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Abstract

Light-induced bird strikes on vessels occur frequently in association with areas of high seabird density, often resulting in
bird mortalities. These incidents are poorly understood and likely under-reported by vessels. Here we present the details of
four separate bird strike events (899, 206, 50 and 47 birds), which took place whilst vessels (two fishing trawlers and one
tourist expedition ship) were navigating along the south coast of South Georgia, and discuss possible contributing factors.
All species encountered in these events were burrowing petrel species in the family Procellariidae, with diving-petrel species
(Pelecanoides spp.) being most commonly reported. All four events took place during the night in similar meteorological
conditions, with poor visibility due to fog, light precipitation and low wind speeds. We identify the waters off the south
coast, between King Haakon Bay and Drygalski Fjord, which have remained rat free and are of exceptional importance to
breeding seabirds, as high risk for collisions and propose other high-risk areas. The different mortality rates recorded during
these events are likely attributed to the varying actions taken by ship crew and persons on board. We propose actions that will
help reduce the occurrence of events and mitigate the impact of bird strikes, including the avoidance of high-risk areas in
certain night-time conditions. We give recommendations on what to do when birds land on board and stress the importance
of reporting of events. Given the expected increase of both fishing and tourist ship activity in South Georgia waters, there
is an increasing need to understand and mitigate this threat to seabirds.
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Introduction they can be mitigated (Dias et al. 2019). Globally, the fish-
ing industry poses one of the greatest threats to seabirds.
This is particularly through incidental mortality (bycatch),
in longline, trawl and gillnet fisheries, but also through over-
fishing of prey species (Dias et al. 2019). In South Georgia,
the toothfish fishery has implemented strategies to almost
eliminate seabird bycatch (Collins et al. 2021a). However,
light-induced bird strikes on all categories of vessels operat-

ing in South Georgia waters, continue to pose a threat.

South Georgia is home to globally important wildlife popu-
lations including seabirds (Poncet 2006; Forcada and Stani-
land 2009; Clark et al. 2012; Poncet et al. 2017; Rackete
et al. 2021). Its importance as a wildlife haven is world-
renowned and substantial efforts have been taken to under-
stand and conserve the species found here (Poncet et al.
2017; Martin and Richardson 2019; Collins et al. 2021a).

Seabirds, in particular the Procellariiformes, are one of the
most threatened groups of animals on the planet (Dias et al.
2019). In order to give seabirds the greatest chance to adapt
and survive in a changing environment, efforts must be made
to identify and better understand man made threats so that
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Disorientation of seabirds by artificial lights and bird col-
lisions are common threats that remain poorly understood
(Ronconi et al. 2015; Rodriguez et al. 2017b). These events
affect many burrow nesting seabirds, in particular fledg-
ling birds (Reed et al. 1985; Black 2005). Impacts of bird
strikes on seabirds include: colliding with vessels and dying
on impact, exposure to contaminants, such as oil, whilst on
deck; and large-scale displacement of birds as a result of
the distance travelled by the ship during the time the birds
remain on deck. These events tend to occur during condi-
tions when sources of natural light are not present and the
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Fig. 1 Routes navigated by the three vessels along the south coast of South Georgia

abundance of young birds is high (Rodriguez et al. 2017a;
Atchoi et al. 2020).

Norway (or brown) rats (Rattus norvegicus) were intro-
duced to South Georgia soon after its discovery in 1775
where they remained, spreading across the coastal areas
of the mainland (Piertney et al. 2016), except for the area
between King Haakon Bay and Drygalski Fjord (Cook et al.
2010). Light-induced bird strikes have previously been
recorded around South Georgia (Black 2005). Following the
eradication of brown rats from South Georgia in 2015 (Mar-
tin and Richardson 2019), various burrowing petrel species
are likely to increase in number; shipping movements around
the island are also expected to increase (GSGSSI 2019). A
better understanding of bird collisions with ships, and appro-
priate mitigation measures are necessary for the continued
protection of the South Georgia avifauna.

Here we look at two recent and two historical bird strike
events in South Georgia waters and the contributing factors
which may have led to these events. Collisions involved two
fishing vessels and one tourist expedition ship.

The incidents

Between 7 and 17 May 2021, a demersal trawl survey was
undertaken in South Georgia waters on the FV Robin M Lee
(70 m, Polar Seafish Ltd), chartered by the Government of
South Georgia and the South Sandwich Islands (GSGSSI)
(Collins et al. 2021b). Prior to dawn on 15th May, 30 birds
were reported to have landed on board the vessel when navi-
gating in thick fog, light south-easterly winds and calm seas
approximately 30 nautical miles south-west of Bird Island,

@ Springer

at the western end of South Georgia (Fig. 1). The birds were
released by crew shortly, after first light, before identification
was possible. Soon after, another 20 birds were found hidden
on deck and released alive (Table 1). The second collision
event took place the following night, during similar condi-
tions, as the ship steamed south-east along the south coast of
the island, approximately 10 nautical miles west of Annen-
kov Island (Fig. 1). At 21:00 (local time; GMT-2), a large
number of birds were observed on deck. The officer of the
watch was asked to reduce external lighting to a minimum
which involved slowing the vessel to a speed that naviga-
tion was possible without the use of ice lights.! By the time
the lights had been reduced, approximately 160 birds had
collected on deck. Birds were found at various degrees of
dampness and three were lightly oiled. The latter were kept
separate to the remainder and cleaned repeatedly throughout
the night prior to their release. Birds were grouped by spe-
cies and placed in plastic crates (90X 55 %25 cm) with no
more than 10 birds per crate, in order to reduce risk of stress
and/or overheating. Due to the calm sea conditions, it was
possible to keep birds in crates in an outdoor environment
on the trawl deck, sheltered from wind and rain. Sweeps of
the deck were made every 90 min throughout the night to
find and box any new birds, and to assess the environmental
conditions, most significantly visibility and precipitation, for
release. A total of 202 birds comprising six different burrow-
ing petrel species were collected, of which all were released

! It must be noted that throughout the entirety of the voyage all inter-
nal lights were blacked-out throughout the night.
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Table 1 The number and species of birds involved in four bird strike collision events on three vessels at South Georgia: 30/01/2004 (Black et al.

2005), 14/03/18 and 15/05/21 (this study)

Species 30/01/2004 14/03/2018 15/05/2021(am)  15/05/2021(pm)
Dead Alive Dead Alive Dead Alive  Dead Alive
Antarctic prion Pachyptila desolata 27 240 0 3 0 1 0 0
Blue petrel Halobaena caerulea 57 208 0 0 0 5 0 2
Fairy prion Pachyptila turtur 0 1 0 0 0 0 0 0
Blue petrel/prion Pachyptila/Halobaena 0 0 0 0 0 15 0 0
Common diving-petrel Pelecanoides urinatrix 82 129 19 15 0 14 3 150
South Georgia diving-petrel Pelecanoides georgicus 30 52 0 5 0 0 1 41
Diving-petrel sp. Pelecanoides sp. 0 0 0 0 15 0 0
Black-bellied storm-petrel Fregetta tropica 2 11 0 3 0 0 0 6
Grey-backed storm-petrel Garrodia nereis 1 0 0 0 0 0 0
Wilson’s storm-petrel Oceanites oceanicus 16 40 0 2 0 0 0 0
Soft-plumaged petrel Pterodroma mollis 0 2 0 0 0 0 0 0
Kerguelen petrel Aphrodroma brevirostris 0 0 0 0 0 0 0 2
White-chinned petrel Procellaria aequinoctialis 0 0 0 0 0 0 0 1
Total 215 684 19 28 0 50 4 202
Total 899 47 50 206
Percentage Dead 31.43 67.86 0.00 1.98

alive at first light (Table 1). Four birds, all dead, were found
in the morning on the monkey deck (above the bridge). No
obvious cause of death was apparent on examination with
hypothermia the most likely cause.

On 30 January 2004, burrowing petrels were reported on
board the MV Dorada (75 m trawler), during the course of
a fisheries survey (Black 2005) in the waters west of Annen-
kov Island (Fig. 1). Weather conditions were similar to the
2021 events (overcast, light precipitation and no wind), and
the vessel was using ice lights for navigation. Only a few
birds were collected during the night and the full extent of
the collision was not realised until the morning. In total, 899
birds were found including 215 dead, mostly attributed to
hypothermia (no obvious cause of death and waterlogged
feathers) or collision (birds with obvious bleeding or cranial
damage). Live birds were stored in cardboard boxes in an
unheated environment until fit for release.

Another event occurred on 14 March 2018 on board a
tourist expedition ship (110 m) passing approximately 10
miles west of Annenkov Island whilst transiting between
King Haakon Bay and Drygalski Fjord (Fig. 1). Forty-seven
birds were found on deck, 19 of which died. Birds were col-
lected continuously throughout the night and stored in boxes
in a warm, dry place in accordance with guidelines from
the International Association of Antarctica Tour Operators
(TAATO 2012). Ice lights remained on through the night,
although deck lighting was reduced. No birds were found
dead on deck, but many died during the night in the boxes,
potentially from overheating.

The 2004 and 2018 events took place during the chick
rearing/fledging period (October—April) for South Georgia
burrowing petrel species, in contrast to the May 2021 events
which occurred after this period (Navarro et al. 2015).

Discussion

The bird strike events on board FV Robin M Lee in 2021
were very similar to the two previous reported events of
2004 and 2018 except for the mortality rates. There is anec-
dotal evidence that these are not isolated incidents and that
many, equally large, collision events may be occurring in
South Georgian waters (Sally Poncet, pers. comm.) raising
concerns that bird strikes are under-reported here and most
likely in other areas in proximity to breeding colonies of
burrowing petrels. Collins et al. (2021a) noted that since
2002, 171 birds were recorded in the CCAMLR observer
data as colliding with toothfish longline vessels operating
in the South Georgia fishery (April-August), of which 117
were released alive. Reporting of birds colliding with vessels
is not required under CCAMLR regulations and hence data
were not collected in a systematic way and this number is
likely to be a considerable underestimate.

All events reported here took place in similar meteor-
ological conditions with poor visibility due to fog, light
precipitation and low wind speeds (<7 knots). This is in
line with other studies which indicate greater collisions in
conditions with reduced visibility (Merkel and Johansen
2011; Ronconi et al. 2015; Guildford et al. 2018). Fog and
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white-out conditions hide other light sources such as the
stars and moon, thus hampering navigation by seabirds; they
also disperse the lights from ships in such a way that causes
birds to become disorientated (Guilford et al. 2018).

During the 2021 demersal trawl survey, the vessel circum-
navigated the Island over 12 days, the incidents described
here (15th May) were the only collision events observed
despite similar meteorological conditions being encountered
on multiple occasions (Coleman pers obs). A previous study
in Greenland showed that there may be predictable areas that
are of high risk for collision (Merkel and Johansen 2011).
In this note, three collision events took place off the south
coast of South Georgia in proximity to Annenkov Island.
Annenkov Island and the adjacent south coast between
King Haakon Bay and Drygalski Fjord have especially high
concentrations of burrowing petrels (Trathan et al. 1996;
Martin et al. 2009; Sally Poncet personal communication).
Many of the small, burrowing petrel populations, including
storm-petrels, prions and diving-petrels (see Table 1), had
been extirpated by rats predating on small birds, their chicks
and eggs (Pye and Bonner 1980; Martin and Richardson
2019) and therefore only bred successfully in rat-free areas
(Poncet 2006). The south coast area has always been rat free
(Martin et al. 2009). There are other areas that remained
rat free that are equally as important for burrowing petrels
(Martin et al. 2009) and therefore likely represent additional
areas of high risk for bird strikes. In particular, Willis Island,
Cooper Island, the islands of the Bay of Isles and Bird Island
(Trathan et al. 1996; Martin et al 2009). Better reporting
will allow sites like these to be identified and the collision
risk to be evaluated making it possible to reduce impacts of
vessels on birds by introducing mitigation measures, such as
reduced night-time operations within these areas or whilst
experiencing certain weather conditions (Glass and Ryan
2013).

All seabirds involved in the collision events reported
here were burrowing petrel species. Diving-petrel species
(Pelecanoides spp.) were the most abundant and suffered the
highest mortality. This is possibly a result of their high abun-
dance (Poncet et al. 2006) and low manoeuvrability in flight,
so they are less able to decelerate or turn to avoid obstacles
(Ryan 1991). Additionally, their smaller size allows them
to crawl into hard-to-reach spaces on ships, where they are
likely to remain undetected until the morning, increasing the
chance of hypothermia.

The increase in area of rat-free habitat resulting from the
eradication of brown rats from South Georgia in 2015 is
likely to result in an increase in burrowing petrels across the
main island (Martin and Richardson 2019). Given this likely
increase in distribution and abundance, and the predicted
increase in tourism and fishing vessel movements around
South Georgia (GSGSSI 2019), there is probably a greater
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future risk of burrowing petrel collisions and the need for
mitigation.

Two other variables often discussed in relation to night
collisions are the light intensity and light colour (Syposz
et al. 2021). The higher the intensity of light, the further it
transmits and therefore more birds are likely to be affected
(Syposz et al. 2021), high light intensity may also have a
greater disorientating effect on birds (Glass and Ryan 2013).
Therefore, the use of ice lights in polar environments are
likely to increase the risk of collision. Syposz et al. (2021)
showed that the colour of light influences how Manx shear-
waters (Puffinus puffinus), another procellariform seabird,
react, with shorter wavelengths deterring birds and longer
wavelengths being less visible to birds. There is very little
literature on how colour affects the number of collisions on
vessels and it is likely that different species have different
sensitivities to wavelengths, with implications for collision
risk. On the basis of studies in the North Sea on perception
of different wavelengths of light by birds (Marquenie 2007)
vessels, including the South Georgia government vessel, MV
Pharos SG, have replaced deck safety lighting with green
lights. Better reporting from these vessels would allow for a
comparison of the effectiveness of different coloured lights.

In the collision incidents described here, there were dif-
ferences in actions taken once birds landed aboard. This may
have contributed to the differing mortality rates (31.43% in
2004, 67.86% in 2018 and 1.98% in 2021) of the seabirds
involved. During the 2004 event (Black 2005), the signif-
icance of the collision was not fully comprehended until
first light (04:00 local time; GMT-2). This meant that many
birds were left all night on deck in wet conditions, which
increased the risk of hypothermia and subsequent mortal-
ity. As a result, by morning, many birds on deck had died.
Had the size of the event been detected earlier and frequent
sweeps of the vessel taken place throughout the night in
order to collect birds on deck, then the death rate may have
been lower.

During the 2018 event, the ship followed guidelines
which recommended keeping birds in boxes indoors in a
warm environment (IAATO 2012). However, the storage
boxes available were small and limited in number, and
although birds were separated in boxes by species, the num-
ber of diving-petrels held in each box was high leading to
stress. This, in conjunction with storing the boxes in a warm
indoor environment, may have contributed to the high mor-
tality from overheating.

The dawn collision event in 2021, took place shortly
before first light, with the result that birds were detected
within a few hours of landing and did not remain on deck
for long. However, during the dusk collision event later that
day, the four birds that were not discovered and remained on
deck until dawn, all died.



Polar Biology

The effects of bird strikes on seabirds may also include
the impact of a significant spatial displacement of adult
birds from their breeding sites, during the time they remain
on board a vessel in transit. In particular, this may impact
diving-petrel species whose foraging range during the breed-
ing season is less than other species of petrels (Navarro et al.
2013; Zhang et al. 2019; Dunphy et al. 2020). Any displace-
ment from their usual foraging areas arising from confine-
ment on a vessel following collision may have implications
for breeding success. Future studies should explore methods
for identification of life-stages of birds to better understand if
juveniles or adults are impacted most by ship strikes.

Light-induced seabird collisions are known to occur
worldwide (Telfer 1987; Black 2005; Merkel and Johansen
2011; Glass and Ryan 2013); however, these events are still
poorly understood and likely to be under-reported. In the
Southern Ocean, the numbers of licensed fishing vessels
and polar expedition ships are increasing, which poses an
increasing risk of collision for birds. Based on the lessons
learned from the four incidents described here, several rec-
ommendations are made.

In advance of events:

e Reduce light: All non-essential lighting should be
switched off or blacked out during night-time naviga-
tion. If birds start to land on deck, then reducing speed to
a minimum and reducing ice lights should be considered
until conditions improve.

e Night-time navigation through high-risk collision areas
should be avoided, especially during foggy or blizzard
conditions.

e Vessels should have a plan in case of bird strikes and the
necessary equipment and expertise to deal with an inci-
dent. This should include where to find boxes and store
birds, and an understanding of reporting procedures.

During events

e Continuous checks Whilst conditions persist, the vessel
should be continuously inspected for grounded birds to
minimise time spent by birds on deck and maximise the
chance of successful release.

® Quick release If conditions improve during the night (for
example, reduced fog), an attempt to release birds should
be made, especially when the vessel is underway, in order
to reduce displacement distance from colonies. During
release, ship lights should be reduced to a minimum.

e Storage conditions Ideally birds should be kept in a cool,
dry, sheltered place especially if stored in boxes with
multiple birds present, to reduce the risk of overheating.

e Same species storage If individual boxes are not possible,
ensure that different species are kept apart in separate
boxes to avoid unnecessary stress.

Reporting

e Reporting of collisions (both fatal and non-fatal) should
be mandatory to better understand the impact of these
events and inform mitigation measures. This will facili-
tate the identification of high-risk collision factors
including locations, weather conditions and times of year.
Data collected during collision events should include ice
lights on/off, colour of deck lights, wind speed, tempera-
ture, number of birds, bird species, age of birds involved
(if possible), number of birds per box, cause of death (if
fatalities).

Recognising that bird collisions with vessels in South Geor-
gia waters is under-reported, GSGSSI and Joint Nature Con-
servation Committee (JNCC) have established a project
(Darwin Plus Project 143: https://dplus.darwininitiative.org.
uk/project/DPLUS143/) to work with the tourism and fishing
industries to improve procedures for reporting of bird strike
events in order to develop new and better-informed conser-
vation measures for minimising the impact of collisions and
to reduce the number of seabird collisions.

Author contributions JC: Conceptualization; Data curation; Writing—
original draft; Writing—review & editing. PH: Conceptualization;
Visualization; Writing—review & editing. MC: Conceptualization;
Writing—review & editing. AB: Reviewing & editing.

Funding Ground fish survey funded by Government of South Georgia
and South Sandwich Islands (GSGSSI), King Edward Point project
staff funded by FCDO and GSGSSI.

Data availability All data available upon request.

Code availability N/A.

Declarations

Conflict of interest All the authors declared that they have no conflict
of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer


https://dplus.darwininitiative.org.uk/project/DPLUS143/
https://dplus.darwininitiative.org.uk/project/DPLUS143/
http://creativecommons.org/licenses/by/4.0/

Polar Biology

References

Atchoi E, Mitkus M, Rodriguez A (2020) Is seabird light-induced mor-
tality explained by the visual system development? Conserv Sci
Pract 2:e195. https://doi.org/10.1111/csp2.195

Black A (2005) Light induced seabird mortality on vessels operating in
the Southern Ocean: incidents and mitigation measures. Antarct
Sci 17:67-68. https://doi.org/10.1017/S0954102005002439

Clarke A, Croxall JP, Poncet S, Martin AR, Burton R (2012) Important
bird areas: South Georgia. Br Birds 105:118-144

Collins MA, Coleman J, Gregory S, Hollyman PR, Marsh M (2021a)
Report of the UK Groundfish Survey at South Georgia (CCAMLR
Subarea 48.3) in May 2021a. CCAMLR WG-FSA 21/12

Collins MA, Hollyman PR, Clark J, Soeftker M, Yates O, Phillips RA
(2021b) Mitigating the impact of longline fisheries on seabirds:
Lessons learned from the South Georgia Patagonian toothfish fish-
ery (CCAMLR Subarea 48.3). Mar Policy 131:104618. https://
doi.org/10.1016/j.marpol.2021b.104618

Cook AJ, Poncet S, Cooper APR, Herbert DJ, Christie D (2010) Gla-
cial retreat on South Georgia and implications for the spread of
rats. Antarct Sci 3:225-263. https://doi.org/10.1017/S095410201
0000064

Dias MP, Martin R, Pearmain EJ, Burfield 1J, Small C, Phillips RA,
Yates O, Lascelles B, Borboroglu PG, Croxall JP (2019) Threats
to seabirds: a global assessment. Biol Conserv 237:525-537.
https://doi.org/10.1016/j.biocon.2019.06.033

Dunphy BJ, Vickers SI, Zhang J, Sagar RL, Landers TJ, Bury SJ,
Hickey AJR, Rayner MJ (2020) Seabirds as environmental indi-
cators: foraging behaviour and ecophysiology of common diving
petrels (Pelecanoides urinatrix) reflect local-scale differences
in prey availability. Mar Biol 167:53. https://doi.org/10.1007/
$00227-020-3672-4

Forcada J, Staniland 1J (2009) Antarctic fur seal Arctocephalus gazella.
In: Perrin WF, Wursig B, Thewissen JGM (eds) Encyclopedia of
marine mammals, 2nd edn. Academic Press (Elsevier), Cambridge

Glass JP, Ryan PG (2013) Reduced seabird night strikes and mortal-
ity in the Tristan rock lobster fishery. Afr J Mar Sci 35:589-592.
https://doi.org/10.2989/1814232X.2013.860049

GSGSSI (2019) Government of South Georgia and South Sandwich
Islands Annual Report. https://www.gov.gs/docsarchive/gsgssi/

Guilford T, Padget O, Syposz M (2018) Light pollution causes object
collisions during local nocturnal manoeuvring flight by adult
Manx Shearwaters Puffinus puffinus. Seabird 31:48-55

TAATO (2012) IAATO Guidelines to minimise seabirds landing on
ships. https://iaato.org/information-resources/data-statistics/downl
oad-iaato-information-papers/. Accessed 24 Sept 2021

Marquenie JM (2007) Green light to birds: investigation into the effect
of bird-friendly lighting. Netherlandse Aardolie Maatschappij.
http://www.waddenzee.nl/fileadmin/content/Dossiers/Energie/

Martin AR, Richardson MG (2019) Rodent eradication scaled up:
clearing rats and mice from South Georgia. Oryx 53:27-35.
https://doi.org/10.1017/S003060531700028X

Martin AR, Poncet S, Barbraud C, Foster E, Fretwell P, Rothery P
(2009) The white-chinned petrel (Procellaria aequinoctia-
lis) on South Georgia: population size, distribution and global
significance. Pol Biol 32:655-661. https://doi.org/10.1007/
s00300-008-0570-5

Merkel FR, Johansen KL (2011) Light-induced bird strikes on vessels
in Southwest Greenland. Mar Pollut Bull 62:2330-2336. https://
doi.org/10.1016/j.marpolbul.2011.08.040

Navarro J, Votier SC, Aguzzi J, Chiesa JJ, Forero MG, Phillips RA
(2013) Ecological segregation in space, time and trophic niche of
sympatric planktivorous petrels. PLoS ONE 8:62897. https://doi.
org/10.1371/journal.pone.0062897

@ Springer

Navarro J, Cardador L, Brown R, Phillips RA (2015) Spatial distribu-
tion and ecological niches of non-breeding planktivorous petrels.
Sci Rep 5:12164. https://doi.org/10.1038/srep12164

Piertney SB, Black A, Watt L, Christie D, Poncet S, Collins MA (2016)
Resolving patterns of population genetic and phylogeographic
structure to inform control and eradication initiatives for brown
rats Rattus norvegicus on South Georgia. J Appl Ecol 53:332-339.
https://doi.org/10.1111/1365-2664.12589

Poncet S, Wolfaardt AC, Black A, Browning S, Lawton K, Lee J, Pass-
field K, Strange G, Phillips RA (2017) Recent trends in numbers
of wandering (Diomedea exulans), black-browed (Thalassarche
melanophris) and grey-headed (7. chrysostoma) albatrosses breed-
ing at South Georgia. Pol Biol 40:1347-1358. https://doi.org/10.
1007/500300-016-2057-0

Poncet S (2006) South Georgia and the South Sandwich Islands. In:
Sanders SM (eds) Important bird areas in the United Kingdom
Overseas Territories. Sandy, RSPB, pp 211-226

Pye T, Bonner WN (1980) Feral Brown rats, Rattus norvegicus, in
South Georgia (South Atlantic Ocean). J Zool 192:237-255.
https://doi.org/10.1111/j.1469-7998.1980.tb04232.x

Rackete C, Poncet S, Good SD, Phillips RA, Passfield K, Trathan P
(2021) Variation among colonies in breeding success and popu-
lation trajectories of wandering albatrosses Diomedea exulans
at South Georgia. Pol Biol 44:221-227. https://doi.org/10.1007/
s00300-020-02780-6

Reed JR, Sincock JL, Hailman JP (1985) Light attraction in endangered
procellariform birds: reduction by shielding upward radiation.
Auk 102:377-383. https://doi.org/10.2307/4086782

Rodriguez A, Dann P, Chiaradia A (2017a) Reducing light-induced
mortality of seabirds: High pressure sodium lights decrease the
fatal attraction of shearwaters. J Nat Conserv 39:68-72. https://
doi.org/10.1016/j.jnc.2017.07.001

Rodriguez A, Holmes ND, Ryan PG, Wilson KJ, Faulquier L, Murillo
Y, Raine AF, Penniman JF, Neves V, Rodriguez B, Negro JJ, Chi-
aradia A, Dann P, Anderson T, Metzger B, Shirai M, Deppe L,
Wheeler J, Hodum P, Gouveia C, Carmo C, Carreira GP, Delgado-
Alburqueque G-C, Couzi FX, Travers M, Le Corre M (2017b)
Seabird mortality induced by land-based artificial lights. Conserv
Biol 31:986-1001. https://doi.org/10.1111/cobi.12900

Ronconi RA, Allard KA, Taylor PD (2015) Bird interactions with oft-
shore oil and gas platforms: review of impacts and monitoring
techniques. J Environ Manag 147:34-45. https://doi.org/10.1016/].
jenvman.2014.07.031

Ryan PG (1991) The impact of the commercial lobster fishery on sea-
birds at the Tristan da Cunha Islands, South Atlantic Ocean. Biol
Conserv 57:339-350. https://doi.org/10.1016/0006-3207(91)
90076-L

Syposz M, Padget O, Willis J, Van Doren BM, Gillies N, Fayet AL,
Wood MJ, Alejo A, Guilford T (2021) Avoidance of different dura-
tions, colours and intensities of artificial light by adult seabirds.
Sci Rep 11:18941. https://doi.org/10.1038/s41598-021-97986-x

Telfer TC (1987) Attraction of Hawaiian seabirds to lights: conserva-
tion efforts and effects of moon phase. Wildl Soc Bull 15:406—413

Trathan P, Daunt F, Murphy E (1996) South Georgia: an ecological
atlas. British Antarctic Survey, Cambridge

Zhang J, Rayner M, Vickers S, Landers T, Sagar R, Stewart J, Dun-
phy B (2019) GPS telemetry for small seabirds: using hidden
Markov models to infer foraging behaviour of Common Diving
Petrels (Pelecanoides urinatrix urinatrix). Emu- Austral Ornithol
119:126-137. https://doi.org/10.1080/01584197.2018.1558997

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1111/csp2.195
https://doi.org/10.1017/S0954102005002439
https://doi.org/10.1016/j.marpol.2021b.104618
https://doi.org/10.1016/j.marpol.2021b.104618
https://doi.org/10.1017/S0954102010000064
https://doi.org/10.1017/S0954102010000064
https://doi.org/10.1016/j.biocon.2019.06.033
https://doi.org/10.1007/s00227-020-3672-4
https://doi.org/10.1007/s00227-020-3672-4
https://doi.org/10.2989/1814232X.2013.860049
https://www.gov.gs/docsarchive/gsgssi/
https://iaato.org/information-resources/data-statistics/download-iaato-information-papers/
https://iaato.org/information-resources/data-statistics/download-iaato-information-papers/
http://www.waddenzee.nl/fileadmin/content/Dossiers/Energie/
https://doi.org/10.1017/S003060531700028X
https://doi.org/10.1007/s00300-008-0570-5
https://doi.org/10.1007/s00300-008-0570-5
https://doi.org/10.1016/j.marpolbul.2011.08.040
https://doi.org/10.1016/j.marpolbul.2011.08.040
https://doi.org/10.1371/journal.pone.0062897
https://doi.org/10.1371/journal.pone.0062897
https://doi.org/10.1038/srep12164
https://doi.org/10.1111/1365-2664.12589
https://doi.org/10.1007/s00300-016-2057-0
https://doi.org/10.1007/s00300-016-2057-0
https://doi.org/10.1111/j.1469-7998.1980.tb04232.x
https://doi.org/10.1007/s00300-020-02780-6
https://doi.org/10.1007/s00300-020-02780-6
https://doi.org/10.2307/4086782
https://doi.org/10.1016/j.jnc.2017.07.001
https://doi.org/10.1016/j.jnc.2017.07.001
https://doi.org/10.1111/cobi.12900
https://doi.org/10.1016/j.jenvman.2014.07.031
https://doi.org/10.1016/j.jenvman.2014.07.031
https://doi.org/10.1016/0006-3207(91)90076-L
https://doi.org/10.1016/0006-3207(91)90076-L
https://doi.org/10.1038/s41598-021-97986-x
https://doi.org/10.1080/01584197.2018.1558997

	Blinded by the light: Seabird collision events in South Georgia
	Abstract
	Introduction
	The incidents

	Discussion
	References




