Attachment A
Seismic Source Acoustic Modeling Data
prepared by Lamont-Doherty Earth Observatory

The RVIB Nathaniel B. Palmer (NBP) would tow a pair of 105-in’ Sercel GI airguns. Seismic
pulses would be emitted at intervals of 5 seconds. Data would be recorded on a 100-m long, 24-channel
streamer. Acquisition is planned along a series of predetermined lines, all of which would be in water
depth >1,000 m.

For the seismic source, the two GI guns would be towed on a string at 3 m spacing from each other,
at a tow depth of 3-4 m and between 15 and 40 m astern.. In addition, the string would include a hot spare
in case one of the 105-in> GI guns breaks down.

As the seismic source is towed along the survey line, the towed hydrophone array (streamer)
receives the reflected signals and transfers the data to the on-board acquisition system. Given the
relatively short streamer length behind the vessel, the turning rate of the vessel while the gear is deployed
is much higher than the limit of five degrees per minute for a seismic vessel towing a streamer of more
typical length (>>1 km). Thus, the maneuverability of the vessel is not limited much during operations.

The GI guns would be used in harmonic mode, that is, the volume of the injector chamber (I) of
each GI gun is equal to that of its generator chamber (G): G=I=105 in’ (1,721 c¢m”) for each gun. The
generator chamber is the one responsible for introducing the sound pulse into the ocean. The injector
chamber injects air into the previously-generated bubble to maintain its shape and thus prevent further
oscillations, and does not introduce more acoustic energy into the water. The Nucleus modeling software
used at Lamont-Doherty Earth Observatory of Columbia University (L-DEO) does not include GI guns as
part of its airgun library, however signatures and mitigation models have been obtained for two 105-in’ G
guns at 3 m tow depth that are close approximations.

For the seismic source (total generator volume 210 in’), the source output (downward) is 234.4 dB
re 1 pPa-m for 0-pk and 239.8 dB re 1 pPa-m for pk-pk. These numbers were determined using the
aforementioned G-gun approximation to the GI gun and using signatures filtered with DFS V out-256 Hz
72 dB/octave. The dominant frequency range would be 20-160 Hz for a pair of GI guns towed at 3 m
depth and 35-230 Hz for a pair of GI guns towed at 2 m depth.

The nominal downward-directed source levels indicated above do not represent actual sound levels
that can be measured at any location in the water. Rather, they represent the level that would be found 1 m
from a hypothetical point source emitting the same total amount of sound as is emitted by the combined
GI airguns. The actual received level at any location in the water near the GI airguns would not exceed
the source level of the strongest individual source. For the source, that would be 228.2 dB pk or 233.5 dB
pk-pk. Actual levels experienced by any organism more than 1 m from the GI gun would be significantly
lower.

A further consideration is that the rms (root mean square) received levels that are used as impact
criteria for marine mammals are not directly comparable to the peak (0—pk) or peak to peak (pk—pk)
values normally used to characterize source levels of airgun arrays. The measurement units used to
describe airgun sources, peak or peak-to-peak decibels, are always higher than the rms decibels referred
to in biological literature. A measured received level of 160 dB re 1 pPa rms in the far field would
typically correspond to ~170 dB re 1 pPa pk, and to ~176-178 dB re 1 puPa pk-pk, as measured for the
same pulse received at the same location (Greene 1997; McCauley et al. 1998, 2000). The precise
difference between rms and peak or peak- to-peak values depends on the frequency content and duration
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of the pulse, among other factors. However, the rms level is always lower than the peak or peak-to-peak
level for an airgun-type source.

Proposed Exclusion Zones

Received sound levels have been modeled by Lamont-Doherty Earth Observatory of Columbia
University (L-DEO) for a number of airgun configurations, including two 105-in* G guns, in relation to
distance and direction from the airguns (Fig. 2). The model does not allow for bottom interactions, and is
most directly applicable to deep water. Because the model results are for G guns, which have more energy
than GI guns of the same size, those distances overestimate (by ~10%) the distances for the 105-in’ GI
airguns. Although the distances are overestimated, no adjustments for this have been made to the radii
distances in Table 1.

Empirical measurements concerning the 180- and 160-dB re 1 puPa (rms) distances (“radii” around
the source) have been acquired for various airgun arrays during acoustic verification studies conducted by
L-DEO in the northern Gulf of Mexico in 2003 (6-, 10-, 12-, and 20-airgun arrays, and 2 GI airguns;
Tolstoy et al. 2004 [Referenced in PEIS Appendix H]) and 2007—2008 (18- and 36-airgun arrays; Tolstoy
et al. 2009; PEIS Appendix H [Diebold et al. 2010]). When compared to measurements acquired in deep
water (>1000 m), mitigation radii derived from the L-DEO model are found to be conservative. The
surveys also showed that distances to given received levels vary with water depth - these are larger in
shallow water, while intermediate/slope environments show characteristics intermediate between those of
shallow-water and those of deep-water environments - and documented the influence of a sloping seafloor.
Correction factors were thus developed for water depths 100—1000 m and <100 m, such that mitigation
radii for intermediate and shallow environments could be obtained from the deep-water radii predicted by
the L-DEO model (a simple multiplication by these correction factors is used).

For the 2 x 105-in’ GI gun source, measurements were obtained only in shallow water. The data
suggests the 160 dB RMS distance is ~1500 m (Tolstoy et al., 2004 [Referenced in PEIS Appendix H];
their Table 1) with an upper bound of 1970 m based on interpolation between the highest received levels
at distances of 1 km and 2.8 km (Tolstoy et al., 2004 [Referenced in PEIS Appendix H]; their Fig. 3). No
direct constraints on the 190 dB or 180 dB distances were obtained due to clipping of arrivals at short
distances but the data is compatible with estimates of 294 m for 190 dB and 511 m for 180 dB.
Comparison between these shallow-water values and the deep-water L-DEO model results provided
correction factors of 14.7 for the 190 dB rms distance, 7.40 for the 180 dB rms distance and 2.94 for the
160 dB rms distance. The only empirical measurements obtained for intermediate water depths (100—1000
m) during either survey were for the 36-aigun array in 2007-2008 (PEIS Appendix H [Diebold et al.
2010]). Following results obtained at this site (PEIS Appendix H [Diebold et al., 2010]; their Fig. 16) and
earlier practice, a correction factor of 1.5, irrespective of distance to the array, is used to derive
intermediate-water radii from modeled deep-water radii for all array configurations.

Based on the modeling and applications of appropriate correction factors, estimates of the
maximum distances from the GI guns where sound levels of 190, 180 and 160 dB re 1 puPa (rms) are
predicted to be received in deep (>1000-m) water are shown in Table 1. Specifically, we have compiled
the L-DEO model results for the source (2 x 105 in® based on modeling of G guns) in deep water for the 2
x 105-in® GI gun source.

The PEIS defined a low-energy source as any towed acoustic source whose received level is <180
dB at 100 m, including any single or any two GI airguns and a single pair of clustered airguns with

B-2



individual volumes of <250 in’. In § 2.4.2 of the PEIS, Alternative B (the Preferred Alternative) conser-
vatively applied a 100-m exclusion zone (EZ) for all low-energy acoustic sources in water depths >100 m.
Consistent with the PEIS, that approach is used here for the pair of 105-in’ GI airguns. A fixed full
mitigation zone (FMZ), or 160 dB “Safety Zone” was not defined in the PEIS for the same suite of low-
energy sources, therefore, L-DEO model results for 105-in® GI airguns are used here to determine the 160
dB radius.

The 180-dB re 1 pPa,, distance is the safety criterion as specified by NMFS (2000) for cetaceans
and 190-dB re 1 pPa,s for pinnipeds. The 180-dB distance would also be used as the EZ for sea turtles, as
required by NMFS in other seismic projects (e.g., Smultea et al. 2004; Holst et al. 2005a,b; Holst and
Beland 2008; Holst and Smultea 2008; Hauser et al. 2008). If marine mammals or sea turtles are detected
within or about to enter the appropriate EZ, the airguns would be shut down immediately.

Southall et al. (2007) made detailed recommendations for new science-based noise exposure
criteria. NSF would be prepared to revise its procedures for estimating numbers of mammals should
NMEFS implement new acoustic criteria guidelines. However, currently the procedures are based on best
practices noted by Pierson et al. (1998) and Weir and Dolman (2007).
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Figure 2. Modeled received sound levels from two 105-in® G guns, similar to the two 105-in® GI airguns
that would be used during the seismic surveys in the Scotia Sea during September 2014. Model results
provided by L-DEO.



Table 1. Predicted distances to which sound levels of 190, 180 and 160 dB re 1 yPa (rms) might be
received from two 105-in> G guns, similar to the two 105-in® GI guns that would be used during the
seismic surveys in the Scotia Sea during September 2014. Distances are based on model results
provided by L-DEO (presented in Fig. 2) and empirical measurements acquired during the 2003
calibration survey in the Gulf of Mexico. The Exclusion Zones (EZs) and Full Mitigation Zone (FMZs)
proposed for this survey are provided below and are based on model/empirical measurements and
standard EZs established in the PEIS for low energy sources.

Proposed EZ and FMZ
Predicted RMS radii (m) based on based on modelling/
modelling empirical measurements
Source and volume Water depth and empirical measurements and PEIS "
190 dB EZ FMZ
180 dB 160 dB (190/180 dB)
2 x 105 in° Gl guns >1000 m 20 69 670 100/100 670

Note: The proposed seismic survey in the Scotia Sea will be conducted only in waters > 1,000 m deep;
EZ and FMZ are included for this depth only.
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Preface

The waters around South Georgia and the South Sandwich Islands are among the most
productive in the Southern Ocean, supporting a tremendous abundance and diversity of
wildlife. The territory also supports a range of activities, such as fishing and tourism,
which represent potential threats to that wildlife. Fisheries and tourism are therefore
highly regulated. The Marine Stewardship Council (MSC) has certified both the South
Georgia toothfish and icefish fisheries as sustainably managed, together with a major
component of the krill fishery. Tourism is highly regulated with only the smaller cruise
ships allowed to visit the islands.

As part of an ongoing programme of sustainable management of the Territory, the South
Georgia and South Sandwich Islands Marine Protected Area (MPA) was declared on
February 23 2012. This created a large sustainably managed MPA (IUCN Category VI),
designed to ensure the protection and conservation of the regions rich and diverse marine
life, whilst allowing sustainable and carefully regulated fisheries. The initial designation
enshrined in law much of the existing protection that had been established under the
fisheries licensing regime and created a 1.07 million km? MPA, which included the
prohibition of all bottom trawling and a ban on bottom fishing at depths less than 700 m.
No-take zones (IUCN Category 1) were created around South Georgia, Clerke Rocks,
Shag and Black Rocks and the South Sandwich Islands, totalling 20,431 km2. The No-
take Zones provide refuges for fish, protect the benthos and spawning fish and avoid
competition between fisheries and land-based foragers.

Following the initial designation the Government of South Georgia and the South
Sandwich Islands (GSGSSI) convened a scientific workshop in April 2012 to consider
what further protection could be incorporated within the MPA. On the basis of the findings,
and following consultation, further temporal and spatial protection has now been
implemented. A revised Marine Protected Area Order came into force on June 13t 2013.
The additional protection includes a ban on bottom fishing deeper than 2,250 m, additional
benthic closed areas in the depths fished for toothfish, a seasonal closure (November 1t
until March 31st) of the Antarctic krill fishery, and a 12 nm pelagic closed area around the
South Sandwich Islands.

This management plan provides details of the MPA, with the rationale behind each area of
the MPA measures and details of surveillance and monitoring that will be established.
The MPA is monitored by a series of scientific programmes undertaken by GSGSSI and
the British Antarctic Survey. The area is patrolled by a dedicated patrol vessel. The MPA
provisions will be reviewed every five years or if new threats or significant new data
emerge in the intervening period.




Key Facts

South Georgia and the South Sandwich Islands are home to a tremendous
abundance and diversity of marine flora and fauna and marine dependent
predators.

South Georgia and the South Sandwich Islands are a ‘hotspot' of benthic
biodiversity and also support seven species of globally threatened seabirds.

The South Georgia and South Sandwich Islands Marine Protected Area
(MPA) was first established by Order in February 2012, creating one of the
largest sustainably managed MPAs on the planet. Further temporal and
spatial protection was added in June 2013.

Bottom trawling is prohibited in the MPA and bottom fishing (e.g. with
longlines) is only allowed between the depths of 700 and 2,250 m, meaning
that only 8 % of the seafloor can be subject to bottom fishing.

The no-take zones (IUCN Category 1) cover 20,431 km? of ocean within the
SGSSI MPA and include all areas of shallow sea (<100 m deep) and 47 % of
seas in the 100-200 m depth range.

Fishing for Antarctic krill is not permitted between November 15t and March
31st, which reduces the risk of competition between the fishery and krill
dependent predators.




1. Introduction

1.1 What is a Marine Protected Area?

The marine environment covers 70 % of the planet,
and provides crucially important goods and services
that sustain human life. However, marine ecosystems
and resources have been increasingly degraded by
human activities, which threaten their integrity and that
of their associated biodiversity. Natural resources have
been sequentially over-exploited (in many cases
destroying habitats in the process); pollution events
frequently destroy local habitats and associated flora
and fauna; and species can be transferred from their
native habitats to new environments, where they
threaten native biodiversity. Overlaying this direct
human intervention in the oceans is the increasing
threat of global
acidification.

warming and associated ocean

Marine Protected Areas (MPAs) are recognized as one
of the most effective means for achieving ecosystem-
conservation, thereby protecting
biodiversity, and mitigating key threats and pressures
on marine environments and resources. They are able

level marine

to achieve both conservation and fisheries
management objectives, as well as providing a
foundation for ecosystem-based management

(Toropova et al., 2010).

The International Union for the Conservation of Nature

(IUCN) define a protected area as:

“A clearly defined geographical

space,

recognised,

dedicated and managed, through legal or other
effective means, to achieve the long-term conservation
of nature with associated ecosystem services and
(Dudley, 2008).

cultural values”

IUCN further categorises the different levels of
management that such areas can be afforded (Dudley,
2008; Appendix 1), ranging from strictly protected or
'no-take' (Category 1) areas to those which are
managed for sustainable use of natural resources or
other multiple uses (Category VI).

1.2 South Georgia and the South
Sandwich Islands

The South Georgia and the South Sandwich Islands
are a UK Overseas Territory, administered by the
Government of South Georgia and the South Sandwich
Islands (GSGSSI) through the Office of the
Commissioner in Stanley, Falkland Islands. The
Territories have been under UK administration since
1908. Until 1985, South Georgia and the South
Sandwich Islands were part of the Falkland Island
Dependencies, after which they became a separate UK
Overseas Territory. The SGSSI Territorial Sea, which
extends 12 nautical miles (nm) from the coast of South
Georgia and the South Sandwich Islands was declared
in 1989 (see Appendix IV for the Territorial Sea Order
1989 and the associated baselines). The 200 nm
Maritime Zone (MZ) was declared in 1993 extending
from the outer limit of Territorial Waters to 200 nm from
the baselines.




The South Georgia and South Sandwich Islands
Maritime Zone (SGSSIMZ) is south of the Antarctic
Polar Front and thus falls within the area managed by
the Commission for the Conservation of Antarctic
Living Resources (CCAMLR). CCAMLR was
established in 1982 as part of the Antarctic Treaty
System, has 24 member states, and is responsible for
managing fisheries throughout the Southern Ocean.
The waters around South Georgia are classed as sub-
area 48.3 and those around the South Sandwich
Islands are sub-area 48.4 (Fig. 1.1). A small part of
sub-area 48.2 also falls within the 200 nm Maritime
Zone. Fisheries in the SGSSIMZ are managed within
the CCAMLR framework and are subject to catch limits
and regulations agreed by the Commission, but
GGSSSI (and does) implement more
precautionary catch limits, and enforce stricter
regulation, than CCAMLR.

can

The waters around South Georgia and the South
Sandwich Islands are among the most productive in
the Southern Ocean (Murphy et al., 2007), supporting
a tremendous abundance and diversity of wildlife (e.g.
Atkinson et al., 2001; Hogg et al., 2011). The region
also supports a range of human activities including
fishing, scientific research and tourism, which have the
potential to impact on the relatively pristine marine
environment.

1.3 The development of the SGSSI MPA

As part of the Government’s ongoing commitment to
the sustainable management of the territory, the South
Georgia and South Sandwich Islands Marine Protected
Area Order was signed on February 23rd 2012. That
Order created a large sustainably managed MPA
(IUCN Category VI), which includes the entire Maritime
Zone north of 60°S. The relatively small area south of
60°S was already a de facto No-take zone as fishing
licences are not issued for this area. The MPA is
designed to ensure the protection and conservation of
the region’s rich and diverse marine life, whilst allowing
sustainable and carefully regulated fisheries.

This initial designation enshrined in law much of the
existing protection that had been established under the
fisheries licensing regime and legislation and created a
1.07 million km?2 MPA that included the prohibition of all
bottom trawling and a ban on bottom fishing at depths
less than 700 m. No-take zones (IUCN Category 1)
were created around South Georgia, Clerke Rocks,
Shag and Black Rocks and the South Sandwich
Islands, totalling 20,431 km2. The No-take Zones
(NTZs) provide refuges for fish, protect the benthos
and spawning fish, and avoid competition between
fisheries and land-based foragers.

Figure 1.1 CCAMLR/FAQ Southern Ocean Fishing Area 48




Following the initial designation GSGSSI convened a
scientific workshop in April 2012 to consider what, if
any, further protection should be incorporated within
the MPA. On the basis of the workshop report, and
following a stakeholder consultation, further temporal
and spatial protection have now been implemented. A
revised Marine Protected Area Order came into force
on June 13t 2013. The additional protection includes
a ban on bottom fishing deeper than 2,250 m, benthic
closed areas in the depths fished for toothfish, a
seasonal closure (November 1st until March 31st) of the
Antarctic krill fishery and a 12 nm pelagic closed area
around the South Sandwich Islands.

The designation of this MPA was a significant
contribution towards the achievement of the global
commitment (agreed at the 2002 World Summit on
Sustainable Development) to establish ecologically
representative and effectively managed networks of
MPAs by 2012. In 2006, the Parties to the Convention
on Biological Diversity agreed targets calling for "at
least 10% of each of the world's marine and coastal
ecological regions to be effectively conserved" by 2010
(CBD, 2006). However, as of October 2010, only
1.17% (4.2 million km?) of the world's oceans had been
designated as MPAs, with 5,878 sites largely focused
in coastal regions (Toropova et al., 2010).

CCAMLR has also committed to work towards the
achievement of a representative system of MPAs in the
Southern Ocean (CCAMLR, 2009). In 2009, CCAMLR
designated the South Orkney Islands southern shelf as
its first MPA. This and other protected areas within the
CCAMLR Convention Area covered a total of 0.5% of
the Southern Ocean (Grant & Trathan, 2011). The
designation of the South Georgia and South Sandwich
Islands MPA increases this total to 3.5% of the
Southern Ocean.

This Management Plan provides background
information and the rationale behind the establishment
of the South Georgia and South Sandwich Islands
Marine Protected Area. It also provides details of the
monitoring and patrolling that takes place within the
MPA.

GSGSSI will monitor activities throughout the MPA and
will undertake a formal review every 5 years. Where
appropriate GSGSSI will also seek to address any
issues raised between formal reviews. The toothfish
and icefish fisheries will also be subject to 5-yearly
reassessments by the Marine Stewardship Council
(MSC).

Table 1. The largest Marine Protected Areas in the world. Note that different levels of
protection are afforded in the different MPAs. * denotes MPAs that are entirely no-take zones.




2. Background

2.1 Topography

South Georgia and the South Sandwich Islands are
part of the Scotia Arc, which is a chain of islands and
submarine ridges that form the northern, eastern and
southern boundaries of the Scotia Sea, in the Atlantic
sector of the Southern Ocean. The Scotia Arc links the
mountains of the Antarctic Peninsula with the Andes in
South America. The Arc was formed by the subduction
of the South American tectonic plate under the South
Sandwich Plate.

2.1.1 South Georgia

South Georgia and its associated smaller offshore
islands, islets and stacks lie between 53°30' and 55°S
and 34°30' and 42°W.
mountainous glaciated island that includes the highest
point (Mt Paget; 2,934 m; see below) of any UK
Overseas Territory. The coastline, which extends
over 600 miles in length, is deeply indented, with
steep-sided and deep (>200 m) fjords. The south-
west coast of the island is exposed to heavy wave
action under the influence of the prevailing westerly
wind and ocean swell. The north-east coast is more
sheltered, but subject to
generated by northerly and, more rarely, easterly

South Georgia itself is a

occasionally swells

winds.
The island is surrounded by a broad area of
continental shelf, but with only a small area at depths

of less than 50 m. The continental shelf consists of a
series of banks and troughs. The large troughs are

glacially eroded and linked to the major fjords on the
island, they radiate out marking the former pathways of
large outlet glaciers and ice streams (Graham et al.,
2008). The shelf extends SE to Clerke Rocks. The
rocks themselves are around 35 miles SE of the
island. Shag Rocks and Black Rock occupy a
separate area of shelf, approximately 100 miles NW of
South Georgia. The Shag Rocks shelf is separated
from the South Georgia shelf by a deep channel
(>1,000 m).

2.1.2 South Sandwich Islands

The South Sandwich Islands consist of eleven
uninhabited islands and associated rocks. These
volcanic islands rise steeply from deep water between
56° and 59°S and between 26° and 28°W and are
surrounded by very small areas of shallow shelf. The
main islands (Zavodovski, Leskov, Visokoi, Candlemas,
Vindication, Saunders, Montagu, Bristol,

Bellingshausen, Cook and Thule) extend over 250
miles in a north to south direction.

Much of the 124 miles of coast is exposed, with few
sheltered bays or The
volcanically active and the seabed and coastline are
subject to periodic topographical changes.

beaches. islands are

The South Sandwich Trench lies to the east and north-
east of the island chain and here depths are in excess
of 8,000 m, making it the deepest area of ocean under
UK jurisdiction.




2.2 Oceanography

Oceanographically, South Georgia and the South
Sandwich Islands are strongly influenced by the
Antarctic Circumpolar Current (ACC), which is highly
constrained as it flows through the Drake Passage,
after which it is able to meander more freely as it
crosses the Scotia Sea. The ACC includes high
velocity associated with four major
thermohaline fronts (Fig. 2.1).

currents

The Sub-Antarctic Front (SAF) separates the ACC
from temperate waters to the north, with the Southern
Boundary (SB) as the southern limit of the ACC. The
Southern Antarctic Circumpolar Current Front (SACCF)
crosses the central Scotia Sea and wraps around the
eastern end of South Georgia, before retroflecting to
the north and east of the island (Meredith et al., 2003).
The Polar Front (PF) lies between the SACCF and
SAF and separates waters with a subsurface
temperature minimum to the south from warmer waters
to the north. Further south the SB maintains a mostly
eastward course through the Scotia Sea, but has a
northward topographically induced loop in the vicinity
of the South Sandwich Island arc. Within this area of
complex oceanography, different water masses may

S0FW

4275+

50° 5+

5475

75
S
i\ Depth(m) |
g 0
1000
2000
3000

I 4000

I 5000

I so00

H 7000
I

T
W

be characterised by different flora and fauna,with fronts
potentially providing elevated productivity and putative
barriers to stenothermal (temperature sensitive) fauna.

2.2.1 South Georgia

South Georgia lies to the south of the Polar Front and
hence the seas surrounding the island are cold
throughout the year, ranging from 0°C in August to 4°C
in late summer. There is clear evidence of significant
warming in the last 80 years (Whitehouse et al., 2008),
with temperatures in the upper 100 m having risen by
0.9°C in January and 2.3°C in August. Tidal ranges are
generally small (< 1 m).

2.2.2 South Sandwich Islands

The waters around the South Sandwich Islands, which
are south of the SB, are cooler than the waters around
South Georgia, reaching 1.5°C in the northern area in
summer. The southern islands are usually in the
seasonal sea-ice zone, which often encompasses the
whole island chain between August and October.
There is no information available for tidal ranges in the
South Sandwich Islands.

BW 0°W °W

e Southem Antarctic Circumpolar Current Front (SACCF)

= Sputhem boundary of the Antarctic Circumpolar Current

= Subantarctic Front (SAF)

Figure 2.1. The Scotia Sea region of the Southern Ocean illustrating the mean
locations of the principal fronts of the Antarctic Circumpolar Current.




3. Marine flora and fauna

The marine habitats of the SGSSI Maritime Zone can
be divided into the pelagic and the benthic realms.
The pelagic system is relatively uniform with similar
species throughout, but with some depth stratification
(Ward et al., 2012). Benthic habitats are considerably
more diverse extending from the inter-tidal through the
shallows to 8,000 m in the depths of the trenches near
the South Sandwich Islands. Hogg et al. (2011)
recently highlighted the tremendous faunal diversity in
the waters of South Georgia, much of which was in the
benthos. In general the fauna and flora of South
Georgia is far better known (albeit with significant
gaps) than that of the South Sandwich Islands.

3.1 Phytoplankton

The waters around South Georgia are amongst the
most productive in the Southern Ocean (Atkinson et
al., 2001), with large and often long-lasting seasonal
phytoplankton blooms usually present throughout the
summer months. These blooms, which are typically
dominated by large colonial diatoms, such as
Eucampia antarctica, Odontella weisfloggii,
Chaetoceros socialis and Thalassiosira spp. probably
result from iron enrichment associated with South
Georgia and other islands in the Scotia Arc (Atkinson
et al., 2001; Murphy et al., 2007). The patchy diatom
blooms are overlayed on a more constant background
of smaller autotrophs and heterotrophs, dominated by
diatoms, with prymnesiophytes
dinoflagellates also contributing (Atkinson et al., 2001).

small and

3.2 Zooplankton

The biomass of zooplankton is high around South
Georgia, with levels roughly 4 to 5 times higher than
those more typical of the Southern Ocean (Atkinson et
al., 2001; Murphy et al., 2007). The mesozooplankton
fauna is dominated by copepods and euphausiids.

Antarctic krill (Euphausia superba; Fig. 3.1) make up
almost half the zooplankton biomass in South Georgia
waters (Atkinson et al., 2001). Krill, which reaches 60
mm in length, forms dense swarms and is a key
species in the pelagic food-web of the Southern Ocean
(Fig. 3.2), linking primary production to the abundant
vertebrate predators in short and highly efficient

Figure 3.1 Antarctic krill, Euphausia superba, a
key part of the foodweb in South Georgia waters.

food chains (see Murphy et al., 2007; Stowasser et al.,
2012). Krill is primarily a species of the seasonal sea
ice zone and South Georgia is close to the northern
limit of their distribution. Krill are advected to the South
Georgia and South Sandwich Islands region from the
seas around the Antarctic Peninsula, and at South
Georgia the population is dominated by adult stages,
with early larvae rarely seen (Marr, 1962; Ward et al.,
1990).

Apart from krill, five other euphausiids (Euphausia
triacantha, E. frigida, E. vallentini, Thyssanoessa
macrura and T. vicina) are also encountered in South
Georgia waters, but are considerably smaller and less
abundant than E. superba.

Figure 3.2 Schematic representation of the
Southern Ocean foodweb, illustrating the key
position of krill
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With the exception of krill, copepods are the dominant
zooplankton, with well over 25 species recorded in
South Georgia waters. Copepod biomass is dominated
by the large Antarctic and sub-Antarctic species,
Calanoides acutus, Rhincalanus gigas, Calanus
propinquus (Fig. 3.3) and Calanus simillimus. Small
species dominate copepod abundance
particularly Oithona similis and Ctenocalanus citer.
The small neritic species Drepanopus forcipatus is very
numerous over the island's continental shelf and is
preyed upon by larvae of commercially important fish
species (North & Ward, 1989).

overall

Figure 3.3 The copepod Calanus propinquus

Amongst the other zooplankton, salps (principally
Salpa thompsoni) and amphipods are probably the
most conspicuous. Salps are occasionally abundant,
particularly in krill-poor years. The pelagic amphipods
include around 20 species, the most abundant and
ecologically important being Themisto gaudichaudii
(Fig. 3.4), which is an important alternative to krill for
many predators (Watts & Tarling, 2012). Other
important  zooplankton groups include the
chaetognaths, ostracods and pteropods.

Figure 3.4 The planktonic amphipod Themisto
gaudichaudii, an important alternative to krill
for many predators
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3.3 Pelagic fish and squid

The dominant family in the pelagic fish fauna is the
Myctophidae or lantern fish, which includes 20 species
(Collins et al., 2008a; Collins et al., 2012). The
myctophids are small planktivorous fish that live from
the surface layers down to the bathypelagic (> 1000

m). The most abundant species in South Georgia
waters are from the genera Electrona,
Protomyctophum and Gymnoscopelus. The

myctophids are important in the diets of many
predators, particularly king penguins (Aptenodytes
patagonicus). Electrona carlsbergi was the target of
commercial fishing in the early 1990s, with catches
taken in the polar frontal zone, north of South Georgia.
Myctophids are also occasional by-catch in the icefish
and krill fisheries. The other important family is the
Bathylagidae or deep-sea smelts, which are abundant
at depths greater than 400 m.

Pelagic squid are not easily caught in nets, but
frequently encountered in predator stomachs (Collins
& Rodhouse, 2006). The species most frequently
caught in nets are juveniles of Galiteuthis glacialis and
Slosarczykovia circumantarctica. The
conspicuous is the colossal squid Mesonychoteuthis
hamiltoni (Fig. 3.5), which can reach 2.5 m mantle
length and has occasionally been caught on longlines.
Martialia hyadesi is a muscular oceanic squid that is
frequently found regurgitates of grey-headed
albatross and has been the subject
exploratory commercial fishing at South Georgia.

most

in
of some

Figure 3.5 The head and tentacles of a colossal
squid caught in South Georgia waters




3.4 Coastal marine benthic flora

The inshore algal flora is visually dominated by stands
of giant kelp (Macrocystis pyrifera; see below), with
sub-canopies of the large brown algae Himantothallus
grandifolius and complex assemblages of foliose red
algal species (Rhodophyta). Intertidal seaweeds show
distinct zonation, with the most diverse assemblages
near low tide areas, consisting of mixed green
filamentous foliose Ulva sp.,
Enteromorpha, Acrosiphonia and Prasiola, the brown
algae Adenocystis and Caepidium, with the lower
littoral dominated by a band of Durvillaea and
Palmaria. Historic and current species records
indicate a species diveristy of over 120 benthic algae
from South Georgia with a number being endemic to
the area. However evidence of increasing numbers of
cosmopolitan species and new species records
suggest distributional shifts of some algal species.
The biogeographical affinities of the algal flora of South
Georgia lies with other sub-Antarctic islands and the
southern tip of South America.

and species,

3.5 Benthic invertebrate fauna

The benthic fauna is almost certainly the least known
of all faunal groups and what is known is focused on
the larger mega- and macro-fauna, with remarkably
littte known about the micro-fauna.

With a small tidal range, the intertidal zone does not
the visually striking species
characteristic of shores north of the Polar Front, and
has been described as highly depauperate (Davenport

have zonation

)

An unidentified anemone from the sub-
tidal zone on the north coast of South Georgia

Figure 3.6
& Macalister, 1996), but small molluscs, amphipods
and polychaetes can be visually abundant (Barnes et
al., 2006). A recent detailed survey has indicated
patchiness in the intertidal fauna and demonstrated the

presence of pockets of high diversity within the
intertidal zone (Brewin, unpublished).

Sub-tidal sites are highly variable; some are poor in
species diversity and abundance, whilst others are rich
and diverse (Barnes et al., 2006). The range and
abundance of many higher taxa found indicate that the
South Georgia benthic fauna is Antarctic in character,
but with many Magellanic species, some species with
circum-Southern Ocean distributions, and a number of
endemic species. South Georgia may represent the
convergence of the northernmost extent of known
Antarctic fauna and southernmost extent of South
Atlantic fauna. Barnes et al. (2006) identified 53 taxa
to genus and 41 to species. A more extensive survey
of the shallow sub-tidal habits was undertaken in
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Figure 3.7 Nudibranch Flabellina falklandica
photographed in shallow water

November 2010 (Brickle & Brewin, 2011), with more
than 200 species or putative species identified to date
(Brewin, unpublished).

There is limited data on the benthos of deeper water
(Ramos, 1999; Lockhart & Jones, 2008), but sampling
indicates highly heterogenous habitats, with great
variability in the dominant taxa. In reviewing the
biodiversity of South Georgia, Hogg et al. (2011) found
high levels of endemism in many benthic phyla
including bryozoans, cnidarians (Fig. 3.6) and molluscs
(Fig. 3.7) and noted that many species are at the edge
of their range and thus likely to be susceptible to
environmental change.

On the continental shelf (25-500 m) the limited
sampling that has been achieved found that the
dominant megabenthos were echinoderms (particularly
ophiuroids), sponges (Fig. 3.8) and ascidians, with
distinct differences between the shelves of Shag
Rocks, South Georgia and the South Sandwich Islands
(Ramos, 1999; Lockhart & Jones, 2008). At these
depths, samples from the Shag Rocks shelf and the
north-west of South Georgia were dominated by
echinoids, with sponges dominating parts of the shelf
north of South Georgia. Ramos & San Martin (1999)
also reported a unique serpulid reef on the shelf in the
area of Clerke Rocks.
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Figure 3.8 A glass sponge, common from shallow
to deep water around South Georgia

In deeper waters (500-1500 m), additional sampling of
benthic bycatch from toothfish longliners, has identified
important areas for octocorals and other vulnerable
marine ecosystems (VMEs).

Research into the potential impacts of the fishery on
deep-sea benthic communities was initiated by
GSGSSI in 2004 in response to a condition applied by
the Marine Stewardship Council (MSC) assessment of
the toothfish fishery. Since then, analysis of observer
data has enabled identification and mapping of broad
groupings of benthic fauna encountered as bycatch by
the fishery. Benthic bycatch recorded by observers
includes a wide variety of taxonomic groups, such as
echinoderms including stalked crinoids, basket stars,
and pencil urchins; glass and silaceous sponges;
bryozoans; ascidians and cnidarians. The latter
comprise the greatest proportion of the recorded
bycatch (~80% of bycatch samples collected from
2005 to 2009). Phylogenetic research on the Cnidaria
shows the majority (72%) of these are Octocorallia,
particularly of the family Primnoidae (Taylor, 2011).

Spatial modelling of fisheries and bycatch data was
then used to define potential areas for closure in the
toothfish fishery as a precautionary measure to protect
putative VMEs around South Georgia. This was
undertaken by exploring the effects of closing each of
these areas on toothfish catches as well as




possible impacts on bycatch species. Using this
method it was possible to optimise closed areas so
that the highest percentage of VME habitat would be
protected, whist minimising impact on other bycatch
species, but alllowing the toothfish fishery. The
research led to the establishment of three Reduced
Impact Areas (RIAs) in the toothfish fishery in 2008
(Fig. 3.9).

Within the three RIAs (West Shag, West Gully and
North South Georgia) a limited amount of research
fishing has been allowed, but with a very high fish
tagging rate (15 fish per tonne compared to the 1.3 per
tonne required in other areas). This is important to
ensure good spread of tagging effort and tag detection.
Tagging is key to deriving an estimate of toothfish
abundance, which is important for fish stock
assessment and setting sustainable catch limits.

Areas of hydrothermal activity (vents), with a unique
fauna, have recently been identified on the East Scotia
Ridge near the South Sandwich Islands (Rogers et al.,
2012). Deep-sea hydrothermal vents are usually
associated with seafloor spreading at mid-ocean
ridges and in basins near volcanic island arcs. These
vents support a unique fauna that derive their energy
from the oxidation of substances such as hydrogen
sulphide that are released by the vents. The fauna of
the East Scotia Ridge vents is very different from vents
on the mid-Atlantic Ridge and is dominated by a new
species of yeti crab (Kiwa n. sp.), stalked barnacles,
limpets, peltospiroid gastropods, anemones, and a
predatory sea-star.

42w 400w 38w

3.6 Demersal fish and cephalopods

The demersal ichthyofauna of the continental shelf is
dominated by fish of the sub-order Notothenioidei,
including 28 species in 5 families (Nototheniidae,
Channichthyidae, Bathydraconidae, Artedidraconidae
and Harpagiferidae),
Southern Ocean.

which are endemic to the

The demersal fauna includes previously exploited
species such as the marbled rock cod (Notothenia
rossii) and the yellow-tailed notothen (Patagonotothen
guntheri) as well as the currently fished mackerel
icefish (Champsocephalus gunnari) and Patagonian
toothfish (Dissostichus eleginoides). The
(Channichthyidae) are unique in lacking the pigment
haemoglobin in their blood. The three channichthyids
that are common in South Georgia waters are all
benthic spawners, that lay eggs in reds, which are
thought to be guarded by the males.

icefish

In deeper depths the fauna is less dominated by the
notothenids, although the Patagonian toothfish is
caught at depths in excess of 2,000 m. Other
abundant groups include the grenadiers (Macrouridae)
and Moridae, which are characteristic deep-sea fauna.
The chondrichthyans are represented by two species of
skate, the Porbeagle shark (Lamna nassus) and
possibly the sleeper shark (Somniosus sp.).

Demersal cephalopods include four species of incirrate
octopus, plus the cirrate octopods Opisthoteuthis
hardyi and Stauroteuthis gilchristi (Collins et al., 2004,
see Appendix VIII).

36°W

SOUTHERN OCEAN

Nprth East South Georgia (NESG)D

Figure 3.9. The

[ o 2 ek . _ Reduced Impact Areas
g A 2 - .
M»%ﬁ,{f’“ "z, (RIAs) in the South
SOUTH GEORGIA b?*;jj/&x kfé Georgia toothfish
L

SCOTIA SEA

—— Reduced Impact Areas
Depth (m)
0
1000
2000
3000
I 2000
I 5000
I 000
I 7000

fishery.

T T
arw 42w 0w 38W

14

3W




3.7 Marine mammals

Seven species of large cetacean are regularly
encountered in South Georgia waters (Appendix [X),
including species of baleen whale (blue
(Balaenoptera musculus), fin (Balaenoptera physalis;
see below), sei (Balaenoptera borealis), humpback
(Megaptera  novaeangliae; Fig  3.10), minke
(Balaenoptera bonaerensis), southern right
(Eubalaena australis; Fig. 3.11), plus sperm whales
(Physeter macrocephalus). Five smaller cetaceans
regularly seen are the Ilong-finned pilot whales
(Globicephala melas), southern bottlenose whales
(Hyperoodon planifrons), killer whales (Orcinus orca),
plus the spectacled porpoise (Phocoena dioptrica) and
hourglass dolphin  (Lagenorhynchus cruciger).

Six

Figure 3.10. A humpback whale (Megaptera
novaeangliae) near Shag Rocks.

The baleen whales are either krill or copepod feeders
that migrate to the Southern Ocean during the austral
summer and return to tropical breeding grounds in the
winter, although many baleen whales are still seen in
the area in winter. These whales were all historically
heavily exploited in South Georgia waters (see Section
4), but populations are gradually recovering.

Figure 3.11. The fluke of a southern right whale.

Sperm whales are present around South Georgia
throughout the year and, at these latitudes, are likely to
be adult males. Sperm whales are deep divers,
feeding on fish and squid; they also follow fishing
vessels and take toothfish off longlines (Collins et al.,
2010).

Killer whales are regularly seen in South Georgia
waters, particularly in the winter months, when pods
follow longline fishing vessels to take toothfish from the
lines. There are now thought to be four different
ecotypes of killer whale in the Southern Ocean (Pitman
et al., 2011) that may be different species (Morin et al.,
2010). The whales seen at South Georgia appear to
be large “Type D” (Pitman et al., 2011).

Additionally, it is likely that several species of beaked
whale (besides southern bottlenose) are present within
South Georgia and South Sandwich Island waters
(notably Gray's (Mesoplodon grayii), strap-toothed
(Mesoplodon layardii) and Arnoux's beaked whales
(Berardius arnuxii)). However, very little is known
about the distribution of these enigmatic cetaceans.




South Georgia is home to around 4 million Antarctic fur
seals (Artocephalus gazella) (IUCN Least Concern
(LC)), which represents around 90% of the global
population. Fur seals were heavily exploited in the 18t
and 19t centuries, with numbers reduced to a few
hundred, but they have shown a remarkable recovery
and now breed in huge numbers on beaches in the
north-west of the island and are gradually spreading
eastwards along the north coast. Fur seals also breed
in the South Sandwich Islands, but numbers there are
much lower and largely restricted to the northern South
Sandwich Islands.

Figure 3.12. A blond fur seal pup in tussac grass
on South Georgia.

Fur seals (particularly females) are primarily krill eaters
at South Georgia and breeding success of the seals is
reduced in krill-poor years (Forcada et al., 2005).
During the breeding season fur seals forage close to
South Georgia, notably on the shelf break to the NW of
the island and at Shag Rocks. Outside of the breeding
season fur seals forage much more widely. In addition
to krill fur seals also feed on fish such as icefish and
lanternfish and these prey are more important in krill-
poor years.

Around 110,000 female southern elephant seals
(Mirounga leonina) (IUCN LC) breed on South Georgia
(Boyd et al. 1996), with small numbers on the South
Sandwich Islands. The population size has remained
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relatively stable over the past 50 years and represents
around 50 % of the global population. Elephant seals
are deep divers, foraging on fish and cephalopods and
have been reported to eat toothfish.

Figure 3.13. An elephant seal ashore on a beach
on South Georgia.

There is also a small colony (~30) of Weddell seals
(Leptonychotes weddellii) in Larsen Harbour. Leopard
seals (Hydrurga leptonyx) are frequent visitors to
South Georgia, but breed further south: they have
been seen in the summer months, but these may be
non-breeding animals.

Figure 3.14. A Weddell seal near the Harker
Glacier.




3.8 Seabirds

South Georgia is home to 28 species of breeding
seabirds, with a further species (Antarctic fulmar)
breeding only on the South Sandwich Islands (Appendix
X). The islands and waters of South Georgia and the
South Sandwich Islands are regularly visited by a large
number of vagrants and non breeding species (see
Clarke et al., 2012).

3.8.1 Penguins

Five species of penguin (king (Aptenodytes
patagonicus), gentoo (Pygoscelis papua), macaroni
(Eudyptes chrysolophus), Adélie (Pygoscelis adeliae)
and chinstrap (Pygoscelis antarctica)) breed on both
South Georgia and the South Sandwich Islands. The
largest of these species is the king penguin (IUCN LC),
which forms large densely packed colonies typically
near sandy beaches and glacial melt water streams.
King penguin (Fig 3.15) numbers have been increasing
on South Georgia, with new colonies appearing and
there are now an estimated 450,000 breeding pairs, the
majority of which are in the colonies at St Andrews Bay
and Salisbury Plain.
breeding king penguins on Zavodovski in the South
Sandwich Islands. King penguins undertake long
foraging trips to the Polar Front (Fig. 3.15) in the
summer (Trathan et al., 2008; Scheffer et al., 2010) and
south towards the ice-edge in the winter. King penguins
feed on lantern fish (e.g. Electrona carlsbergi), pelagic
squid and krill.

There are also small numbers of

Figure 3.15 King penguin feeding a chick (left),
with a map of a typical foraging trip (vight).
Gentoo penguins (IUCN Near Threatened (NT); Fig.
3.16) breed in smaller colonies on beaches and in
tussac meadows and are widely distributed around
South Georgia but also occur in small numbers on
some of the South Sandwich Islands (Black & White,
2011). The population is estimated to be 105,000
breeding pairs at South Georgia. Gentoos generally
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Figure 3.16 Gentoo penguin with a pair of chicks.

forage within 12 miles of the coast, feeding on small
fish and krill and are resident all year at South
Georgia.

There are estimated to be over 1 million pairs of
macaroni penguins (IUCN vulnerable (VU); Fig 3.17)
breeding on South Georgia (Trathan et al., 2012), the
majority of which breed in large colonies to the north-
west of the island, such as on the Willis Islands.
Macaroni penguins also breed in the South Sandwich
Islands (Black & White, 2011) in considerable numbers
(tens of thousands). Macaroni penguins are primarily
krill-eaters during the breeding season, when they
forage to the north-west of the island over the shelf
and as far as the shelf break. Outside the breeding
season they disperse and forage over a much greater
area of the Scotia sea and in the PFZ.

Figure 3.17 A macaroni penguin.




At South Georgia there are small colonies of chinstrap
penguins (IUCN LC; Fig. 3.18) at Cooper Bay, with
about 13,400 pairs, and on Annenkov Island, but the
South Sandwich Islands are home to large numbers.
Black & White (2011) found nesting chinstraps on all
ten islands they surveyed, and a combination of
ground counts and satellite imagery is currently being
analysed to determine the size of the population.
Convey et al. (1997) estimated 1,500,000 pairs, with
the largest colony on Zavodovski (1,000,000 pairs).

Adélie penguins (IUCN LC) do not regularly breed on
South Georgia (only two pairs on Annenkov Island),
but do breed on the South Sandwich Islands, where
the population has been estimated at 70,000 pairs
(Convey et al., 1997). More recently Black & White
(2011) estimated there were around 80,000 pairs with
colonies on Candlemas, Saunders, Montague, Bristol,
Bellingshausen, Cook and Thule islands.

Figure 3.18 Chinstrap penguins in the South
Sandwich Islands.

3.8.2 Albatross

Four species of albatross breed on South Georgia.
The number of pairs of three of these species
(wandering (Diomedea exulans), black-browed
(Thalassarche  melanophris) and  grey-headed
(Thalassarche chrysostoma)) have been declining by
2-4% for many years (Poncet et al., 2006), which are
attributed to mortality associated with fishing activities
outside the SGSSI MZ. The four albatross species,
together with the two species of giant petrel (southern
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(Macronectes giganeteus) and northern (M. halli)) and
white-chinned petrels (Procellaria aequinoctialis) are
listed under the international Agreement on the

Conservation of Albatross and Petrels (ACAP).
ACAP’s goal is to conserve these threatened species
addressing in  particular fisheries interactions,

protection of breeding colonies and the impacts of
introduced species.

Wandering albatross (IUCN VU) primarily breed on
islands off the coast of mainland South Georgia, with
the maijority of the population breeding on Bird Island,
on islands in the Bay of Isles and on Annenkov Island
(Poncet et al. 2006). Wandering albatross undertake
extensive foraging trips in search of carrion on the
ocean surface, feeding predominantly on dead or
dying squid, and to a lesser extent on fisheries
discards.

Black-browed albatross (IUCN EN; Fig. 3.19) mainly
breed in colonies to the north-west of South Georgia
and at Cooper and Annenkov islands. There are
approximately 75,000 pairs (Poncet et al. 2006), but
numbers are continuing to decline, which has been
attributed to fishery related mortality primarily off South
Africa and elsewhere in the southeast Atlantic Ocean.

Figure 3.19 Black-browed albatross, white-
chinned petrels and giant petrels foraging behind
a trawler.




There are an estimated 48,000 breeding pairs of grey-
headed albatross (IUCN VU) on South Georgia (Poncet
et al., 2006) but, like the wanderering and black-browed
albatross, numbers are declining. The grey-headed
albatross breeds in colonies in the north-west of the
archipelago. The species is principally an oceanic
forager, targeting the Polar Front and associated areas
of upwelling but also forage in Antarctic shelf-slope
waters around the South Shetland Islands and the
Antarctic Peninsula, especially during years of low squid
availability.

Light-mantled sooty albatross (Phoebetria palpebrata;
Fig 3.20) (IUCN NT) breed in isolated nests or in small
groups on steep cliffs along the north coast of South
Georgia. There are estimated to be 5,000 pairs, which
forage mainly in Antarctic waters including to the far
south of the Scotia Sea and west to the Antarctic
Peninsularegion.

Figure 3.20 Light mantled albatross with Mt Paget
behind.

3.8.3 Petrels

Northern (17,200 pairs; IUCN LC) and southern giant
petrels (8,200; IUCN LC) both breed on South Georgia
and southern giant petrels breed in smaller numbers in
the South Sandwich Islands (1,882 pairs; Black &
White, 2011). Males, particularly of northern giant
petrels, are scavengers and, during the breeding
season, forage around penguin and seal colonies,
whereas females of both species feed predominantly at
sea, often following fishing vessels.

The 900,000 pairs of white-chinned petrels (IUCN VU;
Fig 3.21), which breed in burrows in coastal areas
around South Georgia, represent almost half of the
global population (Martin et al., 2009). White-chinned
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petrels forage widely from the ice edge to the northern
Patagonian Shelf and regularly follow fishing vessels,

making them particularly susceptible to incidental
mortality in both longline and trawl fisheries.
Large numbers of smaller petrels and prions

(Procellaridae), storm petrels (Hydrobatidae) and diving
petrels (Pelecanoididae) also breed on South Georgia.
There are an estimated 22 million breeding pairs of
Antarctic prion (Pachyptila desolata), 3.8 million
common diving petrels (Pelecanoides urinatrix) and 2
million South Georgia diving petrels (Pelecanoides
georgicus) (see Appendix X). These species mainly
consume zooplankton, including krill, copepods and
other crustacea.

Figure 3.21. White-chinned petrel foraging at sea.
3.8.4 Other birds

Other birds that forage in the marine environment
include the imperial shag (Phalacrocorax atriceps),
kelp gull (Larus dominicanus), Antarctic tern (Sterna
vittata) and the brown skua (Stercorarias antarcticus;
Fig. 3.22).

Figure 3.22 Brown skua and chick at St Andrews
Bay.




4. History of exploitation

Despite its remote location the environment of South
Georgia is by no means unspoiled by human
intervention. Since it was first claimed by Captain
James Cook for King George Ill in 1775 it has seen
sequential exploitation of its rich natural resources.
Alerted by Cook’s reports of an abundance of seals,
commercial sealers arrived in the late 1700s and by the
1820s had exploited the Antarctic fur seal population to
the verge of extinction. Sealers also took large
numbers of penguins and elephant seals for both olil
and food.

Next came the whaling fleet. Carl Larsen established
the first shore based whaling station at Grytviken in
1904 and by 1912 there were six in operation, as South
Georgia became the focal point of Southern Ocean
whaling. Although shore-based whaling was controlled
through licences sold by the British Government, stocks
of blue and humpback whales were quickly depleted. In
1925 the focus of whaling effort shifted from the shore
stations to the pelagic factory ships, which were much
harder to control. Concerns about the expansion of
whaling led to the establishment of the International
Committee for the Regulation of Whaling in 1935, which
later became the International Whaling Commission
(IWC). Shore based whaling declined in the 1930s, but
whaling continued on or around South Georgia until the
late 1960s.
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During the whaling period, elephant seals continued to
be exploited, but only adult males were allowed (by the
British Government) to be taken, which meant that
females continued to breed and the population was not
reduced as much as it might have been.

Following the decline in Southern Ocean whale stocks,
attention switched to fish and krill and the 1970s saw
large catches of mackerel icefish, the marbled rock-
cod and other related species from the rich waters
around South Georgia. These fish resources were
rapidly over-exploited, although a small sustainably
managed fishery for mackerel icefish continues today
(see Section 5.3).

Attention then turned to Antarctic krill, and a fishery
quickly developed in the 1980s (see Section 5.3) and
continues to this day with annual catches in the Scotia
Sea of less than 220,000 tonnes (against a quota of
5.6 million tonnes). Catches at South Georgia have
been of the order of 20-50,000 tonnes per year (Fig.
5.12). The
exploitation with the rapid development of the fishery
for Patagonian toothfish (see Section 5.1).

late 1980s saw another wave of




5. Current Fisheries

South Georgia currently supports licensed fisheries for
toothfish, krill and mackerel icefish, with a small fishery
for both Patagonian and Antarctic toothfish in the
South Sandwich Islands. Pot fishing has been trialled
on lithodid crabs and on Patagonian toothfish, but
without any great success. There has also been an
exploratory fishery for squid (Martialia hyadesi).
Fisheries around South Georgia and the South
Sandwich Islands are managed under the CCAMLR
framework. Quotas and regulations set by CCAMLR
must be adhered to, but GSGSSI often imposes
stricter regulations and lower quotas than those set by
CCAMLR.

5.1 South Georgia Patagonian
toothfish (Dissostichus eleginoides)

Patagonian toothfish (Fig. 5.1) are a large, long-lived
species, belonging to the Notothenidae family (often
called Antarctic cods) (Collins et al., 2010). Toothfish
show distinct depth preferences with age, with
juveniles (< 500 mm TL) living on the continental shelf
and moving into deeper water (> 500 m) as they reach
maturity (~900 mm TL). Adult toothfish are scavengers
and predators, with juveniles primarily feeding on small
fish (Collins et al., 2007).

In South Georgia waters the fishery for Patagonian
toothfish began in the late 1980s and expanded rapidly
during the early 1990s, when considerable illegal,
unregulated and unreported (IUU) catches were taken
(Fig. 5.2). The fishery, which uses hooks baited with
sardine or squid, initially had major problems with
seabird by-catch, with large numbers of albatross and
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Figure 5.1 Patagonian toothfish (Dissostichus
eleginoides), pictured at 1000 m deep.

petrels attracted to the baited hooks, getting caught
and drowned. In response to these issues CCAMLR
introduced strict regulations designed to prevent bird
by-catch. These regulations, which include seasonal
closures, line-weighting regimes (to ensure baited
hooks sink rapidly) and night setting requirements,
have virtually eliminated the seabird by-catch problem
(Fig. 5.3) in South Georgia waters.

Since 1998 the fishery has been restricted to the
winter months (May 15t to Aug 31%) to minimize
interactions with foraging seabirds during their
breeding season. Since 2010 CCAMLR and GSGSSI
have permitted a gradual extension to the season, with
the season starting five days earlier each year, such
that the 2013 season started on April 11t. The season
extension has had no effect on seabird by-catch, which
remains negligible. In 2004 a minimum depth of 500 m
was introduced to protect smaller fish. The minimum

Figure 5.2 Catches of
Patagonian toothfish in South
Georgia waters since the fishery
began.




Figure 5.3 Seabird mortality associated with the
Patagonian toothfish fishery in South Georgia
waters.

depth was increased to 550 m in 2010 and 700 m in
2011. The fishery is now extremely well regulated and
was conditionally certified as sustainable and well
managed by the Marine Stewardship Council (MSC) in
2004. It was recertified without conditions in 2009. It is
due to be recertified again in 2014.

The toothfish fishery employs baited demersal
longlines, in which a line of baited hooks are deployed
close to the sea-floor at depths up to 2000 m. Surface
buoys indicate the presence of lines and vessels
typically recover lines after a ‘soak-time’ of 24-48 hours.
Longline vessels are generally small (30-80 m; Fig. 5.4),
with lines set in one of three different configurations:

1) The Spanish or double-line system (Fig. 5.5) uses
a strong main- or mother- line attached at each end to
an anchor and buoy line. The fishing line is attached to
the main line by a series of connecting ropes. The
hooks are attached to the fishing line with monofilament
snoods (short lengths of line that attach hooks to the
fishing line), with each section of fishing line comprising
around 25 hooks, with around 7,000 hand baited hooks
per line. Weights (min. 8 kgs) are attached between
each section of hooks to sink the line and keep it on the
seafloor. Weights must be metal or concrete and the
use of netting bags to hold weights is now prohibited, to
reduce risks to the environment.
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Figure 5.4 A toothfish longliner (autoliner).

2) The autoline system (Fig. 5.5) has a single
weighted line (polypropylene line with integrated
weight ~50 gm-'), from which hooks are attached via
swivels and multi-filament snoods. The line is divided
into magazines, each consisting of 800-1,500 hooks
and although the length of lines varies, an autoliner will
be able to deploy 30,000 automatically baited hooks
per day.

3) The trotline system (Fig. 5.5) is a modification of
the Spanish system, in which the fishing line is
replaced by a series of vertical branch lines, at around
40 m intervals. Each of the vertical branch lines
supports clusters of 8-20 short hook lines and, at its
extremity, a bag of weights. The clustering of the
hooks near the weights allows the baited hooks to sink
rapidly to avoid seabirds, but the method also allows
for the use of net sleeves, umbrellas or cacheloteras to
reduce depredation by whales. Each branch line can
have a buoyant net or sleeve attached that is able to
slide up and down the line. During the set, this sleeve
remains at the upper end of the branch line, but when
the thick main line is hauled, the movement of the
vertical branch line through the water causes the
sleeve to slide down the line covering the hooks and
any captured fish. Trotlines are not ordinarily permitted
in the South Georgia or South Sandwich fisheries as
the fish tend to be in poorer condition, making tagging
difficult.

Longlines, whilst much less destructive than bottom
trawls, can still have an impact on benthic fauna,
particularly habitat forming species of cold-water corals
(Taylor, 2011). Work is in progress to investigate




Figure 5.5 Schematic representation of the three
methods of toothfish longlining.

the impact of longlines on benthic animals using in situ
cameras and by examining benthic by-catch. There are
now eight benthic closed areas (BCAs) that were
previously open to longlining (see Section 7).

The assessment of Patagonian toothfish utilises a
programme called CASAL, which implements a
generalised age-structured model, taking into account a
wide range of parameters including catch per unit effort
(CPUE) and population estimates based on a
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Figure 5.6 Toothfish being gaffed on board a

longliner.
tagging (mark and recapture) programme. To provide
data for the tagging programme all vessels are
required to tag toothfish at a rate of 1.3 fish per tonne
and the size frequency of the fish tagged must mirror
that of the catch size frequency. There is a reward for
tag returns to ensure any recaptured fish are properly
recorded.

The catch limit for the fishery has been reduced in the
last few years due to concerns about recruitment.
Evidence from research surveys and length-frequency
data from the fishery suggests that recruitment is
episodic and related to environmental conditions
(Belchier & Collins, 2008). A strong year class was
detected in trawl surveys in 2003 and 2004 as 2 and 3
yr old fish. Further strong year classes have recently
been detected in 2010 at 3 yrs old and 2011 at both 2
and 3 yrs old. The 2013 quota was 2100 tonnes, with 6
vessels licenced.

5.2 South Sandwich Islands toothfish
fishery

The South Sandwich Islands support a small fishery
for both Patagonian and Antarctic (Dissostichus
mawsoni) toothfish. The Patagonian toothfish fishery
began in 1992 when Chile and the USA notified
CCAMLR of their intention to fish. CCAMLR set a
catch limit of 240 tonnes, but the USA vessel withdrew
and the Chilean longliner abandoned fishing after one
week of poor catches. However a Bulgarian-flagged
longliner fished in late 1992 and reported a catch of 39
tonnes of  Patagonian toothfish. CCAMLR
subsequently adopted a catch limit for Patagonian
toothfish of 28 tonnes per season. The taking of




Antarctic toothfish, other than for scientific purposes,
was prohibited. These limits remained until 2004, when
a mark and recapture study was initiated to provide
information on stock status and 27 tonnes of
Patagonian toothtfish were caught. This study was
extended to subsequent seasons with catches of 75-
100 tonnes and with fishing limited to the north of the
In 2008 a similar study began in the southern
area with a catch limit of 75 tonnes for both toothfish
species. Catch limits in both areas have subsequently
been reduced and for the 2013 season were 63 tonnes
in the north and 52 tonnes in the south.

area.

5.3 South Georgia mackerel icefish
fishery

Mackerel icefish (Fig. 5.7) grow rapidly to a maximum
size of 55 cm, reaching a marketable size of 30 cm in
three years. Icefish inhabit the shelf all round South
Georgia and Shag Rocks. They form large
aggregations to feed on krill and their abundance has
been linked to interannual variations in krill biomass.
During krill-poor years they switch to feed on the pelagic
amphipod Themisto gaudichaudii and mysids (Main et
al., 2009). Spawning takes place on the shelf, with
eggs laid on the seafloor.
are caught in coastal areas during winter. Younger (age
1 yr old) fish are less reliant on krill, which may allow a
rapid recovery of stocks following krill-poor years (Main
et al. 2009). Icefish predators include Antarctic fur seals
and gentoo penguins (Reid et al. 2005).

Larvae are planktonic and

Fishing for mackerel icefish began in South Georgia
waters in the late 1970s, with large catches taken by
eastern European (then eastern-bloc) vessels. Catches
peaked in 1981/82 with a reported 178,000 tonnes,
although there is some doubt about the accuracy of the
data. Following concerns about the depletion of stocks

Figure 5.7 A catch of mackerel icefish
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Figure 5.8 An icefish trawler in Cumberland Bay.

CCAMLR closed the fishery in 1989. The fishery was
later re-opened, but with a highly conservative total
allowable catch (TAC) and was restricted to pelagic
trawling (Fig. 5.8) to avoid impacts on non-target
species. In recent years catches have been less than
5,000 tonnes (Fig. 5.9), with four or five vessels
operating.

Icefish fishing activity is usually focussed on an area to
the north-west of South Georgia. The pelagic trawls,
with @ minimum mesh size of 90 mm, catch little by-
catch and so have little impact on non-target species.
Seabirds are occasionally killed in the fishery, usually
as a consequence of diving through the large meshes
to feed on fish stuck in the net. This can be avoided by
cleaning the net, adding weights to the cod-end and

Figure 5.9 Catches of mackerel icefish in South
Georgia waters.




binding the net, so that it does not open until the trawl
doors are deployed. These measures are now all
required under fishing licence conditions. The fishery
was conditionally certified as sustainable by the MSC in
2010. Catches in the 2012 were 984 tonnes, with 1,353
tonnes taken to date in 2013.

The mackerel icefish stock assessment uses a two-year
projection model. The initial data for the projection is
the lower 1-sided 95% confidence interval (Cl) of the
biomass estimated by the trawl survey. This is projected
forward with growth and natural mortality (which
assumes 50% die in any year), but assumes no
recruitment. The allowable catch must leave 75% of the
stock that would remain in the absence of fishing. The
use of the lower 1-sided 95% CIl of the biomass
estimate, plus the assumed high rate of natural mortality
and the assumption of no recruitment ensure that the
catch limit is highly precautionary.

5.4 Antarctic krill fishery

The krill fishery began in the early 1970s with Japanese
and Soviet Union vessels catching krill in the Scotia Sea
for human consumption in tinned, frozen or paste form.
The fishery focussed in three principal areas, near the
South Shetlands (CCAMLR sub-Area 48.1), near the
South Or