
  1 

Proposal for a SCOR Working Group 
 

ANALYSING THE LINKS BETWEEN PRESENT OCEANIC PROCESSES AND 
PALEO-RECORDS 

 
 
Background and Rationale 
 
In the last decade, studies at increasing spatial and temporal resolutions have highlighted that 
many of the key ocean processes show variabilities on all time scales from short events over 
seasonal to decadal or longer term. In most cases, the temporal scale of these variations and their 
feedbacks to different components of the Earth System cannot be observed adequately by direct 
observation. Modern oceanographic observations can only provide a snapshot of the present 
variability of the ocean, but over time scales exceeding the past few decades, this variability is 
not known. For example, the biogeochemical significance for carbon draw-down of major surface 
blooms cannot be assessed without examining evidence of their occurrence and variability in the 
past from the sediments. Although much progress in our understanding of the functioning of the 
ocean system has been gained by modern process studies, a much broader insight into the role 
and response of the ocean to climate change can only be achieved, if the period of direct 
observation can be extended to include past changes of the ocean system. Ocean properties of the 
past can be reconstructed from naturally occurring biological, geochemical and sedimentological 
indicators that are collectively known as ‘proxies’ and by the direct observations of ancient flux 
events preserved in laminated sediments. 
 
Recent oceanographic experiments have highlighted the importance of certain key species as 
major drivers of biogeochemical processes, such as export of particulate organic carbon, nitrogen 
fixation, production of dissolved organic matter, and calcification. An example with major 
consequences for the oceanic pCO2 is the evolution of plankton systems dominated by siliceous 
or carbonaceous species. Observations over the past few decades suggest that carbonaceous 
species are increasing in the North Atlantic (Deuser et al. 1995, Antia et al. 2001), but the 
underlying causes are not understood nor do we know whether such shifts have occurred 
regularly in the past due to variable preservation of these biominerals. Other examples are the 
long-term shift in nitrogen-fixing organisms observed at the time series station HOTS (Hawaii 
Ocean Time Series Station) (Karl et al. 1997, Karl et al. 2001) or an ecosystem shift detected in 
many variables in the Bering Sea (Coyle and Pinchuk 2002, Macklin et al. 2002, Iida et al. 2002) 
and Northern Pacific Ocean (Hare and Mantua 2000). Several recent oceanographic experiments 
have observed intriguing blooms of diatoms associated with nitrogen fixing cyanobacteria (e.g. 
Carpenter et al. 1999; Scharek, et al. 1999), but we rely on recent studies of ancient sediments 
(Kemp et al. 1999) to learn that such species have sedimented massively in the past and may, 
therefore, be key players in biogeochemical cycling. Changes in biodiversity, from plankton to 
higher organisms, are critical sources of information on pre-anthropocene ecosystems’ evolution. 
Documenting the shifts between these ecosystem states and understanding their causes, using 
combined insights from modern oceanographic experiments and proxies from the sediment record 
will provide insights into the physical and geochemical processes that drive ecological change 
and into biogeochemical feedback processes. Unfortunately, there is still a considerable lack of 
proxies preserved in sediments for key plankton functional groups and species that do not leave 
an easily recognized fossil record, such as soft-bodied organisms without shells, although recent 
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findings look promising (e.g. Dahl et al. 2003).  
 
The knowledge of changes in paleoproductivity is a key to understanding how external factors 
affect biogeochemical cycles. Unfortunately, the intuitively-obvious approach to reconstruct past 
changes in ocean productivity from the profiles of organic carbon in the sediments is not valid, as 
there is no simple, direct relationship between the burial rate of organic carbon and the biological 
productivity of the overlying waters. Therefore, a range of different indicators of past 
productivity and nutrient utilisation have been developed, including specific organic biomarker 
compounds (e.g. alkenones from coccolithophorids; dinosterol from dinoflagelates; brassicasterol 
from diatoms or pigment transformation products of chlorophyll), barium (e.g. Dymond et al. 
1992, Francois et al. 1995), 231Pa/230Th and 10Be/230Th ratios (e.g. Kumar et al. 1995, 
Anderson et al. 1998), species composition of planktonic and benthic foraminifera (e.g. Mix 
1989, Herguera and Berger 1991, Thomas et al. 1995), diatom species assemblages (e.g. Sancetta 
1992; Abrantes, 2000) and flux of diatom shell material (opal) (Ragueneau et al. 2000). Nutrient 
availability in the paleo-ocean has been reconstructed from the carbon isotopic composition and 
the Cd/Ca ratio of planktonic foraminifera (e.g. Labeyrie and Duplessey 1985, Ninnemann and 
Charles 1997), N isotopes (e.g. Calvert et al. 1992, Francois et al. 1992, Altabet and Francois 
1994, Ganeshram et al. 1995, Sigman et al. 1999) and recently also Si isotopes (De la Rocha et al. 
1998). Careful calibrations of such methods are essential and severe limitations inherent in these 
methods have been highlighted in many studies. Progress has been made through the 
comprehensive biogeochemical process studies of JGOFS. However, because this research was 
not always afforded high priority during the design of JGOFS programmes, progress occurred at 
a limited pace and much more remains to be done.  
 
Paleoceanographic studies are an important approach to understand past biogeochemical states of 
the ocean, but they are also inflicted by a considerable degree of uncertainty. At present, the 
relationship between proxies and ocean properties are usually derived empirically. The danger 
with these empirical relationships is that they maybe valid only within the restricted parameter 
space of their calibration. Unequivocal interpretation of a proxy record requires a mechanistic 
understanding of the processes that control its formation and its preservation in the fossil 
archives. Such a mechanistic approach has been achieved only in few cases, as for instance for 
carbon isotope fractionation in foraminifera (Wolf-Gladrow et al. 1999, Zeebe 1999, Zeebe et al. 
1999). This understanding of the genesis of a proxy signal is unfortunately not available for most 
proxies. 
 
The rationale behind the formation of this SCOR Working Group is the recognition that 
considerable advances can be achieved, if a mechanistic understanding of the genesis of proxies 
as well as development of new proxies can be promoted. This, in turn, would allow the test of 
current hypotheses on the linkages between ocean biogeochemical cycles and climate. Expertise 
of scientist studying the modern ocean processes and those focussing on past changes in the 
ocean can be fruitfully combined to achieve progress in this important aspect of ocean research. 
Based on the considerable progress made in both fields in the last decade of IGBP research within 
the core projects PAGES, JGOFS and GLOBEC such a collaboration is timely and much 
supported by experts of both disciplines.  
 
The proposed SCOR Working Group arises from a small task team initiated between JGOFS and 
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PAGES/IMAGES, the Paleo-JGOFS Task Team (PJTT) with the following objectives: (i) 
improve the collaboration between the two core projects, (ii) identify regions of specific interest 
for future research and (iii) propagate these issues into the next phase of IGBP II ocean research 
programs. In the marine core projects of IGBP and WCRP, links between paleo- and present day 
oceanographic studies are included, for instance in CLIVAR, GLOBEC, SOLAS, LOICZ and 
OCEANS. However, these groups tend to narrowly focus on specific aspects and there is little or 
no exchange of information between them.  
 
The development of a SCOR Working Group which can form a link between present and past 
ocean studies in all the different marine IGBP and WCRP programs it is now logical and timely.  
Such a working group could: 

-provide a common platform for scientific exchange between the different marine disciplines, 
-foster the joint development or refinement of proxies between the different programs,  
-bring together a wide range of expertise necessary to better interpret the paleo-records in the 

light of our present understanding of ocean ecosystem behavior, 
-convey benefit to a wide scientific community within Global Change. 

 
This proposal is addressed to SCOR as one of the governing bodies for all marine science 
programs within IGBP and WCRP. 
 
 
Terms of Reference  
 
The main objective of the proposed working group is to combine new insights gained from the 
study of modern biogeochemical processes and ecosystem dynamics, with paleoceanographic 
studies aiming to improve our understanding of past oceanic processes. In turn, accurate 
interpretation of the sedimentary record extends the temporal baseline of observation, thus 
allowing to better gauge the impact of anthropogenic disturbances against natural variability. To 
achieve this unifying vision, we must:  
 
1) Use the new insights gained from contemporary ocean biogeochemical studies to identify or 
refine our understanding of key oceanic processes and develop or improve proxies for these 
processes for subsequent use in paleoceanographic studies. 
 
2) Refine established proxies, provide mechanistic understanding and foster the development 
of new proxies within integrated multidisciplinary process studies in the modern ocean. 
 
3) Use proxy evidence from the sedimentary records to test hypotheses of the oceanic response 
to climate change. 
 
 
ad 1) The importance of key oceanic processes, such as nutrient utilization, nitrogen fixation, 
changes in plankton communities, atmospheric input of iron, inputs from terrestrial sources and 
changes in components of the higher food chain, have been highlighted by modern process 
studies. In particular, the potential biogeochemical significance of modern blooms has to be 
evaluated using key ancient sequences with resolution of fluxes on the time scales of modern 
ocean processes. Episodic sedimentation makes up the major part of the export to the deep ocean 
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and of the sedimentary record. The sedimentological record has informed us about the 
significance of these surface events for carbon export and the frequency of their occurrence 
beyond the time coverage of modern observations. A correct assessment of this earlier variability 
and how it is linked to the type of production, export and biodiversity is critical as a reference for 
understanding our pre-industrial world. Proxies need to be refined or developed to reconstruct the 
history of these key processes. Biomarkers (including their isotopic composition) and molecular 
genetics are two new tools that are particularly promising for identifying changes in the 
biological components, which warrant further development. 

The working group will address this question by identifying key processes and key 
organism groups which are major drivers of biogeochemical changes in the ocean and major 
carriers of paleo-signals into the sedimentary record. If deficiencies in the proxies are recognized, 
suggestions will be developed on how to improve them or which type of new proxies are most 
urgently required.    
 
ad 2) Since the relationships between proxies and ocean properties are usually derived 
statistically, the interpretation of any proxy record is associated with large uncertainties. 
Therefore, in order to improve the interpretation and to deconvolute several processes indicated 
by one proxy, several proxies are often analysed in parallel. Many unresolved issues remain to be 
addressed and require a mechanistic understanding of the processes that control proxy formation 
and its preservation in the fossil archives. This can only be achieved by integrating process 
studies, field data basis and modelling.  Such approach needs to be applied to a wide and growing 
range of proxies including siliceous, calcareous and organic microfossils, biomarkers, isotopes 
and geochemical markers.  

Integrating the development and validation of paleoceanographic proxies carried out in 
different Global Change programs is a cost-effective way of refining their interpretation, and the 
working group will provide a platform for information exchange between scientists in the 
different programs. This may include: providing links between groups involved in proxy 
validation; integration of experimental work and proxy analysis; critical evaluation of proxies in a 
broad disciplinary context. 
 
ad 3) Investigators have sought evidence in marine sediments for the ocean's role in regulating 
the atmospheric concentration of CO2 as an important greenhouse gas. It has long been 
recognized that a change in the efficiency of the biological pump, which is manifest as a change 
in the inventory of dissolved inorganic nutrients residing in global-ocean surface waters, 
translates directly into a change in the concentration of CO2 in the atmosphere (e.g., Broecker 
1982; Sarmiento and Toggweiler 1984). Various factors, ranging from changes in wind-driven 
upwelling (Pedersen and Bertrand 2000), ocean nutrient inventory (Falkowski 1997; Ganeshram 
et al. 2000) to fertilization by eolian input of iron (Martin 1990) have been hypothesized to 
induce climate-related changes in ocean productivity. Much of the recent paleoproductivity 
research has been designed to test these hypotheses. The response of ocean ecosystems to 
changing environmental boundary conditions are also related to changes in species composition. 
However, the sensitivity of ocean ecology to perturbations driven by climate change in the past is 
yet difficult to understand.  

The working group will bring together the expertise of modern ocean process studies and 
paleoceanography to critically evaluate whether the hypotheses and interpretations developed in 
both fields of research are fully compatible. The results of such discussion groups will be 
published as joint review papers.  
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Proposed Working Group Composition 
(at this point still tentative) 
 
Co-Chairs 
Karin Lochte (Institut für Meereskunde, Kiel, Germany) Expertise: plankton ecology, nitrogen 

cycle, microbial transformation of sinking material, benthic microbial ecology. 
 
Marie-Alexandrine Sicre (LSCE, Gif sur Yvette; France) Expertise: Organic geochemistry, 

biomarkers, proxy calibration, oceanography, paleoceanography. 
 
Members 
Fatima Abrantes (IGM-DGM; Portugal), Expertise: paleoceanography, micropaleontology, 

diatoms. 
Carina Lange (Universidad de Conception, Chile) Expertise: Diatom specialist, export production 

from the photic zone to the sediment, preservation/dissolution, late Quaternary 
paleoceanography. 

Tim Baumgartner (CICESE, Mexico) Expertise: Paleoecology, paleoclimatology, investigation 
of stable isotopes in fish scales (member of GLOBEC) (to be confirmed) 

Pedros-Alio, Carles, (Spain), Expertise: molecular biology (to be confirmed) 
Frank Dehairs, (Belgium), Expertise: Stable isotopes, compound specific stable isotopes, trace 

elements in biogenic carbonates, proxies of new and export production. 
Roger François (Woods Hole Oceanographic Institution, USA) Expertise: geochemistry, late 

Quaternary paleoceanography, radiochemical approaches, carbon and nitrogen isotope 
geochemistry, trace element proxies (redox-sensitive elements; paleoproductivity tracers). 

Raja S. Ganeshram (University of Edinburgh; UK) Expertise: stable isotopes, paleo-nitrogen 
cycles (to be confirmed) 

Alan Kemp (School of Ocean and Earth Science, University of Southampton; UK) Expertise: 
High resolution palaeoceanography and palaeo-biogeochemistry from laminated sediments. 
The role of diatoms in biogeochemical cycling. 

Aldo Shemesh (Weizmann Institute Rehovot, Israel) Expertise: paleoceanography, geochemistry 
of isotopes, isotopic composition of biogenic silica, carbonate (to be confirmed) 

Ein Fen Yu (National Taiwan Normal University, Taiwan) Expertise: 
Dieter Wolf-Gladrow (AWI, Germany), Expertise: mechanistic models of paleo-proxies, in 

particular of isotopic signals. 
 
 
Corresponding Members 
F. Partensky (France)  
R. Anderson (USA)  
Jelle Bijma (Germany)  
Christina De La Rocha (Cambridge, UK) 
Richard Zeebe (AWI, Germany) 

..and more 
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