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Macaroni Penguin 
(Eudyptes chrysolophus) 

and

Royal Penguin 
(Eudyptes schlegeli)

GLENN T. CROSSIN, PHIL N. TRATHAN, AND ROBERT J. M. CRAWFORD

1. SPECIES (COMMON AND SCIENTIFIC NAMES)
Macaroni penguin, Eudyptes chrysolophus (J. F. von 
Brandt, 1837); Royal penguin, Eudyptes schlegeli (O. 
Finsch, 1876)

2. DESCRIPTION OF THE SPECIES
Adult macaroni and royal penguins, like most penguins, 
have black bodies and tails and white underparts (little 
penguins [Eudyptula minor] and white-flippered pen-
guins [Eudyptula minor albosignata] are the exceptions). 
Both species have the conspicuous golden-yellow and 
orange crest feathers characteristic of all crested pen-
guins, but unlike the others, the plumes of the macaronis 
and royals rise from a common patch on the forehead 
approximately one centimeter back from the bill and 
extend backward over the eyes. For both species, the 
bill is stout and varies in color from red to orange to 
brown, the eyes are dark red, and there is a patch of 
bare pink skin from the base of the bill to the eye. Legs 
and feet are pink (fig. 1). The principal morphological 
distinction between the species lies in the highly variable 
facial coloration. Royals have pure white to pale gray 

faces, whereas macaronis have black faces, though light-
faced macaronis are reported at some sites (see section 
3 below). Both species are similar in dimensions and 
morphology, but royals are generally larger by 10–20 
depending on the trait in question (table 12.1). Within 
species, the sexes are similar, but males are larger than 

FIG. 1 (FACING PAGE) Macaroni and royal penguin at Marion Island, South 
Africa, showing their pink feet. (P. Ryan) 
FIG. 2 A young adult macaroni penguin has yet to develop a full crest 
and holds a feather in its bill. Note the down attached at the base of each 
feather. (P. Ryan)
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females in all respects by 15–20 (table 12.1); female roy-
als are similar in size to male macaronis (Woehler 1995). 
Juvenile macaronis and royals (i.e., immature fledglings 
and one-year-olds) are smaller than mature adults and 
do not have well-developed crest feathers, which may 
be absent altogether or present as an irregular patch of 
small, stubbly, yellow feathers on the forehead (fig. 2). 
Juveniles also have an ashy-gray coloring on the throat 
(compared to the black throat of the adults) and have 
smaller, less robust bills that are a darker brown-black 
color. Diagnostic characteristics for adult macaronis and 
royals are compared in table 12.1.

Occasionally, there are sightings of Isabelline maca-
roni and royal penguins, a term used to describe a partial 
form of albinism in which a uniform lightening of the 
plumage results in a grayish-yellow coloration instead of 
black. This is sometimes termed “leucistic” coloration, 
but the more accepted term is “Isabellinism.” Isabellinism 
has been observed in 12 species and in all genera except 
Eudyptula (Everitt and Miskelly 2003).

3. TAXONOMIC STATUS
The macaroni and royal lineage diverged from other 
crested penguins, specifically the Snares (E. robustus) 
and Fiordland (E. pachyrhynchus) penguins, circa 2 mil-
lion years ago, coinciding with the onset of Pleistocene 
glaciations (Baker et al. 2006). Similarities in morphol-
ogy, behavior, and life history once suggested that royal 
penguins were a distinct subspecies of macaroni pen-
guins (i.e., Eudyptes chrysolophus schlegeli) rather than 
a separate species (Falla and Mougin 1979; Marchant 

and Higgins 1990; Christidis and Boles 1994), and early 
arguments for single-species classification noted that 
the polymorphisms exhibited by royals and some Indian 
Ocean populations of macaronis produce phenotypes 
that cannot be reliably differentiated by morphologi-
cal or plumage characteristics alone (Shaughnessy 1975; 
Barre et al. 1976; Jouventin 1982). Christidis and Boles 
(1994) speculate that this polymorphism could be due to 
hybridization, but this hypothesis has not been tested. 
Nevertheless, the weight of evidence points toward the 
current two-species classification (Sibley and Monroe 
1993; Baker et al. 2006). The reproductive isolation of 
royals (which breed principally at Macquarie Island and 
two adjacent islets) and some morphological distinctions 
(Williams 1995; Woehler 1995; Hull 1996) suggest that 
royals may have diverged from macaronis, though this, 
too, has not been tested. 

4. RANGE AND DISTRIBUTION
Macaronis are circumpolar in distribution (fig. 3). Breed-
ing colonies are found on a number of sub-Antarctic 
islands throughout the South Atlantic and Indian Oceans 
between latitudes 46º and 65º south, and these are sum-
marized in table 12.2. At present, there is only minimal 
breeding on the Antarctic continent, situated along the 
Western Antarctic Peninsula (Naveen et al. 2000; Gor-
man et al. 2010). Ranges during the nonbreeding season 
in winter are not well known (Woehler 1992; Reid et al. 
1995), but recent telemetry studies show that macaronis 
originating from Kerguelen can cover an area greater 
than 3 million square kilometers during their six-month-

FIG. 3 Distribution and abundance 
of the macaroni penguin, with 
counts based on pairs.
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long migrations throughout the Indian Ocean basin 
(Bost et al. 2009). Royals are restricted in their breeding 
distribution to Macquarie Island and its adjacent Clerk 
and Bishop islets (table 12.2; fig. 4). Nonbreeding dis-
tributions are also not well known, but, like macaronis, 
royal penguins are absent from breeding colonies and 
local waters in winter, so they are probably migratory. 
Indeed, sightings have been reported at Australia, New 
Zealand, and parts of Antarctica in winter (Woehler 
1992), and some “white-faced” birds were seen at Heard, 
Marion, Crozet, and Kerguelen Islands, though whether 
these were royals, polymorphic macaronis, or royal-
macaroni hybrids is not known (see section 3 above). A 
summary of breeding locales and population estimates 
is provided in table 12.2.

5. SUMMARY OF POPULATION TRENDS
Macaroni penguins are decreasing throughout their 
range (BirdLife International 2010a), particularly at 
South Georgia (Trathan et al. 2012), and a population 
estimated at 1 million breeding pairs was believed to 
have been eliminated recently from McDonald Island 
due to volcanic activity in the Kerguelen plateau, south-
ern Indian Ocean (Woehler 2006). However, recent 
satellite imagery of McDonald Island shows unidentified 
colonies on the fresh lava flows, which may be recolo-
nizing macaroni penguins. Royal penguins are restricted 
to a breeding area smaller than 100 square kilometers 
that contains fewer than five discrete breeding loca-
tions, all of which are decreasing (BirdLife International 
2010b).

6. IUCN STATUS
The International Union for Conservation of Nature has 
listed macaroni penguins as Vulnerable on its Red List of 
Threatened Species (IUCN 2011; BirdLife International 
2010a), based on its criteria of global population reduc-
tion of 30 over 10 years or three generations within the 
past 30 years, and on the persistence of anthropogenic 
stressors (e.g., fisheries activities and changes in the 
marine environment). This classification relies heavily 
on global population estimates extrapolated from small-
scale data sets, which at times are incomplete or data 
deficient for the most recent years. The lack of recent 
population assessment data at a time when many other 
penguin species are decreasing highlights the impor-
tance of long-term monitoring programs to confirm 
population trends. 

Royal penguins are listed as Vulnerable, a designa-
tion stemming from the species’ extremely restricted 
breeding range, past degradations of breeding habitat, 
and its comparatively low and variable population num-
bers (BirdLife International 2010b). However, habitat 
quality is likely to improve due to ongoing conservation 
measures, particularly rodent eradication programs (see 
Tasmanian Parks and Wildlife Service 2003), which may 
lead to an improved conservation status on the island 
and an IUCN downlisting in the future (fig. 5). 

LEGAL STATUS. The Antarctic Treaty was signed by 12 
nations in 1959, and it was further strengthened in 1991 
with the agreement on the Protocol on Environmental 
Protection to the Antarctic Treaty. The Antarctic Treaty 

FIG. 4 Distribution and abundance 
of the royal penguin.
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established a committee for environmental protection to 
formulate advice and recommendations to the signatory 
parties and includes the Convention for the Conserva-
tion of Antarctic Seals (1972) and the Convention on 
the Conservation of Antarctic Marine Living Resources 
(1980). A 1964 Antarctic Treaty Consultative Meeting 
adopted the Agreed Measures for the Conservation of 
Antarctic Fauna and Flora, which makes it illegal to harm 
or in any way interfere with penguins and their eggs. 
The agreement requires researchers seeking penguin 
specimens for scientific purposes to apply for a special 
collection permit, and all subsequent research activities 
are to be reported to the Scientific Committee for Ant-
arctic Research. The treaty applies only to treaty areas 
below 60° south, so penguins breeding on sub-Antarctic 
islands outside the treaty area must depend on other 
national and international agreements for protection. 

The Convention on International Trade in Endan-
gered Species of Wild Fauna and Flora (CITES) was rati-
fied in 1973 and regulates trade in certain wildlife species, 
including penguins. Macaroni and royal penguins are 
not traded and therefore do not qualify for protection. At 
this time, only African penguins (Spheniscus demersus) 
(Linnaeus 1758) and Humboldt penguins (S. humboldti) 
(Meyen 1834) are listed with the convention. 

The Penguin Conservation Assessment and Manage-
ment Plan (Ellis et al. 1998) details existing threats and 
outlines priority research needs for macaroni and royal 
penguins, but it is not binding on any state. UNESCO has 
inscribed some locales as World Heritage sites, which 
puts in place internationally binding habitat protections, 
thereby indirectly protecting penguins. At this time, 

many macaroni and royal breeding sites are included on 
the World Heritage List and the Ramsar List of Wetlands 
of International Importance, among other conservation 
measures.

At the national level, many governments with juris-
diction over penguin breeding localities have enacted 
species protection or habitat conservation plans with 
the aim of protecting all important wildlife. Breeding 
populations of macaronis at South Georgia Island and 
the South Sandwich Islands benefit from a restric-
tive visitation policy, and some areas, such as Cooper, 
Annenkov, and Bird Islands, are specially protected and 
reserved for permitted scientific activities only. In the 
marine waters surrounding South Georgia and the South 
Sandwich Islands, there is a complete prohibition on 
fishing (through licensing policy) within approximately 
22 kilometers of the South Georgia coast, and 5 kilome-
ters of the South Sandwich Islands. 

South Africa’s Prince Edward Islands, which includes 
both Marion Island and Prince Edward Island, were 
declared a special nature reserve under the Environmen-
tal Conservation Act of 1989 and maintain this status 
under the National Environmental Management Pro-
tected Areas Act of 2003. From the mid-1990s onward, 
activities in these islands have been regulated by a man-
agement plan.

In the French sub-Antarctic territories, the French 
government established a 7,000-square-kilometer 
nature reserve that includes all of the terrestrial and adja-
cent marine areas of the Crozet archipelago, Kerguelen 
Islands, Saint Paul Island, and Amsterdam Island (Cook 
and Davaine 2009). There is also a concerted effort under 
way to protect and restore all indigenous floral and fau-
nal communities that have been impacted by introduced 
species (mice, rats, rabbits, cats, sheep, bighorn sheep, 
cows, reindeer, and even salmonids) (Johnstone 1985; 
Duchêne 1989; Chapuis et al. 1994).

In Australia, macaroni populations breeding at Heard 
Island and McDonald Island are afforded protection via 
the Heard Island and McDonald Island Marine Reserve 
Management Plan (Australian Antarctic Division 
2005). These islands are also protected internationally 
as a World Heritage site and are covered by the Ramsar 
convention. There is presently a stringent no-visitation 
policy in place at McDonald Island, implemented to 
facilitate the recovery of macaroni penguins after recent 
volcanic activities, and even scientific visits are prohib-

FIG. 5 Royal penguins squabble on the beach at Macquarie Island, Austra-
lia. (P. D. Boersma)
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ited. Commercial fishing that occurs around Heard and 
McDonald Islands is restricted to long-lining. 

The Australian government lists royal penguins as a 
marine species under the Environment Protection and 
Biodiversity Conservation Act 1999. The birds’ principal 
breeding locale at Macquarie Island is a UNESCO World 
Heritage site and biosphere reserve. It is also designated 
a Tasmanian Nature Reserve (Holmes 2007; Tasmanian 
Parks and Wildlife Service 2003) and is on the Ramsar 
List of Wetlands of International Importance (fig. 6). 

7. NATURAL HISTORY
BREEDING BIOLOGY. Macaronis are circumpolar in distri-
bution (46–65° S) and breed on sub-Antarctic islands 
close to the Antarctic Convergence in the South Atlantic 
and Indian Oceans and in limited areas of the Antarctic 
Peninsula that are free from pack ice. Royal breeding is 
restricted to Macquarie Island, Australia, and adjacent 
Bishop Island and Clerk Island. The breeding colonies for 
both macaronis and royals generally are found on steep, 
rocky scree slopes or on more level open areas with little 
vegetation (fig. 7). Entrances to colonies are usually along 

rocky ledges, which may be exposed to heavy surf, and 
pathways or “highways” from the coast lead inland to 
nesting areas (fig. 8). In many places, creeks provide 
access routes into and out of colonies. Colonies can 
range in size from a few hundred individuals to several 
hundreds of thousands. At Bird Island, South Georgia, 
for example, one colony contains approximately 500 
pairs, and less than one kilometer away, another colony 
contains approximately 40,000 pairs. Nests typically 
consist of little more than a shallow scrape or depres-
sion lined with small stones or sometimes with bits of 
vegetation (fig. 9). Some macaronis nest directly in tus-
sock grass (Poa spp.), which tends to grow along colony 
margins. Royals sometimes nest in vegetated and unveg-
etated sandy areas. 

After the breeding season, both species are dispersive 
and highly pelagic, unseen on land during the six-month 
over-winter period (April–October). Recent telemetry 
studies show that macaronis can range over 3 million 
square kilometers throughout the southern latitudes in 
winter (Bost et al. 2009). Pairs are generally monoga-
mous (fig. 10). In a four-year period, 71–79 of pairs 

FIG. 6 Royal penguins show variation in their head and neck coloration, Macquarie Island, Australia. (P. D. Boersma) 
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remained together for two consecutive years, and more 
than 50 for three consecutive years (Williams 1995). 
Pairs also tend to reoccupy nest sites from previous 
years. At South Georgia, site fidelity in a subsequent year 
was 69–87. When pairs do split, 69 of females change 
nest sites compared to 31 of males (Williams 1995).

Typical of all Eudyptes, macaroni and royal penguins 
exhibit an unusual reproductive strategy characterized 
by reversed hatching asynchrony and obligate brood 
reduction (Williams 1995; Crossin et al. 2010). In this sys-
tem, females produce two eggs but fledge only one chick 
(fig. 11). Unusual, too, is that the first-laid egg (A-egg) is 
55–75 smaller in mass than the second-laid egg (B-egg). 
Such extreme egg-size dimorphism is unparalleled in 
birds (Slagsvold et al. 1984; Christians 2002) and, despite 
many long-standing hypotheses, remains unexplained 
(e.g., Lack 1968; Johnson et al. 1987; St. Clair 1998), 
though a recent study links this dimorphism to a direct 
physiological conflict of migration, that is, a migratory 
carry-over effect (Crossin et al. 2010). A forthcoming 
phylogenetic analysis also suggests that constraint on 

A-egg size has occurred over evolutionary time scales 
and that the females’ inability to rid themselves of the 
first ovulation leads to the evolution of reversed hatch-
ing asynchrony, egg ejection behaviors, and maternal 
infanticide (Crossin et al. 2010 and references therein).

PREY. Throughout their biogeographic range, macaronis 
forage principally on euphausid crustaceans and myc-
tophid fishes along with some amphipods and squid. 
The relative importance and diversity of euphausid and 
fish components vary geographically. Antarctic krill 
(Euphausia superba) dominates the diet at South Geor-
gia and in the southwestern Atlantic in most seasons but 
is largely absent from diets in more northerly and east-
erly locales, where other species of krill (E. vallentini and 
Thysanoessa gregaria) tend to be the dominant crusta-
ceans and myctophid fish compose a greater proportion 
of the diet (Crawford et al. 2003; Ratcliffe and Trathan, 
in press). Prey is caught by pursuit-diving, normally 
at depths of 15–60 meters, though the penguins may 
dive 90 meters or deeper. Some night foraging occurs, 
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but night dives are much shallower, only 3–6 meters 
in depth. Dives rarely exceed two minutes. At Marion 
Island, macaroni penguins foraged closer to the island 
(up to 50 km) during early chick rearing than during late 
chick rearing (50–100 km) (Brown and Klages 1987). The 
diet and foraging behavior of royals is less studied, but 
unlike macaronis, royals rely more heavily on mycto-
phid fishes (59) than on euphausiid crustaceans (37) 
(Hindell 1988; Hull et al. 1997; Hull 1999; Goldsworthy 
et al. 2001). 

PREDATORS. At sea, principal predators are killer whales 
(Orcinus orca) (Condy et al. 1978), leopard seals 
(Hydrurga leptonyx) (Walker et al. 1998), and, less fre-
quently, Antarctic fur seals (Arctocephalus gazella) (Bon-
ner and Hunter 1981). On land, principal predators are 
giant petrels (Macronectes spp.), skuas (Catharacta 
spp.), sheathbills (Chionis spp.), and gulls (Larus spp.), 
which take eggs, chicks, and vulnerable juveniles and 
adults and scavenge carcasses. Introduced animals, such 
as rats (Rattus spp.), mice (Mus spp.), and cats (Felis 

catus), can have significant impacts on ground- and bur-
row-nesting seabirds. Their effect on macaroni penguins 
and their eggs is unquantified but is likely to be directed 
at small chicks. 

For many years, royal penguins were massively 
exploited for their rich oil, which was a valued com-
modity, but by the early 20th century, the Australian 
government had legislated their protection. On Mac-
quarie Island, introduced species caused enormous dam-
age, which was subsequently exacerbated by attempts to 
eradicate those species with additional introduced spe-
cies (Bergstrom et al. 2009; Raymond et al. 2010). Rats, 
mice, and rabbits were introduced at various times and 
have had noticeable though largely unquantified effects 
on royals. Cats were subsequently introduced to control 
the rodent populations, but cats also preyed on seabirds. 
Whether they killed penguins is not well documented, 
but penguin predation has been inferred from studies 
of feral cat diet at Marion Island (van Aarde 1980). The 
Australian government is attempting to eradicate all 
introduced species from Macquarie Island by 2015. To 

FIG. 7 Macaroni penguins breeding 
on a steep cliff at South Georgia 
Island. (P. D. Boersma) 
FIG. 8 Adult macaroni penguin 
balances on a rock before moving 
inland. (P. Ryan)
FIG. 9 Macaroni penguins on their 
nests trying to guard their chicks. 
(P. Ryan)

FIG. 10 Macaroni penguin pair 
engage in mutual preening at their 
nest site. (P. Ryan)
FIG. 11 Royal penguin on its nest 
brooding a young chick. (P. Ryan)
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date, feral cats have been fully eradicated, and efforts to 
remove rabbits and other rodents are ongoing.

MOLT. Adult macaronis leave their breeding colonies as 
soon as their chicks fledge (generally by early March) 
and undertake pre-molt foraging trips lasting two to 
three weeks. Body mass increases by as much as 70 in 
preparation for the molting fast, and penguins return to 
their nest sites for a complete body molt lasting 25–35 
days at South Georgia and Marion Island. Endogenous 
fat reserves are essential for fueling molt and new feather 
production. Upon completion of molt, penguins return 
to sea and depart for over-wintering areas. The last indi-
viduals are seen at South Georgia and Marion Island in 
late April, and birds are not seen again locally until the 
following October.

The pre-molt foraging trips of royals last considerably 
longer than those of macaronis (30–35 days vs. 14–16 
days), which may reflect the better foraging conditions 
found around South Georgia and Marion Island (Wil-
liams and Croxall 1991) or other unknown factors. Like 
macaronis, most royals leave their colonies in mid- to 
late April, with the last birds seen as late as mid-May.

ANNUAL CYCLE. See figures 12 and 13 and table 12.3.

REPRODUCTIVE AND FITNESS PARAMETERS. Some estimates 
of reproductive and fitness parameters are indicated in 
table 12.4. Croxall and Davis (1999) note that male maca-

ronis bred for the first time at the age of 7.5 years; birds 
may breed at considerably younger ages, but breeding 
success is generally lower with younger breeders. Breed-
ing success for macaroni penguins may vary consider-
ably between years and localities (Crawford et al. 2003; 
Crawford et al. 2006a). At Marion Island, a correlation 
of breeding numbers over a 26-year period suggests that 
over-wintering conditions may influence the relative 
abundances of breeding birds (Crawford et al. 2006a). At 
the same locality, the pre-breeding body mass of males 
for breeding was significantly correlated to pre-breeding 
female mass over an 11-year period, and the mass of 
chicks at fledging was significantly related to reproduc-
tive success (Crawford et al. 2006a). In general, over-
winter feeding conditions can influence pre-breeding 
body mass in many seabird species, which can influ-
ence not only whether or not birds breed but patterns of 
reproductive investment (e.g., egg size). However, links 
between body mass at arrival, reproductive investment, 
and reproductive success are not strong in pre-breeding 
female macaronis (Crossin et al. 2010).

8. POPULATION SIZES AND TRENDS
The global macaroni population includes at least 258 
colonies at approximately 55 breeding sites on many 
islands throughout sub-Antarctic and Antarctic waters 
north of the pack ice, and the current global population 
is estimated at 6.3 million breeding pairs (see table 12.2). 
This represents a 30 decrease from the most recent 
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FIG. 12 Annual cycle of the macaroni penguin. FIG. 13 Annual cycle of the royal penguin.
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global population estimate of approximately 9 million 
breeding pairs (Woehler 1993; Reilly 1994; Woehler and 
Croxall 1997; Bingham and Majias 1999; Ellis et al. 1998). 
The decrease in population abundance is driven mostly 
by recent decreases at South Georgia (Trathan et al. 
2012), and several long-term monitoring programs at 
other locales indicate rapid decreases in abundance over 
the past 50 years (Woehler and Croxall 1997; Trathan et 
al. 1998; Trathan 2004; Barlow et al. 2002; Crawford et 
al. 2003; Crawford et al. 2006a; Crawford et al. 2009; 
Pütz et al. 2003). The most striking rate of decrease is at 
South Georgia, where nearly half of the global popula-
tion once bred. The number breeding was estimated at 
roughly 5 million pairs in the 1980s (Croxall and Prince 
1979, 1980) but fell to approximately 2.7 million in the 
mid-1990s (Trathan et al. 1998) and to less than 1 million 
pairs in 2002 (Trathan et al. 2012). 

Although the South Georgia population as a whole 
has decreased very significantly, data from individual 
monitoring colonies show that local increases have 
occurred since the early part of this decade (Brit-
ish Antarctic Survey, unpubl. data). Elsewhere, other 
examples of recent decreases include the populations 
at Heard Island and McDonald Island. Each island sup-
ported a population of about 1 million macaroni pairs 
in 1987 (Woehler 1991), but volcanic activity recently 
eliminated the McDonald Island population (Woehler 
2006), though unidentified penguins are visible in satel-
lite images. Surveys at Heard Island suggest a population 
decrease due to the loss of some smaller colonies (typi-
cally less than 1,000 pairs) (Woehler 2006), but compre-
hensive survey data are lacking. The overall population 
at Marion Island decreased by more than 30 over 14 
years between 1994–2005 and 2008–9, from 434,000 
pairs to 290,000 pairs (Crawford et al. 2003, 2009). One 
small colony that has been monitored at Marion Island 
since the late 1970s decreased after the early 1980s (Coo-
per et al. 1997). Other macaroni colonies have shown 
decreases since the early 1980s (e.g., Woehler et al. 2001; 
Ryan et al. 2003), but some colonies at various loca-
tions may be stable or perhaps increasing. For example, 
at Seal Island, South Shetland Islands, there was little 
evidence of change in population size between 1988 and 
1995 (Woehler and Croxall 1997), and at the Kerguelen 
Islands, several of the more populous colonies (2000–
40,000 pairs) show a slight increase at times (Weimer-
skirch et al. 1989; Woehler et al. 2001). The sizes of some 

large macaroni populations have not been assessed since 
1989 (e.g., the Crozet and Kerguelen Islands), limiting the 
ability to assess regional and global population trends 
accurately (Woehler et al. 2001). Given that some other 
main breeding sites have shown marked decreases over 
the past 36 years (BirdLife International 2000), a reas-
sessment of the global population is an urgent priority 
following the collection of contemporary population 
data. Despite the lack of new assessment data from the 
Crozet and Kerguelen Islands, we nevertheless estimate 
a 30 decrease in global population since 1993, which is 
likely to be an underestimate. 

The estimated breeding population of royals on Mac-
quarie Island in the mid-1980s was 850,000 pairs, with 
an additional 1,000 pairs on Bishop and Clerk Islands 
(Garnett and Crowley 2000). Recent estimates at Mac-
quarie Island suggest a decrease of approximately 40 
to 500,000 pairs (E. J. Woehler, pers. comm.). 

TRENDS. See table 12.2.

9. MAIN THREATS
Different species might experience a common set of fac-
tors that cause reductions in their populations. Intro-
duced mammals are a substantial problem for breeding 
seabirds on a number of sub-Antarctic islands, including 
Gough, Kerguelen, Crozet, Auckland, and Macquarie 
Islands (Grant et al. 2011). For example, cats, mice, and 
rabbits have posed problems for nesting seabirds at the 
Kerguelen and Crozet Islands (Jouventin and Micol 
1995), and rats are an ongoing problem at Macquarie 
Island, though quantifying the effects of these intro-
duced species on penguin population dynamics is dif-
ficult and sometimes speculative (but see Raymond et 
al. 2010) (also see “Habitat degradation” below). Despite 
this, recent documentation of mouse predation on live 
wandering albatross (Diomedia exulans) chicks at 
Gough Island (Cuthbert and Hilton 2004) and Tristan 
albatrosses (D. dabbenena) at Marion Island (Jones and 
Ryan 2010) underscores the potential for introduced 
rodents to have significant and unpredictable impacts 
on seabird populations. 

Eradication programs at various sub-Antarctic 
islands are under way in an effort to restore and conserve 
native faunal and floral communities. Overfishing may 
also have serious effects on penguin demographics. In 
particular, the commercial harvesting of Antarctic krill 
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is now increasing and is of concern, as krill is the main 
food source for macaronis in the southwestern Atlantic, 
where most krill harvesting takes place. Elsewhere, fish-
eries for sardines and anchovies have already been linked 
with reductions in populations of other penguin species 
(e.g., Crawford et al. 2006b, 2007). Further pressures 
include potential oil spills and increasing tourism, as well 
as predicted climate change. The latter is particularly 
important to the long-term maintenance of penguin 
numbers, as penguins are very sensitive to changes in 
regional and broad-scale climate, sea surface tempera-
ture, and ocean currents and the consequent effects on 
prey availability (Ellis et al. 1998; Reid and Croxall 2001; 
Trathan et al. 2007; Forcada and Trathan 2009; Schef-
fer et al. 2010). The following factors affect (or have the 
potential to affect) penguin demography.

CLIMATE VARIATION. By its influence on prey productivity 
and distribution, climate change is currently the factor 
most likely to affect macaroni and royal demographies, as 
has already been documented for other penguin species 
(see Forcada and Trathan 2009). Throughout the South-
ern Ocean, evidence for increases in air and sea surface 
temperature can be found in the Atlantic, Indian, and 
Pacific sectors (Moors 1986; Cunningham and Moors 
1994; Jacka and Budd 1998; Gille 2002; Jenouvrier et al. 
2005a, 2005b, 2009; Forcada and Trathan 2009; Ainley 
et al. 2010), thus underlying a warming trend and major 
change in key properties of the Southern Ocean’s physi-
cal environment. Global, atmospheric-oceanographic 
teleconnections have direct and indirect effects on the 
Southern Ocean ecosystem, and phenomena such as El 
Niño appear to affect sea ice processes in the Southern 
Ocean (Yuan 2004). Indeed, some of the clearest signals 
of regional climate warming are found on the Antarctic 
Peninsula (Smith et al. 1999; Vaughan et al. 2001; Gille 
2002; Cook et al. 2005), including significant increases 
in air temperature, the retreat of glaciers, and the col-
lapse of large ice shelves (Oppenheimer and Alley 2004; 
Clarke et al. 2007; Ducklow et al. 2007; Stammerjohn 
et al. 2008). 

The recent reduction in the number of cold years in 
which there is a heavy volume of winter sea ice has had 
significant consequences for resident penguin popula-
tions, especially the Adélie, chinstrap, and gentoo (Fraser 
et al. 1992; Fraser and Trivelpiece 1996; Croxall et al. 
2002; Smith et al. 2003). The western Antarctic Penin-

sula is one of only three high-latitude locales that are 
warming faster than the global average, and this warming 
has been associated with changes in the abundance and 
phenology of sea ice, which is in turn associated with 
krill productivity (Atkinson et al. 2004). At South Geor-
gia, where about half of the world’s macaroni penguins 
once bred, the ecosystem depends on Antarctic krill 
that are advected from the Antarctic Peninsula (Murphy 
et al 1998; Atkinson et al 2004). Because food supplies 
are known to affect animal population dynamics (Sin-
clair and Krebs 2002), major population decreases are 
likely to result from reduced prey availability caused by 
the effects of warming on sea ice. Recent decreases in 
macaroni penguin numbers at South Georgia may be 
related to the effect of warming on krill advection from 
the Antarctic Peninsula (Atkinson et al. 2004; Trivel-
piece et al. 2011), though some authors have suggested 
that the decreases are more likely to be linked to resource 
competition following the Antarctic fur seal’s recovery 
from historical harvesting (Barlow et al. 2002). Climate 
warming affects not just a population’s demography 
but also its distribution, and one consequence of recent 
warming events on macaroni populations is the sighting 
of macaronis at Avian Island on the Antarctic Peninsula, 
which lies just one degree south of the Antarctic Circle, 
making this the most southerly observation of macaronis 
on record (Gorman et al. 2010). Though not breeding at 
this location, breeding macaronis have been observed in 
recent years at other locales along the Antarctic Penin-
sula near Palmer Station (Gorman et al. 2010). Whether 
these observations are due to vagrancy by macaroni pen-
guins or to complex relationships among ocean-climate 
and population-demographic processes as well as bio-
geographic range dynamics is presently unknown. The 
warming trend along the Antarctic Peninsula shows no 
sign of abating, and species that require ice-free areas for 
breeding (e.g., gentoo and chinstrap and possibly maca-
roni penguins) are expected to expand along the Ant-
arctic Peninsula, while those that are ice obligate (e.g., 
Adélie penguins) are predicted to contract poleward and 
further decrease in number (Fraser and Patterson 1997; 
Ainley et al. 2003; Fraser and Hoffman 2003; Forcada et 
al. 2006; Forcada and Trathan 2009).

HISTORICAL OR CURRENT HARVEST. Internationally, all 18 spe-
cies of penguins, including macaronis and royals, are 
protected from hunting and egg collection through the 
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Convention on the Illegal Trade in Endangered Spe-
cies of Wild Flora and Fauna (CITES) and by the IUCN. 
Similar protections are afforded to penguins by countries 
that have breeding colonies within their jurisdictions. 
Although macaronis and their eggs were once harvested, 
most information is anecdotal, and the scale of harvest is 
unknown, though it is likely to have been small and local-
ized. Past harvest of royals in the 19th century was more 
important due to the species’ small population size and 
restricted geography. For many years, royals were har-
vested and rendered for their oil. It was estimated that 
2,700 penguins were slaughtered each day from early 
January to late March during the years of peak produc-
tion in the early part of the 20th century. This went on 
for more than 25 years, but the practice was eventually 
terminated when the Australian government declared 
Macquarie Island a wildlife sanctuary in 1920 (fig. 14). 

FISHERIES. Krill fisheries in the Southern Ocean began 
more than 30 years ago and have been held at a rela-
tively low level of harvest (approximately 200,000 tons 
in 2010), well below the maximum total allowable catch 
(5.6 million tons in 2010) established by the Commis-
sion for the Conservation of Antarctic Marine Living 
Resources (CCAMLR) which regulates the krill fishery. 
The greatest threat to macaroni and royal penguins is 
not necessarily the abundance of krill harvested but the 

timing and location of harvest and the spatial concen-
tration (i.e., spatial and temporal overlap between com-
mercial fishing activities and penguin foraging during 
the breeding season) (Trathan et al. 1998; Croxall and 
Nicol 2004; Cresswell et al. 2008). Though krill harvests 
tend to occur in summer when penguins are breeding, 
the fishery around South Georgia operates only in the 
winter and so minimizes any direct conflict with the high 
number of breeding penguins (as well as other breeding 
krill-dependent predators). Additionally, licensing policy 
completely prohibits fishing within approximately 20 
kilometers of the South Georgia coast, with a restriction 
of 5 kilometers around the South Sandwich Islands. The 
French sub-Antarctic territories have similar limits on 
fisheries within the exclusive economic zone. A similar 
zone restricts fishing around Australia’s Heard, McDon-
ald, and Macquarie Islands. In general, fisheries pose 
significant threats to penguins, not through incidental 
mortality, but by their effect on prey abundance. These 
effects are likely to be local near breeding areas, but as the 
over-winter distributions for some penguins, including 
royals, are not well known, fisheries may have a greater 
effect than estimated during the breeding season alone 
(though low densities of penguins at sea and low fishing 
catch mass in winter suggest that impacts may be low). 

Effective fisheries management regimes that mini-
mize competition with penguins are therefore critical to 

FIG. 14 Royal penguins resting on 
the beach at Macquarie Island. 
Individuals show variation in their 
coloring. Note the gray feathers 
under the chin of the penguin in 
the foreground. (P. D. Boersma) 



196 IV. CRESTED PENGUINS: GENUS EUDYPTES

ensuring the sustainability of penguin populations. This 
is especially important in the Southern Ocean, where 
illegal, unreported, and unregulated (IUU) fisheries are 
pervasive and undermine existing management schemes 
(Agnew 2000; Croxall and Nicol 2004). Though climate 
change and marine pollution have clear and profound 
influences on the Antarctic ecosystem, we can do rela-
tively little to mitigate their effects, as these processes 
operate in complex ways over long time scales and large 
spatial scales, generally originating from outside the 
Southern Ocean. In contrast, fishing is the single major 
activity in the Antarctic region that actively sets out to 
exploit, and thus alter, the existing ecosystems, and it 
must be managed effectively (Croxall and Nicol 2004). 

HABITAT DEGRADATION. In the French sub-Antarctic territo-
ries, introduced species have had wide-ranging, negative 
effects on habitat quality and demography via predation 
(Johnstone 1985; Chapuis et al. 1994), and the French 
government is committed to restoring indigenous floral 
and faunal communities (fig. 15). Heard and McDonald 
Islands are free of introduced predators, but habitat loss 
due to volcanic activity is responsible for the extinction 
of macaroni penguins on McDonald Island (Woehler 
2006). At Macquarie Island, helicopter pilots and sharp-
shooters use aerial baiting for eradication of cats and 
rabbits that have affected many burrow-nesting seabird 
species. Springer spaniels and Labrador retrievers detect 
and flush out any surviving rabbits (Tasmanian Parks and 
Wildlife Service 2003). Feral cats, which were long ago 
introduced to the island to control introduced rodent 
populations, were eradicated. Rats remain, though their 
effect on penguin population dynamics is not known. 
Ongoing eradication efforts are not without complica-
tions (Tasmanian Parks and Wildlife Service 2010). There 
are no introduced mammals at Prince Edward Island. At 
Marion Island, cats and mice were both introduced, but 
cats have been eradicated (Bester et al. 2002).

Introduced plant species, documented at many 
locales, do not appear to have any influence on habitat 
choice or use by macaroni or royal penguins.

POLLUTION. Oil pollution from tanker discharge and spills 
is an important cause of mortality for temperate-zone 
penguins (Williams 1995; Boersma 2008), but spills also 
pose a threat to penguins farther south. In 1989, for 
example, an Argentine resupply vessel ran aground on 

the Antarctic Peninsula near Palmer Station and spilled 
an estimated 600,000 liters of oil (an event overshad-
owed by the Exxon Valdez spill, which occurred that 
same year), resulting in the loss of about 16 of Adélie 
penguins breeding in the region (Fraser and Patterson 
1997; for other impacts, see Woehler et al. 2001). In 1995, 
the Iron Baron oil spill near northern Tasmania affected 
little penguins (Eudyptula minor), and subsequent moni-
toring showed that oiled and rehabilitated females had 
significantly lower breeding success compared to non-
oiled females (Giese et al. 2000). In March 2011, the 
Greek vessel MS Olivia ran aground on Nightingale 
Island at Tristan da Cunha en route from Rio de Janeiro 
to Singapore. The ship foundered and spilled more than 
1,400 metric tons of heavy crude oil around the island, 
which is home to nearly half the world’s population of 
endangered northern rockhopper penguins, and many 
rockhoppers were heavily oiled. Exploration for oil has 
recently begun at the Falkland/Malvinas Islands (led, 
ironically, by a company named Rockhopper Petroleum 
PLC), putting at risk many local and adjacent penguin 

FIG. 15 Pair of young macaroni penguins are likely to benefit from habitat 
restoration on their breeding islands. (P. Ryan)
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populations, including the low number of macaroni pen-
guins breeding on the Falkland/Malvinas Islands. 

Oil pollution has already had an impact on royal pop-
ulations, and remediation techniques are currently being 
used to clean up small spills at three sites on Macquarie 
Island (Pople et al. 1990; Smith and Simpson 1998). The 
Australian government is developing risk assessment 
guidelines and target hydrocarbon levels for remediation 
(Pyper 2009). Pollutants other than oil are a growing 
problem for some penguins, but documentation is lack-
ing for macaronis and royals. Threats include ingestion 
of and entanglement in a variety of plastic debris and 
stray fishing gear.

DISEASE. The number of human visitors to Antarctica is 
rapidly increasing, and with this comes the risk of intro-
ducing infectious microorganisms, viruses, and parasites 
(Alexander et al. 1989; Grimaldi et al. 2011). Potential 
vectors include humans as well as introduced species. 
Precautionary measures have been instituted at some 
breeding areas in order to prevent pathogen introduction 
and spread. At Bird Island, South Georgia, at the Prince 
Edward Islands, and at Heard and Macquarie Islands, 
all visitors must disinfect their boots before setting foot 
on land, and no landings are permitted on McDonald 
Island. Despite this, bacterial (Campylobacter jejuni, the 
most common agent of gastroenteritis in humans), viral 

(paramyxovirus), and parasitic (Ixodes uriae, Tegophorus 
macronectes, Contracaecum heardi, Tetrabothrius spp.) 
organisms have been detected in macaroni penguins 
at South Georgia (Broman et al. 2000; Barbosa and 
Palacios 2009 and references therein; Grimaldi et al. 
2011). Similar pathogens have been found in royal pen-
guins, including Chlamydia spp. (Barboas and Palacios 
2009), which is a common sexually transmitted disease 
in humans. In 1993, an unknown disease killed an esti-
mated 5,000–10,000 macaronis at Marion Island, and 
in 2004, avian cholera (Pasteurella multocida) killed 
about 2,000 more (Cooper et al. 2009). The hematozoa 
responsible for avian malaria, the most common agent 
of mortality of penguins in captivity, was not found in 
wild macaronis and royals (Schultz and Petersen 2003). 
Nevertheless, introduction of pathogens and suscepti-
bility to infection are both predicted to increase as the 
climate continues to change and insect vectors expand 
(Chown et al. 1998). On Macquarie Island, the Myxoma 
virus, which was spread by introduced rabbits, was first 
detected in 1978, but rabbits have now been almost fully 
eradicated. Myxomatosis does not appear to affect the 
island’s royal penguins. 

HUMAN VISITATION. Tourism is increasing throughout the 
Antarctic and sub-Antarctic regions (see Naveen et al. 
2001). Visitation of breeding colonies can be both a 

FIG. 16 Royal penguin on the beach 
at Macquarie Island, Australia. 
(P. D. Boersma) 
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chronic and an acute stressor that can lead to increased 
predation or desertion, and as such poses the most seri-
ous risk to penguins. Getting people to remote colonies, 
usually by ship, poses the additional risk of oil pollution. 
On the other hand, tourism can be proactively managed 
so as to minimize these impacts, as with the develop-
ment of minimum-distance approach guidelines for all 
wildlife, including penguins (e.g., Naveen et al. 2001; 
Holmes et al. 2005; IAATO 2012). Visitors arrive at 
macaroni penguin colonies at South Georgia each year 
and are expected to conform to guidelines that minimize 
disturbance, but there are no data on whether visitation 
has caused changes in demography.

10. RECOMMENDED PRIORITY RESEARCH 
ACTIONS FOR CONSERVATION
Ellis (1999) summarizes a number of priority research 
and management goals identified in the IUCN’s Penguin 
Conservation Assessment and Management Plan (see 
also Ellis et al. 1998). It deems the following actions to 
be critical for macaroni penguins:

1. Assess the status and trends of populations breeding 
at colonies in the Indian Ocean, especially at Crozet 
and Kerguelen Islands. 

2. Assess and further document the decrease in popula-
tion at South Georgia Island.

3. Conduct ongoing studies of demography and forag-
ing ecology. 

It identifies similar goals for royal penguins: 

1. Conduct studies of demography and foraging ecology. 
2. Determine the status of and trends in the Macqua-

rie Island population (fig. 16). Because royals breed 
only at Macquarie Island, the removal of introduced 
predators and the establishment of a marine reserve 
are also necessary for long-term conservation.

11. CURRENT CONSERVATION EFFORTS
It is often difficult to quantify the effects of current 
conservation programs, such as regulation of fisheries 
around South Georgia, Kerguelen, Crozet, Heard, and 
Macquarie Islands, preservation of nearly all breeding 
habitats, restrictions on human visitation of breeding 
colonies, and eradication of introduced species; nev-
ertheless, these activities can be regarded as proactive 

measures in the effort to conserve macaroni and royal 
populations. The global macaroni population is decreas-
ing, and this is likely the combined effect of many differ-
ent processes. Changes in the ocean environment and 
the effects of fisheries are two of the greatest threats 
to long-term conservation. Climate change is largely 
beyond our ability to control, but many regulations 
and acts are in place to control or minimize the direct 
and indirect effects of fishing pressure on penguins. 
Although many national habitat preservation acts and 
local fishing regulations do much to protect penguins 
during the breeding season, development and ratifica-
tion of international agreements and management plans 
that further minimize the fisheries’ competition with 
and the incidental mortality of penguins are of particu-
lar importance. Penguins are highly pelagic during the 
nonbreeding period and thus at particular risk from the 
pervasive illegal, unreported, and unregulated fisher-
ies operating throughout the Southern Ocean (Agnew 
2000; Croxall and Nicol 2004). 

12. RECOMMENDED PRIORITY CONSERVATION 
ACTIONS FOR INCREASING POPULATION RESILIENCE 
AND MINIMIZING THREATS AND IMPACTS
For both species, the recommendations put forth by Ellis 
(1999) are still relevant. In order of priority, macaroni 
and royal penguins would benefit from the following:

1. Contemporary population assessments.
2. Programs that monitor ingestion of and entangle-

ment in marine debris, including the frequency of 
marine oiling.

3. Programs that monitor and mitigate conflicts with 
fisheries.

4. Continued eradication of introduced species.
5. Limitations on tourism in and disturbance of breed-

ing colonies.
6. Development of demographic models with robust 

estimates of survival at different sex and age classes.
7. Ongoing studies of the potential impacts of climate 

change.
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TABLE 12.1A Representative diagnostic characteristics of macaronis (Eudyptes chrysolophus) from  
Bird Island, South Georgia

MEAN±SD (SAMPLE SIZE) RANGE REFERENCES †

ADULT FEMALES

Mass-colony arrival (g) 5050±250 (106) 4800–5310 [1], 2, 3

Mass-pre-laying (g) 4890±140 (9) 4700–5100 [2], 3

Mass–start of incubation (g) 3851±267 (44) 3300–4400 2, [3] 

Mass–brood/guard (g) 3432±285 (17) 3000–3900 2, [4] 

Mass–crèche (g) 3787±323 (27) 3200–4300 2, [5]

Mass–pre-molt (g) 5700±350 (6) 5400–6300 [2]

Mass–post-molt (g) 3180±340 (6) 2800–3700 [2]

Wing length (mm) 204±6.15 (30) 185–214 2, [13]

Bill length (mm) 53.7±1.6 (15) 50.9–56.1 [6]

Total head length (mm) 127±4.06 (30) 119–135 [13]

Tarsus length (mm) 49±3.10 (30) 42–53 [13]

Tarsus-toe length (mm) 113±4.79 (30) 104–127 [13]

ADULT MALES

Mass (pre-breeding, colony arrival) (g) 4982±280 (71) 4685–5240 1, 2

Mass-pre-laying (g) 4650±450 (11) 3900–5500 [2]

Mass–start of incubation (g) 3380±250 (6) 3100–3700 [2]

Mass–brood/guard (g) 4220±200 (6) 4000–4500 [2] 

Mass–crèche (g) 4560±280 (16) 4200–5000 [2]

Mass–pre-molt (g) 6410±200 (7) 6100–6600 [2]

Mass–post-molt (g) 3720±340 (6) 3100–4200 [2]

Wing length (mm) 211±7.61 (30) 192–226 [13]

Bill length (mm) 61.3±2.3 (15) 56.5–65.1 [6]

Total head length (mm) 135±2.51 (30) 131–138 [13]

Tarsus length (mm) 51±2.91 (30) 47–58 [13]

Tarsus-toe length (mm) 117±4.41 (30) 107–125 [13]

EGGS

A-egg:

Mass (g) 94.4±9.7 (94) 74–121 3, [7]

Length (mm) 68.9±2.0 (42) 62.4–75.0 2, [14]

Breadth (mm) 50.3±3.0 (42) 44.9–53.5 2, [14]

B-egg:

Mass (g) 149.2±12.6 (94) 108–172 3, [7]

Length (mm) 78.4±2.8 (46) 72.5–84.0 2, [14]

Breadth (mm) 58.3±1.7 (46) 54.0–62.1 2, [14]
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TABLE 12.1B Representative diagnostic characteristics of royals (E. schlegeli) from Macquarie Island, Australia
MEAN±SD (SAMPLE SIZE) RANGE REFERENCES†

ADULT FEMALES

Mass-colony arrival (g) — 4200–6300 [2], 11

Mass-pre-laying (g)

Mass–start of incubation (g)

Mass–brood/guard (g) — 3000–3500
3200–5000

[2], 11, 12

Mass–crèche (g)

Mass–pre-molt (g) — 5200–8100 [2], 11

Mass–post-molt (g)

Wing length (mm) 185.1±8.8 (7) 176–203 2, [8]

Bill length (mm) 61.1±2.63 (71) 58.0–65.5 [9], 10

Total head length (mm) 133.8±4.34 (71) — [9], 10

Tarsus length (mm)

Tarsus-toe length (mm) 76.0±1.7 (7) 73.0–79.2 2, [8]

ADULT MALES

Mass (pre-breeding, colony arrival) (g) — 4300–7000
3800–5500

[2], 11

Mass-pre-laying (g)

Mass–start of incubation (g)

Mass–brood/guard (g) — 3800–5500 [2], 11

Mass–crèche (g)

Mass–pre-molt (g) — 5700–8100 [2], 11

Mass–post-molt (g)

Wing length (mm) 198.6±4.5 (5) 183–195 2, [8]

Bill length (mm) 68.7±2.85 (67) 64.2–68.6 [9], 10

Total head length (mm) 143.5±4.72 (67) — [9], 10

Tarsus length (mm)

Tarsus-toe length (mm) 79.7±1.1 (4) 78.8–81.5 2, [8]

EGGS

A-egg:

Mass (g) 100.3 (31) 79.7–126.9 [2], 8

Length (mm) 69.7 (31) 62.5–75.2 [2], 8

Breadth (mm) 50.8 (31) 47.5–56.2 [2], 8

B-egg:

Mass (g) 159.3 (28) 125.6–181.0 [2], 8

Length (mm) 80.7 (28) 72.0–88.0 [2], 8

Breadth (mm) 59.2 (28) 53.5–62.8 [2], 8

† Reference numbers in brackets provide the principal data for means and standard deviations presented in this table while numbers without brackets 
are secondary sources. (1) Williams and Croxall 1991, (2) Williams 1995, (3) Crossin et al. 2010, (4) Green et al. 2002, (5) Green et al. 2003, (6) Croxall and 
Prince 1980, (7) Williams 1990, (8) Marchant and Higgins 1990, (9) Hull 1996, (10) Woehler 1995, (11) Carrick 1972, (12) Warham 1971, (13) P.N. Trathan, 
unpublished data, (14) G.T. Crossin, unpublished data.
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TABLE 12.2 Data summarizing the number of known macaroni and royal breeding locales and colonies within 
each locale (including geographic coordinates, approximate sizes, census date, population trend, and references)
BREEDING LOCALE LOCALE 

NO.
COLONY NAME NO. OF 

COLONIES
LAT LON COLONY 

SIZE 
(PAIRS)

MOST RECENT 
CENSUS DATE

% DECREASE 
SINCE 
WOEHLER 1993

REFERENCES†

MACARONI PENGUINS

Bouvetoya 1 Nyrøysa 7 54°25' S 03°22' E 1100 2007/08 63.3 1

Prince Edward Islands 2 Marion Island 45°54' S 37°45' E 291907 27.9 2

Macaroni Bay south 1 135 2008/09 3

Archway Bay 1 107 2008/09 3

East Cape 1 153 2008/09 3

Bullard Beach north 1 173 2008/09 3

Bullard Bay main 1 129622 2008/09 3

Bullard Beach south 1 3 224 2008/09 3

Waterfall 1 261 2008/09 3

Whale Bird Promontory 1 310 2008/09 3

Kildalkey Rocks 1 789 2008/09 3

Kildalkey Bay 1 127976 2008/09 3

Puisie Beach 1 288 2008/09 3

Goodhope Bay central 1 240 2008/09 3

Goodhope Bay west 1 1523 2008/09 3

Rook's Peninsula 1 5563 2008/09 3

Rook's Peninsula west 1 730 2008/09 3

Rook's Bay 1 460 2008/09 3

Rook's Cave 1 2380 2008/09 3

Rook's Palin east 1 151 2008/09 3

Rook's Plain west 1 269 2008/09 3

Swartkop Point south 1 224 2008/09 3

Swartkop Point main 1 13525 2008/09 3

Kaalkoppie south 1 750 2008/09 3

Kaalkoppie main 1 365 2008/09 3

Kaalkoppie Crater 1 1023 2008/09 3

Triegaardt Bay 1 4492 2008/09 3

Sea Elephant Bay 1 260 2008/09 3

Ship's Cove 1 380 2008/09 3

3 Prince Edward Island 45°38' S 37°56' E 12037 29.4

Vaalkop west 1 480 2008/09 2,4,5

Vaalkop east 1 1223 2008/09 2,4,5

Albatross Valley west 1 194 2008/09 2,4,5

Albatross Valley east 1 331 2008/09 2,4,5

McCall Kop 1 4522 2008/09 2,4,5

RSA Point north 1 4573 2008/09 2,4,5

RSA Point south 1 714 2008/09 2,4,5

Isle Crozet TOTAL 2172000 1985 unknown 6,7

4 Ile Possession 12 46°24' S 51°45' E 400000 1981–82 6,7

5 Ile de l'Est 12 46°24' S 52°12' E 400000 1981–82 6,7

6 Ile aux Cochons 20 46°05' S 50°14' E 272000 1982 6,7

7 Iles des Apotres 1 45°57' S 50°25' E 100000 1981–82 6,7
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8 Ilots des Pingouins 1 45°25' S 50°24' E 1000000 1981–82 6,7

Isle Kerguelen 9 TOTAL 1812000 1985 unknown 8

Courbet Peninsula 5 49°08' S 70°13' E 336000 1989 8

Ronarch Peninsula 3 49°36' S 70°18' E 30000 1989 8

Jeanne d'Arc Peninsula 9 49°42' S 70°00' E 130000 1989 8

Coast south of Mt Ross 2 49°38' S 69°31' E 6000 1989 8

Rallier du Baty Peninsula 6 49°42' S 69°46' E 560000 1989 8

Nuageuses Islands 7 48°38' S 68°39' E 500000 1989 8

Loranchet Peninsula 9 48°41' S 68°56' E 250000 1989 8

Heard Island 10 Many Many 53°03' S 73°30' E <1000000 2003–04 unknown 9,22

McDonald Island 11 Indeterminate 53°03' S 73°31' E 2006 100 9,22

Antarctic Peninsula 12 Humble Island 1 60°46' S 64°06' W 1 1985 unknown

South Shetland Islands 
& Elephant and Clarence 
Island Group

TOTAL 13199 1979 unknown 10,11

13 Deception Island 3 62°57' S 60°38' W 133 1957–58 10

14 Livingston Island: Han-
nah Point

1 62°39' S 60°37' W 8 1987 6

15 Livingston Island: King 
George & Nelson Island

1 62°15' S 59°15' W 2 1976 6

16 Ridley Island 1 61°51' S 58°00' W 1 1980 6

17 Aspland Island 1 61°30' S 50°55' W 21 1977 6

18 Gibb Island 2 61°27' S 55°29' W 1750 1977 10,11

19 Clarence Island 5 61°14' S 54°08' W 4142 1977 10,11

20 Seal Islands 2 60°50' S 55°20' W 62 1987 12

21 Elephant Island 19 61°05' S 55°00' W 7080 1987 10,6

South Orkney Islands TOTAL 287–412 unknown 10

22 Michelsen Island 1 60°43' S 45°00' W 6 1983 10,6

23 Matthews Island 1 60°44' S 45°09' W 27 1979 10

24 Signy Island 4 60°40' S 45°38' W 11 1979 6

25 Acuna Island (Laurie Is.) 1 60°46' S 44°36' W 2 1994 13

26 Graptolite Island (Laurie 
Is.)

1 60°43' S 44°27' W 3 1994 13

South Sandwich Islands TOTAL 56128 1997 unknown

27 Cook 0 59°26' S 27°11' W 0 1997 10,14

28 Thule 0 59°27' S 27°20' W 0 1997 10,14

29 Bellingshausen 0 59°26' S 27°05' W 0 1997 10,14

30 Bristol 0 59°02' S 26°34' W 0 1997 10,14

31 Montagu 0 58°26' S 26°18' W 0 1997 10,14

32 Saunders 0 57°46' S 26°28' W 0 1997 10,14

33 Vindication 1 56°06' S 26°47' W 1000 1997 10,14

34 Candlemas 5 57°05' S 26°42' W 1128 1997 10,14

35 Visokoi 2 56°42' S 27°09' W 2000 1997 10,14

36 Zavodovski 3 56°17' S 27°34' W 52000 1997 10,14

South Georgia TOTAL >1000000 2002 65.3 15

BREEDING LOCALE LOCALE 
NO.

COLONY NAME NO. OF 
COLONIES

LAT LON COLONY 
SIZE 
(PAIRS)

MOST RECENT 
CENSUS DATE

% DECREASE 
SINCE 
WOEHLER 1993

REFERENCES†
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Counted colonies 99 938,017 15

Uncounted colonies (+13) P.N. Trathan 
pers. comm..

37 Willis Islands 20 54°00' S 38°11' W 15

38 Bird Island 3 54°00' S 38°03' W 15

39 Mainland and SW Islands 938017 15

Elsehul 1 54°01' S 37°58' W 15

Welcome Island 3 53°38' S 37°29' W 15

Hercules Bay 10 54°07' S 36°40' W 15

Barff Peninsula 4 54°16' S 36°21' W 15

Calf Head 1 54°30' S 36°02' W 15

Royal Bay 7 54°33' S 35°55' W 15

Cooper Bay 3 54°46' S 35°48' W 15

Cooper Island 8 54°48' S 35°47' W 15

Natriss Head 14 54°52' S 36°01' W 15

Cape Paryadin 1 54°04' S 38°00' W 15

Cape North 1 53°58' S 37°44' W 15

Sheathbill Bay 1 54°00' S 37°27' W 15

Clerke Rocks 8 55°01' S 34°41' W 15

Pickersgill Island 2 54°37' S 36°45' W 15

Annekov Island 8 54°29' S 37°03' W 15

Falkland/Malvinas 
Islands

40 Falkland/Malvinas 
Islands total

25 2005–06 unknown 16,17

41 Beauchene Island >9 52°45' S 59°09' W 50 1980 unknown 18

South America TOTAL 14010 81.3 6

Chile

42 Isla Diego Ramirez 1 51°50' S 75°02' W 10000 unknown 19,20

43 Isla Hornos 3 19,20

44 Barnevelt Island 54 19,20

45 Ildefonso Group >3000 19,20

46 Isla Noir 17 45°25' S 50°24' W 3470 2005 21

47 Isla Recalada few 45°25' S 50°24' W 300 1989/90 13

48 Isla Desolacion few 52°60' S 74°10' W few 20,21

49 Isla Bueneventure 1 50 21

50 Islote Leonard 1 53°23' S 74°04' W 132 2005 21

51 Cabo Pilar 1 52°43' S 74°42' W 19,20

52 Isla Deceit 1 55°51' S 67°06' W 19,20

53 Isla Terhalten 1 55°26' S 67°03' W 19,20

Argentina

54 Isla de los Estados 
(Staten Is.)

1 54°46' S 64°15' W 1 2010

TOTAL GLOBAL ESTIMATE 
(breeding pairs)

6,310,798

TOTAL ESTIMATED DECREASE 
SINCE WOEHLER 1993

30%

BREEDING LOCALE LOCALE 
NO.

COLONY NAME NO. OF 
COLONIES

LAT LON COLONY 
SIZE 
(PAIRS)

MOST RECENT 
CENSUS DATE

% DECREASE 
SINCE 
WOEHLER 1993

REFERENCES†

TABLE 12.2 (cont.)
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ROYAL PENGUINS

Macquerie Island 1 Many 54ºS 158ºE 500000 Since 1985 Decreasing 9,23,24, E.J. 
Woehler pers. 
comm.

Bishop Island & Clerk 
Island

2 54ºS 158ºE 1000 1984–85 9,24 E.J. 
Woehler pers. 
comm.

† References: (1) Biuw et al. 2010; (2) Crawford et al. 2006b; (3) Crawford et al. 2003; (4) Ryan et al. 2003; (5) Crawford et al. 2009; (6) Woehler 1993; (7) 
Guinet et al. 1996; (8) Weimerskirch et al. 1989; (9) Woehler 2006; (10) Croxall & Kirkwood 1979; (11) Croxall & Furse 1980; (12) Shuford & Spear 1988; (13) 
Woehler & Croxall 1997; (14) Convey et al. 1999; (15) Trathan et al., in review; (16) Croxall et al. 1984; (17) Huin 2007; (18) Smith & Prince 1985; (19) Araya & 
Millie 1986; (20) Wallace 1991; (21) Oehler et al. 2008; (22) Woehler and Green 1992; (23) Goldsworthy et al. 2001; (24) Copson & Rounsevell 1987.

TABLE 12.3 Timing of events in the annual cycles of macaronis and royals
EVENT MEAN DATES REFERENCES†

Macaroni penguins

Colony arrival:
Bird Island
Marion Island

14–23 Oct
16–21 Oct

1, 2
3

Egg laying:
Bird Island
Marion Island

10–30 Nov
1–5 Nov

1, 2
3

Incubation:
Bird Island
Marion Island

15 Nov–25 Dec
1 Nov-20 Dec

1, 4
3

Hatching:
Bird Island
Marion Island

25 Dec–10 Jan
7–20 Dec

1, 4
3

Chick rearing:
Bird Island
Marion Island

10 Jan–20 Feb
7 Dec–14 Feb

1, 4
3

Fledging:
Bird Island
Marion Island

20 Feb–10 Mar
29 Jan–14 Feb

1, 4
3

Molting:
Bird Island
Marion Island

10 Mar–1 Apr
15 Mar–15 Apr

1, 4
5

Overwinter migration:
Bird Island
Marion Island

Apr-Oct
Apr–Oct

1, 4, 6
5

Royal penguins

Colony arrival 20 Sep–15 Oct 1

Egg laying 12–13 Oct 1

Incubation 14 Nov–4 Dec 1, 6

Hatching 1

Chick rearing 1 Dec -15 Jan 1

Fledging 15 Jan -1 Feb 1

Molting Feb–Mar 1

Overwinter migration Mar–Sept 1

† (1) Williams 1995; (2) Crossin et al. 2010; (3) Crawford et al. 2003; (4) P. N. Trathan, unpublished data; (5) R. J. M. Crawford and B. M. Dyer, unpub-
lished observations; (6) Bost et al. 2009.

BREEDING LOCALE LOCALE 
NO.

COLONY NAME NO. OF 
COLONIES

LAT LON COLONY 
SIZE 
(PAIRS)

MOST RECENT 
CENSUS DATE

% DECREASE 
SINCE 
WOEHLER 1993

REFERENCES†

TABLE 12.2 (cont.)



MACARONI (EUDYPTES CHRYSOLOPHUS) / ROYAL (E. SCHLEGELI) 205

TABLE 12.4 Reproductive and fitness parameters of macaronis and royals
ATTRIBUTE MACARONI ROYAL

Incubation period (days) 30–36 30–35

Chick-rearing period (days) 20–40 20–30

Age of 1st breeding (years) 3#–6 7–8

Adult survival estimate 0.765^–0.892* ≥ 0.80

Maximum life-span (years) 9*†

Note: Approximate trait values obtained from Williams (1995) and references therein, except for Crawford et al. (2003), ^Croxall and Davis (1999) and 
*N. Ratcliffe & P. Trathan, unpublished data. †This value was derived from TIRIS marked birds and represents the average lifespan for those that have 
already survived to fledging, not the maximum age. Approximately 50 of individuals live longer than 9 years.
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