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Abstract

This work describes a parametric bootstrap model for standardising animal count data to
a common reference point of breeding chronology for species with a complex temporal
function of sampling availability. ICESCAPE (Integrating Count Effort by Seasonally
Correcting Animal Population Estimates) is a suite of routines that implements a general
abundance estimator accounting for availability bias, detection bias and sampling
fractions less than unity. Within this resampling framework, all reported measures of
uncertainty associated with originally published counts are propagated through to the
final adjusted estimates. Adjustment for availability bias is achieved by applying an
adjustment factor based on independently measured time series of availability throughout
a breeding season. Such time series are typically collected at only a limited number of
sites, so surrogate availability information for a site is used when none exists. Importantly,
a common standardisation procedure allows site-specific estimates to be aggregated to
achieve region-scale population estimates. By way of illustration, the method is applied
to several examples of published studies of Adélie penguin abundance at breeding sites
in Antarctica. These examples focus on adjusting counts of adults to an effective number
of breeding pairs, although the software has been developed to accommodate adjustment
and aggregation of other count objects typical for penguin species, such as occupied nest
or chick counts. While tailored for Adélie penguins, the method and implementation is
sufficiently general to be easily adapted for other colonial land-breeding species showing
seasonal variation in availability to sampling methodology.

Résumé

Ces travaux décrivent un modéle de bootstrap paramétrique pour uniformiser les données
de dénombrement des animaux en fonction d'un point de référence commun dans la
chronologie de la reproduction d'espéces dont la fonction temporelle de disponibilité pour
échantillonnage est complexe. ICESCAPE (Intégration de 1'effort de dénombrement par
correction saisonniére des estimations de populations d'animaux) est une série de routines
mettant enjeu un facteur d'estimation d'abondance générale qui tient compte des biaisliés a
la disponibilité et de détection et des fractions d'échantillonnage inférieures a I'unité. Dans
le cadre de cette structure de ré-échantillonnage, toutes les mesures déclarées d'incertitude
associée aux dénombrements qui ont été publiés par le passé sont utilisées jusqu'aux
estimations finales ajustées. L'ajustement du biais lié a la disponibilité est effectué en
appliquant un facteur d’ajustement fondé sur des séries chronologiques de la disponibilité
mesurée indépendamment tout au long de la saison de reproduction. Normalement,
ces séries chronologiques ne sont collectées qu’a un nombre limité de sites ; de ce fait,
des données de substitution sur la disponibilité sont utilisées pour un site lorsqu’il n’en
existe pas. Il est important de noter qu'une procédure de normalisation commune permet
d'agréger les estimations par site pour obtenir des estimations de la population a 1’échelle
régionale. A titre d'{llustration, la méthode est appliquée a plusieurs exemples d'études
publiées sur I'abondance du manchot Adélie sur les sites de reproduction en Antarctique.
Ces exemples se concentrent sur I'ajustement des dénombrements d'adultes pour atteindre
un nombre efficace de couples reproducteurs bien que le logiciel ait été créé pour tenir
compte de I'ajustement et de 1'agrégation d'autres objets du dénombrement typiques des
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especes de manchots, tels que le nombre de nids occupés ou de jeunes. Bien que congue
spécifiquement pour le manchot Adélie, la méthode est d'une application suffisamment
générale pour pouvoir étre facilement adaptée a d'autres especes vivant en colonies et se
reproduisant a terre, dont I'effectif disponible pour la méthode d'échantillonnage varie
selon la saison.

Pesrome

B nanHoii paboTe onmchIBaeTCs apaMeTpuiecKasi MoJeI b Oy TCTpaIT, HCTIOIb3Y FOIasiCsl JUTs
CTaHAapTU3ALNH JAHHBIX I10/ICYETa )KUBOTHBIX B COOTBETCTBUU C 00111 0a3MCHON TOYKON
XPOHOJIOTUH Pa3MHOKEHUS BUIOB CO CIIOKHOM BpPeMEHHOH (DYHKIMEH HaTUI s AT B3ATHS
1po6. ICESCAPE (MuTerpupoBanue yCHINH 110 YU4ETY ITyTeM CE30HHOIH KOPPEKTUPOBKH
OLICHOK TMOMYJISIIIUI KUBOTHBIX) TIPEJICTABISIET cOO0W CUCTEMY NPOLELYp, ITPH MOMOIIN
KOTOPOH OCYIECTBIISIETCS 00I1ast OLIEHKA YUCIIEHHOCTH, YU THIBAIOIIAsl CHCTEMATHYECKHE
OIIMOKY HAJTMYMSA U 0OHApYKEHMs, a TaKKe JOJIM BHIOOPKM MEHEe eIUHHMIBI. B pamkax
9TOH CUCTEMBI IOBTOPHOIT BHIOOPKHM BCE MPHUBEICHHBIE [TOKA3aTEIN HEONPEIeICHHOCTH,
CBSI3aHHBIE C M3HAYAJIBLHO OMYOJIMKOBAaHHBIMH pacyeTaMM, pPaclpOCTPAHSIOTCS Ha
BCE BIUIOTh JO OKOHYATEIBbHBIX OTKOPPEKTHPOBAaHHBIX OLEHOK. KoppekrupoBanne
CHCTEeMaTH4eCKOM OMIMOKH JUIsl HAJIMYUS TIPOUCXO/IUT ITyTeM TPUMEHEHHS ITOITPABOYHOTO
ko3 duIieHTa Ha OCHOBE BPEMEHHBIX PSJIOB HE3aBUCHMO IOJYYEHHBIX JAHHBIX 10
HQJIMYNIO B TEUCHHE BCETO CE30HA PA3MHOXKEHUs. Takue BPEMEHHBIC PAIBI OOBITHO
COOMPAIOTCS TONBKO Ha OTPAaHMYCHHOM KOJMYECTBE YYacCTKOB, IIOATOMY JJISl YU4ACTKOB,
M0 KOTOPBIM HE MMeeTcsi MH(pOpMAIMU, MCIOJIb3yeTCs 3ameliaronias nHpopManus o
Hanmauy. BakHO TO, 4TO 001as mporenypa cTaHJapTU3alMy [TO3BOJISIET arperupoBaTh
KOHKPETHBIEC OIICHKH TI0 OT/EJIBHBIM YYaCTKaM C IEJbI0 MOTYYEHHs OIICHOK ITOITYIISIIUH
B PerHoHaJbHOM MacmiTabe. B kadecTBe WIUIIOCTpallMy JaHHBIA METOA MpPUMEHsSeTCs
K HECKOJIbKUM TIPHMepaM OIyOIMKOBaHHBIX padOT O YHCIEHHOCTH MUHI'BHHOB AJCIH
Ha yYacTKax pa3MHOKEHHS B AHTapKTHKEe. OJTH TPUMEPhl KOHLEHTPHUPYIOTCS Ha
KOPPEKTUPOBAaHUH TOJCYETOB B3POCIBIX OCOOEH B COOTBETCTBUHM C (DaKTHYECKUM
YHUCJIOM Pa3MHOXKAIOIIUXCS Tap, XOTs MporpaMMma Oblia paspaboTaHa i TOTO, YTOOBI
BKJTIOYaTh KOPPEKTUPOBKY M arpernpoBaHUe APYTUX OOBEKTOB MTOACYETA, THITHIHBIX JUTS
pa3IMYHBIX BUJIOB ITUHI'BHHOB, HAPUMEP IMOACYET 3aHSATHIX THE3] WM NTEHIOB. DTOT
MeTO/ ObUI CIIEMaIbHO Pa3paboTaH sl TUHIBHHOB AJIENH, OTHAKO U CaM METOJl, U €TO
MIPUMEHEHHE HOCST I0CTATOYHO OOIIN XapaKTep U MOTYT Oe3 Tpy/ia HCIIOI30BATHCS IS
JPYTHX SKUBYIIMX KOJIOHUSIMU BHJIOB, KOTOPBIE Pa3MHOMKAIOTCS Ha CyIIE U JIOCTYITHOCTb
KOTOPBIX JJIsl IPOBEICHUS BRIOOPKH MOIBEPKEHA CE30HHOW N3MEHUYMBOCTH.

Resumen

Este trabajo describe un modelo paramétrico de bootstrap para normalizar los datos de
recuentos de animales con respecto a un punto de referencia comun de la cronologia de
reproduccién para especies con una funcioén temporal compleja de disponibilidad para el
muestreo. ICESCAPE (integracion del esfuerzo de conteo corrigiendo las estimaciones de
las poblaciones de animales por temporada) es una serie de rutinas que aplica un estimador
general delaabundancia para dar cuenta de sesgos debido ala disponibilidad, ala deteccién
y a fracciones de muestreo menores que una unidad. Dentro de este marco para efectuar
un nuevo muestreo, toda estimacién de la incertidumbre notificada para los conteos
publicados originalmente ha sido incorporada en las estimaciones ajustadas finales. El
ajuste para el sesgo de la disponibilidad se consigue aplicando un factor basado en la serie
cronolégica de mediciones independientes de la disponibilidad durante una temporada
de reproduccién. En general las series cronoldgicas de este tipo s6lo son recolectadas en
un numero limitado de sitios, de manera que cuando no se tiene informacién sobre la
disponibilidad para un sitio, se utilizan datos sustitutivos. Lo que es mds importante, un
procedimiento de normalizacién comin permite agregar las estimaciones para cada sitio
a fin de obtener estimaciones de la poblacion en escala regional. A modo de ilustracién, se
aplica el método a varios ejemplos de estudios publicados de la abundancia del pingiiino
adelia en colonias de reproduccién en la Antartida. Estos ejemplos se concentran en el
ajuste del conteo de adultos a un ntimero efectivo de parejas reproductoras, si bien el
software ha sido desarrollado para acomodar el ajuste y la agregacién de otros sujetos de
conteo caracteristicos para las especies de pingtiinos, como nidos con polluelos o conteo
de polluelos. Si bien el método fue creado para el pingtiino adelia, su implementacién
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es lo suficientemente general como para ser facilmente adaptado a otras especies que se
reproducen en colonias terrestres y cuya disponibilidad para el muestreo varia con la

temporada.

Keywords: abundance estimation, parametric bootstrap, availability bias,
Adélie penguin, CCAMLR

Introduction

Counts of animal populations often need to be
adjusted to provide unbiased estimates of abun-
dance. Bias may result from a failure to count all
animals present in searched areas (detection bias,
often measured as a detection fraction; Thompson
et al., 1998), or from the absence of some animals
from search effort (availability bias; Williams et
al., 2002; Pollock et al.,, 2004). A further adjust-
ment issue, and one that interacts with the types of
bias noted above, concerns sampling. Often, sam-
ple counts will be taken from some larger area of
interest so that, in order to obtain estimates of total
population size for the entire area, counts must be
adjusted for the fraction of the total survey region
that is searched (typically by up-scaling by a fac-
tor equivalent to the inverse of the sampling frac-
tion). Adjustment to obtain unbiased estimates is
imperative for monitoring temporal and spatial
changes in populations, particularly for Antarctic
vertebrate species where the difficulties in access-
ing a species’ habitat can often result in detection,
availability or sampling fractions being other than
unity. However, despite the need for such adjust-
ments, counts of Antarctic species such as pen-
guins are often presented unadjusted, or adjust-
ments are applied in an ad hoc manner. This is in
part because one-off counts require relatively brief
visits to sites, compared with collecting adjustment
data that may require much longer sampling times
and so are less often obtained. This difficulty is
now being addressed through technical develop-
ments in sampling methodology, such as remotely
operating cameras that allow automated collection
of adjustment data (Newbery and Southwell, 2009;
Southwell et al., 2010). Rigorous adjustment of cen-
sus counts (including propagation of error) is also
complicated by the difficulty of finding a closed-
form solution when multiple sources of bias and
uncertainty, each of which may have their own
statistical distribution, need to be accommodated.
The present study addresses these issues by devel-
oping a parametric bootstrap model (Davison and
Hinkley, 1997) to correct counts for availability bias,
detection bias and sampling fractions less than
unity, while simultaneously combining all known
variance information in these quantities.

Sources of bias such as those described above are
evident in many studies estimating the abundance

of colonial land-breeding vertebrate species in
Antarctica and on sub-Antarctic islands, including
penguins (e.g. Southwell, 2004a, 2004b) and fly-
ing seabirds (e.g. Creuwels et al., 2007). While the
methods of this study are sufficiently general to be
easily modified and applied to many land-breeding
colonial species, Adélie penguins (Pygoscelis adeliae)
have been chosen to demonstrate application of
the technique. For penguins in general, and Adélie
penguins in particular, most published count data
are based on researchers attempting to undertake a
census at one or more breeding sites; that is, a total
count of all adult penguins (or nests or chicks) is
taken over an entire site to estimate the breeding
population. Consequently, the detection and sam-
pling fractions are often either known or assumed
to be unity, and no adjustment of counts to account
for detection bias, or up-scaling to account for
sampling, are required. However, because of logis-
tic constraints, the timing of the counts within
the breeding season is difficult for researchers to
control and can be highly variable. The numbers
of breeding Adélie penguins, nests and chicks
present at a site are known to vary in association
with breeding events such as initial arrival, egg-
laying, incubation, provisioning of chicks and nest
failure (Emmerson and Southwell, 2008). Patterns
in availability will vary depending on the popula-
tion unit being counted (adults, nests or chicks).
A full description of the patterns in availability
of adults, nests or chicks to sampling methodol-
ogy is provided in a companion paper modelling
availability curves (Southwell et al., 2010). Raw
counts of adults, chicks or nests will therefore often
be biased estimators of the breeding population
unless adjusted for availability bias, with the mag-
nitude of bias being dependent on the population
object counted (adult, nest or chick) and the date of
the count.

These issues are addressed by developing a par-
ametric bootstrap model for adjusting counts to a
common point of breeding chronology, optionally
incorporating adjustments for detection fraction
and sample fraction less than unity (if required),
to derive estimates of the breeding population as
the number of breeding pairs or nests present one
week after the peak in egg laying (Southwell et
al., 2010). Software to implement the method has
been developed as a menu-driven suite of routines
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developed in the R language for statistical com-
puting (R Development Core Team, 2009). Termed
ICESCAPE (Integrating Count Effort by Seasonally
Correcting Animal Population Estimates), the soft-
ware takes as its input two types of data: (i) raw
counts of adult penguins, occupied nests or chicks
from breeding sites, along with auxiliary data
including the object counted, date of the count,
sampling fraction and detection fraction, and
information on estimated precision of these ele-
ments; and (ii) time-series counts of adults, nests or
chicks taken throughout a season, which provide
an index of availability in relation to some optimal
time point in the season. The former are typified
by one-off counts collected from a relatively large
number of sites at times during the breeding sea-
son when weather and other determinants of site
access permit, while the latter comprise compara-
tively detailed longitudinal data throughout the
breeding season derived from high-intensity sam-
pling at a relatively small number of sites. Using
these data, the bootstrap model adjusts counts to
a common point of breeding chronology, if neces-
sary adjusting counts for detection and sampling
fractions less than unity. Importantly, the model
attempts to preserve all aspects of uncertainty
inherent in the count data, as well as uncertainty
associated with adjusting for availability bias,
detection bias and sampling fraction, and propa-
gates these various sources of uncertainty through
to adjusted breeding population estimates. Results
arising from application of the procedure allow
breeding population estimates to be reliably com-
pared between sites and over time, and to be aggre-
gated across sites to achieve regional estimates of
total abundance.

Due to considerable variation in published
counting methods and their reporting over time,
ICESCAPE has been developed to be flexible in
the way historical count data are interpreted.
While most data appearing in the literature have
a natural interpretation, ambiguities do exist and
alternate interpretations have been accommodated
as options to the estimation procedure. This flex-
ibility is particularly useful for conducting sensi-
tivity analyses to assess how certain decisions of
interpretation affect adjusted estimates. While
ICESCAPE has been developed in order to make
full use of historical count data, it is just as use-
ful for adjusting contemporary one-off counts to a
common reference point of breeding chronology.
At present, ICESCAPE has been tailored for the
analysis of Adélie penguin data, and in particular
for adjusting counts of adults, occupied nests and
chicks for that species, but the procedure is suffi-
ciently general to be relatively easily adapted for
other species with similar biology.
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In the remainder of this paper the bootstrap
procedure, and methods associated with summa-
rising the bootstrap object, are described. This is
followed by three case studies utilising published
counts of adult Adélie penguins to demonstrate
the main features of the procedure. Finally, the
Discussion focuses on known limitations of the
work and plans for future improvements of the
method. Models of time series of availability data,
which provide a critical data input to the bootstrap
model presented here, are described fully in a com-
panion paper Southwell et al. (2010).

Methods

The general abundance estimator on which this
bootstrap implementation is based is presented
by Pollock et al. (2004), and is discussed in the
context of Adélie penguins by Southwell (2004a).
Here, a published estimate of a count C for a site is
adjusted to provide an estimate of abundance at a
fixed point of breeding chronology (N) by:

~

C

N =X A A
Parea-Pa-Pda (1)

where p,,,, represents the estimator adjusting for
the sample fraction, p, is the estimator adjusting
for availability bias, and Py, is the estimator for the
conditional probability of detection given avail-
ability. The first and third denominator adjustment
terms are bounded >0 and <1, while p, is bounded
>0 with an upper bound determined by the form of
the species-specific availability function. For Adélie
penguins, the upper bound for p, is typically <2.5.
Treatment of this model by some authors consid-
ers the count or the sample fraction to be known
without error (e.g. the formulation of Pollock et
al.,, 2004), however, many published studies of
Adélie penguins provide estimates of uncertainty
for one or both of these measures and this feature
has been incorporated into the present model. For
the purposes of this work on Adélie penguins,
counts are adjusted for availability bias by stand-
ardising to a point seven days after the peak in egg
laying (Southwell et al., 2010), consistent with the
CCAMLR Ecosystem Monitoring Program (CEMP)
Standard Method A3 (CCAMLR, 2004) for estimat-
ing breeding population size. This adjustment is
intended to estimate the number of occupied nests,
or equivalently breeding pairs, at their maximum
value in a season (i.e. before any effect of nest attri-
tion), and provides an alternative approach to that
of Lynch et al. (2009) who simultaneously estimate
clutch initiation and nest attrition using hierarchi-
cal Bayesian methods. To obtain a distribution of
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Figure 1:

Representation of the ICESCAPE estimation procedure. The procedure is applied identically to

raw, unadjusted counts of adults, nests or chicks, noting that object-specific availability curves are

required for each type of count object.

adjusted counts (N) for a given site in a season,
bootstrap samples are generated for each of C, Parear
p. and p,, taking into account known estimates of
variance for each element. The distribution of
adjusted estimates is then summarised for central
tendency, and confidence bounds are obtained by
considering appropriate percentile points.

The estimation procedure in ICESCAPE can be
summarised as follows (Figure 1):

Data are presented to the routine in formats
congruent with CCAMLR databases designed
to store data of this kind; integrity checks take
place, such as range checks and checks for the
presence of essential fields; user-specified spa-
tial and temporal subsetting occurs.

The procedure loops over the data one case at a
time, taking all information relating to the raw
count (information on precision, uncertainty
in the count date, sample fraction, detection
fraction).

Using known information about uncertainty in
these quantities, bootstrap replicates are gen-
erated for the raw count, the date on which the
count occurred, the sample fraction and detec-
tion fraction. Various options control how this
uncertainty information should be treated
(e.g. how Croxall and Kirkwood (1979) meas-
ures of repeatability should be interpreted,
or the type of distribution to use when draw-
ing replicates). Occasionally in the literature,
counts are reported without any measure of
uncertainty (e.g. Law, 1962; Ensor and Bassett,
1987). In the interests of promoting a precau-
tionary approach to interpreting these counts,
a minimum level of uncertainty in a reported
count can be imposed by the user where none
exists.

Availability fractions are generated by draw-
ing samples from an availability curve for a
site, or from a pool of surrogate availability
curves if no availability information exists
for a site. Surrogate curves, if necessary, are
chosen from the total pool of such curves pre-
sented to the software. Curves are fitted to
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availability time series using generalised addi-
tive models (GAMs) (Hastie and Tibshirani,
1990) using the methods of Wood (2006), and
are described fully in Southwell et al. (2010).
An adjustment factor for each replicated date
is obtained by randomly selecting a curve
from the pool available for a site and draw-
ing from a Normal distribution with mean
equal to the predicted value for that date and
standard deviation equal to the standard error
of the fitted function at that point. If multiple
attendance curves are available in any one
site-season combination within the surrogate
pool (e.g. such as the replicate time series of
attendance data arising from the remote cam-
era sampling method detailed in Southwell et
al. (2010)), then replicate curves are treated as
subsamples and their probability of selection
is appropriately down-weighted in the boot-
strap model (i.e. weighted by the inverse of
the number of subsamples, on a site by season
basis).

The distribution of final adjusted estimates for
a site-colony-season is calculated as the repeat-
ability replicates (replicate counts resampled
from a distribution based on the published
repeatability information) multiplied by the
inverse of the availability fraction replicates
and, if necessary, detection fraction and sam-
ple fraction replicates.

Vectors of adjusted counts for a site are
stored.

The procedure takes the next case (raw count)
and repeats steps 3-7 until all cases are proc-
essed.

Once an estimation procedure has success-

fully completed, ICESCAPE saves an estimation
object that must be summarised in order to obtain
adjusted breeding population estimates for one or
more sites. The summary routine performs several
tasks:
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Occasionally in the published literature, there
may exist multiple count records for a single
site in a season (e.g. counts taken on differ-
ent days in a single season). Multiple count
records are collapsed to just a single record
by applying user-specified criteria specify-
ing whether they should be averaged (point 3
below describes this process), or that the most
or least precise estimate should be preferred.

Adélie penguin count data are published in a
variety of forms. Some counts are published

in their raw form with no attempt to adjust
or interpret beyond this state (e.g. Ensor and
Bassett, 1987). Sometimes counts are published
in their raw form with no adjustment for avail-
ability bias, but are interpreted and presented
as approximate estimates of the breeding
population on the basis that the counts were
undertaken around the time of the breeding
season when availability adjustment factors
are expected to be close to, or equal to, unity
(e.g. Taylor et al., 1990). In other cases, only
adjusted counts are presented and there is
insufficient detail to infer the raw count data
(e.g. Whitehead and Johnstone, 1990). Finally,
in some cases both adjusted and unadjusted
counts are presented (e.g. Barbraud et al,
1999). ICESCAPE has been designed to work
with such variable count data in order that a
consistent adjustment process can be applied
across many sites, or through time for the
same site. It is this common standardisation
process that allows bias-corrected estimates
to be plausibly aggregated. In cases where
an author publishes an adjusted estimate and
the unadjusted count on which it was based
(or the unadjusted count can be inferred from
the description of the adjustment process),
then ICESCAPE will by default use the unad-
justed count, ignoring the published adjusted
estimate, so that a standardised adjustment
is applied. However, if only an adjusted esti-
mate is published and a raw count cannot be
inferred, then ‘pseudo-replicates’ are gener-
ated from the adjusted estimate and associated
measure of uncertainty in order to allow it to
be combined during the aggregation process
(Figure 2).

If specified by the user, records are aggregated
to one of several spatial groupings by a summa-
tion of the bootstrap distributions of adjusted
estimates for each site in the aggregation. This
is accomplished by taking a random draw
without replacement from the distribution of
the adjusted population estimate for each site
in the pool to be aggregated, summing the val-
ues to obtain a single aggregate estimate, and
then repeating the process until all replicates
making up the bootstrap distributions for each
site have been processed. Bootstrap without
replacement is appropriate here since each site
distribution contributing to the aggregate dis-
tribution has already been formed using sam-
pling with replacement. In the case of aggre-
gating x distributions each with n elements,
the resulting distribution by this method will
comprise a random subsample (of size 1) of all
n* permutations across members of the sets.
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Representation of program flow associated with determining a single estimate for a site when multiple

count records exist for a single site-colony-season combination. The term ‘coefficient of variation” has

been abbreviated to CV for reasons of brevity.

The aggregate distribution is then summarised
to obtain regional estimates of abundance and
associated uncertainty. A similar process is
followed to obtain an average distribution of
multiple counts taken at the same site in the
same season, except that elements of each ran-
dom draw are averaged instead of summed
(see point 1 above).

The 100.(1 — alpha)% confidence interval is
determined by examining the alpha/2 and
1 — alpha/2 percentile points of the (possi-
bly aggregated or averaged) distribution of
adjusted estimates.

In order to help understand how elements of the
adjustment procedure contribute toward estimates
of uncertainty, ICESCAPE has been developed to
permit different interpretations of historically pub-
lished data (where ambiguities exist), or to allow
different components of the estimation process
to be switched on or off. As an example, Croxall

and Kirkwood (1979) measures of uncertainty,
reported in the literature, present precision as a
range of values (e.g. 0-5%, 5-10% etc.) around an
estimated count. However, it is not clear what this
range might represent in a statistical sense. Options
are therefore provided to allow such ranges to be
interpreted in different ways: either as represent-
ing 1, 2 or 3 standard errors around the estimate,
with an additional option of allowing the lowest
bound, midpoint or highest bound of the range to
assume the point value for the interval estimate.
Obtaining results under different interpretations of
the data via settable options in ICESCAPE allows a
user to easily assess relative contributions of differ-
ent choices toward overall measures of uncertainty
around an estimate, both at a site and an aggre-
gated level. Such a feature is useful as a diagnostic
tool at a site level, and may help to prioritise future
survey work by identifying sites where existing
data are inadequate.
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It is intended that the ICESCAPE software be
developed to a point where it can be released as an
R package, however, at the present time it remains
under active development and so is not yet avail-
able for general public release. A beta version for
testing purposes can be made available on applica-
tion to the authors.

Results

Results are presented by way of three case
studies chosen to demonstrate the key features of
ICESCAPE, namely: (i) adjustment of a single his-
torical count taken at a site in a season; (ii) adjust-
ment of several counts taken at a single site in a
single season, with application of user-defined
criteria for determining a preferred estimate; and
(iii) adjustment of counts taken at several sites
within a geographic area, which are then aggre-
gated to achieve a regional estimate of abundance.

Adjusting raw counts for availability requires
time-series counts of the relevant population object
standardised to an appropriate reference point,
with sufficient frequency in the time series to allow
the functional form of the availability curve to be
adequately modelled (Southwell et al., 2010). A
search of the primary literature revealed a paucity
of time-series data suitable for developing avail-
ability adjustment factors for adult Adélie pen-
guins in East Antarctica, with only two suitable
published series currently found. Watanuki and
Naito (1992, Figure 1) provide time-series counts
of adults at two breeding sites near Syowa station
in the 1990/91 summer, and Southwell et al. (2010)
provide standardised time-series counts of adults at
Béchervaise Island in 2007/08. The Syowa data are
somewhat limited in that time series do not extend
beyond 24 December 1990. In demonstrating the
utility of ICESCAPE here, the time-series data from
these studies have been utilised, as well as previ-
ously unpublished data collected at Béchervaise
Island in years other than 2007/08 and at sites in
the Mawson region other than Béchervaise Island.
In all, availability adjustment data from 14 site-
seasons (two from the Syowa region, 12 from the
Mawson region) were utilised.

Case Study 1 - Single estimate, single site

The first example demonstrates the estima-
tion routine by applying it to a single historical
count of adult Adélie penguins conducted during
January 1979 at Haswell Island (66.52°S 92.99°E)
in CCAMLR Statistical Division 58.4.1. The origi-
nal description of the count information by Starck
(1980) is “...the count performed on 24 January
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1979 showed the presence of 36 000+500 individu-
als including 11 300 nestlings...’, but the additional
statement “...the observations were carried out...
from 20 to 24 January 1979..." places some uncer-
tainty on the exact date of the count. From this
description it was interpreted that 24 700 adults and
11 300 chicks had been counted, that each of these
counts had an associated repeatability of 1.4%, and,
to be conservative, that the counts were made some
time from 20 to 24 January 1979. This case was cho-
sen because it represented four issues of the estima-
tion process: adjustment of counts that are far from
the optimum date in the breeding chronology for
determining an effective number of breeding pairs
attending a site; accounting for uncertainty in the
count itself (repeatability); accounting for uncer-
tainty in the date on which the count took place;
and the use of surrogate availability data. As Starck
(1980) made no mention of issues related to sample
fraction or detectability, it was assumed that count-
ing effort covered the entire island and all penguins
were counted (i.e. sampling and detection fractions
were assumed to be 1). The ICESCAPE estimation
procedure was applied to the adult data, with dis-
tributions arising from 1000 bootstrap replicates
shown in Figure 3.

Resampling underestimated repeatability of
the raw count produced a reasonably symmetric
distribution of the (unstandardised) count ranging
from around 24 200-25 200. Date uncertainty was
interpreted as +2 days, so resampling dates from a
uniform distribution produced approximately 200
replicates from each of 5 days centred on 22 January
1979. Corrections for availability were obtained by
resampling from 14 surrogate availability curves
presented to the routine for the purpose of this
example. However, only 12 of the 14 curves had
data into late January when the Haswell Island
count occurred, hence only these 12 curves were
used to draw replicate availability fractions. The
resulting distribution of availability ratios was
centred around 0.5-0.6, but strongly positively
skewed, resulting in a similarly skewed distribu-
tion of standardised estimates with mean 43 833,
median 42 610, and 95% confidence interval by the
percentile method of 19 220-86 358. This compares
with an originally published unadjusted raw count
value of 24 700.

Case Study 2 — Multiple estimates, single site

The second example demonstrates the ability
of ICESCAPE to deal with multiple count records
occurring in the same season for an individual site.
Data comprise counts of adult Adélie penguins
made three times during the 1990/91 season at
Mame-zima Island (69.02°S 39.49°E), as reported
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ICESCAPE to each of three separate counts of Adélie penguins
taken at Mame-zima Island in the 1990/91 breeding season, as well

as the average distribution.

by Watanuki and Naito (1992): 115 adults on 18 or
21 November 1990, 75 adults on 25 November 1990,
and 52 adults on 4 or 6 December 1990. Date uncer-
tainty was taken to be +1 day around 20 November
and 5 December 1990. No repeatability information
was reported for the counts, and since the counts are
reasonably small it is assumed they were counted
without error (i.e. an assumed level of repeatability
was not introduced). Again, there was no reference
to sample or detection fractions in the publication
and these were assumed equal to unity. In this case,

two of the 14 availability curves were derived from
time-series data collected in the same season from
islands adjacent to Mame-zima Island, so only
these two availability curves were used as donor
sites for the purpose of adjusting counts.

Results are presented as the distribution of final
standardised estimates for each of the three sam-
ple dates, and the distribution of the average for
the entire site (Figure 4). It should be noted that the
spread of values in the distributions of standardised
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counts are wholly due to resampling from just two
availability curves (incorporating date uncertainty
of 1 for two of the sample dates), and resulting
distributions of adjusted estimates show some evi-
dence of bimodality as a result. Summarising the
average distribution for location and spread gives
a mean of 58 (median 58) and 95% confidence inter-
val of 54-62, indicating the number of breeding
pairs or, equivalently, the number of occupied nests
at the standard time as defined by CEMP Standard
Method A3 (CCAMLR, 2004). Watanuki and Naito
(1992) also reported that 51 nests were counted on
4 or 6 December 1990 at this site, a number that is
slightly lower than the lower bound of the 95% con-
fidence interval calculated here. This discrepancy
is possibly due to nest attrition occurring between
the date of the reference count for adjustment and
the date of their count.

Case Study 3 — Multiple sites

The final case study shows the estimation
method applied to a number of sites within a speci-
fied spatial area to derive a regional estimate of
abundance. On 17 November 1972, Jones (reported
in Horne, 1983) counted Adélie penguins at several
sites in the Rookery Island group in Division 58.4.2.
For reasons of simplicity this study aggregates over
only three of these sites, namely Rookery Islands 2
(67.60°S 62.53°E), 8 (67.61°5 62.52°E) and 11 (67.61°S
62.51°E), but note that the real advantage of this
facility in ICESCAPE would be to aggregate data
over multiple sites from much larger regions. The
original published account of these data by Horne
(1983) indicated that Jones made counts of adult
penguins. However, Horne states that, in collating
unpublished data, all unqualified counts of adults
were divided by two to derive an estimate of the
numbers of breeding pairs, and it is these estimates,
rather than the original counts, that are reported.
Therefore, it has been interpreted in this study
that the estimates of 4 765, 698 and 326 breeding
pairs for Rookery Islands 2, 8 and 11 represent raw
counts of 9 530, 1396 and 652 adults respectively,
and applied the ICESCAPE estimation procedure
to these raw counts. All counts were reported as
having a repeatability score of 3 (10-25%) according
to the Croxall and Kirkwood (1979) scheme. For the
purposes of resampling during the estimation pro-
cedure, the mid-point of this range was assumed to
represent an approximate 95% confidence interval
(i.e. 17.5/100*count = 2 standard errors). Estimates
of sample fraction and detection fraction were not
reported, and were assumed equal to one.

Results derived from 1 000 bootstrap replicates

are presented as the distribution of final stand-
ardised estimates for each of the three islands, as
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well as the distribution of the total for all three
sites determined by a summation of individual site
distributions (i.e. by a summation of independent
draws without replacement from each contributing
distribution) (Figure 5). Measures of central ten-
dency and dispersion are provided in Table 1.

The mean and median values for the three
islands are remarkably similar to the original esti-
mates provided by Horne (4765, 698 and 326).
However, this is a fortunate consequence of the
counts being undertaken at a time of the breed-
ing season when there are generally twice as many
adults present as breeding pairs at the beginning of
incubation; had adult counts been undertaken ear-
lier or later, the differences between Horne’s and
this study’s estimates would have been greater.
Horne (1983) notes, as does Woehler (1993), that
deriving estimates of the breeding population from
adult counts by a simple division of two is likely
to be ‘less accurate” than deriving estimates from
counts of nests. This sentiment is captured in the
relatively large spread of the abundance distribu-
tions, which represents the uncertainty around the
estimates.

Discussion

The bootstrap model described in this study
provides an intuitive method of adjusting count
data, often taken at sub-optimal times of a breeding
season, to a common reference point of breeding
chronology in order to assess spatial and tempo-
ral variability in population sizes. The model has
several appealing features, including its relative
ease of use, flexibility, extensibility and ability to
perform sensitivity tests for different decisions
made during application of the estimation proce-
dure. Like all models of this kind, it is reliant on
a correct specification of the underlying biological
system. To help protect against model misspecifica-
tion, care has been taken to provide methods that
acknowledge and accommodate the CCAMLR pre-
cautionary paradigm. For example, a default level
of count uncertainty can be introduced for origi-
nally published counts where none exists, flexibil-
ity is provided in deciding surrogate availability
curves to be utilised for correcting a count at a site
when no direct attendance information exists, and
alternatives have been provided in how published
repeatability information should be interpreted in
a statistical sense. Choosing options conservatively
will typically widen confidence intervals, which
to some degree will protect against model mis-
specification. Nonetheless, users of ICESCAPE
need to remain aware that the validity of estimates
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Table 1: = Mean, median and 95% confidence intervals (CIs) for individual and total distributions
arising from application of the ICESCAPE estimation routine to surveys of three Adélie
penguin colonies at three sites in the Rookery Islands group.

Mean Median Lower 95% CI Upper 95% CI

Rookery Islands 2 4783 4785 4097 5507

Rookery Islands 8 734 737 564 912

Rookery Islands 11 344 344 262 431

Total 5839 5824 5070 6551

Rookery Island 2 Rookery Island 8
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Figure5:  Distribution of standardised counts arising from application of ICESCAPE to counts of Adélie

penguins taken on three separate islands in the Rookery Islands group (Division 58.4.2) on
17 November 1972, together with the aggregated distribution for all sites combined.

is predicated on the appropriateness of the under-
lying model linking attendance curve information
to a raw count for a site.

Confidence bounds determined from consider-
ing percentiles of the bootstrap distribution of final
estimates are not constrained to be symmetric about
the mean, and results indicate they are sometimes
not. This asymmetry is largely due to the relatively
small pool of availability curves that currently
exist. Included in this pool is one catastrophic
breeding season that resulted in chick mortality
and premature departure of adult birds. These
events and their skewing effect on availability data

are probably unusual and their impacts within the
estimation procedure are likely to lessen as more
availability data are collected.

One way to account for the extra variability
introduced by inclusion of breeding failures in sur-
rogate curve pools might be to use covariates in the
process of determining which surrogate attendance
curves should be used for correcting particular
counts. At present, use of surrogate curves in lieu
of an exact match for a site is implemented such
that all possible curves presented to the estimation
routines are used in the resampling procedure, irre-
spective of distance in time or space from the count
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being adjusted. An extension of this work might be
to develop methods for utilising measures of spatial
and temporal proximity between adjustment data
and count data for selecting subsets of surrogate
curves to use for purposes of adjustment. Initial
investigations into such an approach indicates that,
at the present time, the available pool of attendance
curves is too limited in number for such subsetting
to be of practicable benefit. This and other covari-
ate-based approaches (e.g. using environmental
covariates) to help allocate surrogate curves may
help to improve the precision of estimates as more
attendance data are collected and become available
into the future.

Validation of model results is an important con-
sideration, and two methods by which this might be
accomplished are suggested here. The firstapproach
takes advantage of the fact that many researchers
do attempt to conduct counts at an optimal time for
determining an effective number of breeding pairs
at a colony. Using surrogate attendance curves
to adjust counts that occur very near the optimal
time should not appreciably alter their value, and
the resulting confidence interval for the adjusted
counts would be expected to include the raw count
value since this was taken at a near-optimal time.
Less frequently, a second count for a site may be
undertaken in a season when a count at the optimal
time has already occurred. In these circumstances,
application of the routine for correction of the non-
optimal count should also produce a distribution of
adjusted counts with a median value close to that
of the count taken at the optimal time. Divergence
of these values may indicate bias introduced by the
estimation routine, possibly due to the inclusion of
atypical adjustment curves (e.g. breeding failures)
in the pool of surrogate curves.

The second approach takes advantage of the fact
that attendance curves themselves often comprise
time series of closely spaced observations, includ-
ing a count taken at the optimal time. A type of
cross-validation can be performed by applying the
estimation routine to all count values comprising
a chosen attendance curve, using as the surrogate
curve pool all available attendance curves exclud-
ing the time series containing the values being
adjusted. Ideally, results should indicate that most
precise estimates arise when adjusting count values
close to the optimal time in the season. Bias should
be low, providing attendance curves within the sur-
rogate curve pool are similar in shape to the attend-
ance curve containing the values being adjusted.
This last point is critical: if the surrogate curve pool
contains attendance functions appreciably differ-
ent from the (usually unknown) attendance func-
tion applicable to the count being adjusted, then a
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distribution of adjusted counts for any given raw
count value will be biased away from the true
value. In practice, the nature of the true season-
specific attendance function that should be used
to correct a raw count for a site is never known.
Instead, the distribution of attendance functions
provided by the surrogate pool is relied on to be
representative of the range of attendance behav-
iour that one might expect. The extent to which a
surrogate pool of attendance curves can be contam-
inated by atypical curves, and the degree to which
this affects adjusted estimates, is an area of contin-
ued investigation.

Estimation routines are currently structured to
return estimates of adjusted population abundances
from the most recent season within a specified time
period for sites within the spatial subset presented
to the software. This permits the possibility of devel-
oping time series of abundances by sequentially
selecting and estimating for different time periods
for the same spatial area. This is a perfectly legiti-
mate use of the software, and is to be encouraged
at the level of an individual site. However, care
must be exercised should this approach be used
for aggregations of sites, since not all sites will nec-
essarily be surveyed in each time period. For this
reason, it is unlikely that routines for automatically
determining time series, except perhaps at the level
of an individual site, will in future be implemented
within the ICESCAPE framework.

While ICESCAPE was developed with the pri-
mary purpose of correcting and standardising
count data, the facility in ICESCAPE to switch vari-
ous components of the estimation process on or off
and to select or invent different levels of uncertainty
in the estimation components, in concert with the
collection of adjustment data using the methods
outlined in Southwell et al. (2010), could be used
to simulate different survey design scenarios with
the aim of developing optimal designs for future
population surveys. For example, examination of
the relative contributions of count and adjustment
data to overall uncertainty in relation to different
counting methods and timing of counts would help
identify where improvements to future estimation
could best be achieved.

Conclusions

Through use of a parametric bootstrap model,
ICESCAPE provides an integrated way to stand-
ardise counts of Adélie penguins taken at any
time in a breeding season to a point in the breed-
ing chronology consistent with CEMP Standard
Method A3 for estimating breeding population
size. The model accommodates uncertainty in
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unadjusted raw counts, and sample fractions and
detection fractions less than unity. Reported uncer-
tainty associated with these quantities is preserved
and propagated through to final estimates. Finally,
results arising from sites where counts occurred at
different points in a breeding season can be legiti-
mately compared or aggregated to derive regional
estimates of standardised abundance.

Acknowledgements

We gratefully acknowledge the assistance of
Steve Candy, Simon Wotherspoon, Ben Raymond,
Louise Emmerson and Eric Woehler for useful dis-
cussions about the statistical and population esti-
mation issues. We would also like to thank Jaume
Forcada, Heather Lynch and one anonymous
reviewer for many helpful suggestions on an ear-
lier draft of this manuscript.

References

Barbraud, C.,K.C.Delord, T.Micol,and P. Jouventin.
1999. First census of breeding seabirds between
Cap Bienvenue (Terre Adélie) and Moyes
Islands (King George V Land), Antarctica: new
records for Antarctic seabird populations. Polar
Biol., 21 (3): 146-150.

CCAMLR. 2004. CCAMLR Ecosystem Monitoring
Program: Standard Methods for Monitoring Studies.
CCAMLR, Hobart, Australia.

Creuwels, J.C.S., S. Poncet, PJ. Hodum and J.A. van
Franeker. 2007. Distribution and abundance of
the Southern Fulmar Fulmarus glacioloides. Polar
Biol., 30 (9): 1083-1097.

Croxall, J.P. and E.D. Kirkwood. 1979. The distri-
bution of penguins on the Antarctic Peninsula
and islands of the Scotia Sea. British Antarctic
Survey, Cambridge: 186 pp.

Davison, A.C. and D.V. Hinkley. 1997. Bootstrap
Methods and their Application. Cambridge Series
in Statistical and Probabilistic Mathematics, 1.
Cambridge University Press: 592 pp.

Emmerson, L. and C. Southwell. 2008. Aspects of
population structure, dynamics and demog-
raphy of relevance to abundance estimation:
Adélie penguins. Document WG-EMM-PSW-
08/9. CCAMLR, Hobart, Australia.

Ensor, PH. and J.A. Bassett. 1987. The breeding sta-
tus of Adélie penguins and other birds on the

coast of George V Land, Antarctica. ANARE
Res. Notes, 50. Australian Antarctic Division,
Hobart, Australia.

Hastie, T.J. and R.]J. Tibshirani. 1990. Generalized
Additive Models. Chapman and Hall, London:
335 pp.

Horne, R.S.C. 1983. The distribution of penguin
breeding colonies on the Australian Antarctic
Territory, Heard Island, the McDonald
Islands, and Macquarie Island. ANARE Res.
Notes, 9. Australian Antarctic Division, Hobart,
Australia.

Law, P. 1962. New ANARE landings in Austra-
lian Antarctic Territory 1960. Geogr. |., 128 (2):
174-183.

Lynch, H.J.,, WE Fagan, R. Naveen, S.G. Trivelpiece
and W.Z. Trivelpiece. 2009. Timing of clutch ini-
tiation in Pygoscelis penguins on the Antarctic
Peninsula: towards an improved understanding
of off-peak census correction factors. CCAMLR
Science, 16: 149-165.

McKinlay,J.,C.Southwelland R. Trebilco.2009. Draft
software user guide for ICESCAPE: Integrating
Count Effort by Seasonally Correcting Animal
Population Estimates. Document WG-SAM-
09/16. CCAMLR, Hobart, Australia.

Newbery, K.B. and C. Southwell. 2009. An auto-
mated camera system for remote monitoring
in polar environments. Cold Reg. Sci. Technol.,
55 (1): 47-51.

Pollock, K.H., H. Marsh, L.L. Bailey, G.L.
Farnsworth, T.L. Simons and M.kW. Alldredge.
2004. Separating components of detection
probability in abundance estimation: an over-
view with diverse examples. In: Thompson,
W.L. (Ed.). Sampling Rare and Elusive Species:
Concepts, Designs and Techniques for Estimating
Population Parameters. Island Press, Washington
DC: 43-58.

R Development Core Team. 2009. R: A Language and
Environment for Statistical Computing. Version
2.10.0. R Foundation for Statistical Computing,
Vienna, Austria. ISBN 3-900051-07-0, www.R-
project.org.

Southwell, C. 2004a. Developing and applying a
general abundance estimator for land-based
predator surveys: Adélie penguins as a case
study. Document WG-EMM-04/56. CCAMLR,
Hobart, Australia.

225



McKinlay et al.

Southwell, C. 2004b. Assessing the accuracy of pen-
guin breeding abundance estimates at regional
scales in Antarctica from existing count data: A
review using Adélie penguins as a case study.
Document WG-EMM-04/55. CCAMLR, Hobart,
Australia.

Southwell, C.,J. McKinlay, L. Emmerson, R. Trebilco
and K. Newbery. 2010. Improving estimates of
breeding Adélie penguin population size: devel-
oping date-specific factors for adjusting one-off
counts. CCAMLR Science, this volume.

Starck, W. 1980. The avifauna of Haswell Island
(East Antarctica) in summer of 1978/1979. Pol.
Polar Res., 1 (2/3): 183-196.

Taylor, R.H., PR.-Wilson and B.W. Thomas. 1990.
Status and trends of Adélie penguin populations
in the Ross Sea region. Polar Rec., 26: 293-304.

Thompson, W., G. White, and C. Gowan. 1998.
Monitoring Vertebrate Populations. Academic
Press: 365 pp.

Watanuki, Y. and Y. Naito. 1992. Counting Adélie
penguins at colonies: seasonal and annual
changes. Antarc. Rec., 36 (2): 279-284.

Whitehead, M.D. and G.W. Johnstone. 1990. The
distribution and estimated abundance of Adélie
penguins breeding in Prydz Bay, Antarctica.
Proc. NIPR Symp. Polar. Biol., 3: 91-98.

Williams, B., J. Nichols and M. Conroy. 2002.
Analysis and Management of Animal Populations.
Academic Press: 817 pp.

Woehler, E.J. (Ed.). 1993. The Distribution and
Abundance of Antarctic and Subantarctic Penguins.
SCAR, Cambridge: 76 pp.

Woehler, E.J., D.J. Slip, L.M. Robertson, PJ. Fullagar
and H.R. Burton. 1991. The distribution, abun-
dance and status of Adélie penguins Pygoscelis
adeliae at the Windmill Islands, Wilkes Land,
Antarctica. Mar. Ornithol., 19: 1-18.

Wood, S.N. 2006. Generalized Additive Models: An
Introduction with R. Chapman and Hall, London:
391 pp.

Tableau 1:

Figure 1:

Figure 2:

Figure 3:

Figure 4:

Figure 5:

226

Liste des tableaux
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Liste des figures

Représentation de la procédure d'estimation ICESCAPE. La procédure est appliquée de maniere
identique aux recensements bruts et non ajustés d’adultes, de nids ou de jeunes, et il convient de noter
que des courbes de disponibilité par objet sont nécessaires pour chaque type d’objet compté.

Représentation du déroulement du programme associé a la détermination d'une estimation unique
par site pour lequel il existe des enregistrements multiples sur des dénombrements concernant une
combinaison unique site-colonie-saison. A des fins de concision, il sera fait référence au « coefficient de
variation » sous l'abréviation CV.

Distributions, fondées sur 1 000 répliques d'échantillonnage bootstrap, produites par l'application de la
routine d'estimation ICESCAPE aux recensements de manchots Adélie adultes effectués en janvier 1979
sur I'ile Haswell.

Distribution de recensements normalisés produite par 1'application d'ICESCAPE a chacun des trois
recensements séparés de manchots Adélie effectués a l'lle Mame-zima Island pendant la saison de
reproduction 1990/91, ainsi que distribution moyenne.

Distribution de recensements normalisés produite par I'application dTCESCAPE aux recensements
séparés de manchots Adélie effectués sur trois iles différentes de 1'archipel de Rookery (division 58.4.2)
le 17 novembre 1972, ainsi que distribution agrégée pour tous les sites combinés.
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Criucok Taduig

Cpennee, menmana u 95% noBeputensHble HHTEPBAIEI (JJM) 11 OTAeTpHBIX U O0IIHX pacpeaeTICHHIHA,
MOJYYECHHBIX My TeM puMeHeHus nporenyps! oneHkn [CESCAPE k cheMKkaM Tpex KOTOHWH THHTBUHOB
AJlenu Ha Tpex y4JacTKax TpyMIbl OCTpOBOB Pykepu.

Cnucok puCyHKOB

Onucanne npouexypbl ornenku ICESCAPE. Ilpomenypa OTMHAKOBO TPUMEHSETCS K HCXOTHBIM
HeOTKOppeKTI/IpOBaHHBIM moacueramMm B3pOCJ'lI)IX OCO6CI7I, THE3 UJIU IITCHIOB C y‘IeTOM TOTO, 4YTO KpI/IBI)Ie
HAJINYHS JJ11 KOHKPETHBIX 00BEKTOB TPEOYIOTCS ISl KaXKIOTO THITA TOJACYUTHIBACMBIX 00BCKTOB.

OnucaHue npouecca BBINOJIHEHHsS MPOrPAMMBI, CBSI3aHHOTO C ONPENEICHUEM OJHOM OLEHKH IS
y4acTKa, KOTJa JUIsl OJHOM KOMOWHAINHU YIaCTOK-KOJOHHSA-CE30H CYIIECTBYET HECKOJIBKO PE3ylIbTaToOB
nozicueToB. J{i1st KpaTkocTH TepMHH "Kod(duIMeHT Bapuanuu'" MpUBOAMTCS B BUIE aOOpEeBUATYDHI
-CV.

Pacnipenenenns Ha ocHoBe 1 000 OyTCTpan-moBTOPOB, MOTYYEHHBIX ITyTE€M MPUMEHEHHS HPOLETyPhI
ounenkn ICESCAPE k mozpcdery B3pocibIx ocoOeil MUHTBUHOB AJeiH, MPOBOJUBIIEMYCS B SHBape
1979 . Ha o-Be XacBel.

Pacnpenenenns craHIapTU30BaHHBIX IMOJACYETOB, mHonydeHHble myTem npuMmeHeHus ICESCAPE x
Ka)XKJIOMY 13 TPEX OTAEIbHBIX MO/ICUETOB MUHI'BUHOB A JIe)IN, IPOBOJMBIINXCS HA 0-Be MaM3-/131Ma BO
BpeMst ce30Ha pasmMHokeHus: 1990/91 ., a Takxke cpefHee pacipeieicHue.

Pacnpenenenus craHIapTU30BaHHBIX MOJCYETOB, mHonydeHHble myTem npumeHeHus ICESCAPE x
MojicieTaM MUHTBHHOB AJENH, TMPOBOAMBIINMCS Ha TPEX OTIAEIBHBIX OCTPOBAX TIPYIIIBI OCTPOBOB
Pyxepu (Yuactok 58.4.2) 17 Hos0ps 1972 1., a Takke arperupoBaHHOE pacHpeieseHHue IS BCeX
Y4aCTKOB BMECTE.

Lista de las tablas

Promedio, mediana e intervalo de confianza del 95% (IC) para las distribuciones individuales y totales
obtenidas de la aplicacién del procedimiento de estimacién ICESCAPE a las prospecciones de tres
colonias del pingiiino adelia en tres sitios de las islas Rookery.

Lista de las figuras

Representacion del procedimiento de estimacién ICESCAPE. El procedimiento se aplica de idéntica
manera a conteos brutos sin ajustar de ejemplares adultos, nidos o polluelos, tomando en cuenta de que
se requieren curvas especificas de disponibilidad para cada objeto de recuento.

Representacion del flujo del programa para determinar una estimacién tnica para un sitio cuando
existen multiples registros de conteos para una combinacién tinica sitio-colonia-temporada. Para mayor
conveniencia, para el término “coeficiente de variacién” se usa la abreviatura CV.

Distribuciones, en base a 1000 réplicas de bootstrap, obtenidas de la aplicacion de la rutina de estimacién
ICESCAPE a un conteo de pingtiinos adelia adultos realizado en enero de 1979 en Isla Haswell.

Distribucién de conteos normalizados obtenidos de la aplicaciéon de ICESCAPE a cada uno de tres
conteos independientes de pingiiinos adelia efectuados en Isla Mame-zima durante la temporada de
reproduccion 1990/91, incluyéndose la distribucién promedio.

Distribucién de conteos normalizados obtenidos de la aplicacion de ICESCAPE a conteos de pingtiinos

adelia efectuados en tres de las islas Rookery (Divisién 58.4.2) el 17 de noviembre de 1972, junto con la
distribucién agregada de todos los sitios combinados.
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