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Abstract

When marine organisms eat and grow they capture and store carbon, termed blue carbon. 
Polar seas have extreme light climates and sea temperatures. Their continental shelves 
have amongst the most intense phytoplankton (algal) blooms. This carbon drawdown, 
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rapid but contrasting, complex physical change and marine organismal carbon capture 
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1. Introduction

Blue carbon is carbon captured and held within marine organisms. It is considered as one type 
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(high carbon storage) but over relatively small, coastal areas that are dwindling with anthropo -
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limited plant biodiversity present, although this is likely to increases with snow and ice retreats.
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recycled by microbes (mainly bacteria) or eventually reaches the seabed, where most is again 
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storage and turnover. As with primary productivity though, to be sequestered, the carbon 
accumulated in water column animals must sink to considerable depths and avoid microbial 
recycling on route or once it arrives at the seabed and be quickly buried. Recent work on the 
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krill, changes iron chemically to make it more bio-available, thus promoting and sustaining the 
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the shallows and bioturbation (e.g. burrowing activity) across depths, but in the polar regions 
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This chapter investigates blue carbon on high latitude seabeds (see Figure 1�ü�ï�1 ���ž�Œ�‘�1 �Š�1 �Œ�˜�—-
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(dioxide) in water masses and huge, but intensely seasonal productivity by phytoplankton and 
dependent consumers, such as copepods and euphausiid crustaceans. The variability in the blue 
carbon component, despite being complex in both time and space, is predictable on some scales, 
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2.1. Carbonate in sediments
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sediment carbonate content. Their core and data spatial coverage, although sparse around East 
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extreme environmental situations.

2.2.1. Organism identity
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(such as clams and snails), brachiopods (lampshells) are all typically important, and can each by 
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skeletal aragonite vs. calcite) vulnerability and other variables.
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Figure 3. Pteropod shells are superabundant on the seabed around some Atlantic Ocean seamounts, here collected on a 
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and clays can all potentially hold high and low carbon standing stock biodiversity in the polar 
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Figure 4. Blue carbon with substratum type and history. Drop-stones are blue carbon rich oases in the Arctic Barents 
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The oldest sediments beyond these moraines have the highest sediment blue carbon values, 
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kya are blue carbon poor (Figure 4c). The highest blue carbon burial and estimated sequestra-
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nectivity between temperature, ice changes and blue carbon.
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has been overshadowed in the Arctic by rapid, recent, regional climate change. Temperature 
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sedimentation is not only co-linked to other variability such as salinity and nutrients but also 
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and crucially how it is likely to respond to the very considerable, recent physical changes.
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Organisms incrementally capture and store carbon with distinct seasonal and annual varia -
�•�’�˜�—�1�û�–�Š�’�—�•�¢�1�Œ�Š�ž�œ�Ž�•�1�‹�¢�1�•�Ž�Ž�•�’�—�•�1�›�Ž�•�ž�Œ�•�’�˜�—�1�˜�›�1�Œ�Ž�œ�œ�Š�•�’�˜�—�1�’�—�1� �’�—�•�Ž�›�ü�ï�1���‘�Ž�œ�Ž�1�•�Ž�–�™�˜�›�Š�•�1�œ�’�•�—�Š�•�œ�1�’�—�1
carbon accumulation are externally visible in some organisms and observable in others by 
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measure carbon capture and storage on the seabed is to sequentially sample benthic growth 
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within and between regions, organisms, environments and time. Partitioning out the causes 
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rates (thus have high carbon capture but low storage values) whereas older animals would 
typically be larger but grow slower (and thus be associated with low carbon capture but 
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scour) could change carbon capture relative to storage rates, and this could alter depend on 
which season it occurred in.

Recent work in the Ross, Weddell and Bellingshausen seas have shown rapid growth rates, 
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change has become even more important since it has become apparent that amongst the most 
severe physical changes have been associated with these areas.
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Despite the relative constancy in many oceanographic parameters over geological time, the 
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their carbon capture and storage rates as well as direct carbon dioxide uptake and release 
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which highlight both problems in measurement and interpretation – are the less krill in there 
survey areas because there are less overall or because they are somewhere-else? Crustacean 
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carbon change around the polar regions.
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�˜�Ÿ�Ž�›�1�•�‘�Ž�1�•�Š�œ�•�1�X�[�1�¢�Ž�Š�›�œ�1�Š�›�˜�ž�—�•�1���Ž�œ�•�1���—�•�Š�›�Œ�•�’�Œ�Š�1�ý26�þ�ï�1���‘�Ž�1�–�Ž�Œ�‘�Š�—�’�œ�–�1�•�˜�›�1�•�‘�’�œ�1�œ�Ž�Ž�–�œ�1�•�˜�1�‹�Ž�1�•�‘�Š�•�1
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phytoplankton blooms, resulting in longer �–�Ž�Š�•�1�•�’�–�Ž�œ�1�•�˜�›�1�™�›�’�–�Š�›�¢�1�Œ�˜�—�œ�ž�–�Ž�›�œ resulting in more 
carbon storage as growth (Figure 7�ü�ï�1���‘�Ž�1�•�˜�•�Š�•�1�‹�•�ž�Ž�1�Œ�Š�›�‹�˜�—�1�’�—�Œ�›�Ž�Š�œ�Ž�œ�1�•�›�’�Ÿ�Ž�—�1�‹�¢�1�œ�Ž�Š�1�’�Œ�Ž�1�•�˜�œ�œ�Ž�œ�1�ý17, 
26�þ�1�™�›�˜�‹�Š�‹�•�¢�1�•�›�Ž�Š�•�•�¢�1�Ž�¡�Œ�Ž�Ž�•�1�•�‘�˜�œ�Ž�1�Œ�Š�ž�œ�Ž�•�1�‹�¢�1�’�Œ�Ž�1�œ�‘�Ž�•�•�1�Œ�˜�•�•�Š�™�œ�Ž�&�•�’�Š�—�•�1�’�Œ�Ž�‹�Ž�›�•�1�•�˜�›�–�Š�•�’�˜�—�1�ý17–�X�V]. 
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Figure 7.�1���Œ�‘�Ž�–�Š�•�’�Œ�1�œ�‘�˜� �’�—�•�1�’�—���ž�Ž�—�Œ�Ž�1�˜�•�1�˜�£�˜�—�Ž�1�•�˜�œ�œ�Ž�œ�1�˜�—�1�™�‘�¢�•�˜�™�•�Š�—�”�•�˜�—�1�Œ�Š�›�‹�˜�—�1�Œ�Š�™�•�ž�›�Ž�1�Š�—�•�1�£�˜�˜�‹�Ž�—�•�‘�’�Œ�1�Œ�Š�›�‹�˜�—�1�œ�•�˜�›�Š�•�Ž�1
on polar seabeds.
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and decreases (Figure 8�ü�ï�1���›�˜�ž�—�•�1�•�‘�Ž�1���˜�ž�•�‘�Ž�›�—�1���Œ�Ž�Š�—�1�‹�•�ž�Ž�1�Œ�Š�›�‹�˜�—�1�’�—�Œ�›�Ž�Š�œ�Ž�œ�1�Š�›�Ž�1�–�˜�œ�•�1�Š�œ�œ�˜�Œ�’-
�Š�•�Ž�•�1� �’�•�‘�1 ���Ž�œ�•�1���—�•�Š�›�Œ�•�’�Œ�1�œ�Ž�Š�œ�1�Š�—�•�1�•�Ž�Œ�›�Ž�Š�œ�Ž�œ�1� �’�•�‘�1 �•�‘�Ž�1���Š�œ�•�1���—�•�Š�›�Œ�•�’�Œ�1�Œ�˜�Š�œ�•�œ�1�ý17] but the vast 
�–�Š�“�˜�›�’�•�¢�1�˜�•�1�Š�•�•�1�œ�‘�Ž�•�•�1�Œ�Š�›�‹�˜�—�1�œ�•�˜�Œ�”�œ�1�Š�—�•�1�Œ�‘�Š�—�•�Ž�1�’�œ�1�ž�—�”�—�˜� �—�ï�1���•�1�œ�Ž�Ž�–�œ�1�•�’�”�Ž�•�¢�1�•�‘�Š�•�1�•�‘�Ž�1�‹�’�•�•�Ž�œ�•�1�‹�•�ž�Ž�1
�Œ�Š�›�‹�˜�—�1�Œ�‘�Š�—�•�Ž�œ�1�Š�›�Ž�1�—�Ž�Š�›�1�Œ�˜�Š�œ�•�1�Œ�Š�ž�œ�Ž�•�1�‹�¢�1�’�Œ�Ž�1�œ�‘�Ž�•�•�1�Œ�˜�•�•�Š�™�œ�Ž�1�ý18–�X�V�þ�ð�1�’�Œ�Ž�‹�Ž�›�•�1�œ�Œ�˜�ž�›�1�ý19] and glacier 
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� �’�•�‘�1�Š�1�œ�‘�’�•�•�’�—�•�1�œ�Ž�Š�œ�˜�—�Š�•�1�œ�Ž�Š�1�’�Œ�Ž�1�–�Š�›�•�’�—�1�ý4, 24, �X�[�þ�ï�1�	�’�Ÿ�Ž�—�1�•�‘�Ž�1�‘�’�•�‘�Ž�›�1�™�˜�•�Ž�—�•�’�Š�•�1�Ž�Œ�•�˜�•�‘�Ž�›�–�1�•�›�˜� �•�‘�1
�™�Ž�›�•�˜�›�–�Š�—�Œ�Ž�œ�1�Š�•�1�œ�•�’�•�‘�•�•�¢�1�‘�’�•�‘�Ž�›�1�œ�Ž�Š�1�•�Ž�–�™�Ž�›�Š�•�ž�›�Ž�œ�1�ý21] it also seems likely that the Arctic and 
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�˜�—�Ž�1�˜�•�1�•�‘�Ž�1�”�Ž�¢�1�œ�•�Ž�™�œ�1�’�—�1�Ž�œ�•�’�–�Š�•�’�—�•�1�‹�’�˜�•�’�Œ�1�•�Ž�Ž�•�‹�Š�Œ�”�œ�1�˜�—�1�Œ�•�’�–�Š�•�Ž�1�Œ�‘�Š�—�•�Ž�ï
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���‘�Ž�1�Œ�˜�•�•�1� �Š�•�Ž�›�œ�1�˜�•�1�™�˜�•�Š�›�1�˜�Œ�Ž�Š�—�œ�1�Š�›�Ž�1�•�‘�Ž�1�–�Š�“�˜�›�1�–�Š�›�’�—�Ž�1�œ�’�—�”�œ�1�•�˜�›�1�Š�•�–�˜�œ�™�‘�Ž�›�’�Œ�1����2 but these 
�Š�›�Ž�1���—�’�•�Ž�ð�1�•�’�”�Ž�•�¢�1�•�’�–�’�—�’�œ�‘�’�—�•�1�Š�—�•�1�•�˜�1�—�˜�•�1�—�Ž�•�Š�•�’�Ÿ�Ž�•�¢�1�•�Ž�Ž�•�‹�Š�Œ�”�1�˜�—�1�•�•�˜�‹�Š�•�1�Œ�•�’�–�Š�•�Ž�1�Œ�‘�Š�—�•�Ž�ï�1���‘�Ž�›�Ž�1
�’�œ�1�Ž�Ÿ�’�•�Ž�—�Œ�Ž�1�•�˜�1�œ�‘�˜� �1�•�‘�Š�•�1�™�˜�•�Š�›�1�–�Š�›�’�—�Ž�1�Š�•�•�Š�•�1�Œ�Š�™�•�ž�›�Ž�1�˜�•�1����2�1�‘�Š�œ�1�’�—�Œ�›�Ž�Š�œ�Ž�•�1� �’�•�‘�1�’�Œ�Ž�1�œ�‘�Ž�•�•�1�•�˜�œ�œ�1

Figure 8.�1���›�Ž�—�•�œ�1 �’�—�1 �£�˜�˜�‹�Ž�—�•�‘�’�Œ�1 �‹�•�ž�Ž�1 �Œ�Š�›�‹�˜�—�1 �Š�Œ�Œ�ž�–�ž�•�Š�•�’�˜�—�1 �Š�›�˜�ž�—�•�1 �•�‘�Ž�1 ���˜�ž�•�‘�Ž�›�—�1 ���Œ�Ž�Š�—�ï�1 ���‘�Ž�1 �”�Ž�¢�1 �•�˜�1 �Œ�Ž�•�•�1 �û�Y�¡�Y�1 �•�Ž�•�›�Ž�Ž�œ�ü�1
�Œ�˜�•�˜�›�œ�1�Š�›�Ž�1�›�Ž�•�1�û�‹�’�•�•�Ž�œ�•�1�’�—�Œ�›�Ž�Š�œ�Ž�ü�1�•�˜�1�‹�•�ž�Ž�1�û�‹�’�•�•�Ž�œ�•�1�•�Ž�Œ�›�Ž�Š�œ�Ž�ü�1�ý17]. Cells with question marks are samples awaiting analysis 
�û�•�›�˜�–�1�•�‘�Ž�1���—�•�Š�›�Œ�•�’�Œ�1�Œ�’�›�Œ�ž�–�—�Š�Ÿ�’�•�Š�•�’�˜�—�1�Ž�¡�™�Ž�•�’�•�’�˜�—�1�Š�—�•�1�•�ž�•�ž�›�Ž�1���›�’�•�’�œ�‘�1���—�•�Š�›�Œ�•�’�Œ�1�œ�ž�›�Ÿ�Ž�¢�1�œ�Œ�’�Ž�—�•�’���Œ�1�Œ�›�ž�’�œ�Ž�œ.
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�ý18�þ�ð�1�œ�Ž�Š�1�’�Œ�Ž�1�•�˜�œ�œ�1�ý�X�[�þ�1�Š�—�•�1�’�Œ�Ž�‹�Ž�›�•�1�™�›�˜�•�ž�Œ�•�’�˜�—�1�ý�X�V]. It also seems likely that polar macroalgal 
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�û�–�’�•�’�•�Š�•�Ž�ü�1�˜�—�1�Œ�•�’�–�Š�•�Ž�1�Œ�‘�Š�—�•�Ž�1�•�‘�›�˜�ž�•�‘�1�’�—�Œ�›�Ž�Š�œ�Ž�•�1�Œ�Š�™�•�ž�›�Ž�1�˜�•�1����2 with increasing atmospheric 
�˜�•�1����2�1�Œ�˜�—�•�Ž�—�•�ï�1���—�•�¢�1�Ÿ�Ž�›�¢�1�œ�–�Š�•�•�1�™�›�˜�™�˜�›�•�’�˜�—�œ�1�˜�•�1�•�‘�’�œ�1�Œ�Š�™�•�ž�›�Ž�•�1����2 are genuinely sequestered, 
depending on how much reaches the seabed and how much is recycled in the microbial loop 
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at the seabed, where �£�˜�˜�‹�Ž�—�•�‘�’�Œ�1�Š�œ�œ�Ž�–�‹�•�Š�•�Ž�œ�1�û�Œ�˜�—�œ�ž�–�Ž�›�œ�ü�1�•�’�Ÿ�Ž. They are an important part 
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verted into increased growth (organic carbon to tissues and inorganic carbon to skeletons). 
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indigenous species invasions) or direct (e.g. harvesting) anthropogenic pressures have the 
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or decrease polar blue carbon.
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some areas summary trends can be erected (Figure 8). Because such trends have typically relied 
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model polar carbon capture and storage, including the blue carbon component  (Figure 10).
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maintain climate envelope (stay within tolerable conditions). The moderate sea temperature rises 
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consensus is that more severe temperature rises are likely to reduce polar marine biodiversity 
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reached. Predicting physical trends and blue carbon biological responses in East Antarctic seas 
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