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Abstract

At sub-Antarctic Marion Island, annual breeding success of macaroni (Eudyptes
chrysolophus) between 1979/80 and 1995/96 and rockhopper penguins (E. chrysocome)
between 1985/86 and 1995/96 was measured. For macaroni penguins, averages of
0.48 eggs and 0.35 chicks were hatched and fledged respectively for each clutch laid.
Corresponding averages for rockhopper penguins were 0.68 eggs and 0.48 respectively.
The largest of the three macaroni penguin colonies investigated decreased in size over
the study period, while the other two remained stable. The only significant relationship
between inter-season trends in the number of pairs breeding at the three colonies was a
negative correlation between two adjacent colonies, which suggests inter-colony
transfer. The larger two of the three rockhopper penguin colonies investigated
decreased over the study period, while the other remained stable. Trends in the number
of pairs breeding at the three rockhopper penguin colonies were all significantly
correlated. The proportion of rockhopper penguins attempting to breed may have
varied as a result of some environmental signal. Inter-season trends in breeding success
of macaroni penguins were significantly correlated in all three inter-colony comparisons
over the entire study period. Inter-season trends in breeding success and chick survival
of rockhopper penguins were significantly correlated in only one of the three
inter-colony comparisons. The greater coherence in the performance of macaroni
penguin compared to rockhopper penguin colonies suggests that breeding success of
macaroni penguins may be influenced by a wider-scale phenomenon than is applicable
to rockhopper penguins. Trends in breeding success, hatching success and chick
survival of macaroni penguins and rockhopper penguins were not significantly
correlated to each other, even for nearby colonies. This suggests that factors influencing
the reproductive performance of the two species are not the same.

Résumé

Mesure a l'ile subantarctique Marion de la réussite annuelle de la reproduction des
gorfous macaroni (Eudyptes chrysolophus) de 1979/80 a 1995/96 et des gorfous sauteurs
(E. chrysocome) de 1985/86 a 1995/96. Chez les gorfous macaroni, pour chaque couvée,
en moyenne 0,48 ceufs ont éclos et 0,35 jeunes ont mué. Les moyennes correspondantes
chez les gorfous sauteurs sont de 0,68 ceufs éclos et de 0,48 jeunes ayant mué. Sur les
trois colonies de gorfous macaroni étudiées, la plus grande a diminué de taille pendant
la durée de la période d’étude alors que les deux autres sont restées stables. La seule
relation importante entre les tendances inter-saisonnieres du nombre de couples se
reproduisant aux trois colonies est une corrélation négative entre deux colonies
adjacentes, ce qui suggere un transfert d'une colonie a l'autre. Sur les trois colonies de
gorfous sauteurs étudiées, les deux plus grandes ont diminué pendant la durée de la
période d’étude, alors que la troisiéme est restée stable. Les tendances dans le nombre
de couples se reproduisant aux trois colonies de gorfous sauteurs étaient toutes
largement corrélées. 1l est possible que la proportion de gorfous sauteurs ayant tenté de
se reproduire ait varié en fonction de quelque facteur environnemental. Corrélation
importante des tendances inter-saisonniéres de la réussite de la reproduction des
gorfous macaroni dans les comparaisons des trois colonies pendant toute la durée de la
période d’étude. Corrélation importante dans une seule des trois comparaisons des
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colonies des tendances inter-saisonnieres de la réussite de la reproduction et de la survie
des jeunes chez les gorfous sauteurs. La plus grande cohérence de la performance des
colonies de gorfous macaroni par rapport a celle des colonies de gorfous sauteurs laisse
entendre que la réussite de la reproduction des gorfous macaroni est susceptible d’étre
influencée par des phénomenes a plus grande échelle que ceux qui affectent les gorfous
sauteurs. La corrélation des tendances de la réussite de la reproduction et de I’éclosion,
et de la survie des jeunes chez les gorfous macaroni et les gorfous sauteurs était peu
importante, méme pour les colonies adjacentes. Ceci laisse entendre que les facteurs
influencant la performance liée a la reproduction chez les deux especes ne sont pas les
mémes.

Pesrome

brina npoBeneHa olEHKA €XErOJHOro PenpoAYKTHBHOIO yCrexa 30JI0TOBOJIOCHIX
MUHTBHHOB (Eudyptes chrysolophus) 3a nepuog ¢ 1979/80 no 1995/96 r. u xoxaThix
nMUHrBHHOB (F. chrysocome) 3a nepuon ¢ 1985/86 mo 1995/96 r. Ha ocrpose Mapuou. Y
30J7I0TOROJIOCHLIX NMUHIBAHOB Ha KaXOe THe3A0 ¢ fAiillaMu B CPeHeM BBUTYMHJIOCHh U
onepusock coorsercTrenno 0,48 u 0,35 nTenua. COOTBETCTBYIOMIHE CPeAHHE
BEJIMUKMHBL Y XOXJaThiX NUHrBHHOB - 0,68 u 0,48 nrenua. Ha npoTsaXeHuu Bcero
[EepUOJa HCC/IEA0BAHNST YHCJIEHHOCTD caMoii KPYIHOIl U3 TPEX H3YUaBLIMXCS KOJTOHHUIT
30JI0TOBOJIOCHIX MMHIBHHOB YMEHBLUHJIACH, B TO BPEMSI KaK YHCJAEHHOCTb OCTAJTbHBIX
KOJIOHN{ He u3MeHnnach. EANHCTBEHHAS CyILIeCTBEHHAs 3aKOHOMEPHOCTD B
MEXCE30HHBIX TEHAECHLMSIX U3MEHEHMS KOJTMUECTBA PA3MHOXKAIOUMXCS Map BO BCEX
KOJIOHHSIX — DTO OTpHIATEIbHAS KOPPESIALUS MEXKAY ABYMS COCCOHHMH KOJIOHUSIMH,
YTO FOBOPHT O BO3MOIKHBIX MHUIPALUSIX MEX/]Y KOJOHHSIMHU. 3a BeCh mepuo/
HCCJIETOBAHNS YHCJIEHHOCTD ABYX CAMBIX KPYIHBIX H3 TPEX M3YUaBLINXCS KOJIOHHI
XOXJIaTbiX IMHIBHHOB YMEHBLUN/IACD, @ YHCJICHHOCTD TPETEH KOJIOHHH HE H3MEHUJIACh.
TengeHMN H3MEHEHHS KOJIHUECTBA Map XOXJIAThIX NMHHTBHHOB, PAa3MHOKAKOUINXCS B
TpeX KOJIOHHSX, XapaKTEePU30BaJUCh CYIECTBEHHONR CTENEHbIO KOPPEessIUuu.
W3MeHeHnsa KOJIMYECTBa XOXJIATBIX MHHIBUHOB, MOMBITABIIMXCS NMPHHATH y4acTHE B
Pa3MHOJKEHUHU, MOTYT OBITh CBSI3aHbl C N3MEHEHHSIMH B YCJIOBHSIX OKpPYIKaroluei
cpeanl. belia HafineHa cymecTBEHHAsT KOPPesIsSUus MEX Ay MEKCEe30HHbIMHU
TEHACHUUSAMU H3MEHEHHs! PENPOAYKTUBHOIO yCHeXxa 30JI0TOBOJIOCHIX MUHTBHHOB BO
BCEX TPEX KOJIOHMSIX Ha NMPOTS>KEHHH Bcero nepuopa uccsenoBannst. CyulecTBEHHAs!
Koppessuust Oplyra HallleHa MEXAY MEXKCE30HHBIMH 3aKOHOMEPHOCTSIMH
PENPOAYKTHBHOTO YCHEXA W BBIKUBAHUS XOXJATHIX MUHTBHHOB TOJIBKO B OJHOM U3
TPEX MPOBEAEHHBIX CPABHEHUI MeX /1y KOJOHUSAMU. bOipast cTeneHb KOrepeHTHOCTH
Y 30JI0TOBOJIOCHIX MHWHICBUHOB MO CPABHEHHIO C XOXJIAThiMM TUHI'BHHAMH HABOOUT Ha
MBICJIb O TOM, UTO Ha PENPOAYKTUBHBIH yCleX 30JI0TOBOJIOCHIX NMUHIMBHHOB BJIMSIET
Kakoe-HHOyap 0oJice LIMPOKOMACIITAGHOE SBJIEHHE, YEM B CJIYUAE€ XOXJIATHIX
nuarsuHoB. He Obino o0HapyXKeHO CYWIECTBEHHON KOppeAsuUK MeXIY
3aKOHOMEPHOCTAMY DPENPOAYKTHBHOIO yClie€Xa, yCHexa BbIJIYNJEHHS W BbIXKUBAHHS
NTEHLOB Y 30JI0TOBOJIOCBIX M XOXJIAThIX MMHIBHHOB, AaX€ B Cjyvyae CpaBHEHHUS
MEXKly COCEAHHMH KOJIOHHSIMH. 3TO TOBOPHT O TOM, UTO Ha PENpOOyKTHUBHBIH ycrex
O0OUX BHIOB BJIMSIIOT Pa3/THUHbIE (PaKTOPBIL.

Resumen

Se efectuaron estimaciones del éxito de reproduccién anual de los pingiiinos macaroni
(Eudyptes chrysolophus) entre 1979/80 y 1995/96, y de los pingiiinos de penacho amarillo
(E. chrysocome) entre 1985/86 y 1995/96 en la estacién subantartica de la isla Marion.
Los pingiiinos macaroni incubaron con éxito un promedio de 0.48 huevos por nidada y
de éstas alcanzaron la etapa de emplumaje un promedio de 0.35 polluelos. Los
promedios correspondientes al pingtiino de penacho amarillo fueron 0.68 huevos y
0.48 polluelos respectivamente. De tres colonias de pingiiinos macaroni estudiadas, la
mayor disminuy6 su tamafio durante el periodo de la prospeccién, en tanto que el
tamafio de las otras dos permanecié estable. La tinica correlacion significativa en las
tendencias estacionales del nimero de parejas reproductoras en las tres colonias fue una
correlacién negativa entre dos colonias adyacentes, lo que indica una transferencia entre
colonias. El tamafio de las dos colonias mayores de pingiiinos de penacho amarillo
estudiadas disminuy6 durante el periodo de la prospeccién, mientras que el tamafio de
la tercera colonia permanecio estable. Las correlaciones de las tendencias del niimero de
parejas reproductoras en las tres colonias de pingiiinos de penacho amarillo fueron
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todas significativas. La proporciéon de pingiiinos de penacho amarillo que intentaron
reproducirse puede haber variado como consecuencia de un estimulo medioambiental.
Las tendencias estacionales del éxito reproductor y supervivencia de polluelos del
pingiiino macaroni se correlacionaron significativamente en las comparaciones entre las
tres colonias durante el periodo total de la prospeccién. Las tendencias estacionales del
éxito reproductor y supervivencia de polluelos del pingiiino de penacho amarillo se
correlacionaron significativamente en sélo una de las comparaciones entre las tres
colonias. La mayor coherencia en el comportamiento de las colonias de pingiiino
macaroni comparado con el de las colonias de pingiiino de penacho amarillo indica que
el éxito reproductor del pingiiino macaroni puede ser afectado por fenémenos de mayor
escala que los que afectan al pingiiino de penacho amarillo. Las tendencias en el éxito
reproductor, éxito de la incubacién y supervivencia de los polluelos de los pingiiinos
macaroni y de penacho amarillo no se correlacionaron significativamente entre ellas,
atin para colonias cercanas. Esto sugiere que los factores que afectan el éxito de la

reproduccién de las dos especies no son los mismos.

Keywords: breeding success, macaroni penguin, Marion Island, rockhopper penguin, CCAMLR

INTRODUCTION

The sub-Antarctic Prince Edward Islands,
including Marion Island, support four species of
penguin, including two Eudyptes species - the
macaroni penguin (E. chrysolophus) and the
rockhopper penguin (E. chrysocome). There are
some 400 000 pairs of macaroni penguins and
about 140 000 pairs of rockhopper penguins at
Marion Island (Cooper and Brown, 1990). Trends
in the size of the breeding population and the
breeding success of these two species have been
monitored at selected colonies at Marion Island,
commencing in the 1979/80 summer season for
macaroni penguins and the 1983/84 season for
rockhopper penguins. Monitoring is continuing
on an annual basis as a contribution to the
CCAMLR Ecosystem Monitoring Program
(CEMP). Macaroni penguins have been chosen as
a key predator within CEMP (SC-CAMLR, 1995).

This paper summarises results to the end of
the 1995/96 summer season and compares trends
in breeding parameters at colonies, both within
and between species. Based on the degree of
coherence between colonies, we comment on the
likely extent to which environmental factors
influence the proportion of adults attempting to
breed and breeding success. This information is
relevant to the use of parameters for monitoring
marine ecosystems using seabird populations,
and may add to the design and assessment of
appropriate protocols within CEMP (Croxall et
al., 1988; SC-CAMLR, 1995).

METHODS

Three colonies were selected at Marion Island
to study macaroni and rockhopper penguins.
They were chosen for their ease of access,

discreteness and relatively small size, which
enabled accurate counts to be undertaken from
their boundaries without causing excessive
disturbance.

The colonies selected for macaroni penguins
were at Van den Boogaard River, to the north of
Macaroni Bay and at Archway Bay (Figure 1).
From 1979/80 to 1982/83, each colony was visited
twice, towards the start of the breeding season
when parents were incubating, or towards the
end when chicks were in creches. On the first
visit the number of incubating adults was
counted, on the second the number of chicks.
From 1983/84 to 1995/96, each colony was visited
three times, as before towards the start and end of
breeding, but also soon after hatching, when the
number of hatchlings was counted. The colonies
selected for rockhopper penguins were at Van
den Boogaard River, at Trypot Fault and at Trypot
Hole (Figure 1). In 1983/84 and 1984/85, only the
number of incubating adults at the start of the
breeding season was recorded. From 1985/86 to
1995/96, numbers of incubating adults, hatchlings
and chicks in creches were counted.

Based on information on breeding schedules
summarised in Cooper and Brown (1990), the
count of incubating macaroni penguins was
conducted between 20 and 24 November, and of
incubating rockhopper penguins as close as
possible to 4 December. The count of chicks of
both species soon after hatching was undertaken
as close as possible to 4 January. Macaroni
penguin chicks in creches were counted as close
to 10 February as possible and rockhopper
penguin chicks as close to 28 February as possible.
There is as yet no precise information on
interannual variation in the timing of the breeding
schedules of these two species at Marion Island,
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so the dates of counts were standardised.
Elsewhere, their breeding schedule varies only
slightly from year to year (Marchant and Higgins,
1990).

The number of incubating adults present on
the first visit was assumed to represent the
number of breeding pairs and hence the number
of clutches laid. The number of chicks present at
the second visit was taken to represent the
number of eggs that hatched, and the number of
chicks in creches on the third visit to represent the
number of chicks that fledged.

In addition to the number of chicks fledged as
a proportion of those eggs that hatched (chick
survival) the mean numbers of eggs hatched and
chicks fledged per clutch were calculated for each
colony in each season. These three parameters
were also calculated for each species for the three
colonies combined. The three parameters, and the
number of clutches laid, were used as indices of
the reproductive performance at various stages of
the breeding cycle. The relationship between
breeding patterns at the various colonies was
investigated using correlation analysis.
Comparisons (between both species of penguin)
were made for each of the four parameters listed
above for all three possible inter-colony
comparisons. Inter-species comparisons were
made for all four parameters, using information
derived from the combination of colonies, as well
as for just the colonies at Van den Boogaard River,
where both species bred.

RESULTS
Macaroni Penguins

There was no obvious long-term trend over
the study period in the number of clutches laid at
Archway Bay and Van den Boogaard River
(Figure 2). However, the number of clutches
laid decreased at Macaroni Bay, especially
between 1982/83 and 1992/93, when 961 and
243 incubating adults respectively were counted.
In 1995/96 the number of breeding pairs at this
colony had increased to 476. The sizes of the
breeding colonies at Macaroni Bay and Archway
Bay were negatively correlated, but numbers of
breeders at Van den Boogaard River were not
significantly correlated to those at the other
colonies (Table 1).

The mean number of eggs hatched per clutch

varied between nil (in the case of complete failure
of clutches at Van den Boogaard River in 1989/90)
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and 0.83 at Archway Bay in 1985/86 (Figure 3).
The overall mean number of eggs hatched per
clutch was 0.48 (n = 8 894). There was a strong
correlation between hatching success at Macaroni
Bay and Archway Bay (Figure 4), but there was no
significant relationship between either of these
localities and Van den Boogaard River (Table 1).
Trends at Van den Boogaard River and the other
colonies were similar after 1989/90 (Figure 3).

At Van den Boogaard River, chick survival to
the date at which chicks in creches were counted
was 100% in three seasons: 1988/89, 1993/94 and
1994/95. The same level of success was also
attained at Archway Bay in 1994/95 (Figure 5).
No eggs were hatched, and hence no chicks
fledged, at Van den Boogaard River in 1989/90.
The lowest survival of chicks was 29% at
Macaroni Bay in 1989/90. The overall mean value
for chick survival was 72% (n = 4 312). Trends in
chick survival at the three colonies were
significantly correlated, except between Van den
Boogaard River and Archway Bay (Table 1).

The average number of chicks fledged per
clutch varied between nil at Van den Boogaard
River in 1989/90 and 0.79 at the same locality in
1981/82 (Figure 6). The overall mean value was
0.35 (n = 8 894). Trends in breeding success were
significantly correlated in all three inter-colony
comparisons (Table 1).

Rockhopper Penguins

There were overall decreases in the number of
clutches laid at all three colonies monitored, with
considerable fluctuations (Figure 7). In all three
inter-colony comparisons, numbers of breeders
were significantly correlated (Table 2).

The mean number of eggs hatched per clutch
varied between 0.41 at Trypot Fault in 1985/86
and 0.96 at Van den Boogaard River in 1990/91
(Figure 8). The overall mean number of eggs
hatched per clutch was 0.68 (n = 3 369). None of
the inter-colony comparisons of hatching success
were significant (Table 2).

Chick survival ranged between 36% at Trypot
Fault in 1994/95 and 93% at Van den Boogaard
River in 1988/89 (Figure 9). The overall mean
value for chick survival was 71% (n = 2 306).
Trends in chick survival at Van den Boogaard
River and Trypot Hole were significantly
correlated, but there was no significant
relationship between these two colonies and
Trypot Fault (Table 2). At Van den Boogaard



Population Size and Breeding Success of Penguins at Marion Island

River and Trypot Hole, trends in chick survival
were closely matched up until 1994/95, with
major divergence observed only in 1995/96
(Figure 9).

The average number of chicks fledged per
clutch varied between 0.17 at Trypot Fault in
1994/95 and 0.72 at Trypot Hole in 1986/87
(Figure 10). The overall mean value was 0.48
(n =3 369). Trends in breeding success were
significantly correlated only in the comparison
between Van den Boogaard River and Trypot
Hole (Table 2).

Interspecies Comparisons

No ‘correlation” was significant at the 10-per-
cent level or lower in comparisons between
macaroni penguins and rockhopper penguins for
all four parameters considered. This was the case
both for overall trends for the two species, and for
the colonies at Van den Boogaard River (Table 3).

On average, macaroni penguins hatched a
lower number of eggs per clutch (0.48) than did
rockhopper penguins (0.68). As a consequence,
macaroni penguins fledged fewer chicks per
clutch (0.35) than did rockhopper penguins (0.48).
Mean chick survival for both species was similar
(71-72%).

DISCUSSION
Breeding Population

The numbers of rockhopper penguins
breeding were significantly correlated in all three
inter-colony comparisons (Table 2). The only
significant relationship in numbers of macaroni
penguins breeding was a negative correlation
between the colonies at Macaroni Bay and
Archway Bay (Table 1). These colonies are close
to each other, and there may have been
movement of breeders between them. The
colonies at Archway Bay and Van den Boogaard
River remained stable throughout the study
period, but there was a decrease in the larger
colony at Macaroni Bay (Figure 2).

The proportion of adult rockhopper penguins
breeding varied between seasons. The correlations
between the numbers of pairs producing clutches
at the various colonies suggest that this
proportion may be influenced by environmental
conditions before, or at the onset of, breeding.
The same does not appear to be the case
for macaroni penguins. With the exception of

long-term trends and possible movement between
colonies, numbers of breeding macaroni penguins
remained relatively stable (Figure 2).

Estimating trends in the adult population of
rockhopper penguins from counts of breeders
may be complicated by a variable annual
proportion of breeders. For this reason, it may be
necessary to undertake repeat counts at each
colony and take the maximum count in any given
period as representing the population at that
colony, as has been done for African penguins
Spheniscus demersus (Crawford et al., 1995). This
method assumes minimal interchange of breeders
between colonies. The degree of interchange
between colonies will need to be quantified before
such a method is used for rockhopper penguins.
The lack of substantial interannual variation in
the breeding proportion of macaroni penguins
inferred from the stable numbers breeding at
Archway Bay and Van den Boogaard will
facilitate monitoring trends in the breeding
population through counts of birds initiating
breeding,.

Breeding Success

Trends in breeding success of colonies of
macaroni penguins were better correlated than
those of rockhopper penguins. This was primarily
the result of similar trends in the survival of
chicks at all three macaroni penguin colonies,
although there was also a highly significant
correlation between hatching success at the
Macaroni Bay and Archway Bay colonies. The
poor correlation of hatching success of macaroni
penguins at Van den Boogaard River with the
other two colonies is largely attributable to
complete failure of the colony at Van den
Boogaard River in 1989/90. Excluding that
season, breeding success at both the incubation
and brooding stages was well correlated for all
three colonies of macaroni penguins.

There was little relationship in hatching
success of rockhopper penguins at the three
colonies. Chick survival at Van den Boogaard
River and Trypot Hole followed similar trends,
resulting in a significant correlation in overall
breeding success at these two localities.

Implications for Monitoring
The lower inter-colony variability (higher
correlation) in breeding success of macaroni

penguins compared with rockhopper penguins
suggests that once laying is completed, breeding
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success of macaroni penguins may be influenced
by a wider-scale phenomenon than is the case for
rockhopper penguins. For rockhopper penguins,
the greatest coherence is in numbers of birds
laying, i.e. the breeding proportion. Thus meso-
or macroscale phenomena appear to exert their
greatest influence on these two penguins at
different stages of the reproductive cycle — before
or at laying for rockhopper penguins, and during
incubation and brooding for macaroni penguins.
As a consequence, there is little relationship
between the performance of the two species at the
various stages of breeding.

Cooper and Lutjeharms (1992) found that
breeding success of macaroni penguins (but not of
rockhopper penguins) in the same study colonies
at Marion Island over a shorter time period was
significantly negatively correlated with summer
rainfall. The more open breeding sites of
macaroni penguins at Marion Island may increase
their exposure to high rainfall.

Croxall et al. (1988) noted major fluctuations in
breeding population size and breeding success of
several seabirds, including macaroni and other
penguins, at South Georgia and Signy Islands in a
study that evaluated the utility of measuring
these parameters for monitoring purposes, such
as for CEMP. Fluctuations in reproductive
success of different species of summer-breeding
penguins at Signy Island were not synchronised
with those at South Georgia, but correlated best
with the date of the ice break-out in late spring.
Differences in trends of breeding parameters for
two closely related species of penguin at Marion
Island shown in this paper also have implications
for use of seabirds in monitoring marine
ecosystems. If the aim is to detect the influence of
factors operating at a meso- or macroscale, the
best parameters to monitor will depend on the
species under study.
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Table 1:  Results of correlation analysis between three colonies of macaroni penguin
for: the number of pairs that bred, hatching success, chick survival and
breeding success, 1979/80 to 1995/96. The value of the correlation
coefficient (r), the time period of the comparison and the probability of the
observed correlation being due to chance (P) are indicated in each instance.

Macaroni Bay

Archway Bay

Number of breeding pairs:

Van den Boogaard River

Macaroni Bay

r =0.153
1979/80-1995/96
P>05

r = 0.409
1979/80-1995/96
P <02

r = -0.538
1979/80-1995/96
P <0.05

Hatching success:
Van den Boogaard River

Macaroni Bay

r=0.430
1983/84-1995/96
P<0.2

r=0.486
1983/84-1995/96
P <01

r=0.899
1983/84-1995/96
P < 0.001

Chick survival:
Van den Boogaard River

Macaroni Bay

r=0.612
1983/84-1995/96
P <0.05

r = 0.480
1983/84-1995/96
P <01

r = 0.680

1983/84-1995/96
P <0.02

Breeding success:
Van den Boogaard River

Macaroni Bay

r=0.516
1979/80-1995/96
P <0.05

r = 0.655
1979/80-1995/96
P < 0.005
r=0.623

1979/80-1995/96
P <0.01

95



Cooper et al.

96

Table 2:

Results of correlation analysis between three colonies of rockhopper penguin

for: the number of pairs that bred, hatching success, chick survival and

breeding success, 1983/84 to 1995/96.

The value of the correlation

coefficient (r), the time period of the comparison and the probability of the
observed correlation being due to chance (P) are indicated in each instance.

Trypot Hole

Trypot Fault

Number of breeding pairs:

Van den Boogaard River

r=0.734
1983/84-1995/96
P <0.005

r=0.686
1983/84-1995/96
P <0.01

Trypot Hole r=10.627
1983/84-1995/96
P <005

Hatching success:

Van den Boogaard River

Trypot Hole

r =0.430
1985/86-1995/96
P<02

r=0.194
1985/86-1995/96
P>05

r =0.162

1985/86-1995/96
P>05

Chick survival:
Van den Boogaard River

r =0.757
1985/86-1995/96
P <0.01

r=0.376
1985/86-1995/96
P <05

Trypot Hole r = 0.051
1985/86-1995/96
P>05

Breeding success:

Van den Boogaard River

r =0.644
1985/86-1995/96
P <0.05

r = 0.269
1985/86-1995/96
P <02

Trypot Hole r=0.187
1985/86-1995/96
P>05
Table 3:  Results of correlation analysis between macaroni penguins and rockhopper

penguins for: the number of pairs that bred, hatching success, chick survival
and breeding success, 1983/84 to 1995/96. The value of the correlation
coefficient (r), the time period of the comparison and the probability of the
observed correlation being due to chance (P) are indicated in each instance.

All Colonies Combined

Van den Boogaard River

Number of breeding pairs

Hatching success

Chick survival

Breeding success

- r=0.443
1983 /84--1995/96
P<02

r =-0.188
1985/86-1995/96
P>05

r=-0.122
1985/86-1995/96
P>05

r =-0.008
1985/86-1995/96
P>05

r=0.217
1983/84-1995/96
P <05

r =-0.145
1985/86-1995/96
P>05

r=-0.116
1985/86-1995/96
P>05

r = 0.069
1985/86-1995/96
P>05
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Figure 1: Locations of colonies of macaroni and rockhopper penguins monitored at Marion Island.
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Trends in the numbers of clutches laid by macaroni penguins at the three
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Trends in the proportional survival of macaroni penguin chicks at the three
colonies monitored from 1983/84 to 1995/96.
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Trends in the numbers of macaroni penguin chicks fledged per clutch at the
three colonies monitored from 1979/80 to 1995/96.
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Trends in the numbers of clutches laid by rockhopper penguins at the three
colonies monitored from 1983/84 to 1995/96.
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Trends in the numbers of eggs hatched per clutch for rockhopper penguins
at the three colonies monitored from 1985/86 to 1995/96.
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Figure9:  Trends in the proportional survival of rockhopper penguin chicks at the
three colonies monitored from 1985/86 to 1995/96.
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Figure 10:  Trends in the numbers of rockhopper penguin chicks fledged per clutch at

the three colonies monitored from 1985/86 to 1995/96.
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Liste des tableaux

Résultats d’une analyse de corrélation entre trois colonies de gorfous macaroni en ce qui concerne :
le nombre de couples qui se sont reproduits, la réussite de I"éclosion, la survie des jeunes et la
réussite de la reproduction, de 1979/80 a 1995/96. La valeur du coefficient de corrélation (r}, la
période temporelle de la comparaison et la probabilité que la corrélation observée soit due a la
chance (P) sont indiquées dans chaque cas.

Résultats d'une analyse de corrélation entre trois colonies de gorfous sauteurs en ce qui concerne : le
nombre de couples qui se sont reproduits, la réussite de I'éclosion, la survie des jeunes et la réussite
de la reproduction, de 1983/84 a 1995/96. La valeur du coefficient de corrélation (r), la période
temporelle de la comparaison et la probabilité que la corrélation observée soit due a la chance (P)
sont indiquées dans chaque cas.

Résultats d'une analyse de corrélation entre les gorfous macaroni et les gorfous sauteurs en ce qui
concerne : le nombre de couples qui se sont reproduits, la réussite de 1'éclosion, la survie des jeunes
et la réussite de la reproduction, de 1983/84 4 1995/96. La valeur du coefficient de corrélation (r), la
période temporelle de la comparaison et la probabilité que la corrélation observée soit due a la
chance (P) sont indiquées dans chaque cas.

Liste des figures

Emplacements des colonies de gorfous macaroni et sauteurs contrélées a 1'fle Marion.

Tendances du nombre de couvées des gorfous macaroni aux trois colonies controlées de 1979/80 a
1995/96.

Tendances du nombre d’ceufs éclos par couvée chez les gorfous macaroni des trois colonies
controlées de 1983 /84 a 1995/96.

Rapport entre le nombre d’ceufs éclos par couvée chez les gorfous macaroni de la baie Macaroni et
de la baie Archway, de 1983/84 a 1995/96.

Tendances proportionnelles de la survie des jeunes gorfous macaroni des trois colonies contrdlées de
1983 /84 & 1995/96.

Tendances du nombre de jeunes gorfous macaroni ayant mué par couvée dans trois colonies
contrdlées de 1979/80 a 1995/96.

Tendances du nombre de couvées des gorfous sauteurs aux trois colonies controlées de 1983/84 a
1995/96.

Tendances du nombre d’ceufs éclos par couvée chez les gorfous sauteurs des trois colonies
controlées de 1985/86 a 1995/96.

Tendance proportionnelle de la survie des jeunes gorfous sauteurs des trois colonies contrdlées de
1985/86 a 1995/96.

Tendance du nombre de jeunes gorfous sauteurs ayant mué par couvée dans trois colonies
controlées de 1985/86 a 1995/96.

Crucok Tad. i

Pe3yibTaThl KOPpPESNHOHHOTO aHa/IM3a psAAa MapaMeTpoB TPeX KOJIOHHH 30JI0TOBOJIOCHIX
NUHIBHHOB, a2 HMEHHO! KOJIHUECTBO PAa3MHOXKAKOIIMXCS Map, YCHeX BBLIYIUJICHHS, BBIKUBAHHE
NTEHHOB U PENpOAyKTUBHBIH ycnex, 1979/80-1995/96 rr. B xaxaoM cjlydae yKas3aHbl BeJTHUMHA

3HaueHus xkoadduuuenrta Koppeasinuu (r), BpEMEHHO{l 1uana30H CPaBHEHUS M CTENEHb
BEPOSITHOCTH Koppesisuun (P).
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Pe3ysibTaThl KOPPEJISIIMOHHOTO aHATH3a PSIa APAMETPOB TPeX KOJIOHHUI XOX1aThIX MUHMBHHOB, a
HMEHHO: KOJIHYECTBO PA3MHOXKAIOUUXCS Map, YCIEX BBIAYIJEHHS, BbIKUBAHHE NTEHLOB U
penpoayKTHRHBIH ycmex, 1983/84-1995/96 rr. B KaxaoM cjyuyae yKasaHbl BEJIMUHHA 3HAYECHUS

koadpunuenTa Koppessuuu (r), BpeMEHHOH AMama3oH CPaBHEHHS U CTENeHb BEPOSTHOCTH
Koppeasanuu (P).

Pe3ysibTaTel KOPPEeNSUHOHHOTO aHAJIH3A PsAa MapaMeTpPOB MEXAY 30JI0TOBOJIOCBIMH H
XOXJIaTBIMU NHHIBHHAMH, & UMEHHO: KOJIMYECTBO PA3MHOXKAIOMWINXCS 1ap, YCHeX BBLAYIJIEHMS,
BBIKHBAHKE NTEHIOB ¥ PENpOJyKTHBHBIH yenex, 1983/84-1995/96 rr. B kax oM cjyyae yKas3aHbl
BEJIMUHHA 3HAYCHHS Ko3(hhuumenTa Koppessinnn (r), BpeMEHHON OHAaNa30H CPABHEHUS H CTENEHb
BEPOATHOCTH Koppesisiun (P).

CrmcoK pHCYHKOB

MecromnoJsioxenne 00cIel0BaHHBIX KOJIOHHH 30JI0TOBOJIOCBIX H XOXJIAThIX MHHMBUHOB HA OCTPORE
Mapnon.

TenaeHIHH H3MEHEHHS B KOJIMYECTBE SIHL, OTJIOKEHHBIX 30JI0TOBOJOCBIMH MUHIBHHAMH B TpEX
00C/1IeNOBaHHBIX KOJIOHUsIX 3a nepnom ¢ 1979/80 mo 1995/96 r.

TenpeHUn U3MEHEHUS! B KOJIHUECTBE NTEHUOB 30JI0TOBOJIOCOrO MUHIBUHA, BBUTYHNMBIIHXCS HA
OJIHO THE3[0 C sHIaMH B TPeX 00C/IeTOBaHHBIX KOJIOHHsIX 3a nepuon ¢ 1983/84 mo 1995/96 .

3aBHCUMOCTD MEXK/ly KOJIHIECTBOM NITEHIOB 30JI0TOBOJIOCOTO MHHIBUHA, BbLIYIUBIUMXCS HA OAHO
THE30 ¢ siinaMu B 3asimBe MakapoHH, U KOJTHUECTBOM MTEHIOB ITOrO K€ BH[IA, BHLTYIMHBILAXCH
HA OHO THE3J0 ¢ giluaMu B 3amse Apusell, ~ 3a nepuog ¢ 1983/84 no 1995/96 r.

TenneHnmn U3MEHEHHST B NMPONOPUUOHAIBHOM BBIXKHUBAHUH MTEHUOB 30/I0TOBOJIOCON0 NHHIBUHA B
Tpex 00cJ/IeTOBaHHbIX KOJIOHUSX 3a nepuof ¢ 1983/84 no 1995/96 r.

TengeHuyu 3MeHEHUs! B KOJIHUECTBE NTEHLOB 30JI0TOBOJIOCOTO IMHHIBHHA, ONEPHBILUXCS HA OHO
THE3/0 ¢ sfiuaMu B Tpex 0OC/IeiOBaHABIX KOJIOHMSX 3a nepuof ¢ 1979/80 mo 1995/96 r.

TeHaeHIMY U3MEHEHUsI B KOJIMUECTBE THE3/ ¢ sSilaMi B TpeX O0C/IeI0BaHHBIX KOJIOHUAX
XOXJIAaThIX MHHTBUHOB 32 neprof ¢ 1983/84 mo 1995/96 r.

3aBHCHMOCTD MEXKIY KOJMYECTBOM NTEHIOB XOXJIATOrO MUHIBUHA, BBUIYHUBIUMXCS HA OJHO
THE370 C gilaMi B Tpex 00C/IeI0BaHHBIX KOJIOHUSX 3a nepuof ¢ 1985/86 mo 1995/96 r.

TeHaeHIMn H3MEHECHHS! B MPOIOPLUUOHAIBHOM BBIKHBAaHHH TITEHIOB XOXJIATOrO MUHIBHHA B TPEX
00CJIeNOBAHHBIX KOJIOHUSIX 32 nepuox ¢ 1985/86 o 1995/96 T

TenpeHuuH W3MEHEHNs B KOJMYECTBE NTEHUOB XOXJATOrO MHHTBHHA, OMEPUBILUXCS HA OIHO
rHE300 ¢ difiaMu B Tpex 00CIeI0BaHHBIX KOJIOHHX 3a nepuo ¢ 1985/86 mo 1995/96 r.

Lista de las tablas

Resultados del analisis de las correlaciones entre las tres colonias de pingliinos macaroni para: el
numero de parejas reproductoras, éxito de la incubacién, supervivencia de los polluelos y éxito
reproductor, de 1979/80 a 1995/96. El valor del coeficiente de correlacion (r), el periodo de la
comparacién y la probabilidad de que la correlacién observada se deba al azar (P) se indican para
cada caso.

Resultados del andlisis de las correlaciones entre tres colonias de pingiiinos de penacho amarillo
para: el nimero de parejas reproductoras, éxito de la incubacién, supervivencia de los polluelos y
éxito reproductor, de 1983/84 a 1995/96. El valor del coeficiente de correlacion (r), el periodo de la
comparacién y la probabilidad de que la correlacion observada se deba al azar (P) se indican para
cada caso.
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Resultados del andlisis de las correlaciones entre los pingiiinos macaroni y de penacho amarillo para:
el ntimero de parejas reproductoras, éxito de la incubacién, supervivencia de los polluelos y éxito
reproductor, de 1983/84 a 1995/96. El valor del coeficiente de correlacion (r), el periodo de la

comparacion y la probabilidad de que la correlacién observada se deba al azar (P) se indican para
cada caso.

Lista de las figuras
Ubicacién de las colonias de pingiiinos macaroni y de penacho amarillo en la isla Marion.

Tendencias en el nimero de nidadas puestas por los pingiiinos macaroni en las tres colonias
estudiadas desde 1979/80 a 1995/96.

Tendencias en el niimero de huevos incubados por nidada por los pingiiinos macaroni en las tres
colonias estudiadas desde 1983 /84 hasta 1995/96.

Correlacion entre el nimero de huevos de pingiiinos macaroni incubados por nidada en las Bahias
Macaroni y Archway, desde 1983/84 hasta 1995/96.

Tendencias en la supervivencia proporcional de los polluelos de pingiiino macaroni en las tres
colonias estudiadas desde 1983 /84 hasta 1995/96.

Tendencias en el nimero de polluelos de pingiiinos macaroni emplumados por nidada en las tres
colonias estudiadas desde 1979/80 hasta 1995/96.

Tendencias en el los nimero de nidadas puestas por pingiiinos de penacho amarillo en las tres
colonias estudiadas desde 1983 /84 hasta 1995/96.

Tendencias en el nimero de huevos de pingiiinos de penacho amarillo incubados por nidada en las
tres colonias estudiadas desde 1985/86 hasta 1995/96.

Tendencias en la supervivencia proporcional de los polluelos de pingtiinos de penacho amarillo en
las tres colonias estudiadas desde 1985/86 hasta 1995/96.

Tendencias en el niumero de polluelos de pingiiinos de penacho amarillo emplumados por nidada en
las tres colonias estudiadas desde 1985/86 hasta 1995/96.






