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A B S T R A C T

The biodiversity, ecosystem services and climate variability of the Antarctic continent and the Southern Ocean
are major components of the whole Earth system. Antarctic ecosystems are driven more strongly by the physical
environment than many other marine and terrestrial ecosystems. As a consequence, to understand ecological
functioning, cross-disciplinary studies are especially important in Antarctic research. The conceptual study
presented here is based on a workshop initiated by the Research Programme Antarctic Thresholds – Ecosystem
Resilience and Adaptation of the Scientific Committee on Antarctic Research, which focussed on challenges in
identifying and applying cross-disciplinary approaches in the Antarctic. Novel ideas and first steps in their
implementation were clustered into eight themes. These ranged from scale problems, through risk maps, and
organism/ecosystem responses to multiple environmental changes and evolutionary processes. Scaling models
and data across different spatial and temporal scales were identified as an overarching challenge. Approaches to
bridge gaps in Antarctic research programmes included multi-disciplinary monitoring, linking biomolecular
findings and simulated physical environments, as well as integrative ecological modelling. The results of ad-
vanced cross-disciplinary approaches can contribute significantly to our knowledge of Antarctic and global
ecosystem functioning, the consequences of climate change, and to global assessments that ultimately benefit
humankind.

1. Introduction

The Antarctic continent, including its surrounding Southern Ocean,
overlying atmosphere, and its portion of the biosphere, is an integral
component of the Earth system. As Antarctic ecosystems change, so do
the services they provide to global ecosystems and humankind. In the
context of this framework, cross-disciplinary science is essential to
conducting Antarctic ecosystem research. Physical-chemical (including
geological) drivers, especially ice, temperature close to or below
freezing, wind and drought, are more relevant to life on the Antarctic
continent and in the Southern Ocean than in many other ecosystems. In
addition, important biological interactions, such as energy flux between
trophic levels, are also important influences at varying scales. (Convey
et al., 2014; Gutt et al., 2015). Conversely, biological activity in turn
modulates the physical-chemical environment, for example through the
emission of the climatically active gas dimethylsulphide (DMS) by algae
(Stefels et al., 2007), by shaping marine sediments (Graf and
Rosenberg, 1997), biological contributions in rock weathering and soil
formation (Thomas et al., 2008) and the production of oxygen (Field
et al., 1998). As a result, it is essential to (a) understand the response of
the biosphere to climate change by taking into account species-specific
adaptations to the specific environment, (b) estimate the proportion of
endemic Antarctic biota in relation to the global biodiversity, and (c)
quantify Southern Ocean contributions to global ecosystem goods and
services including fishery and other natural products, biogeochemical
cycling, climate regulation, oxygen production, maintenance of biodi-
versity and ethical benefits (Grant et al., 2013). Linking the physical
and biological components of Antarctic ecosystems is also a key chal-
lenge since many parts of the Antarctic and Southern Ocean climate
system are heterogeneous in space and time (Mayewski et al., 2009;
Turner et al., 2009, 2014; Jones et al., 2016), but descriptions of the
physical environment, and associated modelling, often differ widely
from those applied to biological processes.

As a consequence, Antarctic research is at the forefront of important
scientific challenges, applying holistic approaches that combine sys-
tematic assessments of key physical predictors and key biota. Antarctic
interdisciplinary research also helps to provide societal benefits by
delivering new technologies and projections of potential impacts of the
Antarctic environment to change and the impacts of those changes on
ecosystem goods and services. Challenges range from increasing the
availability of quantitative information, such as increasing the number
of studies and publicly available data sets, to more functional require-
ments such as developing new analytical tools and progressing our
ability to resolve and simulate systems of greater complexity. Many of

these challenges can only be tackled synergistically and need to be
addressed to provide a framework for future development of research in
Antarctica, and elsewhere.

The Antarctic science community has made remarkable progress
over the past 20 years. However, despite some outstanding exceptions,
this has largely been achieved within single disciplines. It is not only
the traditional structure of how scientific research is organised and
funded that encourages single-discipline approaches, but it is also the
extreme Antarctic environment, including difficulty of accessing sup-
port, that has resulted in generally narrow science programmes. This
has led to the current silo structure of Antarctic research. Today we can
sequence genes and modify genomes, and we can remotely observe
area-wide temperature, sea-ice cover and primary production including
their spatial patchiness and temporal dynamics from space. This allows
us to make projections, for instance, of sea-ice change for the next
100 years; we can also count penguins, seals and whales by satellites,
drones, helicopters and airplanes, and we can survey marine habitats by
remotely operated and autonomous vehicles. We can also conduct
physiological, ecological and ‘omics’ experiments on terrestrial or
marine environments, either in situ, or in the laboratory, by manip-
ulating environmental variables. A drawback of such rapid and suc-
cessful advances in single disciplines is that it leaves gaps in cross-
disciplinary developments. To date, we are left with a mosaic of in-
formation that does not provide a coherent and robust picture of past,
present and future Antarctic ecosystems. With access to emerging new
technologies, the collaboration of Antarctic biological, geological and
physical scientists provides an exciting opportunity to develop a com-
prehensive assessment of future ecosystem vulnerabilities and resi-
lience. But this is only likely to happen if scientists extend their research
interests beyond their discipline and are encouraged to establish true
interdisciplinary collaborations. To achieve this, historical barriers di-
viding distinct areas of expertise need to be removed so that a new era
of research targeted at systematically addressing specific cross-dis-
ciplinary questions is ushered in. Biologists need support from the cli-
mate and physical research fields (including chemistry and geology) to
solve the challenges of understanding complexity of real life systems. In
turn, physicists benefit from approaches that address obvious require-
ments of society. Large international initiatives, once sufficiently de-
veloped, could in the future provide an appropriate ‘home’ for ad-
vanced cross-disciplinary research e.g. the Southern Ocean Observing
System (SOOS; Rintoul et al., 2012), the Polar Climate Predictability
Initiative (PCPI; www.climate-cryosphere.org/wcrp/pcpi, last access:
20 September 2017) or ongoing Scientific Research Programmes (SRP)
of the Scientific Committee on Antarctic Research (SCAR). Even more
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