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Abstract

Temporal variability in a series of CCAMLR Ecosystem Monitoring Program (CEMP)
parameters and the interrelationships between these parameters were examined for
Adélie penguins over a period of 12 years. Data were collected from 1990/91 to 2001/02
at Béchervaise Island, Eastern Antarctica. Parameters relating to chick survival (brooding
nest counts, counts of chicks when two-thirds were creched and fully creched chick
counts) display large temporal variability while other parameters, such as arrival counts
and incubating nest counts, are more stable between years. The low degree of correlation
between parameters collected before incubating nest counts with those collected after
brooding nest counts reinforces the notion that events occurring during the hatching
period are critical for chick survival. There was a strong negative correlation between
female foraging trip duration during both the guard and the créche period and breeding
success, while the correlation between breeding success and foraging trip duration was
low for males. Male foraging trips during the créche period were, however, moderately
correlated with fledgling mass.

Within-season penguin weights, the simplest output from the Automated Penguin
Monitoring System (APMS), were also examined in terms of their correlation with
breeding success. Results indicate that low weights of females at the time they depart after
egg laying appears to be the first indication that a season may have low breeding success.
The results obtained throughout these analyses indicate that knowledge of the sex of birds
can be important for understanding breeding success and the interrelationships between
CEMP parameters.

Résumé

La variabilité temporelle dans une série de parametres du Programme de contréle de
I'écosysteme de la CCAMLR (CEMP) et les interrelations de ces parameétres sont examinées
chez les manchots Adélie sur une période de 12 ans. Les données ont été collectées de
1990/91 a 2001/02 a Iile Béchervaise, dans 'est de I’Antarctique. Les paramétres liés a la
survie des jeunes (nombre de nids avec couvée en période d’élevage et nombre de jeunes
lorsque deux tiers d’entre eux sont en créche et lorsqu’ils sont tous en creche) affichent une
forte variabilité temporelle alors que d’autres, tels que le nombre d’individus arrivant et
celui de nids avec couvée en période d’incubation, sont plus stables d'une année a l’autre.
Le faible degré de corrélation entre les parametres collectés avant les dénombrements
des nids avec couvée en période d’incubation et ceux collectés apres les dénombrements
des nids avec couvée en période d’élevage renforce la notion selon laquelle la survie des
jeunes dépend largement des événements se produisant pendant la période d’éclosion.
La durée des sorties alimentaires des femelles tant durant la période de garde que celle de
créche affiche une forte corrélation négative avec la réussite de la reproduction, alors que
chez les males, la corrélation est faible. Toutefois, entre les sorties alimentaires des males
pendant la période de creche et le poids a la premiere mue, la corrélation est modérée.

L’examen porte également sur la corrélation entre le poids des manchots au cours de la
saison, fourni par les données les plus simples du Systeme de contrdle automatique des
manchots (APMS), et la réussite de la reproduction. D’apres les résultats, le premier signe
d’une saison susceptible de connaitre une faible réussite de la reproduction semble étre le
poids faible des femelles, au moment ot1 elles quittent le nid apres la ponte. Les résultats
obtenus tout au long de ces analyses indiquent qu’il peut s’avérer important de connaitre
le sexe des oiseaux pour comprendre la réussite de la reproduction et les interrelations des
parametres du CEMP.
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Pesrome

Bbiia mpoaHanuM3upoBaHa BpeMEHHAs M3MEHUMBOCTH psifia JIAaHHBIX IO Mapamerpam
IIporpammer AHTKOMa mno sxocuctemaomy MouuTopuHry (CEMP) m B3aumocBs3b
MEXIy OTHMHU [apaMeTpaMH JUis IHHTBUHOB AJleld Ha TPOTSHKCHUH 12-JeTHero
nepuoza. Jlanusie codupanucs ¢ 1990/91 o 2001/02 rr. Ha o-Be berrepras, BocTouHas
Amntapkruka. [lapamerpsl, OTHOCSIIMECS K BBDKUBAHUIO IITEHIOB (YUCIO THE3I C
BBIBOJIKOM, TIOJICUET MTEHIIOB, KOT/a 2/3 MX BCTYIHIIO B SICEJIBHYIO CTA/IMIO U P MOJHOM
BCTYIJICHUH B SICENIbHYIO CTaJMIO0), OTIMYAIOTCS OOJIBIIOI BPEMEHHOH M3MEHUYMBOCTBIO,
B TO BpeMs KaK JIpyTHe MapaMeTphbl, TAKHE KaK YMCICHHOCTh 110 MPUOBITUH B KOJIOHHUIO
U YHUCJIO HACH)KUBAEMbIX T'HE3/, Ooiiee cTaOMIIbHBI OT roja K roxy. Huskas creneHb
KOPPEJSILIMY MEX]Ty TapaMeTpaMu, COOpaHHBIMHU JI0 MOJICUETa HACHKMBAEMBbIX THE3JI, U
napameTpamu, CoOOpaHHBIMH ITOCIIE MO/ICUETAa THE3/1 C BEIBOJIKOM, MOJKPEIUISIET TOT B3I,
YTO COOBITHS, MPOUCXOJSIIIUE BO BPEMsl NEPUO/a BBIBEICHHUS, SIBISIIOTCS PEIAIOIIUMHU
JUIsl BBDKMBaHHs NTeHIoB. CylecTBOBaNa CUIIbHASI OTPHLIATENbHAS KOPPEISIUS MEXKILY
PEIPOIYKTHBHBIM YCIIEXOM M TPOIOKUTENBHOCTHIO TIOMCKA MUIM CAMKOH BO BpeMs
OXpaHbl BBIBOJIKA U SICEIILHOTO TIepHO/a. B To jke BpeMst Jijisl CaMIIOB KOPPEJISIIUS MEXIY
PEIPOIYKTHBHBIM YCIIEXOM M MPOJOJKUTEILHOCTBIO MOX0/a 33 IMUILEH Obliia HU3KOM.
Tem He MeHee, TOXO/Ibl CaMIIOB 32 MHUIIEH BO BpeMsl SICEIBHOTO Mepro/ia ObLIN YMEPEHHO
CKOPPEJIMPOBAHBI C MACCOW MTEHIIOB MTPU ONIEPEHUH.

Bec nuHrBUHOB B TEYEHHE CE€30HA — MPOCTEHIIMI  BBIXOAHOM MapaMerp
ABTOMAaTH3MPOBAHHOM CHCTEMBI MOHHUTOPHMHTa THMHIBHHOB (APMS) — Obur Takxke
IIPOAHAIM3UPOBAH C TOYKM 3PEHUSI €r0 KOPPEISLUUU C PEHpPOAYKTUBHBIM YCIIEXOM.
Pesynbrarsl TOBOpAT O TOM, 4YTO HU3KMHM BEC CAMOK, KOIZa OHM OTIPABISAIOTCS Ha
MOMCKHU IMUIIM IOCE KIAAKU SIML, BEPOSTHO, SIBISETCS MEPBBIM IPU3HAKOM TOIO, 4TO
PENPOAYKTUBHEIH yCIIeX B 3TOM CE30HE MOKET OBITh HU3KUM. Pe3ysTaTsl MpOBEICHHOTO
aHalIM3a CBUJETENILCTBYIOT O TOM, YTO [UIsl IIOHMMAaHUS PENpPOAYKTUBHOIO ycIiexa U
B3anMocCBs3el Mexy napamerpamu CEMP MokeT OBITh Ba)KHO 3HATh TOJ MTHII.

Resumen

Se examiné la variabilidad temporal en una serie de parametros del programa de
seguimiento del ecosistema de la CCRVMA (CEMP), y las interrelaciones entre estos
parametros para los pingtiinos adelia durante un periodo de 12 afios. Los datos fueron
recopilados desde 1990/91 hasta 2001/02 en isla Béchervaise, Antartida oriental. Los
parametros relacionados con la supervivencia de los polluelos (recuento de nidos con
polluelos, recuento de polluelos cuando dos tercios estdn en guarderia y cuando esta etapa
ha terminado) muestran una elevada variabilidad temporal, mientras otros parametros
como el namero de arribo a la colonia y el niimero de nidos con aves incubando son més
estables de un afio a otro. La baja correlacién entre los pardmetros recopilados antes del
recuento de nidos con aves incubando y después del recuento de nidos con polluelos,
reafirma la nocién que los sucesos ocurridos durante la eclosiéon resultan criticos para
la supervivencia de los polluelos. Se observé una fuerte correlacién negativa entre la
duracién de los viajes de alimentacién de las hembras durante los periodos de cria y
guarderia y el éxito reproductor, mientras que la correlacién entre el éxito reproductor
y la duracién de los viajes de alimentacién fue baja para los machos. Sin embargo, la
correlacion entre los viajes de alimentacién de los machos durante el periodo de guarderia
con el peso del ave emplumada fue moderada.

También se examiné el peso de los pingtiinos dentro de una temporada — el dato maés
simple obtenido por el sistema de seguimiento automatico de pingtiinos (APMS) — en
términos de su correlacién con el éxito reproductor. De los resultados se puede inferir que
el bajo peso de las hembras al momento de partir al mar después de la puesta parece ser
la primera indicacién de que el éxito reproductor sera bajo. Los resultados obtenidos a
través de estos analisis indican que es importante conocer el sexo de las aves para entender
el éxito reproductor y las interrelaciones entre los parametros del CEMP.

Keywords: Adélie penguin, temporal variability, correlation, Antarctica, breeding success,
CEMP, monitoring program, CCAMLR



Temporal variability and interrelationships in CEMP parameters

INTRODUCTION

The CCAMLR Ecosystem Monitoring Program
(CEMP) was established in 1985 to (i) detect and
record significant changes in critical components of
the ecosystem, so as to serve as a basis for the con-
servation of Antarctic marine living resources, and
(ii) distinguish between changes due to harvesting
of commercial species and changes due to envi-
ronmental variability, both physical and biological
(CCAMLR, 2003). CEMP comprises measurement
of specified parameters using standard methods
for selected indicator species at a number of sites in
the CCAMLR Convention Area. At the inception
of CEMP a suite of parameters were identified for
measurement; the full suite has subsequently been
measured at some of the sites, one of these being
Béchervaise Island in eastern Antarctica.

CEMP is currently entering a review stage. The
time series of CEMP data collected from Béchervaise
Island can make a significant contribution to the
review, as this is one of the sites where the param-
eters have been measured over a long time frame
(12 years: 1990/91 to 2001/02). Recently, Clarke
et al. (2002) analysed the relationships between a
selection of CEMP parameters (population size,
breeding success, foraging trip duration and diet)
over eight successive seasons from 1990/91 to
1998/99. They found that breeding success was
negatively correlated with female foraging trip
duration during the guard phase. Their analysis is
extended in this paper by including a wider range
of CEMP parameters over a longer time frame
(arrival weight, population size, breeding success,
incubation shift duration, foraging trip duration
during chick rearing and fledgling weight).

Additional data on Adélie penguin weight and
direction of movement between the sea and the
colony is obtained on Béchervaise Island from an
Automated Penguin Monitoring System (APMS)
(see Kerry et al. (1993) for details on the APMS).
Penguin weights for the population at different
periods within a season were examined with the
notion thatinterannual differences between weights
within a breeding season are likely to reflect some
aspect of resource availability during that season.
Irvine et al. (2000) reported that chick death during
the guard stage was due to an inadequate rate of
food delivery. It is suggested here that the latter
would be reflected in the within-season penguin
weights recorded by the APMS. If simple data
from the APMS is successful in reflecting likely
resource availability and subsequent breeding
success, then it may provide a useful tool for
increasing the number of field site locations within
reasonable logistical limits.

The aim of this study was to examine the extent
of temporal (between and within breeding season)
variation of the CEMP parameters and the inter-
relationships between CEMP parameters over time.
The degree of correlation between breeding success
and parameters was of particular interest because
it may directly indicate resource availability, such
as within-season weights, incubation shift duration
and foraging trip duration during chick rearing.

METHODS
General

Data collection for all parameters followed Stan-
dard Methods Al to A9 prescribed by CCAMLR
for CEMP data (CCAMLR, 2003). Within-season
weights were recorded for birds tagged with im-
planted identification transponders as they cros-
sed the APMS on their way into and out of the
colony. The sex of tagged birds had previously
been determined by cloacal examination. Ill effects
of transponders were considered minimal (Clarke
and Kerry, 1998); transponders were used instead
of flipper bands to avoid any deleterious effects
associated with banding (Ainley et al., 1983; Culik
et al., 1993; Jackson and Wilson, 2002). Data in-
cluded in the analyses presented in this paper are
for Adélie penguins on Béchervaise Island (67°35’S
62°49’E), for the 1990/91 to 2001/02 seasons. There
are approximately 2 000 breeding pairs of Adélie
penguins on this island (Kerry et al., 2000). For
consistency, a similar subset of years was exam-
ined in the correlation matrix analyses. This meant
that some years were excluded from the analy-
sis because a particular parameter had not been
collected.

Data were analysed using a three-stage pro-
cedure to examine between-season variability of
CEMP parameters and within- and between-season
variability of APMS penguin weights. The first
stage focused on data collected as whole-island
counts (arrival, nest and chick counts). Additional
parameters, namely foraging trip duration, pen-
guin arrival weight and incubation shift duration,
were included in the second stage of the analysis.
The within-season weights recorded by the APMS
were included in the third stage of the analysis.
These within-season weights were correlated with
breeding success and fledgling mass. In all cases,
breeding success was defined as the number of
chicks créched per nest with eggs.

Annual Population Size, Nest Counts
and Chick Counts

The initial analysis involved whole-island
counts of population size (A3 and A9) and breed-
ing success parameters (A6), including counts of
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arriving birds, the number of occupied nests, mid-
incubation count of all nests with eggs, brooding
nest count during early guard/late incubation,
a chick count when two thirds of the chicks had
créched and the total number of creched chicks.
Data used in these analyses were from the 1991/92
to 2001/02 seasons. Data were analysed using a
Friedman two-way analysis on ranks to determine
whether parameters fluctuate similarly through
time. ASpearman—Rank correlation matrix was con-
structed to determine the strength of pairwise cor-
relations between parameters, in particular those
represented by temporally adjacent data points.
In all analyses, correlations with r > 0.7 were con-
sidered to be strong (Chatfield and Collins, 1980)
rather than specifying statistical significance due
to the large number of multiple comparisons being
made. In this case, attention was specifically given
to parameters which are most strongly correlated
rather than to statistical significance. Presenting
correlation strengths without attaching statistical
significance is standard in population studies
where multiple correlations are performed (e.g.
Thomas, 1991).

Arrival Weights, Incubation Shifts, Foraging
Trip Duration and Fledgling Mass

A Friedman two-way analysis on ranks was per-
formed and a Spearman-Rank correlation matrix
was constructed (as described in the previous sec-
tion) on an additional series of CEMP parameters.
These analyses were performed to investigate
the temporal variability of CEMP parameters, in-
cluding those collected on individuals within the
population rather than just whole-island counts.
The additional parameters include arrival weights
(A1) for male and female penguins, foraging trip
duration for each sex during the guard and creche
periods (A5), incubation shift duration (A2) and
fledgling weights (A7). Where appropriate, the
mean for each parameter for male and female birds
was calculated and used in the Friedman analysis
of ranks. Foraging trip duration data were initially
log. transformed because the data were highly
skewed. Mean trip duration for each bird was
calculated and a pooled mean across birds used
in this analysis. A Spearman-Rank correlation
matrix was constructed to determine which pairs
of parameters were most highly correlated, both
with each other and with breeding success. Once
again, correlations within the correlation matrix
with 7 > 0.7 were considered to be strong, but the
P values for correlations with breeding success
were also reported. The mean standard deviation
(SD) and coefficient of variation (CV) were also cal-
culated to determine which parameters displayed
the most temporal variability.
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Temporal Variation of Adult Penguin
Weights measured by the APMS

The within- and between-season penguin
weights were examined to determine whether
penguin weight at different times within a season
is correlated with breeding success, fledgling mass
and incubation shift duration. Penguin weights
for male and female tagged birds were obtained
from APMS data or from manual weights when the
APMS was not working during the arrival part of
the breeding season. Weight data were extracted
for periods within each breeding season related to
season-specific chronological events (Table 1) to
examine their correlation with breeding success.
Data were collected from all tagged adult birds.
These birds were likely to be breeding birds as
their movements in and out of the colony reflected
those of breeders and, furthermore, non-breeders
generally arrive later in the season (Ainley et al.,
1983; Kerry, unpublished data).

Three periods within the breeding season were
used to compare between-season and within-
season weights: female arrival, female departure
after egg laying and female return after feeding at
sea (after the first foraging trip — FFT) (Davis, 1988);
male arrival, male departure after the females
return, and male return after its departure to sea
(after the second foraging trip — SFT) (Davis, 1988).
Figure 1 shows weight data for penguins crossing
the APMS for a typical breeding season, with
periods of interest indicated. These periods were
used because they represent penguin condition at
the beginning of the year, the decline in condition
of the females until egg laying, the decline in
condition for males until they are relieved, and
the ability of both sexes to regain weight during
the FFT (females) and the SFT (males) after their
partner has relieved them from nest duties. As
such, penguin weights during these stages are
likely to reflect resource availability to adults and
fitness to raise their chicks.

Since chronological events varied between
breeding seasons in terms of both timing and
duration, data were extracted according to specific
periods in the breeding cycle (Table 1 and Figure 1),
namely (a) arrival: the 10 days following the first
arrivals recorded for males and females, (b) female
departure: 10 days prior to the last female departure
to begin the FFT, (c) female return/male departure:
10 days after the return of the first female from the
FFT, male departure indicates male beginning SFT,
and (d) male return: 10 days after the return of the
first male from the SFT. The first male returned
relatively early in three of the seasons and the
data collection period was increased to 20, 15 and
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Figure 1:

Automated penguin monitoring system weights of male and female crossings during the

early part of the 1999/2000 breeding season. Vertical lines and arrows indicate period
of data extraction for within-season weights during: (a) arrival, (b) female departure,
(c) female return/male departure, and (d) male return.

25 days for seasons 1992/93, 1993/94 and 1994/95
respectively to ensure that a representative number
of penguin weights were included in the analysis.

Within-season penguin weights recorded by the
APMS were correlated with breeding success and
fledgling mass. In addition, the relationship be-
tween within-season weights and incubation shift
durations were examined by means of a correlation
matrix. Once again, correlations where r > 0.7 were
considered strong. These relationships provide in-
formation regarding the condition of penguins
after the first and second incubation shifts and the
duration of each shift.

RESULTS

Annual Population Size, Nest Counts
and Chick Counts

There was a significant degree of temporal
correlation between the whole-island count CEMP
parameters (A3, A6, A9) (Friedman two-way analy-
sis of ranks: x? = 37.142, W = 0.619, #yariables = 6,
Nyears = 11, x2crit..05,10) = 18.307) (Figure 2). This
result suggests that at least some of the para-
meters fluctuate similarly over time. The average
correlation between parameters was reasonably
high with r,,, = 0.581. The Spearman-Rank corre-
lation matrix shows two groups of parameters
which are correlated more strongly within the
groups than between the groups (Table 2). The
first group consists of the initial three parameters:
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arrival counts (A9), occupied nest counts and the
number of incubating nests (A3), while the second
group consists of the final three parameters: the
number of nests with brooding chicks through
to the number of fully creched chicks (A6). In all
cases, the correlations are positive, indicating that
an increase in one parameter was reflected by
an increase in the other. The correlation between
the number of incubating nests and the number
of nests in which adults were brooding chicks is
the weakest between temporally adjacent counts
throughout the season (r = 0.62) (Table 2). There
was greater temporal variation in counts per-
formed later in the season (brooding nest counts,
counts of chicks when two-thirds were creched and
fully creched chick counts: CV > 30%) (Figure 2
and Table 3) compared with counts near the begin-
ning of the season (population size and the number
of occupied and incubating nest counts: CV <10%)
(Figure 2 and Table 3).

Arrival Weights, Incubation Shifts, Foraging
Trip Duration and Fledgling Mass

There was significant correlation between the
CEMP parameters of incubation shift duration (A2),
foraging trip duration (A5), arrival weights (Al)
and fledgling mass (A7) as well as the whole-island
counts (A3, A6, A9) listed in the previous section
(Friedman two-way analysis of ranks: x> = 29.33,
W=0.19, Myariables = 15, Myears = 10, x*crit. (0 950)= 16.919;
analysis not including breeding success). The
average correlation between parameters was much
lower than for the whole-island count data alone
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Table2:  Spearman-Rank correlation matrix between pairs of CEMP parameters based on whole-island counts
between 1991/92 and 2001/02. Parameters arranged in temporal order, from arrival counts
occurring at the beginning of the breeding season through to fully creched chick counts. Bold r
values show correlations between temporally adjacent parameters, shaded squares represent
correlations where r > 0.7.
Arrival Occupied  Incubating  Brooding  2/3 Creched
Counts (A9) Nests Nests Nests Chicks
A3 Occupied nests 0.70
A3 Incubating nests 0.69 0.93
A6  Brooding nests 0.22 0.58 0.62
A6  Two-thirds creched chicks 0.25 0.35 0.42 0.86
A6 Fully creched chicks 0.10 0.28 0.37 0.83 0.96
Table 3:  Temporal mean, standard deviation (SD), sample size (1) and coefficient of
variation (CV) for breeding success and population size parameters between
1990/91 and 2001/02. n = 11 indicates 1990/91 data not available. CVs
above 30% are shown in bold.
Mean SD n CV (%)
Arrival counts 3839 341.43 12 8.89
Occupied nests 1925 150.2 12 7.80
Incubating nests 1936 168.5 12 9.18
Brooding nests 1276 436.8 11 34.23
Two-thirds créched chicks 1297 597.5 12 46.09
Fully créched chicks 1296 605.7 12 46.75
5000 -
4500 4
4000 -
, 3500 -
@ ——Arrived birds
g 3000 - - - -H- - - Occupied nests
g 2500 —2A—— Incubating nests
'E - - =X~ - -Brooding nests
g 2000 -~ —<—— Two-thirds creched chicks
-g ——@@——Fully créched chicks
5 1500 -
=z
1000 -+
500 4
0
1990/91 1992/93 1994/95 1996/97 1998/99 2000/01
Figure2: = Temporal variation in CEMP whole-island count parameters. Parameters listed in order of timing

throughout the breeding season starting from arrival counts through to fully creched chick counts
at the end of the season.
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Figure3:  Average weight of male and female penguins at arrival, on departure for first and second foraging

trips and on return from these foraging trips and the corresponding breeding success for the

season.

with 7, = 0.10. There were strong negative
correlations between female guard foraging trip
duration and breeding success and also between
the second incubation shift duration and breeding
success (Table 4). Male and female arrival weights
were positively correlated (Spearman-Rank cor-
relation: r = 0.80) indicating that between-year
weight fluctuations at the beginning of the breeding
season were reflected across the population. Most
measures of foraging trip durations during chick
rearing were strongly correlated (r > 0.7 for all
but female guard and male créeche with r = 0.67)
indicating that an increase in any particular
component of foraging trip duration (e.g. female
foraging trip duration during the creche period)
would correspond to an increase in the other
measures. First and second incubation shifts were
weakly correlated (r = 0.45). Fledgling mass was
most strongly (and negatively) correlated with
male creche foraging trip duration (r = -0.64).

In general, the CVs for the additional CEMP
parameters were low (<10%) (Table 5) except for
breeding success (number of chicks per nest with
eggs) and fledgling mass (CV = 43.98% and 34.31%
respectively). Interms of penguin mass, the average
male and female arrival weights varied between
5377-6 321 g (males) and 4 634-5 535 g (females).
Likewise, the between-year average fledgling mass
varied between 3012 and 3944 g. The 1994/95
fledgling mass was given the lowest rank for data
analysis as no chicks survived to fledge that year.

82

Temporal Variation of Adult Penguin Weights
measured by the APMS

There was a decrease in the return weights of
both female and male penguins after the FFT and
SFT respectively during the 1994/95 incubation
period when the breeding success for the popula-
tion was very low (Figure 3). In contrast, the weight
of birds returning after the FFT and SFT during the
season of low breeding success of 1998/99 showed
no decrease (Figure 3). Breeding success was
strongly correlated with return weights of females
after the FFT (Spearman—Rank correlation: »=0.72,
P < 0.05) (Table 6).

Of all the within-season weights examined,
female departure weights for birds leaving for
the FFT after egg laying were most strongly cor-
related with breeding success (r = 0.76) (Table 6). In
contrast, breeding success was weakly correlated
with male and female arrival weights at the begin-
ning of the season (r < 0.24) (Table 6). Of all the
within-season weights, fledgling mass was most
strongly correlated with female return (after FFT)
and male departure weights (r = 0.48 and 0.39
respectively) (Table 6).

The weight of females returning from the FFT
was strongly and negatively correlated with the
duration of the second incubation shift (v = -0.84)
(Table 7). Therefore, if the females return heavy,
their following incubation shift is likely to be
shorter. In contrast, if they return light then their
incubation shift is likely to be of a longer duration.
The weight of females returning from the FFT
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was also moderately negatively correlated with
the duration of the first incubation shift (r = -0.67)
(Table 7). This essentially suggests that the longer
the females are away, the greater their weight gain.
This study does not consider how an extended
period away from the nest affects chick survival.

The within-season penguin weights all had
coefficients of variation of less than 11% (Table 8).
This is associated with a between-season difference
of up to just over 1 kg in the average weights of
penguins at any particular part of the breeding
season (minimum and maximum average values
shown in Table 8). The departure weights for
birds leaving for the FFT and SFT showed the least
temporal variation of all the within-season weights
considered.

DISCUSSION

One of the most obvious results from these
analyses is the lack of correlation between early
season counts of population size and later measures
of breeding success. These results are consistent
with the findings of Trathan et al. (1996) who sug-
gest that factors influencing breeding population
size and condition are mostly independent of those
influencing breeding success. This is primarily
because breeding population size is affected by
factors occurring between breeding seasons over a
large area while factors affecting breeding success
occur within the breeding season and are restricted
to the area around the breeding colony. Events that
occurred between the incubating nest counts (early
December) and the brooding nest counts (early
January) were critical for subsequent breeding suc-
cess of Adélie penguins at Béchervaise Island. This
corresponds to the time during the second half
of incubation or shortly after hatching. Factors
resulting in chick failure include a lack of coordina-
tion between partners in feeding chicks, failure of
birds to return on time from the FFT or SFT, adults
treading on chicks, parent foraging ability, and pre-
dation by skuas (Davis and McCaffrey, 1986). It is
likely that new hatchlings which emerge between
these counts are particularly vulnerable to limited
food supply as only one parent forages while one is
attending the nest (Irvine et al., 2000).

Clarke et al. (2002) report that breeding success
was lower in years where the foraging trip durations
of female birds during the guard period were long.
This pattern persists when examining a longer time
series. Clarke et al. explain this by the parents’
increased time at sea resulting in a decreased chick
feeding frequency and therefore a lower survival
rate of chicks (Clarke et al., 1998, 2002; Irvine et
al., 2000). Factors affecting foraging trip duration

include food abundance, its availability at sea and
the extent to which sea-ice cover reduces travelling
efficiency to and from foraging grounds. The effects
of sea-ice extent however, appear to be site-specific
and are confounded by its variability through time
and space (Fraser et al., 1992; Trathan et al., 1996;
Kato et al., 2002). Essentially, a complex interaction
of many factors affects the overall availability of
food for chicks and, ultimately, breeding success.
While the importance of the effects of sea-ice extent
on penguin populations is well recognised, its
relationship with breeding success at Béchervaise
Island deserves further exploration.

Foraging trips earlier in the breeding season
were more important for chick survival whereas
later foraging trips were important for fledgling
mass. This makes sense as foraging trips during
the creche period were the closest trip duration
measure to the time of fledging, and resources
available at that time are most likely to indicate
resources available for final chick weight gain
before fledging. Foraging trip durations during
chick rearing were all strongly correlated irre-
spective of timing or sex of bird. If foraging trip
duration does indeed reflect resource availability,
then shortages which impact on breeding success
appear to last throughout the guard and créche
stages rather than fluctuating strongly between
those periods. These results suggest that foraging
trip duration, particularly that of females during
the guard stage, may be useful as an indicator of
breeding success. However, the complex interac-
tion between breeding success, foraging trip dura-
tion and environmental variables indicates that
environmental variables should also be considered
(Fraser et al., 1992).

Within- and Between-Season Differences
in Adult Penguin Weight

Both within- and between-season variations
in penguin weights are apparent and may be
explained to some extent by resource availability.
While the weight of penguins at certain stages
within a breeding season is correlated well with
breeding success, other parameters are not. For
example, breeding success was not related to the
arrival weights of penguins. This result implies
that the availability of sufficient food for chicks
during the breeding season was more important
than the condition of parents when they arrive for
the breeding season. However, penguin condition
at arrival and the size of the breeding population
may influence the total number of chicks that hatch.
Both of these aspects of the breeding population
are likely to depend on regional sea-ice conditions
and food availability outside the breeding season
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(Trathan et al., 1996). Unfortunately the informa-
tion needed to explore this relationship for the
Béchervaise Island Adélie penguin population is
not available.

Breeding success was strongly correlated with
both female and male departure weights at the
beginning of the FFT and SFT respectively. Low
departure weights for females may indicate a
late breeding season which often equates to a
subsequently low breeding success (Davis, 1982).
The departure weight of females leaving for the
FFT after egg laying was the first indication that
breeding success for that season might be low.
Birds with lower departure weights are likely to
require longer foraging trips to regain condition.
However, if the foraging trip duration is too
long, egg failure may occur because the bird did
not return in time to relieve its partner from nest
duties.

Failure during the incubation period usually
occurs during the first incubation shift when males
lose condition and depart before the female partner
returns (Davis, 1982). This was reflected in the data
by the patterns of correlation between the weight
of female penguins when they returned from the
FFT and the duration of both the first and second
incubation shift. Shorter incubation shifts for males
were associated with heavier weights of females
returning from the FFT. Additionally, if females
returned in good condition, their following incuba-
tion shift (the second incubation shift) was typically
shorter. These patterns can surely be explained by
resource availability determining both the length
of foraging trip duration during the incubation
period and penguin weight on arrival at the breed-
ing colony after foraging.

Although weight gains during foraging trips
are likely to reflect resource availability, this simple
relationship can be confounded by the amount of
time spent away from the nest. Explanations for
the lack of correlation between male return weights
after the SFT and breeding success include: (i) data
on weight derived from birds measured at breeding
sites are biased by the tendency for only those
birds who obtained sufficient food at foraging sites
to return to their breeding sites, (ii) birds that do
return with substantial meal sizes may do so after
the partner has left and the egg has failed, which
would not be reflected in the APMS weight records,
or (iii) limited resource availability occurs in the
post-hatch period rather than the earlier stages
that are critical to chick survival. However, these
possibilities can only be explored with detailed
knowledge on individual penguins and are not
as easy to obtain as population weights from the
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APMS. It might be more instructive to examine
within-season weights after chick hatching rather
than during the incubation period alone so that
adult penguin weight gains could be related to
food available to chicks. This may be problematic
for population level APMS-collected data as nest
duty shift changeovers are poorly defined in the
post-hatch period.

CONCLUSIONS

Breeding success at Béchervaise Island was
found to be strongly correlated with parent forag-
ing trip duration, parent body mass at departure
for the first and second incubation stage foraging
trips, and the number of brooding nests in the
colony. Foraging trip duration, return bird weights
and environmental variables such as sea-ice extent
may need to be considered simultaneously to
obtain a better understanding of their relationship
with breeding success. This may best be reflected
in APMS data if considered at the level of an
individual bird. Birds that do not return to the
colony within the breeding season may fail to do so
because of limited resources. If the non-returning
birds are the key to explaining between-year breed-
ing success, then interpreting weights at a popu-
lation level as a monitoring parameter may be
problematic.

The extent to which insights can be gained into
the appropriateness of the current CEMP data is
constrained by the absence of data on food abun-
dance. Without such data we can merely observe
how well various response parameters correlate
with each other. As the data are derived from an
observational study as opposed to a manipulative
experiment, the frequency and magnitude of per-
turbations to the system were unable to be control-
led. Given that within the 12 years of the study
there has been only one major breeding failure,
our ability to understand the interactions and
relationships, which are likely to be complex, is
limited. Much of the data examined in this paper
was obtained from the APMS for sexed birds,
and the results indicate that knowledge of the
sex of birds contributes to the understanding of
penguin breeding success. Additional field sites
are required to examine the observed relationships
and their generality over a broader spatial extent.
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Liste des tableaux

Dates de divers événements chronologiques dans une méme saison : premiére arrivée, premier ceuf
pondu, départ de la premiere et de la derniére femelle pour la premiére sortie alimentaire, retour de
la premiere et de la derniere femelle de la premiere sortie alimentaire, départ du premier male pour la
seconde sortie alimentaire, retour du dernier male de la seconde sortie alimentaire, et premiére mue
estimée dans chacune des saisons. Les lettres (a) a (d) correspondent aux événements pareillement
libellés sur la Figure 1.

Matrice de corrélation de Spearman—Rank entre les parametres du CEMP couplés, fondée sur des
dénombrements effectués sur 1’ensemble de l'ile entre 1991/92 et 2001/02. Les parametres sont
classés par ordre chronologique, des dénombrements a l'arrivée, qui ont eu lieu au début de la saison
de reproduction, aux dénombrements des jeunes lorsqu’ils sont tous en creche. Les valeurs de r en
gras indiquent les corrélations entre les parametres adjacents sur le plan temporel, les cases grises
représentent les corrélations ou r > 0,7.

Valeurs temporelles : moyenne, écart-type (SD), taille des échantillons (1) et coefficient de variation (CV)
des parametres de réussite de la reproduction et taille de la population entre 1990/91 et 2001/02. n =11
indique que les données de 1990/91 ne sont pas disponibles. Les CV supérieurs a 30% sont en gras.

Matrice de corrélation de Spearman-Rank r entre des combinaisons par paire des parametres suivants :
durée des sorties alimentaires pendant 1'élevage des jeunes, tours d’incubation, poids a l'arrivée et
réussite de la reproduction (en gras). Les cases gris clair représentent les corrélations positives our > 0,7,
alors que les cases gris foncé indiquent les corrélations négatives ot 7 > 0,7.

Valeurs temporelles : moyenne, minimum, maximum, écart-type (SD), taille des échantillons (1) et
coefficient de variation (CV) pour chacun des parametres de 1990/91 a 2001/02 lorsque n = 12. n =11
indique que les données de 1990/91 sont manquantes, n = 10 indique que les données de 2001 /02 sont
manquantes. Les CV supérieurs a 30% sont en gras. Il convient de noter que la durée des sorties
alimentaires était log,, ayant été transformée avant I’analyse.

Corrélations de Spearman-Rank et valeurs de P connexes pour les corrélations entre le poids des
manchots dans une méme saison, la réussite de la reproduction et le poids a la premiere mue. Les
cases en gris indiquent des corrélations importantes sur le plan statistique. n = 10 dans tous les cas,
FFT - premiere sortie alimentaire, SFT — deuxiéme sortie alimentaire.

Matrice de corrélation de Spearman—-Rank r entre des combinaisons par paire des parametres
suivants : poids au cours de la saison (g) et durée du tour d’incubation (jours). Les cases gris clair
représentent les corrélations positives ot r > 0,7, alors que les cases gris foncé indiquent les corrélations
négatives o1 > 0,7. FFT — premiére sortie alimentaire, SFT — seconde sortie alimentaire.

Valeurs temporelles : moyenne, écart-type (SD), taille des échantillons (1) et coefficient de variation (CV)
du poids a différentes dates au cours d’une méme saison de reproduction, pendant les périodes d’arrivée
et d’incubation. Le poids des femelles n’a pas été relevé pendant la période de départ de la saison de
reproduction 1996/97. Tous les poids sont mesurés en grammes.

Liste des figures

Poids relevés par le systeme de controle automatique des manchots, pour les males et les femelles
contrélés au début de la saison de reproduction 1999/2000. Les lignes verticales et les fleches indiquent
la période d’extraction des données de poids d’'une méme saison : (a) a l'arrivée, (b) au départ des
femelles, (c) au retour des femelles/départ des males, et (d) au retour des males.

Variation temporelle des parametres du CEMP pour le dénombrement dans 1'ensemble de I'ille. Les
parametres sont classés par ordre chronologique de la saison de reproduction, du dénombrement a
l'arrivée jusqu’a celui effectué lorsque tous les jeunes sont en créche a la fin de la saison.

Poids moyen des manchots males et femelles a 1’arrivée, au départ des premiere et deuxiéme sorties
alimentaires et au retour de ces sorties alimentaires, et réussite connexe de la reproduction pour la
saison.
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Crucok Ta0IuIg

JlaThl XpOHOJIOTHMYECKUX COOBITHI CICTYIOIINX CE30HOB: IEPBOC MPHUOBITHE, KIIAJIKa IEPBOTO sHIa,
yOBITHE TIEPBOIl U MOCIIENHEI cCaMOK B MEPBBII TTOXO]] 32 MHIIEH, BO3BPAIICHUE TIEPBOM U ITOCICIHEH
CaMOK M3 TIEPBOTO MTOXO0/1a 32 MUIIEeH, YOBITHE TIEPBOTO CaMIila BO BTOPOH MOXO/ 3a MUIIEH, BO3BpAILIEHUE
MOCJETHEr0 camila U3 BTOPOTO MOXOAA 3a MUIIEH U, OLIEHOYHO, IIEPBOE ONEPEHUE B KAXKJIOM CE30HE.
BykBawm (a)—(d) Ha puc. 1 COOTBETCTBYIOT T€ K€ Ha3BaHHUS COOBITHIA.

Koppemsiunonnas marpuna Crnimpmana—Panka st map mapamerpoB CEMP, nony4eHHBIX B pe3ynbTare
MOJICYETOB MO BceMy ocTpoBy B 1991/92-2001/02 rr. IlapameTpsl BBICTPOCHBI [0 BPEMEHH, OT
YHMCIEHHOCTH IO MPUOBITHH B KOJIOHWIO B Havaje CE30HA PAa3MHOKEHHUS 1O TOJCUETa MTEHIOB NpPH
BCTYIUICHUHM BCEX ITEHIOB B SICEIBbHYIO CTaJMI0. 3HAaueHHs I, BbIJICIICHHBbIC >KUPHBIM HIpHdTOM,
MOKa3bIBAIOT KOPPEISALUI0 MEXKIY CMEXKHBIMU MO BPEMEHU MapaMeTpaMU; 3alITPUXOBAHHbIE KJIETKU
TIOKAa3bIBAIOT, Tie Koppessus > 0.7.

CpezniHue BpeMeHHbIE 3HauUeHHMs1, CTaHaapTHoe oTkiIoHeHue (SD), pasmep BoiOOpkHU (N) 1 KodddurmeHTt
Bapuanuu (CV) s napaMeTpoB penpopyKTUBHOTO ycrexa U pasmepa nomyssiuuii, 1990/91-2001/02
r. N = 11 roBoput 00 orcyTcTBuM MaHHBIX 32 1990/91 1. 3nauenns CV Boime 30% mokazaHbl >KUPHBIM
mpudToMm.

Marpuna ko3¢ ¢uunentos koppensiiuu ' Ciupmana—Panka 1 nonapHbIX KOMOMHAIMN ITapaMeTpoB
MIPOJOIKUTENLHOCTH TI0XO0/1a 32 TUIIIEH BO BPEMs BRIPAIIUBAHISI ITEHIIOB, THKYOAIIMOHHON CMEHBI, BECa
MO NPUOBITHH U PENPOIYKTUBHOTO ycriexa (MoKa3aH »XUPHBIM 1pudTom). Crerka 3alTpuxoBaHHbIC
KJIETKHU YKa3bIBAIOT Ha MOJIOKUTEAbHYI0 KOppesuto, riae I > (0.7, a CUIIbHO 3alITPUXOBAaHHBIE KIETKU
YKa3bIBAIOT HA OTPHLATENBHYIO KOppemsnuto, rae I > 0.7.

CpenHre BpeMEHHbIC, MAKCUMAaIbHBIC ¥ MHUHHMAJbHBIC 3HAYEHUS, CTAaHAApTHOE OTKIOHeHHe (SD),
pasmep BbIOOpku (N) n ko3 duument Bapuamuu (CV) mnst kaxgoro u3 mapamerpos ¢ 1990/91 mo
2001/02 rr. g n = 12. n = 11 moka3sIBaeT, 4To He MMeeTcs JaHHbIX 3a 1990/91 1., n = 10 moka3bIBaeT,
yro He uMeercss aaHHbIX 3a 2001/02 1. 3naueHus CV Beime 30% moka3aHbl KHPHBIM HIPH(TOM.
3amMeThbTe, 4TO JI0 HIPOBEEHNUS aHaIN3a ObLI B3AT 10g, MPOIOIKUTENIBHOCTH [I0X0/1a 38 ITUILSH.

Koadpdummentsr koppensuuun Crimpmana—PaHka ¥ COOTBETCTBYIONIHE 3HAUCHHS P IUIsl KOppessiiun
MEXIy TIOKa3aTeNsIMH Beca IMUHTBHHOB B TEUCHHE CE30HA, PEHPOAYKTHBHOTO yCIIeXa M MacChl IpH
oTepeHuH. 3alTPUXOBAHHbBIE KJIETKH YKa3bIBAIOT HAa CTATUCTUYECKH 3HAUMMYIO Koppessiuio. N = 10
BO Bcex ciyyvasx, FFT — nepsbiit moxon 3a nueid, SFT — BTopoii noxon 3a nuiiei.

Marpuma xo3ddurnuentoB koppermsinun I Ciimpmana—Panka a1 MomapHBIX KOMOMHAITNH TapaMeTpoB
Beca (I) B TEUYEHHE CE30HA M MPOAOKUTEIBHOCTH WHKyOalMOHHOM cMeHbl (nHeif). Crerka
3alITPUXOBAaHHbIE KJIETKM YKA3blBAIOT Ha IOJOXKUTEIBbHYIO Koppemsnuio, riae I > 0.7, a CHiIbHO
3aIITPUXOBaHHBIC KJICTKH YKa3bIBAIOT Ha OTPHUIATENbHYIO Koppemsamuro, riae I > 0.7. FFT — mepssrit
noxon 3a numieit, SFT — Bropoii moxox 3a nuiei.

CpenHue BpeMEHHBIC 3HaUCHHMS, CTaHAapTHOE oTKIIoHeHHe (SD), pasmep BeIOOpKH (N) 1 KodddurmeHt
Bapuanun (CV) Beca B pazIMyYHBIE MOMEHTHI MPUOBITHS W HHKYOAIIMOHHOTO IIEPHONA BO BpPEMs
nepuojia pasMHoKeHust. Bo BpeMs ce30Ha pasMHokeHus 1996/97 1. Bec caMOK MUHTBUHOB 110 YOBITUH
He peructpupoajcs. Bec Be3ze mokasan B rpaMmax.

CIMcoK pHCYHKOB

Bec, nonyuyeHHbli aBTOMaTU3UPOBAHHOM CHCTEMOM MOHMTOPUHIA IIMHIBUHOB B Hadajleé CE30HA
pasmuoxeHus 1999/2000 ., mpu mnepecedeHUHM caMIlaMH M CaMKaMH. BepTukalibHblC JMHUU CO
CTpeJIKaMH{ TOKAa3bIBAIOT MEPHOJ TONyYeHHsI JaHHBIX O Bece BO Bpems: (a) mpuObTus, (b) yObITHs
caMKH, (C) Bo3BpalleHus: caMKku/yobiTust camua u (d) Bo3BpaleHus camiia.

Bpemennas wusmenunBocTh napamerpoB CEMP, momydenHelx [ Bcero octpoBa. Ilapamerpsl
MEPEYNCIICHBI B TTOPSAKE UX PACIPEAEICHHs BO BPEMEHH 10 XOAYy MEPHUOAA Pa3MHOKCHNUS, HAYMHAS OT
MOJICUETa YHCIIEHHOCTH TI0 MPHOBITHN B KOJIOHHIO U JIO MOJCYETA NTEHIOB MPH ITOJHOM BCTYIJICHUH B
SICENIbHYIO CTAJIMIO B KOHIIE CE30HA.

Cpenumii Bec caMIIOB W CaMOK IO NMPHOBITHH B KOJIOHWIO, NIPU OTIpPaBKE B MEPBBIA U BO BTOPOH

noxoAsl 3a r[mueﬁ M IO BO3BpalllCHUU U3 ITHUX IMOXOHOB 3a rmmeﬁ, u perOI[yKTI/IBHI)Iﬁ ycnex B
COOTBCTCTBYIOLIEM CC30HEC.
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Fechas de eventos cronoldgicos dentro de una temporada tales como: el primer arribo a la colonia, la
primera puesta, la primera y tltima hembra que inicia su primer viaje de alimentacién, la primera y
dltima hembra que retorna de su primer viaje de alimentacién, el primer macho que inicia su segundo
viaje de alimentacién, el Gltimo macho que retorna del segundo viaje de alimentacién, y una estimacién
del primer emplumaje de cada temporada. Las letras (a) a la (d) se relacionan con eventos similares en
la figura 1.

Matriz de correlacién Spearman—Rank entre pares de parametros CEMP basados en los recuentos de
toda la isla entre 1991/92 y 2001/02. Los parametros se han arreglado en orden cronolégico, desde los
recuentos de aves a su llegada a la colonia al principio de la temporada reproductora hasta el recuento de
polluelos que llegan al fin de la guarderia. Los valores de r en negrita muestran las correlaciones entre
los pardmetros adyacentes temporalmente, las celdas sombreadas representan las correlaciones donde
r>0,7.

Promedio, desviacién estandar (SD), tamafio de la muestra (1) y coeficiente de variacién (CV) temporal
de los parametros correspondientes al éxito reproductor y al tamafo de la poblacién entre 1990/91 y
2001/02. n =11 indica que no hay datos para 1990/91. Los CV sobre 30% se destacan en negrita.

Matriz de correlacién r de Spearman—Rank para las combinaciones de parejas de pardmetros de la
duracién del viaje de alimentacién durante el periodo de cria de los polluelos, el turno de incubacién,
los pesos de arribo y el éxito reproductor (en negrita). Las celdas sombreadas ligeramente representan
correlaciones positivas donde r > 0,7, mientras que las celdas con sombreado oscuro indican correlaciones
negativas donde r > 0,7.

Promedio, minimo, maximo, desviacién estandar (SD), tamafio de la muestra (1) y coeficiente de
variacion (CV) para cada pardmetro desde 1990/91 hasta 2001/02 para n = 12. n = 11 indica datos
ausentes para 1990/91, n = 10 indica datos ausentes para 2001/02. Los CV sobre 30% se destacan en
negrita. Noétese que la duracion del viaje de alimentacion fue transformada a un valor log, antes del
andlisis.

Correlaciones Spearman—Rank y valores P relacionados para las correlaciones entre los pesos de los
pingtiinos dentro de una misma temporada y el éxito reproductor y el peso al emplumaje. Las celdas
sombreadas muestran las correlaciones estadisticamente significativas. #n = 10 en todos los casos,
FFT — primer viaje de alimentacién, SFT — segundo viaje de alimentacion.

Matriz de correlacién r de Spearman-Rank para las combinaciones de parejas de pardmetros del peso
dentro de una temporada (g) y la duracién del turno de incubacién (dias). Las celdas sombreadas
ligeramente representan correlaciones positivas donde r > 0,7, mientras que las celdas con sombreado
oscuro indican correlaciones negativas donde r > 0,7. FFT — primer viaje de alimentacién, SFT —segundo
viaje de alimentacién.

Promedio, desviacién estdandar (SD), tamafo de la muestra (1) y coeficiente de variacién (CV) de los
pesos entre el arribo a la colonia y la incubacién dentro de una misma temporada reproductora. No se
registré el peso de ninguna hembra durante el periodo de salida al mar en la temporada reproductora de
1996/97. Todos los pesos fueron medidos en gramos.

Lista de las figuras

Peso de los pingtliinos macho y hembra que cruzan a través del sistema de pesaje automatico durante el
inicio de la temporada reproductora de 1999/2000. Las lineas verticales y las flechas indican el periodo
de extraccién de datos del peso en una temporada durante: (a) el arribo, (b) la salida de la hembra al mar,
(c) el arribo de la hembra/salida del macho, y (d) el retorno del macho.

Variacién temporal en el recuento de los parametros CEMP de toda la isla. Los pardmetros se han
ordenado cronolégicamente a través de la temporada reproductora desde el recuento de las aves que
llegan a la colonia hasta el recuento de los polluelos que salen de la guarderia al final de la temporada.

Peso promedio de los pingiiinos macho y hembra al arribo, a la primera y segunda salida al mar y al
retorno de estos viajes de alimentacion, y el éxito reproductor correspondiente para la temporada.



