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Marine Ecosystem and Climate Interactions in the Past,
Present, and Future:
Report of a planning workshop between
GLOBEC, PAGES, and CLIVAR

Summary
Understanding the variability of the coupled atmosphere – ocean system and its
impacts to, and interactions with, marine ecosystems is a complex problem which
requires information at large spatial and long temporal scales. Addressing this problem
requires collaboration amongst diverse communities such as climatology, paleosciences,
and ocean sciences. Since these communities do not all have well established histories of
collaboration, a workshop was held 25-27 September 2000 at Dunsmuir Lodge in Sidney,
B.C., Canada, to discuss establishing a working group to build communication and
collaboration amongst the international research programs of Global Ocean Ecosystem
Dynamics (GLOBEC), Past Global Changes (PAGES), and Climate Variability and
Predictability (CLIVAR). The overall goal of this working group is to identify the role
and consequences of climate as a forcing mechanism for changes in marine ecosystems,
making use of the tools and expertise provided by CLIVAR, PAGES, and GLOBEC. The
initial objective of this workshop was to identify specific information needs of each
program which may be provided by the other programs taking part in these discussions.
Terms of Reference for this Working Group were developed and are proposed as:
1. To provide a mechanism for communication amongst these programs on issues and
studies of common interest. In particular to promote adequate description and
documentation of data and techniques so as to be understood across disciplines.
2. To formulate and promote improved recovery and analyses of information concerning
past

climate

conditions

and

marine

ecosystem

dynamics

from

marine

paleoceanographic records. This involves using marine paleo data and understanding
of modern marine ecosystem dynamics to reconstruct past climate and hydrographic
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conditions, and to improve insight into the human impacts of past climate variability
and the human roles in present marine ecosystem variability.
3. To develop and promote understanding of climate teleconnections and their impacts
to, and potential feedbacks from, marine systems on seasonal to interannual, decadal,
and centennial time scales, by the use of spatial and temporal reconstructions and
modelling.
4. To foster collaboration and coordination among marine paleoceanographic, modern
marine system studies, and climate analyses so that they occur in optimal locations
for each discipline individually but that also permits cross-discipline analyses within
the same spatial scales.
The focus should be on events and processes within the time scale of the past
2000 years, extending to the entire Holocene (past 10,000 years) as necessary (and as
data are available) to provide additional detail and examples.
Initial proposals were recommended for the following specific activities:
1. Develop understanding of marine ecosystem controls on, and marine ecosystem
impacts of, climate variability. Discuss with the CLIVAR Working Group on
Seasonal and Interannual Variability the need to focus on analyses of climate model
outputs that help to define habitat conditions for small pelagic fishes in coastal
upwelling systems.
2. Promote multi-disciplinary collaborations to derive more complete information from
marine sedimentary records, and to identify new locations for collaborative PAGES,
GLOBEC, and CLIVAR studies. Convene a workshop to coordinate and compare
approaches and techniques in the analyses of paleoceanographic sites in Eastern
Boundary Current regions.
3. Identification of modes of multi-decadal scale variability, their global climate
teleconnections, and their impacts. Develop a workshop to review the present
understanding of variability at multi-decadal time scales, their inter-connections from
climate to ocean physics to marine ecosystems, and their potential teleconnections
across ocean basins.
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Workshop Objectives
The International Geosphere Biosphere Program core projects of Global Ocean
Ecosystem Dynamics (GLOBEC) and Past Global Changes (PAGES), and the World
Climate Research Program on Climate Variability and Predictability (CLIVAR), are all
concerned to some degree with the coupled atmosphere-ocean system and the variability
and impacts of this coupled system over time. The research and scientific interests of
these three programs “intersect” across a number of issues. Some of these issues are
obvious, but others need clarification and elaboration. The objective of this workshop
was to identify the specific information that each program might need from each other
program, while recognising that such discussions are already taking place between
CLIVAR and PAGES through their own “Intersection” project. The overall goal of an
ongoing collaboration amongst these three programs is to identify the role and
consequences of climate as a forcing mechanism for changes in marine ecosystems,
making use of the tools and expertise provided by CLIVAR, PAGES, and GLOBEC. This
workshop was held 25-27 September 2000 at Dunsmuir Lodge in Sidney, B.C., Canada.
Participants at the workshop are listed in Appendix 1.

Scientific issues that require collaboration among GLOBEC, PAGES,
and CLIVAR
GLOBEC is focussed on understanding present dynamics of marine ecosystems
and on predicting their feedbacks with and responses to global changes (GLOBEC,
1999). However, understanding past responses to climate variability can indicate possible
future responses, and so the GLOBEC program is interested in the historical variability of
marine systems and in extending its historical records of marine ecosystem structure
backwards in time. In most cases this means reconstructing records of variability in fish
populations (since hard parts of fish preserve better than most plankton), but
phytoplankton and calcareous zooplankton records are also useful when they occur. In
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particular, there is a need to reconstruct these records beyond periods of intensive human
harvesting (in order to determine “natural” variability of the system and to understand the
magnitude of human perturbations), i.e. beyond 100-200 years BP. High resolution
annual records are preferred as they provide analogous information to contemporary
records and are amenable to analyses of seasonal to interannual variability. Detailed, high
resolution analyses obtained from paleoceanographic records can provide information on
historical fluctuations of fish populations, but they also can provide information on
temperature, salinity, nutrient concentrations and trophic relationships (e.g. from stable
isotopes), all of which provide the historical environmental context and background of
importance to GLOBEC. These types of analyses would also benefit from related
reconstructions of climate so as to infer causal relationships.
GLOBEC is also conducting comparative analyses of the responses of similar
marine ecosystems in different areas to global changes (climate forcing in particular).
Some fish populations, especially small pelagic species such as anchovies and sardines,
appear to undergo synchronous fluctuations in their populations even though they inhabit
separate oceanic regions (such as the coasts of California, Peru, and southern Africa;
Schwartzlose et al., 1999). Could these populations be synchronised by similar responses
to climatic teleconnections? The answers to these scientific problems may lie in
collaborative research by GLOBEC, PAGES, and CLIVAR.
The general goal of PAGES is to understand the processes involved in
environmental and climate change as manifested in the paleo-environmental record
(Oldfield, 1998). PAGES (largely through its daughter program IMAGES – International
Marine Global Changes: http://images.pclab.ifg.uni-kiel.de/) seeks to improve and
broaden its analyses and interpretation of marine sedimentary records. Three aspects are
of particular interest for this Intersection:

• improved technical capabilities to analyse samples;
• expanded interpretation of proxy indicators of past climates to understand processes
leading to their formation in sedimentary records; and

• application of this information to elucidate ecosystem characteristics and human
actions and impacts.
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Technical issues concern:

• improved control over dating of marine sediment cores,
• inter-calibration of proxy records of marine conditions and climate states, and
• improved understanding and interpretation of new proxy indices now being
developed (e.g. δ13C and δ15N, alkenones: Sachs et al., 2000).
When analysing and interpreting multi-proxy paleo-records, there is a need to understand
the processes that lead to these indicators being preserved in the sediments. Such
understanding can be assisted by the studies of modern marine systems that are being
conducted by GLOBEC. For example, PAGES intends to broaden understanding of water
column processes that lead to sedimentation and preservation on the seafloor in a joint
project with the Joint Global Ocean Flux Study (see the IMAGES web site for the Task
Team report).
There is also interest in applying the understanding of present marine ecosystem
dynamics obtained, for example, through modern process studies and modelling, to data
from the paleoceanographic record, i.e. comparing our understanding of how marine
ecosystems work today by comparisons with data from the past. A significant problem is
the relatively poor temporal and spatial resolution of many of the paleoceanographic
records compared to instrumental data. GLOBEC modelling efforts may be able to
provide the framework to interpolate these sparse paleo data more broadly through time
and space. An example of the problem “Is past marine ecosystem variability equivalent to
present variability?” is the indication from PAGES research that the variability of El
Nino events has changed, from about decadal in the late 19th Century to periods about 4
years in the late 20th Century (Urban et al., 2000; Figure 1). Multi-centennial records of
fish population fluctuations collected by collaborative GLOBEC-PAGES efforts may
provide additional information to help refine understanding of such questions. This will
aid global understanding of how ecosystems work, and it will foster a more accurate
understanding of the impact of human activity on marine ecosystems.
The general goal of CLIVAR is to understand and to be able to predict climate
variability over a wide range of time scales (see: www.clivar.org). Two scales are of
particular interest: seasonal to interannual, and decadal to centennial. On the longer time
scale there is interest in the role of biological feedback mechanisms associated with, for
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example, the production of dimethyl sulfate (DMS) and the cycling of carbon, on climate
variations and the impact that such mechanisms might have on projections of future
climate change. Additionally, there is significant interest in the potential impacts of
variability, particularly at shorter time scales, and the circumstances under which they
might be predictable. Understanding the important features of marine ecosystems and
how they may be connected to the climate system should help to estimate the degree of
predictability of marine systems. Being able to describe (predict) marine system impacts
will help to confirm the value of climate predictions.
A central goal of CLIVAR is to identify how different processes, often acting on
different time scales, interact to produce the observed climate. Fundamental modes of
variability must be identified. For example, which of the Arctic or North Atlantic
oscillations is likely to be the fundamental mode? Variability in other, non-climate, data
(e.g. long biological records such as for sardines in the California Current) may provide
information to distinguish among competing representations of climate oscillations and
how they interact. GLOBEC may be able to provide a similar conceptual basis to help
focus research on climate variability as has occurred with dendroclimatology. Marine
biological processes, and significant changes in biological features, respond to and
integrate many underlying processes occurring in the physical oceanographic and climate
systems. Therefore, changes in biological characteristics, e.g. obvious changes in species
composition of fishes, may be used as indictors of changes in physical or climate
conditions that might not be immediately recognised by observation of these physical or
climate variables directly. Two examples are the significant change in ocean productivity
and fish composition that occurred in the North Pacific Ocean in the late 1970’s, that
appears to have been recognised early in the biology (e.g. Venrick et al., 1987; Hamilton,
1987, Trenberth and Hurrell, 1995); and the collapse of the anchoveta stocks off Peru in
the early 1970’s that helped point the way to the significance of El Nino variability (e.g.
Schwartzlose et al., 1999).
The development of global climate models have shown the necessity of including
some representation of terrestrial vegetation in order to balance the hydrological budgets
and to correctly produce the temporal evolution of tropical monsoons in the Holocene. It
will be important to include similar representations of plankton dynamics and
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biogeochemical processes in coupled atmosphere-ocean models, for example to include
production of trace gases and aerosols such as DMS which are known to play a role in the
formation of clouds, in addition to their obvious role in carbon sequestration and cycling
in the ocean. Although this is not directly a GLOBEC objective, determining the patterns
and variability of marine productivity in general is a GLOBEC goal.

Proposed Terms of Reference for a GLOBEC-PAGES-CLIVAR
Working Group
Given these overlapping scientific issues and interests, it was agreed that an
ongoing Working Group would be useful to assist discussions and to develop
collaborative approaches to investigate these issues.

Terms of Reference for this GLOBEC-PAGES-CLIVAR “Intersection” Working
Group were proposed as follows:

1. To provide a mechanism for communication amongst these programs on issues and
studies of common interest. In particular to promote adequate description and
documentation of data and techniques so as to be understood across disciplines.

2. To formulate and promote improved recovery and analyses of information concerning
past

climate

conditions

and

marine

ecosystem

dynamics

from

marine

paleoceanographic records. This involves using marine paleo data and understanding
of modern marine ecosystem dynamics to reconstruct past climate and hydrographic
conditions, and to improve insight into the human impacts of past climate variability
and the human roles in present marine ecosystem variability.

3. To develop and promote understanding of climate teleconnections and their impacts
to, and potential feedbacks from, marine systems on seasonal to interannual, decadal,
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and centennial time scales, by the use of spatial and temporal reconstructions and
modelling.

4. To foster collaboration and coordination among marine paleoceanographic, modern
marine system studies, and climate analyses so that they occur in optimal locations
for each discipline individually but that also permits cross-discipline analyses within
the same spatial scales.

Time scales of interest
The focus of this GLOBEC-PAGES-CLIVAR working group should be on the
past 2000 years. This coincides with the period for which GLOBEC data exist and is
generally the best resolved and best detailed section of the paleo archive, and provides
the information required for analyses of decadal, interdecadal, and centennial scale
variability. Extending the period of interest to include the entire Holocene (10,000 years
BP) would provide an opportunity to examine very low frequency and abrupt events. An
example of this is a thermal maximum event which occurred 6,000 – 8,000 years BP,
which may indicate how marine systems might respond to future warmer climates.
Another example is the abrupt event that occurred about 8200 years BP when the North
Atlantic thermohaline circulation was shut down (Barber et al., 1999). The marine paleo
record may be able to provide indications of the marine consequences of this event. If
such an event were to occur in the near future, we may be able to use understanding of
the consequences of this past event to predict the future consequences.

Marine systems and species of potential interest
At present, there are considerable data available on the long-term (2000 year)
fluctuations in abundance of small pelagic fishes for several locations around the world
(e.g. Baumgartner et al. 1992; Schwartzlose et al. 1999). In addition, the problems have
generally been well-defined by the Small Pelagics and Climate Change (SPACC)
program of GLOBEC (GLOBEC 1996). These data offer perhaps the best opportunity
potentially linking all three core programs while also providing for comparative analyses
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among different ocean basins. This does not imply that other species groups and systems
are not or cannot be included, however their challenge will be to develop specific
problems that are amenable to data collection and interpretation by GLOBEC, PAGES,
and CLIVAR.

Recommended Activities
1) Develop understanding of marine ecosystem controls on, and marine
ecosystem impacts of, climate variability.
GLOBEC activities (modelling in particular) can provide CLIVAR with models of
ocean productivity and climate interactions on both long and short time scales. At
long time scales, information from GLOBEC on critical locations and controls on
marine productivity and the fate of carbon removed from the atmosphere can provide
inputs to global climate models. Terrestrial biotic feedbacks are important to correctly
model the removal of carbon and the global water balance and monsoon variability.
At shorter time scales, the CLIVAR Working Group on seasonal to interannual
predictability is interested in recommendations from the impacts community as to
what variables and locations may be of interest in assessing the relationships between
climate variability and predictability on these time scales and their impacts.

Proposal (1):
A meeting of the CLIVAR Seasonal to Interannual Variability WG is scheduled
for November, 2000. They are interested in collaborating with the Climate Impacts
community to identify important systems whose dynamics are likely to be
significantly influenced by climate variability, in particular at these shorter time
scales. This provides an opportunity to interact with the CLIVAR community in
analyses of climate model data to assess climate forcing of marine systems in various
locations around the globe.
The specific proposal is to provide this CLIVAR WG with information about the
physical determinants of critical habitat for small pelagic fishes in upwelling regions
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of the world. Such determinants would include seasonal air temperature, air humidity,
sea surface temperature, sea surface wind stress, and mixed layer (pycnocline) depth,
among others. The regions of interest include Eastern Boundary Current such as the
California Current (Mexico to Canada), Humboldt Current (Peru and Ecuador),
Benguela Current (SW Africa) and possibly to Canary Current (NW Africa). Outputs
of climate models for these regions could then be examined for coherent variability at
appropriate time scales that may be important determinants of small pelagic fish
habitat. Such regional diagnostics could easily be added to standard evaluations of
General Circulation Models predictability experiments and could serve as a link to
other communities which need information about climate predictability. This would
represent an initial step between CLIVAR and GLOBEC (based on practical and
scientific interests) which, if successful, is expected to lead to further activities to
promote research into longer time scale interactions between climate and marine
ecosystems.
(Action: Ward, Baumgartner, Alheit, Perry)

2) Promote

multi-disciplinary

collaborations

to

derive

more

complete

information from marine sedimentary records, and to identify new locations
for collaborative PAGES, GLOBEC, and CLIVAR studies.
There is a need for all programs to contribute towards a better understanding of the
information derived from marine sediment cores, for example, improved
“dating/chronological control”; improved calibration and integration of multiple
proxy indices of past conditions; and improved understanding of new proxy indices.
What sampling tools are needed for optimal recovery of high resolution data from
marine sediments? Such collaborations are perhaps most immediate in locations in
which both PAGES and GLOBEC have on-going field activities, such as the western
coast of North America, and the Humboldt, Canary and Benguela upwelling regions.
In addition, there is a need to identify new sites globally which preserve long records
of marine systems, so as to expand the spatial scales over which these comparisons
can be made. For example, are there locations in Norwegian fjords which are likely to
preserve records of herring fluctuations from past centuries considering the apparent
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fluctuations in these populations derived from historical commercial records (Alheit
and Hagen, 1997)? There is also a need to identify likely mechanisms underlying
large-scale coherent fluctuations in fish abundance that might have a climate-driven
component, so as to aid the search for connections with the climate information. The
focus here needs to be on large-scale changes. Finding new palaeo sites is of obvious
PAGES/IMAGES and GLOBEC interests, but if these could be used to reconstruct
past ocean temperatures (or other oceanic properties), then they would also be of
interest to CLIVAR.
Proposal (2):
Convene a workshop to bring together and coordinate / compare approaches and
techniques in the analyses of paleoceanographic sites in Eastern Boundary Current
regions. What are or have been the linkages amongst climate variability, ecosystem
productivity, and dynamical ocean processes during the present and Recent past?
Relevant projects are or soon will be underway along the western margin of North
America, in the Benguela Current region, and in the Canary Current, Humboldt,
Current, and Equatorial Current regions. The workshop is proposed to include <50
participants. Interest has been expressed by the Institute for Palaenology and
Historical Geology of Munich University, Germany, to host this workshop, possibly
in late summer or fall of 2001. Outputs of the workshop should provide comparisons
and intercalibration of approaches, possibly leading to a publication.
(Action: Alheit, Baumgartner, Pedersen)

3) Identification of modes of multi-decadal scale variability, their global climate
teleconnections, and their impacts.
Multiple

time

scales

have

been

identified

in

marine

ecosystems,

paleoceanographic, and climate data, but it is unclear which are the “most important”
or how they are connected. For example, variability in marine systems has been
described to occur at seasonal, ENSO, 22, and 50-70 year periods (Latif and Barnett,
1994; Ware, 1995; Mantua et al., 1997) but the processes driving variability at many
of these scales are unclear. Further, can biological variability feed back to the climate
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system on time scales as short as 50-70 years? Since this latter scale is long relative to
most monitoring and process-oriented studies, there is a need to identify the
appropriate variables and timescales and to measure these at the appropriate locations
to produce data to be able to answer these questions in the future (if they cannot be
answered now). Modelling and observational studies of CLIVAR can be important
here to identify the relevant space and time scale of the physical climate system. It
may be appropriate for GLOBEC to consider promoting the inclusion of additional
physical and biological oceanographic sensors in CLIVAR ocean observing programs
such as the TAO array.

Proposal (3):
Studies have begun to identify 50-70 year variability in physical
oceanographic data (Wunsch, 1992; Miller and Schneider, 2000) from the Pacific
Ocean, and variability at these scales has also been identified in biological data
(Roemmich and McGowan, 1995). However, to date no physical oceanographic
mechanism has been proposed that would explain variability at these time scales. Are
these related to climate variability and if so, might they then be predictable? Does
variability in physical and biological conditions at these time scales also occur in the
Atlantic, and could it be related (and through what mechanisms) to the variability at
these time scales in the Pacific?
We propose to develop a theme session or workshop with the title “Decadal to
centennial scale variability in marine systems – what are the causes and
consequences?” to build upon the symposium held by the North Pacific Marine
Science Organisation (PICES) in early 2000 (Brodeur et al., In Press). Such a theme
session might be held as part of the proposed GLOBEC Open Science Meeting,
tentatively scheduled for 2002. The format of the session might include papers invited
to address specific aspects of this topic, and contributed papers. The output should be
a review/perspectives paper assessing the state of present understanding of variability
at these time scales, their connections through the ecosystem from climate to physics
to fish, and their potential teleconnections across ocean basins. This paper could also
identify key information that is lacking for a complete understanding of this
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variability and make recommendations for measurements and observations that are
needed to fill these data gaps.
(Action: Baumgartner, Miller, Perry, Ward, Alheit, Pedersen, Alverson)

Other Issues:
Funding.

These proposals will require funding. Potential sources of support

include the U.S. National Science Foundation, NOAA, European Science Foundation,
Asian Pacific Network, and others. It is expected that specific proposals will need to be
written for funding requests.

Continuation of this “Intersection” Working Group. There was agreement amongst
participants at this workshop on the need for some form of “steering group” to develop
and continue communication and coordination among the three programs with respect to
their common interest. It is recommended that membership on this Working Group
should include those organising and participating in specific collaborative projects, as
well as several continuing members who can provide continuity and liaisons with the
GLOBEC, PAGES and CLIVAR communities.

Data Issues. There is a clear need to make the data from PAGES, CLIVAR, and
GLOBEC programs accessible to scientists from different disciplines. To facilitate data
sharing across projects, researchers are encouraged to work closely with the data
managers of the PAGES, CLIVAR, and GLOBEC programs to ensure that their data
contributions are adequately documented. It is envisioned that the data needs of the
Intersection can be met by the existing data activities together with the activities of the
World Data Centre for Paleoclimatology and the World Data Centre for Oceanography.
The opportunity to pursue collaborative data syntheses or compilations among these
groups might be facilitated by the Data and Information services (DIS) Working Group
of the IGBP, which has representatives from PAGES and GLOBEC.
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Figure 1. Evolutionary spectral analyses indicating ENSO frequency changes as recorded
in coral archives. Top: data from corals collected at Mariana Atoll, western tropical
Pacific; bottom: Nino 3,4 SST records. Coloured regions show variance significant above
the median background (>50%), black contours enclose regions with variance significant
at >90%. The spectra show strong variance (green-yellow shading) at decadal periods
during the early records, and a general progression towards higher frequency interannual
variance over the length of the record. From Urban et al, 2000.

