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Temporal patterns in South Georgia zooplankton:

Insights from a moored echosounder

Tracey Dornan (British Antarctic Survey)

Sophie Fielding, Geraint Tarling
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The importance of Antarctic krill in
biogeochemical cycles

E.L Cavan”z*, A. Belcher® 2, A. Atkinson 3, S.L. Hill 2, S. Kawaguchi4,
S. McCormack® ', B. Meyer®’:8, S. Nicol', L. Ratnarajah®, K. Schmidt'©,
D.K. Steinberg", G.A. Tarling? & P.W. Boyd">




Antarctic krill surveys — ship

Benefits

 Multiple frequencies
* Good spatial coverage
* Lots of data storage

e Additional sampling

Western core box
survey transects

AN
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Antarctic krill surveys — ship

Benefits

 Multiple frequencies
* Good spatial coverage
* Lots of data storage

e Additional sampling

Challenges

* Expensive

Polluting

Time limited

Mismatch with fishery



South Georgia study location
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South Georgia mooring setup

Western Corebox Mooring 2019

. Jan 2018 — Jan 2022

Recovery
. float
Annual deployments w 120 kHz
. Samples surface 175 m oY WBAT
. Wideband Autonomous
Transceiver (WBAT) ADCP Iridium beacon
: 800 kH VHF
. Upwards facing 120 kHz /
tra nsd ucer 50 m Kevlar rope
. Hourly ping cycle
o 15 pings (4 s ping interval) Sonovault

O 1 min each of CW then FM
(chirp)

25 m Kevlar rope

Acoustic releases

Weight



Annual data
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Temporal variation in water occupation
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Temporal variation in total water column NASC
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Day-night effects in total water column NASC
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Number of swarms

Temporal swarm patterns — Number of swarms
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Summary

* 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
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Cephalopods of the South Georgia &
South Sandwich Islands regions

José P. Queirds, José Abreu, Lucas Bastos, Débora Carmo, Joana Fragao, Hugo R. Guimaro, Mariana Quitério,

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




What we knew?

“.Squid and octopods
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Pareledone turqueti sampled at South Georgia

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



What we knew?

“ Squid and octopods

20 species at South Georgia
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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 | VRN N N
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What we knew?

. Squid and octopods
“Important role in the food-web
. Predators of zooplankton and small fish

“ Prey of several top predators

Diomedea exulans

Arctocephalus gazella

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

L Important pathways in the ecosystem:

Energy

Trace elements (e.g. mercury)



What we knew?

Squid and octopods
Important role in the food-web

Potential for commercial exploitation

Martialia hyadesi © Rodhouse et al 2014

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

G PLOS |ove A
Sexual and individual foraging segregation in
Gentoo penguins Pygoscelis papua from the
Southern Ocean during an abnormal winter
Derren Fax®, Ewan W. . Edwarde? Ful P ieiar, Rensta Hedsiros® Cuds DS Broyer,

Yves Cherel®

Vol. 567: 257-262, 2017 MARINE ECOLOGY PROGRESS SERIES Published March 13
https://doi.org/10.3354/meps12020 Mar Ecol Prog Ser

Using seabirds to map the distribution of elusive
pelagic cephalopod species

Jorge M. Pereira'*, Vitor H. Paiva', José C. Xavier!-?

Vol. 628: 211-221, 2019 MARINE ECOLOGY PROGRESS SERIES Published Oclober 10
https://doi.org/10.3354/meps13100 Mar Ecol Prog Ser

Squid in the diet of Antarctic fur seals: potential
links to oceanographic conditions and Antarctic
krill abundance

José Abreu'?*, Tain Staniland®, Clara F. Rodrigues?, José P. Queirés’,

Jorge M. Pereira’, José C. Xavier!-?



Cephalopods as prey

. Gentoo penguins feed on juveniles

Cephalopods LRL Mean (range) ML Mean (range) Mass Mean (range)
Kondakovia longimana F 1 1.1 18.7 2.5
M yes (upper beak)
F+M 2 1.1 18.7 2.5
Slosarczykovia circumantarctica F 2 0.7 30.4 1.0
M 2 1.4 (1.0-1.8) 44.6 (36.5-52.6) 2.9 (1.7-4.0)
F+M 4 1.1(0.7-1.8) 37.5 (30.4-52.6) 1.9(1.0-4.0)

Xavier et al 2017



Cephalopods as prey

. Gentoo penguins feed on juveniles

““ Wandering albatrosses feed in Subtropical and Antarctic squids
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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
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Cephalopods as prey

British Antarctic Survey * Centre d’Etudes Biologiques de Chizé « Centro de Ciéncias do Mar e do Ambiente

CEPHALOPOD BEAK GUIDE
FOR THE SOUTHERN OCEAN: i

an update on taxonomy undescribed specics (¢.g. Moroteutbepsis sp. B (Imbes)

= » Distinct jaw angle ridge
J. C. Xavier &Y. Cherel » Fold or a ridge on lateral wall (Morsécutbopsis ingens, Moroteuthopsis sp. B (Imber),

and Onychoteuth

usii complex)

» Beaks arc often large, particularly Moreteuthopsis longimana

70 | CEPHALOPOD BEAK GUIDE

Morsteutbopsis longimana

ML=-22.348+37.318LRL; M=0.713LRL™* (n=13 for ML; 0=22 for M) (Brown &
Klags 7)

Moroteutbopsis ingens

It is provided the mean value between estimates obrained using equations for males and
females (Jackson 1995)

Males: ML= 98.59+24 40LRL (n=82); females: ML=-27.84+44.63LRL (n=68)

Males: logM= 1.22+1.80logLRL (n=82); females: log 3.25ko0g )
Morateutbis sp . B (Imber) (no specific equations)

Filippovia knipovitchi

ML=-105 2.369LRL; In M=-0.881:3.798InLRL (n=7 for ML, n=5 for M) (Cherel,

unpublished data)

Onykia robsoni
ML=-652.914151.03LRL; In M« -9.15+8.07InLRL (n=8 for ML, n=6 for M, using total

weight of preserved specimens) (Lu & Iekeringill 2002)

Xavier & Cherel 2021



Cephalopods’ ecology

Biogeography and adaption to environmental changes

Polar Biology (2018) 41:2409-2421
https://doi.org/10.1007/s00300-018-2376-4

Ontogenic changes in habitat and trophic ecology in the Antarctic
squid Kondakovia longimana derived from isotopic analysis on beaks

José P. Queirés'2© - Yves Cherel® - Filipe R. Ceia? - Ana Hilario'* - Jim Roberts’ - José C. Xavier>®

Long-term changes in habitat a%'g'g&fl!g
and troPhic level of Southern Ocean natureresearch

squid in relation to environmental
conditions

José Abreu ", Richard A. Phillips?, Filipe R. Ceia’, Louise Ireland?, Vitor H. Paiva® &
José C. Xavier'?



Cephalopods’ ecology

Biogeography and adaption to environmental changes

M. longimana spends its entire life in the region

Queirds et al 2018
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Cephalopods’ ecology

Biogeography and adaption to environmental changes
M. longimana spends its entire life in the region

Potential habitat shifts with climate change

Gonatus antarcticus Galiteuthis glacialis Histioteuthis atlantica
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Cephalopods’ ecology

Trophic ecology

Polar Biology (2018) 41:2409-2421 Long-term changes in habitat ECEIEIE)T&EI!(S:

https://doi.org/10.1007/500300-018-2376-4 .

and trophic level of Southern Ocean
squid in relation to environmental
conditions

José P. Queirés'?© - Yves Cherel - Filipe R. Ceia® - Ana Hilario'* - Jim Roberts® - José C. Xavier®® José Abreu', Richard A.Phils’ ipe R. Ceia, Louise Ireland’, Vitor . Pava’ &

natureresearch

Ontogenic changes in habitat and trophic ecology in the Antarctic
squid Kondakovia longimana derived from isotopic analysis on beaks

Marine Environmental Research 150 (2019) 104757
Contents lists available at ScienceDirect !,h,‘,_ q
Environmental
Research
Marine Environmental Research
journal homepage: www.elsevier.com/locate/marenvrev

Show your beaks and we tell you what you eat: Different ecology in 1)
Check for
updates

sympatric Antarctic benthic octopods under a climate change context

Ricardo S. Matias™ , Susan Gregox_’x”"', Filipe R. Ceia”, Alexandra Baeta®, José Seco™®,
Miguel S. Rocha"#, Emanuel M. Fernandes"*, Rui L. Reis"®", Tiago H. Silva"#, Eduarda Pereira’,
Uwe Piatkowski', Jaime A. Ramos®, José C. Xavier™"



Cephalopods’ ecology

Trophic ecology

M. longimana increase >1 trophic level with grow

515N (%)
(7]

Juvenile AdIJlt

Queirds et al 2018



Cephalopods’ ecology

Trophic ecology
M. longimana increase >1 trophic level with grow

No influence of environmental conditions on the trophic position

55N (%o)

Year Maroteluthop sis Taonius sp. B Gonatus antarcticus Galiteuthis glacialis Histz'ote%nhis
longimana atlantica

1976 6.1+0.38 10.54 £0.72 9.52 +0.80 7.05+1.32

1984 6.49+1.07 10.91 £ 0.97 9.74 +0.95 6.89+0.79 10.53 £ 0.66

1995 6.3+ 0.38 10.78 £0.61 1021 +0.87 6.73 +0.84 10.89 +0.39

2006 6.54 +0.42 10.39 +0.80 10.2+0.89 6.42+0.75 11.18 +£0.55

2016 5.94 £ 0.60 9.84 + 0.94 9.82+0.72 5.92+0.89 10.6 +£0.56
Fs45=1.65 Fa45=2.56 Faas=1.24 Fi43=2.21 F336=2.92

Statistics (ANOVA) p=0.18 p=0.05 p=031 p=0.08 p =0.05

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

SN (%o)

Juvenile

T T
-20 -19

1 T
-18 -17

813C (%o)

® -~ turqueti
Matias et al 2019

. A. polymorpha




Cephalopods’ ecology

Age and growth

Marine Biology (2023) 170:10
https://doi.org/10.1007/500227-022-04156-2

ORIGINAL PAPER

Age and growth estimation of Southern Ocean squid Moroteuthopsis
longimana: can we use beaks collected from predators’ stomachs?

José P. Queirés' @ - Aurora Bartolomé? - Uwe Piatkowski>© - José C. Xavier'*(® . Catalina Perales-Raya?



Cephalopods’ ecology

Age and growth (of M. longimana)
Life-span of >2 years
Hatches throughout the year

Spring is a time of faster growth

Queirds et al 2023
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Cephalopods’ ecology

.Ecotoxicology (focused on Mercury)

Marine Environmental Research 161 (2020) 105049

Cephalopod beak sections used to trace mercury levels throughout the life
of cephalopods: The giant warty squid Moroteuthopsis longimana as a

case study

José P. Queirés ™ , Paco Bustamante ™, Yves Cherel °, Joao P. Coelho ®, José Seco "%,
Jim Roberts ", Eduarda Pereira’, José C. Xavier '

Marine Pollution Bulletin 158 (2020) 111447
Antarctic octopod beaks as proxy for mercury concentrations in soft tissues

Ricardo S. Matias™"', José Seco™“', Susan Gregory"*, Mark Belchier’, Maria E. Pereira”,
Paco Bustamante"?, José C. Xavier™!

Chemosphere 239 (2020) 124785
Mercury levels in Southern Ocean squid: Variability over the last
decade

José Seco ", José C. Xavier ©“, Andrew S. Brierley ", Paco Bustamante °, Joao P. Coelho
Susan Gregory “ ¥, Sophie Fielding ¢, Miguel A. Pardal ", Barbara Pereira °,
Gabriele Stowasser “, Geraint A. Tarling , Eduarda Pereira *




Cephalopods’ ecology

Ecotoxicology (focused on Mercury)
M. longimana’s adults have 2x more mercury

15.01
% 10.0
: _
X -1 —_ - .
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e 1
o 5.0 L
- 1
a [

a a,b b G
0.0
Juvenile Adult

Queirds 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

800 1

600 1

[T-Hg]l (ngeg dw)
p

200 1

Matias et al 2020



Cephalopods’ ecology Z 4

Ecotoxicology (focused on Mercury)

M. longimana’s adults have 2x more mercury
P. turqueti has more mercury than A. polymorpha

Mercury concentrations decreased

Alluroteuthis Bathyteuthis Galiteuthis Psychroteuthis Slosarczykovia
300- antarcticus ~ abyssicola ) glacialis _ glacialis _ circumantarctica 3 2006/07
@8 2007/08
Bl 2008/09
‘g 200+ 2016/17
g
£ 100- . i - .
1§ i
0- i . & . i N . i g J LI\

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 Queirds with Phil Hollyman and Mark Belchier

Biogeography of cephalopods in the Scotia Sea

Lucas Bastos with Martin Collins and Gabi Stowasser

Baseline studies for new emergent pollutants and microplastics

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

Ryan Saunders



What are we doing - ATCM
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Effects of climate change on Antarctic ] ] ]
marine food webs: new evidence from Mercury in Antarctic marine
squid ecosystems




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:
unigue, charismatic and essential

Juliet Brodie & Rob Mrowicki

Natural History Museum, London, UK
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Seaweed collectors in South Georgia

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

DAscension Island

ot Helgna 1882-3: German International Polar Year Expedition

DTristan da Cunha

1907, 1921 & 1923: C. Skottsberg

goouth Georgia

1913: P. Stammwitz

1936: ‘Discovery’ Expedition

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

.. / /) “‘ I\ N
2010: E. Wells (SMSG Expedition) N W
2021: ‘Operation Himantothallus’ :if“-
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South Georgia ‘Operation Himantothallus’ collecting sites 2021

Seaweed sampling sites - 2 ":_v.;_;-‘
A Intertidal \ \ : o
¢ Subtidal ‘
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Creating a reference collection
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Fu_ve1 Fucus vesiculosus France (AAR29317)

1_00,gg|:FLK451 Desmarestia chordalis Falkland Islands (RMJB0636)

TJS0105 Desmarestia menziesii Antarctica (GQ368260)

0.99/]

LEMAS0003 Lessonia flavicans Chile (QPP20360)

0.97H

SG-21-35 Desmarestia sp. South Georgia (SG-21-35_COl)

= rG-21 -33 Desmarestia ?viridis South Georgia (SG-21-33_COI)
021213-03iii Desmarestia viridis Falkland Islands (RMJB0617)

[ | |
-De_vi Desmarestia viridis Helgoland (AAS79048) I |
1.00/98

1_00,74[86-21-5 Desmarestia ?ligulata South Georgia (SG-21-5_COI) I I I

A-GW2014022512 Desmarestia antarctica South Shetland Islands (MF419251)

0.94/-

11]0,100[056_:";6Hg|'andifolius Himantothallus grandifolius South Shetland Islands (HE866784)
TJS0099 Himantothallus grandifolius Antarctica (GQ368262)

Desmarestiales
COI-5P

0.03

1.007 [SG-21-336 Himantothallus grandifolius South Georgia (SG-21-336_COI

8G-21-121 Himantothallus grandifolius South Georgia (SG-21-121_COIl)

[SG-21 -647 Himantothallus grandifolius South Georgia (SG-21-647_COl)
$G-21-362 (unidentified) South Georgia (SG-21-362_COl)
[SG-21 -9 Himantothallus grandifolius South Georgia (SG-21-9_COI)

Himatothallus grandifolius: a possible endemic

1_00,100[056_36ngandifolius Himantothallus grandifolius South Shetland Islands (HE866784)
TJS0099 Himantothallus grandifolius Antarctica (GQ368262)

1.00/-| 'SG-21-336 Himantothallus grandifolius South Georgia (SG-21-336_COl)

SG-21-251 ?Macrocystis sp. South Georgia (SG-21-251_COIl)

aoay
JAND
d1dq

Fu_ve2 Fucus vesiculosus France (AF331151)

0.95/

0.94/

LEMASO0003 Lessonia flavicans Chile (MN561188)
As_mi Ascoseira mirabilis South Shetland Islands (EF990192)

O De_ac Desr tia aculeata France (EF990204)
) @[56-21-35 Desmarestia sp. South Georgia (SG-21-35_LSU)

SG-21-33 Desmarestia ?viridis South Georgia (SG-21-33_LSU)

,‘OU,QQ[SG—ZLS Desmarestia ?ligulata South Georgia (SG-21-5_LSU)

De_an Desmarestia antarctica Antarctica (EF990205)

—Hi_gr Himantothallus grandifolius Antarctica (EF990206)

10972} -SG-21-251 ?Macrocystis sp. South Georgia (SG-21-251_LSU)

0.98/-]

S$G-21-647 Himantothallus grandifolius South Georgia (SG-21-647_LSU)
S$G-21-362 (unidentified) South Georgia (SG-21-362_LSU)
S$G-21-9 Himantothallus grandifolius South Georgia (SG-21-9_LSU)
$G-21-336 Himantothallus grandifolius South Georgia (SG-21-336_LSU)

Desmarestiales
LSU

0.009

SG-21-190a Desmarestia sp. South Georgia (5G-21-190a_LSU)
$G-21-99 Desmarestia sp. South Georgia (SG-21-99_LSU)

. _{56-21-41 Desmarestia sp. South Georgia (SG-21-41_LSU)
SG-21-489 Desmarestia sp. South Georgia (SG-21-489_LSU)

{56-21 -296 Desmarestia sp. South Georgia (SG-21-296_LSU)
$G-21-573 Desmarestia sp. South Georgia (SG-21-573_LSU)
SG-21-572 Desmarestia sp. South Georgia (SG-21-572_LSU)
S$G-21-447 Desmarestia sp. South Georgia (SG-21-447_LSU)
$G-21-372 Desmarestia sp. South Georgia (5G-21-372_LSU)

SG-21-371 Desmarestia sp. South Georgia (SG-21-371_LSU)
S5G-21-154 Desmarestia sp. South Georgia (5G-21-154_LSU)

{ESG-N -6 Desmarestia sp. South Georgia (SG-21-6_LSU)

S$G-21-122 Desmarestia sp. South Georgia (SG-21-122_LSU)

asav
DAND
dldd

$G-21-121 Himantothallus grandifolius South Georgia (SG-21-121_COl)
$G-21-647 Himantothallus grandifolius South Georgia (SG-21-647_COl)
$G-21-362 (unidentified) South Georgia (SG-21-362_COl)

$G-21-9 Himantothallus grandifolius South Georgia (SG-21-9_COl)

$G-21-251 ?Macrocystis sp. South Georgia (SG-21-251_COl)




Biogeographical signals

De Broyer & Koubbi (2014)
https:/ /www.biodiversity.aq/atlas/contents /biogeography-southern-ocean /



Polar Biology
https:¥dei.org/10.1007/500300-023-03136-6

BRIEF REPORT

The first record of a non-native seaweed from South Georgia
and confirmation of its establishment in the Falkland Islands: Ulva
fenestrata Postels & Ruprecht

Robert J. Mrowicki' @ - Juliet Brodie'©

South Georgia
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Capturing historical data
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An identification guide to the seaweeds of South Georgia

OCHROPHYTA

Ballia |

Ballia sp. 1.

DESCRIPTION Erect axes, up to 29 cm in height, densely
branched in one plane to give a feathery appearance. Main axes
with opposite to irregular branching, more densely packed to-
wards the tips to give a bushy wedge-shaped appearance. At-
tached by a robust holdfast up to 1 cm in diameter.

TEXTURE AND COLOUR Slightly rough texture, and spongy
in very densely branched specimens. Bright to dark red.

HABITAT Frequent in the subtidal on rock and crustose coralline
algae up to 18.5 m depth; occasional in rockpools in the intertidal.

DISTRIBUTION Widespread along the whole extent of the
north coast of South Georgia in the subtidal; widespread in the
intertidal.

SIMILAR SPECIES

NOTES ON SPECIES IDENTITY Based on molecular data, this
species is a fairly close match to Ballia callitricha but may represent
an undescribed species.

COMMENTS Epiphytic red seaweeds, including crustose
corallines, Delesseriaceae and a tough, Ahnfeltia-like species are
common. Some specimens very compact which in addition to the
seaweeds, support a wide range of worms, isopods, bryozoans
and bivalves. There is uncertainty about the identif cation of
Ballia specimens from South Georgia and they may represent
more than one species.

Ballia sp. 1

Balliasp. 1.

Ballia sp. 1

+ Batasp 1
+ Bata 55 et

Ballia sp. 1 distribution map.

Himantothallus cf. grandifolius

Himantothallus cf. grandifolius.

DESCRIPTION A massive thallus, up to (at least) 17 m
long and 1 m wide. Holdfast is a network of tangled f la-
ments, sometimes tens of centimetres in diameter. Small
fronds are round or oar-shaped, developing from a nar-
row, branched stipe. Even in larger plants, stipes tend to
be <3 cm wide, and have a f attened cross-section. Stipes
(and fronds) may become twisted into a spiral.

TEXTURE AND COLOUR Tough, thick and leathery,
with very smooth fronds. Golden to dark brown in colour.
HABITAT Low intertidal and sublittoral fringe, and subti-
dal to at least 18 m depth. Grows on rocky substrata.
DISTRIBUTION Common and widely distributed along
the north coast of South Georgia, from Esbensen Bay in the
southeast to the Bay of Isles in the northwest.

SIMILAR SPECIES Young individuals may resemble
small Ascoseira mirabilis and Macrocystis pyrifera plants, but

oar-shaped fronds, rather than elongated and tapered; also
the stipe has a distinctive, irregular branching pattern.

NOTES ON SPECIES IDENTITY It was thought that this
species was the same as Himantothallus grandifolius found in
Antarctica; however, molecular analyses indicate that spec-
imens from South Georgia belong to a separate, possibly
endemic, species.

COMMENTS This habitat-forming seaweed can be found
at high densities, carpeting the seabed with its expansive
fronds. The complex holdfast supports a high biodiversity
of seaweeds and invertebrates.

10

Himantothallus of. grandifolius.

’z,

Himantothallus cf. grandifolious tends to have rounded or Himantothallus cf. grandifolius.

L

CHLOROPHYTA

Protamaoncstroma sp. 1.

DESCRIPTION Extremely thin green blades with very ir-
regular margins, one cell layer thick. Cells are very small
compared to other green seaweeds. Variable in size and
shape, from small, compact rosettes a few centimetres
across, to broad, lobed or divided sheets (up to c. 14 cm
long and 5 cm wide) arising from a central point. Attached
to the substratum via a central discoid holdfast. Exhibits
a characteristic growth phase, consisting of inf ated hollow
sacs, sometimes >10 cm across, which presumably develop
into f attened blades.

TEXTURE AND COLOUR Soft, delicate and fragile.
Bright lime green to olive green in colour, appearing
translucent.

HABITAT In the intertidal zone, from the upper to lower
shore. Commonly grows in rock pools on hard substrata,
but can also be epiphytic on other seaweeds (such as Por-
phyra or Pyropia species).

DISTRIBUTION Common and widespread along the
north coast of South Georgia, from Drygalski Fjord in the
southeast to the Bay of Isles in the northwest.

SIMILAR SPECIES Similar to bladed Ulva species, but
consists of a single cell layer, as opposed to two. The ‘in-
f ated sacs” growth phase has only been observed in this
species.

NOTES ON SPECIES IDENTITY Probably an unde-
scribed species in the genus Protomoncstroma. Matches
other specimens from the Falkland Islands and Antarctica.

COMMENTS It is unclear whether the ‘inf ated sacs’

growth phase is just a seasonal phenomenon (observed
during spring/ summer).

Protomonastroma sp. 1.
£ '

Protomonastroma sp. 1

Protomonastroma sp. 1

Bacen,,

Protomonestroma sp. 1 distribution map.



Citizen Science: Monitoring seaweed biodiversity in South Georgia

Activity 1: Shifting Seaweeds Activity 2: Alien Invaders

Activity 3: Raft Watch

Join the survey You will need: Join the survey You will need: Join the survey You will need:
When? During any shore excursion, either aboard the * The Shiffing Seaweeds activity guide When? While ashore, during any shore excursion, and at  *+ The Afien Inveders activity guide o . y L N o N
Zodiac (or other small boat] between ship and landing ~ * A Shifting Seaweeds recording form any fime except high Spring fides. « An Alien Invoders recording form WHeRYORbsaTd yoor i wilecung ia siaghe  « The.RarEWdidiaamtyguide
ared, or by foot on the shore itself. Try to do the survey * A dipboard pencil Where? Anywhera on the coast of South Georgia, but + A clipboard and pendil line between destinations. : : R:’LWG:,’ r:cardlrtlg form
within one hour of low tide. * A camera or smartphone espedially around Grytviken and King Edward Pc?n'. * A camera or smartphone Where? On the way to or from South Georgia, either on giphoaqy f’m pen!

* A watch or other timekeeping device * A watch or other timekeeping devica the open ocean or within sight of land. * A camera {with telephoto lens)

Where? Any where on the coast of South Georgia.

* A handheld GPS device Who can take parf? Everyone. + A handheld GPS device Binoculars

Who can take part? Everyone. Who can take part? Everyone.

.

How long does it take? 10 minutes. A watch or other timekeeping device

How long does it take? 10 minutes. How long does it take? 30 minutes. * A handheld GPS device
What to do:
What fo do: 1. Choose your survey area. Am for a relatively flat section of shore (sandy or What to do:
1. Choose a shore. If you are on a small boat, look for seaweed-covered rocky pebbly shores work best, but flat rocky areas might also be suitable), out of the way 1. Find an observation point. This can be on either side of the ship, or with views
outcrops that you can get close to (without compromising safety). If you are on foot, of territorial or sensitive wildlife (such as fur seals or breeding birds). Find the across both sides, and facing either forwards or backwards. Make s’ure you can see
find a rocky area of the shore with seaweeds growing on it, out of the way of strandline — the uppermost line or band of debris, including seaweeds, that has been 4

the surface of the sea both nearby (within one ship’s width) and far away (towards the
ensiti e (such as fur seals or breeding birds).

Woter-filed bloddes-fke fronds

washed up at the top of the shore. This will form the upper limit of your search area.

territorial or s

horizon, if visible).

2. Take a picture. Standing on the shore between the strandline and the water's edge, .

2. Start looking for rafts. Use the Raff Wafch recording formto write down all data
as possible. This will provida an important racord of the anvironmantal conditions on (dontiforgettoirecord the-ime:and GRS positian:arthe; beginningjof theisuivey). As
the shore. the ship moves along, scan up and down between the ship and the horizon, using
binoculars to look at floating objects in more detail.

take a photograph in the diraction of your survey, induding as much of the strandline

Probable non-native seaweeds already present in South Georgia When you spot a seaweed raft:
5 3 - : = ~ = s * Record its distance and size using the guide below.
* Identify which of the two main seaweed species it consists of.
* Note whether there is any non-biological debris and /or wildlife associated.
* If possible, take a photograph using a camera with telephoto lens.

- \
1. Bladder weed, Adenocystis utricularis 2. Bull kelp, Durvillaea antarctica

4 Blodders can be almost spherical to narrow and cylindrical. Soft  Texture smooth, tough and hard, but sometimes feels spongy.
and gelatinous when fresh, tough and leathery when dry. Found in  Commenly ot the water's edge and in shallow water on rocky

© mid 1o low shore pools and on emergent rock. coastlines, although sometimes accurs in low shore pools.

‘0

3. Stop looking after 30 minutes (or less). Record the time and GPS position at the
end of the survey. If you didn't see any rafts, record this on the form.

4. Submit your results. As soon as possible after the survey, give the recording form
and any photos to your guide — they will then submit the results to seaweed experts at
the Natural History Museum in London, who will use your data in scientific
investigations and reports.

Estimating the distance and size of rafis: 3 > -

: - Far (more than -5 Small
1. Sea lettuce, Ulva fenestrata 2. Oyster thief/Sea potato, Ectocarpales sp(p). halfway to the horizon) - o oS
Thin but tough blades, slightly translucent in appearance, with This unidentified seaweed may indlude more than one species.
irregular edges and sometimes covered in holes. May grow up to  Hollow sacs with paper-thin or leathery walls. Often grows Mid (less than Medi
tens of cenfimetres across. Inhabits a wide range of intertidal and  epiphytically on other seaweeds. Found washed up on the shore halfway to the horizon) B> "']"
subtidal envi Found as free-floating drift at Grytviken.  near Grytviken, and inhabiting ofher shores fo the northwest. - : fpipdindatn)
! e =
Uprh foncs S . . . : Near within e
T e e e e Non-native seaweeds that could potentially arrive from elsewhere S  Blaie) "-D {merethan 1 m across)
This species has both a basal crust and an upright phase. Found  This group includes various species. Can be thin and slippery, or | = » ' o = TSR - SRR ] E W S S
on emergent rock from mid 1o low shore, around rock pools and  cartilaginous. Flat blades with rounded edges. Emergent rock on e IS e Obarigadusotigaal 5‘;" I e
at the water's edge. Offen seen just as a crust, without uprights.  mid 1o low shore and at the water’s edge. ! p

Estimating the severity of seaweed bleaching

1. Divide your
survey area info Upper
three approximately
equal horizontal
bands, between the
water’s edge and
the high water mark:

o

- s o S W

2. For each band, estimate the total amount of seaweed fissue
y that appears bleached (i.e. with partial or total loss of colour):

P T
2
Raspberry ety corol Pale coraline crust  Pink knobbly coroline crust 3 ¢ .

it 4 3. Green sponge fingers, Codium fragile 4. Green fluffy spongy weed, Spongomorpha aeruginosa
5. Calcified crusts B . + i

> sy o o Unmistakeable. Firm and velvety in texture. In pools and on Fine filamentous seaweed with a soft and spongy texture. Found

There are various unidentified species of caldfied crust (examples Z 5 i A
it e frces i Pl klowsca) T v o Besesavriol 1o hitaar emergent rock on the mid to low shore and at the water’s edge. in wet areas, pools, and at the water's edge. Looks like mini pom-

grey. Water's edge, low and mid shore rock pools and wet rocks. Low [<35%) Moderate (35-65%) High (>65%) Often with brown or red filamentous seaweeds growing on it. poms when submerged. Commonly grows on other seaweeds.
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Future work

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.
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Connectivity patterns are
species dependentin =
Southern Ocean deep-
sea octocorals

Maria Belén Arias; Kerry-Lee Etsebeth; Rui Vieira; Andrea
M. Quaftrini, Jessica Gordon; ; Alice Malcolm-McKay;

M
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Study design — UCEs > SNPs

Yy /

Sampling sites: 6 Sampling sites: |1 Sampling sites: 4 Sampling sites: 4

Total: 72 individuails Total: 43 individuals Total: 88 individuals

Reproductive sirategy:
 brooding (i.e., infernal
ferfilization)

Reproductive strategy:
brooding (i.e., infernal
fertilization)

Reproductive strategy:
brood then 'crawling’

Reproductive strategy:
| brooding (i.e., internal
fertilization)

I
I
: Total: 84 individuals
I
I

-————————"
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Coral spp. Depth/Temperature %
& Kgrguelen /\ P. chilensis range
Burdwiees X D. acanthina = 1.000m
+ . % T.nov. sp @ ~1000m
ax, Sampling sites spanning ~ 9,000 km apart + 7. viridis

Drake
Passage

Terre Adélie




Genetic clustering of P. chilensis
Two distinct genetic cluster identified by depth (2,663 SNPs)

Genetic structure found between vs Deep identifying
~800 m isobath as potential dispersal barrier across sampling sites
despite samples spanning thousands of kilometers apart




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

Brood then crawl

Bl%WOOd
Bank

Drake

Passage

An study of Thouarella spp. (2 nuclear markers)
populations across the ACC (South Pacific and
Southern Ocean) shared haplotypes (Duenas
et al., 2016)




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

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 depthes.

185 - 604 m




D. acanthina

Brooder

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.



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

\

- —l ]
|

These species showed panmixia across ~9,000 km despite . i
multiple barriers (i.e., oceanographic currents and oceanic BI?III'eC.fIOHCﬂ
features) among the sampling sites. migration




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

genetic diversity
comparable Acropora
& T s digitifera (Av 0.3) (Adam et
A P chiensis al. 2022)

D. acanthina

T nov.sp

Bathymetry range

ocaons P. chilensis & D.

ey acanthina presented
similar diversity to
previous studies in

sponges collected in

In South Georgia Shallow water present low genetic ?:Ii:rc/:\lc Op ]ez.lr(l)sgla Lus'lng
diversity that might affect their capacity fo deal with s (Av0.16;0.2) (Leiva
future environmental and human pressures et al. 2019, 2022).




Summary

Targeted enrichment of UCE successfully differentiate
populations of octocorals. -

Depth siructuring genetic patternin P. chilensis and the
western sampling sites of D. acanthina.

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

High genetic diversity and connectivity of bo’rh
Thouarella spp.

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

Reflect different life traits (larvae behaviour), complex
demographic interactions
(environmental/oceanographic condifions) or
combination both?e

Images from Blue Belt
project
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Expedition PS133-2 QI

Expedition PS133-2 “Island Impact”
Understanding the regional impact of islands
(South Georgia)
on Southern Ocean biogeochemistry and ecosystem function

PS133-2 Island Impact

Punta Arenas - South Gecrgia - Cape Town
20" Nov - 19" Dec 2022

© M. Anderson

Start: 20.11.2022 in Punta Arenas (Chile)
End: 19.12.2022 in Cape Town (South Africa)
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Leg PS133-2 QI

“Island Impact”

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 HELMHOLTZ



Leg PS133-2 - Motivation S A\V/

Areas of high surface water productivity along flow path of ACC
and downstream of South Georgia

Chla climatology (mg m"s): 16/10 to 23/10 Chla climatology (mg m's): 111210 18/12

Latitude (°)

-20
Longitude (0) Longitude (O)

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



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

40°S

« Southern Ocean (SO) accounts for 20% of the global annual
phytoplankton production (Behrenfeld and Falkowski, 1997)

45°S

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

- nN w

« Significant plankton blooms occur downstream (north)
of South Georgia due to Fe input
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« Limited knowledge about respective Fe sources hampers
assessing the sensitivity of the region under changing

climate conditions
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Potential sources and transport pathways of iron (Fe) S A\V/

(1) Input of Fe-rich freshwater:

« glacial and subglacial meltwater

 (submarine) groundwater
discharge

Subglacial
meltwater

Fe() dmyl  \  Witrogenous

Submarine 00 I = e B nous.
groundwater 3
discharge (SGD]

- (I1) Fe and nutrient release from
fjord sediments :

diffusion and advection
macrobenthic mixing/bioturbation
methane bubble ebullition

Henkel et al. (2018)
GCA, modified

>130 active methane seeps
in South Georgia fjords and troughs
(Rémer et al., 2014; EPSL)
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International and Multidisciplinary Team on board ¢ AWV/
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3 working groups and different scientific disciplines HELMHOLTZ



Sampling Stations

Cumberland Bay

King Haakon X ¢
Trough
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Sampling tools — Examples | e/

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 HELMHOLT?Z



Sampling tools — Examples Il

King Haakon
Bay

i
i

L1
o
e




Sampling tools — Examples Il
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Visit at Grytviken and King Edward Point Research Station @ AN/

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

HELMHOLTZ



Leg PS133-2 ,,Island Impact*

—

~ Thank you very much!
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FROM

TO
BIOLOGY

The impact of methane gas on
South Georgia’s seafloor animals
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PS133-2 Island Impact

Punta Arenas - South Georgia - Cape Town
19" Nov - 19" Dec 2022




























—

Wy
R Y

/: :53,
,_,e Y ,/( t..(

—

oL
Bk

RS WA ;.,— ng’

owN
E e ,..,?kﬁfs PN

12

h
[N

SCEYE

\ J‘. wht :z ? :z;ﬁ

Egiz

Wt bow

LA

03l
















ANT/XXIX-4: 133 flares




ANT/XXIX-4: 133 flares
M134: 1633 flare observations
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Bohrmann et al. 2017
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12 MUCs
44 Cores for macrofauna analysis




> 4000 individuals
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