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Abstract A study has been done on the canparison of nesting and feed ng hehavior
popu lation variances as well as breed ng success bet een o popu lations of south po-
lar skua (Catharacta maccom icki) fran near GreatW all station on Fildes Penmsula
and near Zhongshan station in Eastem Larsemann H ills Antarctica There are evr
dent differences in their population ecology The foraging habit ismuch related to re-
gional ecosystan and food resources near their territorial area D ependence on hum an
food waste mfluences skuag diet which considerably affects their behavior even popu-
lation variation in both areas The skuas n Zhongshan Station could shorten and/or
regu late the tin ing for their egg laying and hatching and take precedence of one
chick brooding for keening their breed ng success and subseauent species continua-
tion

Key words south polar skua population ecology Antarctica

1 Introduction

South polar skua (C. maccom icki) is themost mportant camivore sea bird species in
the Antarctic area Its breed ing ranges overlap in continental coast areas aswell as the re-
gion of the Antarctic Penmsula and South Shetland Islands It extends more mnto marginal
areas around the eastem A ntarctic contnent such as atRoss Island (Y oung 19633 b) and
the Larsem ann H ills(W ang& Noman 19933 b). In the regions of the Antarctic Penmsula
and sub-Antarctic islands the south polar skua can have m xed pairsw ith Brown skua (C.
antarctic lonnbergi) n breeding for exanple near the Palmer Station aswell as m K ing
George Island (Peitz 1984 1987 Peter et al 1990), but not the case in eastem Antarctr
ca lke Larsamann H ills M arine fishes zooplankton species such as krill and anphipods
and even sane smaller birds are themost mportant foraging resources for south polar skua
They play an mportant role n food web of Antarctic marine ecosystem.

South polar skuas also svam frequently near research stations n Antarctica H uman
food waste is a part of their food which is more related to natural food resources ( Peitz
1987 Trivelpiece& Volkman 1982 W ang& Noman 1993a). It has been reported that
south polar skuas habit is related closely to human activities which ramarkably affects to
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the dynan ics of skua population (H enm ngs 1990 W ang& Noman 1995 1996). So far
there are many studies of skua ecology but very few dealing w ith populations canparison
The present study presents the differences n ecology of o south polar skua populations n
their nesting feed ing behavior population variances and breed ng success fran the areas of

the Antarctic penmnsula and eastem contnental A ntarctica

2 Study area and M ethods

The study was carried out on M irror and Broknes Penmsulas in the eastem part of the
Larsemann H ills (EIH ), eastAntarctica during the period of 1989/90 to 1993/94 and
on the Fildes Penmsula ( FP) of the K ng George Island during the period of 2000/01 to
2002/03

2 1 Swdy area

GreatW all Station (GW ) (62°13'S 58°58W ) is located at the FP, K ing G eorge Is-
land South Shetland Islands north of the Antarctic Circle Regional characteristics inm e~
teorology and natural environm ental background have been published by many articles (B r
an and X m 1989 Zhao 1991, X ie 1993). The penmnsula consistsmamly of hills under the
elevation 0f200m, w ith a coastal plateau of < 50m. Them ean annual ten perature is — 2
1C in this area and the highest tanperature was 3 4C and the lowest — 4 6C. It is a-
bout I~ 3 5C fran Decanber to February M ean annual precipitation is 634 9mm. It is
much wam er and wetter than the Antarctic continent areas The summ er season is consider
ably longerw ith 110 days of snow and icemelting typical of the sub-A ntarctic clm ate w ith
much cloudy and snowy weather

Zhongshan Station ( ZS) (69022’8 76022!']3) is located mM irro Peninsula of EIH,
in which the south-east coast of the Prydz Bay is one of the larger ice-free areas i continen-
tal Antarctica In contrast to GW, it is typically windy and dry Antarctic weather The
mean annual tenperature is — 9 8C, mean monthly tenperature is 0C mn Decenber ~
February In the summer it has less than 50 days of snow and ice melting It has < 250
mm of precipitation The surface of bedrock is entirely bare and eroded severely with very
few plants due to the extrane environment

The FP is rich with lichens More then 100 marine species have been found m tidal
zones near the coast of the Peninsula Invertebrate anmal species live n the m d-tidal
zone They aremostly lmpets (Nacella concinna ), polar capulidae (Laevilittorina antarcti-
ca), little red clan (M argarilla antarctica) and polychaets (Capilla sp ). Sea stars sand
dollars and nematodes are also canmon species of the sea shore (Y ang et al 1992). In
the tidal zone lmpets are themost mportant foraging food formany sea birds living n this
area M arme species such as Amphipoda krill and snall fishes are mam food resources
for south polar skua aswell as other birds here(H uang and W u 1992). Penguin— Skua-
Gull as breeding birds populations in the Penmnsula mchide the species as A delie penguin
(Pygoscelis adeliae), Chmstrap penguin (Pygoscelis antarctic), and Gentoo penguin (Py-
goscelis papua ), South polar skua and Brawn skua Antarctic tem (Sterna vittata ), W ilson *
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s stom petrel (O ceanites oceanicus) and G iant petrel (M acronectes giganteus ).

In the IH, mosses and lichens are less canmon Penguins are uncanmon with very
anall numbers of Adelie penguin seen her¢ maily wo colonies on o snall islands about
10 km away fran M irror Peninsula B ird populations in the Larsem ann H ills are restricted
both n numbers and n breeding species No surfacenesting petrels breed there and only
the snow petrel (Pagodrana nwea) andW ilson § stom petrel (O ceanites oceanicus) occur
in relatively large numbers nesting (usually cryptically) i areas of eroded bedrock
crevices under boulders and n rock falls About 60 benthic marine species were found mn
the tidal zone fewer than other areas of the Penmsula and sub-A ntarctic regions Poly-
cheats (Lepidonotinae sp ) and Gastropod mollusc (N eoduccinum eatoni), Amphypoda
(Paranoera sp ), as well as Echmnoidea (Sterechinus sp ), Asterodea (Odontaster
sp ), mostly live n the waters under low tidal zone

Table 1.~ Canparison of natural conditions of skua habitat betw een G reatW all and Zhongshan Stations

GreatW all Zhongshan
Location Antarctic Peninsula Antarctic continent
Latitude 62°13'S 69°76'S
Mean tenp /y C -3~0C - 10~ - 5C
M ean tenp C Dec -Feh > 1 <0
Icemelting ( d) > 100 40~ 60
Topography Surface w ith much enumbling rock Surface w ith much eroded rock
V egetation R ich mosses and lichens Lessmosses and lichens
wide in distrbution sparse in distribution
Sea birds 7 fan ilies 18 species 4 fan ily 8species
Intertidal zone > 100 species < 65 species
M ean bimm ass of 1658 g/m’ (GW @ gravel) 590 g/m’ ( near theH art Lake gravel)

Inter-tidal zone

2 2 M ethods

W e collected the regurgitated pellets and food rem ains aswell as population ecological
data fran 17 pairs of breeding south polar skua in the areas near Zhongshan Station (W ang
1991, W ang and Noman 1995). M aterials and population ecological data were obtaned
fran 18 breed ng pairs of south polar skua near G reatW all Stationin the south part of the
Fildes Peninsula ( FP) i Antarctic seasons respectively Skua breeding territories were
mapping by GPS i the breeding season M asses were detem ned by means of a spring bal-
ance Regugitated pellets and ranains were collected fran above territories m every 10
days throughout the breeding season Food canponents of those pellets and ranains were
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analysed mn the laboratory ( seeW ang and Noman 1993a Peter et al 1990).
3 Results and discussion
3 1 Nesting and territory

Skuas retum to their original breeding sites fran the north i the Antarctic wam sea-
son The differences of retum tme of different locations are probably because of the situa-
tion m snow and ice melting w ithin different latinde However skuasmostly start tomove
n the begimning ofO ctober to them dle of N ovember Y oung ( 1963a) considered that re-
tum of the south polar skua n Ross Island was related to less covering of sea ice for fora-
ging In the EIH, fast ice covers the surface ofmostwaters near the coast in O ctober and
the ice edge is located about 50 km away fran the shore That is just the peak tme of seals
(Lep tonychotesw eddellit) breeding on the ice which is good for south polar skuas to forage
seals placental ramains(W ang 1991). South polar skuas near the GW Station also retum to
their orignal breeding sites mn early O ctober H owever sea surface ismostly open but the
land is still covered by snow. it is earlier to skuas for their nesting but is good for skuas
to forage sea food aswell as seals placentas (Trivelpiece& Volkman 1982). They start to
nest n early Novenber and select their nesting sites near the top of anall hills where usu-
ally lichens are present L ichens arem ost canmon m aterials for their nesting The nests are
mostly established far fran penguin colonies There are generally no feeding territories mn
south polar skua breeding area here even it is close to the colonies of cape pigeon (D ap tion
capense) orW ilson § stom petrel (O ceanites oceanicus) and B lack-bellied stom petrel (Fr-
egetta tropica). Canparisonw ith this i the EIH, mostly the nests of south polar skua are
established canpletely on erotic and rocky ground and on higher position ( nomally not on
the top) of small hills where there is no any vegetation can be used as nesting material
San e of south polar skua near ZS Station also have feeding territories w ith snow petrels
(W ang and Noman 1993a). In Ross Island it has penguin colonies as feedng territories
(Young 1963a), and Antarctic petrels nHop Island(Noman and W ard 1990).

Table 2  Camparison of south polar skua nesting strategy betveen G reatW all and Zhongshan Stations A ntarctica

G reatW all Zhongshan
ltem M ean Sd D Factor Cont (% )| Item M ean Sud D Factor Cont (% )
1| HE 60 94 m 32 82  Topography 42 38 SPD - 267 00m 108 58 Foodl Human 35 18
SED 510 00m 244 70 Foodl SID 1024 50m 815 95
2| SID 754 50m 266 68 Hum an 3L 56 HE 458 5Im 13 40  Topography 28 96
ND 155 95m 65 41 Density SED 455 33m 430 03 Food2
3] IM 869 75 d/m’ 235 51 N esting 14 35 SL 146 33° 29 06 Clmate 18 68
m aterial
SL 153 80° 56 57 Clmate

HE: elevation of nest above sea level SED: distance of nest to the beach ST} distance of nest to the Station SPD:
distance of nest to Snow Petrel cobnies ND: nearest distance betveen two skua nests IM: Lichen density n skua territory

SL: sbpe direction (F]_’ W), Std D standard deviation Cont: contribution to nesting steategy.
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The canparison of canpositional analysis (W ang and Peter 2002) for environm ental
factors of affecting skuas nesting strategy in breed ng hab itat betv een GW and ZS is given n
Table 2 There are evident differences i sequencing by camparison on s related factors
beween wo habitats The topographic factor (HE) aswell as food factor ( SED) are the
most mportant factors that affect nesting strategy near the GW Station H igher nesting loca-
tionmay allow adults to overlook and protect their territory, which is very mportant for
brood safety and territory security HE is at the first of sequence ( see Table2) mn GW Sta-
tion This is probably because of that the skua population has high nest density ( 7 pairs/
km®), whichm eans of high press to birds in survival space there In contrast HE is at the
second of sequence m ZS Station where ismuch less of canpetition in survival space w ith
low er nest density( Q 8 pairs/kmz). Sice natural food resources ismore scarcity n eastem
Antarctica food should be most mportant requiranent for survival of the skuas there
therefore colonies of snow petrel as feed ing territories for South Polar skua n EIH are nec-
essary It is reasonable that SPD ( snow petrel) occupies the first of sequence near ZS Sta-
tion ( see Table 2) . Secondly part of the skuas have their nests close to station can easier
obtam sane food ranams fran the stations So that STD could be significant factor for their
feedng activities ( see follow ing pages). This alsomeans mpact of human activities maimn-
ly as themedim of food ranans affects of nesting ( and of their breeding success late) of
south polar skuas here partly by changing n foraging habit and their diet(W ang and Nor-
man 1993h 1996). Thus SID and SPD presented together at the first of nesting sequen-
cing is quite corresponding the environmental conditions of the habitat( W ang and N om an
1993a). Sea food is regarded as additional food resource for south polar skuas in ZS Sta-
tion therefore the SED here drops as the second of sequencing of nesting strategy.

The characteristics of clmate n both areas of GW and ZS Stations are generally snowy
and w ndy fran eastem and/or south-eastem The SL means thatw eather does affect skuag
nesting n both areas nearGW and ZS Stations This could be beneficial to the breeding or
exactly to the earlier chick grow mg of both skua populations Lichen (IM, m table 2) ac-
wally is thematerial for south polar skuas nest building only n area near GW Station it as
one of nesting factors should be not the case m Eastem Antarctica

3 2 Foraging strategy

Y oung( 1963a) reported that south polar skua hunted n Adelie colonies asmamn food
resources n Ross Island n contmental Antarctica M aher( 1966) regarded that there was a
special prey-preyer relationship beween skua and pengum as food model Fredrickson
(1971) also suggested that a “ penguin-skua systan”. However i the area near GW Sta-
tion skuas retum generaly n the early of October Brown skuas retum to their breed ng
grounds about one or wo weeks earlier than south polar skua The fomer can occupy sane
feeding territories n the pengumn§ colonies In contrast most of south polar skuas prefer to
forage marine small anmals as food (Trwelpiece& Volkman 1982). South polar skuas n
K ing G eorge Island foragemamly sea food ( Amphipods and fishes) which could be as high
as 7% i their food contents (Peteretal 1990). They also pray other snall sea b irds
such asW ilson§ stom petrel nesting in rocky beach W hile Brown skuas pray mostly pen-



Ecological differences of south polar skua populations fran Fildes. . . 103

gumns eggs chicks and seal$ compses In the area near ZS Station south polar skuas pray
mainly snow petrels and additionally smallmarmne fishes and shrimps M eanwhile they for-
age human food remains as necessary canpensation (W ang and Noman 1993a). Nesting
factors in the above such as SED, STD, and SPD, all are actually related to utilization of
food resources For exanple skuas select their nest sites close to the sea it can probably
forage sea food easier and retum to their nests and territories as soon as possible after fora-
ging This ismuch beneficial to their chicks feeding and protecting Furthemore because
of nesting at the sites close to stations skuas could easily find hunan food ranains In table
2 SET, SPD and STD both m GW and ZS Stations occupy different position n canposr
tional analysis respectively Thus nesting strategy reflects that the skuas have stronger ad-
aptation of using food resources m their habitat by different forage strategy W e think that

south polar skua characteristics a randan foraging strategy.
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Fig 1 Canparison of food canposition by south polar skuas n GW and ZS stations and other A ntarctic sites
Data by this study and Young 1963a H anm ings 1984 Peitz 1987 G reen 1986 and Nom an andW and
1990

3 3 Numbers of breeding pair and Breeding success

Table 3 shows the change of breed ng pairs of south polar skua around the GW and ZS
in different years In the area near ZS it had basically slight change during the period of
1988/89 — 1993/94 except the years of 89/90 and 92/93 when it was ncreasing be-
cause ofmore gathage and w astem aterials around there fran the station (W ang and N om an
1996). In the GW, the number of breed ng pairs of south polar skuamarkedly mcreased as
high as 81 8% during 1984 /85 — 2000/0L. Even in the plateau ( a snall area) south to
GW Station it increased fran 10 pairs of 1984 /85 to 20 pairs of 2000/0L Number of skua
breed ng pairs generally increased sharply in the peninsula area There are so many bases
and stations n the K ng George Island such a snall area and human actwities are so fre-
quent ncliding scientific research tourists other visitors as well asmuch traffic by air
craft flight and vehicles here So far regional environmental manage by station is not so
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well and visitors can ing fran different countries are not controlled It usually happened
here that the ecological species were iterfered by people severely even the wildlife such
as skuas fed by kitchen food A Il of these could be considered as one of the mportant rea-
sons to change natural populations Numbers of skua club used to be decreased by the activ-
ities of A ntarctic Enviroomental Y ear in ZS station which was stronger clean up garbage a-
round the station during the years 0of 1992/93 and 1993/94 Changing of the number of sku-
a club related to the condition of waste management i the stations

Table 3  Camparison of breeding pairs and club of south polar skua near the G reatW all and Zhongshan Sta-

tion
oW 7S chb
Y ear
breeding pairs  club & date breeding pairs  clb & date

86/87 21 1222 16 Feb-25 Feb

88/89 10 9-14 19 Jan-22 Feb
89/90 15 16-28 21 Nov-10 Feb
92/93 13 11-23 25 Dec-18 Feb
93/94 10 7-11 10 Jan-20 Feb
00/01 56 21-39 21 Dec2Q Feb 11 1524 12 Jan-15 Feb
01/02 47 2247 29 Jan-22 Feb

02/03 43 2035 25 Dec-19 Feh

Breeding success could be another mportant factor to affect the populations Table 4
shows the tm ing of egg laying hatching and chicks out and fledging of south polar skua at
different areas m Antarctica In table4 25- 30 days are regarded as skua ncubation perr
od tine fran different regionsw ith slight difference depending on egg volum e and the hatch-
ng strength (Y ong 1963b). Thus the date of chick hatched is directly relative to the date
of egg lymng It is clear that the last date of egg laying in high latitude lke n ZS is earlier
than that m low latitude ke GW (Table 4). The tm ing of egg laying fran the first egg to
the last egg is about onemonth n ZS and in Ross Is, but as long as womonth in GW.
This is because of severe climate conditions which could be the shorter of wam season the
higher latinde Thus the earlier and shorter tin ng of egg laying means that the chicks
could have the longerwam tme during their grow th in higher latiude areas

42— 59 days are generally needed for south polar skua chicks fran hatching to fled-
ging There are several factors to nfluence this processes and it could bemamly the eggs
volme fed by adults food structure aswell as theweather 50 days( or a few daysmore)
is generally regarded as tm ing for chicks fledging n higher latiude but itwill be less n
the areas of lower latitude ( see table 4). Itw ill be much unfavorable to chick grow th that
the weather becanes cold and snowy, particularly the blizzard much threat chick § survival
A lso itwill be the colder and the less of valuable food generally n M arch of the year m
higch latitude such as m ZS wherg the last chick must be hatched out before m id-January.
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In contrast the situation could be better m sub-Antarctic areas lke GW. The tin ing of
breed ng generally is relatively longer

Table4 T ing of egg laying and hatching chick hatched and fledging of South Polar skua fran different

sites
Egg laying H atch ing Chick out Fledging
(day) (day) (day) (day) e
Signy Is 05/12- 13/01 27130 02/01- 10/02 47 H emm ings 1990
GreatW all  12/11- 15/01 27- 31 13/12— 12/02 48 this study
Paher 04/12- 10/01 28- 30 03/01- 09/02 - Peitz 1987
Zhongshan  18/11- 18/12 25/27 13/12- 11/01 535 W ang& Noman 1993b
Roos Is 27/11- 27/12 27- 29 25/12- 31/01 54 Y oung 1963b
Table 3 Breeding success (% ) of the south polar skua in different sites
Sites Latitude Breeding success (% ) references
Signy Is 60°42 71 H anm ings 1990
G reatW all 62°12' 40 this study
Paher 64°46’ 36 Peitz 1987
Zhongshan 69°22 29 6 W ang& Noman 1993b
Ross Is 77°33’ 23 2 Y oung 1963b

Table 5 shows the canparison of breeding success of south polar skua m GW, ZS and
other different sites n Antarctica There is evident negative relationship betw een the rate of
breeding success and the latitude ( Remnhardt 1997). The severe natural conditions could
be the reasons for lower breeding success However eggm issing aswell as second chick
loss should be one ofmain reason directly to affect breeding success in higher latitude areas
(Young 1963 W ang& Noman 1993b). The relative factors should be same others lke
food available weather capability of chick protecting by their parents the capability of
chicks to resistant bad status such as snow and frost wind starvation and disease and so
on The first chick generally hasmuch superiority in tim ing of egg laying larger egg vohime
(nomally) and body mass Particularly the body of the first chick is usually more weight
and stronger then the second when it is just hatched Bodymass of the first chick was heav-
ier than the second of m first day of can ing out being as 8-61 g m ZS and 12-54 g m GW
respectively (W ang and Noman 1993l W ang and Peter unpublished data). The second
chick is usually n an inferior status in consequent survival They mostly get less of food
than the first Therefore it grows up slow ly and weaker to against the predator and the dis-
ease aswell as cold condition In sub-Antarctica because it is richer in food resources for
the birdg the second chick could havemore food fran their parents This should be benefr
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cial to enhancing survival rate as canpared w ith that m contmental Antarctica In the oth-
er mtemecie camivore also could be an mportant reason to cause low breed ng success to
the species Based on the mvestigation in situ, chickswere directly preyed by the other a-
dults the ratiowas as high as 3% of total chicks near ZS during the breedng season of
1989/9Q0 W hile itwas 51 4% n 2000/01 near the GW. Despite of this still it kept a
higher breeding success n GW, because of higher population density which is supported
by adventure clmate and food conditions here

4 Summ ary

(1) There are evident differences in nesting and foraging of south polar skua betveen
wo populations fran GW station and ZS station It reflects that skuas have much depend-
ence on natural envirooment and food resources n their habitat and the birds have very
stronger adaptability to rigorous A ntarctic cond itions

(2) South polar skuas n ZS station surviving in severer weather condition and food
shortage could shorten the tm ing of their egg laying and hatching regulate chicks fledgng
days and take precedence of one chick brooding for keeping their breeding success and
subsequent species continuation

(3) Both of south polar skua populations dependent more or less on human food re-
maing saneway it nfluences anmal § ecological habit and variance of population num-
bers Therefore it is mportant to enhance ecological protection attend ing to w aste m anage-
ment and decrease of human activities which could mterfere the birds life m field
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