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Abstract

This paper presents Maximum Entropy (MaxEnt) reconstructions of krill distribution and
estimates of mean krill density within two survey boxes (dimensions 80 km x 100 km) north
of South Georgia. The reconstructions were generated from line-transect acoustic survey
data gathered in the boxes during austral summers from 1996 to 2000. Krill densities had
previously been determined at approximately 0.5 km intervals along each of the ten 80
km transects in each box, providing about 1 600 density estimates per box. The MaxEnt
technique uses an iterative Bayesian approach to infer the most probable krill density
for each of the 32 000 0.5 x 0.5 km cells in each box, taking explicit account of the spatial
relationship between densities in the observed data. Despite some very large interannual
and regional differences in mean krill density, the MaxEnt approach works well, providing
plausible maps of krill distribution. The maps reveal some consistent ‘hot spots” of krill
distribution, knowledge of which could aid the understanding of mechanisms influencing
krill distribution, and hence krill / predator interactions. The MaxEnt technique also yields
mean krill densities for each survey, for which the confidence limits are often narrower
than those determined from conventional statistical analyses.

Résumé

Ce document présente des reconstructions de l'entropie maximale (MaxEnt) de la
répartition du krill et des estimations de la densité moyenne du krill dans deux rectangles
d’étude (dimensions : 80 km x 100 km) au nord de la Géorgie du Sud. Les reconstructions
sont effectuées a partir de données de radiales de campagnes d’évaluation acoustique
collectées dans ces rectangles pendant les étés australs de 1996 a 2000. Par le passé, les
densités de krill avaient été déterminées a des intervalles d’environ 0,5 km le long de
chacune des dix radiales de 80 km de chaque rectangle qui, chacun, fournissait environ
1 600 estimations de densité. La technique de MaxEnt utilise une approche bayésienne
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térative pour inférer la densité de krill la plus probable pour chacune de 32 000 cases de
0,5 x 0,5 km de chaque rectangle, et tient compte explicitement de la relation spatiale entre
les densités des données observées. Malgré des différences interannuelles et régionales
importantes dans la densité moyenne de krill, I'approche de MaxEnt donne de bons
résultats et fournit des cartes plausibles de répartition du krill. Les cartes révelent des
points de forte concentration constante de krill dont la connaissance pourrait élucider les
mécanismes influencant la répartition du krill et, de 13, les interactions krill/prédateurs.
La technique de MaxEnt fournit de plus, pour chaque campagne, des densités moyenne
de krill dont les intervalles de confiance sont souvent plus restreints que ceux déterminés
par des analyses statistiques conventionnelles.

Pe3rome

Crathsi TOCBsIIEHA NPUMEHEHUI0 MeToja Makcumyma HSHTponuu (MaxEnt) s
BOCCTAHOBJICHHS IPOCTPAHCTBEHHOTO pACHpEAeNeHUs KpWIs U OLEHKEe CpeaHen
IUIOTHOCTH KPUJIS B ABYX ChEMOYHBIX stueiikax (pasmepom 80 kM X 100 kM), iexamux
Kk ceBepy oT IOxno# I['eopruu. s BoCCTaHOBIEHMS HMCIONb30BAIMCH JAaHHBIE IO
JIMHEHHBIM pa3pe3aM aKyCTHYECKUX ChEMOK, COOpaHHbIE B ITHX s4YelKaxX B TEUCHHE
aBcTpanbHOro yiera ¢ 1996 mo 2000 r. I[oTHOCTH Kpwiis ObUIA OMpEICICHA paHee ¢
WUHTEpBaJIoOM 0K0JI0 0.5 KM BAOJIb Kaxoro u3 10 80-kumoMeTpoBBIX pa3pe3oB B Kaxa0i
queiike, 4Tto mamo mpuMepHo 1600 omeHok mIOTHOCTHM Ha suelky. Meronq MaxEnt
UCIIOJIb3YEeT HUTEPATUBHBIA 0aleCOBCKMH IOAXOX C TEeM, 4YTOOBI MOJNYy4YHTh Hauboiee
BEPOSTHYIO IUIOTHOCTH Kpmiis B Kaxaoi u3 32 000 knerok pazmepom 0.5 x 0.5 xm s
KaXJIOW S4eHKH, U B IBHOM BHJIE€ YUUTHIBAET MPOCTPAHCTBECHHYIO B3aUMOCBSA3b MEXIY
IUIOTHOCTAMHU B JaHHBIX HaOmroneHuit. HecMoTpss Ha oTnenbHbIE O4YeHb OosbLINe
MEXXTOJOBbIE U PErMOHAJIbHBIC PA3JIMUUA B CPEJHEN INIOTHOCTH Kpuisi, meton MaxEnt
paboraer XOpomo, JaBas IPaBIONONOOHBIE KapTbl pAaCIpelesieHUus] KpWisi. OTH
KapThl BBISIBWIN OT/CNIBHBIC YCTONYMBBIE «TOPSYME TOYKW» B PACHPENCICHUU KPUII,
uH(pOpMaIHsE 0 KOTOPBIX MOXKET COJACHCTBOBATH MOHUMAHUIO MEXaHM3MOB, BIIUSIOIINX
Ha paclpeielieHue Kpuis, M, CJelI0BaTelbHO, B3aUMOJCHCTBUM MEXAYy KpWIEM U
xumHuKamMu. Metox MaxEnt Taxxke paer cpelHHWE 3HAUEHUs IUIOTHOCTHM KpWJIIA IO
KaXJIOW CheMKe, TOBEpUTEIbHBIC MIPEIEIIBI JUTsl KOTOPBIX 3a4acTyIO yXKe, YeM Te, KOTOphIe
YCTaHABIMBAIOTCS IPU OOBIYHOM CTaTHCTHUECKOM aHAJIM3E.

Resumen

Este documento presenta reconstrucciones de la entropia maxima (MaxEnt) de la
distribucién de kril y estimaciones de la densidad promedio de kril en dos areas de estudio
(rectangulos de 80 km x 100 km) al norte de Georgia del Sur. Las reconstrucciones se basaron
en los datos obtenidos durante las temporadas estivales de 1996 a 2000 de los transectos
lineales de las prospecciones actsticas en ambos rectingulos. La densidad de kril habia
sido estimada previamente cada ~0,5 km, a lo largo de los diez transectos de 80 km en cada
rectangulo, produciendo unas 1 600 estimaciones de densidad por rectdngulo. La técnica
de MaxEnt utiliza un enfoque Bayesiano iterativo para inferir la densidad més probable de
kril para cada una de las 32 000 cuadriculas de 0,5 x 0,5 km de cada rectangulo, tomando
en cuenta explicitamente la relacién espacial entre las densidades de los datos observados.
A pesar de algunas diferencias regionales e interanuales de gran magnitud en la densidad
promedio de kril, el enfoque de MaxEnt es efectivo, y proporciona mapas admisibles de
la distribucién de kril. Los mapas revelan algunas “zonas élgidas” en la distribuciéon
de kril, cuyo conocimiento podria ayudar a entender los mecanismos que influyen en la
distribucién de kril, y por ende, en las interacciones entre el kril y sus depredadores. La
técnica de MaxEnt también produce densidades de kril promedio para cada prospeccion,
para la cual los intervalos de confianza en general son mas angostos que los determinados
para los andlisis estadisticos mds convencionales.

Keywords: acoustic survey, Bayesian, density, distribution, hot spots, krill, MaxEnt,
Maximum Entropy, reconstruction, CCAMLR
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INTRODUCTION

Acoustic surveys are conducted frequently to
estimate the biomass and map the distribution of
stocks of many pelagic species including Antarctic
krill (Euphausia superba) (e.g. Hewitt et al., 2002).
Surveys tend to be limited in terms of time, how-
ever, both because of the cost of ship time and the
need to complete surveys in periods that are short
compared to the rates of movement (either by
active migration or passive advection on currents)
of the stock (McAllister, 1998). Survey transects
therefore tend to be widely spaced and data are
sparse. Although such surveys provide detailed
information on the distribution of stocks along
transects, they reveal little of their distribution
between transects. In order to map the distribution
of a stock throughout the whole survey area,
interpolation or other inference techniques must
be used to estimate density in those parts of the
survey area where direct observations have not
been made (off transect). Geostatistical techniques
have been used for this purpose (Rivoirard et al.,
2000), but have not worked well for krill survey
data because of the extremely patchy nature of
krill distributions (e.g. Murray, 1996). Much krill
biomass is contained in rare, high density swarms,
the distributions of which are difficult to model.

Bayesian theory provides a robust framework
for data analysis. It enables prior knowledge of
the system under study to be exploited together
with new known data (Sivia, 1996). Furthermore,
Skilling (1988) has shown that probability-density
functions that best correspond to the constraints of
known data are those which maximise the infor-
mation entropy (S). Bayesian techniques applied
as Maximum Entropy (MaxEnt) have been used
successfully for many years in numerous branches
of physical science to reconstruct images from
incomplete and noisy data, for example to recon-
struct maps of distant astronomical features from
radio-telescope data (Gull and Daniel, 1978). More
recently, MaxEnt techniques have been applied
to information obtained from commercial trawl
operations to map fish distributions outside those
areas for which fish abundance data were available
(Lizamore, 1995; Vignaux et al., 1998). This paper
reports the results of MaxEnt reconstructions of the
distributions of Antarctic krill in survey boxes to
the north of South Georgia, based on line-transect
acoustic survey data gathered in the boxes during
austral summers from 1996 to 2000.

MATERIALS AND METHODS
Acoustic Survey Data

Data were gathered by the RRS James Clark
Ross (cruise prefix JR) during austral summers
from 1996 to 1999 and by the RV Atlantida (cruise

prefix ATLD) in 2000 as a component of the British
Antarctic Survey’s Core Programme (Brierley et
al., 1997). Details of survey design, acoustic data
processing, and results as determined by Jolly and
Hampton (1990) and other analyses, are given
by Brierley and colleagues (Brierley et al., 1997;
Brierley et al., 1999; Brierley and Goss, 1999; Sushin
et al., 2000). Generally speaking, the surveys re-
sulted in estimates of krill density every 0.5 km
along each 80 km survey transect. The objective of
each survey was to cover 10 such transects per box
(providing 80 x 10 x 2 separate 0.5 x 0.5 km krill
density estimates per box). This objective was not
always achieved because of weather and/or time
constraints.

MaxEnt Analysis

A full justification of the MaxEnt approach is
beyond the scope of this short note. Numerous
textbooks detail the underlying theory (e.g. Sivia,
1996; Wu, 1997), and Brierley et al. (2003) describe
the application of the technique to analysis of
line-transect acoustic survey data. The approach
is Bayesian and generates the most-probable infer-
ence of the mean krill density (g m?) in each of
the 32000 0.5 x 0.5 km cells within each survey
area, and provides an estimate of the standard
deviation about the mean for each cell. The process
is iterative and uses computer-power to progress
from a user-controlled starting point to converge
on a reconstruction that is most consistent with
the observed data and for which the entropy is
maximised. The approach has a long history of suc-
cessful application in the analysis and recon-
struction of sparse and noisy physical data (e.g.
Gull and Daniel, 1978) and is founded on the bed-
rock of probability theory. It has been said that
the MaxEnt approach is the only inference process
that is consistent with common sense (Paris,
1994). The MaxEnt technique offers an advantage
over geostatistical/kriging approaches in that it
provides a probability value for each possible
solution (the Bayesian evidence: evidence as given
here is the product of log.[probability of inferred
cell krill density] for all cells per survey box). This
enables different reconstruction scenarios to be
compared quantitatively.

An illustration often used to describe the
mechanism of MaxEnt image reconstruction from
limited data (e.g. Lizamore, 1995; Sivia, 1996) is
the work of an imaginary team of monkeys (or
scientists) throwing luminous balls (in this case
krill) at random into the pixels (in this case
0.5 x 0.5 km cells) of the image (this survey
area). This produces an image in which the pixel
brightness (in this case inferred krill density) is
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determined by the number of luminous balls
in that pixel. If the monkeys repeat the process
many times, many images will be produced and
these can all be compared to the data. Most of the
monkeys’ images will not be consistent with the
data and can be ignored. All the images that do fit
the data can be sorted into piles of images that are
the same, and the largest pile will contain the most
likely inference of the image from which the data
were drawn. The image produced most often by
the monkeys will have the most uniform intensity
and therefore the monkeys’ combined efforts will
have resulted in the most uniform image (the
image with maximum entropy) that is consistent
with the observed data.

The starting point (the Bayesian prior) for all
32 000 cells is set to be the mean krill density for the
survey, as determined using a Jolly and Hampton
(1990) analysis. The solution is constrained by the
observed data in the sense that the solution is
sought with minimum misfit between the observed
data and reconstructed data. The entropy (S) is
evaluated as

S(h) = _3%0 ( ;)= m(x,)— h(x;) log 21C5) J

1 m(x;)

where h(x;) is the observed krill density at a par-
ticular 0.5 x 0.5 km cell location x; (a location in two
dimensions, latitude and longitude) and m(x;) is
the inferred krill density at the same location.

The MemSys5 data analysis package (Gull
and Skilling, 1999) has been used to carry out
these MaxEnt analyses. The package is able to
take full account of the spatial correlation in the
observed survey data and therefore exploits a
valuable component of line-transect survey data
that is ignored by more conventional (e.g. Jolly
and Hampton, 1990) analyses. Spatial correlations
are included in the MaxEnt analysis via the Intrin-
sic Correlation Function (ICF) technique (Gull
and Skilling, 1999), in which the general idea is
to build a final ‘visible’ reconstruction from a
stacked series of ‘hidden’ reconstructions. The re-
construction that is compared to the data (the
so-called ‘visible” reconstruction) is a blurred ver-
sion of the hidden one. If there is not much
support for detailed features in the data, then
blurring the hidden reconstructions reduces the
number of available degrees of freedom and the
evidence rises. If the blurring is taken too far
then the likelihood is reduced so that the evidence
falls. Several scales (N scales) can be included so
that the reconstruction may be smooth in one area
(similar krill densities in adjacent cells) and sharp
elsewhere (discrete krill swarms). This approach
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has become known as pyramid maximum entropy
(Bontekoe et al., 1994). A series of up to seven
hidden reconstructions (N scales = 7), each blurred
by a further linear factor of 2 (ICF widths 0, 1, 2,
4, 8, 16 and 32) and weighted by a factor of 4, was
used. The ICF widths are widths of Gaussian fil-
ters and, very roughly, the number of adjacent
0.5 km cells that were correlated by ICF widths 1, 2,
4, 8,16 and 32 were respectively 0, 1,2, 5,9 and 18.
The final visible space reconstruction was formed
by weight-summing the hidden reconstructions by
convolution. Fuller details of the ICF techniques
are given by Brierley et al. (2003).

Investigation of Reconstruction Accuracy

To assess how effective the MaxEnt approach
was at inferring individual cell densities in the
absence of observed data, 52 data points were
removed at random from the raw data prior to one
analysis of one cruise (JR38W). After reconstruc-
tion in the absence of these data, the MaxEnt-
generated points at these positions were compared
with the observed data.

RESULTS

Reconstructed maps of krill distribution are
shown for the western and eastern survey boxes
in Figure 1. All maps are at N scales = 6, apart
from ALTDW which is at N scales = 7. Mean
krill densities for each reconstruction are given in
Table 1, along with coefficients of variation (CV)
and equivalent values determined previously
from Jolly and Hampton (1990) analyses. Also
shown are the Bayesian evidence values for each
reconstruction.

Comparison of the 52 observed values re-
moved from the JR38W raw data prior to analysis
with the 52 inferred by MaxEnt for the same
geographic location provided support for the
power and validity of this approach. A paired
sample t-test failed to detect any significant dif-
ference between the observed and reconstructed
data (t =1.8, df =51, p > 0.05).

DISCUSSION

The MaxEnt approach has produced most-
probable maps of the distribution of krill in the
survey areas within the constraints of the observed
data. The fact that the analysis conducted in the
absence of some raw data produced reconstructed
values that were not significantly different from
the observed data provides evidence that the
inference process is robust. Some features of the
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Table1: ~ Mean krill densities and measures of uncertainty for acoustic surveys in the western and eastern
survey boxes from 1996 to 2000. Jolly and Hampton (1990) values are derived from transect values
(usually 10 but 8 for JR11 and ATLD), whereas MaxEnt values are for 32 000 0.5 x 0.5 km cells (except
for JR11E and ATLD where, because only eight transects were surveyed, n = 25 600). No evidence
value is available for JR17W because, for this cruise, it was not possible to satisfy all the conditions for
a MaxEnt solution.
Cruise Year Box Jolly and Hampton MaxEnt
Mean Variance CV Mean Variance CV Evidence
(gm?) (%) (gm?) (%)
JR11 1996 West 26.72 59.00 28.75 35.70 9.22 8.51 -1139
JR11 1996 East 40.57 13.40 9.02 54.94 30.17 10.00 -1040
JR17 1997 West 25.17 18.44 17.06 19.9 6.88 1319 -
JR17 1997 East 54.65 36.55 11.06 51.26 13.39 7.14 -1869
JR28 1998 West 2141 17.96 19.79 22.08 13.18 8.47 -841
JR28 1998 East 150.99 879.68 19.64 159.34 43.10 4.12 -2186
JR38 1999 West 12.03 2.14 12.16 11.81 8.51 24.70 -475
JR38 1999 East 11.18 17.46 37.37 10.73 5.41 21.69 -725
ATLD 2000 West 12.26 10.15 25.99 2473 7.74 3.67 -1220
ATLD 2000 East 32.70 49.54 21.52 24.37 7.08 10.92 -1792

reconstructions, however, require explanation.
Banding features parallel to the transect lines are
apparent for some surveys, particularly on the
western side of the west survey box when the mean
krill density was low. The banding arises from a
combination of along-track observed krill density
and transect spacing. Transects were defined using
a two-stage pseudo-randomisation process (see
Brierley et al., 1997). This caused transects in the
west of the western core box to be more widely
spaced than the average transect spacing. This
wide spacing and the low along-transect density
values gives rise to regions for which it is difficult
to make inference. Banding is less apparent in
the reconstruction of JR11W. For that cruise, bad
weather prevented the usual straight transects from
being surveyed and a zigzag course was adopted.
This resulted in a more even spread of survey
effort across the box and a better reconstruction:
for mapping purposes zigzag courses appear to be
superior to parallel lines. Banding is not apparent
in the reconstruction of ATLDW even though the
transect spacing there was the same as for previous
cruises. Evidence values for ATLDW suggested that
for this cruise the inclusion of longer-range spatial
correlations (N scales = 7) than those considered in
JR W cruises (N scales = 6) was significant. This in
turn leads to a smoother image.

The best evidence value was for the reconstruc-
tion of JR38W. The distribution of (log) density
for this cruise was narrow and unimodal and was
consequently modelled well by the MaxEnt pro-
cess. For cruises with higher mean density, such as
JR28E, the evidence was lower. The distribution of
(log) density became more bimodal with increased
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mean density (i.e. more large krill swarms were
detected) and presented increasingly difficult chal-
lenges to the MaxEnt reconstruction. Geostatistical
analyses of krill surveys have encountered prob-
lems with bimodal density distributions (e.g.
Murray, 1996). As Sivia (1996) has pointed out,
multi-modal data are difficult to model, particu-
larly if the modes are of similar sizes (as in JR11E).
For surveys where the distribution of (log) density
is multi-modal, but for which the modes are of dif-
ferent sizes, Markov Chain Monte Carlo analyses
may offer a solution; it will be investigated in
the future. The relationship between total krill
biomass in each survey box and the distribution
of 0.5 x 0.5 km density values should be investi-
gated further. The shape of this distribution has an
influence mathematically on the variance associ-
ated with the MaxEnt reconstruction. Biologically,
it would appear that the increasing bimodality of
(log) density distribution occurs because when the
mean krill density is high the number of very large
swarms increases.

Although there are some very large differences
in mean krill density between years (ranging from
36 to 12 g m™ in the west and 159 to 11 g m? in
the east; see Table 1), there is evidence of some
consistent features between years for each box.
In the west, in three of the four years for which
data are available, a krill cluster can be seen at
approximately x = 90 km, y = 25 km (see Figure 1a).
Similarly, in the east, for all three years when data
are available, a cluster is visible at approximately
x =95 km, y = 30 km (Figure 1b). Factors contri-
buting to the consistent appearance of krill at these
‘hot spots” warrant further investigation, since they
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could improve the understanding of mechanisms
which drive krill aggregation. This in turn could
have implications for understanding predator for-
aging strategies. The presence of hot spots also has
implications for survey design and conventional
survey analysis since their existence suggests
that the distributions of krill in the boxes at South
Georgia are not entirely random. The hot spots
are evident despite the fact that some single high-
density values apparent in the along-track data are
not so prominent in the reconstructed images (for
example, JR11W at y = about 55). Although single
high-density values appear in the reconstructions,
if the high-density values are observed to be iso-
lated in space (i.e. appear in just one 0.5 km cell),
the probability of their occurrence is low and the
MaxEnt process will not populate adjacent cells
in the reconstructed image with high-density
values. High-density values in isolated single cells
are not prominent in the reconstructed images.
Conversely, there are instances when patches of
high density appear in the reconstructions but
are not apparent in the raw along-track data. If
multiple neighbouring intervals along track are
observed to contain moderately high krill den-
sities, then the probability of high densities in
unsurveyed cells off transect will be high, and
these cells will be attributed high densities in the
reconstruction. Moderately high densities are not
prominent in the along-transect data because the
diameters of the circles representing these points
are small on the linear scale used (Figure 1).

Building the grids at a finer spatial scale
would be one way of further improving the recon-
structions. Data considered here were integrated
at 0.5 km intervals along transects, primarily for
historical reasons. Availability of computing power
no longer constrains integration to such long inter-
vals, and smaller intervals would increase the like-
lihood of detecting high densities in consecutive
intervals, perhaps providing more information on
spatial relationships between swarms (Kalikhman,
2001). Halving the integration interval (to 0.25 km
here), however, would increase the reconstruction
problem (by 22), and could also lead to problems
of acoustic species identification. Acoustic-based
species identification techniques often require back-
scatter data that have been averaged over several
pings in order to overcome the stochastic ping-to-
ping variation that occurs even between echoes
from the same target species (e.g. Brierley et al.,
1998).

Before the MaxEnt technique can be used rou-
tinely to analyse acoustic survey data, it is sug-
gested that detailed comparisons should be made
between reconstructions generated by MaxEnt and

reconstructions using other techniques, such as
‘standard” geostatistics (Rivoirard et al., 2000) and
geostatistics implemented in a Bayesian manner
(Omre, 1987). These comparisons should ideally
be made on data obtained from virtual surveys run
through simulated oceans containing very highly
skewed distributions of density. Simulated data are
now available (e.g. Simmonds, pers. comm.) and
such comparisons are the subject of our ongoing
research. Reconstructions of distributions from
data gathered on ‘survey’ through simulated data
fields would offer the ability to assess the quality of
the reconstruction in regions off transect. It has not
been possible to do this here because, of course, the
distribution of krill off transect was unknown.

At a time when decisions with potentially major
biological consequences are being made about
fisheries by politicians who are not necessarily
conversant with the concept of scientific uncer-
tainty (Hutchings et al., 1997), the ability to pro-
vide robust probability values associated with
various biomass scenarios could be useful. For this
reason, and because of the superiority of Bayesian
techniques over traditional statistical approaches
(Wade, 2000) and the ability of MaxEnt to function
in a data-sparse environment, the MaxEnt method
illustrated here could make substantial contribu-
tions to fisheries-independent management of
krill.

CONCLUSIONS

Bayesian theory applied as MaxEnt provides a
powerful means for reconstructing distributions of
krill throughout entire survey areas from (sparse)
line-transect acoustic survey data.

The MaxEnt reconstructions provide robust esti-
mates of krill density.

Some persistent patterns of krill distribution at
South Georgia are apparent from one year to the
next in the MaxEnt reconstructions. These are not
immediately obvious in the acoustic line-transect
data. The occurrence of such ‘hot spots” may have
importance for understanding krill distribution and
may provide insight into the foraging behaviour of
krill predators.
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Tableau 1:

Figure 1:

Tabm. 1:

Puc. 1:

Tabla 1:

Liste des tableaux

Densités moyennes de krill et mesures de l'incertitude des campagnes d’évaluation acoustique des
rectangles ouest et est de 1996 a 2000. Les valeurs de Jolly et Hampton (1990) sont dérivées des valeurs
des transects (en général 10 mais 8 pour JR11 et ATLD), alors que les valeurs de MaxEnt correspondent a
32000 cases de 0,5 x 0,5 km (sauf pour JR11E et ATLD ot1, comme huit radiales seulement ont été évaluées,
n =25600). Aucune valeur évidente n’est disponible pour JR17W du fait que, pour cette campagne, iln’a
pas été possible de satisfaire a toutes les conditions requises pour parvenir a une solution de MaxEnt.

Liste des figures

(a) Rectangle d’évaluation de l'ouest et (b) rectangle de I'est. Cartes illustrant les densités de krill le
long des radiales (cadres de gauche) et les reconstructions de MaxEnt de la répartition de krill (cadres de
droite) pour (de haut en bas) JR11 (1996), JR17 (1997), JR28 (1998), JR38 (1999) et ATLD (2000). Les axes
sont gradués en km. Les barres d’échelle indiquent la densité de krill le long des radiales (la taille des
cercles est proportionnelle a la densité moyenne de krill a des intervalles d’intégration de 0,5 km) et la
densité de krill inférée par MaxEnt pour chaque case de 0,5 x 0,5 km du rectangle (les couleurs représen-
tent les transformations de racine carrée de la densité inférée des cases). Pour les deux échelles, les unités
représentent la densité de krill en g m?2.

Crmcok Ta0IuIx

CpenHue 3HaYeHUS IJIOTHOCTH KPWJIS M MEPHI HEONPEAEICHHOCTH OIS aKyCTHYECKHX CBHEMOK B
3amaJgHoN ¥ BOCTOYHOH CheMOYHBIX sueiikax, 1996-2000 rr. 3nadenus no o u Xammrony (Jolly
and Hampton (1990)) momydens! mo Toukam pa3pe3oB (00bsraHo — 10, HO mms JR11 u ATLD - 8), a
3HaueHus o MaxEnt momyuenst s 32 000 knerok pasmepom 0.5 x 0.5 km (3a uckirouenneM JR11E u
ATLD, B KOTOpPBIX OBLIO BBITIOIIHEHO TOJIBKO 8 CHEMOYHBIX pa3pe3oB, mosToMy N = 25 600). 3naueHnit
rmo JR17W He mMmeercsi, MOCKONBKY B Clydae 3TOro pelica ObUIO HEBO3MOXKHO YJOBIETBOPUTH BCE
yCIIOBHS JJIs perieHus no Merony MaxEnt.

Cnucok puCcyHKOB

(a) 3amagnas siueiika cbeMku u (b) BOCTOUHAs s4elika CheMKH. KapThl, TIOKa3bIBAIONIUE TNIOTHOCTH
KPHJISL BIOJIb pa3pe30B (JIeBast 4acTh) M BOCCTAHOBJIEHHE MPOCTPAHCTBEHHOT'O PaCcIpeAeIeH s KPUIIS 10
metony MaxEnt (ripaBast yacts) st (cBepxy BHU3) JR11 (1996), JR17 (1997), JR28 (1998), JR38 (1999)
u ATLD (2000). Ocu 0003HaueHbI B KM. BepXHsis 11IKaia oKa3blBaeT MIIOTHOCTh KPHJISL BIOJb Pa3pe3oB
(pa3Mmep Kpy»XKa MPOIMOPIIMOHANIEH CPeIHEH IMIOTHOCTH KPWJIS MU HHTepBaje ocpeaHeHus 0.5 kM),
HIDKHSS [IKaJIa TOKa3bIBAeT INIOTHOCTh KPWIIA, TMOMYyYeHHYIO 1o MeTony MaxEnt ams kaxoi KieTku
(0.5 x 0.5 xM) cbeMOYHOI sUeiiky (IIBETOBas IIKaja JaHa KaK KBaJpaTHBIM KOpEHb M3 IMOITy4eHHON

IUIOTHOCTH B KIIeTKax). st 06erX LIKaJjl MIOTHOCTh KPUJIs BBIPAKEHA B T M2,

Lista de las tablas

Promedios de la densidad de kril y mediciones de la incertidumbre de las prospecciones actsticas en
los rectangulos oriental y occidental desde 1996 hasta 2000. Los valores calculados por Jolly y Hampton
(1990) se derivaron de los transectos (10 transectos en general, pero 8 para JR11 y ATLD), mientras que
los valores de MaxEnt se derivaron de 32 000 cuadriculas de 0,5 x 0,5 km (excepto para JR11E y ATLD
donde n = 25 600 dado que sélo se analizaron ocho transectos). No se dispone de un valor para JR17W
porque no fue posible satisfacer todas las condiciones para MaxEnt en esta campana.
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Figura 1:
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Lista de las figuras

(a) Estudio del rectdngulo occidental y (b) rectdngulo oriental. Los mapas ilustran la densidad del kril
a lo largo del transecto (columna izquierda) y las reconstrucciones de MaxEnt de la distribucién de kril
(columna derecha) para (de arriba hacia abajo) JR11 (1996), JR17 (1997), JR28 (1998), JR38 (1999) y ATLD
(2000). Ambos ejes estan graduados en km. La escala grafica muestra la densidad de kril a lo largo de
los transectos (el tamafo del circulo es proporcional a la densidad promedio de kril en un intervalo de
integracién de 0,5 km), y la densidad de kril inferida de MaxEnt para cada cuadricula de 0,5 x 0,5 km en
el rectdngulo (la escala cromatica representa la raiz cuadrada de la densidad inferida en el rectangulo).
La unidad en ambas escalas se refiere a la densidad de kril en g m™.



