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Abstract

Acoustic data obtained on 4-5 January 1987 aboard the R/V
Professor Siedlecki were used in three descriptors of krill spatial
aggregation: power spectra for krill biomass fluctuations in space,
semivariogram (spatial autocorrelation of krill biomass) and the
frequency distribution of krill biomass estimate. The wavenumber
spectrum resembles a white noise at scales of 2-20 km, although at
scales smaller than 1 km the spectrum appears to lose its power
significantly.  The semivariance of biomass does not vary
significantly over most distances between points except for the
distances smaller than 1 km. The computed frequency distribution of
krill biomass is bimodal and appears to be the mixture of two
lognormal distributions. These two distributions may correspond to
the between and within patch biomass. These results of data analysis
suggest that krill patch size or rather a basic swarm size should be
smaller than 200 m, finest resolution of our data analyzed, and the
real spatial distribution of krill should be the manifestation of the
balance between the dispersion of the basic swarm units and
long-range density-dependent attraction of the units. Simple
dynamical and kinematical models can interpret the observed result.

Résumé

Les données acoustiques recueillies les 4 et 5 janvier 1987 & bord du
navire de recherche Professor Siedlecki ont été utilisées dans trois
descripteurs de répartition spatiale du krill: spectre d'intensité pour
les fluctuations de la biomasse du krill dans I'espace,
semivariogramme (autocorrélation spatiale de la biomasse du krill)
et distribution de fréquences de la biomasse estimée de krill. Le
spectre a ondes ressemble a un son blanc aux échelles de 2 4 20 km,
mais aux échelles inférieures & 1 km, le spectre semble diminuer
considérablement en intensité. La semivariance de la biomasse ne
varie pas de maniére significative pour la plupart des distances entre
les points, sauf pour les distances inférieures a 1 km. La
distribution calculée des fréquences de la biomasse du krill est
bimodale et semble consister en un mélange de deux distributions
logarithmiques normales. Ces deux distributions pourraient
correspondre a la biomasse & l'intérieur d'un regroupement, d'une
part, et entre les regroupements, d'autre part. Ces résultats de
l'analyse des données suggérent que la taille d'un regroupement de
krill, ou plutét la taille de base d'un banc, devrait étre inférieure a
200 m, résolution la plus précise de nos données analysées, et que la
répartition spatiale réelle du krill devrait étre la manifestation de
I'équilibre entre la dispersion des unités de base des bancs et
I'attraction des unités a longue portée et dépendant de la densité. Des
modéles dynamiques et cinématiques simples peuvent interpréter le
résultat observé.
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PesoMe

AKycTHueckre AaHHble, mosyueHHble R/V Professor Siedlecki
4-5 stHRaps 1987 r., UCNOJIb30BaHbl B TPEX THIIAX OMHACAHHSA
MPOCTPAHCTBEHHON arperauum KpHJIS: CHEeKTpPaJibHOM
GVHKUMKA NPOCTPAHCTBEHHBIX (UIyKTyauui OHOMacChl
KpuJis, rpaduke NoJyMHOroo6pasusi (MpoCTPaHCTBEHHOMN
aBTOKOppeasiuun OHmoMacchl KPUJS) M YaCTOTHOM
pacnpeAesieHHN OLIEHOYHBIX BEJWUMH GHOMacChl KpuJsi. B
nuarna3oHe 2-20 KM CHEeKTp BOJIHOBBIX UKCEJ HAIIOMHHAET
Oesiblil MIYM, XOTS B AHana3oHe MeHblle 1 KM B CIEKTpe
HabOJogaeTrcsas 3HauydTeJbHasi TNOTEps 3HEPrHH.
[TosrymMHOroo0pa3ne Macchl CyllECTBEHHO HE MEHSAETCS NPH
MOUTH JIOObBIX PAacCTOSSHHUSAX MEXAY TOoukaMH, 3a
HCKJIDUEHHEM PaCCTOSIHUN MeHblie 1 kM. BrluncieHHoe
YaCTOTHOE pacripe/iesieHne 6MoOMacChl KPHJIA OKa3bIBAETCSHA
O0MMOAaJiIbHBIM M, BUAMUMO, SIBJISIETCS CMECBIO JIBYX THIIOB
JOrHOPMAaJIbHOT'O pacnpefejeHnsa. 3TH [JBa THIIA
pacripeZieJIEHHsI MOT'YT COOTBETCTBOBAaTbh GHOMacce MEXAY
nsiTHaMd W OmoMacce BHYTpH nsATHA. [loJlyueHHbIe
pe3yJbTaThl aHaJM3a AaHHLIX 3aCTaBJAIOT NPEATIONIOXHTD,
4TO pa3MeEp ISATHA KPHJIS, WK BEpHEE Pa3MEP THUIHUHOT O
CKOILJIEHUSI KPHJS AOJIXKeH ObiTh MeHbue 200 M, - 4UTO
fABJISIETCSI MpeJejioM pa3pemapmeilt crnocoOHOCTH IPH
TIOJIYYEHUH NOABEPrHYThIX HAMHU aHAJMU3y AaHHBIX, M UTO
peasbHO€ IPOCTPaHCTBEHHOE pacnpeAejieHHne KpHuis
JOJIKHO OTPa3uTh MMEWINUKCST 6ajlaHC MEXAY AUCTIEpCHEN
TUMHWYHBX CKOIJIEHWA W B3aUMHBIM TIPpHUBJIEUEHUEM
OTAEJIbHBIX 3JIEMEHTOB CKOILJIEHHSI C 6OJIbIIOro PACCTOSIHUSA,
- B 3aBHCHMMOCTH OT IJIOTHOCTH CKOIJIeHNs. [losryueHHkbIe
pe3yJibTaThl MOXHO HMHTEPNPETHPOBATH C TNOMOILLIO
MPOCTHIX AUHAMHNYECKUX U KHHEMAaTHUECKHX MOEEN.

Resumen

Se utilizaron los datos acusticos, obtenidos el 4-5 de enero de 1987 a
bordo del B/l Professor Siedlecki, en tres descriptores de
concentracion espacial del krill: densidad espectral de las
fluctuaciones espaciales de la biomasa del krill, semivariograma
(autocorrelacion espacial de la biomasa del krill), y distribucion de
frecuencias en la estimacién de la biomasa del krill. A escalas de
2-20 km, el espectro del nimero de ondas se parece a un ruido
blanco, aunque a escalas menores de 1 km el espectro parece perder
su potencia de modo significativo. El semivariograma de la biomasa
no parece variar considerablemente en la mayoria de distancias entre
puntos, excepto en las distancias menores de 1 km. La distribucion de
frecuencias calculada de la biomasa del krill es bimodal, y parece ser
la combinacién de dos distribuciones logaritmicas normales. Estas
dos distribuciones pueden corresponder a la biomasa existente dentro
de una mancha y entre varias. Estos resultados, obtenidos del anilisis
de datos, hacen pensar que el tamafio de las manchas de krill, o0 mejor
dicho, el tamafio de un cardumen de krill deberia ser menor de
200 m, la resolucidon mas precisa del andlisis de nuestros datos, y la
distribucién espacial real del krill deberia ser la manifestaciéon del




equilibrio entre la dispersion de las unidades de cardumen basicas y
la atraccién a largo alcance dependiente de la densidad de dichas
unidades. Modelos dinamicos y kinematicos sencillos pueden
interpretar este resultado observado.
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1. INTRODUCTION

The Antarctic krill (Euphausia superba) constituting nearly half of the Antarctic
zooplankton biomass (Brinton and Antezana 1984), is the dominant herbivores and plays an
important role in supporting animal populations such as whales, seals and penguins as well
as fish. Krill distribution is highly variable in space and time (Marr 1962), and krill
often aggregates into dense swarms, ranging from square meters to vast super swarms, but
spherical or laminar swarms of volume 1-10 m3 may be quite common (Mauchline 1980).

Recently Weber et al. (1986) have used the techniques of spectral analysis to
examine the spatial scale dependence of variability in temperature, phytoplankton
(chiorophyll-a) and krill biomass in the Antarctic Ocean south of Africa. They found that
the power spectra for temperature and chlorophyll fluctuations differed markedly from that
of krill biomass. In other words, the spectra of temperature and chlorophyl!l appeared very
similar, and the mean slopes of the temperature and chlorophyll spectra, when plotted on a
log-log plot, were -1.66 and -2.04, respectively, whereas the krill spectra were much
flatter with near-zero slopes, indicating an approximately equal variance at all scales
(white noise).

The result of Weber et al. (1986) implies that mechanisms controlling temperature
and chlorophyll spatial distributions are different from those for krill distributions. The
spectral slope of -1.66 is quite consistent with the -5/3 power predicted by Kolmogorov
(1941) for the inertial subrange of turbulence, and also the slope of -2 for chlorophyll
may be interpreted by the turbulence model with a slight modification by biological
activities (Fasham, 1978). For krill, a purely physical model would be inappropriate in
explaining their high variability at small scales. Although krill distribution is influenced
by large scale physical processes, other biological factors, presumably behaviour, must be
responsible for the high heterogeneity at small scales. Thus a krill distribution model would
have to include additional mechanisms acting predominantly at small scales. :

The first step of our approach is to examine the krill biomass distribution in the
vicinity of King George Island through spectral analysis, and compare the resulting power
spectrum with the description of Weber et al (1986) to see if the same type of spectrum can
describe the krill distribution patterns in different areas. Acoustic data provided by
M.C. Macaulay were used in our spectral analysis. The same data were also used to compute
the semivariogram (Mackas 1984) for further investigation of the spatial variability in
krill biomass. The third description is the frequency distribution of biomass estimate,
another measure of patchiness in the krill distribution.

2. METHODS

Acoustic data (so-called “Macaulay data”) obtained on 4-5 January 1987 aboard the
R/V Professor Siedlecki were used in the following analysis (Figure 1). The data tapes
contained continuous reading of estimated average krill biomass (g/m3; 200 k kHz
estimates) at each meter of depth ranging from 3 to 185 m at a horizontal resolution of
approximately 200 m for 8 transects. Vertical profiles were summed to obtain an areal
estimate of krill biomass (g/m2). The resulting traces were then subdivided into 16 series
of 64 data points for spectral analysis. The power at each frequency for the 16 transects
was then summed and normalized to the total power of the signal to obtain a normalized
power spectrum. To facilitate comparison with the power spectrum of Weber et al (1986),
the data were also analyzed by first averaging areal biomass into 1 km bins and subdividing
the resulting series into traces of 20 data points. The power estimates were then treated in
the same way as above to obtain an average power spectra spanning the same scales as Weber
et al (Figures 2 and 3).
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A second description of spatial distribution, the semivariogram (Mackas 1984) was
also computed from the same data (Figure 4). The semivariogram represents the spatial
autocorrelation of krill biomass and measures the extent to which the similarity of spatial
locations (or samples from those locations) is dependent on their separation.

A third, simpler descriptor, the frequency distribution of biomass estimate was
finally computed for the same data set (Figure 5).

3. RESULTS

The resulting spectra shown in Figures 2 and 3 are roughly similar to the spectra of
Weber et al. (1986) for krill, but much less steeper than the commonly observed spectra
for chlorophyll, temperature or salinity (Steele and Henderson 1977; Lekan and Wilson
1978; Denman 1976). There is a relatively high variability of krill biomass at small
scales less than 10 km that cannot be explained by the physical process only. However, the
power spectra for krill biomass in the region under study is slightly steeper than that of
Weber et al. (1986) in the Weddell Sea. This suggest that either a relatively more
important contribution of physical processes or a relatively less important contribution of
biological (behavioural) processes to the spatial distribution of krill in the Bransfield
Strait-Elephant Island area in the Weddell Sea. Also our data show that at scales smaller
than 1 km, the krill spectrum appears to lose its power significantly, indicating the
predominance of physical processes or dispersing behaviour of krill.

The spatial autocorrelation of krill biomass (Figure 4) indicates that the variability
in krill biomass between pairs of data points is only a weak function of the separation
between those points. The semivariance of log biomass does not vary significantly over most
distances between points except for the smallest distances. This suggests that patch size or
rather a basic swarm size is smaller than 200 m, which is the finest resolution of those
data.

The computed frequency of krill biomass estimate (Figure 5) is bimodal and appears
to be the mixture of two lognormal distributions. About two thirds of the observations 67%)
can be attributed to the first lognormal distribution (mean log (biomass)) = 0.18,
SD=0.49) and one third (33%) to a second lognormal distribution (mean=1.76, SD=0.51).
These two distributions may correspond to the between and within patch biomass (mean
biomass between patches = 2.8 g/m?2, apparent mean biomass within patches = 115 g/m2).
Note that the biomass within swarms may be substantially higher since it appears that most
swarms have a diameter smaller than 200 m and that the observed biomass is an average for
a 200 m trace.

4. DISCUSSION

According to Mauchline (1980), krill form a patch, i.e. huge aggregation within a
defined environmental region, of densities 1 - 10/m3. Environmental parameters play a
more important role than behavioural reactions between individuals in maintaining the
aggregation. Within a patch are found shoals, consisting of large groups of individuals.
Shoals may be as large as 100 km? but are normally much smaller, probably in the range of
0.1-10 km. Average densities of krill in a shoal is 1-100/m3. The behavioural
mechanisms of the animals, rather than the physical environmental parameters, are
probably more important in initiating and maintaining shoals. Cohesiveness of individuals is
evident in shoals, whereas it is not generally evident in the overall structure of patches.
Swarms and schools are often constituent parts of shoals. Cohesiveness reaches its greatest
development in swarms and schools. They are small in spatial extent, their area being
measured in square meters. Average areal sizes of 103-10% m2 can occur, but spherical or
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laminar sizes of 1-10 m® may be quite common. Mean densities of individuals in swarms
and schools are 10%-105/m3. Swarms are cohesive groups of individuals without parallel
orientation, while schools are cohesive groups of individuals with parallel orientation. In a
swarm the centre of mass is more or less stationary relative to the ambient water, while in
a school the centre of mass is mobile relative to the water.

Very little has been done on mathematical modelling the dynamics of behaviour of
swarms and distribution of krill in space and time. Our data analysis suggests that most
swarms (and schools) have a diameter smaller than 200 m, i.e. less than the finest
resolution of those data. The result of the semivariogram (Figure 4) supports this concept.
We make an attempt to model the krill biomass spectrum on the basis of the dynamical
theory of krill aggregation. The basic unit of krill aggregation or shoals is assumed to be a
great number of small swarms (or schools) of individual krill. They diffuse as a unit and
also attract each other according to Kawasaki's {(1978) model for a longrange
density-dependent attraction. Krill population dynamics is also incorporated in a simple
way. As a result, our basic dynamical equation for the krill concentration fluctuations is
given by

0s' 9°S’ 0 oo Qo , , .
S =DP5e- kg-a";{iw o (x-x)S(x,Hdx} -a s + f (1)

where s’ (x,t): krill biomass fluctuations in space (x) and time (1), D: diffusivity for the
swarm unite, AS: “aggregation speed” for unit swarms, o: intrinsic growth rate at stable

equilibrium level §, or alternatively could be interpreted as a predation rate, f: random
local biomass input, and ¢(x) represents a weighting function for a longrange mutual
attraction of swarms.

The wavenumber spectrum of krill biomass fluctuations E(k) can be derived from
(1) under the assumption that the random input function is white noise of intensity B and
the weighting function ¢(x) is exponential with spatial attenuation parameter c. It results

E*k) = %2%)2& = {Dk? + o - A5 c k&/(k2+c2) }! (2)

The nondimensionalized spectrum E*(k) is evaluated as a function of wavenumber k, using
the following parameter values:

D = 103 cm?/sec (appropriate for the basic swarm unit of the order of 10 m in
size after Okubo’s (1971) diffusion diagram).

o = 107/sec (growth or predation time scale of 100 days)

¢ = 10-%cm (mutual attraction distance of the order of the swarm unit)

AS = 1cm/sec (aggregation speed = one tenth of krill unit swimming speed).

Figure 6 shows the theoretical spectrum of krill biomass with mutual attraction
(solid line), which results in a nearly uniform variance-density in the spatial scale ranging
from 1 km to 20 km and relatively sharp decline in the variance below 100 m in scale,
approaching the k-2 regime at very small scales. In the absence of the mutual attraction of
swarms, on the other hand, the spectrum (broken line) decays rapidly in the spatial scale
below 10 km and approaches the k-2 regime below 1 km. The behaviour of the theoretical
spectrum agrees fairly well with that of our observation (Figure 2).
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As previously discussed in this section, Mauchline’s (1980) “patch within patch”,
or rather “swarms within schools”, concept seems very adequate for interpreting the
bimodality of the frequency distribution of biomass (Figure 5) and the behaviour of the
semivariograms (Figure 4). To demonstrate this more precisely we have reconstructed the
patch within patch model of Mangel (1987) with minor modification to account for the low
“packground” biomass of krill. Transect data similar to those analyzed previously were
then extracted from the simulated krill spatial distribution, and the corresponding
descriptors were calculated for 100 sets of 16 transects of 64 points. The results are
presented in Figures 7 and 8. Not surprisingly, the resulting frequency distribution of
biomass looks similar to the one obtained from the real data. The semivariogram (Figure 8)
is also similar to the one from the data. The power spectrum of simulated data (Figure 9)
also approximates the one obtained from the real data, although it does not mimic the
apparent curvature of Figure 3 as good as the dynamical model of aggregation. Overall the
simple kinematic model of Mangel appears to produce the patterns observed with real krill
biomass data, and in combination with the dynamical model of krill aggregation we may be
able to provide a better understanding of krill spatial distribution.

Obviously a larger set of real data need to be analyzed for testing whether or not
power spectra, semivariograms, and biomass frequency distributions vary in a systematic
fashion among the various subareas of the general Bransfield Strait-Elephant Island area. At
the same time descriptors have to be obtained for the other relevant parameters of the
integrated ecosystem model, e.g. temperature, salinity, phytoplankton biomass, and krill
predators.

Another important descriptor for determination of krill population dynamics would
be the frequency distribution of krill swarm size or aggregation size under given
behavioural and environmental constraints. Okubo (1986) introduced the concept of the
entropy of swarming, which is a measure of cohesiveness in animal aggregation. The most
probably frequency distribution of animal swarm size is the one that maximized the entropy
subject to given information or constraints. Thus, if the mean number of individual krill
per swarm is specified, the most probably frequency distribution is geometric or
exponential. Witek et al (1981) analyzed the data of krill swarms in the Antarctic
Peninsula region to show that frequency of swarm size in the range of 10 to 500 m is well
represented by an exponential distribution. A similar method should be employed in our data
analyses.
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Figure 1: Location of eight transects used in the data analysis 4-5 January 1987.
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Normalized power spectra for chlorophyll (squares) and krill (triangles) or Weber et al (1986) and for krill acoustic
data analyzed in this report (line). :
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Figure 3: Power spectra for krill at the 2-20 km scale observed in this analysis (line) and by Weber et al (squares). Krill biomass
was averaged over 1 km.
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Semivariogram of log (krill biomass) (g/m-2) with bootstrap 95% confidence intervals for the Bransfield Strait data (4-
5 January 1987).
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fitted to the data.
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Figure 7: Frequency distribution of krill biomass based on the “patch within patch”
model of Mangel (1987).
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Figure 8: Semivariogram of log (krill biomass) based on the “patch within patch”
model of Mangel.
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Figure 9: Power spectrum of simulated data using the “patch within patch” model of
Mangel.
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Légendes des figures

Emplacement de huit transects utilisés dans 'analyse des données les 4 et
5 janvier 1987.

Spectres d'intensité normalisés pour la chlorophyile (carrés) et le krill
(triangles) de Weber et al. (1986) et pour les données acoustiques sur le
krill analysés dans ce rapport (ligne).

Spectres d'intensité pour le krill sur I'échelle 2-20 km observés dans
cette analyse (ligne) et par Weber et al. (carrés). La moyenne de la
biomasse du krill a été prise sur 1 km.

Semivariogramme du logarithme (estimations de la biomasse) (g/m?) avec
une zone d'intervalles de confiance de 95% pour les données recueillies
dans le détroit de Bransfield (4 au 5 janvier 1987).

Distribution des fréquences du logarithme (estimations de la biomasse)
(g/m?2) pour les données recueillies dans le détroit de Bransfield. Deux
distributions logarithmiques normales ont été ajustées aux données.

Spectires de puissance normalisés pour la biomasse du krill basés sur la
théorie dynamique des moeurs grégaires du krill. Ligne continue: avec
attraction mutuelle et dispersion des unités des essaims de base. Tireté:
sans attraction mutuelle.

Distribution des fréquences de la biomasse du krill basée sur le modeéle
"regroupement a lintérieur d'un regroupement” de Mangel (1987).

Semivariogramme du logarithme (biomasse du krill) basé sur le modele
"regroupement & l'intérieur d'un regroupement” de Mangel.

Spectre d'intensité des données de simulation utilisant le modéle
"regroupement a l'intérieur d'un regroupement" de Mangel.

[oAnHUCH K pUCYHKaM

PacnojoxeHne BOCbMH Truaporpapuueckux pa3pe3os,
WICTIOJIb30BaHHLIX TIPU aHaJIn3e JaHHbIX 4-5 siHBapsi, 1987 r.

HopMain3oBaHHas crekTpaJibHasi MOIWHOCTh YacCTOTHOI'O
pacnpeaesieHus (nmo BebGepy u ap., 1986 r.) ansi xjopoduiia
(XBapaToOB) X KPUJISl (TPEYTOJIBHUKOB) U JJ15 IPOaHAIM3UPOBAHHEIX
B 39TOM OTYETE aKyCTUUECKHX AaHHBIX 110 KPUJIIO (JINHUH).

HaGmofaBmpecss B 3TOM aHaJiu3€e CIIEKTPaJibHbiE MOIMHOCTH
YaCTOTHOI'O pacnpeaeseHust JIisi KPHUJIS 110 mKaJjie 2-20 KM.JIMHIST) |
CIIEKTpaJibHble MOIHOCTH, MOJIYUEHHbIEe NYyTeM HabGMoJeHus
BebGepoM m Ap.(kBaapaThl). Buomacca kpuJisi Obljia yCpeAHeHa I10
KMJIOMETPOBOMY KBaJApaTy.

CeMuBapuorpamMma c JiorapugMuueckor mkaioi (6uoMacchl Kpuisi)
(r/m?) C 30HON JOBEPUTEJILHOIrO MHTEPBaJa (95%) Ay AaHHBIX MO
nposuBy bpanchunga (4-5 sineaps 1987 r.).
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Figura 1
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Figura 6

Figura 7

Figura 8

Figura 9

YacTOTHOE pacnpejgesieHre jiorapudma (olieHok duomaccsl) (r/m?)
JJsl NaHHBIX MO mnpoJuBy BpadHcouaga. /[IBa JJOrHOPMaJIbHBIX
pacrpeejeH!sI TPUJIOXKEHBI K JAHHBIM.

HopManM3oBaHHasi CHEKTpaJbHasi MOIIHOCTh YaCTOTHOIO
pacrpeaeneHns AJisi KPS, OCHOBaHHAsI HA JUHAMUUECKON TEOPUHN
arperanym Kpuiisi. [IoCTOsIHHAS JINHUS: C B3aMHBIM NPUTSKEHUEM U
paccesiHHEM eJAWHHL CKOTJeHusl. [IyHKTHUpHasi JUHHUSA: 0e3
B3aMMHOI'O MPHTSIXEHHSL.

JacTOoTHOEe pacnpejeiieHne GMoMacchl KPHJIsi, OCHOBaHHOE Ha
Mozesid MaHresna "nsATHa B rpeAeiax nared” (1987r.).

CemuBapuorpamma Jiorapudma (6momacchl Kpuisi) OCHOBaAaHHAA Ha
MoJeJi MaHreJsia "NsiTHa B IpeJiesiax MATeH' .

CnexTpajbHasi MOIHOCTb YaCTOTHOIO paclpeAeseHus
CMO/JIEJIMPOBaHHBIX JaHHBIX MPH UCNOJb30BAHUU MOJeJiM MaHreJa
"NsATHa B TIpeJeJjax MnsaTeH".

Leyendas de las figuras

Ubicacién de los ocho transectos utilizados en los analisis de datos, 4-5 de
enero de 1987.

Densidad espectral normalizada para la clorofila (cuadrados), para el krill
(triangulos) de Weber et al. (1986), y para los datos acusticos del krill
que se analizan en este trabajo (linea).

Densidad espectral del krill a la escala 2-20 km observado en este analisis
(linea), y por Weber et al. (cuadrados). La biomasa del krill se promedid
a lo largo de 1 km.

Semivariograma de log (biomasa del krill) (g/m2) con una banda de
intervalos de confianza del 95% para los datos del estrecho de Bransfield
(4-5 de enero de 1987).

Distribucién de frecuencias de log (estimaciones de la biomasa) (g/m?2),
para los datos del estrecho de Bransfield. Las dos distribuciones
logaritmicas normales se adaptan a los datos.

Densidades espectrales normalizadas de la biomasa del krill basados en la
teoria dinamica de las concentraciones de krill. Linea solida: con atraccién
y dispersiéon mutua de las unidades basicas de cardumen. Linea quebrada:
sin atracciéon mutua.

Distribuciéon de frecuencias de la biomasa del krill basado en el modelo de
Mangel (1987) de “manchas dentro de manchas”.

Semivariograma de log (biomasa del krill) basado en el modelo de Mangel de
“manchas dentro de manchas”.

Densidad espectral de los datos simulados utilizando el modelo de Mangel de
“manchas dentro de manchas”.
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