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Abstract

New methods are presented for the collection and development of data to adjust counts
of Adélie penguins made at any time in the breeding season to an estimate of the breeding
population. The development of ‘availability adjustment factors” involves the collection
of time-series counts of population objects, such as adults, nests or chicks, throughout the
breeding season and standardisation of the time series to a reference point one week after
the peak in egg laying, consistent with Standard Method A3 of the CCAMLR Ecosystem
Monitoring Program (CEMP). Remotely operating cameras were used to obtain time-series
counts of adults and nests, while time-series counts of chicks were obtained manually.
Standardised time series were modelled using a generalised additive model framework
to allow interpolation across days when no counts were available and to provide a formal
estimate of uncertainty around the average function. The method is illustrated using
data collected at the Béchervaise Island CEMP site in 2007/08. Estimates of the breeding
population obtained by adjusting a one-off count using availability adjustment factors will
not account for penguins that left the breeding site prior to the reference point because their
breeding attempt failed, breeding-age penguins that failed to return to the breeding site in
that breeding season, nor pre-breeding penguins. The abundance of these components of
the population can only be estimated through alternative methods such as mark-recapture
of individually tagged birds. Given the paucity of adjustment data in the literature, further
collection of availability adjustment data across space and time is recommended.

Résumé

Denouvellesméthodes sont présentées pourla collecte de données etleur développementen
vue d'ajuster les recensements de manchots Adélie effectués a différentes périodes pendant
la saison de reproduction pour obtenir une estimation de la population reproductrice. Pour
déterminer des « facteurs de correction en fonction de la disponibilité » il faut disposer de
séries chronologiques de diverses composantes des populations telles que des adultes,
des nids ou des jeunes, qui sont dénombrées tout au long de la saison de reproduction, et
les normaliser par rapport a un point de référence une semaine apres le pic de la ponte,
selon les termes de la méthode standard A3 du Programme de controle de 1'écosysteme
de la CCAMLR (CEMP). Des caméras télécommandées ont permis d'obtenir les séries
chronologiques des décomptes d'adultes et de nids, alors que la série des décomptes des
poussins a été obtenue de visu. Les séries chronologiques normalisées ont été modélisées
grace a un modele additif généralisé dont la structure permet I'interpolation des jours sans
décomptes et de fournir une estimation formelle de l'incertitude entourant la fonction
moyenne. La méthode est illustrée a I'aide de données collectées au site du CEMP de
I'ile Béchervaise en 2007/08. Les estimations de la population reproductrice obtenues en
appliquant des facteurs de correction en fonction de la disponibilité a un recensement
unique ne tiennent compte ni des manchots ayant quitté le site de reproduction avant le
point de référence en raison de I'échec de leur tentative de reproduction, ni des manchots
qui, bien qu'étant en age de se reproduire, ne sont pas retournés au site pendant la saison de
reproduction en question, ni des pré-reproducteurs. L'abondance de ces composantes de
la population ne peut étre estimée que par des méthodes différentes telles que la recapture
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d'oiseaux marqués individuellement. Compte tenu de la rareté des données d'ajustement
dans la littérature, il est recommandé de collecter d'autres données d'ajustement en
fonction de la disponibilité en divers endroits et a divers moments.

Pesrome

[IpencraBnensl HOBbIE METO/BI cOOpa W 00pPabOTKM JaHHBIX C LENBI0 KOPPEKTUPOBKH
MOICYETOB THMHIBUHOB AJeNu, NMPOBOAMBIIMXCS B JIF000OE BpeMsi B IEPHOJ CE30HA
pa3MHOXEHHS, B COOTBETCTBUH C OLICHKOW pa3MHOXaroLiencst momynsinun. PaspaboTka
"KOPPEKTUPOBOYHBIX KOA(QUIMEHTOB Hanmnums" BKIOYaeT cOOp BPEMEHHBIX DSIOB
MIO/ICYETOB OOBEKTOB B IOIYJISALINH, TAKMX KakK B3POCIbIC 0COOM, THE3a WM NTEHIIbI,
B TEUEHUE BCEr0 CE30HA Pa3sMHOXKEHMS U CTaHJAPTH3aLMI0 3TUX BPEMEHHBIX PAIOB
B COOTBETCTBUU C KOHTPOJBHBIM 3HAQUCHHEM 4Yepe3 HEAENI0 TOCIe MUKA KIaAKU
UL, cornacHo craHgapTHomy Metony A3 Ilporpammel AHTKOM no MOHUTOpUHTY
skocucrembl (CEMP). Jlnst momy4eHust BpeMEHHBIX PSZ0B IOJICYETOB B3POCIBIX 0co0eH
U THE3] UCIOJIb30BAJIUCH JUCTAHIMOHHO YNpPAaBIIsEMble KaMEphl, a BPEMEHHBIE PsbI
IOICYETOB ITEHIIOB OBLIM MOTy4eHb! BpyuHyt0. CTaHIapTH30BaHHbIC BPEMEHHBIE PSi/IbI
MOZIETTMPOBAJINCH C UCIIOJIB30BAaHUEM CHCTEMbI 000OIICHHON a/IMTHBHOW MOJIEINH, YTO
MI03BOJISIET MIPOBECTH MHTEPIIOJSALHUIO B T€ THH, KOTJa He ObUIO HUKAKHX ITOJCYECTOB, U
MOJTy4nTh (POPMAJIbHYIO OIEHKY HMHTEpBaja HEOINPEACICHHOCTH CpeAHEH (yHKIUH.
JlaHHBII MEeTON WILTIOCTPUPYETCS C MOMOIIBIO TaHHBIX, cOOpaHHbIX Ha ydacTke CEMP
Ha o-Be bemepse3 B 2007/08 r. OueHKH pa3MHOXKAIOMICHCS TTOMYJISIINY, MTOTY4YCHHbIC
IIyTeM KOPPEKTUPOBKU OJHOPA30BOIO MOJACUETA C HUCIOIb30BAHUEM KOPPEKTHUPOBOUHBIX
KOO((QUIMECHTOB HaIW4Msi, HE YYUTHIBAIOT MHHIBHHOB, IOKMHYBIIUX THE3/I0BbS
JI0 KOHTPOJILHOTO MOMEHTa BpPEMEHHM H3-3a HEyAaBLIEHCS MOMBITKU Pa3MHOXKEHUS,
MUHTBUHOB PENPOAYKTUBHOIO BO3PACTa, HE BEPHYBIIUXCS B THE3/I0BbE B JAHHOM CE30HE
Pa3MHOXKEHUS, U MIMHTBUHOB JI0 Ha4aja pa3sMHOXKEHUs. UHCIEHHOCTb ATUX KOMIIOHEHTOB
MOMYJISIUA MOXHO OIPEIEIUTh TOJABKO C MOMOIBIO aJIBTEPHATUBHBIX METONOB, TAKUX
KaK MEUYEHHME U IOBTOpHAs MOUMKA OTAEIbHO MOMEUEHHBIX NTHULl. YUUTHIBAs Mayoe
KOJIMUECTBO KOPPEKTUPYIOIIUX JAAaHHBIX B JIMTEPAType, PEKOMEHAYETCs MPOAOJKATh
coOMpaTh KOPPEKTUPYIOIINE JaHHbIE O HAJMYMHM B MPOCTPAHCTBEHHBIX M BPEMEHHBIX
Macmradax.

Resumen

Se presentan nuevos métodos de recoleccion y tratamiento de datos con el fin de ajustar
los recuentos de pingiiinos adelia efectuados en cualquier momento durante la temporada
de reproduccién y obtener una estimacién de la poblacién reproductora. El desarrollo
de "factores de ajuste del sesgo por disponibilidad" requiere la recoleccién de series
cronoldgicas de recuentos de sujetos de una poblacién objetivo (como adultos, nidos o
polluelos) durante toda la temporada de reproduccion, y la normalizaciéon de las series
cronoldgicas en relacion con un punto de referencia una semana después de la fecha de
maxima postura de huevos, de conformidad con el método estandar A3 del Programa
de Seguimiento del Ecosistema de la CCRVMA (CEMP). Se utilizaron cdmaras operadas
por control remoto para obtener las series cronolégicas del niimero de adultos y nidos,
mientras que el ntimero de polluelos fue contado a mano. Las series cronoldgicas
normalizadas fueron modeladas mediante un modelo aditivo generalizado con el fin
de permitir la interpolacién para dias sin recuentos y para proporcionar una estimacién
formal de la incertidumbre del promedio. Se ilustra el método con datos recogidos en el
sitio CEMP de Isla Béchervaise en 2007 /08. Las estimaciones de la poblacién reproductora
obtenidas aplicando factores de ajuste del sesgo por disponibilidad a un solo recuento no
dan cuenta de los pingiiinos que salieron de la colonia de reproduccién antes del punto
de referencia al no tener éxito en la reproduccion, los pingiiinos en edad de reproducirse
que no regresaron a la colonia en dicha temporada de reproduccién, o los pingiiinos
en edad pre-reproductiva. La abundancia de estos componentes de la poblacién sélo
puede ser estimada con otros métodos como el marcado y recaptura de aves marcadas
individualmente. Dada la escasez de datos publicados sobre el ajuste, se recomienda
continuar recogiendo datos para ajustar el sesgo debido a la disponibilidad, en distintas
escalas espaciales y temporales.

Keywords: abundance estimation, Adélie penguin, availability bias,
generalised additive modelling, parametric bootstrap, CCAMLR
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Introduction

It is widely recognised that the interpretation
of counts of penguin populations at their breeding
sites during the breeding period is strongly depend-
ent on the timing within a breeding season at
which they are undertaken (Croxall and Kirkwood,
1979). Because of the population dynamics of birds
present at any given breeding site throughout
a breeding season, optimal times may exist for
obtaining estimates of each of the different popu-
lation components. Consequently, a count of some
population object, such as adults, nests or chicks,
outside the optimal time may need to be adjusted
by some date- or stage-specific factor if the count is
to form the basis of an estimate of some component
of the total population, for example the breeding
population (Lynch et al., 2009).

The need to adjust counts of penguins at their
breeding sites with date- or stage-specific factors
is related to the concept of ‘availability bias’. This
term is used in the abundance estimation literature
(e.g. Marsh and Sinclair, 1989) to refer to counting
bias that results from animals that are completely
obscured from view, and hence are not available for
counting. Terrestrial species taking shelter under
vegetation, for example, may not be available for
counting by an observer passing overhead in an
aircraft, and marine species diving underwater
may not be available for counting by an observer
in a passing ship. The concept of availability can in
principle be extended to surveys of colonial breed-
ing species, such as penguins, where some breed-
ing individuals may be foraging away from the
breeding colony for periods during the breeding
season, and hence are not available for counting at
the breeding site (Southwell, 2004). For Antarctic
penguins, including the Adélie penguin (Pygoscelis
adeliae), the remoteness of breeding sites, and dif-
ficulty accessing them at predictable times of the
year, means that population counts cannot always
be obtained at an optimal time of a breeding season
for obtaining an unbiased estimate of the breeding
population. Consequently, one-off raw counts by
themselves may be biased estimators of the breed-
ing population and hence have low comparability
with counts at other sites or times unless standard-
ised to a common point of breeding chronology.

While the need to adjust raw penguin count
data obtained at varying times within a breeding
season to minimise bias in estimates of the breed-
ing population has long been recognised, the
considerable amount of work in obtaining one-
off counts for population surveys has not been
matched by the collection of adjustment data. This
paper attempts to fill this gap by reporting on new
methods for the collection and development of

availability adjustment data for Adélie penguins in
East Antarctica. Availability curves, such as those
presented here, are further used as a critical data
input to a parametric bootstrap model for bias-
correcting historical and recent counts of Adélie
penguins in Antarctica, as presented in a compan-
ion paper (McKinlay et al., 2010).

Material and methods

Relevant aspects of Adélie penguin population
dynamics at the breeding site

Detailed studies have elucidated the dynamics
of Adélie penguin populations at their breeding
sites (e.g. Ainley, 2002). While these studies have
generally not aimed to develop availability adjust-
ment factors for population estimation, they pro-
vide important background information concern-
ing patterns of attendance, described below. While
the pattern presented here is based on data obtained
from Béchervaise Island near Mawson Station, East
Antarctica, it is applicable to other Adélie penguin
populations.

Adélie penguins begin arriving at their breed-
ing sites around mid-October, with adult numbers
reaching a peak in early November (Figure 1).
Many of these penguins form pairs, establish nests
and subsequently produce eggs and chicks, but a
proportion of the penguins either do not attempt to
breed or fail in their initial breeding attempt. There
is a subsequent decline in the number of birds at
the breeding colony as females leave the breeding
site shortly after laying their eggs around mid-
November (Davis, 1988) to undertake a foraging
trip of around 17 days duration (Emmerson et al.,
2003). Non-breeders and failed-breeders also leave
the breeding site around the time of egg-laying,
leaving a population comprised almost entirely of
single males incubating eggs at each nest. There can
also be nest failure and the departure of attendant
males in the time between first and last egg-lay. The
number of occupied nests present after the last eggs
have been laid, or equivalently around a week after
the peak in egg laying, is considered the most rep-
resentative count of the number of breeding pairs at
the colony as defined by the CCAMLR Ecosystem
Monitoring Program (CEMP) Standard Method
A3 (CCAMLR, 2004) (indicated by a large circle
in Figure 1). The incubation period then follows
with a single adult on each nest, during which time
females return from foraging and relieve the males
from their incubating duties, who in turn leave the
breeding sites to forage. Nest failure and departure
of attendant adults may continue through the incu-
bation period, resulting in a decline in both adults
and occupied nests. Between late-December when
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Figure 1:

Population dynamics of Adélie penguins at a breeding

site based on Béchervaise Island nest census and
colony-wide counts in the 2002/03 breeding season.
The circle indicates the time within the incubation
period when a single adult is at each nest: this is about
a week after peak clutch initiation.

eggs begin to hatch and mid-January when chicks
become independent of the nest site, the chicks are
alternately guarded by a single parent while the
other undertakes a short foraging trip. During this
guard phase, many non-breeding birds return to
breeding sites (the re-occupation period) (Spurr,
1977; Ainley, 2002). From mid-January onwards,
the number of adults and occupied nests declines
as adults spend more time foraging to provision
their chicks and for self-maintenance (Clarke et
al., 2006), and chicks become independent of nest
sites.

Time-series counts

Availability adjustment factors for correcting
one-off counts of adults, nests or chicks can be
obtained by utilising a time series of counts across
a breeding season for each of those population
objects. In this study, time-series counts of adults
and nests were obtained using automated cameras
(Newbery and Southwell, 2009), and time-series
counts of chicks were obtained by direct observa-
tion.

Cameras were deployed approximately 20-50 m
from the edge of colonies of breeding Adélie pen-
guins and oriented to take in a fixed view of around
30-50 nest sites within the colonies. Ideally, cam-
eras should be located at random locations with
respect to sub-colonies, but for practical reasons
consideration was given to topography (a slightly
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elevated position provided a better view of individ-
ual nests) and direction of view (wind direction can
affect snow build-up and the orientation of nesting
birds: a direction into the prevailing wind was pre-
ferred) when locating cameras. Data are presented
here from three cameras operating at Béchervaise
Island (67°35'S 62°49'E) near Mawson station dur-
ing the 2007 /08 breeding season. The cameras were
programmed to take a single photo at solar midday
each day from 10 October 2007 to 31 January 2008.
Time-series counts of adult penguins and appar-
ently occupied nests (defined as a nest structure of
small rocks occupied by a penguin, either lying or
standing; hereafter referred to as AO nests) were
made from the sequence of images obtained from
each camera. No counts were made in areas where
visibility was limited by the presence of rocks, or in
areas too distant for reasonable viewing. Purpose-
built software written in Java was developed to
facilitate rapid viewing of images, overlaying of
boundaries and recording of counts.

While accurate time-series counts of chicks can
be obtained from camera images for a restricted
period when chicks are at their nests and are large
enough not to be obscured by the attending adult,
the reliability of counts from the fixed cameras is
likely to decline after chicks become independ-
ent of the nest and move more widely over the
breeding site. Time-series counts of chicks were
therefore obtained by an observer who was free to
move around the entire breeding site to maximise
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the period for obtaining reliable time-series counts.
Chick counts were made in accordance with CEMP
Standard Method A6a (CCAMLR, 2004), which
specifies that chick counts be undertaken ‘on the
same day each year...when about two-thirds of
chicks have entered créches’ in the same colonies
used to assess breeding population size with CEMP
Standard Method A3 (see below). Chick count data
are presented here for the same site (Béchervaise
Island) and breeding season (2007/08) as adult
and AO nest data. In 2007/08, chick counts were
undertaken for all sub-colonies on Béchervaise
Island around the time of two-thirds creching, and
additional counts were made at regular intervals
prior to and after this time. A total of 12 island-
wide chick counts were made between 9 January
and 16 February 2008.

Standardising time-series counts using
a reference point count

In order for time-series counts to be used to
adjust one-off counts for availability, they need to be
transformed to a time series of availability adjust-
ment factors by standardising them to a common
point in the breeding chronology that represents a
known component of the population. This requires
the identification of a specific stage of the breeding
chronology for use as a reference point.

The reference point detailed within CEMP
Standard Method A3 for estimating breeding pop-
ulation size was used to standardise time-series
counts. Method A3 specifies that counts of occu-
pied nests should be undertaken a week after the
peak in egg laying (CCAMLR, 2004). The method
does not specify whether the ‘peak in egg laying’
refers to the first egg or all eggs, but the difference
between the first and second egg-lay is just a few
days (Ainley, 2002). At this stage of the breeding
chronology, all or most breeding females, as well as
the non-breeders, have left the breeding site, leav-
ing a single male occupying each nest, and nest loss
is minimal. Consequently, a count of occupied nests
at this point provides the closest practical represen-
tation of the breeding population. Direct determi-
nation of the peak in either first or all egg laying
requires detailed observation of individual nests
over long periods of time, which was not under-
taken at Béchervaise Island in 2007/08. However,
as female Adélie penguins leave the breeding site
to forage very shortly after laying their second egg
(Penney, 1968), the peak in laying all eggs will coin-
cide closely with the maximum rate of decline of
adult numbers following their initial arrival. This
point was identified by eye from the time series of
adult counts from each camera, and the count of

AO nests a week later was used as the reference
point against which adult and AO nest time-series
counts were standardised.

Camera counts of AO nests could not be used
as a reference point for island-wide chick counts
because of their restricted spatial coverage.
However, CEMP Standard Method A3 (see above)
was applied across Béchervaise Island as part of
the ongoing CEMP program. This count was used
as a reference point for chick time-series counts.

Modelling availability adjustment factor
time series

In order to adjust one-off counts of adults, AO
nests or chicks it is necessary to utilise a model of
the availability of these population objects through
time relative to an appropriate reference count.
Modelling the average availability smoothes out
small-scale irregularities in the series and allows
interpolation across periods when no counts
were available (e.g. no photographic counts due
to blizzard events), and to provide a formal esti-
mate of uncertainty around the average function.
Since availability curves can show considerable
variation, a flexible yet parsimonious modelling
approach was needed. For this purpose, time
series of availability adjustment factors were mod-
elled using a generalised additive model (GAM)
framework (Hastie and Tibshirani, 1990), using
the penalised regression spline implementation of
Wood (2006) in which the degree of smoothness is
automatically selected by minimising a generalised
cross-validation (GCV) criterion. All analyses were
conducted in the R (v2.10.0) language for statisti-
cal computing (R Development Core Team, 2009)
using the mgcv package of Wood (2006). Overfitting
is occasionally observed when using GCV and
this was controlled by increasing the smoothing
parameter, v, to 1.4 as recommended by Kim and
Gu (2004) and Wood (2006).

Separate models were developed for each type
of count object (adults, AO nests or chicks). The lin-
ear predictor for each model was taken to be the
availability factor p, as a smooth function in time
(t, days since 1 October), where p, is defined as
the time-series counts of a population object (71,)
divided by the reference count of AO nests on the
date one week after the peak in egg laying (ﬁtad]-):

R 1,
Pa ==
n
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Thus, a count of a population object at any date
within a breeding season (C,_,) can be adjusted to
the predicted number of AO nests (N) present one
week after the peak in egg laying by:

Results

The cameras provided clear images on 93% of
camera-days. Instances when images were unsuit-
able for counting corresponded with the occur-
rence of blizzards, when blowing snow obscured
all or most penguins and nests in the field of view.
The longest gap in a time series of counts from any
camera was three days. Outside these instances, it
was possible to count adults in all images, although
careful attention to counting was required during
the first peak in attendance when some penguins
can partially or largely obscure others from view.
All adult time series showed an expected bimo-
dal attendance profile (Figure 2). Maximum adult
counts within the areas delineated as ‘countable” at
the first peak in attendance were 114, 96 and 135 for
cameras 1-3 respectively. The dates of maximum
decline in adults for camera locations 1-3 were 22,
20 and 22 November respectively (left-hand verti-
cal dashed lines, Figure 2), and consequently the
reference dates for adjusting counts were 29, 27
and 29 November (right-hand dashed vertical line,
Figure 2). Adult availability adjustment factors
(i.e. the ratio of adults to AO nests) at the reference
dates ranged from 1.09-1.14, indicating the pres-
ence of a variable, but generally small, number of
adults additional to the males occupying nests one
week after the peak in egg laying. The reference
point consistently occurred at or just after a transi-
tion in the slope of the adult time series (Figure 2),
which would correspond closely to the time when
egg laying was completed and all breeding females
had left.

Accurate counts of AO nests were not possible
during the first peak in attendance because most
nests were obscured from view by attending adults.
The number of AO nests declined slightly in the
time between the reference date and late December,
and thereafter declined quickly (Figure 3). AO nest
counts on the reference date were 58, 51 and 62 for
cameras 1-3 respectively. AO nest adjustment fac-
tors are by definition always unity at the reference
point.

Direct counts of chicks were made on 12 days

over the 39-day period from 9 January to 16
February 2008. The longest gap in the time series
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of counts was six days. Island-wide chick counts
declined from 637 on 9 January to 39 on 16 February
2008 (Figure 4). The island-wide AO nest count on
30 November 2007 was 1 959.

Figures 2-4 show fitted models (solid line)
and approximate 95% confidence intervals (Cls)
(shaded bands) arising from GAM fits to avail-
ability adjustment factors. Fitted models for adults
required 19.0, 21.5 and 21.7 effective degrees of
freedom (e.d.f.), and accounted for 99, 98 and 99%
of the deviance, for cameras 1-3 respectively. Fewer
degrees of freedom were required for models of AO
nests, which required 11.7, 10.8 and 6.5 e.d.f., and
accounted for 99, 98 and 98% of the deviance, for
cameras 1-3. The chick attendance curve was less
complex than either the adult or AO nest curves,
requiring only 3 e.d.f. and accounting for 99% of
the deviance. Residual analysis from all models
considered indicated a Gaussian error model to be
satisfactory, and examination of the autocorrela-
tion function of residuals showed no suggestion of
serial dependence.

Discussion

The development of remotely operating cam-
eras has opened up new possibilities for the wide-
spread collection of availability adjustment data.
Previously, this has required repeated visits by
observers to breeding sites throughout the breed-
ing period, or observers taking up residence at
sites across the breeding period, in order to obtain
time-series counts. However, travelling between
sites in Antarctica can be logistically very difficult
or impossible later in the breeding period after
stable sea-ice disappears, and relying on resident
observers at breeding sites limits data collection to
the number of observers available. Once deployed,
the cameras can operate independently over sev-
eral years without the need for servicing or mainte-
nance, and images can be downloaded at any time
of the year when access is easiest. Further deploy-
ment of cameras at other sites and regions around
Antarctica would allow improved assessment of
the extent and nature of spatial variability in adjust-
ment data, and continued operation over time will
indicate the extent of temporal variability.

Knowledge of the magnitude of spatial and tem-
poral variability in availability is important when
accounting for uncertainty in broad-scale estimates
of breeding abundance. While one-off counts may
be obtainable over many breeding sites in any
future broad-scale surveys, time-series counts for
availability data will invariably be restricted to
a sample of these sites, even if cameras are used.
In the absence of data on availability at any site
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Figure 2:  Time-series counts and modelled time series (showing approximate 95%

CI as shaded bands) of availability adjustment factors (p,) for adults
from images taken by three remotely operating cameras on Béchervaise
Island in the Mawson region during the 2007/08 breeding season. The left
vertical dashed line indicates the date of maximum rate of decline in adults
(determined by eye), taken as the approximate time of peak egg-lay. The
right vertical dashed line indicates the date a week after the maximum
decline, which was used as the reference point to standardise counts (ntﬂd]_).
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Figure3:  Time-series counts and modelled time series (showing approximate 95%
CI as shaded bands) of availability adjustment factors (p,) for AO nests
from images taken by three remotely operating cameras on Béchervaise
Island in the Mawson region during the 2007/08 breeding season. The left
vertical dashed line indicates the date of maximum rate of decline in adults
(determined by eye), taken as the approximate time of peak egg-lay. The
right vertical dashed line indicates the date a week after the maximum
decline in adults, which was used as the reference point to standardise
counts (1, 4/‘)'
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Figure 4:  Time-series counts and modelled time series (showing approximate 95% CI

as shaded bands) of availability adjustment factors (p,) for chicks from direct
counts on Béchervaise Island in the Mawson region during the 2007/08
breeding season. A count of AO nests on 30 November 2007 was used as the

reference point to standardise counts (nfad,)'

where a one-off count has been made, it would
be precautionary to apply adjustment data from
all those sites in the region with availability data.
If spatial variation in availability adjustment data
exists, there will be some inferential cost or uncer-
tainty associated with the application of multiple
adjustment factors. For the same reason, temporal
variability would also lead to some uncertainty in
adjusting counts if the adjustment data are collected
for years other than the time of the count data, as
will be the case when interpreting most historical
count data. Thus, while this paper only addresses
the development of adjustment factors for a single
site and year, it is expected that in most situations
adjustment data from several sites and/or years
would be applied to any one-off count datum. The
bootstrapping method presented in McKinlay et al.
(2010) quantifies the uncertainty that is propagated
into the abundance estimate due to this process.
As the amount of adjustment data increases across
space and time in the future, it may be possible to
develop predictive models relating variation in
adjustment time series to environmental covariates
(e.g. Lynch et al., 2009), and these models might be
used to minimise the resulting uncertainty in abun-
dance estimates.

Our application of the concept of developing
adjustment factors to take account of availabil-
ity bias in relation to chick counts includes both
chick mortality at the breeding site before fledging
and chicks leaving the breeding site at the time of
fledging. While including chick mortality may not
strictly be in the spirit that the concept of avail-
ability was originally developed, its inclusion is a
practical means of accounting for overall declines
in the number of chicks produced at the beginning
of the breeding season. This is important because
adjustment factors have been used to determine the

number of breeding pairs from chick counts. For
the reasons discussed above, in most cases, appli-
cation of chick availability factors to adjust one-off
count data would use chick availability data from
several years, and because chick mortality is highly
variable from year to year (Ainley, 2002), the asso-
ciated uncertainty would be much larger than from
the single year shown in Figure 4.

The potential for bias in adult time-series counts
during the first peak in attendance due to some
penguins partially or largely obscuring others can
be minimised or eliminated if cameras are located
at an elevated vantage point. A zoom facility in the
purpose-built Java software used for counting pen-
guins from photographs also helped to minimise
any bias. Time-series counts from photographs
were strongly coincident with island-wide manual
time-series counts by a free-ranging observer, sug-
gesting that any bias in camera counts during peak
attendance was trivial.

The use of manual survey methods for obtain-
ing chick time-series counts recognised the poten-
tial limitation in using fixed cameras for this pur-
pose, given that chicks become independent of
nest sites and move around the breeding site from
mid-January onwards. Nevertheless, further inves-
tigation of the utility of cameras for obtaining chick
counts is warranted. It is possible, for instance, that
reliable counts might be obtained if multiple images
are taken each day during the time when chicks are
independent of the nest. This is easily achieved by
re-programming the cameras and is a focus of cur-
rent work at Béchervaise Island. In the absence of
automated data collection, the continued applica-
tion of manual counts at Béchervaise Island and
other CEMP sites will provide a valuable source of
data for adjustment of chick count data.
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The complexity of availability curves differed
markedly between the three types of penguin count
objects (adults, AO nests and chicks). Across a large
range of availability datasets, in addition to those
presented here, adult models consistently required
greatest complexity (typically 20-25 e.d.f.), fol-
lowed by nest models (8-11 e.d.f.), with chick mod-
els requiring the least (6 or fewer e.d.f.). Due to the
relatively long nature of adult and AO nest time
series derived from automated cameras (typically
greater than 90 and 50 time points respectively), the
sometimes complex shape of the attendance func-
tion for those count objects has been able to be ade-
quately captured in all models considered so far.
Similarly, the modelling approach presented has
been able to successfully accommodate the regular
4-6 day gaps in chick time series, largely due to the
simpler structure of the chick attendance function
between créche and fledging stages compared with
adult and AO nest attendance functions.

The types of models presented naturally invites
the question of whether there might be some
minimum amount of data required before fitting
attendance functions by this method. While clearly
some lower limit will apply to the number of data
points required for successfully capturing adjust-
ment function shape, the answer will depend on
the count object considered and the structure of
missing values in the series. It is therefore difficult
to provide prescriptive guidance, except perhaps
to say that there should be sufficient data to effec-
tively capture the shape of the function. To this
end, expert knowledge, in the form of an a priori
understanding of the general expected form of the
function, is required. For example, it may be pos-
sible to fit a linear relationship to a small number
of widely spaced data points, however, few would
argue that a straight line might provide a reason-
able representation of an attendance function over
the course of a season. Normal principals of regres-
sion modelling should be observed, such as resid-
ual analysis and outlier investigation, and these
may help inform when particular series are unsuit-
able for modelling in this way.

At present, the reference point for calculating
adjustment factors for adults is chosen as occur-
ring seven days after the date judged by eye to cor-
respond to the peak in egg laying (i.e. seven days
after the date with maximum rate of decline of
adult numbers following their initial arrival). An
automated, objective method for selection of this
point of maximum rate of decline is desirable, but
attempts to do so have so far been unsuccessful.
One method examined involved calculating rates
of decline over the key period to find a maximum,
but two issues were immediately apparent. First,
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the timing of peak attendance may shift consider-
ably depending on site-specific or seasonal con-
siderations (Ensor and Bassett, 1987, Woehler et
al., 1991), making it difficult to formulate a single
automated method capable of operating over all
space and time. Second, breeding failure at a site
may result in an uninterrupted decline in adult
numbers from the time of peak attendance, mak-
ing determining the point of maximum decline
ambiguous. While work to determine an objective
method for automatically determining adjustment
dates continues, for the present, expert opinion is
the preferred method to judge the date of peak egg
laying.

The approach to modelling availability curves
adopted here treats subsamples (i.e. multiple loca-
tions measured at a single site in a season) as inde-
pendent data, with separate models developed for
each subsample. Other approaches are possible
and may be preferred in some circumstances. For
instance, subsamples could be modelled as ran-
dom effects in a generalised additive mixed model
of overall site attendance. For a single modelling
exercise this would almost certainly be a preferred
approach. However, the analysis presented here
is consistent with allied work incorporating these
models into a parametric bootstrap model for
broad-scale adjustment and aggregation of multi-
ple one-off counts from Eastern Antarctica. In that
work, site-specific adjustment factors are deter-
mined by appropriately weighting subsamples in
the bootstrap process (McKinlay et al., 2010). An
alternate approach, previously considered for data
of this type, is quantile regression incorporating
smoothing splines (Koenker et al., 1994). Emmerson
et al. (2004) used this method to model different
regions of Antarctica by fitting a single model to
multiple time series simultaneously by considering
them as a single series. This approach proved an
attractive one for capturing the shape and variabil-
ity of multiple series, since it inherently captured
non-constant variance over the modelled time-
period. However, the degree of variance heteroge-
neity with time is closely linked to the inclusion of
multiple series in a single model, and the issue of
non-constant variance is naturally accommodated
by fitting separate models and combining them in
a weighted bootstrap setting.

Conclusion

The adjustment factors presented here allow
estimates of Adélie penguin breeding populations
tobe made from counts of adults, AO nests or chicks
at any time of the breeding season. Specifically, in
this context the breeding population comprises
penguins that were attempting to breed at the
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reference point of one week after the peak in egg
laying. This does not include penguins that left the
breeding site prior to the reference point because
their breeding attempt failed, breeding-age pen-
guins that declined to return to the breeding site
in that breeding season, nor pre-breeding pen-
guins. The abundance of these components of the
population can only be estimated through alterna-
tive methods, such as mark-recapture analyses of
detection histories collected over multiple years of
individually tagged birds.

The methods proposed here should have gen-
eral applicability to species with similar biology to
the Adélie penguin, which has a highly constrained
and synchronised breeding phenology. For species
with lower synchrony, such as the gentoo penguin
(Pygoscelis papua) (Croxall, 1984; Lynch et al., 2009),
only a proportion of all birds breeding in a summer
may be present at any one time. In this case, the
methods outlined here will overestimate availabil-
ity, and therefore underestimate breeding abun-
dance, unless some auxiliary information, such as
mark-recapture data, are available.
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Dynamique de la population de manchots Adélie sur un site de reproduction, a partir du recensement
des nids et des dénombrements a I'échelle de la colonie, a l'lle Béchervaise pendant la saison de
reproduction 2002/03. Le cercle indique le temps de présence au nid d'un seul adulte pendant la période
d'incubation : soit environ une semaine apres le début du pic de la couvée.

Série chronologique des dénombrements et série chronologique modélisée (montrant dans une bande
grise un intervalle de confiance a environ 95%) des facteurs de correction (p,) en fonction de la disponibilité
des adultes, a partir d'images prises par trois caméras télécommandées sur I'lle Béchervaise dans la région
de Mawson pendant la saison de reproduction 2007/08. Le trait vertical de gauche en pointillés indique
la date du taux maximal de déclin des adultes (déterminé de visu), correspondant approximativement
au pic de la ponte. Le trait vertical de droite en pointillés indique la date, une semaine apres le déclin
maximal, ayant servi de point de référence pour normaliser les dénombrements (”tadf)'

Série chronologique des décomptes et série chronologique modélisée (montrant dans une bande grise un
intervalle de confiance a environ 95%) des facteurs de correction (f,) des nids apparemment occupés, a
partir d'images prises par trois caméras télécommandées sur 1'ile Béchervaise dans la région de Mawson
pendant la saison de reproduction 2007/08. Le trait vertical de gauche en pointillés indique la date du
taux maximal de déclin des adultes (déterminé de visu), correspondant approximativement au pic de la
ponte. Le trait vertical de droite en pointillés indique la date, une semaine apres le déclin maximal des
adultes, ayant servi de point de référence pour normaliser les dénombrements (ntﬂdj).

Série chronologique des décomptes et série chronologique modélisée (montrant dans une bande grise un
intervalle de confiance a environ 95%) des facteurs de correction (p,) desjeunes, a partir de dénombrements
directs sur 1'lle Béchervaise, dans la région de Mawson, pendant la saison de reproduction 2007/08. Un
décompte des nids apparemment occupés, daté du 30 novembre 2007, a servi de point de référence pour
normaliser les dénombrements (”t,,d/)~

CHucox pruCcyHKOB

JvHaMuKa TONYJISLUKA MHUHTBUHOB AJEJIM Ha y4acTKe Pa3MHOKCHHUS 10 JaHHBIM yd4eTa THe3I U
TOJICUETOB 110 Beeil Kononuu Ha 0-Be bemepses B ce3oHe pazmuoxkenust 2002/03 1. Kpyskok rmokasbiBaeT
BpeMsl B TeUEHHE HHKYOAI[MOHHOTO IIEPHO/Ia, KOT/Ia B KaXKJIOM I'HE3/Ie HaXOANTCS O/THa B3pOCIIas NTHIA:
9TO NPOUCXOAUT IIPUMEPHO Yepe3 HelleIII0 OCIe Havala TMKOBOTO NEePHOAa KIIaJKH.

BpemMeHHbIe psIbl TOJCYETOB M CMOJICIIMPOBAHHBIC BPEMEHHBIEC PsiIbI (3AIITPHXOBAHHBIMH MOJIOCKAMHU
rokasaHbl puonu3uTensusie 95% JI1) KoppeKTHpoBOUHBIX Kod(duimenToB Hannaus (P,) B3POCIBIX
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OTHII TI0 (oTorpadusiM, MONTYYCHHBIM C TOMOIIBID TPEX IMCTAHIIMOHHO YIPAaBISIEMbIX KaMep Ha
o-Be berrepse3 B patione craniuu MoycoH B ce3oHe pasmuokerus 2007/08 r. JieBast BepTukanbHas
MYHKTUPHAS JIMHUS [TOKA3bIBACT JIaTy MAKCHMAJIbHBIX TEMIIOB COKPAIICHUS YMCICHHOCTH B3POCIBIX
nTHIl (OIPEICICHO Ha I1a3), MPOUCXOASIICTO MPUOIU3UTEIBHO B ITMKOBBIN MEPUO/] OTKIIAIBIBAHUS SIHII.
IlpaBass BepTHKaJIbHAS MyHKTUPHAS JIMHUS MOKA3bIBACT JATy Yepe3 HEACII0 MOCJIe MaKCHMAJIbHOTO
COKpaIIEHUsI YUCIICHHOCTH, KOTOPAsl NCIIOJIb30BaJIach KaK KOHTPOJILHOE 3HAUYCHHUE JIJIs CTaH/IapTH3aLuH
MOJICYCTOB (”tadf)'

BpeMeHHbIe psizbl MOJICYETOB ¥ CMOJICIIMPOBaHHbBIC BPEMEHHBIE PsiIbI (3AIITPHXOBAHHBIMH MOJIOCKAMHU
nokaszanbl mpuonusuTensHbie 95% JIM) koppekTHpoBouHBIX Ko3(duiuentoB Hanmuuus (p,) ABHO
3aHATHIX THE3] 10 (hoTorpadusiv, OIyYSHHBIM C TIOMOIIBIO TPEX TUCTAHIIMOHHO YIPABISIEMBIX KaMep
Ha 0-B¢ berepses B patione craniu MoycoH B ce3one pasmHokenust 2007/08 1. JIeBast BepTukanbHas
MYHKTHPHAS JINHUS [TOKa3bIBaeT JIaTy MaKCHMAaJbHBIX TEMIIOB COKPAIICHUSI YUCICHHOCTH B3POCIBIX
nTHl (ONpeiesieHo Ha IJ1a3), TPOUCXO/SIIEro MPUOIU3UTEIHLHO B MMKOBBIN MEPHOJL OTKJIA IbIBAHNUS SIUIL.
[IpaBast BepTHKaibHAs MYHKTHPHAs JIMHUS ITOKa3bIBaeT JaTy 4epe3 HEJEo MOCiIe MaKCUMalbHOTO
COKpaIIEHUsI YUCIICHHOCTH, KOTOPAsl NCIIOJIb30BaIach KaK KOHTPOJILHOE 3HAYCHHUE JIJIsl CTaH/IapTH3aL UK
MOJICYCTOB (ntad,-)'

BpeMeHHbIe psIbl MOJICYETOB M CMOJICIIMPOBaHHbBIC BPEMEHHBIE PsiIbI (3AIITPHXOBAHHBIMH MOJIOCKAMHU
ToKa3aHbl IpubausuTensusie 95% JIM) KoppeKTUPOBOUHBIX KOIQGUIMEHTOB HanH4us (,) ITCHIIOB IO
HEroCpe/ICTBEHHBIM ITOjIcUeTaM Ha 0-Be bemrepses B paiioHe craHiun MOycoH B CE30H pa3MHOKEHHS
2007/08 r. [Toncuer siBHO 3aHATHIX THe311 30 HOsIOpst 2007 T. UCITIOIB30BAJICS KaK KOHTPOJIBHOE 3HAUCHNE
JUTsl CTaHIAPTU3AIIMU TTOJICUETOB (ntad]_).

Lista de las figuras

Dindmica de la poblacién de pingiiinos adelia en una colonia de reproduccién, en base al recuento de
nidos y de toda la colonia realizado en Isla Béchervaise durante la temporada de reproduccién 2002/03.
El circulo indica la fecha del periodo de incubacién cuando sélo se encuentra un adulto en cada nido:
esto ocurre aproximadamente una semana después de la fecha de méxima postura de huevos.

Serie cronolégica de recuentos y serie cronolégica modelada (mostrando el IC del 95% en bandas
sombreadas) de los factores de ajuste del sesgo por disponibilidad (p,) para los adultos, de imédgenes
tomadas por tres cdmaras operadas con control remoto en Isla Béchervaise de la regiéon de Mawson
durante la temporada de reproducciéon 2007/08. La linea entrecortada vertical a la izquierda indica la
fecha cuando la tasa de disminucion de adultos fue méxima (determinada al ojo), que se toma como la
fecha aproximada de la maxima postura de huevos. La linea entrecortada vertical a la derecha indica la
fecha una semana después de la maxima disminucién de adultos, que se utiliza como punto de referencia
para normalizar los recuentos (ntadj).

Serie cronoldgica de recuentos y serie cronolégica modelada (mostrando el IC del 95% en bandas
sombreadas) de los factores de ajuste del sesgo por disponibilidad (p,) para nidos AO, de iméagenes
tomadas por tres cAmaras operadas por control remoto en Isla Béchervaise de la regién de Mawson
durante la temporada de reproducciéon 2007/08. La linea entrecortada vertical a la izquierda indica la
fecha cuando la tasa de disminucion de adultos fue méxima (determinada al ojo), que se toma como la
fecha aproximada de la maxima postura de huevos. La linea entrecortada vertical a la derecha indica la
fecha una semana después de la maxima disminucién de adultos, que se utiliza como punto de referencia
para normalizar los recuentos (”fmff)'

Serie cronolégica de recuentos y serie cronolégica modelada (mostrando el IC del 95% en bandas
sombreadas) de los factores de ajuste del sesgo por disponibilidad () para los polluelos, de recuentos
directos efectuados en Isla Béchervaise de la regiéon de Mawson durante la temporada de reproducciéon
2007/08. Se utilizé el recuento de nidos AO efectuado el 30 de noviembre de 2007 como punto de
referencia para normalizar los recuentos (”fad,-)'
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