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Pelagic & Benthic Ecosystems

• Temporal patterns in South Georgia zooplankton: insights 

from a moored echosounder. Tracey Dornan (BAS)

• Cephalopods of the South Georgia & South Sandwich Islands 

regions: relevance from a MPA perspective. José Quieros 

(University of Coimbra)

• Biodiversity of South Georgia’s Seaweeds: unique, 

charismatic and essential. Juliet Brodie (Natural History Museum)

• Connectivity patterns are species dependent in Southern 

Ocean deep-sea corals. Michelle Taylor (University of Essex)

• Overview and first results of the RV Polarstern expedition 

PS133-2 “Island Impact” to South Georgia in Nov/Dec 2022. 

Sabine Kasten (Alfred Wegener Institute)

• From Bubbles to Biology: South Georgia’s Methane Seep 

Communities. Madeline Anderson (BAS)
Alex P Taylor, BAS
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Temporal patterns in South Georgia zooplankton:

Insights from a moored echosounder

Tracey Dornan (British Antarctic Survey)

Sophie Fielding, Geraint Tarling



Antarctic krill 
Euphausia superba



Antarctic krill surveys – ship
Benefits

• Multiple frequencies

• Good spatial coverage

• Lots of data storage 

• Additional sampling 

Challenges

• Expensive

• Polluting

• Time limited

• Mismatch with fishery
South Georgia

Western core box 
survey transects

40

nmi



Antarctic krill surveys – ship
Benefits

• Multiple frequencies

• Good spatial coverage

• Lots of data storage 

• Additional sampling 

Challenges

• Expensive

• Polluting

• Time limited

• Mismatch with fishery



South Georgia study location

South Georgia

Mooring

Western core box 
survey transects
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South Georgia mooring setup

• Jan 2018 – Jan 2022

• Annual deployments

• Samples surface 175 m

• Wideband Autonomous 
Transceiver (WBAT)

• Upwards facing 120 kHz 
transducer

• Hourly ping cycle

o 15 pings (4 s ping interval)

o 1 min each of CW then FM 
(chirp)

Iridium beaconADCP 
300 kHz VHF

Western Corebox Mooring 2019
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Temporal variation in water occupation

SummerWinterSummer



Temporal variation in total water column NASC

SummerWinterSummer

Proxy for 
biomass



SummerWinterSummer

Day-night effects  in total water column NASC



Temporal swarm patterns – Number of swarms



Temporal swarm patterns – Thickness of swarms
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• Clear seasonal and day-night trends in backscatter

• Excellent temporal data to study behaviour and abundance

• Moorings are cost effective

• Opportunities for interdisciplinary studies

But

• Challenges remain on species ID

• Ships for deployment and recovery

• Point source that could be addressed with mooring arrays

Summary
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Cephalopods of the South Georgia & 

South Sandwich Islands regions

José P. Queirós, José Abreu, Lucas Bastos, Débora Carmo, Joana Fragão, Hugo R. Guímaro, Mariana Quitério, 

Sara Santos, José Seco, José C. Xavier and many BAS colleagues



Contents

What we know about cephalopods in the region

What we’ve done since 2017

Cephalopods as prey of top predators

Cephalopods’ ecology

What we are doing



Collins et al 2004, Collins & Rodhouse et al 2006, Roberts et al 2011, Rodhouse et al 2014

What we knew?

Squid and octopods

Pareledone turqueti sampled at South Georgia 



Collins et al 2004, Collins & Rodhouse et al 2006, Roberts et al 2011, Rodhouse et al 2014, Xavier et al 2018

What we knew?

Squid and octopods

20 species at South Georgia

7 species at South Sandwich Islands

Pareledone turqueti sampled at South Georgia 



Collins et al 2004, Collins & Rodhouse et al 2006, Roberts et al 2011, Rodhouse et al 2014, Xavier et al 2018

What we knew?

Squid and octopods

Important role in the food-web



Rodhouse et al 1987, Rodhouse et al 1992, Xavier et al 2005, Roberts et al 2011, Seco et al 2016, Xavier et al 2017.

What we knew?

Squid and octopods

Important role in the food-web

Predators of zooplankton and small fish

Prey of several top predators

Mirounga leonina 

Diomedea exulans

Dissostichus eleginoides (top) 

and D. mawsoni (bottom)

Arctocephalus gazella



What we knew?

Squid and octopods

Important role in the food-web

Important pathways in the ecosystem:

Energy

Trace elements (e.g. mercury)



Rodhouse 1989, Rodhouse 1997, Agnew 2004, Collins & Rodhouse 2006, Rodhouse 2013

What we knew?

Squid and octopods

Important role in the food-web

Potential for commercial exploitation

Martialia hyadesi © Rodhouse et al 2014



What is important to know?

Squid and octopods

Important role in the food-web

Potential for commercial exploitation

Cephalopods as prey

Cephalopods’ ecology



What is important to know?

Squid and octopods

Important role in the food-web

Potential for commercial exploitation

Cephalopods as prey

Cephalopods’ ecology

Biogeography

Life-history

Trace elements/ Contaminants



Cephalopods as prey



Cephalopods as prey

Gentoo penguins feed on juveniles

Xavier et al 2017

LRL Mean (range) ML Mean (range) Mass Mean (range)



Cephalopods as prey

Gentoo penguins feed on juveniles

Wandering albatrosses feed in Subtropical and Antarctic squids

Pereira et al 2017



Cephalopods as prey

Gentoo penguins feed on juveniles

Wandering albatrosses feed in Subtropical and Antarctic squids

Antarctic fur seals feed in squid when Antarctic krill is not available

Abreu et al 2017



Cephalopods as prey

Xavier & Cherel 2021



Cephalopods’ ecology

Biogeography and adaption to environmental changes



Cephalopods’ ecology

Biogeography and adaption to environmental changes

M. longimana spends its entire life in the region

Queirós et al 2018

Upper beak Lower beak



Cephalopods’ ecology

Biogeography and adaption to environmental changes

M. longimana spends its entire life in the region

Potential habitat shifts with climate change

Abreu et al 2020 All photos © Cherel 2020



Cephalopods’ ecology

Trophic ecology



Cephalopods’ ecology

Trophic ecology

M. longimana increase >1 trophic level with grow

Queirós et al 2018

Juvenile Adult



Cephalopods’ ecology

Trophic ecology

M. longimana increase >1 trophic level with grow

No influence of environmental conditions on the trophic position

Abreu et al 2020



Cephalopods’ ecology

Trophic ecology

M. longimana increase >1 trophic level with grow

No influence of environmental conditions on the trophic position

P. turqueti feeds in higher trophic level

Matias et al 2019
P. turqueti A. polymorpha

Adult

Juvenile



Cephalopods’ ecology

Age and growth



Cephalopods’ ecology

Age and growth (of M. longimana)

Life-span of >2 years

Hatches throughout the year

Spring is a time of faster growth

Queirós et al 2023



Cephalopods’ ecology

Ecotoxicology (focused on Mercury)



Cephalopods’ ecology

Ecotoxicology (focused on Mercury)

M. longimana’s adults have 2x more mercury

Juvenile Adult

Queirós et al 2020



Cephalopods’ ecology

Ecotoxicology (focused on Mercury)

M. longimana’s adults have 2x more mercury

P. turqueti has more mercury than A. polymorpha

Matias et al 2020

P. turqueti A. polymorpha



Cephalopods’ ecology

Ecotoxicology (focused on Mercury)

M. longimana’s adults have 2x more mercury

P. turqueti has more mercury than A. polymorpha

Mercury concentrations decreased

Seco et al 2020



What are we doing?

Modelling the importance of cephalopods in terms of biomass 

Débora Carmo with Simeon Hill

Role of cephalopods in predators’ diet under contrasting environmental conditions

Mariana Quitério with Richard Philips 

Cephalopods in the diet of poorly studied predators (e.g. Macrourids) 

José Abreu with Phil Hollyman, Martin Collins and Richard Philips 



What are we doing?

Biogeography of cephalopods at South Sandwich Islands

José Queirós with Phil Hollyman and Mark Belchier

Baseline studies for new emergent pollutants and microplastics

Joana Fragão, José Seco, Sara Santos and Filipa Bessa with Clara Manno, Geraint Tarling and 

Ryan Saunders

Biogeography of cephalopods in the Scotia Sea

Lucas Bastos with Martin Collins and Gabi Stowasser



What are we doing - ATCM



To conclude!

Cephalopods are important to predators in all life-stages

Cephalopods are available to predators all year-round

Cephalopods can be an important source of contaminants to predators

Climate change can induce changes in the habitat of cephalopods
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Biodiversity of South Georgia’s seaweeds: 
unique, charismatic and essential

Juliet Brodie & Rob Mrowicki 

Natural History Museum, London, UK



Seaweed collectors in South Georgia

1867: R.O. Cunningham (‘Nassau’, Extra-tropical South America)

1882-3: German International Polar Year Expedition

1907, 1921 & 1923: C. Skottsberg

1913: P. Stammwitz

1936: ‘Discovery’ Expedition

1950s: J. Fay, W.N. Bonner

2010: E. Wells (SMSG Expedition)

2021: ‘Operation Himantothallus’



27 subtidal sites

19 intertidal sites

>727 specimens

South Georgia ‘Operation Himantothallus’ collecting sites 2021 



Creating a reference collection
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Desmarestiales
COI-5P

Desmarestiales
LSU

Himatothallus grandifolius: a possible endemic



De Broyer & Koubbi (2014)

https://www.biodiversity.aq/atlas/contents/biogeography-southern-ocean/

Biogeographical signals





83 specimens (1867–1966)

27 species

+85 species

+25 species

= 137 species

Capturing historical data

1465 60 = 139

953 6 = 78

29 8 = 19

236

Current projectBaseline



An identification guide to the seaweeds of South Georgia



Citizen Science: Monitoring seaweed biodiversity in South Georgia



33 surveys so far



Myriogramme manginii with structural colour



Mapping spatial/temporal distributions are valuable for Red List and Important Plant 

Area assessments.

There is a need for more work in South Georgia, including south side of the island.

The huge taxonomic gaps need addressing and require a global approach. 

There are phenomena to be explored, e.g., structural colour.

Future work
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Connectivity patterns are 
species dependent in 
Southern Ocean deep-
sea octocorals

María Belén Arias; Kerry-Lee Etsebeth; Rui Vieira; Andrea 

M. Quattrini, Jessica Gordon; ; Alice Malcolm-McKay; 

Michelle Taylor – University of Essex

@Dr_MTaylor www.taylorlab.science



Deep sea corals:

- Occur in every ocean

- Down to 6000+m

- Are more diverse than shallows

- Deep reefs cover twice the area of 

shallow reefs

- Aged – 4500+ years old



Study design – UCEs > SNPs
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Genetic clustering of P. chilensis
Two distinct genetic cluster identified by depth (2,663 SNPs)

Genetic structure found between Shallow vs Deep identifying 

~800 m isobath as potential dispersal barrier across sampling sites 

despite samples spanning thousands of kilometers apart

610-

766 m
721-

732 m

West East

* *
*

*

310 – 700 m
1189 -1257 m



Migration dynamics of P. chilensis 
Strong gene flow among shallow samples sites

Brood then crawl
P. chilensis

Depth/Temperature range

> 1,000 m

< 1,000 m
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An study of Thouarella spp. (2 nuclear markers) 

populations across the ACC (South Pacific and 

Southern Ocean) shared haplotypes (Dueñas 
et al., 2016)



Genetic clustering of D. acanthina
Depth and geographic location (2,400 SNPs)

945–1,667 m 185 – 604 m
West

East

*
*

*

*

*

*

*

*

480 – 881 m
440 –

1281m

4 genetic clusters

West sampling sites (dark green and yellow) are assigned to different 

genetic clusters despite their origin (from the same location).
Dark green cluster is predominant across sites > 945 m indicating 

panmixia (depth)
South Orkney samples (red) and East sampling sites (purple) are 

assigned to a unique genetic clusters despite their similar depths.



Bidirectional migration 
was detected among 
most of the sampling sites 

(9000km!)

Strong connectivity was 

identified across 

bathymetric range 
(Shallow to Deep).

Moderate vertical 
connectivity was 
identified from Shallow to 

Deep populations, 
especially S. Orkney Isl. 

*
*

*

*

*

*

Brooder

Connectivity of D. acanthina



Genetic clustering and connectivity of 
T. viridis and T. nov.sp.

These species showed panmixia across ~9,000 km despite 

multiple barriers (i.e., oceanographic currents and oceanic 
features) among the sampling sites.

West
East

T. viridis

T. nov.sp

Bidirectional 
migration



Genetic diversity

P. chilensis & D. 

acanthina presented 

similar diversity to 

previous studies in 

sponges collected in 

Antarctic peninsula using 

SNPs (Av 0.16; 0.2) (Leiva 

et al. 2019, 2022). 

T. viridis & T. nov sp. 
presented the highest 

genetic diversity 

comparable Acropora 
digitifera (Av 0.3) (Adam et 

al. 2022)

In South Georgia Shallow water present low genetic 
diversity that might affect their capacity to deal with 

future environmental and human pressures



Summary
• Targeted enrichment of UCE successfully differentiate 

populations of octocorals.

• Depth structuring genetic pattern in P. chilensis and the 
western sampling sites of D. acanthina.

• Geography (latitude) was the potential genetic barrier 
in eastern sampling sites of D. acanthina.

• High genetic diversity and connectivity of both 
Thouarella spp. 

• Lowest genetic diversity across the four spp was 
identified in South Georgia shallow water = priority of 
this area for future conservation measurements?

• Reflect different life traits (larvae behaviour), complex 

demographic interactions 
(environmental/oceanographic conditions) or 
combination both?

Images from Blue Belt 
project
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Expedition PS133-2

Expedition PS133-2 “Island Impact” 

Understanding the regional impact of islands 

(South Georgia)

on Southern Ocean biogeochemistry and ecosystem function

Start: 20.11.2022 in Punta Arenas (Chile)

End:  19.12.2022 in Cape Town (South Africa)

© M. Anderson 



Leg PS133-2

Main objective of expedition “Island Impact”:

investigate and quantify the sources, transport pathways and fluxes of 

nutrients, iron, other trace elements and carbon 

over the whole terrestrial/coastal/open ocean continuum

-> combining work on different environmental compartments, namely 

terrestrial coast, sediment and water column, to trace nutrients, iron and 

carbon from source to sink

“Island Impact”



Leg PS133-2 - Motivation

A B

Areas of high surface water productivity along flow path of ACC 

and downstream of South Georgia 

Inherent link between Leg1 PS133-1 (chief scientist: C. Klaas) and Leg2 PS133-2! 



Motivation: Iron input drives plankton blooms around/downstream
South Georgia

• Southern Ocean (SO) accounts for 20% of the global annual 

phytoplankton production (Behrenfeld and Falkowski, 1997)

• Large part of SO is a high nutrient low chlorophyll (HNLC) region

• Limited knowledge about respective Fe sources hampers

assessing the sensitivity of the region under changing

climate conditions

• Significant plankton blooms occur downstream (north) 

of South Georgia due to Fe input

Austral summer Chl a distribution around

South Georgia 2007-2011 (MODIS data); 
Borrione et al. (2013), BGDUnderway measurements

of dFe, Jan-Feb 2008
(Nielsdóttir et al., 2012), Mar. Chem.



Potential sources and transport pathways of iron (Fe)

(I) Input of Fe-rich freshwater:

• glacial and subglacial meltwater

• (submarine) groundwater

discharge

Henkel et al. (2018)

GCA, modified

(II) Fe and nutrient release from

fjord sediments :

• diffusion and advection

• macrobenthic mixing/bioturbation

• methane bubble ebullition>130 active methane seeps

in South Georgia fjords and troughs

(Römer et al., 2014; EPSL)



International and Multidisciplinary Team on board

-> 13 working groups and different scientific disciplines



Sampling Stations



Sampling tools – Examples I

Trace-Metal Clean CTD/Rosette System with Winch and Clean-Lab Container

©Berenice Ebner

-> focus on dissolved Fe concentrations and stable iron isotopes in the water column



Sampling tools – Examples II

King Haakon
Bay

King Haakon
Bay

Cumberland Bay East, off Nordenskjöld Glacier
Underwater mass

spectrometer
Gas

hydrates



Sampling tools – Examples III



Visit at Grytviken and King Edward Point Research Station 

December 5th 
-> Visit of Grytviken and KEP research station including short presentation of expedition PS133-2 



Leg PS133-2 „Island Impact“

“Island Impact”

Thank you very much!
© D. Köhler 
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The impact of methane gas on 
South Georgia’s seafloor animals 



2017 2022



H
C



























ANT/XXIX-4: 133 flares 



ANT/XXIX-4: 133 flares 
M134:  1633 flare observations 



4.2 SOUTHERN OCEAN MARINE METHANE – DEEP-WATER SEEPAGE

Bohrmann et al. 2017







Linse et al. unpublished











12 MUCs
44 Cores for macrofauna analysis



⩾110 macrobenthic species

⩾ 4000 individuals
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