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Abstract

At sub-Antarctic Marion Island, there was substantial correlation in the numbers of adults
breeding at study colonies of macaroni penguins (Eudyptes chrysolophus) over 26 years,
as there was also for eastern rockhopper (E. chrysocome filholi) over 22 years, suggesting
that overwintering conditions may influence the proportions of birds breeding. For both
species the time of arrival of females for breeding, and for rockhopper penguins the mass of
females on arrival, was significantly related to breeding success. Therefore, overwintering
conditions may also affect breeding success. Trends in breeding success between study
colonies were more strongly correlated for macaroni penguins than for rockhopper
penguins. Macaroni penguins have a greater foraging range than rockhopper penguins
when breeding, and may be more influenced at this stage by wider-scale environmental
phenomena. For macaroni penguins, breeding success was significantly correlated with
mass of chicks at fledging. For both species, mass on arrival of males was significantly
correlated with that of females. Although both species had low masses on arrival after the
El Nifio Southern Oscillation event of 1997 /98, there was no significant correlation in mass
on arrival between the two species. It is likely that at Marion Island their overwintering
grounds are different.

Résumé

A l'lle Marion, ile subantarctique, on observe une corrélation importante sur 26 années
dans le nombre d’adultes de gorfous macaroni (Eudyptes chrysolophus) se reproduisant
dans les diverses colonies étudiées, ce qui est aussi le cas chez le gorfou sauteur
(E. chrysocome filholi) sur une période d’observation de 22 années. Ceci laisse entendre que
les conditions hivernales peuvent influer sur la proportion des oiseaux reproducteurs.
Chez ces deux espéces, la date d’arrivée des femelles au site de reproduction et, pour le
gorfou sauteur, le poids des femelles a l'arrivée au site, sont étroitement liés au succes
reproductif. De ce fait, les conditions hivernales peuvent également affecter ce succes.
Les tendances du succes reproductif entre les diverses colonies a 1’étude affichent une
corrélation plus marquée chez les gorfous macaroni que chez les gorfous sauteurs. Les
premiers ont un secteur d’alimentation plus étendu lors de la reproduction et pourraient,
a ce stade, étre plus influencés par les phénomenes environnementaux a grande échelle.
Chez le gorfou macaroni, le succes reproductif est plus étroitement lié au poids des jeunes
a la premiere mue. Chez les deux espeéces, le poids des males a I'arrivée présente une nette
corrélation avec celui des femelles. Bien que les deux espéces aient eu un poids peu élevé
a l'arrivée apres 1’événement d’Oscillation australe El Nifio de 1997 /98, on n’observe pas
de corrélation importante du poids a l’arrivée entre les deux especes. Il est probable que
les lieux d’hivernation a 1'ile Marion soient différents.

Pesrome

Ha cyGaHTapktuueckoM o-Beé MapHoH HaOmoganach 3HAYUTENbHAs KOPPEILLU
YHUCIICHHOCTH Pa3MHOXAIOIUXCA B MCCIEOYEMBIX KOJOHHSAX B3POCIBIX 0CO0ei
30JIOTOBOJIOCHIX TNHHTBHHOB (Eudyptes chrysolophus) Ha mnpoTsbkeHmm 26 Inet, a
TaKk)Ke BOCTOYHBIX XOXJATbIX NUHTBUHOB (E. chrysocome filholi) Ha mpOTSHKEHUN
22 JneT, 4TO CBUIETENILCTBYET O BOSMOXKHOM BIIMSHHU YCJIOBHH IIEPE3MMOBKH Ha JOJIIO
Pa3MHOXKAIOIIKXCS NTHL. Bpems npuObITHS cCaMOK Ha y4aCTOK pa3MHOXKEHUS I 000HX
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BUJIOB U Macca CaMOK 110 MPHUOBITHU JUIS XOXJATHIX MHHTBUHOB OBLIM CYIIECTBEHHO
CBSI3aHBI C PENPOAYKTHBHBIM ycrexoM. ClieoBaTenbHO, YCIOBHS MEPE3UMOBKH MOTYT
TaKXXKe BJIMATH Ha PENPOAYKTUBHBIN ycreX. TeHAEHIMH W3MEHEHHs PENpOIyKTUBHOTO
ycrexa MeXIy HM3y4yaeMbIMH KOJIOHUSIMH ObUIM OoJiee CHIIBHO CKOPPEIMPOBAHbI JUIS
30JI0TOBOJIOCHIX TMHTBHHOB, YeM /IS XOXJAarbIX NHHTBHUHOB. [Ipyn pasmHOXEeHUH
30JI0TOBOJIOCHIE MTUHI'BHHBI UMEIOT OOJIBIIMIT apean KOopMOmoOBIBaHMS, YEM XOXJaThle
MUHTBHHBI, 1 MOTYT OOJIbIIE TO/BEPraThCsl BIMSHHUIO LIMPOKOMACIITAOHBIX SIBICHHN
OKpY>KaroIei cpeqpl Ha 9Toi craanu. [1J1s 30JJ0TOBOJIOCHIX TMHTBUHOB PETIPOLYKTHBHBIN
yCIeX CUIBHO 3aBHCEI OT MACChI IITEHIIOB IPH onepeHuu. J|j11 0001X BUJIOB CYIIECTBOBAIA
3HAYUTENbHAs KOPPEJSIHS MEXIAY MacCOi CaMIIOB M CAMOK I10 TPUOBITHH. XOTs 002 BUa
MMEJHM HU3KYI0 MaccCy 1o HpHOBITHH mocie coObitust Dib-Hunbo/lOxHoe KoneOanue
1997/98 1., 3HAYUTENLHOI KOPPEISIIMU MACCHI 110 TPUOBITUN MEXTY STUMH ABYMS BUJIAMU
He ObuT0. CKOpee BCero, y HUX pa3jIndHble Y4acTKH 3MMOBKH Ha 0-Be MapuoH.

Resumen

En la isla subantartica Marion se ha observado por 26 afios una correlacién significativa
en el nimero de pingiiinos macaroni (Eudyptes chrysolophus) adultos que se reproducen en
las distintas colonias estudiadas, y una correlacion similar, por 22 afios, para el pingiiino
de penacho amarillo (E. chrysocome filholi), que indicarian que las condiciones durante el
invierno pueden afectar la proporcién de aves que se reproducen. Para ambas especies,
la correlacién entre el éxito de la reproduccién y la fecha de arribo de las hembras a la
colonia de reproduccién, y en el caso del pingiiino de penacho amarillo, el peso de las
hembras al arribo, fue significativa. Por lo tanto, las condiciones durante el invierno
también pueden afectar el éxito de la reproduccién. Las correlaciones entre las tendencias
del éxito de la reproduccién de las colonias estudiadas fueron mas marcadas para los
pingtiinos macaroni que para los pingiiinos de penacho amarillo. Durante la época de la
reproduccion, el pingiiino macaroni cubre un area mas extensa en los viajes de alimentaciéon
que el pingiiino de penacho amarillo, y por lo tanto podria ser afectado en mayor medida
por los fenémenos ambientales que se dan en una escala mas extensa. En el caso de los
pingtiinos macaroni, el éxito de la reproduccién se correlacioné significativamente con el
peso de los polluelos al emplumecer. La correlacion entre el peso al arribo de los machos
y de las hembras fue significativa para ambas especies. Si bien el peso de arribo de las dos
especies fue menor después del fenémeno El Nifio y la Oscilacién Austral de 1997/98, no
hubo una correlacién significativa entre el peso al arribo de ambas especies. Es probable
que los lugares donde ambas especies pasan el invierno en Isla Marion sean distintos.

Keywords: arrival, breeding proportion, breeding success, Eudyptes, macaroni penguin,
mass, rockhopper penguin, CCAMLR

Introduction

Two species of Eudyptes (crested) penguins
breed at Marion Island (46.9°S 37.9°E), one of two
islands in the sub-Antarctic Prince Edward Islands
group, a South African territory in the southwest
Indian Ocean. They are the macaroni penguin
(E. chrysolophus) and the eastern rockhopper pen-
guin (E. chrysocome filholi). For both species, the
numbers of birds estimated to breed at Marion
Island decreased markedly after 1994/95: maca-
roni penguins from 430 000 to 356 000 pairs; and
rockhopper penguins from 173 000 to 67 000 pairs.
The decreases are thought to result from insuffi-
cient food, possibly attributable to climate change,
resulting, inter alia, in reduced breeding success
(Crawford et al., 2003a, 2003b). Both land and
sea-surface temperatures (SST) at Marion Island
increased prior to the decreases and there was a
marked increase in SST anomalies at Marion Island
after 1995 (Smith, 2002; Mélice et al., 2003). There
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were decreases at Marion Island in populations of
other seabirds whose foraging ranges while breed-
ing are limited, notably gentoo penguins (Pygoscelis
papua) and Crozet shags (Phalacrocorax [atriceps]
melanogenis) (Crawford et al., 2003¢c, 2003d, 2003f).
The major El Nifio Southern Oscillation (ENSO)
event of 1997/98 influenced the breeding of many
seabirds at Marion Island (Crawford et al., 2003e).

At several other sub-Antarctic localities, rang-
ing from the southwest Atlantic to islands south
of New Zealand, decreases of macaroni and rock-
hopper penguins (the same and other subspecies)
have been reported (Moors, 1986; Croxall et al.,
1988; Cooper, 1992; Cunningham and Moors, 1994;
Isaksen et al.,, 1997; Woehler and Croxall, 1997;
Bingham, 1998; Ellis et al., 1998; Guinard et al., 1998;
Trathan et al., 1998; BirdLife International, 2000;
Woehler et al., 2001; Bingham, 2002; Clausen and
Huin, 2003; Puetz et al., 2003). For some of these
decreases, an altered availability of food brought
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about through climate change was suggested as a
possible, even probable, cause (e.g. Moors, 1986;
Cunningham and Moors, 1994).

After breeding, crested penguins depart to sea to
fatten up before returning to their breeding locali-
ties to moult. During moulting, they are ashore for
several weeks, the period varying between species
and breeding localities, and do not feed. Thereafter,
they leave again to sea to regain condition before
breeding. Usually males arrive at colonies several
days earlier than females (Marchant and Higgins,
1990). Macaroni penguins leave Marion Island
after moulting by 25 April, before returning in late
October and early November at the start of the
next breeding season (Rand, 1954; Crawford et al.,
2003a); hence they are absent from the island for six
months. Rockhopper penguins also are absent from
breeding localities for about six months (Williams,
1995). After returning to their breeding colo-
nies, crested penguins fast for periods that differ
between species and sexes and average 33—43 days
(Croxall and Davis, 1999). At this time courtship
occurs and eggs are laid. Soon afterwards males
leave to feed and then return to relieve their part-
ners, the incubation shifts of the two parents last-
ing 10-14 days on average (Marchant and Higgins,
1990). During fasts, macaroni penguins rely mainly
on lipid reserves (Williams et al., 1992).

At Marion Island, the numbers breeding and
the breeding success of macaroni penguins have
been monitored annually at three localities since
1979/80. For rockhopper penguins, numbers
breeding have been monitored at three localities
since 1983/84 and breeding success since 1985/86
(Cooper et al., 1987). Since 1994/95, the breeding
success of macaroni penguins has been recorded
at a fourth locality. Also since 1994/95, for both
species the mass of adults on arrival at colonies to
breed and of fledglings ready to depart to sea has
been measured, following CCAMLR Ecosystem
Monitoring Program (CEMP) protocols (Crawford
et al,, 2003a, 2003b). Over the period for which
the mass of adults was recorded, the approximate
dates of arrival of adults to breed may be gauged.
This paper reports trends in the numbers breeding
and breeding success at study colonies of the two
Eudyptes penguins at Marion Island from 1978/79
to 2004/05, and considers factors that may be influ-
encing these parameters.

Methods
Macaroni penguin

For macaroni penguins, counts of the numbers
of incubating adults (taken to represent breeding

pairs) were made at Van den Boogaard River,
Macaroni Bay north and Archway Bay, at the
northeast of Marion Island (Figure 1), in each sea-
son from 1979/80 to 2004/05, as close as possible
to 20-24 November, when most birds are incubat-
ing (Cooper and Brown, 1990; Cooper et al., 1997).
These colonies were selected because they are dis-
crete and of relatively small size, enabling accurate
counts to be undertaken from their boundaries
without causing excessive disturbance (Cooper et
al., 1997). Dates of counts for 1994/95-2004/05 are
shownin Table 1. At the same colonies, counts of the
numbers of chicks in creches were made as close as
possible to 10 February (Cooper et al., 1997). From
1994/95 to 2004/05, each count was made three
times on the same day by the same observer and
the mean was calculated. For each season, breed-
ing success was calculated as the number of chicks
fledged per pair.

From 1994 /95 to 2004 /05, similar counts were
undertaken of portions of the Bullard Beach colony,
south of the other three colonies (Figure 1), to esti-
mate breeding success. The portions investigated,
which differed from year to year, were relatively
discrete and clearly mapped. The colony at Bullard
Beach is larger than those at the other three locali-
ties (Crawford et al., 2003a).

The arrival mass of adults at breeding colonies
was measured at Bullard Beach for each season from
1994 /95 to 2004/05. The sex of adults was identi-
fied using bill measurements. Males are larger than
females, have longer bills and arrive at colonies
earlier than females (Marchant and Higgins, 1990).
For the same period, but at different colonies, the
mass at fledging of chicks that had left the colo-
nies, or were about to leave, was obtained. Dates
when measurements were undertaken and sam-
ple sizes are indicated in Table 2. Mass was meas-
ured by catching a bird and placing it in a harness,
which was then suspended from a spring balance
that weighed to an accuracy of 10 g. After weigh-
ing, both adults and chicks were marked with a
harmless food colorant so that they would not be
weighed a second time.

Means of body masses of adults and chicks, as
well as breeding success, were calculated +1 stand-
ard deviation (SD). All years for which data were
available were given equal weighting.

The dates of weighing of males and females were
used as surrogates of the timing of their arrival at
the island. A lookout was kept for returning birds
from about the beginning of October in each season.
Birds were weighed when about 200 of that sex
had arrived. As landing beaches were not checked
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Table1: ~ Dates on which counts were undertaken of numbers of pairs of macaroni and
rockhopper penguins breeding in the long-term study colonies, 1994/95-2004/05.

Season Macaroni penguin Rockhopper penguin
Van den Macaroni Archway Van den Trypot Trypot
Boogaard Bay Bay Boogaard Hole Fault
River River

1994 /95 4 Dec 20 Nov 21 Nov 4 Dec 4 Dec 4 Dec
1995/96 14 Nov 14 Nov 14 Nov 4 Dec 4 Dec 4 Dec
1996/97 15 Nov 15 Nov 15 Nov 6 Dec 6 Dec 6 Dec
1997/98 21 Nov 20 Nov 20 Nov 9 Dec 9 Dec 9 Dec
1998/99 24 Nov 24 Nov 24 Nov 12 Dec 9 Dec 9 Dec
1999/00 20 Nov 20 Nov 19 Nov 9 Dec 9 Dec 9 Dec
2000/01 18 Nov 18 Nov 18 Nov 11 Dec 11 Dec 11 Dec
2001/02 7 Dec 16 Nov 16 Nov 7 Dec 7 Dec 7 Dec
2002/03 19 Nov 19 Nov 19 Nov 9 Dec 9 Dec 9 Dec
2003/04 20 Nov 19 Nov 19 Nov 10 Dec 10 Dec 10 Dec
2004 /05 20 Nov 20 Nov 20 Nov 9 Dec 9 Dec 9 Dec
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Figure1:  The locations of study colonies of macaroni and rockhopper

penguins at Marion Island.
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Table2:  Dates on which mass of males and females returning to breed and of
chicks fledging were obtained for macaroni and rockhopper penguins,
1994/95-2004/05. Sample sizes are indicated.

Season Macaroni penguin
Male Female Fledgling
Date n Date n Date n

1994/95 15 Oct 114 22 Oct 100 18-25 Feb 129

1995/96 9 Oct 128 22 Oct 17 19-20 Feb 175

1996/97 14 Oct 100 23 Oct 100 11 Feb 225

1997/98 9 Oct 100 16 Oct 100 8 Feb 249

1998/99 12 Oct 145 16 Oct 44 20 Feb 198

1999/00 12 Oct 100 14 Oct 100 17-22 Feb 250

2000/01 12 Oct 100 15 Oct 100 17-24 Feb 250

2001/02 2 Oct 100 10 Oct 100 7 Feb 250

2002/03 2 Oct 100 11 Oct 100 7-8 Feb 250

2003/04 7 Oct 100 13 Oct 100 6-8 Feb 250

2004 /05 4 Oct 100 11 Oct 100 28 Jan 250

Rockhopper penguin
Male Female Fledgling
Date n Date n Date n

1994/95 3 Nov 113 7 Nov 84 9-15 Mar 106

1995/96 3 Nov 37 7 Nov 40 5-13 Mar 135

1996/97 6 Nov 100 10 Nov 100 3 Mar 250

1997/98 10 Nov 100 11 Nov 100 6 Mar 250

1998/99 12 Nov 100 14 Nov 100 12-17 Mar 186

1999/00 2 Nov 100 8 Nov 100 1-3 Mar 250

2000/01 3 Nov 100 7 Nov 100 2-5 Mar 250

2001/02 3 Nov 100 7 Nov 102 28 Feb-3 Mar 250

2002/03 8 Nov 100 14 Nov 80 3 Mar 250

2003/04 6 Nov 100 10 Nov 100 2-4 Mar 250

2004 /05 28 Oct 100 3 Nov 100 19 Feb 250

daily, dates of weighing will be an approximate
indication of the first day of arrival of substantial
numbers of birds.

Rockhopper penguin

Counts of the numbers of occupied nests (taken
torepresentbreeding pairs) of rockhopper penguins
at Van den Boogaard River, Trypot Hole and Trypot
Fault at the northeast of Marion Island (Figure 1)
were made annually from 1983/84 to 2004/05, as
close as possible to 4 December when all eggs had
been laid (Crawford et al., 2003b). These colonies
were selected because they are discrete and of rel-
atively small size, enabling accurate counts to be
undertaken from their boundaries without caus-
ing excessive disturbance (Cooper et al., 1997).
Dates of counts for 1994/95-2004/05 are shown in
Table 1. At the same colonies, counts of the num-
bers of chicks in créches were made as close as pos-
sible to 28 February, about the time that the last

chicks enter creches (Crawford et al., 2003b). From
1994/95 to 2004/05, each count was made three
times on the same day by the same observer and
the mean was calculated. For each season, breed-
ing success was calculated as the number of chicks
fledged per pair.

For each of the 1994/95-2004/05 breeding
seasons, the arrival mass at breeding colonies of
males and females and the mass of chicks at fledg-
ing were obtained. Sexes of adults were discrimi-
nated using bill measurements. Males are larger
than females and have longer bills (Marchant and
Higgins, 1990). At Marion Island, mean culmen
length for males is 45.7 + 1.4 mm and for females
40.6 + 1.7 mm (Williams, 1980). Dates when meas-
urements were undertaken and sample sizes are
indicated in Table 2.

Dates of weighing and arrival were selected

in a similar fashion to those of macaroni pen-
guins, except that a lookout was kept for returning
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Figure 2: Trends for macaroni penguins at Marion Island in: (a) numbers
of pairs breeding at Van den Boogaard River, Macaroni Bay and
Archway Bay, and (b) breeding success at these three localities
and Bullard Beach, 1979/80-2004/05.
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rockhopper penguins from about the end of
October. Methods used to obtain weights were the
same as described for macaroni penguins.

Results
Macaroni penguin

The numbers of macaroni penguins breed-
ing at each of the three long-term study colonies
decreased between 1979/80 and 2004 /05 (Figure 2).
Numbers breeding at Van den Boogaard River were
significantly related to numbers breeding at both
Macaroni Bay (r = 0.671, n = 26, P < 0.001) and
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Archway Bay (r = 0.721, n = 26, P < 0.001). There
was no significant relationship between the num-
bers breeding at Macaroni Bay and Archway Bay
(r = 0.235, n = 26). In 1982/83, there were large
increases and decreases in numbers breeding at
Macaroni Bay and Archway Bay respectively, and
penguins may have moved between the two colo-
nies (Cooper et al., 1997). When this breeding sea-
son is omitted, the relationship becomes significant
(r=0.524, n = 25, P < 0.01) (Figure 3).

There was no long-term trend in breeding suc-
cess at any of the three long-term study colonies
(Figure 2). Generally, breeding success was higher
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Mass (kg)

Figure 4:

Trends for macaroni penguins at Marion Island in mass on

arrival of: (a) males, (b) females and (c) in mass at fledging of
chicks, 1994/95-2004/05. For each season, means are shown
with standard deviations and ranges.

at Van den Boogaard River than at the other two
colonies and lowest at Macaroni Bay. Breeding
success at Archway Bay was usually intermediate
between levels recorded at the other two colonies.
Over the 26-year period, breeding success aver-
aged 0.57 + 0.17 chicks/pair at Van den Boogaard
River, 0.46 + 0.13 at Archway Bay and 0.28 + 0.15
at Macaroni Bay. Overall breeding success at the
three colonies ranged from 0.10 (1995/96) to 0.69
(1984/85) chicks/pair with an average of 0.35 +
0.13 chicks/pair.

At the Bullard Beach colonies, breeding success
increased between 1994/95 and 2004/05 (Figure 2).
Over this period it averaged 0.56 + 0.18 chicks/
pair. In these seasons, the overall breeding suc-
cess at the four study colonies was between 0.13
and 0.77 chicks/pair (mean 0.51 + 0.18).

Breeding success at Archway Bay was signifi-
cantly related to that at Van den Boogaard River
(r = 0457, n = 26, P < 0.02) and Macaroni Bay
(r=0.460, n = 26, P < 0.02). Breeding success at Van
den Boogaard River was positively, but not signifi-
cantly, related to that at Macaroni Bay (r = 0.194,
n = 26). Over 11 seasons, breeding success at the

Bullard Beach colonies was positively, but not sig-
nificantly, related to that at each of the three long-
term colonies, the strongest relationship being with
the colony at Archway Bay (r = 0.573).

The average mass on arrival at Marion Island
of male macaroni penguins varied between 4.88
and 5.84 kg (Figure 4). The overall mean was 5.42
+ 0.29 kg. The average mass on arrival of females
was between 4.70 and 5.52 kg (Figure 4). The over-
all mean was 5.30 + 0.28 kg. The average mass
at fledging of macaroni penguin chicks varied
between 2.31 and 4.15 kg (Figure 4). The overall
mean was 2.97 + 0.52 kg. The lowest and highest
masses recorded for returning males, returning
females and fledged chicks were 3.75 and 6.29 kg,
3.00 and 6.25 kg, and 1.40 and 4.30 kg respectively.

Mass of males on arrival was significantly related
to that of females (r = 0.679, n = 11, P < 0.05). There
was no significant relationship between mass of
returning males or females and breeding success.

Dates at which birds returning to Marion Island

were caught for weighing varied from 2 October
in 2002/03 to 15 October in 1994 /95 for males, and
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Trends for rockhopper penguins at Marion Island in
(a) numbers of pairs breeding, and (b) breeding success at
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A comparison of the numbers of pairs of rockhopper

penguins breeding at Van den Boogaard River and Trypot
Hole. From 1995/96 numbers breeding at Trypot Hole

were less than 70 pairs and decreased.

10 October in 2001 /02 to 23 October in 1996/97 for
females (Table 2). Date at weighing of returning
birds was negatively related to breeding success
for both males (r = -0.531, n = 11, not significant)
and females (r =-0.762, n = 11, P < 0.01).

The mass of chicks at fledging was significantly
related to overall breeding success (r = 0.649, n =11,
P <0.05).

Rockhopper penguin

The numbers of rockhopper penguins breed-
ing at each of the three study colonies decreased
between 1983/84 and 2004 /05, but only marginally
so at Van den Boogaard River (Figure 5). Numbers
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breeding at Trypot Fault were significantly related
to numbers breeding at both Van den Boogaard
River (r = 0.663, n = 22, P < 0.001) and Trypot
Hole (r = 0.754, n = 22, P < 0.001). From 1983/84
to 1994/95 there was also a significant relationship
between numbers breeding at Van den Boogaard
River and Trypot Hole (r = 0.907, n = 12, P < 0.001).
After 1994/95, once the colony at Trypot Hole had
fallen below 70 pairs, it continued to decrease,
whereas the colony at Van den Boogaard River
remained stable and even increased in 2002/03
(Figure 6).

There was substantial fluctuation in breeding
success at each of the three long-term study colonies
(Figure 5). Breeding success was often higher at
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Figure 7:

Trends for rockhopper penguins at Marion Island in mass on

arrival for breeding of (a) males, (b) females and (c) in mass at
fledging of chicks, 1994/95-2004/05. For each season means
are shown with standard deviations and ranges.

Trypot Hole than at the other two colonies. Over
the 20-year period, it averaged 0.49 + 0.13 chicks/
pair at Trypot Hole, 0.41 + 0.21 at Van den Boogaard
River and 0.33 +0.19 at Trypot Fault. Overall breed-
ing success at the three colonies ranged from 0.24
(2003/04) to 0.63 (1990/91) chicks/pair with an
average of 0.44 + 0.11 chicks/pair. Breeding success
at Van den Boogaard River was significantly related
to that at Trypot Hole (r = 0.520, n =19, P < 0.02) but
relationships between other pairs of colonies were
not significant (r = 0.095 and 0.303).

The average mass on arrival at Marion Island
of male rockhopper penguins varied between 2.73
and 3.46 kg (Figure 7). The overall mean was 3.11
+ 0.20 kg. The average mass on arrival of females
was between 2.60 and 3.60 kg (Figure 7). The over-
all mean was 3.17 + 0.29 kg. The average mass at
fledging of rockhopper penguin chicks varied
between 1.39 and 2.13 kg (Figure 7). The overall
mean was 1.71 + 0.25 kg. The lowest and highest
masses recorded for returning males, returning
females and fledged chicks were 2.00 and 4.20 kg,
2.30 and 4.30 kg, and 0.40 and 3.0 kg respectively.

From 1994/95-2003/04, the average mass of
male rockhopper penguins returning to Marion
Island to breed decreased by 0.73 kg (21%), and
that of females by 0.87 kg (25%). In 2004/05, the
mass of both sexes increased, that of females mark-
edly (Figure 7). Mass of males on arrival was signif-
icantly related to that of females (r = 0.696, n = 11,
P < 0.02). Breeding success was positively related
to mass of returning males (r = 0.552, n = 11, not sig-
nificant) and females (v = 0.855, n = 11, P < 0.001).

Dates at which birds returning to Marion Island
were caught for weighing varied from 28 October
in 2004/05 to 12 November in 1998/99 for males,
and 3 November in 2004/05 to 14 November in
1998/99 and 2002/03 for females (Table 2). Date at
weighing of returning birds was negatively related
to breeding success for both males (r = —0.591,
n =11, P < 0.05) and females (r = -0.726, n = 11,
P <0.05).

The mass of chicks at fledging was not related
to breeding success.
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Interspecies comparisons

There were no significant relationships between
macaroni penguins and rockhopper penguins for
any of the following parameters: overall breed-
ing success, breeding success at Van den Boogaard
River (both 1985/86-2004/05), mass of males or
females on arrival to breed, dates at weighing of
males or females on their return to breed and mass
of chicks at fledging (all 1994/95-2004/05). At
Van den Boogaard River, the numbers of macaroni
and rockhopper penguins breeding in any season
were significantly related during the period from
1983/84 to 2004/05 (r = 0.364, n =22, P < 0.01). The
overall numbers of these species breeding at the
three monitored colonies were also significantly
related (r =0.727, n =22, P < 0.001). However, other
breeding localities that were not counted every
year exist within the same region (Crawford et al.,
2003a).

Discussion

At Marion Island, up until the 1995/96 season,
the numbers of macaroni penguins breeding at the
three long-term study colonies were significantly
related in only one of three comparisons, whereas
trends in breeding success were significantly
related in all three comparisons, largely as a result
of similar trends in chick survival. By contrast, the
numbers of rockhopper penguins breeding were
significantly related in all three comparisons, but
in only one of three comparisons was there a sig-
nificant relationship in breeding success (Cooper et
al., 1997). Based on these results, it was suggested
that the proportion of rockhopper penguins breed-
ing may be influenced by environmental condi-
tions before, or at the onset of, breeding, whereas
breeding success of macaroni penguins might be
influenced by wider-scale phenomena than is the
case for rockhopper penguins (Cooper et al., 1997),
e.g. the locations of fronts or eddies.

Numbers breeding

With the longer data series now available, there
was substantial correlation between different col-
onies in the numbers of breeding birds for both
species. For rockhopper penguins, in one com-
parison the trends in numbers breeding diverged
once the smaller colony fell below a certain level
and continued to decrease, while the other colony
remained stable (Figure 6). Because crested pen-
guins rely mainly on lipid reserves during fasts
(Williams et al., 1992), birds of low mass returning
to colonies may elect not to breed. At Bird Island,
South Georgia, following a severe, prolonged win-
ter, 14% of macaroni penguins did not breed and
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there was increased adult mortality (Williams and
Rodwell, 1992). For blue petrels (Halobaena caer-
ulea) at Kerguelen Island, poor body condition
early in the breeding season led to a high propor-
tion of birds not breeding and massive desertion
of eggs (Chastel et al., 1995). The marked decrease
in the mass of adult rockhopper penguins return-
ing to Marion Island between 1994/95 and 2003 /04
(Figure 7) may have caused substantial non-breed-
ing in the latter part of this period, contributing to
the population decrease (Crawford et al., 2003b).

Information on the at-sea distributions of maca-
roni and rockhopper penguins from Marion Island
outside their breeding seasons is currently lacking.
At many other localities, information on the winter
distributions of these species is also scarce. Vagrant
crested penguins, often immature birds, have been
recorded far from their breeding colonies. For
example, rockhopper, Fiordland (E. pachyrhynchus),
Snares (E. robustus), erect-crested (E. sclateri) and
royal (E. schlegeli) penguins have all been recorded
along the coast of southern Australia (Marchant
and Higgins, 1990). Macaroni and rockhopper pen-
guins have been recorded in South Africa (Cooper,
1988).

When not breeding, macaroni penguins are
thought to remain in sub-Antarctic waters between
about 45° and 65°S (Marchant and Higgins, 1990;
Williams, 1995). In winter, southern rockhopper
penguins (E. c. chrysocome) in the Falkland/
Malvinas Islands migrate from their breeding
colonies to coastal areas of South America, some
600 km away. Birds from colonies in the north
of the Falkland/Malvinas Islands also use areas
along the slope of the Patagonian shelf, about
1400 km northwards. A few birds from the south-
ern breeding colony move about 250 km south of
the Falkland /Malvinas Islands (Puetz et al., 2003).
Interannual variation is evident, both in the use of
different foraging areas and in the time at which
the winter migration starts (Puetz et al., 2003).

The large differences at Marion Island in mass
on arrival of rockhopper penguins for breeding
(Figure 7) suggest that food availability to these
birds during winter varies between years. The
significant correlations between mass at arrival of
males and females for macaroni and rockhopper
penguins suggest that both sexes of each species
may overwinter in similar areas. Conversely, the
lack of any correlation between the two species in
mass at arrival suggests that their overwintering
grounds are not the same. At Marion Island, there is
some overlap in the diets of these two species dur-
ing breeding (Brown and Klages, 1987; Adams and
Brown, 1989). Hence, if they overwintered in the
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same region, their condition at the onset of breed-
ing could be expected to be similar. At Macquarie
Island, there is some overlap in the diets of royal
penguins, once regarded as a subspecies of maca-
roni penguins (Del Hoyo et al., 1992), and eastern
rockhopper penguins (Hull, 1999a). At Kerguelen
Island, two closely-related species of prion
(Pachyptila belcheri and P. desolata) have substantial
overlap in their diets while breeding, but have dis-
tinct winter feeding grounds (Cherel et al., 2002).
The ENSO of 1997/98 caused a large decrease in
mass at arrival of both macaroni and rockhopper
penguins at Marion Island in 1998 /99 (Crawford et
al., 2003a, 2003b). Probably this ENSO had a wide-
scale impact in the southwest Indian Ocean.

Breeding success

With regard to breeding success, at Marion
Island two of three long-term comparisons were sig-
nificant for macaroni penguins and one of three for
rockhopper penguins. Generally, the relationships
were stronger for macaroni penguins, suggesting
that, while breeding, this species may be more
influenced by wider-scale environmental phenom-
ena than rockhopper penguins (Cooper et al., 1997).
These findings accord with the foraging ranges of
the two species during breeding. At Marion Island
in January and February 1985, from deployment
of speed meters, it was estimated that rockhopper
penguins foraged 4-157 km from breeding colo-
nies (early chick rearing), and macaroni penguins,
59-303 km (late chick rearing; Brown, 1987). One
macaroni penguin fitted with a satellite transmit-
ter during brooding foraged 600 km to the south of
Marion Island in December 2001 and January 2002
(Akkers, 2002).

At Bird Island, South Georgia, during incuba-
tion macaroni penguins travelled long distances
on foraging trips: on average 572 km for males and
376 km for females, whereas during chick-rearing
trips they averaged 62 km and foraged over the con-
tinental shelf (Barlow and Croxall, 2002). At Heard
Island, macaroni penguins foraged mainly in the
shelf area within a radius of 300 km when breed-
ing (Green et al., 1998). At Macquarie Island, it was
estimated that, during breeding, royal penguins
travelled further during foraging than rockhopper
penguins, providing some segregation in forag-
ing zones (Hull, 1999b). At Staten Island, Tierra
del Fuego, southern rockhopper penguins brood-
ing chicks travelled up to 20 km to feed (Schiavini
and Rey, 2004). In the Falkland /Malvinas Islands,
southern rockhopper penguins foraged both close
to colonies (<10 km) and at greater distances
(>100 km) when breeding (Boersma et al., 2002).

The mass of adults returning to breed at Marion
Island had no influence on the breeding success
of macaroni penguins. However, for rockhopper
penguins the mass of returning females was sig-
nificantly related to breeding success. Therefore,
feeding conditions of rockhopper penguins during
winter may influence breeding success. Whereas
over 10 seasons there was a sustained decrease in
mass on arrival of rockhopper penguins, mass on
arrival of macaroni penguins remained more con-
stant (Figures 4 and 7). At South Georgia, a long-
term decrease in mass at arrival for breeding of
both sexes of macaroni penguins was associated
with a decrease in numbers breeding and reduced
reproductive output (Reid and Croxall, 2001).

Over 11 seasons, the approximate date when
substantial numbers of adults had returned to breed
at Marion Island varied by 13 days for male and
female macaroni penguins and by 15 and 11 days
for these sexes of rockhopper penguins respec-
tively. The date of return was negatively related to
breeding success for both species, significantly so
in the case of females, suggesting that a delayed
return decreases productivity. At Bird Island, South
Georgia, following a severe, prolonged winter,
there was a delayed onset of breeding for maca-
roni penguins (Williams and Rodwell, 1992). In
1987 at the same locality, adults arrived three days
later and the mean egg-laying date was three days
later compared to three other years (Williams and
Croxall, 1991).

At Marion Island, the mass of chicks at fledg-
ing was related to breeding success for macaroni
penguins but not for rockhopper penguins. When
food is scarce, chicks of low mass are more likely
to die than when food is abundant. If only heavy
chicks survive in such years, the mean mass may be
higher than in years when lighter chicks also sur-
vive (Williams and Croxall, 1990). This may have
caused the lack of a relationship between the two
parameters for rockhopper penguins. However,
for macaroni penguins, in years of high survival of
chicks, fledglings generally had a better condition,
as measured by body mass.

Conclusions

In summary, at Marion Island overwintering
conditions probably influence the proportion of
adult birds that breed in the following summer for
both macaroni and rockhopper penguins. The win-
tering grounds are not known for either species but
are likely to be different, there being poor correla-
tion of arrival dates and masses of the two species.
For rockhopper penguins, winter conditions may
be an important factor determining the outcome of
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breeding. To the extent that they determine the date
of arrival at colonies of macaroni penguins, they
may influence breeding success of that species as
well. For macaroni penguins, environmental condi-
tions during breeding, especially food availability
(Crawford et al., 2003a), appear to affect both the
outcome of breeding and the condition of chicks at
fledging; hence, they are likely to have a substan-
tial impact on future recruitment to the breeding
population. For both species, breeding success dur-
ing 1994/95-2002/03 was thought inadequate to
maintain the populations (Crawford et al., 2003a,
2003b). The possibility that reduced survival of
adults also contributed to the decrease in the pop-
ulation of rockhopper penguins at Marion Island
cannot be discounted (Crawford et al., 2003b).

Acknowledgements

The authors are grateful to the many field work-
ers over the years at Marion Island who collected
the information on which this paper was based.
They thank Peter Dann and Barbara Wienecke for
commenting on the manuscript. The Department of
Environmental Affairs and Tourism, the National
Research Foundation and the South African
National Antarctic Programme provided financial
and logistic support. Prof. Underhill acknowledges
support from the Sea and Coast 2 Programme of
the National Research Foundation.

References

Adams, N.J. and C.R. Brown. 1989. Dietary differ-
entiation and trophic relationships in the sub-
Antarctic penguin community at Marion Island.
Mar. Ecol. Prog. Ser., 57: 249-258.

Akkers, T. 2002. Research in the Southern Oceans.
In: Research Highlights Marine and Coastal Man-
agement 2001-2002, 11: 78-82.

Barlow, K.E. and J.P. Croxall. 2002. Seasonal and
interannual variation in foraging range and
habitat of macaroni penguins Eudyptes chrysolo-
phus at South Georgia. Mar. Ecol. Prog. Ser., 232:
291-304.

Bingham, M. 1998. The distribution, abundance
and population trends of gentoo, rockhopper
and king penguins at the Falkland Islands.
Oryx, 32: 223-232.

Bingham, M. 2002. The decline of Falkland Island
penguins in the presence of a commercial fish-
ing industry. Revista Chilena de Historia Natural,
75: 805-818.

186

BirdLife International. 2000. Threatened Birds of the
World. BirdLife International/Lynx Edicions,
Cambridge/Barcelona.

Boersma, P.D., D.L. Stokes and I.J. Strange. 2002.
Applying ecology to conservation: track-
ing breeding penguins at New Island South
Reserve, Falkland Islands. Aquatic Conservation:
Marine and Freshwater Ecosystems, 12: 63-74.

Brown, C.R. 1987. Travelling speed and foraging
range of macaroni and rockhopper penguins at
Marion Island. J. Field Ornithol., 58 (2): 118-125.

Brown, C.R. and N.T. Klages. 1987. Seasonal
and annual variation in the diets of macaroni
(Eudyptes chrysolophus chrysolophus) and south-
ern rockhopper (E. chrysocome chrysocome) pen-
guins at sub-Antarctic Marion Island. J. Zool.,
Lond., 212: 7-28.

Chastel, O., Weimerskirch, H. and P. Jouventin.
1995. Body condition and reproductive perform-

ance: a study of three petrel species. Ecology, 76
(7): 2240-2246.

Cherel, Y., Bocher, P, De Broyer, C. and KA.
Hobson. 2002. Food and feeding ecology of
the sympatric thin-billed Pachyptila belcheri and
Antarctic P. desolata prions at Iles Kerguelen,
southern Indian Ocean. Mar. Ecol. Prog. Ser.,
228: 263-281.

Clausen, A.P. and N. Huin. 2003. Status and
numerical trends of king, gentoo and rock-
hopper penguins breeding in the Falkland
Islands. Waterbirds, 26 (4): 389-402.

Cooper, J. 1988. New data on rarely recorded sea-
birds in South Africa. Cormorant, 16 (2): 114.

Cooper, J. and C.R. Brown. 1990. Ornithological
research at the sub-Antarctic Prince Edward
Islands: a review of achievements. S. Afr. J.
Antarct. Res., 20 (2): 40-57.

Cooper, J., A.C. Wolfaardt and R.J.M. Crawford.
1997. Trends in population size and breeding
success at colonies of macaroni and rockhopper
penguins, Marion Island, 1979/80-1995/96.
CCAMLR Science, 4: 89-103.

Cooper, W. 1992. Rockhopper penguins at the
Auckland Islands. Notornis, 39: 66—67.

Crawford, RJ.M., J. Cooper and B.M. Dyer. 2003a.
Population of the macaroni penguin Eudyptes



Breeding numbers and success of Eudyptes penguins at Marion Island

chrysolophus at Marion Island, 1994 /95-2002 /03,
with information on breeding and diet. African
Journal of Marine Science, 25 (1): 475-486.

Crawford, RJ.M., J. Cooper, BM. Dyer, M.D.
Greyling, N.T.W. Klages, D.C. Nel, J.L. Nel, S.L.
Petersen and A.C. Wolfaardt. 2003b. Decrease
in numbers of the eastern rockhopper penguin
Eudyptes chrysocome filholi at Marion Island,
1994/95-2002/03. African Journal of Marine
Science, 25 (1): 487-498.

Crawford, RJ.M., J. Cooper, BM. Dyer, M.D.
Greyling, N.T.W. Klages, R.G. Ryan, S.L. Peter-
sen,L.G.Underhill, L. Upfold, W. Wilkinson, M..S.
De Villiers, S. Du Plessis, M. Du Toit, T.M.
Leshoro, A.B. Makhado, M. Mason, D. Merkle,
D. Tshingana, V.L Ward and P.A. Whittington.
2003c. Populations of surface-nesting seabirds
at Marion Island, 1994/95-2002/03. African
Journal of Marine Science, 25 (1): 427-440.

Crawford, RJ.M., J. Cooper, M. Du Toit, M.D.
Greyling, B. Hanise, C.L. Holness, D.G. Keith,
J.L. Nel, S.L. Petersen, K. Spencer, D. Tshingana
and A.C. Wolfaardt. 2003d. Population and
breeding of the gentoo penguin Pygoscelis papua
at Marion Island, 1994/95-2002/03. African
Journal of Marine Science, 25 (1): 463-474.

Crawford, R.J.M., C.M. Duncombe Rae, D.C. Nel
and J. Cooper. 2003e. Unusual breeding by sea-
birds at Marion Island during 1997/98. African
Journal of Marine Science, 25 (1): 453-462.

Crawford, RJ.M., J. Cooper, BM. Dyer, A.C.
Wolfaardt, D. Tshingana, K. Spencer, S.L.
Petersen, J.L. Nel, D.G. Keith, C.L. Holness,
B. Hanise, M.D. Greyling and M. du Toit. 2003f.
Population, breeding, diet and conservation of
the Crozet shag Phalacrocorax [atriceps] melano-
genisatMarionIsland, 1994 /95-2002/03. African
Journal of Marine Science, 25 (1): 537-547.

Croxall, J.P. and L.S. Davis. 1999. Penguins: para-
doxes and patterns. Mar. Ornithol., 27: 1-12.

Croxall,].P., T.5. McCann, P.A. Prince and P. Rothery.
1988. Reproductive performance of seabirds
and seals at South Georgia and Signy Island,
South Orkney Islands, 1976-1987: implications
for Southern Ocean monitoring studies. In:
Sahrhage, D. (Ed.). Antarctic Ocean and Resources
Variability. Springer-Verlag, Berlin Heidelberg:
261-285.

Cunningham, D.M. and PJ. Moors. 1994. The
decline of rockhopper penguins Eudyptes chrys-

ocome at Campbell Island, Southern Ocean and
the influence of rising sea temperatures. Emu,
94: 27-36.

Del Hoyo, J., A. Elliott and ]. Sargatal. 1992.
Handbook of the Birds of the World, Vol. 1. Lynx
Edicions, Barcelona.

Ellis, S., J.P. Croxall and ]J. Cooper (Eds). 1998.
Penguin Conservation Assessment and Management
Plan. TUCN/SSC Conservation Breeding
Specialist Group, Apple Valley, USA.

Green, K., R. Williams and M.G. Green. 1998.
Foraging ecology and diving behaviour of
macaroni penguins Eudyptes chrysolophus at
Heard Island. Mar. Ornithol., 26: 27-34.

Guinard, E., H. Weimerskirch and P. Jouventin. 1998.
Population changes and demography of the
northern rockhopper penguin on Amsterdam
and Saint Paul Islands. Colonial Waterbirds, 21:
222-228.

Hull, C.L. 1999a. Comparison of the diets of breed-
ing royal (Eudyptes schlegeli) and rockhopper
(E. chrysocome) penguins on Macquarie Island
over three years. . Zool., Lond., 247 (4): 507-
529.

Hull, C.L. 1999b. The foraging zones of breed-
ing royal (Eudyptes schlegeli) and rockhopper
(E. chrysocome) penguins: an assessment of tech-

niques and species comparison. Wild. Res., 26:
789-803.

Isaksen, K., G.J].G. Hofmeyr, B.M. Dyer, A. Neestvold,
F. Mehlum, 1. Gjertz, V. Bakken and O. Huyser.
1997. Preliminary results from CEMP monitor-
ing of Antarctic fur seals, chinstrap penguins
and macaroni penguins at Bouvetoya 1996/97.
Document WG-EMM-97/20. CCAMLR, Hobart,
Australia: 26 pp.

Marchant, S. and PJ. Higgins (Eds). 1990. Handbook
of Australian, New Zealand and Antarctic Birds,
Vol. 1. Ratites to Ducks. Oxford University Press,
Melbourne: 735 pp.

Meélice, J.-L., J.R.E. Lutjeharms, M. Rouault and
L]. Ansorge. 2003. Sea-surface temperatures at
the sub-Antarctic islands Marion and Gough
during the past 50 years. South African Journal of
Science, 99 (7/8): 363-366.

Moors, PJ. 1986. Decline in numbers of rockhop-

per penguins at Campbell Island. Polar Rec., 23:
69-73.

187



Crawford et at.

Puetz, K., A.P. Clausen, N. Huin and J.P. Croxall.
2003. Re-evaluation of historical rockhop-
per penguin population data in the Falkland
Islands. Waterbirds, 26 (2): 169-175.

Rand, R.W. 1954. Notes on the birds of Marion
Island. Ibis, 96: 173-206.

Reid, K. and ]J.P. Croxall. 2001. Environmental
response of upper trophic-level predators
reveals a system change in an Antarctic marine
ecosystem. Proc. R. Soc. Lond. Ser. B, 268: 377-
384.

Schiavini, A. and A.R. Rey. 2004. Long days, long
trips: foraging ecology of female rockhopper
penguins Eudyptes chrysocome chrysocome at
Tierra del Fuego. Mar. Ecol. Prog. Ser., 275: 251
262.

Smith, V.R. 2002. Climate change in the sub-
Antarctic: an illustration from Marion Island.
Climate Change, 52: 345-357.

Trathan, PN., EJ. Murphy, J.P. Croxall and
L. Everson. 1998. Use of at-sea distribution data
to derive potential foraging ranges of macaroni
penguins during the breeding season. Mar. Ecol.
Prog. Ser., 169: 263-275.

Williams, A.J. 1980. Rockhopper penguins Eudyptes
chrysocome at Gough Island. Bulletin of the British
Ornithologists” Club, 100: 208-212.

Williams, T.D. 1995. The Penguins: Spheniscidae.
Oxford University Press, Oxford: 295 pp.

Williams, T.D. and ]J.P. Croxall. 1990. Is chick fledg-
ing weight a good index of food availability in
seabird populations? Oikos, 59: 414-416.

Williams, T.D. and ]J.P. Croxall. 1991. Annual varia-
tion in breeding biology of macaroni penguins,
Eudyptes chrysolophus, at Bird Island, South
Georgia. J. Zool., Lond., 223 (2): 189-202.

Williams, T.D. and S.R. Rodwell. 1992. Annual vari-
ation in return rate, mate and nest-site fidelity
in breeding gentoo and macaroni penguins.
Condor, 94 (3): 636—-645.

Williams, T.D., K. Ghebremeskel, G. Williams and
M.A. Crawford. 1992. Breeding and moulting
fasts in macaroni penguins: do birds exhaust
their fat reserves? Comp. Biochem. Physiol., 103A:
783-785.

Woehler, E.J. and ].P. Croxall. 1997. The status and
trends of Antarctic and sub-Antarctic seabirds.
Mar. Ornithol., 25: 43-66.

Woehler, EJ., J. Cooper, J.P. Croxall, W.R. Fraser,
G.L. Kooyman, G.D. Miller, D.C. Nel, D.L.
Patterson, H.-U. Peter, C.A. Ribic, K. Salwicka,
W.Z. Trivelpiece and H. Weimerskirch. 2001.
A Statistical Assessment of the Status and Trends
of Antarctic and Subantarctic Seabirds. Report on
SCAR BBS Workshop on Southern Ocean Seabird
Populations. SCAR, Cambridge: 45 pp.

Liste des tableaux

Tableau1:  Dates des recensements du nombre de couples reproducteurs de gorfous macaroni et sauteurs dans les
colonies ayant fait I’objet d’études a long terme de 1994/95 a 2004/05.

Tableau2:  Dates d’obtention du poids des males et des femelles revenant pour se reproduire et des jeunes
a la premiere mue, tant pour les gorfous macaroni que sauteurs, de 1994/95 a 2004/05. La taille des
échantillons est indiquée.

Liste des figures

Figure 1: Emplacement des colonies d’étude des gorfous macaroni et sauteurs de 1'ile Marion.

Figure 2: Tendances chez les gorfous macaroni de 1'ile Marion : (a) nombre de couples se reproduisant a Van den
Boogaard River, a la baie Macaroni et a la baie Archway et (b) succes reproductif a ces trois sites et a
Bullard Beach de 1979/80 a 2004 /05.

Figure 3: Rapport entre le nombre de couples de gorfous macaroni se reproduisant a la baie Macaroni et a la baie

188

Archway, de 1979/80 a 2004/05. Les saisons correspondant aux points isolés sont indiquées.



Figure 4:

Figure 5:

Figure 6:

Figure 7:

Tabm. 1:

Tabm. 2:

Puc. 1:

Puc. 2:

Puc. 3:

Puc. 4:

Puc. 5:

Puc. 6:

Puc. 7:

Tabla 1:

Tabla 2:

Breeding numbers and success of Eudyptes penguins at Marion Island

Tendances chez les gorfous macaroni de 1'lle Marion du poids a l'arrivée : (a) males, (b) femelles et
(c) poids des jeunes a la premiere mue, de 1994/95 a 2004/05. Indication, pour chaque saison, des
moyennes, des écarts-types et des intervalles.

Tendances chez les gorfous sauteurs de 1'1le Marion : (a) nombre de couples se reproduisant et (b) succes
reproductif & Van den Boogaard River, Trypot Hole et Trypot Fault, de 1983/84 a 2004/05.

Comparaison du nombre de couples de gorfous sauteurs se reproduisant a Van den Boogaard River et
Trypot Hole. Depuis 1995/96, le nombre de couples se reproduisant a Trypot Hole est inférieur a 70 et en
baisse.

Tendances chez les gorfous macaroni de I'ile Marion du poids a I'arrivée : (a) males, (b) femelles et
(c) poids des jeunes a la premiere mue, de 1994/95 a 2004/05. Indication, pour chaque saison, des
moyennes, des écarts-types et des intervalles.

Crrcox Ta0mmig

llaTBI MMPOBEACHU TOACUCTOB YK CJIa pa3MHOKAIOMINXCS TTap 30JJ0TOBOJIOCHIX U XOXJIAThIX TMHIBUHOB B
KOJIOHUSIX, TJIe IPOBOJISTCS. MHOTOJIETHUE HccienoBanus, 1994/95-2004/05 rr.

JlaTel m3MepeHnst Macchl BO3BPAIIAIOIINXCS HA pAa3MHOXEHHE CaMIIOB M CAMOK U ONEPSIIONIMXCS ITEHIIOB
30JIOTOBOJIOCHIX M XOXJIATBIX MHHTBHHOB, 1994/95-2004/05 1. [TokaszaH pa3Mep BEIOOPKH.

Cucok puCyHKOB
MecToroI0KeHHEe H3y4aeMbIX KOJIOHHH 30JI0TOBOJIOCHIX U XOXJIaThIX TMHIBUHOB Ha 0-Be MapHOH.

TenneHuuy 115 30J0TOBOJIOCHIX MIMHTBUHOB Ha 0-B€ MapHoH: (a) YHMCII0 pa3MHOXKAIOIIUXCS 11ap, peKa
Ban nen Byrapn, 6yxtel Makaponu u Apueid, 1 (b) penpoayKTUBHBIH ycCIleX Ha 3THX TPEX y4acTKax U
Ha O6epery bymnapa, 1979/80-2004/05 rr.

3aBUCHMOCTDH MEXK/IY YHCIIOM Iap 30JI0TOBOJIOCHIX IIMHIBUHOB, PAa3MHOKAIOMIKXCs B OyxTax MakapoHu
u Apuseii, 1979/80-2004/05 rr. JIst pe3k0 BBIACIISIOMIMXCS TOYEK TOKa3aHbI CE30HbI.

TeHaeHIMK I 30J0TOBOJIOCHIX NMHWHIBMHOB Ha 0-Be MapHOH: Macca MO MHPUOBITHH (a) CaMIlOB,
(b) camoxk u (c) Macca nTeHIOB 1pu oneperuu, 1994/95-2004/05 rr. s Kaxa0ro ce30HA MOKa3aHbI
CpelHHe, UX CTAHIAPTHBIC OTKJIOHECHUS U TUAIa30H.

TeHIeHIMN AT XOXJIATBIX THHTBHHOB Ha 0-B¢ MapuoH: (a) YHCIIO pasMHOKAMOMIUXCS Tap |
(b) periponyKkTHBHBII ycriex, peka Ban nen Byrapn, 3amus Tpaiinor u copoc Tpaiinot, 1983/84-2004/05
IT.

CpaBHeHHE YHClIa Map XOXJATHIX MHHTBUHOB, Pa3MHOXXAIOLIMXCS B paiioHe peku Ban men byrapa
u 3aimmuBa Tpaitmor. C 1995/96 1. B 3anmBe TpaiimoT Opw1o MeHbIe 70 pa3MHOKAIOUIMXCS Map M 3TO
KOJIMYECTBO COKPAIAIOCh.

TCHI[CHHI/II/I JUJIA XOXJIaThIX IIMHI'BMHOB HaA O-BC€ MapI/IOHJ MmaccaIio HpI/I6I>ITI/II/I K y4aCTKaM pa3sMHOKCHUA

(a) camrios, (b) camok u (c) Macca ITEHIOB TpH onepeHun, 1994/95-2004/05 rr. Ins xaxxaoro ce3oHa
MOKa3aHbl CPEHUE, UX CTAHJAPTHBIC OTKIIOHEHHUS U IUAIa30H.

Lista de las tablas

Fechas en las cuales se efectué un recuento de las parejas de pingiiino macaroni y de penacho amarillo
que se reproducen en las colonias donde se efecttia un seguimiento a largo plazo, 1994/95-2004/05.

Fechas en las cuales se registré el peso de los machos y hembras al arribo a la colonia de reproduccién

y de los polluelos al emplumecer, tanto para el pingiiino macaroni como para el pingiiino de penacho
amarillo, 1994 /95-2004/05. Se indica el tamafo de la muestra.
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Lista de las figuras

Ubicacién de las colonias de estudio del pingiiino macaroni y del pingiiino de penacho amarillo en Isla
Marion.

Tendencias observadas en las colonias del pingiiino macaroni en Isla Marion con respecto a: (a) el ntimero
de parejas que se reproducen en el Rio Van den Boogaard, Bahia Macaroni y Bahia Archway, y (b) el éxito
de la reproduccién en estas tres localidades y en la Playa Bullard, 1979 /80-2004/05.

Relacién entre el niimero de parejas de pingiiinos macaroni que se reproducen en la Bahia Macaroni y la
Bahia Archway, 1979/80-2004/05. Se indican las temporadas con desviaciones extremas del promedio.

Tendencias del peso de los pingiiinos macaroni en Isla Marion para: (a) machos al arribo, (b) hembras al
arribo, y (c) polluelos al emplumecer, 1994/95-2004/05. Se muestra el promedio, la desviacién estandar
y el rango para cada temporada.

Tendencias observadas en las colonias del pingtiino de penacho amarillo en Isla Marion en lo que respecta
a: (a) el nimero de parejas reproductoras , y (b) el éxito de la reproduccién en el Rio Van den Boogaard,
Hoyo Trypot y Falla Trypot, 1983/84-2004/05.

Comparacién del nimero de parejas del pingtiino de penacho Amarillo que se reproducen en el Rio Van
den Boogaard y en el Hoyo Trypot. Desde 1995/96 ha habido menos de 70 parejas reproductoras en el
Hoyo Trypot y estan disminuyendo.

Tendencias del peso de los pingiiinos de penacho amarillo en Isla Marion para: (a) machos al arribo a la
colonia de reproduccién, (b) hembras al arribo ala colonia de reproduccién, y (c) polluelos al emplumecer,
1994 /95-2004/05. Se muestra el promedio, la desviacion estdndar y el rango para cada temporada.



