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FEATURES OF CHRONOLOGY AND BREEDING SUCCESS
OF PYGOSCELIS PAPUAAND P. ADELIAE (SPHENISCIDAE) PENGUINS
IN THE WILHELM ARCHIPELAGO (CCAMLR SUBAREA 48.1)

ABSTRACT. Objective. To investigate the qualitative changes in the habitats of two most common species penguin populations
in the Wilhelm Archipelago Pygoscelis papua and P. adeliae (Spheniscidae) penguins in the CCAMLR Subarea 48.1 under the
impact of climate changes and krill fishery. Methods. The new method of time-lapse camera registration to observe the breeding
success of penguins was applied to minimize the effect of human disturbance on the breeding and survival of chicks and to avoid
disturbance of penguins. Installed in penguin colonies cameras were used to record next parameters: arrival to colony, copula-
tion, egg lay, hatch and créche. This method was introduced for the first time in the framework of the international CEMP
project “Establishinga CEMP Camera Network in Subarea 48.1”. More than five years’ timeline of the project is expected. The
traditional visual observation of penguin colonies from time to time has been used as well. Results. Over the last decade, P. papua
has been shifted nearly 30 km southward and formed six new nesting colonies. Annual breeding success of P. papua on Peter-
mann Island has ranged from 0.87 to 1.58 chicks créche per nest over the nine seasonal observations during 2003—2017. 1.27
chicks per nest was found in 2016/17 season; a low breeding success rate in comparison to most of other seasons. The breeding
success of P. adeliae was more stable ranging from 1.11 to 1.42 over the six seasonal observations; with highest in 2003/04. The
range of prey for P. papua was studied. Conclusions. Changes in the penguin species habitat have been observed on the territory
of the Wilhelm Archipelago. It was established that at the beginning of the XXI century the nesting areas of P. papua was sig-
nificantly extended probably due to the climate warming in the region. It was shown that P. papua is more ecologically plastic
species than P. adeliae. It is well know that the breeding success of predators such as penguins can be used as an indication of the
status of lower trophic levels. Since, the Antarctic krill Euphausia superba (Euphausiidae) is the main feeding object of the both
penguin species diet (84%) in the Wilhelm Archipelago area, we propose a model of key elements for qualitative and quantitative
analysis of the changes in the krill- based ecosystem of the Argentine Islands. Future development of the penguin nesting colo-
nies monitoring using the CEMP Camera Network under the CCAMLR will contribute significantly to the real-time estimates
of relative prey availability. The results of the gentoo and Adelie penguin’s chronology and breeding success studies might be
used (1) in development of the krill fishery management strategy in the CCAMLR for the rational use of Antarctic marine living
resources; (2) to develop a resettlement model to predict the ecological risks due to climate changes for both penguin species.

Keywords: Pigoscelis papua, Pigoscelis adeliae, breeding success, stomach content, krill, CEMP Camera Network, Antarctic
Peninsula.
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Features of Chronology and Breeding Success of Pygoscelis Papua and P. Adeliae (Spheniscidae) Penguins in the Wilhelm Archipelago

INTRODUCTION

The first registrations and records of Pygoscelis papua
(gentoo) and Pygoscelis adeliae (Adelie) penguins we-
re carried out in the territory of the Wilhelm Archi-
pelago in 1904 during the French and Swedish expe-
ditions led by J.-B. Charcot and O. Nordenskjold (Ga-
in, 1914). The detailed surveys of both penguin spe-
cies in breeding colonies of the Booth, Petermann,
Yalour and Argentine Islands during the 1950s and
1980s were carried out by the British Antarctic Sur-
vey (BAS) (Muller-Schwarze and Muller-Schwarze,
1975; Croxall, Kirkwod, 1979; Poncet and Poncet, 1987).
The first Ukrainian ornithological studies at Wilhelm
Archipelago territories were started in 1998—99 dur-
ing the 3" Ukrainian Antarctic Expedition (UAE) by
A.M. Peklo, who thoroughly studied an ornithofauna
of the Argentine Islands and Petermann Island near-
by. Further studies were continued by S.A. Lopariev
in 2000/01 (5" UAE), M.I. Golovushkin in 2001/02
(6" UAE), D.V. Pilipenko in 2010/11, 2013/14 (15®
and 18" UAE), M.E Veselsky in 2013/ 14, 2015/16
(18" and 20" UAE). Over all 22 years of the scientific
work at the Ukrainian Antarctic Akademik Vernad-
sky station biologists carried out monitoring of the
ornithofauna, including the P. papua and P. adeliae
penguins (Peklo, 2001, 2007; Loparev, 2003; Peklo
and Dykyy, 2010; Pylypenko, 2013; Chesalin, 2007/
08; Chesalin et al., 2009; Dykyy, 2013; Dykyy et al.,
Smagol and Molchanov, 2016). In the summer sea-
sons 2003—2008 the monitoring of the nesting colo-
nies of P. papua and P. adeliae in Petermann Island
was carried out by the team of American ornitholo-
gists headed by R. Naveen (Lynch etal., 2010). How-
ever, most of the previous studies have provided fau-
nistic data, distribution, numbers, ringing of chicks
and some other aspects of the certain species etho-
logy only.

The 45 remote automated cameras joined in net-
work along Antarctic Peninsula were used for moni-
toring of the reproduction chronology and breeding
status of penguin populations for the first time in
Subarea 48.1. The effectiveness of the camera use has
already been demonstrated in East Antarctica (South-
well, Emmerson and Newbery 2011; Southwell et al.,
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2013). Analysis of the penguins’ habitats in the
CCAMLR Subarea 48.1 is important for assessment
of the status of populations and habitats of the major
krill consumers in Antarctica and identification of
the potential overlapping of their habitats with impor-
tant areas of krill commercial fishing. The biologists
of the UAE carry out constant monitoring and accu-
mulate continuous records of the penguins’ nesting be-
havior over two seasons and wintering without perso-
nal presence all-year-round despite extreme weather
conditions using the automatic cameras’ network.

There are many processes that impact on forming
the biota of the region along with natural factors.
Unfortunately, anthropogenic impact cannot be pre-
vented even in Antarctica. Actually it is essentially
important to observe and search for the relationship
between biota’s state and degree of anthropogenic
load. Modern approaches require the consideration of
any ecosystem as an environment of the organisms’
existence (Afanasyev, 2006). The concept on the pri-
ority of biotic criteria in establishment of the “eco-
logical state” over all others, namely hydrochemical,
hydrological, climate, etc., is directly pointed in the
important international document — Marine Strate-
gy Framework Directive EU (Olenin, 2010), which
was ratified by Ukraine.

The aim of this work was to investigate qualitative
changes in the habitats of P. papua and P. adeliae pen-
guin populations in the CCAMLR Subarea 48.1 under
the influence of climate change and krill fishery, par-
ticularly nesting behavior, feeding and breeding of
penguins as key species of the Antarctic ecosystem.
The obtained results will be used in the program of
monitoring and forecasting of the krill population size
(CCAMLR Ecosystem Monitoring Program CEMP)
of the Commission on Conservation Marine Living
Resources (CCAMLR). This work is aimed in sup-
porting and development of research of penguin breed-
ing colonies — the key indicator of the krill population
size — using the network of automatic cameras CEMP
installed by Ukrainian scientists in the Wilhelm Archi-
pelago (Great Yalour Island, Galindez Island and Pe-
termann Island, Western Antarctica) within the frame-
work of the international CEMP project “Establishing
a CEMP Camera Network in Subarea 48.1”.
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METHODS

The breeding colonies of P. papua and P. adeliae pen-
guins are the objects of the study. The subject of the
research is the chronology of reproduction and breed-
ing success of their populations.

Standard methods, as prescribed by CCAMLR,
were used. These are referred to in the text as CEMP
Al to A9 (CCAMLR, 1997). The nine remote auto-
matic cameras Reconix PC800 Hyperfire Profes-
sional IR type were used. Cameras have been provi-
ded within the framework of the international CEMP
(CAMLR Ecosystem Monitoring Program) project
“Establishing a CEMP Camera Network in Subarea
48.17. Particularly, participants of the 20" UAE have
installed six tripods on Galindez, Petermann and
Yalour Islands, and set up nine cameras after the
breeding season started: on 01.01.2016 at the colo-
nies on Galindez Island (3 cameras), 01.15.2016 on
the Petermann Island (3 cameras), 01.20.2016 on
Great Yalour Island (3 cameras) to control nine areas
in the P. papua and P. adeliae colonies for the first
time (Hinke et al, 2018). The coordinates of the in-
stallation points are shown in Table 1.

After 2015/2016 season the cameras’ names and
their location were corrected: Galindez Island (GBV),
Penguin Point (GPP) — camera GBV and cameras
GPP1 and GPP2; Yalour Island (YAL site) — cam-
eras YALI, YAL2 and YAL3; and Petermann Island
(PTI site) — cameras PTI1, PTI2 and PTI3. Annual
average number of photos for tracking behavior and

Table 1. Automatic camera sites coordinates

reproduction success was about 3.5 thousand per one
colony. Each camera produces daily 10 shots with in-
terval of 30 minutes from 10:00 a.m. until 2:30 p.m. LT
(Local Time). The camera at each photo provides in-
formation on air temperature, time and date of shoot-
ing. When weather permits the visual records of eggs
and chicks’ appearance and numbers by provided with
biologists in breeding colonies in Petermann, Yalour
and Galindez Islands to control the results of photo
registration. As a result, over 2016/ 2017 summer
season in 21 UAE the number of the obtained photos
is: at Galindez Island — 9970, at Petermann Island —
10860 and at Yalour Island — 11310. The informati-
on of 34849 photos was processed over two years.

The chronology of the birds’ breeding was ana-
lyzed using the set of 8—10 daily photos, and the re-
productive success of the population was measured
by comparative analysis of observations at the begin-
ning and at the end of the breeding season. The re-
sults of images analysis were verified by standard sta-
tistical methods. The general observational data were
included into standard CEMP protocols and submit-
ted to the CCAMLR Secretariat.

The main events/numbers that have to be regis-
tered are: the appearance of the first penguins in the
colony; copulation date; laying of the first egg, sec-
ond, third; hatching of the first chicks, the second,
third; the date when the chicks leave the nest and
crowded in the créche have also to be registered. The
number of eggs, chicks and number of chicks sur-
vived to the end of the season from each nest. Accor-

Code of section Installation date Coordinates Altitude a. s. 1. Location

PTI1 15-JAN-16 S65° 10°.606, W64° 08°.277 20 m Petermann Island

PTI2 15-JAN-16 S65° 107.586, W64° 08°.347 32m Petermann Island

PTI3 15-JAN-16 S65°10°.586, W64° 08”.347 32m Petermann Island

YALI 20-JAN-16 S65° 147.124, W64° 09°.843 20 m Great Yalour Island

YAL2 20-JAN-16 S65° 147.103, W64° 09°.871 24 m Great Yalour Island

YAL3 20-JAN-16 S65° 147.103, W64° 09°.871 24 m Great Yalour Island

GPP1 01-JAN-16 S65° 147.885, W64° 14°.353 6m Galindez Island, Penguin Point
GPP2 01-JAN-16 S65° 14°.885, W64° 147.353 6m Galindez Island, Penguin Point
GBV 01-JAN-16 S65° 14" .41, W64° 15°.21 4m Galindez Island, Marina Point
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ding to this algorithm, images were processed from | 2 (Tl i
all nine cameras. From 8§ to 18 nests were observed by & R ; '8k %0k
each camera. To develop data that characterize the S NS
colony it was necessary to select photos covering as | creents. -

many nests as possible and numerate them. Further “{“@’.’9“”? '

activities included monitoring of the nests and be-
havioral changes in the specially designed protocols
of two different forms for the chicks and adult speci-
mens. The “adult” form requires registration of pa-
rental visits to the nest, and the “chick” form requires
registration of the moments from copulation date

Fig. 1. Layout of expansion of the nesting colonies of Pygos-

until the chicks leave the nest. ; i the Wilhelm Archinel k
. celis papua penguins in the Wilhelm Archipelago region over
Work on elaboration of the key elements for the 1999—2017 (1, 2, 3, ... — order of the colonies forming, the

model of a qualitative changes in the krill-based eco- | arrows show direction of expansion)
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Fig. 2. Registration of the first Pygoscelis papua chick in the nest N.2 (a); Registration of Pygoscelis papua chicks at several nests
in 2015/2016 summer season (Petermann Island, Camera PTI1) (b)
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Fig. 3. Forming of Pygoscelis papua créche (a); Chicks of Pygoscelis papua without adult birds in the nesting colony in 2015/ 2016
summer season (Petermann Is, Camera PTI1) (b)
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ﬂ -

Fig. 4. Registration of the first egg laying of Pygoscelis papua in the nests N 3 and N 7 (a); Registration of the first chicks hatching
in the nesting colony in 2016/2017 summer season (Petermann Island, Camera PTI1) (b)

Fig. 5. Forming of Pygoscelis papua créche in the nesting colony (a); Gentoo chicks without adult birds in 2016/2017 summer
season (Petermann Island, Camera PTI1) (b)

system of the Wilhelm Archipelago was based on the
simultaneous analysis of averaged data from automatic
cameras, results of visual observations of biologists of
the 20", 21 and 22" UAE, and analysis of the sto-
mach content of dead penguins, collected during 11,
14" and 16" Ukrainian Antarctic Expeditions.

RESULTS
Changes of the nesting area
of Pygoscelis papua over the last decade

It was established that the nesting area of P. papua
penguins has significantly expanded southward at the
beginning of the XXI century as a result of increasing

134

of annual mean temperature in more than 2.5 °C in
the Antarctic Peninsula during the XX century. This
was also confirmed by results of British biologists,
who showed that population of P. papua in this region
continuously growing and its area is extending. The
reproductive success of P. adeliae and P. antarcticus
penguins has declined (Poncet and Poncet, 1987; Clu-
cas et al., 2014). As a result, new nest colonies of gen-
toos penguins were recorded on Moot, Great Yalour,
Galindez, Cape Tuxen, Cape Rasmussen and the
Green Islands. The first unsuccessful attempt to form
the nest colony on Galindez Island took place in 2005.
In 2007 the penguins formed two viable colonies of 21
and 5 nests (at the coast area near the Vernadsky sta-
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tion and at Cape Penguin Point, respectively) when 17
chicks successfully hatched in total. In 2008/2009
summer season 140 nests (212 chicks) were registered
at Galindez Island. In 2009/2010 summer season the
number of nests in two colonies at Galindez Island has
increased to 255 nests and 209 chicks. In 2016/17
summer season the number of 2443 nests with 3791
chicks of this species was recorded at Petermann Is-
land. There were also two large colonies with chicks on
Pleneau Island (more than 500 birds) and Hovgaard
Island (west coast) — more than 250 birds.

InJanuary 2017, 1226 adult P. papua birds and 578
nests with 598 chicks were recorded in the nest colo-

ny on Capes Penguin and Pigeon Point (Galindez
Island). The smaller nesting colony of this species,
located near buildings of the Vernadsky station, had
735 adults, 292 nests with 247 chicks. Totally in the
summer season of 2016/17 on Galindez Island 870
nests of P. papua penguins were registered. So, over
the last seven years the nest population of this species
on Galindez Island increased almost 3.5 times. That
is the visible tendency of the southward expansion of
this specie in the breeding period, which continues to
search and domesticate the new breeding areas.

In the summer season of 2017, nesting colonies of
P. papua penguins have been expanded on the Green

Table 2. Registration of the first Pygoscelis papua penguins within the breeding colonies area
and their number in places of photo registration according to cameras (2016,/2017 season)

Galindez Island

Date GBV Date GPPI Date GPP2
19.10.2016 0 24.10.2016 0 24.10.2016 0
20.10.2016 2 25.10.2016 3 26.10.2016 4
28.10.2016 14 28.10.2016 6 27.10.2016 15
29.10.2016 25 29.10.2016 10 28.10.2016 40
30.10.2016 37 30.10.2016 22 29.10.2016 55
31.10.2016 28 31.10.2016 27 31.10.2016 94

Petermann Island

Date PTI1 Date PTI2 Date PTI3
22.10.2016 0 23.10.2016 0 23.10.2016 0
23.10.2016 1 24.10.2016 7 24.10.2016 1
25.10.2016 5 25.10.2016 9 25.10.2016 1
27.10.2016 13 28.10.2016 22 27.10.2016 7
29.10.2016 15 29.10.2016 39 28.10.2016 7
31.10.2016 18 30.10.2016 23 29.10.2016 19

Great Yalour Island

Date YALI Date YAL2 Date YAL3
19.10.2016 0 17.10.2016 0 20.10.2016 0
20.10.2016 2 18.10.2016 1 21.10.2016 4
21.10.2016 8 19.10.2016 2 22.10.2016 25
22.10.2016 22 20.10.2016 6 23.10.2016 30
25.10.2016 36 22.10.2016 23 25.10.2016 36
26.10.2016 38 24.10.2016 34 26.10.2016 43
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Island (the most southern boundary of the nesting
area known today), where 12 adult specimens and 14
chicks were recorded, as well as to the Antarctic Pe-
ninsula Mainland in the area of Cape Tuxen — 192
adults and 150 chicks, and Cape Rasmussen — 6 adults
and 3 chicks (Fig. 1). Consequently, it was found that
in the beginning of the 21st century, due to climate
changes, there was a significant expansion of P. papua
penguin colonies south of Petermann Island. In par-
ticular, there was a first expansion of P. papua pen-
guins on the Galindez Island in 2007. In the summer
season 2014/2015, the gentoo species was expanded
its nesting area to Green Island. Therefore, over the
past 10 years P. papua was spreaded southward by al-
most 30 km and formed six new breeding colonies.

Reproduction chronology of populations
P. papua and P. adeliae

The chronology of the seasonal reproduction and suc-
cess of P. papua penguins was registered using the data-
base of the CEMP automatic cameras over two years.
Summer of season 2015/2016. The reproduction
chronology was recorded in the summer season of
2015/2016 by photos when the chicks have already
hatched, because the CEMP automatic cameras were
installed on the islands with delay. The coupling of
penguins and eggs laying were recorded visually. The
first copulation has occurred on October 24 at Cape
Penguin Point. As the number of nesting pairs in the
colonies increased, the number of copulations rea-
ched its peak in mid-November. The first egg lay ap-
peared in November 15 in two nests in the GPP col-
ony and four nests — in the GBV colony. Complete
lay registered in November 18. The hatching of the
first P. papua chick was recorded in January 16, 2016
(Fig. 2, a@). The average date when P. papua chicks hat-
ching at some nests was January 18, 2016 (Fig. 2, b).
It should be noted that usual incubation of P. pa-
pua penguin lasts 34—36 days. Further north (where
it is warmer), in the Falkland Islands, it can last up to
27 days (Otley et al., 2005). In our case, the long pe-
riod (2 months) between the laying of the first egg
and the hatching of the first chick does not reflect the
actual incubation duration. It indicates that at the
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southern boundary of their nesting area the birds are
in more extreme conditions for birds. Therefore, of-
ten the first laied eggs/chicks has been died because
of unfavorable weather conditions and bird predators
press (seagulls, skuas, and sheathbills). Thus, over the
seasons 2015/16 and in 2016/17 the first eggs were
deposited onto the snow and were lost, therefore pen-
guins had to relay the eggs and chicks have hatched a
month later.

The peculiar penguins’ phenomenon is the forma-
tion of “creche” (créche — French for nursery), when
chicks from different nests are grouped into the so-
called “baby nursery”. In the créche adult birds take
care of several chicks at once. The first formed créche
in the nest colony at Petermann Island was recorded
on February 7, 2016. Since this date the number of
chicks in the creche constantly increased (Fig. 3, a).
All adults P. papua finally left their nests on February
15, 2016 (Fig. 3, b).

Summer of season 2016/2017. The first appearance
of P. papua penguins in the nest colony of Petermann
Island was registered by cameras at the end of Octo-
ber 2016 — 24.10.2016 (Table 2). However, the first
eggs laying in the summer season 2016/2017 was not-
ed only on December 4, 2016, simultaneously in the
nests N 3 and N 7 (Fig. 4, a). The first chicks in the
nest colony at Petermann Island were recorded on
January 9, 2017, in the nest N 2 (Fig. 4, b).

In the 2016/17 summer season, Adelie penguins ha-
ve laid the first egg at Great Yalour Island on 11.6.2017,
whereas the first egg laid of P. papua was noted on
11.11.2017 on Petermann Island. In the GBV colony
the first egg laid by P. papua was registered one day
later, on 12.11.2017. Thus, the distance between the
dates of the laying is quite short. However, it was fo-
und that the intensity of eggs laying by P. papua was
higher than by P. adeliae penguins. Visual observa-
tion showed that in four days after laying had started,
gentoo eggs were seen in 10—15 % of the nests, whe-
reas only 1—2 % of nests of P. adeliae. Control count
(every two days since the first egg laying) of the se-
lected group of 100 nests enabled to determine dy-
namics of laying: 16.11.17 — 1 % of nests had eggs;
18.11.17 — 10 %; 20.11.17 — 43 %; 22.11.17 =70 %;
24.11.17 — 95 %; 26.11.17 — 98 %; 28.11.17 — 99 %.
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Thus, in 12 days practically the eggs had been laying
and incubation started.

It was established, that the average date of chicks
hatching in 10 nests on Petermann Island is 14.01.2017.
The first créche in 2016/2017 summer season of has
been formed 11.02.2017 (Fig. 5, a). All adult birds
left their nests 20.02.2017 (Fig. 5, b).

Usually, the clutch of P. papua penguin consisted of
2 eggs, although some pairs had only one egg. Three-
eggs laid were quite rare (one nest at Moot Island and
two nests at Petermann Island). Four-eggs laying was
registered only once at Pleneau Island. The complete
clutch of P. adeliae also consisted mainly of two eggs,
although sometimes they lay from one to three eggs.
For instance, two nests with three chicks were regis-
tered at Great Yalour Island and two nests at Peter-
mann Island.

The data comparison between 2015/16 and 2016/17
seasons showed that over 2015/2016 season the aver-
age date of chicks hatching were in the mid-January
(18.01.2016), which was eight days later than over the
2016/2017 season (Table 3). In our opinion this was
caused by unfavorable weather conditions in the late

spring. Accordingly, the terms of the chicks hatching
were shifted to mid-January.

Adelie penguins were laid the first eggs at Great
Yalour Island between 21.11.2016 and 6.11.2017,
whereas the first eggs of P. papua at Petermann and
Galindez Islands were registered in early December
with mean date 04.12.2016 and 07.12.2017, respec-
tively. Therefore since Petermann Island is located
more northward, the first egg lay occurred three days
earlier. P. adeliae first chicks hatching starts at Great
Yalour Island two weeks earlier (25.12.2016) then at
Galindez and Petermann Islands (averaged date —
10.01.2017), see in Table 3. It should be noted that
the first lay in the colonies and, respectively, the first
chicks, were visually registered a week earlier on av-
erage. For instance, the first chicks at Galindez Is-
land colony appeared 1—-2.01.2017, but these nests
were not in the scope of the automatic cameras.

We suppose that the difference in date of the clutch
initiation and chicks hatching between P. papua and
P. adeliae is caused by physiological peculiarities of
the species and is not related to their trophic base (krill
availability) in the waters of the Wilhelm Archipela-

Table 3. Averaged data from photos over the summer season 2016,/2017
of Wilhelm Archipelago cameras from the CEMP Camera Network in CCAMLR Subarea 48.1

. Locality Species Camera’s Reproductive success Date (averaged data)

(island, code) number N of nests | N chicksin créche | First egg (CID) First chick Creéche forming
Petermann P. papua 3 42 57 01.12.2016 02.01.2017 08.02.2017
PTI1 P. papua 1 13 19 04.12.2016 10.01.2017 11.02.2017
PTI2 P. papua 1 10 13 01.12.2016 10.01.2017 15.02.2017
PTI3 P. papua 1 19 25 09.12.2016 02.01.2017 08.02.2017
Yalour P. adeliae 3 57 75 21.11.2016 25.12. 2016 26.01. 2017
YAL1 P. adeliae 1 15 21 21.11.2016 26.12.2016 27.01.20.17
YAL2 P. adeliae 1 21 30 22.11.2016 25.12.2016 23.01.2017
YAL3 P. adeliae 1 21 24 19.11.2016 22.12.2016 26.01.2017
Galindez P. papua 3 26 40 07.12.2017 10.01.2017 07.02.2017
GBV P. papua 1 10 15 04.12.2016 08.01.2017 06.02.2017
GPP1 P. papua 1 8 13 10.12.2016 11.01.2017 08.02.2017
GPP2 P. papua 1 8 12 07.12.2016 10.01.2017 08.02.2017

Note: CID — date of the first egg laying. In the table this date when the first egg is visible in the image of the corresponding camera
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g0, as the forage areas of all nest colonies on the con-
sidered islands are overlapped. However, date of the
chicks’ transition to créche differed from the previous
results. According to the automatic observation re-
sults, the last penguins who create créche were P. pa-
pua on Petermann Island — on 11.02.2017, whereas
P. adeliae already formed créches in 26.01.2017. Gen-
too penguins formed créche 07.02.2017 in the colonies
on Galindez Island. Forming of créche gives ability for
both parents to go for food and, thus, the daily con-
sumption of krill nearby the nesting colony increases.
Adults feed within 20 km from the nest colony, leave in
the morning and come back in the evening. The time
spent for feeding increases as the chicks grow.

Table 4. The breeding dynamics
of the penguin P. papua during the breeding seasons
0f 2003—2017 on Petermann Island

Season Number Number Ratio
of nests of chicks chicks/nests

2003/04 2119 3088 1,46
2004,/05 2232 2711 1,21
2005/06 2438 3313 1,36
2006/07 2293 3327 1,45
2009/10 2443 3791 1,55
2010/11 2898 4260 1,47
2014/15 2941 4638 1,58
2015/16 3499 3041 0,87
2016/17 1852 2353 1,27

Table 5. The breeding dynamics
of the penguin P. adeliae during the breeding seasons
0f 2003—2017 on Petermann Island

Season Nests Chicks Ratio chicks/

nests
2003/04 509 723 1.42
2004/05 502 575 1.15
2005/06 479 589 1.23
2006/07 410 457 1.11
2015/16 261 360 1.37
2016/17 213 246 1.15
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Reproductive success of P. papua
and P. adeliae populations

Analysis of data regarding the nesting colony of P.
papua at Petermann Island over the last 14 years ena-
bles to conclude that reproduction success of this
species varied from 0.87 to 1.58 chicks per nest with
the average number 1.26 chicks per nest (Table 4).

P. adeliae chicks number per nest varied from 1.11
to 1.42 in the colony on Petermann Island (Table 5).
The average number is 1.21, which is close to those
for gentoo penguins. At the same time, the second
colony of P. adeliae on Petermann Island practically
disappeared in 2017. One nest only was registered
among the dominating nests of P. papua, while in
2014 season two nest colonies of this species were
registered (Smagol, 2016). In spite of similar repro-
ductive success, P. papua penguins prevail by the
number of nest colonies and total number of breed-
ing pairs. This trend in the Wilhelm Archipelago re-
gion has been traced since 1958, when British re-
searchers pointed that in 1982 the number of P. ade-
liae nesting pairs in the colony of Great Yalour Island
decreased twice and continued to decrease (Poncet
and Poncet, 1987). Thus, over the 2003/2004 and
2007/2008 seasons at Petermann Island P. adeliae
population decreased by 29 %, where as P. papua
population increased by 27 % (Lynch et al., 2010).

However, despite this general trend, some pairs of
P. adeliae of reproductive age form small nesting col-
oniesat new territories. Forexample, inthe 2016/2017
season new colony of this species was discovered on
islands of the Berthelot group (172 adults and 3 chicks).
Because of heavy ice conditions, the biologists had
been reaching the colony after the chicks have molt-
ed and independently feeded in the ocean.

Totally, over the 2015/2016 season 13 nests of P. pa-
pua were recorded by cameras at the investigated area
(Petermann Island, Camera PTIl). Among them
three nests were deserted. Therefore the relative suc-
cess of P. papua nesting in the model area is about
77 % (number of chicks — 17 and 13 of them survi-
ved and have grown).

Over 2016/2017 summer season 13 nests were stu-
died with camera PT11. None of them were deserted.
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Consequently, the relative success of nesting for the
camera observed area of the breeding colony P. pa-
pua at Petermann Island in the 2016/2017 summer of
season was 100 %. In general, in the breeding colony
P. papua at Petermann Island camera PTI1 observed
20 eggs from which 14 chicks hatched and survived.
Therefore, the relative reproductive success for the
camera studied area of the breeding colony P. papua
in the 2016/2017 summer season was 70 %.
Comparison of the nesting success of P. papua in
the camera observed area at Petermann Island in the
2015/2016 and 2016/2017 summer seasons showed
their difference. The nesting success over 2016/2017

GPP colony
11%

mortality

89 %

fresh water seaice

conditions: temperature (+C°); no south wind

Fig. 6. Scheme of ice formation (8—10 points) in the Argen-
tine Islands area

GBYV colony

16 %

mortality

84 %

Fig. 7. Survival of Pygoscelis papua chicks in the GPP and GBV colonies at Galindez Island over 2011/2012 season

4]
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Fg. 8. The stomach content of the dead Pygoscelis papua penguin from
the GPP colony in unfavorable and favorable summer seasons: a —
empty chick stomach (2011/12 season); b — adult bird’s stomach
filled by krill (2009/10 season)
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1% 1%
M gastrolithes

squid m krill fishes

Fig. 9. Stomach content of Pygoscelis papua at the Argentine
Islands area

summer season was maximal (100 %) whereas over
2015/2016 season was equal 77 %, when adverse wea-
ther conditions created breeding problems at the start
laying eggs of the penguin. On the contrast, the re-

productive success was higher (77 %) over 2015/2016,
probably primarily due to the forage availability —
krill abundance nearby Petermann Island area.

The impact of krill abundance on reproductive
success of P. papua populations

We analyzed the original data collected from Decem-
ber 2011 to February 2012 to reveal the impact of krill
abundance on the reproductive success of P. papua
populations. Over the considered period the ice con-
ditions (8—10 points of ice index) in the Argentine
Islands Archipelago and Penola Strait were unfavora-
ble (Dykyy, 2013; Dykyy, 2016). That was caused by
absence of the south wind, which usually moved the
sea ice into the open ocean, in addition to abnormal-

Pygoscelis adeliae

High wind

M Reproductive krill: age class 3-7
‘s Young krill: age class 1 and 2

" Diatoms @ Kiill eggs
#  Cryptophytes e Depth of Tmin

Fig. 10. Qualitative model of possible changes in the ecosystem based on krill Euphausia su-
perba in the Argentine Islands area (modified from Saba et al., 2014)
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ly low summer temperatures of the seawater (—1.5 °C...
—1.7 °C). However, the average air temperature was
above zero, which led to the snow melt. As a result,
fresh melting water flowed into the ocean and formed
the upper layer of seawater, thus this upper layer froze
because of low temperature of the underlying layer.
The newly formed fresh water ice fastened the sea ice
underneath, forming a kind of a “basement” (Fig. 6).
Such an isolation of the water area of archipelago by
the sea ice had led to the decrease of the marine birds
and mammals density within the Argentine Islands,
and significantly affected reproduction of the abun-
dant P. papua at the archipelago.

Particularly, we observed high mortality of the new-
born chicks at Galindez Island because of starvation,
as adult birds could not reach the open water, they
left nests with chicks. Thus, colony at Cape Penguin
Point were consisted from 332 nests in November 2011
and in December only from 133. 49 nests of 136 were
remained in the colony near Vernadsky station.

In that time number of living nests decreased almost
three times. On Penguin Point Cape from 191 chicks
survived only 21, and in the colony near Vernadsky sta-
tion 12 chicks survived from 74. On the whole, the mor-
tality rate of P. papua chicks in the 2011/2012 summer
season was 84—89 % (Fig. 7). Dissection and analysis of
stomachs content of 60 different age chicks confirmed
that their death was caused by starvation. All stomachs
were empty. Sometimes in the stomachs of dead chicks
occurred gastrolithes, which because of big size caused
intestinal obstruction. Adult birds fed the chicks by gas-
trolithes (instinctive feeding) having their own stomachs
empty (Dykyy et al., 2013; Dykyy, 2016).

It should be noted that underwater surveys, carried
out by seasonal biologists Dr. A. Utevsky and D. Shmy-
rev in the water area near Galindez Island, showed
some krill abundance, which, however, was not avail-
able for all sea birds because of the ice covering. Thus,
unfavorable ice condition over the abnormal 2011/2012
season, which caused isolation of food in the water
area of the archipelago, significantly affected the sur-
vival of sea birds and negatively affected reproduc-
tion of P. papua. Similar situation was occurred in the
same colony in the 2015/2016 summer season. How-
ever, the starvation and mass death of P. papua chicks
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at that time was caused by the absence of krill in the
water area of the islands, which, in turn, was caused
by intensive and prolonged (January — February 2016)
water “bloom” by diatoms. Therefore, from 1194 birds’
chicks have survived only 530. The mortality of chicks
in area of the GPP colony in this season was 55.6 %.
Another case of catastrophic mortality of the P. ade-
liae breeding colony in the 2016/2017 summer sea-
son occurred in East Antarctica (Petrels Island),
where in a colony of 18,000 nesting pairs survived
only 2 chicks, all others died from starvation because
of lack of their main food object krill due to climate
change in the region (Slezak, 2017). Particularly, in
2010, as a result of destruction of the Mertz glacier,
the iceberg fragment of size 80 by 40 km was sepa-
rated at the distance of 250 km from Petrels Island.
This significantly affected the ocean currents and ice
processes in this region. As a result, unfavorable ice
conditions forced adult penguins to feed over a long
distance (more than 100 km) from the colony with-
out being able to feed their chicks in time.

The study of the stomach contents of the P. papua
dead chicks indicates that the main food of these
birds is krill, though small pieces of the Pleurogram-
ma antarcticum ice fish occurred in the stomach. The
stomach of the dead chicks on January 18, 2010 was
completely filled by krill. The mass of the stomach
contents was 69.9 g, of which 6.51 g were gastrolithes
and fragments of fish bones. Stomach of the dead adult
penguin on January 21, 2010 was filled on 100 % by
krill (Fig. 8). Weight of the stomach was 8.65 g, with-
out gastrolithes.

Adult birds feed mainly on krill and fish, diving to
the depth of 100 m. In the northern waters P. papua
feed mainly on fish, crustaceans form less than half of
their ration. Nearby the Antarctic Peninsula, krill
forms almost 85 % of this species diet, and fish — abo-
ut 14 % (Fig. 9). Over our studies we note that P. papua
penguins are eating mollusks — the Antarctic limpet
and chicks feeding on octopus. Adult birds swallowed
the whole limpet. Probably limpet shells also serve as,
swallowed by birds to improve grinding of the krill ex-
oskeletons in the stomach (Dykyy et al., 2011/12).

On the whole, it is known that the entire P. adeliae pen-
guin population in Antarctica, estimated as compris-
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ing 2 370 000 breeding pairs, can consume 1500 mil-
lion kg (1,500,000 metric tons) of krill, 115 million kg
(115,000 metric tons) of fish, and 3,500,000 kg (3,500
metric tons) squid each year (Lynch et al., 2010).

Thus, P. papua’s food spectrum was shown to be
lesser (krill, squid) than in P. adeliae — mainly krill,
as well as squid and small fishes. It has been found in
the region of the Wilhelm Archipelago that krill is the
main component of the diet of both species over the
spring-summer period. Taking into account that among
seven penguin species occurring within the Wilhelm
Archipelago, the most numerous are P. papua and
P. adeliae, these species should be used as an “indi-
cators species” for assessment of distribution and
abundance of krill in the region.

Key elements of the model

On the base of the simultaneous consideration of the
averaged data from automatic cameras and the results
of visual observation of the biologists-winterers, we
developed the model key elements for qualitative and
quantitative analysis of the changes in the krill-based
ecosystem of the Argentine Islands (as part of Wil-
helm Archipelago).

This model of the ecosystem changes in the Ar-
gentine Islands area will be important in predicting
biocenosis changes in the Western Antarctic over a long
period or at climate change. The main idea of the re-
search consists in simultaneous study of the breeding
chronology and success of P. papua and P. adeliae
penguins as the main consumers of Antarctic krill
Euphausia superba.

Understanding of the mechanisms of the climate
change impact on some trophic levels in the food web
is essential for determination of the ecosystem’s re-
sponse. In order to develop the model for qualitative
and quantitative change of the krill-based ecosystem
of the Argentine Islands area, we used as a basis the
study of the phytoplankton and krill populations’ re-
sponse to the climate change in the region of the Ant-
arctic Peninsula, carried out for 20 years by US spe-
cialists at Palmer Antarctic Station (Sabaet al., 2014).
Palmer Station is located 50 km northward from the
Argentine Islands, which enables to compare the re-
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sults collected by the Palmer Long Term Ecological
Research Program (PALLTER), determine how
large-scale climate and local abiotic factors affect
phytoplankton, zooplankton and predators — con-
sumers of krill along the coast of the Antarctic Penin-
sula. It was found that the positive anomalies in chlo-
rophyll a (chl-a) at Palmer station, occurring every
4—6 years, are limited by the physical processes of
the previous winter/spring and negative phase of wa-
ter temperatures. Favorable conditions for phyto-
plankton included increasing of amount and dura-
tion of winter ice, reducing winds in spring / summer,
and increasing the steady water temperature by in-
creasing the density gradients associated with salinity.
Years of positive chlorophyll a (chl-a) anomalies are
associated with the initiation of a strong krill cohort
next summer, which manifests itself in the diet of P.
papua and P. adeliae penguins, and in turn shows
close trophic relationship. The predicted climate
change can have a significant negative impact on
phytoplankton biomass, on the growth of the krill
population and predators of the upper trophic level in
this coastal Antarctic ecosystem (Ainley, 1998; Vaug-
han et al., 2003; Ducklow et al., 2007; Montes-Hugo
et al., 2009; Trivelpiece et al., 2011).

Consequently, the key elements of the model for
qualitative and quantitative change in the ecosystem
of the Argentine Islands, based on the krill Euphausia
superba are the sexually mature specimens of P. pa-
pua and P. adeliae, which are “indicator species” of
the distribution and abundance of krill in the region.
The model is based on krill as a key species in the
ecosystem of the Southern Ocean (Fig. 10). Accord-
ing to CCAMLR, the biomass of one species Eu-
phausia superba in the South Ocean is approximately
379,000,000 tons, more than the biomass of all peo-
ple on the planet. Every year whales, seals, penguins,
squids and fishes eat more than half of this biomass,
which is restored through reproduction and subse-
quent growth of the krill population. Krill demon-
strates expansive daily vertical migration, thus pro-
viding predators with food at night near the surface,
and at daytime — at a depth (Hamner et al., 2000;
Fraser et al., 2003). The size of the krill population is
very variable, and the observed changes, apparently,
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are largely due to how young krill is added to the pop-
ulation annually. This can be owing to changes in the
presence and thickness of sea ice, which raises the is-
sue of influence of abiotic factors (water temperature,
air, wind presence, etc.) due to climatic changes
(Nicol, 2000; Schofield et al., 2010).

Thus, as it is evident from the proposed quality mo-
del, the stability of low temperatures, both water and
air, including slow winds, can contribute to the pres-
ence of stable and thick sea ice layer, which is a prereq-
uisite for successful breeding, development of krill lar-
vae and, ultimately, the presence of its main feeding
objects diatoms and cryptophytes. All this leads to the
rapid growth of the E. superba population. The result
can be an increase of the breeding success of the main
Antarctic nesting species P. papua and P. adeliae and
growth of their populations. Conversely, ascending
temperature can lead to decline in the krill population,
which negatively affects the reproduction of these pen-
guins in the ecosystem of the Argentine Islands (Fig.
10). It should be noted that the presence of large stock
of krill, which is not available for penguins due to ice
cover, do not guarantee the success of reproduction
and high reproductive success in nest colonies. Such
situation occurred in the 2011/2012 summer season
when mortality of P. papua chicks ranged from 84 % to
89 %. However, the real relations are not so direct and
obvious, and depend on many factors, which in turn
require a long-term monitoring of breeding colonies
and more detailed research.

The qualitative model based on observations over
several successive breeding seasons (5—10), will help
to predict the response of the seabird species popula-
tions’ future changes in the Antarctic environment.
This will enable further development of recommen-
dations for mitigation the effects of global warming
and conservation of the Antarctic environment, as is-
sue of international relevance. Based on the results of
our work, we completed the protocols for research of
breeding populations of P. papua and P. adeliae pen-
guins in the CCAMLR Subarea 48.1 in the CEMP
format and presented to the CCAMLR in the form of
documents over the national report of Ukraine to the
Working Group on Ecosystem Monitoring and Man-
agement (WG-EMM) on June 19, 2016 and June 26,
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2017 (Dykyy, 2016; Milinevsky et al., 2016, 2017a,
2017b; Lutsenko, 2017).

CONCLUSIONS

It was established that in the beginning of the XXI
century the nest colonies of P. papua penguins were
expanded southward of Petermann Island. The first
expansion of P. papua on Galindez Island was in 2007.
Until 2014/2015 summer season, the gentoo species
has expanded nesting area to Green Island and moved
southward almost for 30 km over the past ten years.
Six new breeding colonies were formed. P. papua is
more ecologically plastic species in comparison with
P. adeliae. Gentoo penguins are more resistant to the
high temperatures. Besides that gentoo penguin has
higher reproductive intensity and reproductive dy-
namics, hence the number of new generations of P.
papua is higher than in other species of penguins for
this breeding area. This was confirmed by studies
with applying of molecular techniques to assess the
demographic history and structure of the genus Pygo-
scelis populations under the climate change (Clucas
etal., 2014).

It has been shown that P. papua’s food spectrum is
more limited (krill, squid) than of P. adeliae — main-
ly krill, as well as squid and small fishes. In the Ar-
gentine Islands Archipelago, krill is the main feeding
source for both species gentoo and Adelie in the spring-
summer period. Taking into account that among se-
ven penguin species occurring within the Wilhelm
Archipelago, the most numerous are P. papua and P.
adeliae , these species should be used as an “indicator
species” of krill distribution and abundance in the re-
gion and for its stock assessment. It was established
that the nesting success of P. papua on the CEMP
cameras model area at Petermann Island in the 2016/
2017 summer season is about 100 %, unlike the 2015/
2016 season (77 %) when weather conditions at start
of the eggs laying were unfavorable. Comparative ana-
lysis showed that reproductive success of P. papua was
higher in the 2015/2016 summer season (77 %) than
in the following season (70 %), mainly due to suffi-
cient forage base, presence and availability of krill in
the area of Petermann Island. The high reproductive
success rate of P. papua (the ratio of the chicks num-
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ber to the nest number), which has increased signifi-
cantly over the last 15 years from 1.21 to 1.55, indi-
cates quite high quality and sufficient forage base in
the area of the Wilhelm Archipelago. The exception
was in 2015/2016 season (0.87), when many chicks
had died because of low abundance of krill as a result
of the water bloom. Taking into account that the
krill is in the base of the trophic pyramid of the Ant-
arctic ecosystem and it is highly sensitive to the sharp
water warming, it serves as indicator of climate chan-
ges’” impact on the krill-based ecosystem. Therefore,
the qualitative model of possible changes in the eco-
system elements (penguins) of the Argentine Islands,
based on krill E. superba, will enable to predict the
reaction of sea birds populations to future changes in
the Antarctic environment. This will contribute to
mitigate the effects of global warming and conserva-
tion of the Antarctic environment, which is an issue
of transnational concern.

The support and development of research on pen-
guin breeding colonies using the CEMP camera net-
work and the provision of the research results to the
CCAMLR enables realistic assessment of the krill
population’s state in CCAMLR Subarea 48.1 and to
use these results to develop a strategy for manage-
ment and exploitation of marine living resources.
Particularly, the results of this work could be used in
the preparation of proposals for the management of
the krill commercial stock fishery (E. superba) and
Patagonian toothfish (Dissostichus eleginoides) fish-
ery in Antarctica by the State Agency of Fisheries of
Ukraine. This scientific research results could be tak-
en into account by CCAMLR Countries in discus-
sion the quotas for fishery and management of krill
fishery in CCAMLR Subarea 48.1.
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OCOBJIMBOCTI XPOHOJIOTII 1 YCHIIITHOCTI PO3MHOXEHHS
MIHTBIHIB PYGOSCELIS PAPUA TA P. ADELIAE (SPHENISCIDAE) B PAVOHI

APXITIEJIATY BUIBTEJIBMA (TTIIPAUOH CCAMLR 48.1)

PE®EPAT. Merta. JlocainnTul SIKicHi 3MiHM B OCEJTMINAX JBOX HAWMOIIMPEHIIIMX BUAIB MHIBIHIB Ha apxinenasi Binbreabma
Pygoscelis papua 1a P. adeliae (Spheniscidae) y ninpaiioni CCAMLR 48.1 nia BniMBoM 3MiHM KJIiMaTy Ta MPOMUCY KPUJIS.
Metoau. 1106 MiHiMi3yBaTH JIOACHKUI BIUIMB HA YCHIlIHICTh PO3MHOXEHHS 1 BUDKMBAHHS NITAIICHST Ta YHUKHYTA YMHHUK
TypOYBaHHSI MMiHTBiHIB, BUKOPUCTAHO HOBUIA CMOCIO CITOCTEPEKEHHS 32 PO3MHOXEHHSM IMiHTBiHIB 3 BUKOPUCTAHHSIM (hOTO-
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Kamep, sIKi BCTAHOBJIEHI B KOJIOHISIX MiHTBiHIB. byJIo BCTAHOBIEHO TEPMiHU MOSIBU B KOJIOHI1, KOIYJISILIT, BiAKJIagaHHS SIELD,
BUJIYIUIEHHS NTalleHsaT Ta ¢opmyBaHHs sicell. Lleit Mmeton Oysio Briepile BUKOPHUCTAHO B paMKaxX MiXKHApOJIHOIO MPOEKTY
CEMP “CrBopenns mepexxi kamep CEMP B nigpaiioni 48.1”. I1poekT TpuBaTUMe OiJIbII HiXK I’ SITh pOKiB. TaKoX IMpOBOAMIN
Bi3yasibHi crlocTepeXXeHHsI 3a NTaxaMu. Pe3ynsraTu. 3a ocTaHHE JECATUITITTS THi3NOBUM apeat P. papua 3MiCTUBCS Ha MiBAEHb
maiike Ha 30 KM, y pe3yJIbTaTi MiHTBiHM YTBOPWJIM 1IiCTh HOBUX THi3M0BUX KOJIOHiH. [1lopiuHa ycmiliHicTh pO3MHOXEHHS
P. papua na octposi [litepman cranosuia Bin 0,87 mo 1,58 mrameHSAT Ha THI3HO MPOTATOM JCB’SITH CE30HIB CTIOCTEPEXKEHbD Y
2003—2017 pp. ¥ 2017/16 pp. Bin3HaueHo 1,27 nTalieHsT Ha THi300; 1ie HU3bKMIA piBEHb YCIIIITHOCTI PO3MHOXEHHSI ITOPiBHSI-
HO 3 iHIIIMMU Ce30HaMU. YCTIIIHICTh pO3MHOXeHHS P. adeliae Gyna Oinbll cTabiIbHOO, 3a I11iCTh CE30HIB CITOCTEPEKEHb (Bil
1,11 no 1,42); 3 HaiiBuMM mokasHukoMm y 2003/04 pp. 3’sicoBaHO cnieKTp XuBieHHs P. papua. BucHoBku. Ha TepuTopii apxi-
nenary BinbreabMa BigmiueHi 3MiHU B ocevIlax MiHrBiHiB. BctaHoBIeHO, 1110 Ha movyaTKy XXI cToniTTs apea ruizayBaHHs
P. papua 3nauHO po31MpuBcs, TMOBIpHO, Yepe3 MOTEIJTIiHHS KJ1iMaTty B perioHi. [TokazaHo, 1110 P. papua € 6ij1b111 €KOJIOTIYHO
TUTACTUYHUM BUIOM, HiX P. adeliae. Bimomo, 1110 YCIIIITHICTh PO3MHOXKXEHHSI XIKAKiB, TAKUX K ITIHTBiHM, MOXe OyTH BUKO-
PMCTaHO SIK iHAMKATOP CTaTyCy HUXKUMX TPODIYHMX PiBHIB, OCKITbKY aHTAaPKTUUHUI Kpuib Euphausia superba (Euphausiidae)
€ OCHOBHUM 00’€KTOM XapuyyBaHHsI MiHIBiHiB (84 %) y paiioHi apxinenary Binbreabma. Mu npornoHyeEMO MOIEIb KIIIOYOBUX
€JIEMEHTIB ISl SIKICHOTO Ta KiJIbKiCHOI'O aHaJli3y 3MiH €eKOCUCTEMU APreHTUHCHKUX OCTPOBiB 0a30BaHOI Ha Kpuiao. MaioyT-
Hill pO3BUTOK MOHITOPMHTY THi3IOBUX KOJIOHiI MiHTBiHIB 3 BUKOpUcTaHHSIM Mepexi Camera Network CEMP B pamkax
KKAMIJIP Gyze 3Ha4HO0 Mipot0 CIIPUSITH OLIHII peaibHOI TOCTYITHOCTI 310014i. Pe3ynbraTu JoCiiKeHHS YCHiIHOCTI pO3-
MHOXeHHs P. papua ta P. adeliae MOXyTh OyTH BUKOpUCTaHi (1) y po3poOii crpaTerii ynpaBliHHS MPOMUCITY KPWIS B
KKAMUJIP n71s1 paitioHaJIbHOTO BUKOPUCTaHHSI MOPCHKUX TTPUPOTHUX PecypciB AHTapKTUKU; (2) po3po0ili Mojiesi po3cesIeH-
HS1 JUTSI TPOTHO3YBAHHSI €KOJIOTTUHUX PU3KKIB yepe3 3MiHM KJiMaTy JJist 000X BU/IIB ITiHIBiHiB.

Karouosi caosa: Pigoscelis papua, Pigoscelis adeliae, yciiniHicTh pO3MHOXEHHST, BMiCT IIUTYHKY, KpUiTh, Mepexka Kamep CEMP,
AHTapKTUYHUI TTiBOCTPIiB.
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