Polar Biol (2008) 31:925-932
DOI 10.1007/s00300-008-0431-2

& OpenAccess

ORIGINAL PAPER

Aspects of the breeding biology of the southern rockhopper
penguin Eudyptes c. chrysocome and new consideration

on the intrinsic capacity of the A-egg

Maud Poisbleau - Laurent Demongin - Ian J. Strange -
Helen Otley - Petra Quillfeldt

Received: 10 October 2007 / Revised: 9 February 2008 / Accepted: 13 February 2008 / Published online: 11 March 2008

© The Author(s) 2008

Abstract The rockhopper penguins Eudyptes chrysocome
have recently been split into the northern E. moseleyi and
the southern E. chrysocome rockhopper penguin. It is there-
fore crucial to have a comprehensive understanding of the
biology of each species in order to develop appropriate con-
servation measures. We investigated the breeding biology
of the southern rockhopper on New Island, in the western
part of the Falklands Islands, by following the breeding
attempt of 160 pairs during the 2006/2007 season and
examining the effect of lay time and colony habitat on
breeding success. Specifically, we compared survival and
growth parameters between A- and B-eggs and chicks from
non-manipulated and artificially manipulated nests to
investigate why southern rockhopper penguins in the Falk-
land Islands are more able to fledge an A-egg (first laid)
than conspecifics elsewhere. Breeding was highly synchro-
nous, with no significant difference in the breeding success
between early and late breeders or between pairs breeding
in different habitats. We demonstrate for the first time that
the A-egg produced by the southern rockhopper penguin
has, when alone, the same theoretical intrinsic potential to
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lead to a fledged chick as the B-egg. In contrast, the hatch-
ing success and survival of the B-chick was similar when
alone or in a two-egg clutch.
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Introduction

Recent genetic analyses of the genus Eudyptes have sug-
gested that there are two or even three separate species of
the rockhopper penguin Eudyptes chrysocome (Banks et al.
2006; Jouventin et al. 2006). In 2007, BirdLife Interna-
tional formally separated the southern rockhopper E.
chrysocome from the northern rockhopper E. moseleyi.
With this reclassification, the conservation statuses of the
two new species are likely to be graded by the IUCN as
endangered for the northern rockhopper penguin and vul-
nerable for the southern rockhopper penguin (BirdLife
International Threatened Seabirds Forum).

Despite an apparently high level of breeding success in
the Falkland Islands, the southern rockhopper penguin pop-
ulation is in severe decline. During the 1930s, the Falkland
Islands was considered to hold one of the largest popula-
tions of the species at 1,800,000 breeding pairs, but cur-
rently the total population is 210,000 breeding pairs (Piitz
et al. 2003a; Huin 2007). For the last two decades, popula-
tion, diet, foraging range and colony breeding success have
been investigated at a number of sites across the Falkland
Islands (e.g. Strange 1982; Lamey 1993; St. Clair 1996;
Piitz et al. 2001, 2002, 2003b, 2006; Clausen and Piitz
2002; Boersma et al. 2002; Huin 2005). However, its gen-
eral breeding biology in the Falkland Islands has not been
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studied in any detail and/or over multiple years and yet it is
critical to have a comprehensive understanding of the
biology of the species in order to develop appropriate
conservation measures.

The general breeding biology of the rockhopper pen-
guin has been described at many breeding sites across its
geographic range. In spring months, rockhopper penguins
return to colony areas and some weeks later, a first egg
(A-egg) is laid, with the 30% larger second egg (B-egg)
arriving four days later (Warham 1975; Williams 1995).
Both parents share the 32-34 day long incubation, with
the male and female present for the first shift of 12 days,
the female undertaking the second 11-day shift and the
male returning to the nest for the final shift of 14 days.
Commonly both eggs hatch, the B-egg usually first, and
the A-chick generally dies of starvation within days after
hatching (Gwynn 1953; Lamey 1990). The male then
guards the B-chick for 24-26 days with the female return-
ing with food nearly every day, after which the chick
waits in a créche to be provisioned by both males and
females (Williams 1995).

However, the reported pattern and breeding success do
appear to differ somewhat between species and localities.
Whilst southern rockhopper penguins breeding in the
Indian Ocean and Pacific Ocean almost never rear two
chicks (Warham 1975; Williams 1980a, 1995; Marchant
and Higgins 1990; Hull et al. 2004), there is evidence that
suggests that it is not unusual for southern rockhopper pen-
guin pairs in the Falkland Islands to raise two chicks
(Strange 1982; Piitz et al. 2001; Clausen and Piitz 2002).
Strange (1982) first described the general breeding biology
of this species at New Island, in the western part of the
Falklands Islands and both he and subsequently Lamey
(1993) in the same breeding site found that more than 80%
of all pairs retained both eggs until at least one hatched
successfully but that most of the A-eggs or just hatched
A-chicks were lost during the hatching period.

The role of the A-egg in the reproductive effort of the
rockhopper penguin has been studied at a number of sites in
the context of obligate brood reduction (see St. Clair 1998).
It is suggested that the A-egg may produce a chick, but that
the hatching asynchrony and sibling competition between
both siblings generally prevents the latter and smaller egg/
chick to survive (Lamey 1990, 1993; St. Clair 1996; St.
Clair and St. Clair 1996). Our study set out to test this
hypothesis and to qualify the intrinsic capacity of the A-egg
to fledge chick.

The primary aim of our study was to provide a detailed
description of the timing and duration of laying, brooding
and fledging periods, and the egg and chick growth parame-
ters for the southern rockhopper penguin in the Falkland
Islands. To examine the occurrence of two-chick broods
within this population and the capacity of the A-egg, we
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artificially created broods with only an A- or a B-egg. In
this context, we also examined the effect of breeding timing
and colony habitat characteristics on reproductive success.
The methodological design also included monitoring
of non-manipulated pairs, in order to determine the effect
of the research and researcher presence on the breeding
success of the pairs studied.

Methods
Birds and study site

The study was carried out at the “Settlement Colony” on
New Island, Falkland Islands (51°43'S, 61°17'W) between
October 2006 and February 2007. The colony has around
5,000 pairs of breeding southern rockhopper penguins.
Within the main part of the Settlement Colony, we identi-
fied one sub-colony that was interspersed with and fringed
by tussac grass Poa flabellata, which provided a semi-open
habitat (entitled the S-colony) and a second sub-colony in
an open rocky area without vegetation (entitled the O-col-
ony). After the arrival of the first males back to the colony
(first October), we visited the two sub-colonies daily in
order to initially mark active nests and then subsequently to
record and follow breeding success.

When each nest in the two sub-colonies had two eggs, it
was randomly assigned to a treatment: A-nest, B-nest, AB-
nest and control-nest in the S-colony, and AB-nest and con-
trol-nest in the O-colony. A- and B-nests were located in
only S-colony because it had more breeding pairs and more
nests that were accessible. We followed the breeding activ-
ities in 160 nests assigned to the five treatments (see
Table 1). In the A- and B-nest treatments, in order to obtain
an obligate A- or B-egg clutch, the day after the B-egg was
laid, we removed one egg, with the A-nest having only the
A-egg and the B-nest having only the B-egg.

Egg and chick manipulations

When a new egg was detected in a nest, we marked it with a
unique code, measured its length and breadth to the nearest
0.1 mm with vernier callipers and weighed it to the nearest
0.1 g using a digital balance. We calculated egg density
(g/cm’) at laying from the equation of laying mass
(g)/[length  (cm) x breadth (cm)? x 0.512], following
Stonehouse (1966).

When a newly hatched chick was detected in an experi-
mental nest (A-, B- or AB-nest), it was immediately mea-
sured and weighed, and then re-measured on average every
six days. We weighed chicks with a body mass less than
300 g to the nearest gram using a digital balance and
heavier chicks were weighed to the nearest 10-20 g using
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Table 1 Lay dates for A-eggs of early- and late-nests and numbers of
nests assigned to each of the four treatments in the S- and O-colonies

Early-nests Late-nests

S-colony

A-egg lay dates 27 Oct=31 Oct 01 Nov—05 Nov

A-nests 12 12
B-nests 10 12
AB-nests 12 12
Control-nests 15 15
Subtotal 49 51
O-colony

A-egg lay dates 30 Oct-02 Nov 03 Nov-06 Nov
AB-nests 15 15
Control-nests 15 15
Subtotal 30 30
Total 79 81

A- and B-nests were located in S-colony because it had more breeding
pairs and more accessible nests

an adapted spring balance. In order to minimise observer
bias, one observer (LD) measured bill length (exposed cul-
men length) to the nearest 0.1 mm using a calliper and flip-
per length, extended from axilla, to the nearest 1.0 mm with
aruler (following Amat et al. 1993). An index of body con-
dition was calculated as the ratio of body mass (g) to flipper
length (mm), such that high values represent chicks in good
body condition (Robinson et al. 2005). The coefficient of
the regression lines for body mass, bill length and flipper
length of chicks measured on least three occasions and still
alive at fledging age was used to describe daily growth rate
(as g/day or mm/day).

Chicks in nests with siblings less than five days of age
were marked on one nail with non-toxic paint marker and
on the subsequent re-weighing, these chicks were individu-
ally marked with a numbered colour Velcro band on each
flipper, as used by Hull etal. (2004). The bands were
removed from chicks in February prior to their first depar-
ture to sea.

Manipulation and visitation impacts

To quantify the effect of the egg, chick and adult handling
on breeding success, we monitored hatching success and
the number of chicks that survived to the end of the brood
period in the 60 control-nests within the S- and O-colonies.
In control-nests, eggs were only handled soon after being
laid to mark them and chicks were only handled at 18 days
of age (two days before the average duration of the brood
period at New Island, Strange 1982).

However, as the control-nests were located amongst
manipulated nests, all nests in the sub-colonies were

exposed to the daily visitation of two researchers. To quan-
tify the effect of research presence in the sub-colonies on
hatching success, we also counted the number of eggs and/
or chicks in an open and semi-open sub-colony adjacent to
each study sub-colony. The two undisturbed sub-colonies
(BS-nests) had similar numbers of nests to the O- and
S-colonies (i.e. 65-70 nests). Counts of eggs/chicks were
made at three crucial and identifiable days according to the
breeding chronology in our study pairs: (1) the day when
we observed less than two new A-eggs laid, (2) three days
before the expected date of hatching and (3) the day after
the last hatched egg.

Statistical analysis

We tested differences between treatments by general linear
modelling (GLM) when the data was normally distributed
and by the Mann—Whitney test for data with a different dis-
tribution. Differences in numbers of eggs and/or chicks with
count date were examined with a two-way repeated
ANCOVA, where date of count was included as a repeated
measure. All statistical analyses were performed using
SPSS 15.0. All values are presented as mean £ SD, unless
otherwise indicated.

Results
Egg measurements

Observed lay dates for A-eggs ranged between 27 October
and 10 November, with less than 5% of new A-eggs found
after 5 November. Because all these very few extremely late
eggs were found either without parental attendance, outside
of a properly made nest or in a peripheral location, we did not
take account of them when presenting the following results.

A-eggs were laid significantly later in O-colony than in
S-colony (U =4031.0, P < 0.001). For this reason, the dates
used to classify nests as being early or late differed between
the two colonies (see Table 1).

Within clutches, B-egg was laid a mean of 4.09 £
0.54 days (N = 160) after A-egg. This interval did not differ
between early- and late-nests and between sub-colonies
(U=2889.0, P=0.179 and U =2937.0, P=0.778, respec-
tively). Comparing both eggs from A-, B- and AB-nests
pooled together (i.e. all the experimental nests), we observed
that B-eggs were larger and heavier than A-eggs at laying but
that their initial densities were similar (Table 2). Within
clutches, the B-egg was 28.0 &= 7.4% larger and 28.4 £+ 7.0%
heavier than the A-egg. Subsequently, there were no signifi-
cant differences between early- and late-nests and between
sub-colonies except that eggs in S-colony were slightly
longer and less dense than eggs in O-colony (Table 2).
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Table 2 Summary statistics [mean £ SD (range)] for A- and B-eggs at laying using both eggs from A-, B- and AB-nests

A-egg B-egg Difference
Length (mm) 65.65 + 2.61 (59.6-71.2) 70.57 £ 2.26 (66.1-75.6) Egg F| 193 = 204.158, P < 0.001
Early/late F 93 = 0.203, P = 0.653
Sub-colony F| 193 =4.923, P = 0.028
Breadth (mm) 49.81 £ 1.80 (45.5-54.7) 54.28 + 1.62 (50.2-58.2) Egg F| 193 = 335.385, P < 0.001

Early/late F ;93 = 0.695, P = 0.405
Sub-colony F, 193 =0.988, P =0.321
Egg F 193 =379.227, P < 0.001
Early/late F| 193 = 0.160, P = 0.690
Sub-colony F 193 =2.802, P = 0.096
Egg F| 193 = 384.846, P < 0.001
Early/late F| 193 =0.159, P = 0.690
Sub-colony F; ;93 = 1.762, P = 0.186
Egg F 193 = 3.598, P = 0.059
Early/late F| 193 = 0.009, P = 0.925
Sub-colony F, 193 =4.228, P = 0.041

Volume (cm?) 83.62 £ 8.19 (70.16-104.63) 106.62 + 8.44 (87.34-130.76)

Mass (g) 90.74 £ 8.79 (76.6-115.3) 116.19 4+ 9.42 (92.8-144.7)

Density (g/cm?) 1.085 &+ 0.015 (1.046-1.125) 1.090 £ 0.016 (1.031-1.120)

Two eggs from the same nest with extreme and isolated length (A-egg 76.8 mm, B-egg 78.8 mm) were not used to calculate these means and one
A-egg from an AB-nest was lost before it could be measured. A-eggs N = 98 and B-eggs N = 99. GLM with three factors were performed to identify
differences between A- and B-eggs, between early- and late-nests and between sub-colonies (S- vs. O-colonies) in egg length (proportion of vari-
ation in the dependent variable explained by the three factors R*=0.520), breadth (R*=0.636), egg volume (R’ =0.664), laid egg mass
(R? = 0.667) and initial egg density (R? = 0.039). None of the interactions between factors was significant

Hatching observations

Within non-manipulated study nests (i.e. AB-nests), the
hatching success of each egg was not significantly different
between A- and B-eggs, between early- and late-nests or
between sub-colonies (Table 3a). The mean hatching suc-
cess was 66% (71 hatched eggs). Within all the experimen-
tal nests (i.e. A-, B- and AB-nests pooled all together), the
hatching success was not significantly affected by the pres-
ence of a sibling (U =2579.0, P =0.645). Nevertheless,

within AB-nests, the incubation duration (counted from the
lay date of the B-egg) was significantly shorter for B-eggs
(mean of 32.10 £ 1.02 days, N = 39), which hatched before
A-eggs (mean of 33.19 £ 1.31 days, N = 32, Table 3a). The
duration between the hatching of the A- and B-egg did not
differ between early- and late-nests and between sub-colo-
nies (Table 3a).

Within all the experimental nests, the incubation dura-
tion for A-eggs was affected by the presence of a sibling,
with a mean incubation of 33.19 + 1.31 days (N = 32) for

Table 3 Tests of the differences in (a) hatching and (b) growth parameters

A- vs. B-Chicks

Early- vs. late-nests

S- vs. O-colonies

(a) Hatching parameters for non-manipulated brood (AB-nests)
U=1269.0, P =0.158
U=9225,P<0.001

Hatching success

Incubation duration

Flipper length F53=21.892, P <0.001
Bill length F, 53=38.720, P = 0.005
Mass F 49=69.211, P <0.001

(b) Growth parameters for all the experimental nests (A-, B- and AB-nests)

Creche age F 6 =0.544, P = 0.464
U=471.0,P=0.871
U=447.5,P=0.631

U =465.0, P=0.807

Mass growth rate
Flipper growth rate
Bill growth rate

U=1593.0,P=0.313
U=680.5, P=0.518

F\5y= 1.674, P = 0.201
F| 5= 0520, P = 0.474
Fl49=1.925,P=0.172

F\ 5 =0.031, P =0.861
U =560.5, P=0.995
U=547.0,P=0.861
U=518.5,P=0.593

U=1362.0, P=0.557
U=657.0,P=0.717

F 5, =0.369, P = 0.546
F, 5, =4.524, P = 0.038
F 49 =0.246, P = 0.622

Fl 6 =0.127,P=0.722
U =434.0,P=0.622
U=430.0,P=0.584
U=450.0,P=0.784

GLM were performed to identify differences between A- and B-eggs, between early- and late-nests and between sub-colonies (S- vs. O-colonies)
in flipper length (proportion of variation in the dependent variable explained by the model R*=0.312), bill length (R®>=0.206) and mass
(R? = 0.590) at hatching and in age at the end of the brood period (créche age, R> = 0.015). None of the interactions was significant. Independent
Mann-Whitney tests were performed to identify differences in other parameters
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A-eggs incubated with a sibling for a minimum of 30 days
compared to 32.12 £ 0.81 days (N =16) for A-eggs incu-
bated without sibling for a minimum of 30 days (U = 133.0,
P =0.005). However, this was not the case for B-eggs
(U =234.0, P=0.120). Therefore, incubation duration of
an A- and B-egg when incubated alone was not different
(U=98.9, P=0.214).

Within 24 h after hatching, B-chicks from AB-nests
were 36.8% heavier than A-chicks (85.8 = 11.4 g, N=30
and 62.7 + 7.9 g, N = 23, respectively, Table 3a). The flip-
per and bill of B-chicks were only a mean of 4.9 and 3.6%
longer (flipper 34.1 &+ 1.3 mm, N =34 and 32.5 &+ 1.4 mm,
N =23, respectively and bill 14.3 + 0.6 mm, N =34 and
13.8 £ 0.6 mm, N = 23, respectively, Table 3a).

Within all the experimental nests, hatching mass for
A-chicks was affected by the presence of a sibling, with a
mean mass of 61.6 = 84 g (N =20) for A-chicks with a
sibling at hatching compared to 76.1 + 17.4 g (N = 19) for
A-chicks without (U = 88.0, P = 0.004). However, this was
not the case for B-chicks (U=177.0, P=0.262). Even
when they were alone in the nest, just hatched A-chicks
were significantly lighter than B-chicks (U =160.5,
P =0.005). The length of the flipper and bill at hatching
were not significantly affected by the presence of a sibling
(flipper U = 103.55, P = 0.066 for A-chicks and U = 253.0,
P =0.857 for B-chicks, bill U=117.5, P=0.165 for
A-chicks and U = 165.5, P = 0.051 for B-chicks).

Chick survival and growth

For hatched chicks within AB-nests, the mean survival rate
to the end of the brood period was significantly higher for
B-chicks (80% of 39 chicks) than for A-chicks (19% of 32,
U =245.0, P <0.001), and did not differ between chicks in
early- and late-nests and between sub-colonies (U = 598.5,
P=0.704 and U =620.0, P = 0.926, respectively). Within
all experimental nests, the survival rate for A-chicks was
affected by the presence of a sibling during the first days
after hatching, with a survival rate of 11% for the 28
A-chicks with a sibling compared to 85% for the 20
A-chicks without sibling (U =488.0, P <0.001, Fig. 1).
The survival of the B-chick was not affected by whether it
had a sibling or not (U =394.0, P = 0.674, Fig. 1). Therefore,
A- and B-chicks in single chick nests had equal survival
rates to the end of the brood period (U = 279.5, P = 0.754).

Within most experimental nests, only one chick survived
beyond the early brood period (Fig. 1). Therefore it was not
possible to test the effect on growth of the sibling and we
pooled the data from the experimental nests all-together for
the following analyses. Sixty-six chicks remaining in all
experimental nests were brooded for a mean of
23.0 £ 2.7 days old. The brood duration did not differ

50
1 New A-chicks
[ A-chicks

I B-chicks
40 1

1
[
H“”

20 A
0 -

10 11 12 Créche
Days since hatchlng of the flrst egg within clutch

Number of chicks

Fig. 1 Number of A- and B-chicks according to day since the hatching
of the first chick within the clutch in experimental nests (A-, B- and
AB-nests pooled all together). Left bar A- and B-chicks with a sibling
at their hatching date. Middle bar B-chicks without sibling at their
hatching date. Right bar A-chicks without sibling at their hatching
date. A-chicks with a B-sibling are represented in open bars for the day
when they hatched and in grey bar afterwards in order to highlight the
high mortality early in the brood period

between A- and B-chicks, between early- and late-nests and
between sub-colonies (Table 3b).

Maximum chick body mass was attained at around
50 days before it declined, chick flipper length reached an
asymptote at around 35 days, whilst the bill length contin-
ued to increase with chick age (Fig. 2). The rate of body
mass, flipper length and bill length growth was approxi-
mately linear for chicks aged between 5 and 30 days
(R*=0.997 £ 0.003, R* = 0.995 £ 0.006 and R* = 0.979 +
0.030, respectively, N = 64). The daily growth rate during
this period was not significantly different between A- and
B-chicks, between early- and late-nests and between sub-
colonies (Table 3b).

Manipulation and visitation impacts

There was no significant difference in the rate of decline
during the incubation and hatching period of the number of
occupied AB- and control-nests in O- and S-colonies com-
bined compared to occupied BS-nests (F,;=0.823,
P =0.519, Fig. 3).

The mean hatching success and the percentage of chicks
that survived to 18 days did not differ between control- and
AB-nests (U =1402.0, P =0.381; U=1363.0, P =0.196,
respectively). At the age of 18 days, chicks in control-nests
had significantly longer flippers than chicks in AB-nests
(U =628.0, P =0.027) but their body mass and body condi-
tion index were not significantly different (U =758.0,
P=0.297; U = 874.0, P = 1.000, respectively).
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Fig. 2 Change in (a) body mass, (b) flipper length and (c) bill length
from the hatching to the fledging age for A-chicks (N = 242 measure-
ments) and B-chicks (N =494 measurements) from A-, B- and AB-
nests. Means & SD for ages with more than two measurements and
only means for ages with one or two measurements

The breeding success for AB-nests was 0.69 chicks per
nest (37 chicks for 54 nests) with only one pair raising two
chicks until fledging, with an additional two nests within
the 60 control-nests with two chicks aged 18 days.
Although the control-chicks were not marked, it was possi-
ble to monitor them for the full rearing period because the
daily meeting between feeding parent and chick always
occurred at the nest site, which was marked. Thus, the
observed two-chick success rate in 114 observed nests was
2.6%.
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Fig. 3 The decline in the number of occupied AB- and control-nests
in O- and S-colonies compared to occupied BS-nests between the three
counts made during the incubation and hatching period as expressed as
a percentage of the first initial count

Discussion
Breeding characteristics of the chrysocome species

Southern rockhopper penguins breeding at New Island
appear to have not altered during the study period 1980-
2006, with a 16-day long laying period (Strange 1982;
Lamey 1990, 1993; St. Clair 1996; St. Clair and St. Clair
1996; this study). This rigid laying behaviour has also been
observed for conspecifics breeding elsewhere (Marchant
and Higgins 1990; Williams 1995). It is highly likely that
this synchrony is the reason for the lack of any significant
differences between pairs that laid early or late in the breed-
ing season in the dimensions of eggs, hatching success,
chick growth rates and chick survival to the end of the
brood and creche periods.

It has been suggested that dense vegetation confers an
advantage to breeding rockhopper penguins, particularly
against aerial predation (Williams 1980b; St. Clair and St.
Clair 1996). Our study supported previous research on New
Island (Matias 2005) that the breeding success of the south-
ern rockhopper penguin is not affected by the habitat of the
sub-colony (that is, the amount of vegetation and rock
cover). However, we suggest that the amount of tussac
grass in the semi-open area (S-colony) was probably not
dense enough to confer effective protection against the aer-
ial predators found on New Island, including the brown
skua Catharacta antarticus and striated caracara Phalcobo-
enus australis. The influence of habitat on breeding success
of crested penguins requires further investigation and we
suggest that open, rocky areas may also confer some bene-
fits, as we observed that fewer eggs were lost by accidental
displacement in O-colony than S-colony, perhaps because
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the rocks provide a protective barrier between nests
(M. Poisbleau and L. Demongin, personal observation).

Breeding success and visitation impacts

As Hull and Wilson (1996) demonstrated for the southern
rockhopper penguin breeding on Macquarie Island, we also
found no significant differences in hatching success, chick
growth rates, chick survival to the end of the brood period
and fledging rates between pairs that were disturbed and
caught regularly, pairs that were disturbed but adults and
chicks were not captured and pairs that bred in areas that were
only visited for three nest counts. Whilst the flipper length of
chicks at 18 days of age was slightly different between stud-
ied and control-chicks, as we did not determine chick gender
in this study, the effect of gender on growth cannot be
excluded as a possible explanatory factor. However, no stud-
ies have considered the effects of handling on the subsequent
breeding attempts of males and females, nor on immature or
non-breeding birds, which can be seen in the colony through-
out the breeding season. It is an area for further study but can
only be carried out at long-term study sites where penguins
are individually marked and monitored annually.

New consideration on the intrinsic capacity of the A-egg

It is well documented that the rockhopper penguin lays two
eggs, with the first egg being smaller and lighter than the
second, which is laid up to four days later (Williams 1995).
Although laid later, the B-egg usually hatches first and this
has been suggested to occur due to differences in egg com-
position resulting from the laying order or date (Burger and
Williams 1979; Brown 1988; St. Clair 1996) and/or subse-
quent differential parental incubation behaviour towards the
A-egg or B-egg, which results in a different incubation tem-
perature and therefore embryonic metabolism of the egg
(Burger and Williams 1979). In our study, the incubation
duration was similar when A- and B-eggs were incubated
singularly, suggesting that the parental effect hypothesis is
favoured. This hypothesis is further supported by the result
in our study that the presence of a sibling significantly
affects the hatching success and hatching mass of the A-egg
but not the B-egg. We suggest that the optimal incubating
position is occupied by larger and heavier B-egg.

In most crested penguin species, it has been suggested
that the optimal position is in the posterior part of the brood
patch because there it is less exposed to predation, better
insulated and is less likely to be actively ejected by the par-
ent or first-hatched chick (Gwynn 1953; St. Clair 1996, St.
Clair and St. Clair 1996). Of the two-egg clutches monitored
in our study, both eggs hatched at 53% of the nests with at
least one hatched egg and A- and B-eggs had an equal rate
of hatching, but A-chicks in AB-nests had a lower survival

rate to the end of the brood period. However, when alone,
A-chicks had a similar rate of survival to the end of the
brood period, a similar growth rate and a similar age at the
end of the brood period as B-chicks. Both the larger size at
hatching and the one day earlier start made by B-chicks most
likely play the most important direct or indirect competitive
role in the higher A-chick mortality within AB-nests.

This study demonstrated for the first time that the A-egg
produced by the southern rockhopper penguin has, when
alone, theoretically the same intrinsic potential to lead to a
fledged chick as the B-egg. The A-egg is not less viable as
has been suggested by Williams (1981) and St. Clair and St.
Clair (1996). Therefore, when conditions are optimal (i.e.
low predation and sufficient food resources), the southern
rockhopper penguin can produce two chicks. This is refl-
ected in the breeding successes reported for various colonies
across the Falkland Islands since 1993 being on average
between 0.54 and 0.95 (range 0.45-1.28) chicks per breed-
ing pair (Huin 2005) compared to less than 0.61 chicks per
breeding pair for E. moseleyi and E. c. filholi breeding in the
Indian Ocean and Pacific Ocean (Williams 1995).

Although our study has demonstrated that the southern
rockhopper penguin in the Falkland Islands has the poten-
tial for much higher breeding success than previously
thought (i.e. for two chicks per breeding pair), this is not
reflected in the long term population trend of the species,
which has been in a severe decline since the 1930s (Piitz
et al. 2003a). New information provided by long-term mon-
itoring of individual penguins, including juveniles and
adults, in relation to at-sea conditions is crucial in order to
devise an appropriate Species Action Plan.
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