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Human Impacts

ÅAn Update on Marine Debris in South Georgia: emerging 

awareness of microplastic pollution. Jack Buckingham 

(University of Hull / BAS)

ÅIdentifying risks and management priorities through marine 

invasion pathway analysis in the sub-Antarctic. Dan Bayley 

(Flora & Fauna International / SAERI)

ÅShip strike risk to whales in South Georgia waters. Russell 

Leaper (IFAW)

ÅWhat goes thump at night: managing bird-strike in South 

Georgia. Megan Tierney (JNCC)
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An Update on Marine Debris in 
South Georgia: an Emerging 
Awareness of Microplastic 

Pollution 

Jack Buckingham 



ά¢ƘŜ ŜŎƻƭƻƎƛŎŀƭ ŦŀǘŜ ƻf 
microplastic in the nearshore 

environment of South Georgia, a 
sub-!ƴǘŀǊŎǘƛŎ ƛǎƭŀƴŘέ

SEAWATER: 0.58 MP/L

ZOOPLANKTON: 0.36 MP/g

FISH: 0.02 MP/fish

PENGUINS: 0.08 
MP/g (scat)

SEALS: 0.04 MP/g (scat)



MP in seawater 

Å Seawater sampled from accessible coast from KEP Research 
Station + Cumberland Bay (local) and Rosita Harbour (>70 km 
away)

Å Total mean: 0.58 microplastic particles per litre (range 0 ς4) 
Å Offshore mean concentrations higher: 

Å 2.00 mp/L Cumberland Bay (range 0 ς4)
Å 1.33 mp/L Rosita Harbour (range 0.66 ς1.66) 

Highest known record of microplastic concentration in 
surface seawater in the Southern Ocean and sub-

Antarctic to date.

Hamble estuary, UK: 43 ± 36 microfibres/L (Nel et al., 2020)

East Greenland Current: 1.19 ± 0.28 particles/L (Jiang et al., 2020)



MP in seawater 

ÅWastewater mean microplastic concentration: 0.55 microplastics/L 
(range 0 ς2.33 MP/L)

ÅSnow microplastic concentration: 1.55 microplastics/L (n = 1 but 
range across replicates 0.33 ς2.33)

Å Estimation of microfibres emissions from clothes washing from ships 
and shore: 1.8 x 1011 to 1.5 x 1013 fibres per year 

o GSGSSI Annual Report 2019, 2020
o Napper & Thompson, 2016



MP in zooplankton

ÅExamined a range of taxa sampled by BAS during annual monitoring at KEP (Cumberland Bay and Rosita 
Harbour) 

ÅConcentration of microplastic in zooplankton: 0.36 particles/g (wet weight) 

ÅMicroplastic particles present in the zooplankton record as far back as 2009 and in samples examined from 
every year since

28 billion MP particles per total CCAMLR krill 
quota for Subarea 48.3 (South Georgia).



MP in fish

Å 3 species of Nototheniid 
(Gobionotothengibberifrons, 
Lepidonotothenlarseni, 
Patagonotothenguntheri)

Å 1 species of Myctophid 
(Gymnoscopelusbolini)

Å Fish caught as bycatch during BAS biennial 
groundfish survey 

Å Microplastic concentration in fish: two MP 
particles across 68 individual fish belonging to 
four species (0.02 MP/individual)

Microplastic 
concentrations low but not 
absent from this remote 

environment



MP in higher predators 

Å Antarctic fur seal (Arctocephalus gazella) and gentoo penguins 
(Pygoscelispapua) examined:

- Fur seals: mean average 0.04 MP/gram of scat
(range 0 ς5 particles per scat)

- Gentoo penguins: 0.08 MP/gram of scat
(range 0 ς2 particles per scat) 

Å Lower than previous records in South Georgia (Bessaet al., 
2019; Le Guenet al., 2020) but these result represent 
minimum values

Only represent microplastics 
which are egested. The 

amount retained is as yet  
ǳƴƪƴƻǿƴΧ



Additional MP research in 
South Georgia watersth

Georgia, a sub-!ƴǘŀǊŎǘƛŎ ƛǎƭŀƴŘέ

Å MP amount was higher in krill (2.13 
± 0.26 MP indҍм) than salps (1.38 ± 

0.42 MP indҍм),
Wilkie Johnston et al., 2023

Å Gentoopenguins,0.23± 0.53 items individualҍ1 scat, 
Bessa et al., 2019 

Å King penguins,21.9 ± 5.8 microfibres gҍ1 of faeces, 
Le Guen et al., 2020

Å Vertical flux of microplastic, a case study in the 
Southern Ocean, South Georgia

Rowlands et al., 2023

Å The Effects of Combined Ocean Acidification and 
Nanoplastic Exposures on the Embryonic Development 
of Antarctic Krill

Rowlands et al., 2021

Å Nanoplastics affect moulting and faecal pellet sinking in 
Antarctic krill (Euphausia superba) juveniles. 

Bergami et al., 2020

Å Microplastic availability to pelagic amphipods in sub-
Antarctic and Antarctic surface waters

Jones-Williams et al., 2020



Knowledge gained 

ÅMicroplastic present in every trophic level in South Georgia marine 
foodwebs.

ÅSouth Georgia is potentially a hotspot for microplastic pollution in the 
environment.

ÅPresent in surface seawater but also permeates benthic 
environments.



Knowledge gaps (specific to SG waters) 

SEAWATER
Å How much is released 

in situ and how much is 
transported to SG from 
afar? 

ÅWhat are the actual 
contributions of various 
point sources 
(precipitation, shipping 
etc.,) to local pollution?

ZOOPLANKTON
Å Is MP impacting 

zooplankton 
survivability in the 
region? *

Å Does ingestion vary 
between 
species/location/age? *

FISH
Å How much MP in 

ingested by commercial 
species? 

Å How much MP is in the 
benthic seawater 
environment?

ÅWhat are the impacts 
of MP ingestion 
(toxicity from leachates 
etc.,?) 

HIGHER PREDATORS
ÅWhat are the MP loads 

in other higher 
predator species?

Å Are there and 
differences with 
location/diet/foraging 
range/demographics/ 
age 

Å How much MP is 
retained and what is 
the impact of this?

* Research has already begun 
but can still be expanded



Recommendations 

1. Further study of MP 

in point sources 
(wastewater from ships 
and shore, precipitation, 

output from 
ships/people, and 

beached macroplastic 
debris). 

2. Establishing 

a monitoring 
programmeof 
MP in seawater 

and 
precipitation. 

3. Targeted 

analysis of MP in 
commercial 

species (Antarctic 
krill, toothfish, and 

icefish). 

4. Research into 

the movement and 
in situ 

creation/weathering 
of MP in the South 

Georgia marine 
system.  *

5. Research into the 

impacts of MP on higher 
predators (including 
toxicological impacts, 

and the 
bioaccumulation/biomag

nification/transfer of 
MP-associated leachates,  

* The Ocean Plastic 
Incubator Chamber (OPIC) 
will produce results on this 
in 2025

6. Assess MP 

pollution as one 
of many multi-
stressors on the 

region



Thank you



Dan 
Bayley
Flora & Fauna International / South 

Atlantic Environmental Research Institute

ESA

Sue G Sue G



Identifying risks and 
management priorities for 

SGSSI through marine 
invasive pathway analysis

Dan Bayley, Paul Brewin, Ross James, Arlie McCarthy, Paul Brickle



Image: Anime (2020)



March et al. 2021



Hoegh-Guldberg et al. 2018 (IPCC)



Sea-ice cover for June 2019

Copernicus Climate Change Service / ECMWF, 2019



Analysis

Å Identify the risks from invasive and non-native species (INNS) 

entering SGSSI

Å Review the mechanisms and pathways of marine invasions

Å Analyse vessel movement across the region and assess threats 

via likely entry routes and areas of activity

Å Use the data to inform future management & research



Study extent

ÅAll ships with AIS 
(Automatic Identification 
System) fitted and 
operational
ÅEcoregions covered: 
Å'MagellanicΩ 
Å'Scotia SeaΩ
ÅΨContinental High 

AntarcticΩ 
ÅTraffic July 2017 - 2019



AIS data filtering

ÅAll data (July 2017-
2019)
ÅEntering SGSSI EEZ
ÅStopping:
Å> 1 hr
Å<200 m

ÅWithin 12 nm (yellow 
points)

Criteria



Node (ports / anchorages) creation

ÅNodes use 
5 km buffer

ÅAt all 
locations of 
stationary 
traffic



Network Analysis





Bayley et al. (In review)



Bayley et al. (In review)



Management recommendations

1. Benthic and hull monitoring at the identified activity/dispersion hubs

2. Regional collaboration and coordination at linked international ports

3. Increased pre- and post-arrival biosecurity assessment following set 

protocols, new standards, and including niche areas.

4. Priority on pre-emptive identification and mitigation of threats

5. Focus on passenger, offshore survey, fishing, and pleasure vessels.


