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Abstract

CCAMLR has been using the total catch of krill taken within 100 km of penguin colonies
in their breeding season (December to March) as an index of overlap between the
potential foraging areas of penguins and the distribution of the krill fishery in
Subarea 48.1 (South Shetland Islands). As this index has proven unsuitable for a
number of reasons, an alternative method of calculating an index of fishery-predator
interaction has been developed. The new index reflects the functional interaction
between these two utilisers of the krill resource and is based on a detailed model of
penguin foraging patterns combined with catch positions. This analysis shows that the
overlap between the fishery and chinstrap penguins is much greater than for other
penguins, and that this overlap has been decreasing since 1988.

Résumé

La CCAMLR utilise la capture totale de krill dans un rayon de 100 km autour des
colonies des manchots pendant leur saison de reproduction (de décembre a mars)
comme indice du chevauchement entre les secteurs d’alimentation potentiels des
manchots et la répartition de la pécherie de krill dans la sous-zone 48.1 (iles Shetland du
Sud). Cet indice s’étant révélé inadapté pour un certain nombre de raisons, une autre
méthode a été mise au point pour calculer un indice de l'interaction péche-prédateurs.
Le nouvel indice, qui reflete I'interaction fonctionnelle entre ces deux consommateurs de
la ressource de krill, est fondé sur un modele précis des habitudes alimentaires des
manchots combinées avec la position des captures. L’analyse met en évidence le fait que
le chevauchement de la péche et des manchots a jugulaire est nettement plus important
que celui de la péche et des autres manchots, et montre que ce chevauchement tend a
diminuer depuis 1988.

Pesrome

Hanubie o o0weMy BbIJIOBY KpWJisd, nojlyueHHOMY B paguyce 100 kM OT KoJ1oHU#
NMHTBHHOB BO BPEMsI Ce30HA pa3MHOXKeHHUS (nexadpb - Mapr), B MPOUIJIOM ObLIH
ucnoss3osasnl AHTKOMoM B KxauecTBe HHAEKCAa YACTHYHOI'O COBNAgEeHUS
NOTCHIMAIBHBIX IJIOMIAAEH HArysia MHHIBAHOB C paclipefie/IeHHEM IIPOMBIC/1A KPHJIS B
Ioppaiione 48.1 (FOxwnbie HleTnnanackue o-Ba). B CBA3M € TeM, YTO MO HECKOJIBKUM
NpUYMHAM [JaHHBIH HHOSKC 0Ka3asiCs HeMmoOXOsIuM, Ob11 pa3paboTan Apyroit meron
BBIUMCJIEHNS. MHACKCA B3aHMOICHCTBHH MEXOy IPOMBIC/IOM M XMIUHHKaMu., Hopbiii
HHOEKC OTpaxaeT (PpyHKIHOHATIbHBIE B3aUMOACHCTBUI MEXAY 3THMH OBYMS
norpeduTesisMA pPeCypcoB KpPHAs H OCHOBaH Ha DoapobHo# Mopesu
3aKOHOMEPTHOCTEH MOHCKA NUIUM MUATBAHAMH U MECTONOJIOXKEHHHA YIJIOBOB.
Hacrosumil agasn3 noKas3blBaeT, YTO CTEHEHb COBMANCHUS MPOMBICTIA C HAT'YJIbHBIMH
apeasiaMH THHrBHHA UMHCTpan OO0JIblle, YeM Yy APYruX NHHIBHHOB, W UTO ¢ 1988 1.
pa3Mep 3TOro COBNAACHMST YMEHbINAETCS.

Resumen

La CCRVMA ha utilizado la captura total de kril extraida en un radio de 100 km de las
colonias de pingiiinos durante su época de reproduccién (diciembre a marzo) como
indice de superposicién entre las posibles zonas de alimentacién de los pingiiinos y la
distribucién de la pesquerfa de kril en la Subarea 48.1 (islas Shetland del Sur). Como
este indice se ha mostrado inadecuado por varios motivos, se ha creado un método
alternativo para calcular un indice de la interaccién entre la pesqueria y los
depredadores. El nuevo indice refleja la interaccién funcional entre estos dos
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consumidores del recurso kril y se basa en un modelo que considera en detalle los
hébitos de alimentacién de los pingiiinos junto con la ubicacién de las capturas. Este
andlisis demuestra que la superposicién entre la pesqueria y los pingiiinos de barbijo es
mucho mayor que para otros pingiiinos y ademds, que esta superposicién ha ido

disminuyendo desde 1988.

Keywords: Adélie penguin, Antarctic Peninsula, chinstrap penguin, fishery-ecosystem interaction,
foraging, gentoo penguin, macaroni penguin, krill fishery, CCAMLR

INTRODUCTION

The question of potential competition between
the fishery and predators in Subarea 48.1 has been
of concern to CCAMLR for a number of years,
especially for those predators which are restricted
to land-based breeding sites during the summer
(see for example, SC-CAMLR, 1989). Agnew
(1992) found that the pattern of fishing in
Subarea 48.1 over the period 1988 to 1991 was
highly consistent between years, and that 75 to
90% of the total catch for the subarea was taken
between December and March within 100 km of
shore-based penguin breeding colonies each year.
December to March is the peak breeding period,
when penguins are restricted to foraging within
100 km of their breeding colonies. Since the
analysis of Agnew (1992) the Scientific Committee
of CCAMLR has annually reviewed the
percentage of total catch taken within this ‘critical
period-distance’ as an indicator of the potential
overlap between predator foraging and the krill
fishery.

Recently, Ichii et al. (1994) have considered the
spatial distribution of colonies and catches in
more detail. They have shown that although a
high percentage of the catch may be taken within
the foraging distance of land-based colonies, those
colonies containing the greatest numbers of
penguins are not adjacent to fishing grounds. For
instance, the Japanese krill fishery in Subarea 48.1
is generally concentrated off Livingston and
Elephant Islands, whereas the largest penguin
colonies are located on Low, Nelson and King
George Islands.

It is therefore now apparent that further
detailed consideration of penguin and fishery
distributions is necessary to establish the
functional overlap between predators and the
fishery, and that a general critical period-distance
index is no longer appropriate. This paper sets
out a methodology for considering potential
overlap more rigorously and at a finer scale than
that currently used by the Scientific Committee.
A model is developed that estimates penguin
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foraging demand for CCAMLR fine-scale areas
(1° longitude by 0.5° latitude) and compares this
with catches by fine-scale areas.

MODEL DESCRIPTION

A model was constructed to calculate foraging
demand in Subarea 48.1 using penguin foraging
characteristics, energetic demands and population
numbers. Agnew (1992) assumed that penguins
foraged uniformly from their colonies out to 80,
60 and 20 km (Adélie penguins, chinstrap
penguins and gentoo penguins respectively), and
based his estimates on a number of studies from
the whole Antarctic. However, it is clear from
more recent work (Trivelpiece et al., 1987; Ichii et
al., 1992; Kerry et al., 1992; Viet et al., 1993;
Whitehouse and Viet, 1994) that penguins first
travel a specific distance and then forage within
certain boundaries from their colonies.
Consequently, the present model assumes that
penguins forage randomly from a colony with
foraging distance being described by a normal
density function and foraging direction being
described by a uniform distribution within a
lateral range determined by minimum and
maximum bearings (Figure 1).

Specific data on critical parameters for
penguin foraging distances and bearings from
colonies in Subarea 48.1 are limited to a few sites.
Bengtson et al. (1991) and Ichii et al. (1992)
describe foraging by chinstrap penguins at Seal
Island in 1991 as between 6 to 25 km maximum
distance from colonies, at bearings between 345°
and 044° (mean 24.2, SD 21.1, n 6). Macaroni
penguins travelled in the same direction but only
up to 15 km. Similar studies in 1989 and 1990
indicated distances of 11 to 24 km at bearings
between 330° and 033° for chinstrap penguins,
and 20 to 40 km at bearings of 320° to 004° for
macaroni penguins (Bengtson and Eberhardt,
1989; Amos et al., 1990). There is no information
on foraging angles at other sites in Subarea 48.1.
However, studies in the Ross Sea and on the
Mawson coast have shown that Adélie penguins



forage over an angle of about 45° either side of a
line perpendicular to the coast on which their
colony lies (Sadlier and Lay, 1990; Kerry et al.,
1992).

Trivelpiece ef al. (1987) have found that gentoo
penguins forage within 17 km of their site in
Admiralty Bay, King George Island, and chinstrap
and Adélie penguins forage to within 27 and
50 km respectively. Viet et al. (1993) have
confirmed through shipboard observations that
most chinstrap penguins in the Elephant Island
and King George Island areas are found between
about 20 and 40 km from land. Wilson et al.
(1989), however, found all distances travelled by
gentoo, chinstrap and Adélie penguins from
Anvers Island to be rather short (all about 10 km).

Accordingly, the following
parameters were chosen for the model.

standard

Foraging bearings (generally 40° either side of a
line perpendicular to the coast):

Seal Island and Elephant Island: 345 - 045!
Gibbs Island: 230 - 310% Clarence Island and
eastern tip of King George Island: 040 - 120%
other outer coast colonies on the South
Shetlands: 300 - 020; inner coast colonies on
the South Shetlands: 120 - 200; colonies on the
Peninsula north of Anvers Island: 280 - 360.

Foraging distances were chosen so that maxima
(mean + 2 SDs) were generally in line with
maxima recorded in the literature for Subarea
48.1, with a coefficient of variation of 40% (Wilson

et al., 1989; Bengtson et al., 1991):

chinstrap: mean 20 km, 5D 8; Adélie: mean
38 km, SD 15; gentoo: mean 10 km, SD 4;
macaroni: mean 28 km, SD 11.

Estimates of  predator consumption
(kg/pair/month) have been discussed in detail in
Agnew (1992), and the following were used in this
study:

chinstrap: 48.5 kg/p/m (December),
65.5 kg/p/m (January to February); Adélie:
75 kg/p/m (December to January), 65 kg/p/m
(February to March); gentoo: 50 kg/p/m
(December), 68 kg/p/m (January to February);
macaroni: 65 kg/p/m (December to March:
estimated from Croxall et a4l., 1985).

1
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A database of colonies (species, position, latest
population count, foraging angles) was set up
using the information in Woehler (1993). Analysis
proceeded on a species-by-species basis by
calculating the number of penguins in each of a
number of major units, defined as 10 x 10 n mile
‘squares’. To do this, the squares were each
divided into a number of minor units M (Figure 1)
and the number of pairs of birds from all colonies
expected to be foraging within the minor unit at
any time was determined as

n dz
Py —ZPt . '[f(x)dx -
=1

where P, is the total number of pairs in colony t of
n colonies (only one bird from a pair is assumed
to be foraging at any one time), f(x) is the foraging
distribution function (a normal density function
described by the mean and SD of foraging
distance, given above), x is distance from the
colony, Ay is the area of the minor unit and z is
the area of the arc of angle theta which contains
the M, defined as being at distances of d; < x < d>
from the colony

z:%(dg_df)

The total number of penguins of a particular
species in a 10 x 10 n mile square was obtained by
summing Py for all minor units within the square.

An index of the foraging-fishery overlap (FFO)
for all CCAMLR fine-scale squares

(approximately 30 x 30 n mile squares) was
calculated by multiplying Py by the average
consumption of krill by that species from
December to March and by the krill catch in
tonnes for December to March. The index thus
increases where either predation pressure or
fishing increases. Krill catches in a CCAMLR
fine-scale square were estimated from the
CCAMLR Statistical Bulletin (CCAMLR, 1993 and
1994), and a total annual index for each year was
calculated by summing the index for individual
fine-scale squares.

RESULTS

Figures 2 to 5 show the estimated distribution
of foraging penguins in Subarea 48.1 at a

Specific data for Seal Island are given in Bengtson et al. (1991) and Ichii et al. (1992).
The direction of most krill concentrations (Loeb and Siegel, 1993).
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resolution of 10 x 10 n mile, together with colony
positions. The FFO index for each species is given
in Table 1. Also shown in this table is the catch in
the critical period-distance, adjusted to account
for under-reporting of fine-scale data in the late
1980s. Figure 6 shows that the two indices behave
somewhat similarly, and follow the changing
fishing patterns in Subarea 48.1.

SENSITIVITY TESTS

Two sensitivity tests were made on the model.
Because most of the index is attributed to
chinstrap penguins, these alone were subjected to
the sensitivity analysis. In the first analysis, mean
foraging distance for chinstrap penguins was
increased by 50% (from 20 to 30 km), although the
SD remained the same. In the second analysis,
mean foraging distance returned to its previous
value and the foraging angle was decreased by
30%, although the centre bearing remained the
same.,

The results given in Table 2 demonstrate that
the index was moderately sensitive to the above
parameters. In both sensitivity trials the average
proportional change in the index was less than the

proportional change in the parameter. The
change in the index was not consistent between
years, however, and depended on the precise
positioning of predators and catches. This
behaviour is to be expected and demonstrates that
the index reflects the actual overlap between the
fishery and the predators. It does imply,
however, that choice of parameters is critical.

DISCUSSION

The foraging distances used in the model are
rather shorter than those reported from study
sites outside Subarea 48.1. Lishman (1985) reports
Adélie penguins and chinstrap penguins foraging
from Signy Island, South Orkneys, to 80 to 120 km
and 66 to 92 km respectively. Foraging areas for
Adélie penguins at other sites on the Antarctic
continent (Mawson coast and Ross Sea) may be
50 to 100 km from their colonies and occasionally
greater than 120 km (Sadlier and Lay, 1990; Kerry
et al., 1992). Calculations by Wilson et al. (1989)
suggested foraging ranges for macaroni penguins
of 50 to 128 km at Crozet Island. However, the
foraging ranges for gentoo penguins seem to
accord with those found by Croxall et al. (1985) at
South Georgia.

Table 1: Indices of overlap between the fishery and predators. The index is the total numbers of
penguins foraging in fine-scale squares multiplied by the catch in those fine-scale squares and
the consumption over December to March, and divided by 10 000.
Split-year Adélie | Gentoo | Macaroni | Chinstrap Catch in Critical Total Catch
Period Distance (tonnes)
(tonnes)
1988 215 400 190 60754 66298 78918
1989 86 447 285 55838 94455 105554
1990 71 144 123 26696 37455 42477
1991 333 541 19 47149 48805 64641
1992 192 597 26 58596 54004 78385
1993 21 325 3 16138 26321 37716

Table 2: Sensitivity tests. Value of the FFO for chinstrap penguins under the original model
parameters, with increased foraging distance and decreased foraging angle.

Split-year Original Mean Foraging Distance + 50% Foraging Angle -30%
Parameters (percentage change (percentage change
in parenthesis) in parenthesis)

1988 60753 75567 (24) 50128 -17)
1989 55838 33919 (-39) 25089 (-55)
1990 26696 19747 (-26) 14710 (-45)
1991 47149 59067 (25) 37607 (-20)
1992 58596 72718 (24) 50404 -14)
1993 16138 26335 (63) 14166 (-12)
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As one would expect, in general the
distribution of foraging penguins has been shown
to be highly correlated with the distribution of
krill swarms (Kerry, 1992; Veit et al., 1993). In
Subarea 48.1 the highest krill densities are found
fairly close to the western coast of the South
Shetland Islands and in the Bransfield Strait (Loeb
and Siegel, 1993; Trathan and Everson, 1994), and
the proximity of krill to most penguin colonies in
Subarea 48.1 may account for the shorter foraging
distances recorded there.

These generalised distributions of krill
occurrence are reflected in the expected
distributions of foraging penguins shown in
Figures 2 to 5. The index given in Table 1
presents a comparative view of trends in overlap
between the fishery and predators, and clearly
shows that the overlap between the fishery and
Adélie penguins, gentoo penguins and macaroni
penguins is much less than that for chinstrap
penguins. In the case of Adélie penguins, this is
because the majority of colonies are on the tip of
the Antarctic Peninsula and southwards from
Anvers Island, both areas where there has never
been much fishing (Agnew and Nicol, 1995). The
index for gentoo penguins and macaroni
penguins is low because of the relatively small
number of pairs of these species in Subarea 48.1.

The index is quite sensitive to the input
parameters, as one would expect from a model
which is designed to describe the spatial overlap
between foraging penguins and catch locations.
More detailed work on the elaboration of
appropriate parameters for different sites would
be very valuable in refining the input parameters.

The overlap index follows trends similar to the
critical period-distance, except for 1989. In that
year there was a very large catch which was
reflected in a high critical period-distance
calculation. Our new overlap index, on the other
hand, assesses that these extra catches were not
taken in areas or at times which overlapped with
penguin foraging areas to a greater extent than in
subsequent years. Thus, whereas previously 1989
would have been considered an anomalous year,
the new index shows this not to have been the
case.

These conclusions support those of Ichii et al.
(1994), that the critical period-distance is an
inappropriate measure of overlap between
penguins and the fishery. The more refined index
of FFO, based as it is on detailed colony data,
provides a more meaningful description of
overlap conditions.

Penguin Foraging Overlap with Krill Fishery
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Figure 1: Penguin foraging distribution concepts. Penguins forage inside an arc (8) at distances (d1, d2)
from the colony determined by the foraging distribution function for that colony. The use of
major and minor units is described in the text.
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Figure 2: Density of foraging Adélie penguins predicted by the model. Foraging numbers are given for
each 10 x 10 n mile square. Colony positions are shown (¥).

105



Agnew and Phegan

106

000 -
00O oo -
@] [cN®] o .
R 080'
....... Qo -
.. 00000 400000 -
- 0000000 © o O000 Q0o -
- 00000000 - - BOOOO. -
+ = 000000000 Oc - OOQOo0 -
-+ 00000C0 ¥ OO0+ - 0000
--ooooooo» 000+ 0000 - »
. » 000000QFBEH 00 O ¢ a e e
00000 QogiRdI 000000 -
< 000000 T4 OO0000Oo - -

- 000 O ™o 0000000 - -
OO0 000000000 -« -
~Q¢Qooooooooqpo
“ o os e + 0000000 -
e s s o0 s 000 OO#.
s e o 00000000 " .
00000000

. Foraging Numbers
) >s O

= 0Oto 200
o 200i0 500
O 500t 5000
(5000 to 54000

Figure 3: Density of foraging chinstrap penguins predicted by the model. Foraging numbers are given for
each 10 x 10 n mile square. Colony positions are shown (*).
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Figure 4: Density of foraging gentoo penguins predicted by the model. Foraging numbers are given for
each 10 x 10 n mile square. Colony positions are shown (¥).
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Figure 5: Density of foraging macaroni penguins predicted by the model. Foraging numbers are given for each
10 x 10 n mile square. Colony positions are shown (*).
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Figure 6: The foraging-fisheries overlap (FFO) index calculated in this paper is compared
with the critical period-distance (CPD) index.
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Liste des tableaux

Indices du chevauchement de la péche et des prédateurs. Cet indice est calculé en multipliant le
nombre total de manchots s’approvisionnant dans les cases & échelle précise par la capture dans ces
mémes cases et la consommation de décembre a mars, et en divisant le résultats par 10 000.

Tests de sensibilité. Valeur du chevauchement approvisionnement-péche (FFO) pour les manchots a
jugulaire selon les parametres du modéle original, avec augmentation des distances du secteur
d’alimentation et diminution de ’angle du secteur d’alimentation.

Liste des figures

Diverses répartitions possibles des secteurs d’alimentation des manchots. Les manchots s’alimentent
a l'intérieur d'un arc (8) & des distances (d1, d2) de la colonie déterminées par la fonction de
répartition des secteurs d’alimentation de cette colonie. L’utilisation des aires considérées ('une
réduite, I'autre étendue) est décrite dans le texte.

Densité de la population de manchots Adélie s’approvisionnant prédite par le modéle. Le nombre
de manchots s’alimentant est donné par case de 10 x 10 M nautiques. La position des colonies est
indiquée (*).

Densité de la population de manchots & jugulaire s’approvisionnant prédite par le modele. Le
nombre de manchots s’alimentant est donné par case de 10 x 10 M nautiques. La position des
colonies est indique (*).

Densité de la population de manchots papous s’approvisionnant prédite par le modeéle. Le nombre
de manchots s’alimentant est donné par case de 10 x 10 M nautiques. La position des colonies est
indiquée (*).

Densité de la population de gorfous macaroni prédite par le modeéle. Le nombre de manchots
s’alimentant est donné par case de 10 x 10 M nautiques. La position des colonies est indiquée (*).

Indices normalisés de chevauchement péche-prédateurs dans la sous-zone 48.1. L’indice de
chevauchement péche-secteurs d’alimentation (Foraging-Fisheries Overlap ou FFO) calculé dans ce
document est comparé a I'indice de période/distance critiques (Critical Period /Distance ou CPD).

Crncok TadJui

WHaexc 4acTHYHOrO COBHAJCHMSI MPOMBIC/A C MUIOIIAASMHI HArYJ1a XMIHUKOB. J[aHHbIK MHOEKC -
3TO0 00Inasi YUCJICHHOCTh MUHIBHHOB, JOOBIBAIOMIMX KOPM B mpedeJiax MeJIKOMACHITA0HBIX
KBafpaToB, YMHOXKEHHAs Ha OOLIMil BBIJIOB, HOJIYUYECHHBIH B IPEE/IaX TeX XK€ KBaOPaToB, a TaKxKe
Ha yPOBEHb NOTpeBIIeHAd ¢ neKabps O MapT; OKOHYATEIbHOE YMCJIO 3aTeM esmTest Ha 10000,

WcnpiTaHust MOJAEN HA CTATHCTUUECKYIO YYBCTBUTEIBHOCTh. 3Hauenue FFO (yacTuuHOro
COBNAJCHUS HNHIIEBBIX NOTPeOHOCTEHl XUIHUKOB C MPOMBICJIOM) A/ MHHIBHHOB YHHCTpAN
COrJIaCHO NMEpBOHAYAJIBHBIM NTapaMeTpaM MOAEJIH, BKJIIOUas YBEJIMYEHHOE PACCTOSHUE TOXOI0B 32
NULEH U YMEHBIUEHHBIA YroJ1 HalpaBJICHHS IIOXOI0B 3a NHILEH.

ChyucoK puCYHKOB

OHHENUUY PACHpPENCSICHIST KOPMIIUXCS MTAHIBUHOB. [IMHrBiHDI My T cebe KOPM B npeaesiax ayru
(0) Ha paccrosirugx (d1, d2) or xos1oHUM, pacunTaHHbIX MO DYHKUMA PACTPEHETIEHHS KOPMJIICHUS
NUHIBHHOB, NMPHHAJJIEKAIUX K dTOH KOJIoOHMH. B Tekcre HacTOosmed paboThl OMUCHIBAETCS
MCNOJIb30BaHNE GOILIINAX U MaJbIX eAUHHUIIL.

HpeucxaBaHHaﬂ MOIEJIbIO NJIOTHOCTD KOPMSALIMXCA IMMHI BUHOB A}ZIGJ'H/I. KosmuecTBo KOpDMSIHIUXCA

ocobeiil naHo w1g Kaxpgoro ksagpara B 10 X 10 Mopckux MuJsib. [lokasaHbl MeCTOIMOJIOX EHUS
KOJIOHHU# (*).
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HpBHCKaBaHHaﬂ MOACJIbIO NJIOTHOCTD KOPMAINKUXCA NMUHIBUHOB YHAHCTpPAIl. Konuuectso

KopMmsamuxcs ocobell maHo niis xkaxpgoro ksafapara B 10 x 10 mopckux muib. [Toka3zaHbl
MECTONOJI0KEHUS KOJIOHHH (*).

Hpﬁ}lCKaBaHHaH MOACJAbIO NMJIOTHOCTD KOPDMAUIMXC ManyacCKUX MHHTBUHOB. KosnuuectBo

KopMsAlUXcst ocoOell naHo A/ xaxaoro kpaapata B 10 x 10 mopckux MuJib. [Tokasanbl
MEeCTONOJI0XKEHUS KOJIOHUH (¥).

anHCKHBaHHaﬂ MOIEJIBIO TIJIOTHOCTE KOPMAUINXCHA 30JI0TOBOJIOCHIX MAHIBUHOB. KosnuecTpo

KopMsuxcs ocobell nano ans xaxpgoro xksagparta B 10 x 10 mopckux musin. ITokasansl
MECTONOIOKECHNS KOJIORM# (¥).

HopMasm3oBaHHbBIE HHAEKCBI YACTHYHOrO COBNAACHHS MPOMBICJIA C IJIOMIALASIME HATYJIa XMIIHUKOB
B [Tonpaiione 48.1. CpaBHeHHe MHOEKCA YaCTHYHOTO COBOAMCHMUS MJomlafe# Harysa c
pacipenesienneM npomeicia (FFO) ¢ waaekcom KpuTnueckoro nepuona/paccrosuus (CPD).

Lista de las tablas

Indices de superposicién entre la pesqueria y los depredadores. El indice estd dado por el total de
pingiiinos que se alimentan en cuadriculas de alta resolucién multiplicado por la captura en las
mismas y por el consumo entre diciembre y marzo, dividido por 10 000.

Pruebas de sensibilidad. Valor de FFO para los pingiiinos de barbijo considerando los parametros

del modelo original, con una distancia mayor y un angulo menor de alimentacién con respecto a la
colonia.

Lista de las figuras

Conceptos sobre la distribucién de la alimentacién de los pingiiinos. Los pingliinos se alimentan
dentro de un arco (6), a distancias (d1, d2) de la colonia determinadas por la funcién de distribucién
de la alimentacion en esa colonia. En el texto se explica el uso de unidades mayores y menores.

Densidad de pingliinos adelia en busca de alimento prevista por el modelo. El ndmero de pingiiinos
en busca de alimento se da para cada cuadricula de 10 x 10 millas nduticas. Se muestra la ubicacién
de las colonias (*).

Densidad de pingiiinos de barbijo en busca de alimento prevista por el modelo. El ntimero de
pingtiinos en busca de alimento se da para cada cuadricula de 10 x 10 millas nauticas. Se muestra la
ubicacion de las colonias (*).

Densidad de pingiiinos paptia en busca de alimento prevista por el modelo. El niimero de
pinguinos en busca de alimento se da para cada cuadricula de 10 x 10 millas nuticas. Se muestra la
ubicacion de las colonias (*).

Densidad de pingiiinos macaroni en busca de alimento prevista por el modelo. El ntimero de
pingiiinos en busca de alimento se da para cada cuadricula de 10 x 10 millas nauticas. Se muestra la
ubicacién de las colonias (*).

Indices normalizados de la superposicién geografica entre la pesqueria y los depredadores en la
Subérea 48.1. Comparacion entre el indice de superposicién geografica entre la pesqueria y la zona
de alimentacién (FFO), calculado en este trabajo, y el indice del periodo y distancia criticos (PDC).



