Rietkerk and Dr. Stefan Dekker.
Prof. Jos T.A. Verhoeven, Faculty of Sciences, Biology Department
(Utrecht University).
Participating members: Dr. Gerrit W. Heil, Dr. Mariet W. Hefting,
Prof. Riks Laanbroek and Dr. Merel Soons.
Prof. Ellen van Donk, NIOO-KNAW Centre for Limnology,
Department of Food Web Studies. Participating member: Dr. Wolf
M. Mooij.
Prof. Lucas J. Stal, NIOO-KNAW Centre for Estuarine and Marine
Ecology, Department of Marine Microbiology.
Participating members: Dr. Henk Bolhuis, Dr. Eric Boschker and Dr.
Jacco C. Kromkamp.
Prof. Gerhard J. Herndl, NIOZ, Biological Oceanography.
Participating members: Dr. Corina P.D. Brussaard and Dr. Fleur C.
van Duyl.
Prof. Henry Hooghiemstra, Paleoecology and Landscape Ecology,
Institute for Biodiversity and Ecosystem Dynamics (University of
Amsterdam).
Participating members: Dr. Bas van Geel and Dr. John H. van
Boxel.
The research groups headed by Prof. Dr. Pavel Kabat (WUR) and
Prof. Dr. Marten Scheffer (WUR), which participated in the first
tranche of the Darwin Center, have decided not to continue into
the second tranche.
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Long term Budget Darwin Center

Interview with

Anja Mourik:

The 2008 – 2012 Darwin Center budget is depicted below. Already allocated funds are depicted in blue.
These are the tranches of projects from programs commissioned in the first phase.

‘Middle Miocene cooling affected the Mediterranean paleo-environment’

Budget is also reserved for international student exchange and special project expenditures
and calamities. In brown are the expenditures of the first phase of the Darwin Center.

Long Term Budget Darwin Center for Biogeology (k€)

allocated funds in blue

								
2004
2005
2006

2007

2008

2009

2010

2011

2012

Total

INCOME
NWO-ALW

500

1.500

1.500

1.000

0

1.000

1.000

500

1.000

8.000

Matching Participants

500

1.500

1.500

1.000

1.000

1.000

1.000

500

0

8.000

1.000

3.000

3.000

2.000

1.000

2.000

2.000

1.000

1.000

16.000

Total
budget from last financial year

0

989

2.990

4.038

3.745

2.154

1.215

1.227

452

1.000

3.989

5990

6.038

4.745

4.154

3.215

2.227

1.452

Staff

7

79

83

110

112

111

115

115

113

845

Peer Review

0

10

6

9

8

8

8

5

0

54

Office

0

2

3

4

4

4

4

4

4

29

Audit

0

0

2

2

2

2

2

2

2

14

Accomodation

0

10

10

10

10

10

10

10

10

80

Communication

4

58

63

163

150

100

100

100

52

800

personnel 1st Call (16)

0

800

800

800

800

0

0

0

0

3.200

projects 1st Call

0

40

40

40

40

0

0

0

0

160

personnel 2nd Call (14)

0

0

700

700

700

700

0

0

0

2.800

projects 2nd Call

0

0

35

35

35

35

0

0

0

140

personnel 3rd Call (4)

0

0

200

200

200

200

0

0

0

800

projects 3rd Call

0

0

10

10

10

10

0

0

0

40

personnel 4th Call (4)

0

0

0

200

200

200

200

0

0

800

projects 4th Call

0

0

0

10

10

10

10

0

0

40

personnel 5th Call (5)

0

0

0

0

250

250

250

250

0

1.000

projects 5th Call

0

0

0

0

13

13

13

13

0

50

0

0

0

0

0

1.150

1.150

1.150

1.150

4.600

58

58

58

58

230

Budget size
EXPENDITURE

‘The Middle Miocene Climate Transition, with a major cooling step some 14 million years ago, represents
one of the most important cooling phases in the Cenozoic climate history. Deep-sea sediments from this
crucial time interval are exposed in the Maltese Islands (Central Mediterranean). Here, a transition from
limestones to clays marks an important change in the paleo-environment during the climate transition.
To investigate the effects of the Middle Miocene Climate Transition in the Mediterranean I‘ve studied
benthic foraminifera that live on the seafloor. The fossil assemblages of these unicellular organisms can
tell us a lot about changes in, for example, nutrient and oxygen availability. Their calcite tests can also be
used to construct stable isotope records (d13C and d18O), which we can compare in detail with records
from the open ocean.

Darwin Center Organization:

Projects 1st phase:

Projects 2nd Phase:
personnel (23)
Benchfees
Special project expenditures & calamities:
Equipment

0

0

0

0

0

22

22

22

16

82

Fieldwork

0

0

0

0

25

30

30

30

30

145

Calamities

0

0

0

0

23

12

12

12

12

71

International student exchange

0

0

0

0

0

5

5

5

5

0
16.000

Total
Budget size minus expenditure

11

999

1.952

2.293

2.592

2.939

1.988

1.775

1.452

989

2.990

4.038

3.745

2.154

2.387

1.227

452

0

One of my greatest interests is how climate and ecology are related. How does the climate system work
and what are its effects on ecosystems? In this study I’m mainly looking at the seafloor environment, but
I can relate this to what has happened elsewhere in the world. The growth of the East Antarctic Ice Sheet,
for example, can be observed in our oxygen isotope record for the Mediterranean.
It is most interesting to link my data with other studies and to learn more about causes and consequences
of climate change. However, to relate geological events you need to know exactly when things happened.
Unfortunately, building accurate high-resolution age models for the Middle Miocene is still a bit
problematic. Getting to grips with the timing of events is still quite a challenge.
So far, my results have confirmed previous studies that showed that, after the Middle Miocene Climate
Transition, the seafloor environment in the Central Mediterranean changed to a system with lower oxygen
levels and higher nutrient availability. The occurrence of sapropels in the Mediterranean since the Middle
Miocene also suggests that the basin became very sensitive to climate changes. This sensitivity probably
increased after the gradual closure of the Tethys Seaway, which connected the Mediterranean and the
Indian Ocean. The seaway closed somewhere in the Early to Middle Miocene, but the exact timing is still
the subject of discussion.’
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Organization

The Darwin Center is a virtual institute, consisting of fifteen research
groups from the following six participating institutes:
• Utrecht University (UU)
• Netherlands Institute of Ecology (NIOO)
• Radboud University Nijmegen (RU)
• Royal Netherlands Institute for Sea Research (NIOZ)
• VU University Amsterdam (VU)
• Wageningen University and Research Centre (WUR)
Utrecht University is responsible for coordinating the cooperation
between all the participants, which has been formalized in the
‘collective agreement’.
In the public domain, the Darwin Center has formed a partnership
with Naturalis, the Dutch National Museum of Natural History. It is
also a partner in the Geotruck project, an informative, inspirational
and educational initiative of the Department of Geosciences of
Utrecht University, aimed at high school students.

Darwin Center for Biogeology

NWO

Board

Peer Review Panel

Quality assurance and International Advisory Board
Within the Darwin Center, funding and projects are allocated only if
the quality of the proposed research is ranked as very good to
excellent, based on peer review by a review panel. This process is
described in this biannual report under Calls for Proposals and is
organized by the managing director in such a way that neither the
steering committee nor the scientists have any involvement in the
selection of peers. On the basis of the review panel’s findings, the
steering committee advises the Board of the Darwin Center whether
to fund a proposal. In this, the Darwin Center strives to continually
improve the quality of its research programs. We are therefore very
pleased indeed that a number of internationally renowned scientists
have accepted positions on the International Advisory Board. The
Board advises the Darwin Center on all scientific issues, including
the self-assessment of the first three years of the Center’s
operations.

Prof. dr. W.G. Mook, NWO, chair
Prof. dr. P. Hooimeijer, UU
Prof. dr. C. Heip, NIOZ
Prof. dr. B. Oudega, VU
Prof. dr. L.E.M. Vet, NIOO
Ir. C.T. Slingerland, WUR
Prof. dr. S.E. Wendelaar Bonga, RU

Scientific Steering Committee
The Scientific Steering Committee comprises six of the leaders of
the 15 research groups, one from each of the participating institutes.
The committee is responsible for the research strategy and, together
with the management team, for ensuring and continuously
improving the Center’s scientific quality and coherence.

Management Team

Prof. dr. J. Birks
Dr. A. Ridgwell
Prof. dr. H. Spero

Prof. dr. G.J. van der Zwaan

Managing Director
Dr. A. Steenbruggen

Scientific Steering Committee
Prof. dr. G.J. van der Zwaan, UU
Prof. dr. R. Aerts, VU
Prof. dr. F. Berendse, WUR
Prof. dr. ir. M.M. Jetten, RU
Prof. dr. H.J. Laanbroek, NIOO
Prof. dr. J.S. Sinninghe Damsté, NIOZ

The Darwin Center has a management team consisting of a scientific
director and a managing director. The scientific director, who chairs
the management team, is responsible for coordinating the activities
of the management team and for liaising with the Board and the
Scientific Steering Committee. The scientific director is selected by
the Board of the Darwin Center from the leaders of the 15 participating
research groups. The managing director is responsible for the Office
of the Darwin Center and the review procedures of the scientific
programs.

Participating Research Groups

Darwin Center Office

RU

The Darwin Center has a central office, which takes care of
implementation, administration and communications. It is
responsible for supporting the review procedures of the scientific
programs, project and financial administration, public activities,
drafting annual reports, financial control, preparing the newsletter
and maintaining the website.

Prof. dr. J.Bijma (chair)		
Prof. dr. K.J. Edwards		
Prof. dr. T.V. Callaghan		

Scientific Director

Board
The Board of the Darwin Center is responsible for the Center’s
general policy and consists of representatives from all the
participating institutes. It is headed by an independent chairman
nominated by NWO/ALW. All members have equal voting rights,
except for the chairman who casts a vote only if votes are tied. The
Board appoints the Darwin Center directors (management team).

International Advisory Board

UU

VU

WUR

NIOO
NIOZ

Biogeology/Paleoecology / Molecular Paleontology
Marine Biogeochemistry		
Paleoecology		
Terrestrial biogeochemistry
Terrestrial Ecology		
Palaeoceanography		
Soil Biogeochemistry/Earth System Science
Microbiology		
Ecology & Modelling		
Terrestrial Ecosystems/Nature Conservation
Microbiology		
Aquatic Ecology		
Microbial Ecology		
Ecosystem Studies		
Marine Organic Biogeochemistry

Darwin Office
Dr. C.H. Kooi-de Bruine (staff) until September 2008
M.J.W. Boonstra (secreatariat)
Drs N.E. Meijer (communications) until September 2008
Drs S. Frieters-Lint (communications) from September 2008

vd Zwaan & de Leeuw
van Cappellen
Lotter
Dolman
Aerts
Kroon/…
van Breemen/Kabat
Stams
Scheffer
Berendse
Jetten
v. Groenendael/Roelofs
Laanbroek
Heip/Middelburg
Sinninghe Damsté
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Interview with

Petra Schoon:
‘Challenging to work in different fields’

Progress of research projects
Content

‘Last March I started my PhD at the Organic Biogeochemistry department of the Royal Netherlands
Institute for Sea Research (NIOZ), which is located on the windy island of Texel. It is strange how fast
things can go. I still find myself saying that I’ve just started!

18

1010	Bacterial anaerobic methane oxidation in high temperature environments

19

1020	Role of cyanobacteria in present and past biogeochemical cycling

20

1030	The role of microbial activity in iron-deposition in wetland ecosystems

The Darwin Program research that I am working on involves two other PhD students, Astrid Hoogstraten,
also at NIOZ, and Anna de Kluijver, who is at NIOO in Yerseke. Our combined research will focus on the
direct and indirect effects that elevated CO2 concentrations have on the functioning of marine microorganisms in present-day, past and future oceans. I am especially interested in geological periods that
have shown a rapid increase in atmospheric CO2 and ocean pH. In collaboration with my two project
partners, I am also going to investigate the effect that the pH has on the distribution and isotopic
composition of biomarker lipids and hope to develop potential molecular proxies for pH reconstruction.

20

1040	Biogeological feedbacks between temperature change, hydrology, vegetation change

So far, my PhD project has been a really valuable learning experience. Working in different fields, such as
geology, biology, paleo-ecology and organic geochemistry, is very challenging. This kind of multidisciplinary
research was the reason I chose to specialize in biogeology during my Earth Sciences degree at Utrecht
University. The Darwin Center’s research statement, which is to understand the behavior of System Earth
in terms of change and feedback, has always appealed to me.
As a real biogeologist, the field of organic geochemistry was new for me and I had a lot to learn in that
respect. Luckily, I immediately had samples to work on, and the quickest way to learn all the chemical
methods and techniques is in the laboratory. The samples were sediments retrieved during the IODP
Expedition 302 to the Lomonosov Ridge in the Arctic Ocean and represent a geological period called the
Eocene Thermal Maximum 2 (53 Ma). It was a period associated with a rapid injection of isotopic light
carbon in the ocean-atmosphere system and consequently severe ocean acidification. The compoundspecific carbon isotope analyses I performed revealed a negative carbon excursion of some 3‰ for four
different biomarkers. In addition, I estimated the background pCO2 levels for ETM2 to be 4-5 times that of
pre-industrial pCO2 levels. During the event itself, estimated pCO2 levels increased even further!’

and the carbon cycle at high latitudes
21

1050 The role of crenarchaeota in the marine nitrogen cycle

22

1060	Carbon recycling in peat bogs, with special emphasis on the role of methanotrophic
symbionts

23

1070	The DARWIN Azolla project – (palaeo) ecology and biogeochemistry of the freshwater fern
Azolla and its importance in global biogeochemical cycles

23

1080	Impact of benthic processes on biogeochemical organic carbon cycling and organic proxy
records in marine sediments

24

1090 The role of benthic foraminifera in the global N-cycle

24

1100	The Darwin Phosphorus cycle project: Role of sulphate-reducing bacteria in sediment
phosphorus preservation and consequences for global climate change

25

1110	Anaerobic ammonium oxidation: Impact on present and past oceanic nitrogen cycling

25

2010	Validation of paleotemperature proxies in marine and lacustrine systems

27

2020 Origin and cause of Paleogene hyperthermal events

28

2030	Biological validation of carbonate-based proxies and application to the Middle Miocene
onset of icehouse conditions and the closure of the Tethys: seasonality as a key factor

28

2040	Niche engineering and the evolution of biogeochemical cycles through time

29

2050	Continental climate signals from marine sediments: validation of organic proxies based
on membrane lipids of soil bacteria

30

2060	Microbial carbon fixation in past and future high CO2 oceans.
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1010
Bacterial anaerobic methane oxidation in
high temperature environments
Program coordinator Prof. Dr. F. Stams (WUR)
Postdoc Dr. M. Balk, PhD student: A. Klimiuk, technician: T. van
Gelder
Project summary
The main goal of the project was to determine the occurrence of
anaerobic oxidation of methane (AOM) at high temperature by
communities of thermophilic bacteria and archaea, performing
reversed methanogenesis. The approach was to apply alternative
electron acceptors, e.g. thiosulphate for AOM to enrich for one of
the syntrophic partners. We anticipated that compounds known as
substrates for methanogens may vice versa function as intermediates
during AOM. To find out the role of the microorganisms in AOM
mainly Thermotoga species have been tested, but also thermophilic
enrichment cultures obtained from different environments such as
marine sediments and petroleum environments were screened. We
aimed to obtain an understanding of bacterial AOM in hightemperature environments and we studied the potential for AOM by
reversed methanogenesis through the uptake of 13C-methane and
its incorporation in biomarker lipids. We used different alternative
electron acceptors which generate reactive oxygen species that
might have been involved in the anaerobic oxidation of methane.
We investigated the role of especially Thermotoga species in
chemical processes involving reactive oxygen species. Geological
samples such as underground gas-storage, oil-well and hydrothermal
samples, were investigated for the occurrence of marker lipids of
microorganisms that might have been involved in AOM. During our
study, three bacteria were isolated and characterized; a sulphatereducing bacterium, which is phylogenetically related to the
Desulfosarcina/ Desulfococcus group, a Sporomusa species and a
Moorella species, and their involvement in AOM. In addition,
possible products from (labeled) methane oxidation under anoxic
conditions were determined.
In addition, as part of an EET project, we studied sulfate reduction at
low temperatures with methane as electron donor in membrane
bioreactors. Biomass involved in AOM was enriched starting with
marine sediments. A highly active microbial community was
obtained consisting of mainly ANME-2a methanotrophic archaea
and two groups of bacteria. The incorporation of labels from
13
C-methane in bacterial and archaeal lipids was very high. This
highly enriched culture is ideal for future studies on AOM, especially
to unravel the exact role of bacteria and archaea.
Publications
Balk, M. (2007). Life in the absence of oxygen: alternative electron
acceptors for anaerobic microorganisms in a petroleum environment.
Turk J. Biol 31: 59-66.
Balk, M., Altinba, M., Rijpstra, W.I., Sinninghe Damsté, J.S., Stams,
A.J.M. (2008). Desulfatirhabdium butyrativorans gen. nov., sp. nov., a
butyrate-oxidizing, sulfate-reducing bacterium isolated from an
anaerobic bioreactor. Int. J. Syst. Evol. Microbiol. 58: 110-115.
Balk, M., Bose, M., Ertem, G., Rogoff, D.A., Rothschild, Freund F.T.
(2008). Hydrogen peroxide production at the rock-water interface.
Earth Planet Sci. Lett. (submitted).
Jiang, B., Henstra, A.M., Paulo, P.L., Balk, M., Doesburg, W. van,
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Stams, A.J.M. (2008). Atypical one-carbon metabolism of an
acetogenic and hydrogenenic Moorella thermoacetica strain. Arch
Microbiol (in press).
Balk, M., Weijma, J., Goorissen, H.P., Ronteltap, M., Hansen, T.A.,
Stams, A.J.M. (2007). Methanol utilizing Desulfotomaculum species
utilizes hydrogen in a methanol-fed sulfate-reducing bioreactor.
Appl Microbiol Biotechnol 73: 1203-1211.
Balk, M., Gelder, T. van, Weelink, S.A.B., Stams, A.J.M. (2008). (Per)
chlorate reduction by the thermophilic bacterium Moorella
perchloratireducens sp. nov., isolated from underground gas storage.
Appl Environ Microbiol 74:403-409.
Sinninghe Damsté, J.S., Rijpstra, W.I.C., Hopmans, E.C., Schouten, S.,
Balk, M., Stams, A.J.M. (2007). Structural characterization of mixed
ether/ester, membrane–spanning lipids of bacteria from the order
Thermotogales. Arch Microbiol 188:629-641
Sousa, D.Z., Balk, M., Alves, M., Schink, B., McInerney, M.J., Smidt,
H., Plugge, C.M., Stams, A.J.M. (2008). Degradation of long-chain
fatty acids by sulfate-reducing and methanogenic communities. In:
Timmis KN (Ed) Microbiology of hydrocarbons, oils, lipids, and
derived compounds. Springer Verlag, Heidelberg, New York (in
press).
Sinninghe Damsté, J.S., Rijpstra, W.I.C., Hopmans, E.C., Balk, M. and
Stams, A.J. (2007). Structural characterization of diabolic acid-based
tetraester, tetraether and mixed ether/ester, membrane-spanning
lipids of bacteria from the order Thermotogales. Arch. Microbiol.
188, 629–641.
Schouten, S., Klimiuk, A.M., Meer M.T.J. van der and Sinninghe
Damsté, J.S. Occurrence and carbon metabolisms of green nonsulfur
bacteria in Californian and Nevada hot spring microbial mats.
Geomicrob. J., submitted.
Weijers, J.W.H., Panota, E., Schouten, S., Balk, M., Stams, A.J.M.,
Rijpstra, I.C., Sinninghe Damsté, J.S. (2008) Constraints on the
biological source(s) of the orphan branched tetraether membrane
lipids. Geomicrob J. (submitted).

Sinninghe Damsté J.S., Rijpstra W.I.C., Hopmans E.C., Schouten S.,
Balk M., Stams A.J.M. (2007) Structural characterization of mixed
ether/ester, membrane–spanning lipids of bacteria from the order
Thermotogales. Arch. Microbiol. 188:629-641
Sousa D.Z., Balk M., Alves M., Schink B., McInerney M.J., Smidt H.,
Plugge C.M., Stams A.J.M. (2008) Degradation of long-chain fatty
acids by sulfate-reducing and methanogenic communities. In:
Timmis K.N. (Ed) Microbiology of hydrocarbons, oils, lipids, and
derived compounds. Springer Verlag, Heidelberg, New York (in
press)
Sinninghe Damsté J.S., Rijpstra W.I.C., Hopmans E.C., Balk M. and
Stams A.J. (2007) Structural characterization of diabolic acid-based
tetraester, tetraether and mixed ether/ester, membrane-spanning
lipids of bacteria from the order Thermotogales. Arch. Microbiol. 188,
629–641.
Schouten S., Klimiuk A.M., van der Meer M.T.J. and Sinninghe Damsté
J.S. Occurrence and carbon metabolisms of green nonsulfur bacteria
in Californian and Nevada hot spring microbial mats. Geomicrob. J.,
submitted
Weijers J.W.H., Panota E, Schouten S., Balk M., Stams A.J.M., Rijpstra
I.C., Sinninghe Damsté J.S. (2008) Constraints on the biological
source(s) of the orphan branched tetraether membrane lipids.
Geomicrob. J (submitted)

Presentations and other activities
Alfons J.M. Stams. On carbon compounds in sulfur biotechnology.
Gordon Conference on the molecular basis of Microbial one-carbon
metabolism. Lewiston, USA. July 20-25, 2008.

Project summary
Cyanobacteria play an important role in biogeochemical cycles and
are the key players in N2 fixation in the oceans. It is assumed that
this has been the case in the past but evidence for their role in past
biogeochemical cycle is scarce and fragmentary. The aim of the
research is to look for proxies of N2-fixing cyanobacteria that will
allow tracing their role and importance in the past biogeochemical
cycles. Moreover, modern diazotrophic cyanobacteria are
investigated for the factors that control N2 fixation in these
organisms in order to understand how they would have performed
in past oceanic ecosystems.

Balk M., (2007) Life in the absence of oxygen: alterative electron
acceptors for anaerobic microorganisms in a petroleum environment.
Turk. J Biol. 31: 59-66
Balk M., Altinbaş M., Rijpstra W.I., Sinninghe Damsté J.S., Stams
A.J.M. (2008) Desulfatirhabdium butyrativorans gen. nov., sp. nov., a
butyrate-oxidizing, sulfate-reducing bacterium isolated from an
anaerobic bioreactor. Int. J Syst. Evol. Microbiol. 58: 110-115.
Balk. M., Bose M., Ertem G., Rogoff D.A., Rothschild, Freund FT (2008)
Hydrogen peroxide production at the rock-water interface. Earth
Planet Sci. Lett. (submitted)
Jiang B, Henstra A-M, Paulo PL, Balk M., van Doesburg W., Stams
A.J.M. (2008) Atypical one-carbon metabolism of an acetogenic and
hydrogenenic Moorella thermoacetica strain. Arch. Microbiol. (in
press)
Balk M., Weijma J., Goorissen H.P., Ronteltap M., Hansen T.A., Stams
A.J.M. (2007) Methanol utilizing Desulfotomaculum species utilizes
hydrogen in a methanol-fed sulfate-reducing bioreactor. Appl.
Microbiol. Biotechnol. 73: 1203-1211
Balk M., van Gelder T., Weelink S.A.B., Stams A.J.M. (2008) (Per)
chlorate reduction by the thermophilic bacterium Moorella
perchloratireducens sp. nov., isolated from underground gas storage.
Appl. Environ. Microbiol. 74:403-409

1020
Role of cyanobacteria in present and past
biogeochemical cycling
Program coordinator Prof. Dr. J.S. Sinninghe Damsté (NIOZ and UU)
PhD students J. Compaore, Th. Bauersachs

We have grown more than 50 cyanobacteria (from the Culture
Collection Yerseke) of various taxa, both diazotrophic and nondiazotrophic. The diazotrophic cyanobacteria comprised strains
with different strategies to protect nitrogenase from oxygen
inactivation. The cyanobacteria were grown under different
environmental conditions and with different nitrogen sources.
High-performance liquid chromatography coupled to electrospray
ionisation tandem mass spectrometry (HPLC/ESI-MS2) was used to
analyze intact polar lipids in cyanobacterial cultures. Initial results
showed that heterocystous species contained a suite of long-chain
glycolipids, sugar functionalities glycosidically linked to long-chain
diols, triols, ketols and keto-diols, that were absent in all unicellular
and filamentous non-heterocystous species. These glycolipids were
also detected in microbial mats at Schiermonnikoog as well as

Icelandic hot springs and tropical African rift-valley lakes. These
heterocyst glycolipids can therefore be used as biological markers of
diazotrophic cyanobacteria. Culture experiments at different
temperatures revealed that the abundance of keto-ols and ketodiols relative to their corresponding diols and triols decreased with
increasing temperature. This relationship offers a potential
temperature proxy application.
A study of δ15N fractionation when grown on N2 or nitrate shows
that the lack of fractionation is not necessarily an indication for N2
fixation. Fractionation always indicates the absence of N2 fixation.
Hence, the δδ15N signature cannot be used as proxy for N2 fixation.
Temperature and oxygen were shown to be important factors
affecting N2 fixation in filamentous (heterocystous and nonheterocystous) and unicellular diazotrophic cyanobacteria.
Unexpectedly, we found that presumed aerobic N2-fixing
cyanobacteria such as the unicellular Crocosphaera and Gloeothece
and the filamentous Lyngbya are unable to fix N2 at atmospheric
oxygen levels. The unicellular cyanobacteria cannot fix N2 above
10% O2 and Lyngbya not above 7.5% O2. Heterocystous cyanobacteria
can still fix N2 up to 90% O2 and the non-heterocystous
cyanobacterium Trichodesmium can fix N2 up to 25% O2. This
means that the unicellular planktonic cyanobacteria must
experience hypoxic conditions in their natural environment and
may have performed better in the past when O2 concentrations in
the oceans were lower. Similarly, temperature has a pronounced
effect. While the heterocystous cyanobacteria have a broad range of
temperatures for diazotrophic growth, the non-heterocystous
cyanobacteria have a narrow window of relatively high temperature
for diazotrophic growth, suitable for tropical oceanic waters with
temperatures up to 30oC. This questions the possibility that these
organisms thrived in the past when the temperature of the ocean
water was higher than it is at present. Heterocystous cyanobacteria
are absent from the present-day oceans. We have extensively
followed the behavior of diazotrophic cyanobacteria during
alternative light-dark cycles and have measured the gene expression
for nitrogenase and 16S rRNA gene and the incorporation of N and C
by using stable isotopes.
Publications
Bauersachs T., Hopmans E.C., Compaoré J., Stal L.J., Schouten S. and
Sinninghe Damsté J.S. Rapid analysis of long-chain glycolipids in
cyanobacteria using high performance liquid chromatography
coupled to electrospray ionization tandem mass spectrometry. Rap.
Comm. Mass Spectrom., submitted.
Bauersachs T., Schouten S., Compaoré J., Wollenzien U., Stal L.J. and
Sinninghe Damsté J.S. Nitrogen isotopic fractionation associated
with growth on dinitrogen gas and nitrate by cyanobacteria. Limnol.
Oceanogr., submitted.
Compaoré J. and Stal L.J. Effect of oxygen on the nitrogenase activity
of two unicellular diazotrophic cyanobacteria: Crocosphaera watsonii
and Gloeothece sp. PCC 6909. Eviron. Microbiol., submitted.
Presentations and other activities
Bauersachs T., Schouten S., Hopmans E.C., Compaore J., Stal L.J. and
Sinninghe Damsté J.S. (2008). Long-chain alkane-triols and -tetrols:
potential biomarkers for diazotrophic cyanobacteria in lacustrine
sequences. Gordon Research Conference, Holderness, US.
Bauersachs T., Compaore J., Stal L.J., Schouten S., Speelman E.,
Hopmans E.C., de Leeuw J.W. and Sinninghe Damsté J.S. (2008).
Lipids and stable nitrogen isotopes as tools to trace the presence of
dinitrogen-fixing cyanobacteria in recent and ancient environments.
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12th ISME Symposia, Cairns, Australia.
Bauersachs T., Stal L.J., Compaoré J., Schouten S. and Sinninghe
Damsté J.S. (2008). Nitrogen isotopic fractionation associated with
nitrate and N2 uptake in marine and freshwater cyanobacteria. 9th
Netherlands Aardwetenschappelijk Congres, Veldhoven, The
Netherlands.
Kremer B., Kazmierczak J., Bauersachs T., Schouten S. and Sinninghe
Damsté J.S. (2008). Thermally altered Silurian cyanobacterial mats:
clues for interpreting traces of Archean life. Peering into the Cradle
of Life: Processes and Habitats on the Archean Earth, Vienna,
Austria.
Compaoré J., Bauersachs T., Schouten S., Sinninghe Damsté J.S. and
Stal L.J. (2008). Diurnal measurement of the expression of nifH gene
and nitrogenase activity in the unicellular, diazotrophic
cyanobacterium Crocosphaera sp. XXIXth SCOR General Meeting,
Woods Hole, Massachusetts, USA
Bauersachs T., Schouten S., Compaoré J., Stal L.J.and Sinninghe
Damsté J.S. (2007). Lipids and nitrogen isotopic fractionation of
marine cyanobacteria. 23th International Meeting of Organic
Geochemistry, Torquay, UK.
Bauersachs T., Schouten S., Sinninghe Damsté J.S. and Kremer B.
(2007). Thermally altered early Silurian cyanobacterial mats:
Biomarkers and δ15N signatures. 17th Annual V.M. Goldschmidt
Conference, Cologne, Germany.
Compaoré J., Bauersachs T., Schouten S., Sinninghe Damsté J.S. and
Stal L.J. (2007). Diurnal measurement of the expression of nifH gene
and nitrogenase activity in the unicellular, diazotrophic
cyanobacterium Crocosphaera sp. 10th Symposium on Aquatic
Microbial Ecology, Faro, Portugal
Compaoré J., Bauersachs T., Schouten S., Sinninghe Damsté J.S. and
Stal J.S. (2007). Role of cyanobacteria in present and past geochemical
cycles - Effect of oxygen on nitrogenase activity in the unicellular,
diazotrophic cyanobacterium Crocosphaera sp. 9th Cyanobacterial
Molecular Biology Workshop, Lake Lawn Resort in Delavan,
Wisconsin USA
Compaoré J., Bauersachs T., Schouten S., Sinninghe Damsté J.S. and
Stal J.S. (2007). Role of cyanobacteria in present and past geochemical
cycles - Effect of oxygen on nitrogenase activity in the unicellular,
diazotrophic cyanobacterium Crocosphaera sp. 1st Meeting of the
Darwin Centre of Biogeology, Veldhoven, The Netherlands.
Bauersachs T., Compaoré J., Schouten S., Stal L.J. and Sinninghe
Damsté, J.S. (2007). N2-fixing cyanobacteria: key organisms in
present and past biogeochemical cycles. 1st Meeting of the Darwin
Centre of Biogeology, Veldhoven, The Netherlands.

1030
The role of microbial activity in irondeposition in wetland ecosystems
Program coordinator Prof. Dr. H.J. Laanbroek (NIOO)
PhD students Juanjuan Wang, Susann Vollrath
Project summary
Gradient tubes were used to enrich and isolate iron-oxidizing
bacteria. One strain was isolated and identified as being closely
related to a typical iron-oxidizing bacterium Gallionella ferroginea
based on its 16S rRNA gene. Specific probes and primers were
developed on the basis of a clone library from gradient tubes

enrichments. A newly designed Gallionella-specific primer set
(122f/998r) was tested for specificity and applied to community DNA
obtained from three contrasting wetland environments. PCR
products were analyzed by denaturing gradient gel electrophoresis
(DGGE) analysis and by creating a clone library. Based on their
nucleotide sequences, four groups could be identified in the clone
library, which corresponded to the DGGE banding patterns obtained
before from environmental samples. The PCR-DGGE method was
used to study the distribution of Gallionella-like iron-oxidizing
bacteria in a vegetated freshwater marsh at Appels, Belgium. The
DNA patterns showed that species composition was affected by
location in the marsh, by depth as well as by season. Compared with
samples from April and July, those from October showed a lower
diversity in Gallionella-related iron oxidizers.
The main goal for 2008 was to develop a batch reactor system to
investigate the effects of Leptothrix strains, among which a strain
isolated from Appels, on the iron oxidation process, its kinetics and
on the formed product. The main results are that both Leptothrix
strains showed a delay of the reaction initiation at both selected
oxygen levels (i.e. 63 and 109 µmol/l). After this retarded induction
of the process, the growth rates of the Fe(III) oxides are observed to
be equal or lower than in the abiotic controls. Only in presence of
sheaths, which appeared in aged cultures, or of freshly formed
oxides, induction times decreased while the oxide growth rates
increased. So the main conclusions are that Leptothrix does not
benefit from lower oxygen concentrations and that the longer
induction time is required for Leptothrix to adapt to Fe(II) oxidation
as the only energy source. During the delay phase abiotic oxidation
does not start, suggesting that the bacteria might be able to inhibit
abiotic reactions by uptake or by binding Fe(II). Formed oxides were
investigated using microprobe and SEM, which suggest that
microbial formed oxides may incorporate phosphate
Publications
Wang J., Muyzer G., Bodelier P.L.E. and Laanbroek H.J. (in press)
Diversity of iron oxidizers in wetland soils revealed by novel 16S rRNA
primers targeting Gallionella-related bacteria, The ISME Journal
Presentations and other activities
Bigelow laboratory of Ocean Sciences, USA, March 2008 (JW)
Darwin Days, Veldhoven, March 2008 (JW)
Darwin Days, Veldhoven, March 2008: Iron oxidation under
neutrophilic and oxygen limited conditions (SV poster
presentation)
Delft University of Technology, November 2008: Ecology of ironoxidizing bacteria in wetland environments (JW oral presentation)
NSG Symposium, November 2008 (SV)

1040
Biogeological feedbacks between
temperature change, hydrology,
vegetation change, and the carbon cycle
at high latitudes
Program coordinator Prof. Dr. A.J. Dolman (VU)
PhD students F.J.W. Parmentier, F. Keuper, D. Blok, M. van Hardenbroek
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Project summary
(Parmentier) In the summer of 2007, the first project fieldwork
started at the Kytalyk tundra research site in the Indigirka Lowlands
of Northeastern Siberia. This consisted of: 1) continuation of CH4
flux methods using flux chambers 2) continuation of CO2 eddy
covariance measurements 3) start of lake CH4 flux measurements in
collaboration of the PhD of project d (Maarten van Hardenbroek).
Also on behalf of another Darwin Centre project (Nijmegen
University, Nardy Kip) Sphagnum samples were gathered for the
measurement of symbiotic methanotrophy in Sphagnum. An article
was prepared and published in Biogeosciences on the carbon balance
of the site based on measurements of previous years. In early spring
2008 the site was visited to start the eddy covariance equipment
again and to test methods for ice-bubble counting to determine
winter CH4 fluxes from lakes. In the summer, fieldwork continued at
the site using the same methods. In addition, despite severe logistic
problems, equipment for CH4 eddy covariance measurements has
been installed and successfully used to provide a continuous record
of CH4 flux measurements. A visit was made to the University of
Alaska to improve lake CH4 flux measurement techniques, and on
this basis new equipment is being developed.
(Blok) In the summers of 2007 and 2008 successful field campaigns
were conducted in NE Siberia, Russia to study the influence of
vegetation changes on permafrost thaw. The findings of the
experiments conducted in those periods are currently being prepared
for publication. The final field campaign of the research project will
be conducted in the summer of 2009.
Publications
Hardenbroek, M. van, O. Heiri, A.F. Lotter (accepted). Efficiency of
different mesh sizes for isolating fossil chironomids for stable
isotope and radiocarbon analyses. Journal of Paleolimnology.
Hardenbroek, M. van, O. Heiri, J. Grey, P. L. E. Bodelier, F. Verbruggen,
A. F. Lotter (submitted). Fossil chironomid δ13C as a proxy for past
methanogenic contribution to benthic food-webs in lakes? Journal
of Paleolimnology.
Huissteden, J. van, Van der Molen, M.K., Parmentier, F.J.W., Kononov,
A.V., Karsanaev, S.V., Suzdalov, D.A., Petrescu, A.M.R., Berrittella, C.,
Dolman, A.J., Maximov, T.C. (2008). Results of five years of CO2 and
CH4 flux measurements at Kytalyk reserve. Extended Abstracx, IVth
Annual International Workshop on “C/H2O/Energy balance and
climate over boreal regions with special emphasis on eastern
Eurasia”, Yakutsk, 2008
Molen, M.K. van der J. van Huissteden, F.J.W. Parmentier,
A.M.R.Petrescu, A.J. Dolman, T.C. Maximov, A.V. Kononov, S.V.
Karsanaev, and D.A. Suzdalov, 2007, The growing season greenhouse
gas balance of a continental tundra site in the Indigirka lowlands,
NE Siberia. Biogeosciences, 4, 985-1003
Molen, M.K. van der, Van Huissteden, J., Parmentier, F.J.W., De Jeu,
R.A.M., Holmes, T.R.H., Dolman, A.J. (2008) Greenhouse gas fluxes at
a continental tundra site in NE Siberia and radiative forcing of
advancing of the growing season. Geophysical Research Abstracts,
Vol. 10, EGU2008-A-06961.
Presentations and other activties
Feb 2007: Greencycles Methane Workshop, Lund, Zweden
(Parmentier)
Voorjaar 2007: IPY Workshop voor Nederlandse poolwetenschappers,
Hilversum (Parmentier)
November 2007: IMPETUS OSL-APECS-PYRN Workshop on Permafrost,
St Petersburg, Rusland

April 2008: EGU, Wenen, Oostenrijk, (Parmentier)
November 2008 Visit to University of Alaska, Fairbanks (Dr. K. Walter)
to improve lake CH4 flux measurement techniques (Parmentier)
Broeikas Nederland, public television broadcast on methane for the
program Galileo http://www.eo.nl/programma/galileo/2007-2008/
page/Broeikas_Nederland/episode.esp?episode=8988102 (Parmentier)
Workshop Permafrost Young Reseachers Network, St. Petersburg,
Rusland, December 2007. Posterpresentation (Blok).
Heiri, O., M. van Hardenbroek, F. Verbruggen (2008). Muggenziften?
Muggenzeven! Kennislink http://www.kennislink.nl/web/show?id=186175.
Hardenbroek, M.R. van, Heiri, O., Lotter, A.F., 2007. Chironomid δ13C
as a proxy for past methane emission from thermokarst lake
sediments. Presented (poster) at: Darwin Days 26-27 Apr 2007 /
CLIMAQS Workshop 1 Nov 2007 / NSG symposium 6 Dec 2007
Hardenbroek, M. van, Heiri, O., Grey, J., Bodelier, L.P.E., Verbruggen,
F., Lotter, A.F., 2008. Development of δ13C on chironomid chitin as a
new palaeolimnological proxy. Presented (poster) at: NAC9 17-19 Mar
2008 / ISOECOL Conference 25-29 Aug 2008 / NSG symposium 18
Nov 2008

1050
The role of crenarchaeota in the marine
nitrogen cycle
Program coordinator Prof. Dr. J. Sinninghe Damsté (NIOO, UU)
Post docs S.C.M. Haaijer, B. Veuger; PhD-student: A. Pitcher
Project summary
Planktonic archaea form one of the most abundant groups of
unicellular organisms in today’s oceans and comprise up to 20% of
prokaryotic cells. However, their role in the marine biogeochemical
cycles remained enigmatic. Recent evidence suggests that they may
be involved in the N-cycle as nitrifiers. This project studies the
importance of marine Crenarchaeota in marine nitrification.
To enrich for marine crenarchaeal ammonium oxidizers, five
laboratory-scale bioreactor experiments were performed using
concentrated North Sea water. All resulted in an ammoniumoxidizing population dominated by bacteria (new Nitrosomonas sp),
although crenarchaeota have been detected in one bioreactor
experiment. Batch incubations, especially with untreated sea water,
appear a more promising method for enrichment of nitrifying
crenarchaeota since 4 out of 5 contained crenarchaeal 16S rRNA gene
sequences in addition to bacterial ones. A new marine Nitrospiralike bacterial nitrite oxidizer, a possible natural partner of nitrifying
crenarchaeota, has been enriched from North Sea water.
Measurements on crenarchaeotal abundance using DNA and lipid
biomarkers were performed for North Sea water over an extended
time series. In addition, incubation experiments with 15N-labelled
NH4+ were performed to measure actual nitrifation rates using
newly developed methods. Bi-weekly, we also incubated multiple
water samples with 13C-labelled bicarbonate with the goal of coupling
activity measurements with inorganic carbon fixation into
membrane lipids by the nitrifying archaea. The first results show no
clear correlation of nitrification rates with crenarchaeal abundance
or with activity of bacterial nitrifiers. Similar experiments will be
performed in the Arabian Sea water column.
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A chromatographic method was developed for the separation of
core and intact polar archaeal GDGTs, ultimately enabling us to
obtain enriched GDGT fractions derived from ‘living’ and ‘dead’
biomass. This method was applied to reveal the presence of intact
crenarchaeol in hot springs, confirming in situ production by
crenarchaeota. We have also applied this method on material
collected from Svalbard fjord water columns and North Sea surface
waters. The GDGT composition of an ammonia-oxidizing archaeon
enriched form a hot spring was determined.
Publications
Pitcher A., Hopmans E.C., Schouten S. and Sinninghe Damsté J.S.
(2009) Separation of core and intact polar archaeal tetraether lipids
using silica columns: Insights into living and fossil biomass
contributions. Org. Geochem. 40:12-19.
Pitcher A., Peterse F., van der Meer M.T.J., Schouten S. and Sinninghe
Damsté J.S. Quantification of crenarchaeol derived from living and
dead biomass in two California hot springs and surrounding soils.
Appl. Environm. Microbiol., Submitted.
Pitcher A., Rychlik N., Hopmans E.C., Spieck E., Rijpstra I.C., Ossebaar
J., Lebedeva E., Schouten S., Sinninghe Damste J.S. Crenarchaeol and
its regioisomer dominate the membrane lipids of “Candidatus
Nitrososphaera gargensis”, a thermophilic Group I.1b Crenarchaeote.
Submitted.
Gribsholt, B., B. Veuger, A. Tramper, J.J. Middelburg, H.T.S. Boschker
(2009)
Long-term 15N-nitrogen retention in tidal freshwater marsh
sediment: elucidating the microbial contribution. Limnology and
Oceanography, 54: 13-22.
Presentations and other activities
Pitcher A., Hopmans E.C., Peterse F., Schouten S., Sinninghe Damste
J.S. Archaeal lipids in California hot spring: Dead or alive? Oral
Presentation. 3-18-08. NAC 9. Veldhoven, The Netherlands.
S.C.M. Haaijer, M.E.W. van der Welle, L.P.M. Lamers, J.G.M. Roelofs,
M.S.M. Jetten, H.J.M. op den Camp. Thiobacilli: key players in iron
sulfide-associated denitrification. NVVM Wetenschappelijke
Voorjaarsvergadering (Papendal, the Netherlands) 16/17/18-4-2007
S.C.M. Haaijer, M.S.M. Jetten, H.J.M. op den Camp. Crenarchaeal
ammonium oxidation in the North Sea. Cycling Forward: The York
N-cycle meeting (York, England) 21-9-2007
S.C.M. Haaijer, H.J.M. Op den Camp, M.S.M Jetten. Ecophysiology
and role of marine Crenarchaeota in the present day marine N-cycle.
DARWIN Days 2007 (Veldhoven, the Netherlands) 26/27-4-2007.
S.C.M. Haaijer, P.N. Hoang, A. Pitcher, S. Schouten, J.S. Sinninghe
Damsté, M.S.M Jetten, and H.J.M. Op den Camp. New microbial
mediators in the marine nitrogen cycle. Gordon Conference Marine
Microbes 13-07-2008 – 18-07-2008 (Lucca (Barga), Italy)
Pitcher, A., Veuger, B., Schouten, S., Middelburg J.J., Sinninghe Damsté,
J.S. Combining organic geochemistry and molecular biology to assess
the seasonal ecology of Crenarchaeota in the North Sea. Poster
Presentation. 6-5-07. BAGECO 9. Wernigerode, Germany.
Pitcher, A., Veuger, B., Schouten, S., Middelburg J.J., Sinninghe
Damsté, J.S. Coastal Ecology Of Crenarchaeota As Determined By
Lipid And Carbon Isotopic Labelling Studies. Poster Presentation.
9-10-07. IMOG. Torquay, England.
Pitcher A., Hopmans E.C., Peterse F., Schouten S., Sinninghe Damste
J.S. Archaeal lipids in california hot spring: Dead or alive? Poster
Presentation. 8-21-08. ISME 12. Cairns, Australia.
Pitcher A., Veuger B., Middelburg J.J., Schouten S., Sinninghe Damste
J.S. Assessing the impact of crenarchaeal blooms on coastal marine
nitrogen and carbon cycling. 8-19-08. ISME 12. Cairns, Australia.

1060
Carbon recycling in peat bogs, with special
emphasis on the role of methanotrophic
symbionts
Program coordinator Prof. Dr. Ir. M.M. Jetten (RU)
PhD students D.J. Kip, J. van Winden
Project Summary
Peatlands dominated by Sphagnum species (particularly in raised
bogs) are important net accumulators of organic matter. Peat bogs
in the Northern Hemisphere store up to one-third of the carbon
sequestered in soils, globally. However, studies show that increased
atmospheric CO2 concentrations appear to have a rather limited
effect on the growth of Sphagnum species. Refixation of carbon
dioxide and methane derived from decomposition processes,
however, was recently demonstrated. Submerged Sphagnum mosses
appear to consume methane through symbiosis with partly
endophytic methanotrophic bacteria, leading to highly effective insitu methane recycling. The aim of this Darwin project is to
investigate the newly found symbiosis between methane-oxidizing
micro-organisms and Sphagnum with respect to the overall carbonsequestration efficiency of Sphagnum species, under various
environmentally relevant conditions.
By understanding the various biogeochemical processes, we expect
to improve our understanding of the effects of global changes such
as increasing temperature and CO2 concentrations. Based on the
actual occurrence of methanotrophic bacteria in peat bogs, we will
develop proxies that will provide paleo-ecological evidence for
carbon recycling.
Until now, several different Sphagnum species have been tested for
methane-oxidizing activity, originating from peat bogs in the
Netherlands (several different sites), Belgium, the United Kingdom,
Northern and Western Siberia, Sweden, Tierra del Fuego (Argentina)
and Canada. Methane-oxidizing activity was found in all areas, and
methane-oxidation activities ranged from 0 to 42 µmol per gram
dry weight per day at 20°C and were highest in the submerged
Sphagnum mosses (pool) and lowest in the lawn and hummock
species. Although acidophilic methanotrophs have been isolated
from peatlands, clone libraries indicate a much higher biodiversity
of methanotrophs. New acidophilic methanotrophs have been
isolated using improved isolation methods. A gamma
proteobacterium showing high homology to Methylomonas and an
alfa proteobacterium showing the highest homology to
Methylosinus have been isolated and will be further characterized.
The Sphagnum samples listed above were also analyzed for lipid
chemistry and compound specific isotopes, by GC, GC/MS and GC/
IRMS. No obvious methanotroph biomarkers have yet been identified
in the Sphagnum mosses. Natural δ13C values of bacterial lipids
(hopenes and hopanols) ranged from -32 to -36‰. The limited
isotopic depletion and the absence of biomarkers are consistent
with the prevalence of serine cycle methanotrophs in peat moss.
Selected mosses were incubated with 99% 13C labeled methane in
Nijmegen and the degree of label incorporation in individual lipids
was subsequently analyzed by the Utrecht group. The presence of
methanotrophs in Sphagnum was confirmed by label incorporation
in bacterial lipids extracted from Sphagnum. Sphagnum-derived
sterol also showed label incorporation, confirming the recycling of
methane under specific conditions.

23
Publications
Published in Geo.brief, nieuwsbrief van KNGMG, ALW en KTFG, no. 5
(August 2008, J. van Winden): De koolstofcyclus in hoogvenen
Presentations and other activities
Poster Presentation Gordon conference (July 2008, N. Kip): Carbon
recycling in peatlands with special emphasis on the role of
methanotrophic symbionts.
Oral presentation, Meeting Organic Geochemistry UU and Deltares
(February 2008, J. van Winden): Lipid and isotope chemistry of
symbiotic methanotrophs in Sphagnum peat bogs
Poster presentation, Darwin days and NAC9 (March 2008, J. van
Winden), AWARD WINNING:
Poster presentation, NSG annual symposium (November 2008,
J. van Winden), AWARD WINNING: Molecular biomarkers of
methanotrophs in Sphagnum peat bogs
Teaching assistant Masters course Palaeo oceanography (J. van
Winden)
Teaching assistant bachelors course Microbiology, supervision of 2
bachelors students and two masters students (N. Kip)
Compound specific carbon isotope-analyses of Sphagnum from A.
Braders experiments (J. van Winden)
Fieldwork in Florida, peat sampling for the research project
“Hurricanes and Global Change” (J. van Winden) Biomarker analyses
of organic rich sediments from cypress and mangrove swamps from
Florida (J. van Winden)

1070
The DARWIN Azolla project – (palaeo)
ecology and biogeochemistry of the
freshwater fern Azolla and its importance
in global biogeochemical cycles
Program coordinator Prof. Dr. A.F. Lotter
PhD students M. van Kempen, J. Barke, E. Speelman
Project summary
All three sub-projects are starting to produce interesting results.
The study of modern Azolla has shown the sensitivity of extant
water ferns to different salt concentrations. In particular, the
diversity of amino-acids increased with increasing salinity.
Mesocosm experiments with different P and salt concentrations
showed that, after several weeks, Azolla was able to form a freshwater layer on top of saltier water thus creating its own favorable
environment. Growth experiments at different CO2 concentrations
resulted in positive correlations between carbon dioxide and
biomass production.
Paleobotanical analyses made it possible to describe and publish
Azolla artica as a species living during the Eocene in the Arctic Ocean.
High-resolution palynological analyses of the ACEX core gave clear
evidence for fresh surface water conditions in the Eocene Arctic Ocean
during the Azolla interval. Moreover, throughout the interval, cyclic
changes were observed that are comparable to the orbital forcing
suggested by palynological data of younger ACEX core material.
Detailed biomarker analyses of ACEX and Azolla samples show a good
preservation of leaf waxes in the ACEX core and make it possible to
use these as markers for the past occurrence of Azolla.

Publications
E.N. Speelman, M.M.L. van Kempen, J. Barke, H. Brinkhuis, G. J.
Reichart, A.J.P. Smolders, J.G.M. Roelofs, F. Sangiorgi, J. W. de Leeuw,
A.F. Lotter, J.S. Sinninghe Damsté. The Eocene Arctic Azolla bloom:
environmental conditions, productivity and carbon drawdown
(submitted to Geobiology, in review.)
Presentations
J. Barke et al. Extensive Azolla bloom in the Eocene Arctic Ocean:
Indications for major episodes of fresh surface waters and possible
consequences for global biogeochemical cycling’. European
Geosciences Union – General Assembly 2008 (EGU)
J. Barke et al. ‘Palaeoecological evidence for major episodes of fresh
surface waters in the mid Eocene Arctic Ocean’. IOPC/IPC Bonn 2008
symposium.
J. Barke et al. ‘Palaeoecological evidence for major episodes of fresh
surface waters in the mid Eocene Arctic Ocean’. Netherlands Research
School of Sedimentary Geology (NSG) symposium 2008.
J. Barke et al. ‘Major episodes of fresh surface waters in the mid
Eocene Arctic Ocean: Evidence from palynology’. Climatic and Biotic
Events of the Paleogene (CBEP) conference in NZ 2009.
M.M.L. van Kempen: Interview Dutch TV, KRO ‘Klokhuis’ 19-10-07
M.M.L. van Kempen, J. Barke, E.N. Speelman, A.J.P. Smolders, H.
Brinkhuis, G.J. Reichart, A.F. Lotter, J.G.M. Roelofs. Reconstructing
the mid Eocene Arctic - An ecophysiological study of extant Azolla
species. NAC9, 2008, Veldhoven.
M.M.L. van Kempen, J. Barke, E.N. Speelman, A.J.P. Smolders, H.
Brinkhuis, G.J. Reichart, A.F. Lotter, J.G.M. Roelofs, The progressive
dispersal of Azolla spp. in Northern freshwater systems, Oral
presentation at the Shallow Lakes Conference 2008, Uruguay.
E.N. Speelman et al. “Reconstructing Eocene Arctic surface water
conditions using proxy and model data”, NAC9, Veldhoven 2008.

1080
Impact of benthic processes on
biogeochemical organic carbon cycling
and organic proxy records in marine
sediments
Program coordinator Dr. S. Schouten (NIOZ)
PhD students L. Pozzato, S. Lengger
Project summary
PhD student Lara Pozzato started at NIOO in April 2008. Her research
during the first year focused on (1) developing and testing a
methodology to isolate protozoa from sediment matrices, (2)
culturing protists from ocean-margin sediments, (3) preparation
and participation in two oceanographic expeditions (Galicia Margin
and Arabian Sea) and (4) studying the samples from the first cruise
(Galicia Margin).
Lara Pozzato wrote a SPB-KNAW proposal to obtain support for a
visit and molecular biology work in Ancona, Italy. She also
participated in the SOAS summer school in Denmark.
PhD student Sabine Lengger started at NIOZ in November 2008.
Together with Lara Pozzato she participated in a cruise to the Arabian
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Sea to obtain sediment cores for her study. The sediments in these
cores were deposited under oxic, suboxic and anoxic conditions
which makes it possible to evaluate the impact of oxygen on organic
matter degradation. Currently, she is being introduced into organic
geochemical lab techniques.

1090
The role of benthic foraminifera in the
global N-cycle
Program coordinators Prof.dr.ir. M.S.M. Jetten (RU), Prof. dr. G.J. van
der Zwaan (UU)
Pd-students M.C.Schmid, L.A.M.P. van Niftrik
Project summary
The anaerobic respiration with nitrate as an electron acceptor is
generally regarded as a bacterial process. Recently however, we have
found that at least three species of benthic foraminifera (unicellular
eukaryotes) were able to respire nitrate completely to dinitrogen
gas. In addition, these species accumulated and stored high
concentrations of nitrate in their cell. This stored nitrate is sufficient
to support anaerobic respiration for over a month. Benthic
foraminifera are unicellular eukaryotes, which can be abundant in
anoxic environments. This suggests that their role in the global
N-cycle might be significant. The evolution of foraminiferal taxa
that prefer these anoxic conditions accelerated since the Middle
Miocene (16 to 12 million years ago). The aim of this project is to
investigate the newly discovered foraminiferal nitrate respiration in
more depth.
Until now, several expeditions to the Gullmar Fjord provide enough
sediment to select and harvest the necessary foraminifera for the
project. From the harvested foraminifera, the 18S rRNA gene of
Globobulimina species could be amplified by PCR, cloned and
sequenced. Most of the sequences grouped phylogenetically with
other Globobulimina, but with clear differences to the sequences of
other Foraminifera. In addition, some of the sequences were
affiliated to diatoms.
Long range PCR was performed with primers specific for nirK (copper
nitrite reductase) and cox (cytochrome C oxidase). All primers
produced various bands but after cloning no nirK sequences were
obtained while the cox gene fragments were of bacterial origin only.
Each Globobulimina individual contains about 2 pg of DNA, which
means 10000 Foraminifera yield about 20 ng DNA. After extensive
handpicking of foraminifera from the sediment enough DNA was
obtained for a Solexa sequencing run. After assembly this resulted
in 8450 contigs of 100 to 450 bp. Several fragments of mitochondrial
genes could be identified. Based on these fragments primers will be
ordered for PCR to complete these gene sequences and to determine
the gene order in the mitochondrial genome. Furthermore more
sophisticated bio informatic tools are necessary to search for the
genes encoding foraminiferal nitrate and nitrite reductase.

1100
The Darwin phosphorus cycle project: Role
of sulphate-reducing bacteria in sediment
phosphorus preservation and
consequences for global climate change
Program coordinators Prof. Dr. H.J. Laanbroek (NIOO), Dr. Ir. C. Slomp
(UU)
PhD students A.K. Steenbergh, V. Palastanga
Project summary
Phosphorus (P) is a key nutrient in marine biogeochemistry. In this
study, a global biogeochemical ocean general circulation model
(HAMOCC) that includes the oceanic carbon, silica and oxygen
cycles, was expanded with a module for the sedimentary P cycle.
Besides the release of dissolved P through the oxic and anoxic
degradation of organic matter and the reduction of Fe-oxides, we
included P removal through the formation of Fe-bound P and
authigenic Ca-P. The global distribution of sediment P concentrations
and burial rates predicted by the model were compared to
observations from literature for deep-ocean and near-coastal areas.
In sensitivity analyses, we assessed the potential long-term effects
of changes in (1) weathering inputs of P from rivers and (2) redoxdependent P burial on marine P cycling, primary productivity and
organic carbon burial in the oceans. Current work focuses on
including dust inputs of P into the model and a detailed description
of redox-dependent organic P burial. (V. Palastanga)
Marine sediments overlain by anoxic bottom waters display
prolonged higher phosphorus fluxes to the water column than
similar sediments underneath oxic bottom waters. Although
increased phosphorus fluxes at the onset of anoxia can be explained
by several chemical and biological processes, the cause of the longterm increase in phosphorus flux is still largely unknown.
Microbial communities active in oxic and anoxic sediments are very
different from each other. As microbial activity is an important
control on benthic phosphorus fluxes, it is proposed that the higher
ongoing phosphorus fluxes from anoxic sediments are caused by
physiological differences between communities in oxic and anoxic
sediments.
Top layers of marine sediments will be incubated under both oxic
and anoxic conditions to determine whether the microbial
communities are limited by C or P. The C:P ratio of the microorganisms will be determined to gain insight into the microbial
phosphorus demand. The phosphatase activity of the microbial
communities – their ability to liberate phosphate from organic
matter – will be assessed. Microbial enrichments from the in situ
sediments will be used as an extra tool to look into the phosphorus
demand of micro-organisms using different electron acceptors for
their energy conservation. (A.K. Steenbergh)
Presentations and other activities
Poster presentation at the annual NSG symposium, November 2008,
Utrecht: V. Palastanga, C.P. Slomp, C. Heinze. “The marine phosphorus
cycle in a biogeochemical ocean model”.
ASLO meeting, NSG meeting, Training workshop on carbon
biogeochemistry.
Visit to prof. dr. C. Heinze, University of Bergen, March 12-15, 2008.
Poster presentations: NIOO days, Lunteren, Paul L.E. Bodelier, Marion
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Meima-Franke, Miranda Kamst and Anne Steenbergh. The cause of
the biphasic kinetics of methane oxidation in river floodplain soil;
12th International symposium on microbial ecology, August 17-22,
2008, Cairns, Australia. Paul L.E. Bodelier, Marion Meima-Franke,
Miranda Kamst and Anne Steenbergh. The cause of the biphasic
kinetics of methane oxidation in river floodplain soil.
Visits to Dr. Mikal Heldal, University of Bergen, Department of
Biology, 18/05/2008 – 25/05/2008, to Dr. Anniet Laverman, Université
Pierre et Marie Curie, Paris, 09/07/2008, Leibniz-Institut für
Ostseeforschung Warnemünde, Sektion Biologische Meereskunde,
19/08/2008 – 01/09/2008 (Anne Steenbergh).
Training course “succesvol presenteren”, Amsterdam, April – May
2008; Master class “marine microbial diversity”, Amsterdam,
30/05/2008; Workshop data management, Oostende, 02/07/2008 –
04/07/2008; Training course “writing a scientific article”, September
– November 2008 (Anne Steenbergh)

1110
Anaerobic ammonium oxidation: Impact
on present and past oceanic nitrogen
cycling
Program coordinator Prof. dr. ir. M.M. Jetten (RU)
PhD students W.J. Maalcke, D. Rush, S. Schouten, B. Kartal
Project summary
The availability of the nutrients Nitrogen (N) and Phosphorus (P)
limits the production of phytoplankton in the oceanic surface
waters. Consequently, the marine nitrogen cycle has a strong link
with the marine carbon cycle and climate change. Recent studies
have shown that anaerobic ammonium oxidation (anammox) is a
major sink in anoxic basins, oxygen minimum zones and marine
sediments contributing 50% or more to the nitrogen loss in the
oceans. We recently enriched and purified the dominant marine
anammox bacteria, Scalindua T23, and sequenced its genome, giving
us the unique opportunity to study the geobiology of these bacteria.
Anammox bacteria possess chemotaxonomically unique “ladderane’’
lipids and hopanoids, which are excellent biomarkers to assess past
and present anammox activity, because the ladderane lipids
composition is a function of the environmental conditions
experienced by the bacteria.
PhD students Wouter Maalcke and Darci Rush started their projects
only recently. They will carry on the collaboration between the NIOZ
and Nijmegen groups on anammox which began in 1998. In
Nijmegen, three marine anammox reactors are in operation, which
will be used to determine the influence of relevant environmental
conditions (exposure to oxygen, nitrite and organic acids) on the
anammox bacteria. Subsamples of the reactor will be sent to NIOZ
for lipid analysis. In addition, other marine and terrestrial ecosystems
will be investigated for the presence
Anammox bacteria by using lipid biomarkers and molecular
methods.
Publications
van de Vossenberg J., Rattray J.E., Geerts W., Kartal B., van Niftrik L.,
van Donselaar E.G., Sinninghe Damsté J.S., Strous M., Jetten M.S.

2008. Enrichment and characterization of marine anammox bacteria
associated with global nitrogen gas production. Environ Microbiol.
10(11):3120-3129.
Rattray J.E., van de Vossenberg J., Hopmans E.C., Kartal B., van Niftrik
L., Rijpstra W.I., Strous M., Jetten M.S.M., Schouten S., Damsté J.S.
2008 Ladderane lipid distribution in four genera of anammox
bacteria. Arch Microbiol. 190(1):51-66.
Kartal B., van Niftrik L., Rattray J., van de Vossenberg J.L., Schmid
M.C., Sinninghe Damsté J., Jetten M.S., Strous M. 2008 Candidatus
‘Brocadia fulgida’: an autofluorescent anaerobic ammonium
oxidizing bacterium. FEMS Microbiol Ecol. 63(1):46-55.
Schmid M.C., Risgaard-Petersen N., van de Vossenberg J., Kuypers
M.M., Lavik G., Petersen J., Hulth S., Thamdrup B., Canfield D.,
Dalsgaard T., Rysgaard S., Sejr M.K., Strous M., den Camp H.J.M.,
Jetten M.S.M. 2007 Anaerobic ammonium-oxidizing bacteria in
marine environments: widespread occurrence but low diversity.
Environ Microbiol. 9(6):1476-1484.
Kartal B., Rattray J., van Niftrik L.A., van de Vossenberg J., Schmid
M.C., Webb R.I., Schouten S., Fuerst J.A., Damste J.S., Jetten M.S.,
Strous M. (2007) Candidatus “Anammoxoglobus propionicus” a
new propionate oxidizing species of anaerobic ammonium oxidizing
bacteria. Syst Appl Microbiol. 30(1):39-49

2010
Validation of paleaotemperature proxies in
marine and lacustrine systems
Program coordinator Prof. Dr. J.S. Sinninghe Damsté (NIOZ)
PhD students C. Blaga, L. Vissers, F. Verbruggen
Project summary
In this project we develop proxies for the surface temperatures of
lakes on the basis of (i) fossilized crenarchaeotal membrane lipids
(TEX86 proxy) and (ii) the fossils of chironomids and cladocera and
the stable carbon and oxygen isotope composition of their chitin.
These proxies are validated by appropriate field and laboratory
studies. Since essentially nothing is known on the ecology of pelagic
freshwater crenarchaeota, this is studied by appropriate molecular
ecological methods.
Water and sediments samples were collected from 30 lakes located
on a North-South transect through Europe. A PCR with archaeal
primers was performed on DNA isolated from the lake water samples.
The DGGE banding pattern was analyzed and used to identify the
archaea in the lakes. Water and sediment samples were also analyzed
for crenarchaeotal membrane lipids present. These membrane
components are present in all lake sediments but in many lakes the
terrestrial GDGTs predominate, which interferes with the aquatic
signal. Therefore, the crenarchaeotal temperature proxy could only
be applied to 9 out of the 47 lakes tested.
After characterizing the spatial distribution of archaea in lacustrine
systems, an analysis for the temporal distribution was performed to
study the seasonality of the freshwater archaea. In 2008 monthly
samples were collected of the water, the descending sediment
particles and the sediment in Lake Luzern, Switzerland. A
phylogenetic analysis of the archaea was performed by PCR. RNA
was isolated from the Luzern’ water samples to quantify the archaea
by reverse transcription qPCR on the 16S RNA and to estimate the
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ammonia-oxidizing activity of the archaea throughout the seasons
by performing reverse transcription qPCR on the mRNA coding for
the A-subunit of the mono-oxygenase enzyme. Analysis of archaeal
membrane lipids was performed on 30 water-filtrate samples and
revealed their presence in all the samples analyzed with no
interference of terrestrial GDGTs. TEX86-derived temperatures
indicate the winter temperatures. Using a sediment core from Lake
Lucerne we reconstructed past temperatures by applying the TEX86
proxy. A well-constrained age model is still needed in order to
interpret the data, although the climatic events of the Bolling,
Allerod, Younger Drias and the deglaciation are already evident.
Further progress has been made developing stable oxygen isotope
(δ18O) measurements on chironomid head capsules as
palaeotemperature proxies. Experiments have been completed
assessing effects of pre-treatments on chironomid δ18O and a
measurement protocol for chironomid δ18O has been developed.
Down-core δ18O measurements on subfossil chironomids from
Rotsee, Switzerland proceeded and have now largely been completed.
The close agreement between variations in chironomid and bulk
carbonate δ18O indicates that chironomid δ18O can provide reliable
reconstructions of past changes in lake-water δ18O, and thus,
indirectly in the climate. Temperature changes have also been semiquantitatively reconstructed by applying paleoecological analyses
on the same head capsules. Chironomid δ18O analyses in lakesurface sediments and in late-glacial sediments will be completed
within the next few months.
Publications
C.I. Blaga , G-J. Reichart, O. Heiri, J.S. Sinninghe Damsté (2008) Tetraether
membrane lipid distributions in water-column particulate matter and
sediments: a study of 47 European lakes along a north-south transect.
Journal of Paleolimnology, 10.1007/s10933-008-9242-2.
Elisabeth W. Vissers, Paul L.E. Bodelier, Gerard Muyzer, and Hendrikus
J. Laanbroek (submitted) A nested PCR approach for improved
recovery of archaeal 16S rRNA gene fragments from freshwater
samples. J. Microbiol Methods.
Presentations and other activities
Liesbeth Vissers:
Nederlandse Vereniging voor Microbiologie, Papendal, April 2007:
Freshwater Crenarchaeota – their ecology and ecophysiology with
regard to climate change (oral presentation)
Darwin days Veldhoven, April 2007: Validation of paleotemperature
proxies in European lakes – Freshwater Crenarchaeota their ecology
and ecophysiology with regard to climate change (poster)
NIOO dagen, Lunteren, November 2007: Validation of
paleotemperature proxies in European lakes – Freshwater
Crenarchaeota their ecology and ecophysiology with regard to
climate change. (poster)
Max Planck institute for Marine Microbiology, Bremen, June 12-15
2007 (workshop ARB)
EBT seminar TNW, TU Delft, Ecology and ecophysiology of freshwater
crenarchaea with regard to climate change (oral presentation)
Darwin days, April 2008: Validation of paleotemperature proxies in
European lakes – Freshwater Crenarchaeota their ecology and
ecophysiology with regard to climate change (poster)
EAWAG, Kastanienbaum, Switzerland, monthly sampling Lake of
Luzern in 2008

Cornelia Blaga:
April 26–27 2007 Darwin Days, joint presentation, and separate
poster - “Validation of Palaeotemperature Proxies in European Lakes
– Tetraether membrane lipids distribution in lake sediments” Blaga, C.I., Reichart, G-J., Sinninghe Damsté, J.S.
July 11-14, 2007 the 4th International Limnogeology Congress,
Barcelona, poster presentation, “Tetraether membrane lipid
distribution in European Lake Sediments” - Blaga, C.I., Reichart, G-J.,
Sinninghe Damsté, J.S.
September 9-15, 2007 the 23rd International Meeting on Organic
Geochemistry, Torquay, poster presentation – “ Distribution of
tetraether membrane lipids in European Lake Sediments” - Blaga,
C.I., Reichart, G-J., Sinninghe Damsté, J.S.
March 17-19 2008, Darwin Days and NAC 9, Veldhoven, poster
presentation, “Tetraether membrane lipid distributions in lake
particulate matter and sediments” C.I. Blaga , G-J. Reichart, O. Heiri,
J.S. Sinninghe Damsté
April 13-18 2008, EGU General Assembly, Vienna, poster presentation,
“Tetraether membrane lipid distributions in lake particulate matter
and sediments” C.I. Blaga , G-J. Reichart, O Heiri, J. S. Sinninghe
Damsté.
August 3-8 2008, poster presented by J. S. Sinninghe Damsté at the
Gordon Research Meeting - Organic Geochemistry, “GDGT
distributions in particulate matter and sediments of European lakes
- Implications for their origin and the application of the TEX86
paleothermometer” C.I. Blaga , G-J. Reichart, O Heiri, J.S. Sinninghe
Damsté
Frederike Verbruggen:
Verbruggen, F., Heiri, O., Reichart, G-J. and Lotter, A.F., 2007.
Validation of Palaeotemperature Proxies in European Lakes:
Chironomid Palaeoecology and Biogeochemistry. Poster presented
at 1st Darwin Days, Veldhoven, The Netherlands, April 26-27, 2007
Verbruggen, F., Heiri, O. and Lotter, A.F., 2007. Chironomids as
palaeoclimatic indicators: a palaeoecological and biogeochemical
perspective. Poster presented at CLIMAQS Master Class, Amsterdam,
The Netherlands, November 1, 2007
Verbruggen, F., Heiri, O., Reichart, G-J. and Lotter, A.F., 2008.
Chironomids as palaeoecological indicators in late-glacial and early
Holocene sediments of Rotsee, Switzerland. Poster presented at 9th
Nederlands Aardwetenschappelijk Congres, Veldhoven, The
Netherlands, March 18-19, 2008
Van Hardenbroek, M., Heiri, O., Verbruggen, F. and Lotter, A.F., 2008.
Development of
δ13C on chironomid chitin as a new
palaeolimnological proxy. Poster presented at 9th Nederlands
Aardwetenschappelijk Congres, Veldhoven, The Netherlands, March
18-19, 2008
Van Hardenbroek, M., Heiri, O., Verbruggen, F., Grey, J., Bodelier,
P.L.E. and Lotter, A.F., 2008. Development of δ13C on chironomid
chitin as a new palaeolimnological proxy. Poster presented at 6th
International Conference on Applications of Stable Isotope
Techniques to Ecological Studies, IsoEcol2008, Honolulu, Hawaii,
USA 25-29 August 2008
Verbruggen, F., Heiri, O., Reichart, G-J. and Lotter, A.F., 2008. Towards
a new terrestrial temperature proxy using late Glacial and early
Holocene chironomids from a Swiss lake. Poster presented at 14th
Annual Symposium Netherlands Research School of Sedimentary
Geology (NSG), Utrecht, The Netherlands, November 28, 2008.
Verbruggen, F., 2007. Darwin’s muggen: op weg naar een
multidisciplinaire reconstructie van Laat-Glaciale en Holocene
klimaatschommelingen in Europa. Oral presentation at Jonge
Onderzoekers in de Paleobiologie Lezingen, Paleobiologische Kring,
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Leuven, Belgium, March 9, 2007
Verbruggen, F., Vissers, L., Blaga, C., Heiri, O., Reichart, G-J., G.
Muyzer, Lotter, A.F., Laanbroek, R. and Sinninghe Damsté, J., 2007.
Oral presentation at Validation of Palaeotemperature Proxies in
European Lakes. 1st Darwin Days, Veldhoven, The Netherlands, April
26-27, 2007
Lotter, A.F., Verbruggen, F. and Heiri, O., 2008. Rotsee revisited: a
new high-precision late-glacial chronology or just “old wine in new
bottles”? Oral presentation at INTIMATE Meeting, Oxford, UK,
September 19-22, 2008.

2020
Origin and cause of Paleogene
hyperthermal events
Program coordinator Prof. D. Kroon (VU)
PhD students S. Ní Fhlaithearta, M. Dedert, L. Stap
Project summary
The Darwin project 142.16.2021 with component “calibration and
validation of methane-related proxies” by PhD Shauna Ni
Fhlaithearta, focuses on calibrating the foraminiferal response in
trace-metal uptake and isotopic fractionation in response to
methane release. A range of natural redox gradients in pore waters,
as associated with such releases, has been sampled and living
foraminifera have been identified using Rose Bengal staining.
Parallel to studying these foraminifera in their natural habitats,
culturing experiments have been set up mimicking these conditions.
These culture experiments have the advantage that variables can be
changed separately.
The use of stable carbon isotopes measured on isolated linings of
benthic foraminifera has been investigated. By using isotopically
labeled sea water and food, the impact of both on the isopic
fractionation in the linings was determined. Results have been
presented on conferences and are currently being written up for
publication.
A set of samples with stained foraminifers has been obtained from
actual shallow Adriatic methane seeps, but the very low amounts of
stained foraminifera do not allow a statistically relevant evaluation.
To circumvent this problem, Rose Bengal-stained foraminifera and
pore-water profiles were collected along several depth transects
during a cruise to the Mediterranean. The pore-waters have been
analyzed for carbonate chemistry, elemental composition and d^13
C. While the elemental data are useful, it appeared that using
rhyzons for pore-water extraction distorts the carbonate chemistry.
Although a major setback for linking pore-water and foraminiferal
carbonate chemistry, another cruise to the Baltic was used to
confirm the impact of pore-water extraction using rhyzons and the
results will be written up in a methodological paper. Another set of
samples in which pore water was retrieved in a traditional manner is
available to make the needed calibration.
A data set of foraminiferal trace-metal incorporation through
sapropel S1 was compared to sediment geochemical and ecological
data. The impact of the bottom-water chemistry on the traceelement uptake in foraminiferal carbonates is clearly recognized

and results are currently being written up. Current research focuses
on the evaluation of whether PETM and other hyperthermals
(including ETM2) share a similar origin, and on the comparison of
their magnitudes. For this purpose, we generated high-resolution
bulk δ13C, δ18O and CaCO3 wt% data across ETM2 and H2 for four
sites along the Walvis Ridge depth transect (ODP Leg 208). A relative
age model was developed for each site. The outcome of this study is
currently in press at Paleoceanography (see publications). To
reconstruct the depth dependency of the carbon-isotope excursion
(CIE) and deep-sea temperature changes during ETM2 and H2 we
measured benthic carbon and oxygen isotopes in the same four
sites. The outcome of this study will be presented in a paper for
Geology, which is almost ready for submission. The cause(s) of these
hyperthermals, however, remain(s) speculative. In order to better
assess the source and trigger of ETM2, it is important to constrain
the rate and magnitude of the carbon release. We conducted singlespecimen carbon and oxygen isotope analyses on planktonic
foraminifera from Site 1265 (Leg 208, Walvis Ridge) during ETM2 and
partly during H2. The outcome of this study will be presented in a
paper, which is in preparation.
With the team of Beneker and Lourens, we won the 2007 “Annual
Academic Award”. The proceeds of the prize were used to develop a
program and a website on the greenhouse-world (i.e. PETM) for high
schools. In addition, we also have written a paper on the PETM for
www.Kennislink.nl, which is used by many high-school students
(see other publications).
Publications
Lucy Stap, Appy Sluijs, Ellen Thomas and Lucas Lourens (in press),
Patterns and magnitude of deep sea carbonate dissolution during
Eocene Thermal Maximum 2 and H2, Walvis Ridge, southeastern
Atlantic Ocean Paleoceanography doi: 10.1029/2008PA001655
Lucy Stap, Peter Bijl en Appy Sluijs Paleoceen-Eoceen temperatuurs
maximum: de oerscheet in de fossiele broeikaswereld Kennislink
Lucy Stap, Lucas Lourens, Ellen Thomas and Appy Sluijs
Reconstruction of Ocean Temperatures and carbonate chemistry
during ETM2 (2007) In Annual meeting of the Netherlands Sedimentary
Geology School (NSG), Amsterdam, The Netherlands
Lucy Stap, Lucas Lourens, Ellen Thomas and Appy Sluijs
Reconstruction of Ocean Temperatures and carbonate dissolution
during ETM2 In Geophysical research abstracts Vol. 10. European
Geosciences Union, General Assembly 2008. Vienna, Austria.
Presentations and other activities
Lucy Stap, Lucas Lourens, Ellen Thomas and Appy Sluijs
Reconstruction of Ocean Temperatures and carbonate chemistry
during ETM2 In Dutch Earth Science Conference (NAC 9), Veldhoven,
The Netherlands. (Talk)
Lucy Stap, Ellen Thomas, Lucas Lourens, Gert-Jan Reichart, Jeroen
Groeneveld, Appy Sluijs, and Jim Zachos. Reconstruction of Ocean
Temperatures and carbonate dissolution during ETM2 (~53.5 Ma) In
9th International Conference on Paleoceanography (ICP IX), Shanghai,
China.
Lucy Stap, Lucas Lourens, Ellen Thomas and Appy Sluijs
Reconstruction of Ocean Temperatures and carbonate chemistry
during ETM2 (2008) In Annual meeting of the Netherlands Sedimentary
Geology School (NSG), Amsterdam, The Netherlands.
Lucy Stap, Appy Sluijs, Ellen Thomas and Lucas Lourens Deep sea
temperatures and carbonate dissolution during ETM2 and H2 (2009)
In Climate and Biota of the Early Paleogene 2009, Volume of Abstracts
(pp. 136). Wellington, New Zealand.
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2030
Biological validation of carbonate-based
proxies and application to the Middle
Miocene onset of icehouse conditions and
the closure of the Tethys: seasonality as a
key factor
Program coordinator Prof. Dr. G.J. van der Zwaan (UU)
PhD students J. Wit, A. Mourik, S. Jung (Pd)
Project summary
In 2007-2008 the stable isotope record and quantitative counts of
the benthic foraminifera in the Ras Il Pellegrin and Marsalforn
Sections (Malta) were completed. A first version of the paper on the
changes in foraminiferal fauna was prepared, but submission of the
manuscript has to wait until a more reliable astronomical age model
for the Globigerina Limestone part can be incorporated. The
construction of such an age model proved to be more complicated
than assumed and could not be established on the basis of Malta/
Gozo alone. To overcome this problem, we decided to use sediments
from the same time interval exposed at La Vedova along the east
coast of Italy. An astronomical tuning has been established for
interval 15.3-14.2 by Hüsing (thesis, 2008), and a new section, the La
Vedova High Cliff, was sampled in May 2008 for the most critical
time interval (14.2-13.6 Ma).
Geochemical element analysis on the Marsalforn section (Malta)
and the La Vedova High Cliff section in Italy continued in July and
November 2008. These data will be used to establish a highresolution tuned age model which, using reliable biostratigraphic
horizons, can then be exported and applied to construct a reliable
age model for Malta/Gozo. Together, these will provide a significant
understanding of the influence of the Middle-Miocene Climate
Transition (rather than the closure of the gateway to the Indian
Ocean) on deep-marine environments and on the climate and the
ocean circulation in the Mediterranean.
The associated foraminiferal calibration project focused these past
two years on establishing partitioning coefficients between sea
water Mg/Ca ratios and foraminiferal carbonate Mg/Ca for specific
species. Such species-specific coefficients potentially allow
deconvolution of changes in sea-water Mg/Ca ratios through time,
provided that the inter species differences are large enough. Taking
advantage of the large differences between the calibrations of /
Pyrgo spp./ and /Cibicides spp./ a first mathematical approach was
set up and presented. Since the impact of such changes is only
noticed on time scales of millions of years, the first application of
this method is currently in progress using a 40 Ma record from
Walvis Ridge. The decision of the original PhD student (J. Haig) to
pursue a PhD in her home town of Darwin, Australia, was considerable
set back for the project . Fortunately, Jos Wit, who was involved in
the project at Amsterdam Free Universit (VUA), was able to fill the
PhD position at short notice. The experiments he carried out at VUA
resulted in a manuscript that shows the potential of paired stableisotope and trace-metal analyses on single foraminiferal tests.
The ongoing foraminiferal culture experiments, in which sea-water
Mg/Ca ratios are altered artificially, could be completed with a
minimum loss of time. Laser-ablation analyses of the individual test

chambers of the newly grown foraminifera established calibration
lines for Bullimina spp. with respect to several environmental
variables. These results are currently being written up.
Publications
Wit, J.C., Reichart, G-J., Jung, S.J.A., Kroon, D., 2008, Seasonality in
the Mediterranean Sea: A calibration study using paired single
specimen d^18 O and Mg/Ca measurements of /G. ruber alba/, /
Geophysical Research Abstracts, /Vol 10, 09200, 2008.
Wit, J.C., Reichart, G-J., Jung, S.J.A., Kroon, D., 2008, Seasonality in
the Mediterranean Sea: A calibration study using paired single
specimen d^18 O and Mg/Ca measurements of /G. ruber alba/, The
Micropalaeontological society’s foraminifera and nannofossil group
spring meeting 2008,
Presentations and other activities
Wit, J.C., Reichart, G-J., Jung, S.J.A., Kroon, D., 2008, Seasonality in
the Mediterranean Sea: A calibration study using paired single
specimen d^18 O and Mg/Ca measurements of /G. ruber alba/, NAC
9, abstract 109, 2008.
Wit, J.C., Reichart, G-J., Jung, S.J.A., Kroon, D., 2008, Seasonality in
the Mediterranean Sea: A calibration study using paired single
specimen d^18 O and Mg/Ca measurements of /G. ruber alba/, USSP
Workshop, Transient climate changes, 2008
Wit, J.C., Reichart, G-J., Dueñas-Bohórquez, A. de Lange, G.J.,
Assessing the effect of salinity on foraminiferal Mg/Ca by culturing
/Bulimina marginata/, Darwin Days 2009.

2040
Niche engineering and the evolution of
biochemical cycles through time
Program coordinator Prof. Dr. G.J. van der Zwaan (UU)
M. Wolthers (Pd), J. van Frausum PhD)
Project summary
In terms of NIOO research, an inventory was made of the controls on
the O2 consumption in bio-irrigated aquatic sediments. The results
were written down in a review modeling paper, which compares the
various kinetic model formulations in use for O2 consumption, as
well as proposing a novel analytical solution for Blackman kinetics.
In a second step, the kinetic model formulations were implemented
in a two-dimensional bio-irrigation model that simulates the radial
gradients surrounding ventilated burrows. Different scenarios were
investigated (continuous and intermittent burrow flushing). These
simulations were carried out using the finite-element modeling
software tool COMSOL, and the results are now being written up in
a separate manuscript. Future steps will involve extension of the
biogeochemistry module of the bio-irrigation model (from O2
consumption to a full carbon and nitrogen cycling description), in
order to investigate the interaction of bio-irrigation with various
diagenetic processes.
Margreet Brouwer started her PhD research in 2008. In April,
sediment was recovered from the Gullmar Fjord, Sweden. Three
mesocosms, filled with natural sediment, were kept in a climate
room. One mesocosm was defaunated, additional macrofauna was
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added to another mesocosm and one mesocosm was left as it was.
By the end of May, cores were taken from each mesocosm to study
the effect of bioturbation on foraminifera. Oxygen, nitrate, nitrite
and ammonium pore-water profiles were measured. As a result of
low overall numbers of macrofauna, the contrast between the
different treatments was very small. In new experiments,
foraminifera from the Gullmar Fjord will be placed on top of artificial
sediment on which different chemical gradients will be imposed. By
investigating the positions of different foraminifera species along
these diffusion gradients we expect to obtain insight in their
chemical preferences and niche separation.
Publications
Wolthers M., Meysman F., Middelburg J., and van der Zwaan G.J., in
prep. Modeling microhabitat distributions of benthic foraminifera
De Nooijer L.J., Reichart G.J., Dueñas-Bohórquez A., Wolthers M.,
Ernst S.R., Mason P.R.D., and Van der Zwaan G.J., 2007. Copper
incorporation in foraminiferal calcite: results from culturing
experiments: Biogeosciences: 493-504.
Presentations and other activities
Bioturbation: An Update on Darwin’s Last Idea” in Renesse,
Netherlands, 23–27 August 2008; a multidisciplinary update on the
importance of bioturbation in sediment biogeochemistry, ecosystem
functioning, and global biogeochemical cycles. Johan van Frausum
participated in a number of national (NAC, Darwin, NERN) and
international (Nereis Park II, Renesse) meetings.
Oral presentations 2007 UU: Wolthers M., Langezaal A.M, Meysman
F., van Lith Y., Ernst S., and Van der Zwaan G.J., Microhabitat
distribution of benthic foraminifera. Oral presentation at the Darwin
Dagen conference in Veldhoven, The Netherlands, April 2007.
Oral presentations 2008: two presentations bij M. Wolthers during
the UU-day and in the Darwin Workshop serie (April 2008); Studying
the interplay between benthic foraminifera, macrofauna and
sediment biogeochemistry, M. Brouwer, M. Wolthers, I. Duijnstee
Zooming in on biomineralisation processes: carbonate surface
modelling put in perspective, M. Wolthers, L. Charlet, P. Van
Cappellen, G. Nehrke M. Fokkema
Margreet Brouwer: Darwindagen en NAC, 17 -19 March 2008;
Bioturbation: An Update on Darwin’s Last Idea- Nereis Park II
conference. 23-27 August 2008. Poster presented: Niche engineering:
the effects of bioturbation on foraminifera; NSG congres 28
November 2008. Poster presented: Niche engineering: the effects of
bioturbation on foraminifera.

2050
Continental climate signals from marine
sediments: validation of organic proxies
based on membrane lipids of soil bacteria
Program coordinator Prof. Dr. J.S. Sinninghe Damsté (NIOZ EN UU)
PhD students R. Aydin, F. Peterse
Project summary
There are very few quantitative methods available to obtain insight
in long-term continental climate changes. We have recently found

fluvially transported lipids (GDGTs) of soil bacteria in marine
sediments that were deposited close to the outflow of large rivers. A
study of surface soils where these bacteria thrive indicated that the
composition of these membrane lipids, expressed in MBT and CBT
indices, is a function of the mean annual air temperature (MAT).
Hence, by analyzing these lipids in marine sediments a long-term
record can be obtained of past changes in MAT, integrated over the
drainage basin of the river. However, these reconstructions are as
yet based on empirical correlations and need to be biologically
validated. In this project, we try to identify and potentially cultivate
the soil bacteria that produce the specific membrane lipids and
study the effect of temperature and pH on membrane
composition.
The validity of MBT and CBT indices as proxies for continental
paleotemperature and soil pH was tested by analyzing the GDGT
distribution in geothermally heated soil surrounding hot springs. In
February 2007 we sampled soil transects away from two hot springs
in California, yielding a set of soils similar in composition yet with
different soil temperatures. The GDGT distribution in these
geothermally heated soils indeed showed a good correlation with
soil temperature and soil pH, similar to the global calibration set. A
direct comparison of the branched GDGT distribution in soils and
nearby marine sediments was made for two fjords in Svalbard,
Norway. Samples were collected during a cruise in September 2007.
The MBT/CBT-reconstructed MAT based on the GDGTs in soils was
close to the measured MAT for Svalbard. However, the branched
GDGT distribution in the marine sediments was strikingly different
from that in soil, i.e. the distribution was dominated by branched
GDGTs with one cyclopentane moiety. This resulted in an MBT/CBTreconstructed MATs well above the measured MAT, and suggests
that at least part of the branched GDGTs in the marine sediments
may be produced in situ.
The hypothesis that acidobacteria are the main bacteria that form
branched GDGT lipids was tested. Some acidobacterial strains were
obtained from Prof. Peter H. Janssen (University of Melbourne) and
acidobacteria were enriched and isolated from samples that were
previously shown to contain high amounts of branched GDGT lipids.
However, none of the strains produced branched GDGT lipids. Two
bacterial strains, related to Bacillus niacini and Hyphomicrobium,
were isolated and are at present studied in more detail.
Future research will focus on incorporating 13C-labelled substrates
in branched GDGT lipids to determine which substrates most
strongly lead to de novo synthesis of branched GDGT lipids, providing
new leads for the enrichment of bacteria. Clone library analysis of
the microbiota in natural samples with very high and low levels of
GDGT lipids and mining of available (meta)-genome sequences for
genes involved in branched GDGT lipid synthesis, are also expected
to provide new insights. We will also try to identify the head groups
attached to the branched GDGT core lipids. Identification of the
head groups may give us more information about the group of
bacteria that synthesize branched GDGTs
Presentations and other activities
Francien Peterse, Stefan Schouten, Hauke Smidt, Marcel T.J. van der
Meer, Alfons J.M. Stams, and Jaap S. Sinninghe Damsté. Bacterial
glycerol dialkyl glycerol tetraether membrane lipids in soils
surrounding hot springs in California and Nevada (USA). Darwin
Days, Veldhoven, 26-27 April 2007
Francien Peterse, Stefan Schouten, Marcel T.J. van der Meer, and Jaap
S. Sinninghe Damsté. Bacterial membrane lipid distribution in
geothermally heated soils: Implications for the MBT/CBT temperature
proxy. IMOG, Torquay (UK), 9-14 September 2007
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Schouten, S., J.W.H. Weijers, E.C. Hopmans, F. Peterse & J.S. Sinninghe
Damsté. A new proxy for continental paleotemperature
reconstructions. Invited talk at the Big Horn Basin Drilling Project
workshop, Powell, Wyoming, USA, 25 – 28 June 2007.
Schouten, S., J.W.H. Weijers, F. Peterse, M.T.J. van der Meer & J.S.
Sinninghe Damsté. Development and application of novel organic
proxies. Invited talk at Goldschmidt Conference, Cologne, Germany,
20 – 24 August 2007.
Weijers, J.W.H., S. Schouten, E.C. Hopmans, F. Peterse & J.S. Sinninghe
Damsté. Novel proxies for continental Palaeo – temperature and soil
pH reconstruction based on tetraether membrane lipids of soil
bacteria. Invited talk at AGU Fall Meeting, San Francisco, California,
USA, 10 – 14 December 2007.
Peterse, F., Schouten, S., Fierer, N., Jackson, R.B., Castañeda, I.S. &
Sinninghe Damsté, J.S. Further exploration of the MBT/CBT
paleotemperature proxy based on branched tetraether lipids. Gordon
Research Conference on Organic Geochemistry, Holderness School
Plymouth, NH, USA, 3-8 August 2008.
Peterse, F., Schouten, S., van der Meer, M.T.J., Kim, J-H., Klitgaard
Kristensen, D., Koç, N. & Sinninghe Damsté, J.S. Validation and
further exploration of the MBT/CBT paleo-temperature proxy. 9th
Nederlands Aardwetenschappelijk Congres (NAC 9), Veldhoven, 18-19
March 2008.
Aydin R., Peterse F., Balk F., Schouten S., Sininghe Damsté J.S., Smidt
H. & Stams A.J.M. Identification and ecolophysiology of anaerobic
soil bacteria producing branched GDGT membrane lipids”. 9th
Nederlands Aardwetenschappelijk Congres (NAC 9), Veldhoven, 18-19
March 2008.
Pitcher, A., Hopmans, E.C., Peterse, F., Schouten, S. & Sinninghe
Damsté, J.S. Archaeal lipids in California hot springs: dead or alive?
12th International Symposium on Microbial Ecology – ISME-12
Microbial Diversity – Sustaining the Blue Planet, Cairns, Australia,
17-22 August 2008.
Kim J.H., Buscail R., Bzarzycka B., Kerherve P., Peterse F., Schouten S.,
Ludwig W. and Sinninghe Damsté J.S. Tracking soil organic matter
export across the continent-ocean interface: A case study of the NW
Mediterranean using the BIT index. Geochim. Cosmochim. Acta 72,
A472.
Pitcher, A., Hopmans, E.C., Peterse, F., Schouten, S. & Sinninghe
Damsté, J.S. Archaeal lipids in California hot spring sediments: Dead
or alive? 9th Nederlands Aardwetenschappelijk Congres (NAC 9),
Veldhoven, 18-19 March 2008.

2060
Microbial carbon fixation in past and
future high-CO2 oceans
Program coordinator Prof. Dr. J.B.M. Middelburg (NIOO EN UU)
PhD students A. Hoogstraten, A. de Kluijver, P. Schoon
Project summary
PhD student Petra Schoon started at NIOZ-BGC in March 2008 with
the isotopic analysis of marine sulfur-bound biomarker lipids
present in sediments deposited during so-called “hyperthermal”
periods in the Eocene. These were, in geological terms, brief periods
increased global warming. The first results show that during the
warmest periods the isotopic fractionation of marine
photoautotrophs increased and actually neared the maximum

enzymatic fractionation. This indicated elevated CO2 levels during
these hypterthermals. Currently, the first paper on these results is
being written up.
PhD student Anna de Kluijver started at NIOO in April 2008. During
the first eight months her research focused on two topics. Firstly,she
did a pilot, factorial experiment to investigate the effect of
temperature and carbon dioxide increases on phytoplankton. She
identified not only the effects of temperature and carbon dioxide,
but also a synergetic effect. This has repercussions for proxy
application, since temperature and carbon dioxide are usually
correlated. Secondly, she elaborated a dataset on 13C tracing of
phytoplankton-bacterial interactions in mesocosm experiments at
three different carbon-dioxide levels. Ecosystem-level effects of
carbon-dioxide enrichment were very minor and insignificant. A
publication on the mesocosm experiment is in preparation.
PhD student Astrid Hoogstraten started at NIOZ-BIO in November
2007. She started with CO2 perturbation experiments on Southern
Ocean diatoms. A publication on these experiments is in preparation.
Following experiments with CO2 and a test experiment with CO2
perturbation of Emiliania huxleyi cultures, her focus shifted to
obtaining experience in measuring trace-metal (zinc) concentrations,
which are very difficult to measure. Zinc is the central atom in the
enzyme carbonic anhydrase for CO2 metabolism and from her own
previous research and from publications at NIOZ the co-limitation
of Zn and CO2 is known. A trip to IFM-GEOMAR in Kiel was arranged
to gain knowledge and experience in measureing zinc speciation.
Several water masses were tested to find natural seawater without
zinc to use for testing. Currently, she focuses on doing experiments
with two different Emiliania huxleyi strains and CO2 perturbation,
and measuring the internal consistency of the CO2 system in the
cultures, after a publication in Science by Debora Iglesias-Rodriguez
et al. 2008, and following comments written by Ulf Riebesell et al.
and Debora Iglesias-Rodriguez et al. (with a contribution of Hein de
Baar).
Presentations and other activities
In 2008, Anna de Kluijver and Astrid Hoogstraten participated in the
kick-off meeting of the European Project on Ocean Acidification in
Nice. Anna de Kluijver wrote a SPB proposal for travel support from
KNAW to sample in lakes in the USA (in summer 2009) and
participated in the SOAS summer school in Denmark. Astrid
Hoogstraten participated in a SENSE course on bioavailability and
speciation of metals.
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