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Abstract 

At sub-Antarctic Marion Island, annual breeding success of macaroni (Et~dyptes  
cl~rysoloplztis) 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. 

Resume 

Mesure a l'ile subantarctique Marion de la reussite annuelle de la reproduction des 
gorfous macaroni (Euclyptes clzrysolophus) de 1979/80 B 1995/96 et des gorfous sauteurs 
(E. chrysocome) de 1985/86 a 1995/96. Chez les gorfous macaroni, pour chaque couvee, 
en moyenne 0,48 eufs  ont eclos et 0,35 jeunes ont mue. Les moyennes correspondantes 
chez les gorfous sauteurs sont de 0,68 ceufs eclos et de 0,48 jeunes ayant mu& Sur les 
trois colonies de gorfous macaroni etudiees, la plus grande a diminue de taille pendant 
la duree de la periode d'etude alors que les deux autres sont restees stables. La seule 
relation importante entre les tendances inter-saisonnieres du nombre de couples se 
reproduisant aux trois colonies est une correlation negative entre deux colonies 
adjacentes, ce qui suggere un transfert d'une colonie B l'autre. Sur les trois colonies de 
gorfous sauteurs Ptudiees, les deux plus grandes ont diminue pendant la duree de la 
periode d'etude, alors que la troisieme est restee stable. Les tendances dans le nombre 
de couples se reproduisant aux trois colonies de gorfous sauteurs etaient toutes 
largement correl6es. I1 est possible que la proportion de gorfous sauteurs ayant tent6 de 
se reproduire ait varie en fonction de quelque facteur environnemental. Correlation 
importante des tendances inter-saisonnisres de la reussite de la reproduction des 
gorfous macaroni dans les comparaisons des trois colonies pendant toute la duree de la 
periode d'etude. Correlation importante dans une seule des trois comparaisons des 
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colonies des tendances inter-saisonnieres de la reussite de la reproduction et de la survie 
des jeunes chez les gorfous sauteurs. La plus grande coherence de la performance des 
colonies de gorfous macaroni par rapport B celle des colonies de gorfous sauteurs laisse 
entendre que la reussite de la reproduction des gorfous macaroni est susceptible df@tre 
influencee par des phenomenes a plus grande echelle que ceux qui affectent les gorfous 
sauteurs. La correlation des tendances de la reussite de la reproduction et de 116closion, 
et de la survie des jeunes chez les gorfous macaroni et les gorfous sauteurs etait peu 
importante, m@me pour les colonies adjacentes. Ceci laisse entendre que les facteurs 
influen~ant la performance like a la reproduction chez les deux especes ne sont pas les 
mGmes. 

6brna nposeneHa oueHKa emeronHoro penpoAyKTMBHoro ycnexa 3onoToBonocbrx 
nMHrBMHOB (Eudyptes C ~ Y ~ S O ~ O ~ ~ Z L ~ S )  3a nepMOA C 1979180 no 1995195 r.  H XOXJIaTbIX 
IIMHrBtIHoB (E.  chrysocome) 3a nepMoA C 1985186 no 1995196 r. Ha OCTpOBe M a p ~ o ~ .  Y 
30JIOTOBOJIOCbIX IIMHrBMHOB Ha KaXAOe rHe?QO C XfiUaM1.1 B CpeAHeM BbIJIynHJIOCb M 

OnepHJIOCb CoOTBeTCTBeHHO 0,48 M 0,35 nTeHqa. C O O T B ~ T C T B ~ K J ~ M ~  CpeAHHe 
BenMYHHbI y XOXJIaTb!X nHHrBAH0B - 0,68 M 0,48 IlTeHUa. Ha IIpOTIIXeHMH BCerO 
nepMOAa MCCJIeAOBaHklX YMCJIeHHoCTb ca~0f i  ~pyI I~0f i  M 3  TpeX H3yYaBLIIMXCII K O J I O H M ~  

30JIOTOBOJIOCbIX nMHrBMHOB YMeHbIllHJIaCb, B TO BpeMX KaK YMCJIeHHOCTb OCTaJIbHblX 
K O ~ O H H ~ ~  He M3MeHMJIaCb. E A M H C T B ~ H H ~ R  CyWeCTBeHHaX 3aKOHOMepHOCTb B 

MeXCe3OHHbIX TeHAeHUMXX M3MeHeHI.IX KOnMYeCTBa pa3MHOXaK)wMXCII nap B 0  BCeX 
KOJIOHMRX - 3 T 0  OTPMuaTeJIbHaR KOpPenRQMII MeXJJy ABYMX COCCAHMMM KOJIOHMRMM, 
Y T O  rOBOpHT 0 B O 3 M O X H b I X  MMrpaUMRX MeXAy KOJIOHRIIMA. 3a  BeCb IIepMOn 
MCCneAOBaHMR YkICneHHOCTb ABYX CaMbIX KPYnHbIX M 3  TpeX M3y~IaBLIIMXCR ~0n0~Mfi  
XOXJIaTblX nMHrBMHOB YMeHbLIIHnaCb, a YHCJIeHHOCTb ~ p e ~ e f i  KOJIOHMM He PI3MeHMJIaCb. 
Te~ne~u;Hu M3MeHeHMII KOnMYeCTBa nap XOXJIaTbIX HMHrBMHOB, pa7MHOXaK)qMXCR B 

TpeX KOJIOHMIIX,  XapaKTepH30BaJIHCb C ~ L U ~ C T B ~ H H O ~ ~  CTeneHbK, KOppeJI%IJHM. 
I / I ~ M ~ H ~ H M R  KOJIMYeCTBa XOXnaTbIX IIMHrBMHOB, nOtIbITaBLIIMXCR npHHIITb YYaCTMe B 

pa3MHOXeHMM, MorYT 661~6 CBR3aHb1 C M3MeHeHMRMM B YCJIOBMRX 0~py)KaW~lefi 
CpeAb1. 6brna ~ a f i f l e ~ a  CyweCTBeHHaII KOppeJlIIlJkiX MeXAy MeXCe30HHbIMH 
TeHAeHuMXMM M3MeHeHHX pellpOHyKTMBHOT0 YCneXa 3oJIOTOBOJIoCblX IIkIHTBMHOB B 0  

BCeX TpeX KOJIOHMXX Ha npOTRjKeHMH BCeTO nepMOAa MCCJIeQOBaHM5E. C ~ L I J ~ C T B ~ H H ~ X  
KOppeJIIIUMX 6b1JIa HafineHa MeXAy MeXCe30HHblMC.1 3aKOHOMepHOCTXMM 
penpOayKTMBHOr0 YCneXa M BblXHBaHMX XOXJIaTblX RMHrBMHOB TOJIbKO B OAHOM H? 

TpeX npOBeAeHHbIX c p a ~ ~ e ~ k t f i  MeXQy KOJIOHHIIMM. 6bJIbLLIaII CTeneHb KOrepeHTHoCTIl 
Y 3OJIOTOBOJIOCblX IIHHrBHHOB no CpaBHeHI?W C XOXJIaTblMH IXMHrBMHaMM HaBOAHT Ha 
MbICJIb O TOM, YTO Ha ~ ~ I I ~ O Q Y K T M B H ~ I ~ ~  YCneX 3 0 ~ 0 T O B O J I O C b l X  nMHrBMHOI3 BnMXeT 
K ~ K o ~ - H P I ~ ~ J ( ~  6onee L I I M ~ o K o M ~ C U I T ~ ~ H O ~  XBJIeHMe, YeM B CJIyYae XOXJIaTbIX 
IlMHrBHHOB. He 6bln0 O ~ H ~ ~ Y X ~ H O  C Y U I ~ C T B ~ H H O ~ ~  KOppeJIIIUMM MeXAy 
7aKOHOMepHOCTRMM PenpOAYKTMBHOrO YCneXa, YCneXa BbIJIynJIeHMR M BbIXMBaHMR 
nTeHUOB Y 3OJIOTOBOJIOCbIX A XOXnaTbIX IIMHTBMHOB, AaXe B CJIyYae CpaBHeHMR 
MeXay COCeAHMMM KOJIOHMIIMM.  TO rOBOpMT O TOM, YTO Ha ~ ~ ~ ~ O A Y K T M B H ~ I ~ ~  YCneX 
0 6 0 ~ ~  BMAOB BJIMRKJT pa311MYHbIe @ ~ K T O P ~ I .  

Resumen 

Se efectuaron estimaciones del exito de reproduccidn anual de 10s pingiiinos macaroni 
(Eudyptes c/zrysolop/zus) entre 1979/80 y 1995/96, y de 10s pingiiinos de penacho amarillo 
(E. chrysocoi~ze) entre 1985/86 y 1995/96 en la estaci6n subantgrtica de la isla Marion. 
Los pingiiinos macaroni incubaron con exito un promedio de 0.48 huevos por nidada y 
de Pstas alcanzaron la etapa de emplumaje un promedio de 0.35 poliuelos. Los 
promedios correspondientes al pingiiino de penacho amarillo fueron 0.68 huevos y 
0.48 polluelos respectivamente. De tres colonias de pinguinos macaroni estudiadas, la 
mayor disminuyo su tamafio durante el periodo de la prospeccion, en tanto que el 
tamafio de las otras dos permanecio estable. La unica correlacion significativa en las 
tendencias estacionales del numero de parejas reproductoras en las tres colonias fue una 
correlacion negativa entre dos colonias adyacentes, lo que indica una transferencia entre 
colonias. El tamaiio de las dos colonias mayores de pingiiinos de penacho amarillo 
estudiadas disminuyo durante el periodo de la prospecci6n, mientras que el tamaito de 
la tercera colonia permanecio estable. Las correlaciones de las tendencias del numero de 
parejas reproductoras en las tres colonias de pingiiinos de penacho amarillo fueron 
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todas significativas. La proporcion de pingiiinos de penacho amarillo que intentaron 
reproducirse puede haber variado como consecuencia de un estimulo medioambiental. 
Las tendencias estacionales del exit0 reproductor y supervivencia de polluelos del 
pingiiino macaroni se correlacionaron significativamente en las comparaciones entre las 
tres colonias durante el periodo total de la prospecci6n. Las tendencias estacionales del 
exito reproductor y supervivencia de polluelos del pingiiino de penacho amarillo se 
correlacionaron significativamente en solo 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 
elkxito reproductor del pingiiino macaroni puede ser afectado por fenomenos de mayor 
escala que 10s que afectan a1 pingiiino de penacho amarillo. Las tendencias en el 6xito 
reproductor, exito de la incubation y supervivencia de 10s polluelos de 10s pingiiinos 
macaroni y de penacho amarillo no se correlacionaron significativamente entre ellas, 
aun para colonias cercanas. Esto sugiere que 10s factores que afectan el 6xito de la 
reproduccion de las dos especies no son 10s 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) a n d  the 
rockhopper penguin (E. chvysocome). 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 
o n  a n  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). 

discreteness and relatively small size, which 
enabled accurate counts to be undertaken from 
their  boundaries wi thout  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 adul ts  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 

METHODS to 10 February as  possible a n d  rockhopper 
penguin chicks as close to 28 February as possible. 

Three colonies were selected at Marion Island There is  as  yet n o  precise information on 
to study macaroni and rockhopper penguins. interannual variation in the timing of the breeding 
They were  chosen for their ease of access, 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 coinbination 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) 

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 
(12 = 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. 

ACKNOWLEDGEMENTS 

Avian research at Marion Island is conducted 
under the auspices of the South African National 
Antarctic Programme with the financial 

and logistic support of the Department of 
Environmental Affairs and Tourism. Thanks are 
due to a large number of ornithological field 
assistants who collected data under often difficult 
conditions. 

REFERENCES 

Cooper, J. and C.R. Brown. 1990. Ornithological 
research at the sub-Antarctic Prince Edward 
Islands: a review of achievements. S o u t h  
Afvican Journal of Antarctic Research, 20: 40-57. 

Cooper, J. and J.R.E. Lutjeharms. 1992. 
Correlations between seabird success and 
meteorological conditions on Marion and 
Gough Islands. South African Journal of Science, 
88: 173-175. 

Crawford, R.J.M., A.J. Williams, J.H. Hofmeyr, 
N.T.W. Klages, R.M. Randall, J.  Cooper, 
B.M. Dyer and Y. Chesselet. 1995. Trends of 
African penguin S p h e n i s c u s  d e m e r s u s  
populations in the 20th Century. South Afvican 
Joz~rnal ofMarine Science, 16: 101-118. 

Croxall, J.P., T.S. 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.). A n t a r c t i c  
O c e a n  and  Resources  V a r i a b i l i t y .  Springer- 
Verlag, Berlin Heidelberg: 261-285. 

Marchant, S. and P.J. Higgins (Eds). 1990. 
H a n d b o o k  of A u s t r a l i a n ,  N e w  Z e a l a n d  a n d  
A n t a r c t i c  B irds .  Vol. 1 Ratites and Ducks. 
Oxford University Press, Melbourne: 735 pp. 

SC-CAMLR. 1995. C C A M L R  E c o s y s t e m  
M o n i t o r i n g  P r o g r a m :  S t a n d a r d  M e t h o d s  for 
M o n i t o r i n g  S t u d i e s .  CCAMLR, Hobart, 
Australia. 



Population Size and Breeding Success of Penguins at Marion Island 

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. 

Number of breeding pairs: 
Van den Boogaard River 

Macaroni Bay 

Hatching success: 

Van den Boogaard River 

Macaroni Bay 

Chick survival: 
Van den Boogaard River 

Macaroni Bay 

Breeding success: 

Van den Boogaard River 

Macaroni Bay 

Macaroni Bay 

r = 0.153 
1979/80-19951'96 
P > 0.5 

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

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

r = 0.516 
1979/80-19951'96 
P  0.05 

Archway Bay 

r  = 0.409 
1979/80-1995/96 
P < 0.2 

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

r  = 0.486 
1983/84-1995/96 
P < 0.1 

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

r = 0.480 
1983/84-19951'96 
P < 0.1 

r = 0.680 
1983/84-1995/96 
P < 0.02 

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

r = 0.623 
1979/80-1995/96 
P < 0.01 
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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. 

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. 

Number of breeding pairs: 
Van den Boogaard River 

Trypot Hole 

Hatching success: 
Van den Boogaard River 

Trypot Hole 

Chick survival: 
Van den Boogaard River 

1985/86-19951'96 1985/86-1995/96 

Van den Boogaard River 

Trypot Hole 

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

r  = 0.430 
1985/86-1995/96 
P < 0.2 

Number of breeding pairs 

Hatching success 

Chick survival 

Breeding success 

Trypot Fault 

r  = 0.686 
1983/84-1995/96 
P < 0.01 
r  = 0.627 
1983/84-1995/96 
P < 0.05 

r  = 0.194 
1985/86-1995/96 
P > 0.5 
r  = 0.162 
1985/86-1995/96 
P > 0.5 

All Colonies Combined 

r  = 0.443 
1983/84-1995/96 
P < 0.2 

r  = -0.188 
1985/86-1995/96 
P > 0.5 

r = -0.122 
1985/86-1995/96 
P > 0.5 

r  = -0.008 
1985/86-1995/96 
P > 0.5 

Van den Boogaard River 
- 

U = 0.217 
1983/84-1995/96 
P < 0.5 

r  = -0.145 
1985/86-1995/96 
P > 0.5 

r  = -0.116 
1985/86-1995/96 
P > 0.5 

r  = 0.069 
1985/86-1995/96 
P > 0.5 
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Figure 1: Locations of colonies of macaroni and rockhopper penguins monitored at Marion Island. 
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Figure 2: Trends in the numbers of clutches laid by macaroni penguins at the three 
colonies monitored from 1979/80 to 1995/96. 
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Figure 3: Trends in the numbers of eggs hatched per clutch for macaroni penguins at 
the three colonies monitored from 1983/84 to 1995/96. 
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Figure 4: The relationship between numbers of eggs hatched per clutch for macaroni 
penguins at Macaroni Bay and Archway Bay, 1983/84 to 1995/96. 
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Figure 5: Trends in the proportional survival of macaroni penguin chicks at the three 
colonies monitored from 1983/84 to 1995/96. 
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Figure 6: Trends in the numbers of macaroni penguin chicks fledged per clutch at the 
three colonies monitored from 1979/80 to 1995/96. 

Figure 7: 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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Figure 8: Trends ill 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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Figure 9: 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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Pe3yJlbTa~bl KOppeJl5IQMOHHOrO aHaJlM3a pen23 IlapaMeTpOB TpeX K o J ~ o H P I ~ ~  30J lOTOBOJIOCblX 

nHHrBHHOB, a MMeHHO: KOJIllYeCTBO pa3MHOXaWmPIXCX nap, YClIeX BbIJlynJleHHX, BblXPIBaHHe 
IlTeHQoB k1 ~ ~ ~ P O Q Y K T L I B H ~ I ~ ~  YCneX, 1979180-1995196 IT. B KaXAOM CJlyYae yKa3aHbI BeJIti.luPIHa 
3Ha.lueHMR K O ~ @ C @ H U H ~ H T ~  KOppeJlX~MPI ( r ) ,  B ~ ~ M ~ H H O ~  nHaIla3OH CpaBHeHPIX M CTeHeHb 
BepO5iTHOCTM KOppeJIXlJMPI (P). 
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TaGn~qa 2: Pe3yJIb~a~bl KOppeJIIl~HOHHOrO aHaJIH3a pXAa napaMeTpOB TpeX K O ~ O H M ~ ~  XOXJIaTbIX nHHrBHHOB, a 
HMeHHO: KOnHYeCTBO pa3MHOXaH3WHXCR nap, YClIeX BbIJIynJleHHZ, BbIXHBaHHe HTeHUOB H 

~ ~ I I ~ o H ~ K T M B H ~ I ~  YCneX, 1983184-1995196 Fr. B KaXAOM CJIyqae yKa3aHbI BeJIHqMHa 3HaYeHHIl 
K O ~ @ @ M L I L ~ ~ H T ~ ~  KOppeJIIlUMH ( Y ) ,  ~peMeHH0fi ,QHaIIa3OH CpaBHeHHX H CTeneHb BepORTHOCTH 
Koppensrqm (P). 

TaGn~ua 3: Pe3yJIb~aTb1 KOppenRuMOHHOrO aHaJlH3a pZAa HapaMeTpOB MeX,Qy 3 O ~ O T O B O J I O C b I M H  H 

XOXJIaTbIMH IIHHTBHHaMkI, a MMeHHO: KOnHqeCTBO pt33MHOXaK)LLlHXCIl nap, YCneX BbInynJIeHHR, 
BbIXHBaHHe IITeHQOB H ~ ~ I I ~ o , Q Y K T M B H ~ I ~ ~  YCneX, 1983184-1995196 rr .  B KZlXflOM CJIyYae yKa3aHbI 
BeJIMqHHa 3HaYeHHIl K O ~ @ @ A U M ~ H T ~  KOppeJIR~HH ( Y ) ,  B P ~ M ~ H H O ~ ~  AHana3OH CpaBHeHHX H CTeneHb 
BepOZTHOCTH KOppenRQHr? (P). 

P H C Y H ~ K  4: ~ ~ B ~ I C H M O C T ~  MeXAY KOJIkIYeCTROM nTeH40B 3OJIOTOBOJIOCO~O IIMHTBHHa, BbIJIYnHBLUMXCZ Ha OA1-10 

rHe?flO C IlfiuaMPl B 3anHBe M a ~ a p o ~ c l ,  M KOJIIIqeCTBOM IlTeHUOB 3TOI'O Xe BHfla, BbUlynHBLUHXCR 
Ha OHHO rHe7AO C Zfiua~H B 7aJIlIBe Apmefi, - 3a nepMOA C 1983184 nO l995196 r. 

PHCYHOK 7 :  T~HACHL(MI.I M'3MeHeHHR B KOJIHYeCTBe rHe3A C R ~ ~ U ~ M M  B TpeX O ~ C J T ~ H O B ~ H H ~ I X  KOJIOHMZX 

XOXJIaTbIX IIMHrBkiHOB 7a nepHOA C 1983184 no 1995196 r. 
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