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Abstract 

Acoustic data obtained on 4-5 January 1987 aboard the RN 
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 
log normal 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. 

Resume 

Les donnees acoustiques recueillies les 4 et 5 janvier 1987 a bord du 
navire de recherche Professor Siedlecki ont ete utilisees dans trois 
descripteurs de repartition spatiale du krill: spectre d'intensite pour 
les fluctuations de la biomasse du krill dans I'espace, 
semivariogramme (autocorrelation spatiale de la biomasse du krill) 
et distribution de frequences de la biomasse estimee de krill. Le 
spectre a ondes ressemble a un son blanc aux echelles de 2 a 20 km, 
mais aux echelles inferieures a 1 km, le spectre semble diminuer 
considerablement en intensite. La semivariance de la biomasse ne 
varie pas de maniere significative pour la plupart des distances entre 
les points, sauf pour les distances inferieures a 1 km. La 
distribution calculee des frequences de la biomasse du krill est 
bimodale et semble consister en un melange de deux distributions 
logarithmiques normales. Ces deux distributions pourraient 
correspondre a la biomasse a I'interieur d'un regroupement, d'une 
part, et entre les regroupements, d'autre part. Ces resultats de 
I'analyse des donnees suggerent que la taille d'un regroupement de 
krill, ou plut6t la taille de base d'un banc, devrait et re inferieure a 
200 m, resolution la plus precise de nos donnees analysees, et que la 
repartition spatiale reelle du krill devrait etre la manifestation de 
I'equilibre entre la dispersion des unites de base des bancs et 
I'attraction des unites a longue portee et dependant de la den site. Des 
modeles dynamiques et cinematiques simples peuvent interpreter le 
resultat observe. 
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Pe3IOMe 

AKYCTHqeCKHe .l{aHHble, nOJIyqeHHble RN Professor Siedlecki 
4-5.HHBap.H 1987 r., HCnOJIb30BaHbI B Tpex THnax onHCaHH$l 

npocTpaHcTBeHHoM arpera~HH KPHJI$l: cneKTpaJIbHOM 

CPYHK~HH npocTpaHcTBeHHblx cpJIYKTya~HH oHoMaccbI 
Kp HJI$l , rpacpHKe nOJIYMHoroOOpa3H.H (npOcTpaHcTBeHHoM 

aBTOKOppeJI$l~HH oHoMaccbI KPHJI$l) H qaCTOTHOM 

pacnpe.l{eJIeHHH O~eHOqHbIX BeJIHqHH oHoMaccbI KPHJI$l. B 

.l{Hana30He 2-20 KM cneKTp BOJIHOBbIX q,flceJI HanOMHHaeT 

OeJIbIM llIYM, XOT$l B .l{Hana30He MeHbllIe 1 KM B cneKTpe 

HaOJIIO.l{aeTC$l 3HaqHTeJIbHa$l nOTep.H 3HeprHH. 

TIOJIYMHorooopa3He MatcbI CYIIJ;eCTBeHHO He MeH$leTC$l npH 
nOqTH JIIOObIX paCCTO$lHH$lX Me)l(.l{Y TOqKaMH, 3a 

HCKJIIOqeHHeM paCCTO$lHHM MeHbllIe 1 KM. BblqHCJIeHHOe 
qaCTOTHoe pacnpe.l{eJIeHHe OHOMaCCbI KPHJI$l OKa3bIBaeTC$l 

OHMO.l{aJIbHbIM H, BH.l{HMO, $lBJI$leTC$l CMeCbIO .l{BYX THnOB 

JIOrHOpMaJIbHOrO pacnpe.l{eJIeHH$l. 3TH .l{Ba THna 

pacnpe.l{eJIeHH$l MorYT COOTBeTCTBOBaTb OHOMacce Me)l(.l{Y 

n$lTHaMH H OHOMacce BHYTPH n$lTHa. TIOJIyqeHHble 

pe3YJIbTaTbI aHaJIH3a .l{aHHbIX 3aCTaBJI$lIOT npe.l{nOJIO)l(HTb, 

qTO pa3Mep n$lTHa KPHJI$l, HJIH BepHee pa3Mep THnHqHOrO 

CKOnJIeHH$l KPHJI$l .l{OJI)I(eH ObITb MeHbllIe 200 M, - qTO 

$lBJI.HeTC$l npe.l{eJIOM pa3pellIaIOIIJ;eM cnocooHoCTH npH 

nOJIyqeHHH nO.l{BeprHYTblx HaMH aHaJIH3Y .l{aHHbIX, H qTO 

peaJIbHOe npocTpaHcTBeHHoe pacnpe.l{eJIeHHe KPHJI$l 
.l{OJI)I(HO oTpa3HTb HMeIOIIJ;HMC$l OaJIaHC Me)l(.l{y .l{HCnepCHeM 

THnHqHbIX CKOnJIeHHM H B3aHMHbIM npHBJIeqeHHeM 
OT .l{eJIbHbIX 3JIeMeHTOB CKOnJIeHH$l C OOJIbllIOrO paCCTO$lHH$l, 

- B 3aBHCHMOCTH OT nJIOTHOCTH CKOnJIeHH$l. TIOJIyqeHHble 

pe3YJIbTaTbI MO)l(HO HHTepnpeTHpoBaTb C nOMO:W;bIO 
npocTbIX .l{HHaMHqeCKHX H KHHeMaTHqeCKHX MO.l{eJIeM. 

Resumen 

Se utilizaron los datos acusticos, obtenidos el 4-5 de enero de 1987 a 
bordo del 8/1 Professor Siedlecki, en tres descriptores de 
concentraci6n espacial del krill: densidad espectral de las 
fluctuaciones espaciales de la biomasa del krill, semivariograma 
(autocorrelaci6n espacial de la biomasa del krill) , y distribuci6n de 
frecuencias en la estimaci6n de la biomasa del krill. A escalas de 
2-20 km, el espectro del numero 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 mayorfa de distancias entre 
puntos, excepto en las distancias menores de 1 km. La distribuci6n de 
frecuencias calculada de la biomasa del krill es bimodal, y parece ser 
la combinaci6n de dos distribuciones logarftmicas normales. Estas 
dos distribuciones pueden corresponder a la biomasa existente dentro 
de una mancha y entre varias. Estos resultados, obtenidos del analisis 
de datos, hacen pensar que el tamafio de las manchas de krill, 0 mejor 
dicho, el tamafio de un cardumen de krill deberfa ser menor de 
200 m, la resoluci6n mas precisa del anal is is de nuestros datos, y la 
distribuci6n espacial real del krill deberfa ser la manifestaci6n del 



equilibrio entre la dispersion de las unidades de cardumen basicas y 
la atraccion 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 a\. (1986) have used the techniques of spectral analysis to 
examine the spatial scale dependence of variability in temperature, phytoplankton 
(chlorophyll-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 chlorophyll 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 
RN 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; Oenman 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 log normal distributions. About two thirds of the observations 67%) 
can be attributed to the first lognormal distribution (mean log (biomass)) = 0.18, 
SO=0.49) and one third (33%) to a second log normal distribution (mean=1.76, SO=0.51). 
These two distributions may correspond to the between and within patch biomass (mean 
biomass between patches = 2.8 g/m2, 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 - 101m3 • 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 km2 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 103-104 m2 can occur, but spherical or 
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laminar sizes of 1-10 m3 may be quite common. Mean densities of individuals in swarms 
and schools are 103-1 05/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 

as' a2s' a 
- = 0 - - AS" - {Joo 

n. (x-x')S'(x' t)dx'} -ex s' + l' at ax2 ax _00 ~ , 
( 1 ) 

where s' (x,t): krill biomass fluctuations in space (x) and time (t), 0: diffusivity for the 

swarm unite, AS": "aggregation speed" for unit swarms, ex: intrinsic growth rate at stable 

equilibrium level S, or alternatively could be interpreted as a predation rate, 1': random 
local biomass input, and $(x) represents a weighting function for a long range 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 Band 
the weighting function $(x) is exponential with spatial attenuation parameter c. It results 

( 2 ) 

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

o = 1 03 cm2/sec (appropriate for the basic swarm unit of the order of 10 m in 
size after Okubo's (1971) diffusion diagram). 

ex 10-7/sec (growth or predation time scale of 100 days) 

c 10-3/cm (mutual attraction distance of the order of the swarm unit) 

AS" 1 cm/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 
"background" 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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Legendes des figures 

Emplacement de huit transects utilises dans I'analyse des donnees les 4 et 
5 janvier 1987. 

Spectres d'intensite normalises pour la chlorophylle (carres) et le krill 
(triangles) de Weber et al. (1986) et pour les donnees acoustiques sur le 
krill analyses dans ce rapport (Iigne). 

Spectres d'intensite pour le krill sur I'echelle 2-20 km observes dans 
cette analyse (Iigne) et par Weber et al. (carres). La moyenne de la 
biomasse du krill a ete prise sur 1 km. 

Semivariogramme du logarithme (estimations de la biomasse) (g/m2) avec 
une zone d'inteNalles de confiance de 95% pour les donnees recueillies 
dans le detroit de Bransfield (4 au 5 janvier 1987). 

Distribution des frequences du logarithme (estimations de la biomasse) 
(g/m2) pour les donnees recueillies dans le detroit de Bransfield. Deux 
distributions logarithmiques normales ont ete ajustees aux donnees. 

Spectres de puissance normalises pour la biomasse du krill bases sur la 
theorie dynamique des mceurs gregaires du krill. Ligne continue: avec 
attraction mutuelle et dispersion des unites des essaims de base. Tirete: 
sans attraction mutuelle. 

Distribution des frequences de la biomasse du krill basee sur le modele 
"regroupement a I'interieur d'un regroupement" de Mangel (1987). 

Semivariogramme du logarithme (biomasse du krill) base sur le modele 
"regroupement a I'interieur d'un regroupement" de Mangel. 

Spectre d'intensite des donnees de simulation utilisant le modele 
"regroupement a I'interieur d'un regroupement" de Mangel. 

TIO,l.{nHCH K pHcYHKaM 

PacnOAo~eHHe BOCbMH rH,l.{pOrpa~HqeCKHX pa3pe30B, 
HcnOAb30BaHHhlX npH aHaAH3e ,l.{aHHhIX 4-5 .HHBap.H, 1987 r. 

HopMaAH30BaHHa.H cneKTpaAbHa.H MO~HOCTb "4aCTOTHoro 
paCnpe,l.{eAeHH.H (no Beoepy H ,l.{p., 1986 r.) ,l.{A.H XAOpo~HAAa 
(KBa,l.{paTOB) H KpHA.H (TpeyroAbHHKOB) H ,l.{A.H npoaHaAH3HpoBaHHhlx 
B 3TOM OT"4eTe aKycTH"4eCKHX ,l.{aHHhIX no KpHAIO (AHHHH). 

HaOAIO,l.{aBUmeC.H B 3TOM aHaAH3e cneKTpaAbHhle MO~HOCTH 
"4aCTOTHoro paCnpe,l.{eAeHH.H ,l.{A.H KpHA.H no llIKaAe 2-20 KM.(AHHH.H) H 
cneKTpaAbHhle MOm;HOCTH, nOAY"4eHHhle nYTeM HaOAIO,l.{eHH.H 
BeoepoM H ,l.{p.(KBa,l.{paThI). BHoMacca KpHA.H ohIAa ycpe,l.{HeHa no 

KHAoMeTpoBoMY KBa,l.{paTY. 

CeMHBapHorpaMMa C AorapmpMH"4eCKO:H: llIKaAO:H: (OHOMacchI KPHA.H) 
(r 1M2) C 30HO:H: ,l.{OBepHTeAbHoro HHTepBaAa (95%) ,l.{A.H ,l.{aHHhIX no 

npoAHBY BpaHC~HA,l.{a (4-5 .HHBap.H 1987 r.). 
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4aCTOTHoe pacnpe,l{eJIeHHe JIOrapHlpMa (oQeHoK oHOMacChI) (r IMZ) 

,l{JI.SI ,l{aHHhIX no npOJIHBY fipaHcIPHJI,l{a. ,llBa JIOrHOpMaJIbHhIX 
pacnpe,l{eJIeHH.SI npHJIO)l(eHhI K ,l{aHHhIM. 

HOpMaJIH30BaHHa.Sl cneKTpaJIbHa.Sl MOIIJ;HOCTb 1..JaCTOTHoro 
pacnpe,l{eJIeHH.SI ,l{JI.SI KPHJI.SI, OCHOBaHHa.Sl Ha ,l{HHaMH1..JeCKOH TeopHH 
arperaQHH KPHJI.SI. TIocTO.SlHHa.Sl JIHHH.SI: C B3aHMHhIM npHT.SI)I(eHHeM H 
paCCe.SlHHeM e,l{HHHQ CKOnJIeHH.SI. TIYHKTHpHa.Sl JIHHH.SI: oe3 
B3aHMHoro npHT.SI)I(eHH.SI. 

qacToTHoe pacnpe,l{eJIeHHe OHOMaCChI KPHJI.SI, OCHOBaHHoe Ha 
MO,l{eJIH MaHreJIa "n .SlTHa B npe,l{eJIax n.SlTeH" (1987 r.). 

CeMHBapHorpaMMa JIOrapHIPMa (OHOMaCchI KPHJI.SI) OCHOBaHHa.Sl Ha 
MO,l{eJIH MaHreJIa "n .SlTHa B npe,l{eJIax n.SlTeH". 

CneKTpaJIbHa.Sl MOIIJ;HOCTb 1..JaCTOTHoro pacnpe,l{eJIeHH.SI 
CMO,l{eJIHpOBaHHhIX ,l{aHHhIX npH HCnOJIb30BaHHH MO,l{eJIH MaHreJIa 
"n .SlTHa B npe,l{eJIax n.SlTeH". 

Leyendas de las figuras 

Ubicaci6n 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 promedi6 
a 10 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). 

Distribuci6n de frecuencias de log (estimaciones de la biomasa) (g/m2) , 
para los datos del estrecho de Bransfield. Las dos distribuciones 
logarrtmicas norm ales 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 atracci6n 
y dispersi6n mutua de las unidades basicas de cardumen. Linea quebrada: 
sin atracci6n mutua. 

Distribuci6n 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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