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More losers than winners in a century of future
Southern Ocean seafloor warming
Huw J. Gri�ths*, Andrew J. S. Meijers and Thomas J. Bracegirdle

The waters of the Southern Ocean are projected to warm over the coming century, with potential adverse consequences for
native cold-adapted organisms. Warming waters have caused temperate marine species to shift their ranges poleward. The
seafloor animals of the Southern Ocean shelf have long been isolated by the deep ocean surrounding Antarctica and the
Antarctic Circumpolar Current, with little scope for southwardmigration. How these largely endemic specieswill react to future
projected warming is unknown. By considering 963 invertebrate species, we show that within the current century, warming
temperatures alone are unlikely to result in wholesale extinction or invasion a�ecting Antarctic seafloor life. However, 79%
of Antarctica’s endemic species do face a significant reduction in suitable temperature habitat (an average 12% reduction).
Our findings highlight the species and regions most likely to respond significantly (negatively and positively) to warming and
have important implications for future management of the region.

When faced with warming ocean temperatures, many
marine species have been shown to exhibit poleward
range shifts1–3. These range shifts are dependent on

having available suitable habitat at higher (cooler) latitudes4.
For polar organisms, it could be said that they are at the end
of the line, with limited options in terms of northwards or
southwards migration4,5. Unlike the Northern Hemisphere, the
route of poleward migration of benthic species in the Southern
Hemisphere is punctuated by a lack of continuous continental shelf
from ∼57◦ S to ∼60◦ S, a sharp temperature gradient across the
Subantarctic (SAF) and Polar (PF) fronts and the strong eastward
flow of the Antarctic Circumpolar Current, all of which serve to
isolate Antarctica both oceanographically and biologically6,7.

Global projections for the response of marine organisms to
climate change based on pelagic species and/or sea surface
temperature data show the Southern Ocean (south of the PF) to be
a hotspot of species turnover, local extinction and invasion8,9 and a
loss of species richness10. Benthic animals are, in terms of numbers
of species, by far the richest component of Antarctic biodiversity11.
The benthic animals of the Southern Ocean shelf have long been
isolated from their northern neighbours6,7 and how these largely
endemic species will react to future projected warming is unknown.

We project likely changes in the potential distribution of
963 shelf-dwelling (water depth <1,000m) benthic invertebrate
species, represented by over 57,000 occurrence records from south
of 40◦ S, under projected seafloor temperatures in 2099 derived
from an ensemble of coupled climate models forced by a strong
carbon forcing scenario (Representative Concentration Pathway 8.5
(RCP8.5); ref. 12) (Fig. 1). Our findings reveal the species and
geographic areas most likely to respond (negatively and positively)
to predicted warming of bottom water on the continental shelf and
have important implications for future resource management in
the region.

Species distribution and projected change
Georeferenced benthic species occurrence records were assigned
the modelled present-day seafloor temperature (ensemble averaged
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Figure 1 | Temperature anomaly (◦C) in 2005 to 2099 using RCP8.5
mean ensemble shelf benthic temperatures (<1,000m). The black dots
indicate that a significant di�erence exists at the 95% level between the
2005 and 2099 ensembles. The dashed line is 60◦ S; the grey area
is south of the Polar Front (as defined in ref. 32). SG, South Georgia;
SO, South Orkney Islands; AP, Antarctic Peninsula; KP, Kerguelen Plateau.

over model means between 1976 and 2005, see Supplementary
Table 1) for their location, and the thermal range of each species was
calculated (maximum and minimum temperature values from their
present-day known locations).Multivariate analyses of themodelled
present-day temperature ranges of all studied species resulted in ten
distinct groupingswith similar distributions (seeMethods). Of these
groupings, four are onlyAntarctic, one isAntarctic and subantarctic,
two are Antarctic to temperate, one is limited to the subantarctic
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Figure 1 | Temperature anomaly (◦C) in 2005 to 2099 using RCP8.5
mean ensemble shelf benthic temperatures (<1,000m). The black dots
indicate that a significant di�erence exists at the 95% level between the
2005 and 2099 ensembles. The dashed line is 60◦ S; the grey area
is south of the Polar Front (as defined in ref. 32). SG, South Georgia;
SO, South Orkney Islands; AP, Antarctic Peninsula; KP, Kerguelen Plateau.
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Supplementary Information 

Supplementary Table 1. Models represented in the ensemble for present day and 2099 (RCP8.5). * = 

Models used for 2200 ensemble (RCP8.5).

Modeling Center Model Institution

BCC
BCC-CSM1.1* Beijing Climate Center, China Meteorological 

AdministrationBCC-CSM1.1(m)
CCCma CanESM2 Canadian Centre for Climate Modelling and Analysis

CSIRO-QCCCE CSIRO-Mk3.6.0*
Commonwealth Scientific and Industrial Research 
Organisation in collaboration with the Queensland 
Climate Change Centre of Excellence

INM INM-CM4 Institute for Numerical Mathematics

IPSL
IPSL-CM5A-LR*

Institut Pierre-Simon LaplaceIPSL-CM5A-MR
IPSL-CM5B-LR

MOHC (additional 
realizations by INPE)

HadGEM2-CC Met Office Hadley Centre (additional HadGEM2-ES
realizations contributed by Instituto Nacional de 
Pesquisas Espaciais)HadGEM2-ES*

NASA GISS

GISS-E2-H*

NASA Goddard Institute for Space Studies
GISS-E2-H-CC
GISS-E2-R*
GISS-E2-R-CC

NCAR CESM1-CAM5 National Center for Atmospheric Research

NCC
NorESM1-M

Norwegian Climate Centre
NorESM1-ME

NOAA GFDL
GFDL-ESM2G

Geophysical Fluid Dynamics LaboratoryGFDL-ESM2M
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Supplementary Table 2. Groupings of seafloor invertebrates from south of 40 °S, grouped by >80% 
similarity in their thermal distribution patterns.

Group
Minimum 

Temperature
Maximum 

Temperature
No. of 

Species Example Species

1 7.4 10.3 3 Thaumatometra alternata, Tawera sphaericula

2 2.4 18.5 135 Lithodes santolla, Mytilus edulis, Henricia 
compacta

3 2.4 5.9 20 Lithodes murrayi, Sterechinus diadema, Admete 
specularis

4 -1.8 16.7 262 Bathybiaster loripes, Chorismus antarcticus, 
Colossendeis megalonyx

5 -1.8 8.0 78 Ammothea longispina, Rossella racovitzae, 
Sterechinus neumayeri

6 -1.8 4.8 83 Munna antarctica, Laternula elliptica, Rossella 
antarctica

7 -0.3 1.6 32 Paralomis formosa, Caryophyllia eltaninae, 
Chlanidota paucispiralis

8 -1.8 1.6 334 Adamussium colbecki, Glyptonotus antarcticus, 
Cellarinella nutti

9 -1.2 0.4 5 Epimeria rubrieques, Falsimargarita thielei

10 -1.6 0.1 11 Abatus (Pseudabatus) nimrodi, Carditella mawsoni
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Supplementary Figure 1. Present-day potential range for groupings of seafloor invertebrates from 

south of 40 °S, grouped by >80% similarity in their thermal distribution patterns. Groupings are those 

illustrated in Figure 2 and Supplementary Table 2. Dashed line is 60 °S, grey area is south of the Polar 

Front (as defined by Moore et al., 1999).
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Supplementary Figure 2. 2099 potential range for each grouping of seafloor invertebrates from 

south of 40 °S, grouped by >80% similarity in their thermal distribution patterns (based upon suitable 

present day temperature ranges, using RCP8.5 mean ensemble projections). Groupings are those 

explained in Figure 2 and Supplementary Table 2. Dashed line is 60 °S, grey area is south of the Polar 

Front (as defined by Moore et al., 1999).
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Supplementary Figure 3. Mean ensemble seafloor temperatures (oC) for 2200 under 

RCP8.5projections. Dashed line is 60°S, grey area is south of the Polar Front (as defined by Moore et 

al., 1999). 
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