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ANAL VSIS AND MODELLING OF THE SOVIET SOUTHERN OCEAN KRILL FLEET 

M. Mangel 

Abstract 

The first part of this document contains an analysis of data pertaining 
to the Soviet krill fleet. The data base consists of the records of 12 
different cruises by 8 different research vessels between 1981 and 
1984. The data are analyzed according to operational characteristics 
of the fishing process such as trawl duration, krill catch, or between 
trawl movement. Correlation analyses are presented as a means of 
understanding the within trawl and between trawl features of the 
operation. The data support the notion of a "patches within patches" 
model for the distribution of krill in the southern oceans. 

The second part of this document contains the development and use of a 
simulation model of a Southern Ocean krill fleet. The objective of the 
work is to answer questions such as: what information do catch and 
effort data provide about krill abundance or how easily can 
significant changes in krill biomass be detected? The krill 
distributional model begins with individual krill which are assumed 
to aggregate into swarms of krill. The swarms then aggregate into 
concentrations, which are the foci for the fishing operation. 
Parameters of the model are motivated by study of the literature and 
FIBEX results. A model is developed for a survey vessel that does no 
fishing, but simply locates concentrations of krill for the fishing 
fleet. The fishery model involves finding concentrations, finding 
swarms within concentrations and fishing individual swarms. 
Wherever pOSSible, operational data from Part I are used to provide 
distributions in Part 11. General considerations about the theory of 
abundance indices for pelagic, schooling species are discussed. In 
particular, the importance of the time spent searching for swarms is 
highlighted. A theory for detecting changes in krill biomass is 
developed. Forty-four different abundance indices are considered and 
their effectiveness in detecting changes in krill biomass is studied. 
The best indices involve two separate measures: one in which survey 
vessel discoveries are used to track the number of concentrations and 
a measure of the form catch/swarm/search-time to track swarm 
density within concentrations and krill density within swarms. 
Operational recommendations are given: (i) I propose an experiment 
in which survey and fishing vessels operate simultaneously but 
independently in the same region, (ii) I recommend that fishing 
vessels begin to indicate in their log books the amount of between 
trawl time spent searching, (iii) I propose that CCAMLR consider 
sending a Ph.D. level modeller to sea in order to develop a truly 
operational model of the fishing process, and (iv) I propose abundance 
indices that could be used to track krill biomass. 

Resume 

La premiere partie de ce document contient une analyse des donnees 
concernant la flottille de peche au krill sovietique. La base de donnees 
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consiste de registres de 12 campagnes d'etude differentes menees par 
8 navires de recherche differents entre 1981 et 1984. Les donnees 
ont ete analysees selon les caracteristiques d'operation du processus 
de peche, tels que la duree du chalutage, la prise du krill, ou les 
deplacements entre chalutages. Des analyses de correlation sont 
presentees comme moyen de comprehension des caracteristiques de 
I'operation pendant les chalutages et entre les chalutages. Les donnees 
corroborent la notion d'un modele de "regroupements a I'interieur de 
regroupements" pour la distribution du krill dans les oceans 
australs. 

La seconde partie de ce document contient le developpement et 
I'utilisation d'un modele de simulation d'une flotille de peche au krill 
dans I'ocean austral. L'objectif de ce travail est de repondre aux 
questions telles que: quelles informations sont fournies par les 
donnees de capture et d'effort sur I'abondance du krill, ou avec quelle 
facilite peut-on detecter des changements importants dans la 
biomasse du krill? Le modele de distribution du krill commence avec 
le krill individuel, que I'on presume se concentrer dans des essaims 
de krill. Les essaims se regroupent alors en concentrations qui sont 
les objets de I'operation de peche. Les parametres du modele sont 
motives par une etude de la litterature et des resultats de la FIBEX. Un 
modele est developpe pour un navire de recherche qui ne peche pas, 
mais determine simplement la position des concentrations de krill 
pour la flotille de peche. Le modele de la pecherie implique la 
localisation des concentrations et des essaims a I'interieur des 
concentrations, et la peche des essaims individuels. Partout ou cela 
est possible, des donnees sur les operations de la premiere partie 
sont utilisees pour fournir les distributions dans la partie 11. Des 
considerations generales en ce qui concerne la tMorie des indices 
d'abondance pour les especes pelagiques gregaires sont discutees. En 
particulier, I'importance du temps passe a la recherche des essaims 
est soulignee. Une tMorie sur la detection des changements de la 
biomasse du krill est developpee. Quarante-quatre indices 
d'abondance differents sont consideres et leur efficacite dans la 
detection des changements dans la biomasse du krill est etudiee. Les 
meilleurs indices entrainent deux mesurages separes: I'un ou les 
decouvertes faites par le navire de recherche sont utilisees pour 
controler, de fagon continue, le nombre de concentrations, et un 
mesurage de capturelessaim/temps de recherche pour un controle 
suivi de la densite des essaims a I'interieur des concentrations et la 
densite du krill au sein des bancs. Les recommandations 
operationnelles donnees sont les suivantes: (i) je propose une 
experience ou les navires de recherche et de peche operent 
simultanement mais independamment dans la me me zone, (ii) je 
recommande que les navires de peche commencent a indiquer dans 
leurs journaux de bord le temps entre chalutages passe a la 
recherche, (iii) je propose que la CCAMLR envoie en mer un modeleur 
d'un niveau de doctorat afin de developper un modele vraiment 
operationnel du processus de peche, et (iv) je propose des indices 
d'abondance qui pourraient etre utilises pour determiner, d'une 
maniere continue, la biomasse du krill. 



Pe3IOMe 

TIepBa.SI l.IaCTb ,aaHHOrO ,aOKYMeHTa CO,aep)l(HT aHaJIH3 ,aaHHbIX, 
OTHOC.SIIUHXC.SI K COBeTCKOM npOMbICJIOBOM KpHJIeBOM 
q>JIOTHJIHH. ,llaHHbIe OCHOBaHbI Ha pe3YJIbTaTaX 12 pa3JIHl.IHbIX 
peMcoB 8 pa3HbIx HaYl.IHO-HCCJIe,aoBaTeJIbCKHX Cy,aOB B nepHo,a 
Me)l(,ay 1981 H 1984 r. ,llaHHbIe npOaHaJIH3HpOBaHbI B 
COOTBeTCTBHH C q>aKTHl.IeCKHMH xapaKTepHcTHKaMH, TaKHMH, 

KaK ,aJIHTeJIbHOCTb TpaJIeHH.SI, YJIOB KPHJI.SI, HJIH BpeM.SI Me)l(,ay 
TpaJIeHH.SIMH. KoppeJI.SIl.\HOHHbIM aHaJIH3 npe,acTaBJIeH KaK 
KJIWl.I K nOHHMaHHW xapaKTepHcTHK Onepal.\HH BO BpeM.SI 
TpaJIeHH.SI H Me)l(,ay TpaJIeHH.SIMH. ,llaHHbIe no,aTBep)l(,aawT 

H,aew Mo,aeJIH "n.SITHO B n.SITHe" pacnpe,aeJIeHH.SI KPHJI.SI B 
IO)I(HOM OKeaHe. 

BTOpa.SI l.IaCTb 3Toro ,aoKYMeHTa BKJIWl.IaeT pa3BHTHe H 
HCnOJIb30BaHHe Mo,aeJIHpOBaHH.SI W)I(HOOKeaHcKoM 
npOMbICJIOBOM KpHJIeBOM q>JIOTHJIHH. UeJIb paooTbI 
3aKJIWl.IaeTC.SI B OTBeTe Ha CJIe,aYWIIJ;He BonpOCbI: KaKHe BbIBO,abI 
MO)l(HO c,aeJIaTb Ha OCHOBaHHH ,aaHHbIX no YJIOBY H 
npOMbICJIOBOMY YCHJIHW 0 l.IHCJIeHHOCTH KPHJI.SI H 0 TOM, 
HaCKOJIbKO JIerKO MO)l(HO OOHaPY)I(HTb 3Hal.lHTeJIbHbIe 

H3MeHeHH.SI B OHOMacce KPHJI.SI. TIepBHl.IHbIM 3BeHOM B Mo,aeJIH 
pacnpe,aeJIeHH.SI KPHJI.SI .SIBJI.SIWTC.SI OT ,aeJIbHbIe 3K3eMnJI.SIpbI 
KPHJI.SI, KOTopbIe oopa3YWT CKOnJIeHH.SI. CKOnJIeHH.SI oopa3YWT 

KOHl.\eHTpal.\HH, KOTopbIe .SIBJI.SIWTC.SI l.\eHTpOM npOMbICJIOBOM 
Onepal.\HH. TIapaMeTpbI Mo,aeJIH 3aBHC.SIT OT H3Yl.IeHH.SI 

onYOJIHKOBaHHbIX pe3YJIbTaTOB H pe3YJIbTaTOB nporpaMMbI 
"FIBEX". Mo,aeJIb pa3paOOTaHa ,aJI.SI nOHCKOBoro cy,aHa, He 
3aHHMaWIIJ;erOC.SI npOMbICJIOM, HO Be,aYIIJ;ero nOHCK 
KOHl.\eHTpal.\HH KPHJI.SI ,aJI.SI PbIOOJIOBHbIX Cy,aOB. Mo,aeJIb 
npOMbICJIa BKJIWl.IaeT HaXO)l(,aeHHe KOHl.\eHTpal.\HM, 
HaXO)l(,aeHHe CKOnJIeHHM BHYTPH KOHl.\eHTpal.\HM H npOMbICeJI 
OT,aeJIbHbIX CKOnJIeHHM. r,ae B03MO)l(HO, q>aKTHl.IeCKHe ,aaHHbIe 
H3 4acTH 1 HCnOJIb30BaHbI B 4acTH 2. OocY)I(,aeHbI OCHOBHbIe 
acneKThl TeopHH HH,aeKCOB l.IHCJIeHHOCTH neJIarHl.IeCKHX 

cTaMHbIx BH,aOB. B l.IaCTHOCTH npH,aaeTC.SI OOJIbIIIOe 3Hal.leHHe 

BpeMeHH, nOTpal.leHOMY Ha nOHCK CKOnJIeHHM.Pa3paOOTaHa 

TeOpH.SI BbI.SIBJIeHH.SI H3MeHeHHM B OHOMacce KPHJI.SI. 
PaCCMOTpeHbI COp OK ,aBa pa3JIHl.IHbIX HH,aeKca l.IHCJIeHHOCTH H 

H3Yl.IeHa HX 3q>q>eKTHBHOCTb B BbI.SIBJIeHHH H3MeHeHHM B 

OHOMacce KPHJI.SI. HaHJIYl.IIIIHe HH,aeKCbI COCTO.SIT H3 ,aBYX 
OT,aeJIbHbIX l.IaCTeM: nepBa.SI - Kor,aa pe3YJIbTaTbI paOOTbI 
nOHCKOBoro cy,aHa HCnOJIb3YWTC.SI ,aJI.SI BbI.SIBJIeHH.SI KOJIHl.IeCTBa 
KOHl.\eHTpal.\HM H BTOpa.SI l.IaCTb no q>opMe 
YJIOB/CKOnJIeHHe/BpeM.SI nOHCKa 3aKJIWl.IaeTC.SI B BbI.SIBJIeHHH 
nJIOTHOCTH CKOnJIeHHM BHYTPH KOHl.\eHTpal.\HM H nJIOTHOCTH 
KPHJI.SI BHYTPH CKOnJIeHHM. ,llaHbI CJIe,aYWIIJ;He onepaTHBHbIe 
peKOMeH,aal.\HH: (i) .SI npe,aJIaraw 3KcnepHMeHT, B KOTOPOM 
nOHCKOBbIe H PbIOOJIOBHbIe cy,aa paOOTaJIH ObI o,aHOBpeMeHHO, 

HO He3aBHCHMO ,apyr OT ,aPyra B O,aHOM H TOM )l(e paMOHe, (ii) .SI 

peKOMeH,ayw, l.ITOObI PbIOOJIOBHbIe cy,aa Hal.laJIH OTMel.laTb B 
Cy,aOBOM )l(ypHaJIe KOJIHl.IeCTBO BpeMeHH nOHCKa Me)l(,ay 
TpaJIeHH.SIMH, (iii) .SI npe,aJIaraw, l.ITOObI CCAMLR paCCMOTpeJI 

B03MO)l(HOCTb HanpaBJIeHH.SI Cnel.\HaJIHCTa no Mo,aeJIHpOBaHHW 

Ha ypOBHe ,aOKTopa HaYK B MOPCKYW 3Kcne,aHl.\HW ,aJI.SI Toro, 
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IHOObI pa3paOOTaTb nOJIHOCTbIO ,l{efl:cTSYIOW;YIO MO,l{eJIb 
npOI..(ecca npOMbICJIa, H (iv) .SI npe,l{JIaraIO, lITOObI HH,l{eKCbI 

lIHCJIeHHOCTH HCnOJIb30SaJIHCb ,l{JI.SI SbICJIe)l(HSaHH.SI OHOMaCCbI 

KPHJI.SI. 

Resumen 

La primera parte de este trabajo contiene un amilisis de los datos 
relacionados con la flota de krill de la Union Sovietica. La base de 
datos se compone del registro de 12 cruceros diferentes realizados 
por 8 buques de investigacion entre 1981 y 1984. Se analizan los 
datos segun las caracterlsticas operativas de proceso de pesca, tales 
como duracion del arrastre, captura de krill 0 movimientos entre 
arrastre. 

Los analisis de correlacion se presentan como un medio para entender 
las caracterlsticas de la operacion durante el arrastre, y entre un 
arrastre y otro. Los datos corroboran la nocion de un modelo de 
"manchas dentro de manchas" en la distribucion del krill en el 
Oceano Austral. 

La segunda parte de este trabajo contiene el desarrollo y utilizacion de 
un modelo de simulacion para una flota de krill en el Oceano Austral. 
El objetivo del mismo es responder a cuestiones tales como: {,Que 
informacion proporcionan los datos de captura y esfuerzo sobre la 
abundancia del krill? 0 {,Con que facilidad pueden detectarse cambios 
significativos en la biomasa del krill? El modelo de distribucion del 
krill se inicia con krill individual que se supone se concentra en 
cardumenes. Los cardumenes forman a continuacion concentraciones, 
las cuales son el objetivo de la operacion de pesca. Los parametros del 
modelo se fundamentan en el estudio de la documentacion existente y 
en los resultados de FIBEX. Se desarrolla un modelo para un buque de 
investigacion que no faena, sine que solamente localiza 
concentraciones de krill para la flota pesquera. El modelo de pesca 
implica la busqueda de concentraciones, de cardumenes dentro de 
concentraciones y la pesca de cardumenes individuales. Siempre que 
es posible, los datos oeprativos de la Parte I se emplean para 
proporcionar distribuciones en la Parte 11. Se discuten las 
consideraciones generales sobre la teorla de los indices de 

abundancia para especies pelagicas que se agrupan en bancos. Se 
destaca, en particular, la importancia del tiempo empleado en la 
busqueda de cardumenes. Se desarrolla una teorla para detectar 
cambios en la biomasa del krill. Se consideran cuarenta y cuatro 
Indices de abundancia, y se estudia su efectividad a la hora de detectar 
cam bios en la biomasa del krill. Los mejores Indices requieren dos 
medidas distintas: una en la que se utilizan los descubrimientos del 
buque de investigacion para rastrear el numero de concentraciones, y 
otra sobre la forma de la capturalcardumen/tiemp de bUsqueda, para 
rastrear la densidad de un cardumen en las concentraciones y la 
densidad del krill en los cardumenes. Se ofrecen recomendaciones 
operativas: (i) propongo un experimento en el cual buques de 
investigacion y de pesca operen simultanea pero independientemente 
en la misma zone, (ii) recomiendo que los buques de pesca empiecen a 
indicar en sus cuadernos de pesca el tiempo, entre un arrastre y otro, 
empleado en la busqueda, (Hi) propongo que la CCRVMA considere 



enviar a un modelador cualificado para que desarrolle un modelo 
realmente operativo para el proceso pesquero, y (iv) propongo 
indices de abundancia que podrian ser empleados en el rastreo de la 
biomasa del krill. 
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1 . INTRODUCTION AND RECOMMENDATIONS 

This document contains two distinct parts. In the first part, I present an analysis of 
data provided by Professor Lubimova (VNIRO Rresearch Institute, MOSCOW) on the Soviet 
krill (Euphausia superba) fleet. The analysis presented is based on data collected over a 
number of different seasons by about 10 different vessels. The second part contains a 
description of the krill simulation model developed in conjunction with Professor 
Butterworth and Dr Beddington's group in London. This document supercedes and modifies 
the model and results in Mangel (1987) and Mangel and Butterworth (1987). 

The overall objective of this work is to provide an answer to the question: Can fishery 
generated data be used to monitor krill abundance? If so, what kinds of data need to be 
collected. Any such procedure, which is based on derived data (versus direct surveys), must 
also be based on the assumption that changes in abundance occur relatively quickly after 
periods of relative constancy. If changes occur slowly over many years or biomass 
fluctuates wildly from year to year, then it is unlikely, if not impossible, to detect such 
changes with fishery derived data. 

1 . 1 Recommendations 

Based on the statistical analysis and modelling described in the body of the report, the 
following three recommendations are presented: 
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1. Fishing and survey vessels should indicate in their log books approximately how 
much of the between trawl times are spent in search for swarms of krill. If 
possible, vessels should indicate the number of swarms fished in a haul. This 
would require a consistent definition of swarm (in terms of sonar ping threshold, 
for example). 

2. CCAMLR should consider an "experiment" in which a research vessel and a fishing 
fleet travel together, but work independently. In particular, the fishing fleet 
should operate as if the survey vessel were not present, and the survey vessel 
should conduct krill surveys in the vicinity of regions in which the fleet fishes. 
By doing this, one can obtain a distributional model for krill that are considered 
fish able by the fleet. 

3. If a detailed operational model of krill fisheries is desired, CCAM LR should 
consider sending a Ph.D. level modeller to sea with the fleets. This is in the best 
traditions of operational analysis (see, e.g. Tidman 1984) and will most likely be 
the only way that accurate operational models can be developed. In particular, 
such a field assignment will lead to accurate understanding of search operations 
while fishing and while not fishing and to an accurate understanding of 
operational fishing decisions. 

4. The following indices can be used, at least temporarily, to track krill abundance: 

( a) Use the number of discoveries of fishing foci or large scale concentrations 
of krill by the survey vessel to track changes in the number of 
concentrations and the characteristic radii of concentrations. 

( b) Use one of the following indices to track within concentration changes in 
swarm density and krill abundance within swarms: 



PART I 

(Total Catch/Total Hauls) / Average {Searchtime} 
(Total Catch/Swarms Fished) / Average {Searchtime} 
(Total Catch/Swarms Encountered) / Average {Searchtime}. 

ANALYSIS OF SOVIET DATA 

2. SOVIET DATA SOURCES AND DEFINITION OF TERMS 

Professor Lubimova provided a number of different sets of data obtained from 
research/survey vessel cruises. Table 2.1 contains a summary of the sources. 

The vessels listed in Table 2.1 have similar characteristics. All except Globus are 
freezer-trawlers; the Globus is listed as PTMC but I could not interpret that code. The 
displacement of all vessels except Globus is about 3 800 tonnes; the displacement of the 
Globus is about 5 400 tonnes. The propulsion of all vessels except Globus is 2000 
horsepower; the propulsion of Globus is 3 880 tonnes. Table 2.2 shows net characteristics 
of the different vessels. 

Some explanations about Table 2.1 and the associated computations are needed: (1) In 
the analyses described below, one degree of latitude is assumed to equal 60 n miles. and one 
degree of longitude is assumed to equal 30 n miles. (2) A "record" is, essentially, a trawl 
and concomittant information. Four different reporting methods were used, but the following 
information was contained in all records: 

• Date 
• Starting point (S,W) 
• Trawling duration (starting time and ending time) 
• Trawling depth 
• Trawling tack 
• Trawling speed (kts) 
• Catch (kg) and krill catch (Le., catch composition) 

In addition, some of the data sheets contained the following information: 

• Krill length (mm) 
• Cloudiness (presumed to be measured in oktas) 
• Wind direction and strength 
• Air and water temperatures. 

(3) In a few instances, multiple tacks were recorded. In such cases, the final direction was 
used in analysis. In a few instances multiple depths were recorded. In such cases, the 
largest depth was used in the analysis. Whenever a range of krill size was reported, the 
average was used in the analysis. 

From the information contained in the data, the following quantities were constructed 
for each data set: 

• The number of trawls per day 
• Trawltime 
• Trawling length 
• Krill catch per trawl 
• Distance moved between trawls 
• Time elapsed between trawls 
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• Average speed of vessel between trawls (distance between trawls divided by time 
between trawls) 

• Trawling depth 
• Trawling speed 
• Mean length of krill 

(Some of these, obviously, need no "construction" and are simply the data entries 
themselves.) 

For the statistical analysis reported in this part of the document, the following were 
computed for each of the quantities listed above: 

• The mean of the quantity, over trawls within the same data set 
• The standard deviation of the quantity, over trawls within the same data set 
• Qualitative properties of the distribution of the quantity, particularly whether the 

distribution is unimodal or bimodal. 

In addition, correlations between different quantities were computed. The correlation 
between quantity x and quantity y, denoted by rxy' is defined by 

fxy = L (Xi - <x»( Yi - <Y» I [L (Xi - <x> )2 L (Yi - <Y> )2 ]1/2 (2. 1 ) 

In this equation, Xi and Yi denote the values of the quantities x and y on the ith trawl, <x> and 
<y> are the averages of the quantities x and y and the summation is taken over the trawls in 
the data set. The quantity rxy can be considered a "same point" correlation, since both 
quantities are evaluated on the ith trawl. A lagged correlation can be computed in a similar 
fashion by evaluating the quantities on different trawls. In the analysis reported here, only 
single lags for the correlations were considered. The lagged correlation coefficient denoted 
by rXylag is defined by 

r xyl ag = L ( Xi - <x>)( Yi-1 - <y» / [ L ( Xi - <x> )2 L (Yi - <y> )2 ]1 12 ( 2 .2) 

Although it is a mistake to interpret correlation as causation, the use of correlation 
coefficients allows one to make inferences about the operations of the vessel. For example, 
one could assume as a null hypothesis that all of the quantities listed above are independent. 
Suppose then that a value of the correlation coefficient rob is observed. The probability of 
obtaining a value of the correlation coefficient greater than or equal to rob if the null 
hypothesis were true is given by (Press et. al. 1985) 

Prob { I r I > rob, given that the null hypothesis is true} = Erfc (rob(N/2)1/2) 
(2.3) 

In this equation, N is the number of trawls in the data set and Erfc(z) is the complementary 
error function. It is related to the cumulate normal distribution by Erfc(z) = 

2 (1 <I> (z/...J2)) , where <I> (z) is the probability that a normally distributed random variable 
with mean 0 and variance 1 is less than z. 

3. RESULTS OF ANALYSIS OF THE SOVIET DATA 

Preliminary analysis of the data showed that 11 of the 12 data sets were bimodal. 
For this reason, cutoff values for quantities were introduced in the course of statistical 
analysis. 
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The following cutoff values were chosen for the quantities that required them: 

• Trawling depth: 250 m 
• Trawling time: 4 hours 
• Trawling length: 8 n miles 
• Time elapsed between trawls: 40 hours 
• Distance moved between trawls: 100 n miles. 

Table 3.1 contains a summary of the means and standard deviations of the particular 
quantities. In this table, the first entry in a column is the mean and the second entry is the 
variance. Thus, for example, for data set 1, the mean number of trawls per day is 1.78 and 
the standard deviation is 0.91. If two sets of numbers are given, then the first set are the 
mean and standard deviation when the cutoff values were used in the computations and the 
second set is the mean when no cutoff was used and the number of data points greater than the 
cutoff. The second set of numbers is included only if there is a significant difference (at 
least 20%) between the mean when the cutoff value is applied and when it is not applied. 
Thus, for example, for data set 1 when the cutoff values are used, the mean value of trawl 
depth is 44.9 m and the standard deviation is 22.2; there are 4 data points greater than the 
cutoff value of 250 m and the mean value of trawl depth using all data points is 58 m. 

In rest of this chapter, the statistical analysis of the Soviet data will be reported. 
Implications for modelling are described in the next chapter. The results presented in Table 
show that all but Data Set 6 exhibit some form of bimodality of the data. Figure 3.1 shows an 
example of the bimodal distribution of between trawl movement for data set 10 (which has 
the largest differential between mean movement when the cutoff is applied and when it is not 
applied). There are very many small movements - less than 10 n miles, fewer moderate 
movements and again many large movements between trawls. 

Correlations were computed as described in the previous chapter. The correlations 
are presented in Tables 3.2 - 3.25. In these tables, the following notation is used: 

• TT = trawling time 
• TL = trawling length 
• KC = krill catch 
• BlM = distance moved between trawls 
• BTT = time elapsed between trawls 
• D = trawling depth 
• L = krill length (not always available in the data). 

The correlations will be presented in matrix form. Each data set has two tables 
associated with it: the first table contains correlation information when no cutoff values 
were applied in the computation of statistics and the second table contains correlation 
information when cutoff values were applied in the computation of statistics. Each pair of 
quantities in the correlation table has two entries associated with it. The upper entry is the 
unlagged correlation. The lower entry is the lagged correlation, with the column quantity 
corresponding to the i+ 1 sI trawl and the row quantity corresponding to the ilh trawl. 
Correlations are reported according to the supposition of the null hypothesis described in the 
previous chapter. That is, if the value of the correlation is such that the probability of 
observing it when the null hypothesis is true is greater than .05, then a 0 is reported. If the 
probability is less than .05, then the sign of the correlation is reported. For example, for 
data set 1 when all data are used (Table 3.2) the unlagged correlation between trawl time and 
krill catch has a value such that the probability of observing it if the null hypothesis is true 
is greater than .05. On the other hand, the lagged correlation between trawl time on trawl 
i-1 and krill catch on trawl i has a value such that the probability of observing it if the null 
hypothesis is true is less than .05 and the correlation is positive. 
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When reading these tables, a number of issues should be kept in mind. First, there 
are obvious positive correlations. The non-lagged correlation of a quantity with itself is 
always 1. Second, as the number of data points increases (so that the value of N increases in 
Eqn 2.3 ) the probability that the correlation will be judged significant at the .05 level 
increases. Thus, data sets with many records may, in fact, have spurious correlations. 
Third, the presence of zeroes in the correlation matrix suggests that the trawls are 
independent, or at least that the quantities derived from the trawls are independent. 

4. IMPLICATIONS FOR MODELLING 

The results presented in the previous chapter have a number of implications for the 
modelling of Southern Ocean krill fisheries described in the second part of this document. 
Perhaps most important is the bimodal nature of the data. This bimodality, especially for 
between trawl times and movement, suggests that the fundamental distributional model 
developed in the following chapters is feasible. 

It is not clear from the data analyzed thus far if the vessels used vertical echo 
sounders or directional sonars. Since the latter have much larger detection widths, this 
would impact the search process. 

It is also not clear from the data how one can estimate the time in active search 
between trawls. One of the recommendations is that vessels record search times or estimates 
of search times between trawls. 

It must also be kept in mind that the data analyzed here were provided by research, 
and not commercial fishing, vessels. Thus processing time and considerations are minimal. 
This may account for some of the exceptionally large trawl times and distances as well as 
krill catches far in excess of 10 tonnes, the limit used by Mangel (1987) and Butterworth 
(1987). 

In some cases, the net was trawled at two, three or four depths. In the model 
described in the next sections, veering and hauling times are assumed to be drawn from a 
probability distribution characterizing depths. 

PART 11 SIMULATION MODEL OF A SOUTHERN OCEAN KRILL FLEET 

5. OBJECTIVES AND GUIDING PRINCIPLES 

The overall objective of this work is to develop a framework in which one can ask 
questions such as: 
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• What information do catch and effort data provide about abundance levels of krill. 
In particular, what kinds of abundance indices can be developed from data that 
would be generated by a fishery? 

• How easily can significant changes in krill biomass be detected? In particular, 
what are the properties of the abundance indices? The most important properties 
are linearity (so that changes in abundance indices accurate reflect changes in 
krill biomass) and variability (so that mean changes are not swamped by 
variance, i.e. "noise"). 



The krill are fished when they are in dense aggregations, which will be called swarms 
in this document. The swarms are scattered over the ocean in a non-uniform manner and 
thus the fishing process involves search for concentrations of aggregations (fishing foci) and 
fishing aggregations once concentrations and aggregations within the concentrations are 
found. The simplest biomass estimates for krill population in swarms is: 

Total Biomass = (Number of Swarms) x (Biomass per swarm) (5.1 ) 

and the question then becomes how one estimates both the number of swarms and the biomass 
per swarm. 

A model of any natural system must, be necessity, be less complicated than the true 
system. We should strive to build sufficient realism into the model so that it captures the 
main features of the system of interest, but is still as parsimonious as possible. Thus, for 
example, the model described in this document does not attempt to simulate the entire 
Southern Ocean, or even a large portion of it, in the computer nor does the model simulate 
the decisions of skippers on a very short time scale (say 5 minutes). Instead, a relatively 
featureless section of ocean is considered and larger time scales for vessel motion and 
decisions are used. In a study such as this one, it is large qualitative changes in abundance 
indices that are most important for operational recommendations. 

6. BASIC DEFINITIONS AND SCALES 

The Southern Ocean fishery for krill is a pelagic fishery operating on dense 
aggregations of krill. There are many different temporal and spatial scales associated with 
the fishery. It is this wide variety of scales, in fact, that makes analysis of the problem as 
difficult as it is. Thus, it is important to consider and identify all of the the scales of 
interest from the outset. 

To begin, there are individual krill. These organisms have a length of the order of 
40-70 mm and are assumed to move at about 15 cmlsec "" 500 m/hr. The lifetime of a krill 
may be many years (Rosenberg et. al. 1986). 

Individual krill aggregates into swarms of krill. In this document, a swarm is 
assumed to consist of krill in surface densities in excess of about 100 g/m2, over a surface 
spatial extent on the order of 50 m. The swarms can be envisioned in the following way: 
Krill are actually distributed in an aggregation at a certain volume density (e.g. 5 g/m3 ) and 
we "integrate" over that volume to concentrate the entire volume in a surface layer (e.g. if 
the volume is 20 m deep, this gives a surface density of 20 m x 5 g/m3 = 100 g/m2). 
Swarms persist on a temporal scale of at least a few days. (For the model here, swarms are 
presumed to persist for over the course of 14 days.) The actual operational definition of a 
swarm is determined by the interaction of the krill, the echosounder or sonar used to detect 
them, and the operator. For example, Everson (1982, Figure 1) gives excellent examples of 
the difference between swarms of krill at night and during the daytime. During the daytime, 
krill are typically "compact, discrete swarms" (Watkins 1986). In addition, Watkins et. al. 
(1986) report that "variability between swarms in close temporal or spatial proximity 
suggests that the swarm is the basic unit of organization of the krill population" . 

Swarms of krill are further aggregated into concentrations or fishing foci. 
Concentrations are thus collections of swarms of krill over a large spatial extent, of the 
order of 10 nautical miles = 20 000 m (here and in the rest of this document, the 
conversion of 1 n miles = 2 000 m is adopted). A concentration with a length scale of 
15 n miles is presumed to contain of the order of 5 000-10 000 individual swarms of 
krill, randomly placed within the concentration. The temporal scale of the concentration is 
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assumed to be constant for the entire 14 day period considered in this report, although 
concentrations are allowed to move. The basic model thus consists of "patches within 
patches". 

For the model developed in this document, a .s.e.Q1Qr of the Southern Ocean consists of a 
"featureless" area of ocean 600 n miles on a side. The sector is treated as a square, so that 
its area, denoted by As , is 1.44 x 1012 m2.. In this context, featureless means that there are 
no large land masses in the sector and that there are no large scale oceanic currents that 
would move either concentrations or individual krill across the sector. Including large scale 
oceanic currents is a natural extension of the model and easily done. The motivation for 
adopting a featureless sector of ocean is the following: If catch and effort indices are not 
effective in detecting changes in krill biomass in a featureless ocean, they most likely will 
not be effective in detecting changes in krill biomass in an ocean with large land masses and 
currents. If the indices do appear to be effective in detecting changes, then a further 
modelling effort could couple many sectors by linking them with currents and adding land 
masses to the sectors. 

Fishing for krill is done by a fleet of 5 fishing vessels, a research/survey vessel and 
sufficient processing vessels that backlogs do not occur. In this document, a fishing period of 
14 days is considered. The fishing process consists of two main activities: search for 
concentrations and swarms of krill and fishing individual swarms. The fishing vessels and 
survey vessel each have temporal and spatial scales. The survey vessel is assumed to move 
constantly at 10 n miles/hour for the entire 14 day period in which the fishing fleet is 
operating. The survey vessel is assumed to use a forward looking sonar with a detection 
width of about 500 m (further details are given in the next chapter). 

The fleet of 5 commercial vessels are assumed to operate in perfect cooperation, so 
that they search for concentrations of krill together and share information about discovered 
concentrations. All vessels are assumed to fish in the same concentration. When searching 
for concentrations, the commercial vessels are assumed to have the same equipment as the 
survey vessel. Once within a concentration, and thus searching for individual swarms of 
krill, the survey vessels are assumed to use a vertical echosounder with a detection width of 
35 m. The width of the net used by the fishing vessels is assumed to be 20 m. 

7. KRILL DISTRIBUTIONAL MODEL 

This chapter contains a description of the model for the spatial and temporal 
distribution of krill in the sector of ocean of interest. As mentioned above, the basic model is 
a "patches within patches" model: the large sector of ocean contains concentrations (fishing 
foci) of swarms of krill. Parameters described in this chapter correspond to the "base case" 
scenario; in succeeding chapters ways that the biomass of krill in the sector could change are 
documented. 

The number of concentrations in the sector is denoted by Ne and in the base case 

• Ne = 36. 

Throughout this document, concentrations are indexed by the letter i, thus i runs 
from 1 to 36 in the base case. The location of concentrations within the sector is specified 
by the location of the center of the concentration. I assume that there is a "habitat 
structure" to the sector, defined in the following way. The sector is divided into 5 different 
habitats, stratified in the North-South direction, but not the East-West direction. If the 
southern-most edge of the sector is taken to be 0, the boundaries for the habitats are 
75 n miles, 150 n miles, 300 n miles , 450 n miles and 600 n miles. Thus, for example, 
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habitat H1 consists of the "rectangle" 600 n miles in the EW direction and the southern most 
75 n miles in the NS direction and habitat H2 consists of the "rectangle" 600 n miles in the 
EW direction and contains the region from 76 n miles to 150 n miles in the NS direction. 

Centers of concentrations are randomly placed in the sector, using habitat structure 
to determine the probability that a concentration is placed in a particular sector. The 
following probability distribution for habitat structure is adopted, motivated by 
distributions of krill predators (cetaceans and birds) and fishing boats in the Southern 
Ocean. Define the probability Pk by 

Pk = Probability that a concentration is placed in habitat k 

The following values are assumed: 

Habitat 
1 
2 
3 
4 
5 

Value of Pk 
1/3 
1/6 
2/9 
1/6 
1/9 

(7.1) 

Thus, when Ne= 36, there are on average 12 concentrations in habitat 1, 6 concentrations in 
habitat 2, 8 concentrations in habitat 3, 6 concentrations in habitat 4 and 4 concentrations 
in habitat 5. Note that the NS extent of the first two habitats is half of the NS extent of the 
other three habitats. The per unit area krill density in habitat H2 is thus twice as great as 
the krill density in habitat H4 , although the two habitats contain the same number of 
concentrations. The center of the ith concentration is denoted by (Xiryi). The value of Xi is 
chosen randomly from a uniform distribution on [0,600 nmi] and the value of Yi is chosen 
according to the probability distribution given above. 

Each concentration has a radius that determines the number of swarms in the 
concentration. The radius of the ith concentration is denoted by Li. The radius is given by 

L· - L ( 1 + U) I - e (7.2) 

In this equation U denotes a randomly variable uniformly distributed on [0,1] and Le 
denotes the concentration characteristic radius. For the base case, it is 

• Le = 10/(n).5 n miles = 5.64 n miles. 

Thus, on average the radius of a concentration is about 8.5 n miles. . 

The number of swarms in the ith concentration is denoted by Ni and is assumed to be 
given by 

(7.3) 

In this equation, Di is the per unit area density of swarms in the ith concentration. It is given 
by 

(7.4) 

In this equation De is the concentration characteristic density. For the base case, it is 
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• Dc = 20 (n miles)-2. 

Also in Eqn (7.4), Xcr denotes a normally distributed random variable with mean 0 and 
standard deviation 0". In the sequel, it is useful to know that the expected value of exp(k Xcr ) 
is given by E{ exp(k Xcr ) } = exp( .5 k2 0" 2). Thus, using Eqn (7.3) on average a 
concentration will contain (20)(exp(.5(.01)) 1t (8.46)2 swarms or about 4 500 swarms. 

Swarms within concentrations are indexed by j, so that the subscript ij denotes the 
jth swarm within the ilh concentration. Swarms are characterized by their radii and the 
density of krill within them. The radius of the jth swarm within the ilh concentration is 
denoted by rij and is given by 

(7.5) 

In this equation, re denotes the swarm characteristic radius. It is 

• re = 50 meters. 

The density of krill within the jlh swarm in the ilh concentration is denoted by Oij and is 
given by 

(7.6) 

In this equation, oe denotes the swarm characteristic density of krill. It is 

• oe = 150 g/m2 

The model described above shows that the density of swarms, the radii of swarms and 
the density of krill within swarms all follow a log-normal distribution. This distributional 
model is based on extensive study of the literature, use of FIBEX data and conversations with 
numerous scientists involved in both FIBEX and SIBEX. In particular, Professor Butterworth 
and I spent a morning with SIBEX participants discussing this distributional model. The 
following issues were raised: . 

140 

• FIBEX, taken around Elephant Island, may not be representative of the entire 
Antarctic area. In particular, the density of krill may be higher than on average. 
On the other hand, commercial fishing was occurring independently of but 
concommitant with the FIBEX data collection. This supports the use of the 
distributional model. 

• Swarms may aggregate in concentrations, so that swarms are not randomly 
distributed within the concentration. This would affect the number of swarms that 
a vessel tows through. 

• The actual definition of a swarm is not clear, since it depends on the threshold used 
with the sonar. Thus what appears to be one large swarm at a given ping threshold 
may be separated into a number of smaller swarms at a different threshold. 

• The radii of concentrations and the density of swarms within concentrations may 
depend upon the location of the concentration within the habitat structure. In 
particular, concentrations may be more densely aggregated near the ice edge. 

• One can't guarantee that the fishing vessels actually fish the swarm that they target 
on. 



Even with these caveats, the general feeling of SIBEX participants was that the 
distributional model described above, while undoubtedly flawed, cannot be significantly 
improved upon at this time. (Naturally changes in the model could be implemented, but it 
is not clear that the resulting model would be superior.) 

The FIBEX study estimated that the standing biomass of krill in the Southern Ocean is 
90 million tonnes. How does that compare with the krill distributional model just 
described? There are 36 swarms, each with about 4 500 concentrations. The average area 
of a swarm is 1t E { (50 exp(X 1.1 )2) } = 1t (50)2 exp( 2.42) = 8.64 x 104 m2 . The average 
density of krill in a swarm is 150 exp(.98)= 4 x 102 g/m2,. Thus, the average biomass of 
krill in the swarm is 34.6 x 106 g. Using the conversion of 1 tonne = 1 000 kg, the average 
swarm contains about 35 tonnes of krill. This value is low when compared to other reported 
values (e.g. Witek et. al. 1987) but may be due to a selection process in which only the 
larger swarms are targeted. A selection mechanism is described in the fishing submodel. A 
concentration then contains 35 x 4 500 = 15.8 x 104 tonnes of krill and the sector 
considered in this document thus contains 36 x 15.8 x 104 = 5.7 x 106 tonnes of krill. 
Since the Southern Ocean would contain 18 sectors similar to the one described here, the 
overall estimate for krill biomass in the Southern Ocean is about 100 million tonnes. This 
is consistent with the FIBEX results. 

8. SURVEY VESSEL MODEL 

This chapter contains a description of the operational model for the research survey 
vessel. At the extreme interpretation,which is adopted here, a research vessel does no 
fishing. Instead, the operation of the research vessel consists entirely of large scale 
surveying of the oceanic sector and detecting concentrations of krill. 

The path of the research vessel is modelled on a daily basis, assuming that the vessel 
executes an "exhaustive search" (Koopman 1980) of the region. That is, the vessel starts at 
the southwest corner or the sector and traverses the sector in an easterly direction. When 
the eastern boundary of the sector is reached, the vessel moves north and traverses the 
sector in a westerly direction. The speed of the vessel is assumed to be 10 kts, so that in 
24 hours the vessel's track length is 240 n miles. As a lower bound for search 
effectiveness, the assumption used in the model is that the vessel covers a block of 
200 n miles in each day. The remaining track length is assumed to be used for 
investigation of discoveries of possible concentrations; although the discovery process is not 
explicitly modelled here. Since the length of the sector is 600 n miles, it takes three days 
for the vessel to traverse the sector in the EW direction. After one traverse, assume that the 
vessel moves 20 n miles north and traverses the sector in the direction opposed to the most 
recently completed traverse. This survey process is modelled for 14 days, with the vessel 
starting at the point (0, 15 n miles) on day 1. Other search patterns can easily be 
incorporated. For example, in the current search pattern Habitats 4 and 5 are not covered 
at all. This could be changed by modifying northward motion of the vessel at the end of each 
EW traverse. Detections by the research vessel are monitored on a daily basis. I assume 
that the vessel uses a forward looking sonar with a detection width 500 m on either side of 
the search path. Thus, during a single day the vessel sweeps out a rectangular area 200 n 
miles = 4 x 105 m long and 1 000 m wide. Any concentration that extends into this 
rectangular area is assumed to be detected by the vessel. 

At the end of each survey day, the concentrations are "moved". I assume that the 
center of each concentration is displaced by a distance corresponding to the krill speed 
Vk = 15 cm/sec in a randomly chosen direction. The daily displacement distance is 
(15 cm/sec) x (.01 m/cm) x (3 600 sec/hr) x (24 hr/day)oo 13 x 103 m/day. Thus, if 
(Xj,Yj) is the location of the center of the concentration on day d, the location of the center of 
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the concentration on day d +1 is ( xj+ 13 x103 x COS(0) , Yj+ 13 X 103 x sin(0)), where 
o is a randomly chosen direction. That is, 0 is uniformly distributed with range [0, 360°]. 

The discovery history of the research vessel consists of a daily list of the location of 
concentrations that it has encountered. The discovery history has two main uses in the 
model. First, the discovery history is used to place the fishing fleet into a concentration 
whenever the fleet is not in one ( e.g., at the start of the fishing period, if bad weather causes 
the fleet to lose the concentration, or if the fleet chooses to exit a concentration because catch 
is low). Second, the discovery history can be used to estimate the number of concentrations 
present in the oceanic sector. Mangel and Beder (1985) analyzed a problem similar to this 
one and showed that if a search time ts lead to ne encounters with concentrations, then an 
estimate for the number of concentrations is 

(8.1 ) 

where Er is a search parameter associated with the operation of the research survey vessel. 
For the model described here, the parameter Er is computed according to the rule 

Er = (Vessel speed) x (Detection Width) I Area of Sector 
= (2 x104 m/hr) x (103 m) I (6 x102 x 2 x10 3m) 2 

1.38 x 10-5 Ihr. (8.2) 

Note that the search parameter is measured in hours; hence a 14 day search interval 
corresponds to a search time ts = 14 days x 24 hrs/day=336 hours. The basis of Eqn (8.2) 
is the "random search formula" (Koopman 1980, Mangel 1985) and allows for double 
counting concentrations . is, there is no way to "mark" concentrations after a detection. For 
example, concentrations may be discovered on day d and on day d+ 1 in which case it is easily 
conceivable that the same concentration has been discovered. On the other hand, the same 
concentration may be discovered on day d and day d+5, due to movement of the vessel and 
concentration, in which case it is not so obvious that this concentration was discovered once 
before. The estimate obtained from Eqn (8.2) may thus be larger than the true number of 
concentrations. 

9. FISHERY MODEL 

The fishing period considered in this document is 14 days long. Fishing is assumed to 
occur in mid-summer (e.g. February) and sufficiently far south that daylight is essentially 
24 hours. The fishing model consists of the following components: 

(i) The cooperative search by the fleet and research vessel for concentrations. This 
occurs at the start of the fishing period, if the fleet loses the concentration 
because of bad weather or if the fleet exits a concentration because of low catch 
rates. 

(ii) The search within concentrations by individual vessels for swarms of krill. 

(iii) The fishing of swarms of krill. 

(i v) The fleet decision process. 

Each of these is a submodel of the fishing model. 
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( i) Finding Concentrations 

The model developed in this document treats a "cooperative fishery" consisting of the 
research survey vessel and 5 identical fishing vessels. The vessels cooperate in that they 
share search information and all fish in the same concentration when they are fishing. 

If the research survey vessel discovers one or more concentrations on the first day of 
the fishing period, then the fleet simply moves to the first concentration discovered and 
begins fishing there. Otherwise, the fleet itself begins searching for concentrations. I 
assume that each vessel in the fleet has both echosounder used for targeting on swarms 
during the fishing process and a forward looking sonar with a detection width of 500 m on 
either side of the vessel track used for search for concentrations and that the fishing vessels 
can also search at 10 n miles/hr. If the fleet must search for a concentration, the following 
procedure is applied. All concentrations within 24 hours steaming of the current position of 
the fleet are identified. The five vessels are assumed to search independently for 
concentrations and the time to detect an individual concentration is assumed to follow an 
exponential distribution with parameter proportional to the search speed and inversely 
proportional to the area of the habitat in which the vessel is operating. Thus, more than one 
concentration may be discovered; I assume that the first one discovered is the one that the 
fleet moves to. Detection of a concentration is determined by drawing a random number from 
the appropriate distribution. If at least one concentration is detected, then the concentration 
selected for fishing is determined by a weighted measure of the distance between the fleet and 
the different concentrations within 24 hours steaming. If no concentrations are detected, the 
fleet moves towards the center of habitat H1• 

(ii) Within Concentration Search by Individual Vessels: 
The Swarm Encounter Model 

Once the fleet has encountered a concentration, individual vessels begin searching for 
swarms within the concentration. This section contains a description for the search by 
vessels for individual swarms. Since there are 36 concentrations, with about 4 500 
swarms in each concentration, there are of the order of 162 000 swarms in the entire 
sector. Very few of these swarms will be fished, since the fishing period only lasts 14 days 
and I will assume (in the next section) that each fishing vessel makes no more than 11 hauls 
per day. Thus, tracking the location of each swarm is unnecessary, and consumes valuable 
computer time and memory. In order to save memory space in the computer and speed the 
running of the model, I adopt the following procedure for modelling the within concentration 
search behavior of individual vessels. First, a detailed model of the within concentration 
search behavior of the vessels will be described. This search model is called the swarm 
encounter model and provides parameter estimates that are used in the fishing model of the 
next section. The model described here actually tracks the detailed motion of a vessel and all 
4 500 swarms in a concentration. In the next section, I use the distributions and 
parameters developed in this section, so that vessel positions and swarm locations do not need 
to be tracked. 

To begin, consider a concentration that has characteristic radius 8.5 n miles and 
contains about 2 500 swarms. A vessel in this concentration searches at a speed of 
2 n miles/hr and uses a sonar with a detection width of 35 m on either side of the vessel. 
The vessel starts its search at a randomly chosen point in the concentration. The swarms are 
randomly located within the concentration, swarm radii are log-normally distributed . 

Time is explicitly considered in this encounter model, using increments of dt = .01 
hours. Both the vessel and swarms of krill are assumed to use "random tour" models 
(Washburn 1969). Thus, let (xAt), yv(t)) and (Xj(t), yj(t)) denote respectively the 

143 



positions of the vessel and the jlh swarm of krill at time t. The dynamics of the motion of the 
vessel are 

Xv (t+dt) 
yv(t+dt) 

xv(t) + 4000 cos (9) dt 
Yv (t) + 4000 sin (9) dt (9. 1 ) 

where 9 is the direction of search. When t= 0, the value 9 = 45° is chosen. Until a detection 
occurs, every 10 dt hours the direction of search is changed to a new direction, within 30° 
of the previous direction. The only constraint on the motion in Eqn (9.1) is that the vessel 
is not allowed to leave the concentration. The 4 000 in Eqn (9.1) is the vessel speed and dt 
is the time increment. 

Similarly, the dynamics of the center of a swarm are given by 

Xj(t+dt) = Xj(t) + 540 cos (co) dt 
y j(t+dt) = Yj(t) + 540 sin (co) dt (9.2) 

where the co denotes the direction of motion of the swarm of krill. I assume that in each time 
interval , co is randomly chosen in the range [0°, 360°]. 

Detection of a swarm of krill occurs when the distance between the vessel and the 
center of the swarm is less than the sum of the radius of the swarm and the detection width of 
the sonar. Since initial location of the swarms and vessel and motion of the swarms and 
vessel involve random components, the detection times will also be random variables. With 
the same initial conditions, the encounter model can be iterated many times using Monte 
Carlo simulation. Hence introduce the detection time distribution function F(t) defined by 

F(t) = Fraction of iterations in which the detection occurred before time t (9.3) 

The distribution F(t) was determined by simulation, choosing a wide variety of initial 
conditions on swarm numbers (ranging from 200 to 8 000). In all of the cases studied, the 
empirical distribution was fit well by an exponential distribution of the form 

F(t) = 1 - exp(-~t ) (9.4) 

The mean time to detection for the expotential distribution is 1/~. A "base case" for the 
swarm encounter model was chosen with the following parameters: 

• Number of swarms = Nbase = 2 500 
• Concentration radius = ~ase = 8.46 n miles 
• Characteristic swarm radius = rbase = 50 m. 

For this case, the mean time to detect a swarm was .0356 hours and the fit between the 
empirical distribution (based on 110 iterations) and the exponential model is shown below: 

Detection interval 

o - .05 hours 
.06 -.1 hours 
.11 - .15 hours 
> .16 hours 

Fraction of Detections in the Detection Interval 

Encounter Simulation 

.70 

.082 

.064 

.154 

Exponential Model 

.75 

.185 

.045 

.02 

These results show that the exponential distribution underweights the likelihood of longer 
detection times. 
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The exponential distribution arises in the famous random search formula. This 
formula is based on two assumptions: 

1. The time to detection is exponential distributed, so that Prob {detection time < t } 
= 1 - exp(-~t). 

2. The parameter ~ is given by the formula ~ = Wv/A, where W is the detection 
width of the vessel's sonar, v is the speed of the vessel and A is the area in which 
the vessel is searching. 

In this document, the first assumption is retained but the second assumption is 
dropped and is replaced as follows. Let ~base = .05 hours denote the approximate value of the 
parameter ~ when the base parameters are used. Consider a concentration of radius L 
containing Ns swarms in which the characteristic swarm radius is r. The detection 
parameter for the concentration is assumed to be given by 

~ = ~base (Ns/NbaseH Lbasel L) 2( [Wecho + rexp(.605)]1 [Wecho + rbaseexp(.605)]) 
(9.5) 

In this equation, Wecho is the detection width of the echosounder and the term exp(.605) 
comes from the expectation of the log-normally distributed swarm radius. The logic behind 
this equation is the following: the rate of detections should increase as the number of swarms 
increases or the detection width increases (either from the echo sounder or changes in 
swarm radius) and should decrease as the area increases. 

The actual search time for a swarm will consist of (i) an encounter time tene 
following the exponential distribution described above and (ii) an identification time tid in 
which the signal is determined to be an actual swarm. I assume that identification time 
consists of a fixed period of 2 minutes and a variable period given by variable 
tid = 5(1-exp(-Bs/10)) min, where Bs is the biomass of the encountered swarm, 
measured in tonnes. 

Even so, the encounter and total detection time described above appear to be 
considerably less than what we can infer from logbook data. Consequently, following 
Butterworth (1987), a selectivity process is introduced. An encountered swarm with 
biomass Bs is accepted for fishing only if its biomass exceeds a threshold. In particular, the 
encountered swarm is accepted for fishing only if Bs> Bthreshold exp(X.2). Here Bthreshold 
is the basic value for the threshold (set to be 50 tonnes in the base case) and X 2 is a 
normally distributed random variable with mean 0 and variance 0.2. 

(iii) Fishing Submodel 

It is now possible to describe the fishing submodel. The setup is as follows: The 
entire fleet is located in a single concentration, ready to begin fishing. Although the vessels 
are assumed to search cooperatively and pool catches when making decisions about leaving 
concentrations, the micro-operations of the vessels (Le. individual trawls) are treated 
independently. It is thus sufficient to consider a single vessel, with the understanding that 
the modelling process for the fishing of one vessel is repeated 5 to include all vessels of the 
fleet. (Naturally, the vessels are treated independently. This means independent draws of 
random variables during the simulation.) 

Fishing is assumed to take place in periods of 24 continuous hours of daylight. Even 
so, there are limits to the number of hauls and the total catch per vessel. I assume that the 
vessels make no more than 7 hauls per 24 hours and that because of processing constraints, 
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the vessels draw their nets when the nets contain 20 tonnes of krill. Thus, the maximum 
catch by a single vessel is 140 tonnes per day, or 700 tonnes for the entire 14 day fishing 
period. The maximum catch for a fleet of 5 identical vessels is thus 9 800 tonnes for the 14 
day period. 

I assume that if the fleet is already within a concentration, each fishing day starts 
with the search for swarms. At the start of the day, the operational time remaining, which 
is denoted by T R , is 24 hours. The time until a swarm is detected, which is denoted by 
T search, is determined as described above. After a swarm is detected and selected for fishing, 
the vessel lowers its net. In light of the mean surface density (150 g/m2), it will usually be 
true that more than one swarm is fished per haul of the net. To take this into account, I use 
the Poisson approximation to the binomial to determine the number of additional swarms 
within 35 m of the vessel as it tows for a maximum of 8 n miles. After a swarm is fished, 
the distance travelled to reach the next swarm is uniformly distributed and is determined by 
the inter swarm center to center distance (computed from the number of swarms and 
characteristic radius of the concentration). The haul ends when either (i) more than 4 n 
miles have been traversed with the net in the water , or (ii) more than 20 tonnes are in the 
net (presumed to be estimated from the echosounder). The 4 n miles limit is applied with 
liberty (although it rarely ever is binding). 

The actual catch is computed by considering a the tow of a net through a circular 
swarm. I assume that the towed area can be modelled by a rectangle, that the width of the net 
is 20 m, so that the maximum area swept is the net width times the diameter of the swarm, 
i.e. the maximum area swept is 20x 2x r = 40 r m2. (This assumes that diameter of the 
swarm exceeds 20 m and must be modified if the diameter of the swarm is less than the 
width of the net. In general, 40r m2 is replaced by 2r min(20,2r) m2. 

The time spent towing is determined in the following way. The vessel's speed while 
towing is assumed to be Vtow = (2.5 + 2 U) m/hour, where U is a random variable 
uniformly distributed on the interval [0,1]. The tow through a swarm with radius rij takes 
(2ri/Vtow) hr. Let dij denote the distance between swarm j in concentration i and the next 
swarm fished. I assume that the tow time is given by 

(9.6) 

The summation on the right hand side of Eqn (9.6) is the total time to tow through all of the 
swarms. 

At the end of a tow, the net is hauled. I assume a hauling/veering rate of 150 m/hr 
and use the empirical distribution of depths from the Soviet data to randomly select an 
associated veering/hauling time. After the net is brought on board, the vessel has a period of 
"dead time" in which processing occurs. Dr Ichii (personal communication) provided the 
following information on processing time: 

Catch per haul (tonnes) 
o - 10 

11- 15 
> 15 

Processing time (hours) 
1.5 
2.0 
2.5 

The time remaining is then decremented by the total of search time + trawl time + 
hauling time + processing time. This fishing model is repeated for each vessel each day until 
either time remaining reaches 0 or the number of hauls exceeds 7. The model is then 
repeated for the entire fleet for 14 days of fishing. The data generated by this submodel are 
search times, tow times, and catch times. 
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(iv) Fleet Decision and Bad Weather Models 

Dr Ichii (personal communication) kindly provided information on fleet decisions and 
on bad weather. Based on this information, I assume that at the end of each day the daily 
value of catch/haul is computed. If this value exceeds 3 tonnes/haul, then the fleet stays in 
the current concentration. If the daily value is below 3 tonnes/haul, then the fleet exits the 
current concentration and begins search for another concentration. 

Dr Ichii also provided data on the frequency and duration of bad weather experienced 
in operations by JAMAC between 1973-74 and 1985-86. Based on these data, the 
probability of bad weather terminating fishing is assumed to be .02. If bad weather does 
occur, the duration of the bad weather spell is one day with probability .68., two days with 
probability .28 and three days with probability .04. I assume that if bad weather occurs, 
the fleet is displaced 50 n miles from the concentration in which it was fishing and that the 
fleet must search for a concentration at the end of the bad weather period. 

1 O. GENERAL CONSIDERATIONS ON ABUNDANCE INDICES 
FOR PELAGIC, SCHOOLED STOCKS 

This chapter contains a general discussion of considerations for a theory of abundance 
indices for pelagic, schooling species. Particular indices will be developed and employed in 
the next chapter. The objective here is to discuss desirable properties of indices and also to 
discuss. how indices can be used to detect changes in abundance. 

The general question is how one develops a biomass index (or indices) with the 
following desirable properties: 

• Consistency: Changes in actual abundance and changes in the index should always be 
in the same direction. This is crucial for a system such as the Southern Ocean 
krill fishery in which many parameters determine ultimate abundance and more 
than one parameter may change at a time. 

• Linearity: Changes in actual abundance should be reflected by proportional changes 
in the index. 

• Small variability: The inherent variability in the index should be small, so that 
the probability of detecting changes in the index is large. 

For the underlying "patches within patches" system as described here, a biomass 
estimate Best should take the form: 

Best = (Number of Concentrations) (Swarms Per Concentration) (Biomass Per Swarm) 
(10.1) 

The number of concentrations can clearly be estimated from the data generated by the 
research/survey vessel, so let us consider estimates of swarms per concentration and 
biomass per swarm. 

1 0.1 Estimating Swarms per Concentration 

The exponential model for detection of swarms is equivalent to the assertion that when 
Ns swarms are present 

Prob{ detect one swarm by time tiNs swarms are present} = 1 - exp(j3tNs) (10.2) 
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so that the expected value of the search time tsrch before a swarm is detected is 

E{tsrch} = 1/ ~Ns (10.3) 

Eqn (10.3) suggests that the number of swarms present in a concentration could be 
estimated by 

Ns,est = 1/~E{tsrch} (10.4) 

Note that when the exponential distribution is used, the expected value of 1/tsrch does not 
exist. That is, 1000 (1/t)~Nsexp(-~Nst) dt is infinite. 

The actual search model described above has a fixed identification time, which means 
that the minimum value of tsrch = tid fixed (which is 2 minutes here). This would lead one to 
consider changing the exponential distribution in Eqn(10.2) and replacing it by 

F(t) = Prob{ detection in search time $; t} = 

(10.5) 

The search process is now a renewal process and the mean search time (including detection 
as part of the search process ) is 

so that the estimate for the number of swarms becomes 
N s,est = [b(E{tsrch} - tid )]-1 

(10.6) 

(10.7) 

These considerations show that reciprocal search times may play an important role in 
estimating the number of swarms per concentration. 

10.2 Estimating Biomass/Swarm 

"Conventional" wisdom suggests that biomass/swarm can be accurately estimated by 
some measure of catch rate, e.g. catch per towtime. Such thinking is based on the 
fundamental premise that the sampled organism is smoothly distributed over the region of 
interest. For a highly aggregated stock, in which there may be big gaps between swarms, 
catch per towtime may be a very poor estimator - severely under-diasing estimates of 
swarm biomass. Alternatives such as catch per selected swarm, catch per fished swarm or 
catch per encountered swarm may be much better. 

10.3 Detecting Changes in Abundance Indices 

Suppose now that the same abundance index (e.g. catch/swarm) has been computed in 
two different situations (e.g. the situation in which all parameters assume their base case 
values and the situation in which one of the parameters, say characteristic radius, is 
changed). Let Xb denote the abundance index for the base case parameters and Xc denote the 
abundance index when the parameters are changed. The simulation model described in the 
previous section allows one to compute an entire distribution for Xb and Xc. From that 
distribution, the following information is extracted: 
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• The mean values of the abundance indices. These are denoted by I1b and Jlc 
respectively. 

• The standard deviations of the abundance indices. These are denoted by O"b and o"c 
respectively. 

• The ranges of the abundance indices observed in the simulation. For the base case, 
the lowest value of the abundance index will be denoted by Xlb,sim and the greatest 
value by xub,sim. For the case in which parameters are changed the extremes will 
be denoted by Xlc,sim and xuc,sim respectively. 

We are interested in detecting changes in the abundanoe indices. One natural, and 
obvious measure is a comparison of the means, so that one would consider the ratio ~J~b' 
This was done, for example, by both Butterworth (1987) and Mangel (1987). Various 
statistical tests can be applied to determine the likelihood that the two means came from the 
same underlying distribution. There is , however, a fundamental problem with using such a 
test. In real life, one value of the abundance index will be observed. That is, the Southern 
Ocean fishery will not be "replicated" fifty times over in a single year. Thus, even if the 
abundance indices for the base case and changed parameter case do arise from different 
distributions, a particular value of the index in the changed parameter case may be very 
close, say, to the mean of the index for the base parameter case. It is here that the observed 
ranges of the abundance indices become so important. 

In general, there will be overlap of the ranges, as shown below: 

Base Parameters 

Xlb,sim Xub,sim 

Changed Parameters 

Xlc,sim Xuc,sim 

For this situation, the overlap region consists of values of the abundance indices in the range 
Xlb,sim to Xuc,sim. In addition to comparing the means of the abundance indices, one wants to 
compute the probability that a shift can be detected., Two methods for computing the 
probability of detecting a change will now be described. . 

The first method could be called a "non-parametric" or simulation based computation. 
In this case, 

Prob{detect a change in abundance indices} 
1 - [Number of Data Points in the Overlap Region ]/Total Number of Simulations 

(10.8) 

That is, one simply counts the number of simulation iterations for the case of changed 
parameters in which the abundance index falls within the range [Xlb sim' xub sim] and divides , , 
this by the total number of simulation iterations. The resulting value is the fraction of 
simulation iterations for changed parameters in which the abundance index falls in the range 
of base case parameters. The probability of detecting a change is defined as 1 minus this 
fraction. 

The second method for computing the probability of detecting a change in abundance 
indices is based on a normal approximation. That is, one assumes ad hoc that the abundance 

149 



indices are normally distributed with the mean and standard deviation observed in the 
simulations. Since a normal distribution with mean J.L and variance 0' has more than 99% of 
its probability mass concentrated in the interval [J.L - 30', J.L + 30'], the ranges for the base 
case are redefined as: 

(10.9) 

Given these new ranges and J..lc and Se, the probability of detecting a change in this case is 
defined as 

Prob{detect a change in abundance indices} 
= 1 - Prob{ a point from the normal distribution with mean and 

standard deviation J.Le and O'e falls in the range [Xlb, Xub] 

A small computation shows that 

Prob{detect a change in abundance indices} 
=1- { <I>([Xub - J.Le]/O'e} - <I> ([Xlb - J..lc]/O'e}} 

(10.10) 

(10.11) 

where <I>(z} is the cumulative distribution function for a normally distributed random 
variable with mean 0 and variance 1. 

11 . ABUNDANCE INDICES FOR THE SOUTHERN OCEAN 
KRILL FISHERY MODEL AND BASE CASE RESULTS 

In this chapter, 44 different abundance indices that could be computed from fishery 
generated data are described along with the mean, standard deviation and range for the base 
case parameters. These values are computed from 50 iterations of the simulation model. 

Total catch (tonnes). This is the total catch by the 5 vessels over the 14 day 
fishing period. 

Mean 

4642 

Standard Deviation 

428 

Range 

2585,5270 

Total number of hauls. This is also the total number of swarms that were 
selected for fishing. 

Mean 

394 

Standard Deviation 

30.7 

Range 

230,418 

Total number of swarms fished. This index is based on the assumption that the 
vessels can identify individual swarms during the fishing process. 

Mean Standard Deviation Range 

2088 195 1192,2392 

Total number of swarms encountered. 

Mean Standard Deviation Range 

7268 596 4214,7888 
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water. 
Total towtime (hours). This is the total time that the vessels have nets in the 

Mean 

415 

Standard Deviation 

32.5 

Range 

252,451 

Total searchtime (hours). This is the total time that the vessels are searching 
for krill. 

Mea!:!. 
429 

Standard Deviation 

36.7 

~ 

255,473 

Total reciprocal searchtime (1/hours). This is the total of the reciprocal of 
times spent searching for krill. 

Mean 

813 

Standard Deviation 

87.2 

Range 

425,1002 

Total number of discoveries by the research/survey vessel. 

Mean 

11.6 

Standard Deviation 

3.5 

Number of different concentrations fished. 

Mean 

1.2 

Standard Deviation 

.523 

Range 

3,21 

Range 

1,4 

Total catch per total towtime. (tonnes/hour). This index is computed by 
dividing the total catch by the total towtime. 

Mean 

11.2 

Standard Deviation 

.434 

Range 

10.1,11.8 

Average catch per towtime (tonnes/hour). This index is computed by 
averaging over individual hauls within a simulation iteration the quantity {catch/towtime}. 

Mean 

13.6 

Standard Deviation 

.575 

Range 

12.3,14.5 

Average catch per searchtime (tonnes/hour). This index is computed by 
averaging over individual hauls within a simulation iteration the quantity 
{catch/searchtime}. 

Mean 

24.2 

Standard Deviation 

1.93 

Range 

20.2,30.3 

Average of catch per towtime per searchtime (tonnes/hour2). This index 
is computed by averaging over individual hauls within a simulation iteration the quantity 
{( catch/towtime )(1/searchtime)). 
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Mean 

27.8 

Standard Deviation 

2.52 

Range 

22.8,35.5 

Catch per day (tonnes/day). This index is computed by dividing total catch by 
the length of the fishing period. 

Mean 

332 

Standard Deviation 

30.6 

Range 

185,376 

Catch per haul (tonnes). This index is computed by dividing the total catch in a 
simulation iteration by the total number of hauls in that simulation iterations. 

Mean 

11.8 

Standard Deviation 

.422 

Range 

10.8,13.0 

Hauls per concentration discovered. This index is computed by dividing the 
total number of hauls in a simulation iteration by the total number of concentrations 
discovered by the research/survey vessel and fleet. 

Mean 

38.6 

Standard Deviation 

18.4 

Range 

11.5,134 

Fraction of swarms selected. This index is computed by dividing the total 
number of hauls by the total number of swarms encountered. 

Mean Standard Deviation Range 

.054 .0019 .0503, .0595 

Average trawl length (n miles). 

Mean Standard Deviation Range 

1.37 .033 1.31,1.44 

Discoveries times catch (104 tonnes). This index is computed by multiplying 
the total number of concentrations discovered by the survey vessel and fleet and the total 
catch. 

Mean 

5.35 

Standard Deviation 

1.61 

Range 

1.44,9.63 

Discoveries times hauls times catch (107 tonnes). This index is computed 
by multiplying the total number of concentrations discovered by the total number of hauls 
and by the total catch. 

Mean 

2.12 

Standard Deviation 

.682 

Range 

.576,3.85 

Discoveries times catch per towtime times swarms fished 
(10 5 tonnes/hour). This index is computed by multiplying the total number of 
discoveries by the total catch and by the total of swarms fished and dividing by the total 
towtime. 
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Mean 

2.69 

Standard Deviation 

8.17 

Range 

.663,4.88 

Discoveries times average catch per towtime times swarms fished 
(10 5 tonnes/hour). This index is computed by multiplying the total number of 
discoveries by the average catch per towtime and by the total number of swarms fished. 

Mean Standard Deviation Range 

3.27 .996 .804,6.04 

Average catch per towtime divided by average searchtime (tonnes/hr2). 

Mean Standard Deviation Range 

12.5 .905 10.8,14.7 

Average catch per towtime times average reciprocal searchtime 
(tonnes/hr 2 ). 

Mean Standard Deviation Range 

28.0 2.06 22.7,34.5 

Discoveries times total catch divided by total towtime(tonnes/hour). 

Mean 

129 

Standard Deviation 

39.1 

Range 

32.7,232 

Discoveries times average catch per towtime divided by average 
searchtime (tonnes/hour2). 

Mean 

145 

Standard Deviation 

44.8 

Range 

35.5,255 

Discoveries times average catch per towtime times average reciprocal 
searchtime (tonnes/hour2). 

Mean 

325 

Standard Deviation 

103 

Range 

76.6,605 

Discoveries times average {(catch per towtime) (reciprocal 
searchtime)} (tonnes/hour2 ). 

Mean 

322 

Standard Deviation 

100 

Range 

74,593 

Discoveries times total catch divided by total towtime divided by 
average searchtime (tonnes/hour2). 

Mean 

11 9 

. Standard Deviation 

36.9 

Range 

29.3,206 
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Discoveries times total catch times average reciprocal searchtime 
divided by total towtime (tonnes/hour2). 

Mean 

267 

Standard Deviation 

84.8 

Range 

63.2,84.9 

Discoveries times total catch times number of selected swarms divided 
by total towtime (104 tonnes/hour). 

Mean 

5.07 

Standard Deviation 

1.53 

Range 

1.31,9.23 

Discoveries times average catch per towtime times number of selected 
swarms (104 tonnes/hour). 

Mean 

6.17 

Standard Deviation 

1.86 

Range 

1.59,11.1 

Discoveries times total catch times number of swarms encountered 
divided by total towtime (105 tonnes/hour). 

Mean 

9.35 

Standard Deviation 

2.78 

Range 

2.78,16.9 

Discoveries times average catch per towtime times number of swarms 
encountered (t06 tonnes/hour). 

Mean 

1.14 

Standard Deviation 

.339 

Range 

.287,2.09 

Discoveries times total catch per total towtime times hauls per 
concentration fished (1 04 • tonnes/h ou r). 

Mean 

4.75 

Discoveries times 
concentration fished (104 

Mean 

5.78 

Standard Deviation 

1.81 

average catch 
tonnes/hour). 

Standard Deviation 

2.2 

per 

Range 

1.81,9.23 

towtime 

Range 

1.3,11.1 

times hauls per 

Discoveries times total catch per total towtime times swarms fished 
per concentration (105 tonnes/hour). 

Mean 

2.52 

Standard Deviation 

.964 

Range 

.602,4.88 

Discoveries times average catch per towtime times swarms fished per 
concentration (10 5 tonnes/hour). 
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Mean 

3.06 

Standard Deviation 

1.17 

Range 

.724,6.04 

Total catch per total hauls divided by average searchtime 
(tonnes/hour). 

Mean 

10.8 

Standard Deviation 

.685 

Range 

9.24,12.8 

Discoveries times total catch per total hauls divided by average 
searchtime (tonnes/hour). 

Mean 

122 

Standard Deviation 

39.1 

Range 

40.4,207 

Total catch per swarms fished per average searchtime (tonnes/hour). 

Mean 

2.03 

Standard Deviation 

.088 

Range 

1.88,2.3 

Discoveries times total catch per swarms fished per average 
searchtime (tonnes/hour). 

Mean 

22.9 

Standard Deviation 

7.2 

Range 

7.92,37.2 

Catch per swarms encountered per average searchtime (tonnes/hour). 

Mean 

.581 

Standard Deviation 

.0445 

Range 

.483,.695 

Discoveries times catch per swarms encountered per average 
searchtime (tonnes/hour). 

Mean 

6.56 

Standard Deviation 

2.14 

Range 

2.21,11.3 

1 2. PERFORMANCE OF THE INDICES IN DETECTING CHANGES IN KRILL BIOMASS 

This chapter contains results on the efficacy of the different abundance indices in 
detecting changes in krill abundance. Krill abundance will change if any of the basic 
parameters change. 

Biomass is indexed by the product of characteristic parameters: 

Two types of parameter changes were implemented. First, only one parameter was changed 
at a time, leading to drops in biomass to either 2/3 or 1/3 of the base case level. This was 
done by changing the parameters as follows: 
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• Le multiplied by -{2j3 or -Y 1 /3 

• re multiplied by -{2j3 or -Y 1 /3 
• oe multiplied by 2/3 or 1/3 
• Ne multiplied by 2/3 or 1/3 
• De multiplied by 2/3 or 1/3. 

The multiplicative factor is 2/3 (1/3) or -Y 2/3 (-Y 1/3) depending on the way that the 
parameter enters into the determination of biomass (linearly or squared). 

Second, more than one parameter was changed simultaneously, leading to changed 
biomass levels that ranged from 0.2 to 1.2 times the biomass in the base case. The 
parameter values for these cases are shown in Table 12.1 (the base case parameters are also 
shown, for easy reference). 

Finally, the effect of adaptive behavior by the fishing fleet was studied by considering 
changes in the threshold for accepting a krill swarm for fishing. The other two values of the 
threshold used were Bthr = 40 tonnes and Bthr = 0 tonnes. Naturally, changing the threshold 
for accepting swarms does not change the underlying krill biomass, but it may change the 
abundance indices and thus lead to a belief that the underlying biomass was indeed changed. 

Tables 12.2 to 12.46 show the results. Shown in these tables are the biomasses 
relative to the base case, the ratio of the mean abundance index for the changed parameters 
(Ile) to the mean abundance index for the base case parameters (Ilb) and the probability of 
detecting the change in biomass based on the simulation (non-parametric) and normal 
approximation calculations described previously. 

13. DISCUSSION OF THE SIMULATION RESULTS 

When considering the results presented in the last chapter, it is useful to separate 
changes in biomass index caused by changes of within concentration parameters (that is De' 
re and oe) and changes of between concentration parameters (Le and Ne). No single index is 
capable of tracking both kinds of changes. Study of the results leads to the following 
conclusions: 
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• Many of the indices are ineffective for tracking changes in krill abundance because 
they have inconsistent changes (both increases and decreases in the abundance 
index or no change in the abundance index) with the biomass index. 

• Even those indices that do exhibit consistent changes also exhibit the problem of 
"convexity": a change of biomass index to 213 or 1/3 of the base case leads to a 
ratio of Ildllb that is greater than 2/3 or 1/3. That is, the abundance indices are 
not linear in the biomass index. 

• Even those indices for which Ildllb is considerably less than 1 and close to 2/3 or 
1/3 may have a small probability of detecting the shift. This is caused by the 
large variability in the abundance indices for fixed krill distributional 
parameters. 

• Simple indices appear to perform better than more complicated indices. This is 
true at two levels. For example, the index 

(Total Catch / Total Towtime )/ Average {Searchtime} 
performs better than the index 



Average { (Catch/Towtime) / {Searchtime } 
where the average is taken over individual hauls. Similarly, indices in which the 
number of discoveries is multiplied by a within-swarm abundance index perform 
more poorly than indices without that multiplier (compare Tables 12.40, 12.42 
and 12.44 with Tables 12.41, 12.43 and 12.45 ). 

• Although a number of abundance indices are effective in tracking changes in 
biomass caused by single changes in parameters, none is effective when many 
parameters change at once. This is caused by the confounding effects of multiple 
changes in parameters. This suggests that determining the most likely sources of 
biomass change is an important future project. That is, effort should be spent 
determining the parameters that are most likely to change and the directions in 
which they will change. 

• The most effective tracking of krill abundance could be done with the following 
abundance indices: 

1. Use the number of discoveries by the survey vessel to track changes in the 
number of concentrations and the characteristic radii of concentrations. 

2. Use one of the following indices to track within concentration changes of 
swarm density and krill abundance within swarms: 

(Total Catch / Total Hauls) / Average{Searchtime} 
(Total Catch/Swarms Fished) / Average{Searchtime} 
(Total Catch/Swarms Encountered)/ Average{Searchtime}. 

Note that since the total number of hauls equals the number of swarms selected for 
fishing, all of these indices have the form catch per "swarm" per searchtime. 
This is consistent with the theoretical concepts presented in Chapter 10. 

• The adaptive behavior of fishing vessels may be important for the accurate 
interpretation of abundance indices. For example, a changing threshold for 
acceptance of a swarm for fishing or a changing catch continuation parameter 
might drastically effect abundance indices and lead to inaccurate interpretations of 
their meaning. Refishing might also affect abundance indices, depending upon the 
effectiveness of the search procedure during refishing (Butterworth 1987, 
Mangel 1987) 

1 4. CONCLUSION AND RECOMMENDATIONS 

Although the model developed in the body of this report contains many operational 
uncertainties (e.g. what exactly is search time), it is still possible to make a number of 
recommendations. In particular the following are suggested: 

1. Fishing and survey vessels should indicate in their log books approximately how 
much of the between trawl times are spent in search for swarms of krill. If 
possible, vessels should indicate the number of swarms fished in a haul. This 
would require a consistent definition of swarm (in terms of sonar ping threshold, 
for example). 

2. CCAMLR should consider an "experiment" in which a research vessel and a fishing 
fleet travel together, but work independently. In particular, the fishing fleet 
should operate as if the survey vessel were not present, and the survey vessel 
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should conduct krill surveys in the vicinity of regions in which the fleet fishes. 
By doing this, one can obtain a distributional model for krill that are considered 
fishable by the fleet. 

3. If a detailed operational model of krill fisheries is desired, CCAMLR should 
consider sending a Ph.D. level modeller to sea with the fleets. This is in the best 
traditions of operational analysis (see, e.g. Tidman 1984) and most likely is the 
only way that accurate operational models can be developed. In particular, such a 
field assignment will lead to accurate understanding of the role of search in the 
overall fishing operation and to an accurate understanding of operational fishing 
decisions. 

4. The following indices can be used, at least temporarily, to track krill abundance: 

( a) Use the number of discoveries by the survey vessel to track changes in the 
number of concentrations and the characteristic radii of concentrations. 

( b) Use one of the following indices to track within concentration changes in 
swarm density and krill abundance within swarms: 

(Total Catch / Total Hauls) / Average {Searchtime} 
(Total Catch/Swarms Fished) / Average {Searchtime} 
(Total Catch/Swarms Encountered) / Average {Searchtime}. 
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Table 2.1: 8ummary of 80viet Cruise 80urces 

Data 8et Vessel Name Region Period Number of 
Records 

1 Akademik Knipovich 12.60E - 560 W 5.3.81- 92 
52.1°8 -69.808 23.5.81 

2 Akademik Knipovich 46.10W-135.70W 20.3.82-
60.308 - 69.308 7.5.82 39 

3 Akademik Knipovich 27.50E-67.70E 12.1.84-
48.1°8 -6908 29.3.84 177 

4 Odyssey 35.30W -55.70W 9.1.81-
53.608 -61.308 19.3.81 39 

5 Professor Derugin 59.50E -94.50E 15.1.81-
61.708 -6908 20.4.81 417 

6 Professor Derugin 61.20E -112.4°E 18.2.82-
62.908 -67.108 5.5.82 188 

7 Argus 32.30W -390W 23.4.81-
51.1°8 -54.508 27.6.81 229 

8 Argus 44.20W -55.60W 27.1.84-
59.408 -6108 8.4.84 236 

9 Globus 56.90E - 68.4°E 2.2.84-
60.508 - 6708 9.4.84 306 

1 0 Mys Dalniy 105.60E -163.90E 7.2.84-
64.30 8 - 72.108 29.4.83 65 

1 1 Mys Unony 135.50E - 172.80E 20.1.82-
65.108 -77.908 9.4.84 47 

1 2 Mys Tihiy 116.70E -167.60E 2.1.81-
640 8 - 68.408 8.4.81 155 
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Table 2.2: Net Characteristics of the Vessels 

Trawl Mouth Effective Mesh Mesh Bar 
Length (m) Trawl Mouth Size (mm) Length 

Section (m2) (mm) 

Akademik Knipovich 87.6 49 40 20 

Odysssey 36.6 78 40 20 

Argus 66 163 40 20 

Professor Derugin 49.5 26 35 1 2 

Globus 110 72 35 1 2 

Mys Dalniy 77.4 50 35 1 1 

Mys Unony 77.4 50 35 1 1 

Mys Tihiy 77.4 50 35 1 1 
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Table 3.1: Summary of Means and Variances of Quantities Derived from Soviet Data. (See 
text for a full discussion of how to read the table.) 

Quantity Data Set 

1 2 3 4 5 6 

Trawls per day 1.78,.91 2,.73 2.8,1.6 1.3,.44 4.6,2.4 4.5,2.4 

Trawling depth 44.9,22.2 64,54 66,47 80,45 20.3,15.3 37,21 
(meters) (58,4) 

Trawling Speed 4.3,.32 2.8,.26 3.4,.5 2.9,1 2.7,.26 2.9,.22 
(knots) 

Trawling time 1.0,.65 1.1,.52 .89,.53 1.2,.71 1.1,.52 .72,.52 
(hours) (1.8,3) (1.3,13) (.87,1) 

Trawling length 3.7,1.8 3.1,1.4 2.9,1.7 2.9,2.2 3.0,1.5 2.1,1.6 
(n miles) (4.5,24) (3.6,3) (3.1,8) (5.4,10) (3.3,12) 

Krill Catch 8391, 4053, 2386, 4505, 4008, 5814, 
(tonnes) 5822 3097 2906 3778 8147 3983 

Krill Size (mm) 45,3.5 48,3.6 44,3.7 51,2.9 No data 39,3.6 

Between Trawlings 11.4,8.8 9.0,9.0 7.2,6.2 14,8.2 4.6,7.2 4.2,5.2 
Time (hours) (17,8) (24.6,6) (10.8,6) (36.4,11) 

Between Trawlings 18,15.4 6.5,7.6 25.7,17.8 18.5,17.4 13.2,18.5 5.6,9.9 
Movement (41,13) (58,12) (60,36) (54,5) (20,19) 

(n miles) 

Quantity Data Set 

7 8 9 1 0 1 1 1 2 

Trawls per day 3.5,1.9 3.4,1.3 5.7,4.9 2.6,1.3 2.7,2.6 3.2,1.9 

Trawling depth 43,36 88.6,27 17,15.7 17.3,16.6 52,45 26,14 
(meters) 

Trawling Speed 3.3,.24 3.5,.14 3.0,.17 2.8,.22 3.6,.28 2.7,.32 
(knots) 

Trawling time 1.41,.86 .77,.66 .9,.9 1.4,.4 2.3,.76 1,.6 
(hours) (.93,2) (1.1,11) (2.8,5) (1.2,3) 

Trawling length 3.8,1.9 2.2,1.3 2.2,2.1 4.0,1.4 5.7,1.4 2.7,1.7 
(n miles) (4.8,34) (3.0,16) (3.3,8) (4.3,3) (10,30) (3.4,6) 

Krill Catch 4133, 2534, 7193, 2192, 10435, 3512, 
(tonnes) 4081 5035 4876 2364 8123 3205 

Krill Size (mm) 39,3.6 48,4.2 No data No data No data No data 

Between Trawlings 5.8,7.6 5.6,4.6 3.0,4.3 7.4,10.3 6.2,8.0 6.5,8.9 
Time (hours) (6.4,1) (5.8,1) (4.6,7) (18,14) (24,6) (13,9) 

Between Trawlings 9.6,12.8 21.8,15.6 5.6,9.9 15.2,20.5 10,14 12,20 
Movement (11.6,3) (25,4) (10.6,5) (83,9) (29,3) 
(n miles) (37,15) 
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Table 3.2: Correlations for Data Set 1, all Data Used (see text for a discussion of how to 
read the table) 

Quantities TT TL KC BTM BTT D L 

TT + + 0 0 0 0 
+ + + 0 0 0 

TL + + 0 0 0 0 
+ + + 0 0 0 

KC 0 0 + 0 0 0 
+ + 0 0 0 0 

BTM + + 0 0 
+ 0 0 0 

BTT 0 0 0 + + 0 0 
0 0 0 0 0 0 0 

D 0 0 0 0 + 0 
0 0 0 + + 0 0 

L 0 0 0 0 0 0 + 
0 0 0 0 0 0 + 

Table 3.3: Correlations for Data Set 1, Cutoff Values applied (see text for a discussion of 
how to read the table) 

Quantities TT TL KC BTM BTT D L 

TT + + 0 0 0 
+ + + 0 0 

TL + + + 0 0 0 
+ 0 0 0 0 

KC 0 0 + 0 0 
+ 0 0 0 0 0 

BTM 0 + + 0 0 
0 0 + 0 0 0 

BTT 0 0 + + 0 0 
0 0 0 0 0 0 

D 0 0 0 0 + 0 
0 0 0 + + 0 0 

L 0 0 0 0 0 0 + 
0 0 0 0 0 0 + 
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Table 3.4: Correlations for Data Set 2, all Data Used (see text for a discussion of how to 
read the table) 

Quantities TT TL KC BTM BTT D L 

TT + + 0 0 0 0 0 
+ + 0 0 0 0 0 

TL + + 0 0 0 0 0 
+ 0 0 0 0 0 0 

KC 0 0 + 0 0 0 0 
0 0 0 0 0 0 0 

BTM 0 0 0 + + + 
0 0 0 0 0 0 0 

BTT 0 0 0 + + + 
0 0 0 0 0 0 0 

D 0 0 0 + + + 
0 0 0 + + 0 

L 0 0 0 + 
0 0 0 0 + 

Table 3.5: Correlations for Data Set 2, Cutoff Values applied (see text for a discussion of 
how to read the table) 

Quantities TT TL KC BTM BTT D L 

TT + + 0 0 0 0 0 
0 0 0 0 0 0 0 

TL + + 0 0 0 0 0 
0 0 0 0 0 0 0 

KC 0 0 + 0 0 0 0 
0 0 0 0 0 0 0 

BTM 0 0 0 + + + 0 
0 0 0 0 0 + 

BTT 0 0 0 + + + 0 
0 0 0 0 0 0 0 

D 0 0 0 + + + 
0 0 0 0 0 0 

L 0 0 0 0 0 + 
0 0 0 0 0 + 
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Table 3.6: Correlations for Data Set 3, all Data Used (see text for a discussion of how to 
read the table) 

Quantities TT TL KC BTM BTT D L 

TT + + + 0 0 0 0 
0 0 0 + + 0 0 

TL + + + 0 0 0 0 
0 0 0 0 + 0 0 

KC + + + 0 0 
0 0 + 0 0 0 

BTM 0 0 + + 0 0 
0 0 0 + + 0 0 

BTT 0 0 0 + + 0 0 
+ + 0 0 + 0 0 

D 0 0 0 0 + 0 
0 0 0 0 0 0 

L 0 0 0 0 0 0 + 
0 0 0 0 0 + 

Table 3.7: Correlations for Data Set 3, Cutoff Values applied (see text for a discussion of 
how to read the table) 

Quantities TT TL KC BTM BTT D L 

TT + + + 0 0 0 0 
0 + 0 0 + 0 0 

TL + + + 0 0 0 0 
0 0 0 0 + 0 0 

KC + + + 0 0 
0 0 + 0 0 

BTM 0 + + 0 0 
0 0 + 0 0 0 

BTT 0 0 0 + + 0 0 
0 0 0 + + 0 0 

D 0 0 0 0 + 0 
0 0 + 0 

L 0 0 0 0 0 0 + 
0 0 0 0 0 0 + 
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Table 3.8: Correlations for Data Set 4, all Data Used (see text for a discussion of how to 
read the table) 

Quantities TT TL KC BTM BTT D L 

TT + + 0 0 0 + 
0 0 0 0 0 0 0 

TL + + 0 0 0 + 0 
0 0 0 0 0 + 0 

KC 0 0 + 0 0 0 0 
0 0 0 0 0 0 0 

BTM 0 0 0 + + 0 0 
0 0 0 0 0 0 0 

BTT 0 0 0 + + 0 0 
0 0 0 0 0 0 0 

D + + 0 0 0 + 
0 0 0 0 0 0 0 

L 0 0 0 + 
0 0 0 

Table 3.9: Correlations for Data Set 4, Cutoff Values applied (see text for a discussion of 
how to read the table) 

Quantities TT TL KC BTM BTT D L 

TT + + 0 0 0 0 0 
0 0 0 0 0 0 0 

TL + + 0 0 0 0 0 
0 0 0 0 0 0 0 

KC 0 0 + 0 0 0 0 
0 0 0 0 0 + 0 

BTM 0 0 0 + 0 + 
0 + + 0 0 + 

BTT 0 0 0 + 0 0 0 
0 0 0 0 0 0 0 

D 0 0 0 0 + 0 
0 0 0 0 0 + 

L 0 0 0 + 0 0 + 
0 0 0 + 0 + 
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Table 3.10: Correlations for Data Set 5, all Data Used (see text for a discussion of how to 
read the table) 

Quantities TT TL KC BTM BTT D 

TT + + 0 + + 0 
0 0 0 0 + 0 

TL + + 0 + + 0 
0 0 0 0 + 0 

KC 0 0 + 0 0 0 
0 0 + 0 0 0 

BTM + + 0 + + + 
0 0 0 + 0 0 

BIT + + 0 + + + 
0 0 0 + 0 0 

D 0 0 0 + + + 
0 0 0 0 0 + 

Table 3.11: Correlations for Data Set 5, Cutoff Values applied (see text for a discussion of 
how to read the table) 

Quantities TT TL KC BTM BTT D 

TT + + 0 0 0 0 
+ + 0 0 0 

TL + + 0 0 0 0 
+ + 0 0 + 

KC 0 0 + 0 0 
0 0 + 0 

BTM 0 0 + + 0 
0 0 0 + 0 0 

BIT 0 0 0 + + + 
0 0 0 + 0 0 

D 0 0 0 0 + + 
0 0 0 0 0 + 
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Table 3.12: Correlations for Data Set 6, all Data Used (see text for a discussion of how to 
read the table) 

Quantities TT TL KC BTM BTT D 

TT + + 0 0 0 0 
0 0 0 0 0 0 

TL + + 0 0 0 0 
0 0 0 0 0 0 

KC 0 0 + 0 0 0 
0 0 + 0 0 0 

BTM 0 0 0 + + 0 
0 0 + 0 0 + 

BTT 0 0 0 + + + 
0 0 0 0 0 0 

D 0 0 0 0 0 + 
+ + 0 0 0 + 

Table 3.13: Correlations for Data Set 6, Cutoff Values applied (see text for a discussion of 
how to read the table) 

Quantities TT TL KC BTM BTT D 

TT + + 0 0 0 + 
+ + 0 0 + 0 

TL + + + 0 0 + 
+ + 0 0 + 0 

KC 0 + + 0 0 0 
0 0 + + 0 

BTM 0 0 0 + + 0 
0 0 0 0 0 + 

BTT 0 0 0 + + 0 
0 0 0 0 0 0 

D + + 0 0 0 + 
+ + 0 0 0 + 
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Table 3.14: Correlations for Data Set 7, all Data Used (see text for a discussion of how to 
read the table) 

Quantities TT TL KC BTM BTT D L 

TT + + 0 0 0 0 0 
+ + 0 0 0 0 0 

TL + + 0 0 0 0 0 
+ + 0 0 0 0 0 

KC 0 0 + 0 0 0 0 
0 0 0 0 0 0 0 

BTM 0 0 0 + + 0 0 
0 0 0 + 0 0 0 

BIT 0 0 0 + + 0 0 
0 0 0 0 0 0 0 

D 0 0 0 0 0 + 0 
0 0 0 0 0 + 0 

L 0 0 0 0 0 0 + 
0 0 0 0 0 0 0 

Table 3.15: Correlations for Data Set 7, Cutoff Values applied (see text for a discussion of 
how to read the table) 

Quantities TT TL KC BTM BTT D L 

IT + + 0 0 0 0 
+ + 0 0 0 0 0 

TL + + + 0 0 0 
+ + 0 0 0 0 0 

KC 0 + + 0 0 0 0 
0 0 0 0 + 0 0 

BTM 0 0 0 + + + 0 
0 0 0 + 0 0 + 

BIT 0 + + 0 
0 0 0 0 0 0 0 

D 0 0 0 0 0 + 0 
0 0 0 + 0 + 0 

L 0 0 0 0 0 0 + 
0 0 0 0 0 0 0 
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Table 3.16: Correlations for Data Set 8, all Data Used (see text for a discussion of how to 
read the table) 

Quantities TT TL KC BTM BTT D L 

TT + + 0 0 0 0 
0 0 0 0 0 0 

TL + + 0 0 0 + 
0 + + 0 0 0 

KC 0 0 + 0 0 0 
0 0 0 0 0 0 

BTM 0 0 0 + + 0 0 
0 0 0 + 0 0 0 

BTT 0 0 0 + + 0 0 
0 0 0 0 0 0 0 

D 0 0 + 0 
0 0 + 

L 0 + 0 0 0 + 
0 0 0 0 0 + 

Table 3.17: Correlations for Data Set 8, Cutoff Values applied (see text for a discussion of 
how to read the table) 

Quantities TT TL KC BTM BTT D L 

TT + + + 0 + 
+ + + 0 + 

TL + + + 0 0 
+ + + 0 0 

KC + + + + 
+ + + 0 + 

BTM + + + 
+ + + 0 

BTT 0 0 + + + 0 
0 0 + 0 0 0 

D + + + 
+ 0 + 

L + 0 + 0 + 
+ 0 + 0 + 

171 



Table 3.18: Correlations for Data Set 9, all Data Used (see text for a discussion of how to 
read the table) 

Quantities TT TL KC BTM BTT D 

TT + + + 0 + + 
+ + + 0 + + 

TL + + + 0 + + 
+ + + 0 0 + 

KC + + + 0 0 + 
+ + + 0 0 + 

BTM 0 0 0 + 0 0 
0 0 0 + 0 0 

BTT + + 0 0 + 0 
0 0 0 0 0 0 

D + + + 0 0 + 
+ + + 0 0 + 

Table 3.19: Correlations for Data Set 9, Cutoff Values applied (see text for a discussion of 
how to read the table) 

Quantities TT TL KC BTM BTT D 

TT + + + + + + 
+ + + + + + 

TL + + + + + + 
+ + + + + + 

KC + + + 0 0 + 
+ + + 0 0 + 

BTM + + 0 + + + 
+ + 0 + 0 0 

BTT + + 0 + + 0 
0 0 0 0 0 

D + + + + 0 + 
+ + + 0 0 + 
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Table 3.20: Correlations for Data Set 10, all Data Used (see text for a discussion of how to 
read the table) 

Quantities TT TL KC BTM BTT D 

TT + + + 0 0 0 
0 0 0 0 0 0 

TL + + + 0 0 0 
0 0 0 0 0 0 

KC + + + 0 0 0 
0 0 + 0 0 

BTM 0 0 0 + + 0 
0 0 0 0 0 0 

BTT 0 0 0 + + 0 
0 0 0 0 0 0 

D 0 0 0 0 0 + 
0 0 0 + 0 + 

Table 3.21: Correlations for Data Set 10, Cutoff Values applied (see text for a discussion 
of how to read the table) 

Quantities TT TL KC BTM BTT D 

TT + + 0 0 0 0 
0 0 0 0 0 0 

TL + + 0 0 0 0 
0 0 0 0 0 0 

KC 0 0 + 0 0 0 
0 0 + 0 0 

BTM 0 0 0 + + 0 
0 0 0 0 0 0 

BTT 0 0 0 + + 0 
0 0 0 0 0 0 

D 0 0 0 0 0 + 
0 0 0 0 0 + 
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Table 3.22: Correlations for Data Set 11, all Data Used (see text for a discussion of how to 
read the table) 

Quantities TT TL KC BTM BTT D 

TT + + + 0 0 0 
0 0 + 0 0 0 

TL + + + 0 0 0 
0 0 + 0 0 0 

KC + + + 0 0 0 
+ + + 0 0 

BTM 0 0 0 + + + 
0 0 0 + 0 0 

BTT 0 0 0 + + 0 
0 0 0 + 0 0 

D 0 0 0 + 0 + 
0 0 0 + 0 0 

Table 3.23: Correlations for Data Set 11, Cutoff Values applied (see text for a discussion 
of how to read the table) 

Quantities TT TL KC BTM BTT D 

TT + + 0 0 0 0 
0 0 0 0 0 0 

TL + + 0 0 0 0 
0 0 0 0 0 0 

KC 0 0 + 0 0 0 
0 0 + 0 0 

BTM 0 0 0 + + 0 
0 0 0 0 0 0 

BTT 0 0 0 + + 0 
0 0 0 0 0 0 

D 0 0 0 0 0 + 
0 0 0 0 0 0 
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Table 3.24: Correlations for Data Set 12, all Data Used (see text for a discussion of how to 
read the table) 

Quantities TT TL KC BTM BTT D 

TT + + + 0 0 + 
+ + 0 0 0 + 

TL + + + 0 0 + 
+ + 0 0 0 + 

KC + + + 0 0 0 
0 0 0 0 0 0 

BTM 0 0 0 + + 0 
0 0 0 + 0 0 

BTT 0 0 0 + + 0 
0 0 0 + 0 0 

D + + 0 0 0 + 
+ + 0 0 0 + 

Table 3.25: Correlations for Data Set 12, Cutoff Values applied (see text for a discussion 
of how to read the table) 

Quantities TT TL KC BTM BTT D 

TT + + + 0 0 + 
+ + 0 0 0 0 

TL + + + 0 0 + 
+ + + 0 0 0 

KC + + + 0 0 
+ 0 0 0 0 0 

BTM 0 0 0 + + 0 
0 0 0 0 0 0 

BTT 0 0 + + 0 
0 0 0 0 0 0 

D + + 0 0 0 + 
+ + 0 0 0 + 
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Table 12.1: Parameter Values for Multiple Parameter Changes in Biomass 

Parameter Biomass Relative 
to Base Case 

Ne Le Be re De 

48 5.11 87.1 44.0 8.09 .20 

60 6.60 237.2 16.5 20.4 .40 

57 2.66 124.1 77.7 17.2 .61 

54 3.84 134.7 84.5 9.05 .81 

36 5.60 150 50 20 1.0 (Base Case) 

37 6.89 48.9 68.5 25.6 1.2 
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Table 12.2: Detection Properties of Abundance Index "Total Catch" 

Biomass Relative ~e/~b PrQbabilil~ Qf DeleQliQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x -Y2 /3 1.01 0 0 

re x {2j3 .91 0 0 

oe X 2/3 .80 0 0 

De x 2/3 .91 0 0 

Ne x 2/3 1.01 0 0 

Biomass = 1/3 of Base Case 

Le x {173 1 0 0 

re x -Y"1/3 .72 0 0 

oe X 1/3 .51 .96 .92 

De x 1/3 .78 0 0 

Ne x 1/3 1 0 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .53 .62 .68 

.4 of Base Case .63 0 .02 

.61 of Base Case 1.05 .08 0 

.81 of Base Case .98 0 0 

1 .2 of Base Case .64 0 .01 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes .62 .08 .09 

Bthr = 40 tonnes .99 0 0 
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Table 12.3: Detection Properties of Abundance Index "Total Hauls (Total Number of 
Swarms Selected)" 

Biomass Relative J..le/J..lb PrQbabilil~ Qf DeleQliQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Lc x-{2j3 1.01 0 0 

re x {2j3 .93 0 0 

Qe x 2/3 .94 0 0 

De x 2/3 .96 0 0 

Ne x 2/3 1.0 0 0 

Biomass = 1/3 of Base Case 

Le x {173 .99 0 0 

re x {173 .77 0 0 

Qe x 1/3 .82 0 0 

De x 1/3 .88 0 0 

Ne x 1/3 .99 0 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .76 0 0 

.4 of Base Case .59 .22 .30 

.61 of Base Case 1.05 .64 0 

.81 of Base Case 1.05 .76 0 

1 .2 of Base Case .95 0 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 1.29 .98 .83 

Bthr = 40 tonnes 1.03 .34 0 
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Table 12.4: Detection Properties of Abundance Index "Total Number of Swarms Fished" 

Biomass Relative lle/llb ErQbabilit~ Qf D~t~QtiQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x {273 1.02 .02 0 

rc x f2i3 .95 0 0 

oe X 2/3 .98 0 0 

De x 2/3 .84 0 0 

Ne x 2/3 1 0 0 

Biomass = 1/3 of Base Case 

Le x {173 1 0 0 

re x f1i3 .79 0 0 

oe X 1/3 .88 0 0 

De x 1/3 .64 .04 .03 

Ne x 1/3 1 0 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .58 .32 .35 

.4 of Base Case .59 .32 .3 

.61 of Base Case 1.01 .02 0 

.81 of Base Case .81 0 0 

1 .2 of Base Case 1 .15 .64 .06 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 1.4 .98 .91 

Bthr = 40 tonnes 1.06 .14 0 
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Table 12.5: Detection Properties of Abundance Index "Total Number of Swarms 
Encountered" 

Biomass Relative J.1e/J.1b PrQbabilil~ Qf DeleQliQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x {2j3 1.01 .04 0 

re x-{273 1.17 .9 .14 

oe x 2/3 1.19 .98 .24 

De x 2/3 .93 0 0 

Ne x 2/3 1.01 .04 0 

Biomass = 1/3 of Base Case 

Le x {1f3 1 .04 0 

re x {1j3 1.541 .98 

oe x 1/3 1.67 1 .99 

De x 1/3 .82 0 0 

Ne x 1/3 1 .04 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case 1.16 .86 1 

.4 of Base Case 1.98 1.99 

.61 of Base Case .76 0 0 

.81 of Base Case .63 .16 .1 

1 .2 of Base Case 1.37 1 .95 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes .47 1 .99 

Bthr = 40 tonnes .93 0 0 
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Table 12.6: Detection Properties of Abundance Index "Total Trawl Time" 

Biomass Relative ~e/~b PrQbabilit~ Qf DeteQtiQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le X {2j3 1.01 0 0 

re xW3 .92 0 0 

Qe X 2/3 .97 0 0 

De X 2/3 .96 0 0 

Ne X 2/3 .99 0 0 

Biomass = 1/3 of Base Case 

Le X {173 .99 0 0 

re X 1173 .74 0 0 

Qe X 1/3 .87 0 0 

De X 1/3 .89 0 0 

Ne X 1/3 .99 0 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .77 0 0 

.4 of Base Case .55 .9 .93 

.61 of Base Case 1.11 .7 .02 

.81 of Base Case 1 .1 .76 .04 

1 .2 of Base Case 1.06 0 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 1.23 .94 .48 

Bthr = 40 tonnes 1.03 .16 0 
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Table 12.7: Detection Properties of Abundance Index "Total Search Time" 

Biomass Relative Jle/Jlb ErQbabilil~ Qf DeleQliQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x {2]3 1 .02 0 

re x f2i3 1.24 .92 .42 

oe x 2/3 1.19 .86 .21 

De x 2/3 1.11 .52 .01 

Ne x 2/3 .99 0 0 

Biomass = 113 of Base Case 

Le x-1173 .99 .04 0 

re x -{173 1.76 1 .99 

oe x 1/3 1.66 1 .99 

De x 1/3 1.41 .98 .95 

Ne x 1/3 1 0 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case 1.9 1 .99 

.4 of Base Case 2.47 1 .99 

.61 of Base Case .69 .06 .01 

.81 of Base Case .71 0 0 

1 .2 of Base Case 1.12 .72 .01 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes .1 1 1 

Bthr = 40 tonnes .87 0 0 
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Table 12.8: Detection Properties of Abundance Index "Total Reciprocal Search Time" 

Biomass Relative J.le/J.lb PrQbabilil~ Qf DeleQliQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x f2i3 1.01 0 0 

re x -{273 .76 0 0 

Qe x 2/3 .81 0 0 

De x 2/3 .088 0 0 

Ne x 2/3 1.01 0 0 

Biomass = 1/3 of Base Case 

Le X {1i3 1 0 0 

re x -{1j3 .44 .96 .95 

Qe x 1/3 .52 0 .51 

De x 1/3 .64 .96 .03 

Ne X 1/3 .98 0 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .41 1 .98 

.4 of Base Case .22 1 .99 

.61 of Base Case 1.42 .94 .82 

.81 of Base Case 1.35 .84 .58 

1.2 of Base Case .86 0 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 7.91 1 .99 

Bthr = 40 tonnes 1.15 .12 .03 
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Table 12.9: Detection Properties of Abundance Index "Number of Discoveries by the 
Survey Vessel" 

Biomass Relative Ile/Ilb PrQbabilil~ Qf DeleQUQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x {2j3 .76 0 0 

re x {2j3 .92 0 0 

oe X 2/3 .97 0 0 

De x 2/3 1.01 0 0 

Ne x 2/3 .65 0 0 

Biomass = 1/3 of Base Case 

Le x {173 .62 .04 0 

re x 1173 .96 .02 0 

oe X 1/3 1 .97 0 

De x 1/3 .94 0 0 

Ne x 1/3 .35 .18 .05 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case 1.15 0 0 

.4 of Base Case 1.95 .62 .54 

.61 of Base Case .77 0 0 

.81 of Base Case .98 0 0 

1 .2 of Base Case 1.15 .02 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 1 0 0 

Bthr = 40 tonnes .99 0 0 
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Table 12.10: Detection Properties of Abundance Index "Average {Catch/Towtime}" 

Biomass Relative Ile/Ilb ErQbabilil~ Qf D~l~QliQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x f2i3 1 .06 0 

re x -{2j3 1 .04 0 

Qe x 2/3 .83 .98 .86 

De x 2/3 .94 .18 .03 

Nc x 2/3 1.01 .06 0 

Biomass = 1/3 of Base Case 

Le x {173 1 .16 0 

re x ...f173 .99 .08 0 

Qe x 1/3 .57 1 .99 

De x 1/3 .86 .84 .56 

Ne x 1/3 1.01 .08 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .69 1 .99 

.4 of Base Case 1.19 .98 .87 

.61 of Base Case .92 .28 .07 

.81 of Base Case .87 :8 .47 

1.2 of Base Case .58 1 .99 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes .47 1 .99 

Bthr = 40 tonnes .95 .16 .02 
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Table 12.11: Detection Properties of Abundance Index "Average {Catch/Searchtime}" 

Biomass Relative Jle/Jlb PrQbabilil~ Qf DeleQliQn 

to Base Case Simulation Normal Approx 

Biomass = 213 of Base Case 

Le x {2j3 1 0 0 

re x-{273 .8 0 .25 

Be X 2/3 .74 .9 .57 

De x 213 .86 .36 .05 

Ne x 2/3 1.02 0 0 

Biomass = 113 of Base Case 

Le x {1f3 1.01 00 

re x {1f3 .53 1 .99 

Bc x 1/3 .39 1 .99 

De x 1/3 .64 1 .97 

Ne x 1/3 1 0 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .38 1 .99 

.4 of Base Case .39 1 .99 

.61 of Base Case 1.33 .86 .87 

.81 of Base Case 1.19 .26 .27 

1 .2 of Base Case .61 1 .99 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 2.77 1 .99 

Bthr = 40 tonnes 1.08 0 0 
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Table 12.12: Detection Properties of Abundance Index "Average {(Catch/Towtime)/ 
Searchtime}" 

Biomass Relative fle/flb PrQbabilil~ Qf DeleQliQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x {2i3 1 0 0 

re x -{2j3 .83 .48 .08 

oe x 2/3 .36 1 .99 

De x 2/3 .87 .2 .01 

Ne x 2/3 1.03 0 0 

Biomass = 1/3 of Base Case 

Le x-{1j3 1.01 0 0 

re x 1173 .56 1 .99 

oe x 1/3 .36 1 .99 

De x 1/3 .63 1 .93 

Ne x 1/3 1.01 .02 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .37 .64 .99 

.4 of Base Case .45 1 .99 

.61 of Base Case 1.25 .4 .37 

.81 of Base Case 1 .11 .04 .04 

1 .2 of Base Case .53 1 .99 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 2.74 1 .99 

Bthr = 40 tonnes 1.07 0 0 
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Table 12.13: Detection Properties of Abundance Index" Catch Per Day" 

Biomass Relative ~e/~b PrQbabilil~ Qf DeleQliQn 

to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x ",,2/3 1.01 0 0 

re x 12i3 .91 0 0 

Qe x 2/3 .8 0 0 

De x 213 .91 0 0 

Ne x 2/3 1.01 0 0 

Biomass = 1/3 of Base Case 

Le x {173 1 0 0 

re x {173 .72 0 0 

Qe x 1/3 .51 .94 .92 

De x 1/3 .78 0 0 

Ne x 1/3 1 0 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .53 .64 .68 

.4 of Base Case .63 0 .02 

.61 of Base Case 1.05 .08 0 

.81 of Base Case .98 0 0 

1 .2 of Base Case .64 .96 .01 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes .62 .92 .09 

Bthr = 40 tonnes .99 0 0 
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Table 12.14: Detection Properties of Abundance Index "Catch Per Haul" 

Biomass Relative Jle/Jlb PrQbabilil~ Qf DeleQUQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x-V2 1 3 .99 0 0 

re x {2j3 .97 0 0 

oe X 2/3 .85 .98 .87 

De x 2/3 .94 .18 .05 

Ne x 2/3 1 0 0 

Biomass = 1/3 of Base Case 

Le x-{1j3 1 0 0 

re x-{173 .94 .26 .03 

oe x 1/3 .61 1 .99 

De x 1/3 .87 .98 .81 

Ne x 1/3 1 0 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .7 .1 .99 

.4 of Base Case 1.05 .04 .09 

.61 of Base Case .99 0 0 

.81 of Base Case .93 o. .09 

1 .2 of Base Case .67 1 .99 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes .48 1 .99 

Bthr = 40 tonnes .96 1 .01 
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Table 12.15: Detection Properties of Abundance Index "Hauls Per Concentration 
Discovered" 

Biomass Relative J.Le/J.Lb E[Qbabilil~ Qf DeleQliQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x f2i3 1.38 0 0 

re x ...J273 1.03 0 0 

oe X 2/3 .89 0 0 

De x 2/3 .93 0 0 

Ne x 2/3 1.5 .04 0 

Biomass = 1/3 of Base Case 

Le x {173 1.66 .04 .03 

re x {173 .77 0 0 

oe x 1/3 .80 0 0 

De x 1/3 .89 0 0 

Ne x 1/3 3.1 .28 .45 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .63 0 0 

.4 of Base Case .27 .68 0 

.61 of Base Case 1.31 0 0 

.81 of Base Case 1.02 0 0 

1 .2 of Base Case .77 0 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 1.23 1 0 

Bthr = 40 tonnes 1 0 0 

190 



Table 12.16: Detection Properties of Abundance Index "Fraction of Swarms Selected For 
Fishing" 

Biomass Relative J.le/J.lb PrQbabilil~ Qf DfllflQliQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x {2j3 .99 .02 0 

re x ...J273 .79 1 .99 

oe x 2/3 .79 1 .99 

De X 2/3 1.04 .12 .05 

Ne x 2/3 .99 .04 0 

Biomass = 1/3 of Base Case 

Le X {173 .99 .02 0 

re x -{173 .5 1 .99 

oe x 1/3 .49 1 .99 

De x 1/3 1.08 .32 .27 

Ne X 1/3 .98 .06 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .65 1 .99 

.4 of Base Case .3 1 1 

.61 of Base Case 1.38 1 .99 

.81 of Base Case 1.66 1 .99 

1 .2 of Base Case .71 1 .99 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 2.74 1 .99 

Bthr = 40 tonnes 1 .11 .58 .53 
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Table 1.2.17: Detection Properties of Abundance Index "Average Trawl Length" 

Biomass Relative J.l.e/J.l.b PrQbabilit~ Qf DeteQtiQn 
to Base Case Simulation Normal Approx 

Biomass = 213 of Base Case 

Le x {2j3 1.01 .04 0 

re x -{2j3 .97 .42 .05 

5e x 2/3 1.07 1 .5 

De x 213 .7 .22 0 

Ne x 2/3 1 .02 0 

Biomass = 1/3 of Base Case 

Le x {1j3 1.01 .04 .01 

rc x ...f173 .91 1 .78 

5c x 1/3 1.16 1 .99 

Dc x 1/3 1.01 .12 .02 

Nc x 1/3 1 .04 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case 1.03 .14 .08 

.4 of Base Case .79 1 .99 

.61 of Base Case 1.13 .98 .97 

.81 of Base Case 1 .11 .98 .94 

1 .2 of Base Case 1.33 1 .99 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes .86 .99 

Bthr = 40 tonnes 1 .02 0 
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Table 12.18: Detection Properties of Abundance Index "Discoveries x Total Catch" 

Biomass Relative ~e/~b PrQbabilit~ Qf D~t~QtiQn 
to Base Case Simulation Normal Approx 

Biomass = 213 of Base Case 

Le x "'2/3 .77 0 0 

re x-{2j3 .85 .02 0 

Be x 2/3 .78 0 0 

De x 2/3 .93 0 0 

Ne x 2/3 .66 .02 0 

Biomass = 1/3 of Base Case 

Le x {173 .63 .04 0 

re x -f1T3 .7 0 0 

Be x 1/3 .49 .04 0 

De x 1/3 .74 0 0 

Ne x 1/3 .36 .34 .06 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .62 0 0 

.4 of Base Case 1.24 .04 0 

.61 of Base Case .81 0 0 

.81 of Base Case .97 0 0 

1 .2 of Base Case .74 1 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes .63 0 0 

Bthr = 40 tonnes .99 0 0 
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Table 12.19: Detection Properties of Abundance Index "Discoveries x Total Hauls x Total 
Catch" 

Biomass Relative Ile/Ilb PrQbabilil~ Qf D~l~HlliQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le X {273 .78 0 0 

re x-{273 .8 .04 0 

oe X 2/3 .74 0 0 

De x 2/3 .9 0 0 

Ne x 2/3 .66 .02 0 

Biomass = 1/3 of Base Case 

Le x {173 .63 .06 0 

re x ...J173 .54 .06 0 

oe X 1/3 .41 .04 0 

De x 1/3 .66 0 0 

Ne x 1/3 .36 .36 .03 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .47 .12 0 

.4 of Base Case .74 0 0 

.61 of Base Case .86 0 0 

.81 of Base Case 1.02 0 0 

1 .2 of Base Case .71 0 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes .82 0 0 

Bthr = 40 tonnes 1.03 0 0 

194 



Table 12.20: Detection Properties of Abundance Index "Discoveries x (Total Catch/Total 
Towtime) x Swarms Fished" 

Biomass Relative Ile/Ilb PrQbabilit~ Qf DeteQtiQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Lc x {2j3 .78 0 0 

re xW3 .88 .02 0 

oe x 2/3 .5 .04 0 

De X 2/3 .81 0 0 

Ne x 2/3 .68 .02 0 

Biomass = 1/3 of Base Case 

Le x {1f3 .63 .04 0 

re x {173 .75 0 0 

oe x 1/3 .5 .04 0 

De x 1/3 .53 .02 0 

Ne x 1/3 .36 .2 .05 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .47 .08 0 

.4 of Base Case 1.34 .06 .04 

.61 of Base Case .74 0 0 

.81 of Base Case .71 0 0 

1 .2 of Base Case .81 0 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes .71 0 0 

Bthr = 40 tonnes 1.02 0 0 
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Table 12.21: Detection Properties of Abundance Index "Discoveries x Average {Catch/ 
Towtime} x Swarms Fished" 

Biomass Relative J.le/J.lb PrQbabilil~ Qf D~l~QliQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le xf2i3 .78 0 0 

re xW3 .89 .02 0 

Oc x 2/3 .79 0 0 

De X 2/3 .81 0 0 

Ne X 2/3 .68 .02 0 

Biomass = 1/3 of Base Case 

Le X {173 .63 .04 0 

re x -{173 .77 0 0 

oe X 1/3 .49 .04 0 

De X 1/3 .52 .02 0 

Ne X 1/3 .36 .22 .05 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .47 .08 0 

.4 of Base Case 1.4 .1 .06 

.61 of Base Case .73 0 0 

.81 of Base Case .7 0 0 

1.2 of Base Case .78 0 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes .67 0 0 

Bthr = 40 tonnes 1.01 0 0 
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Table 12.22: Detection Properties of Abundance Index "Total CatchITotal Towtime" 

Biomass Relative Jle/Jlb ErQbabilil~ Qf DeleQliQO 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le X {2j3 1 0 0 

re x 1273 .98 .14 0 

oe X 2/3 .82 1 .93 

De X 2/3 .94 .5 .04 

Ne X 2/3 1.01 0 0 

Biomass = 1/3 of Base Case 

Le X {173 1 0 0 

re x {173 .97 .18 0 

oe X 1/3 .58 1 .99 

De X 1/3 .87 1 .63 

Ne X 1/3 1 .04 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .7 1 .99 

.4 of Base Case 1.15 .98 .75 

.61 of Base Case .93 .06 .06 

.81 of Base Case .88 .64 .44 

1 .2 of Base Case .6 1 .99 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes .5 1 .99 

Bthr = 40 tonnes .95 .32 .02 

197 



Table 12.23: Detection Properties of Abundance Index "Average {CatchITowtime} 1 Average 
{Searchtime}" 

Biomass Relative lle/llb PrQbabilit~ Qf DeteQliQn 
to Base Case Simulation Normal Approx 

Biomass = 213 of Base Case 

Le x {2j3 1.01 0 0 

re x-{273 .75 1 .67 

oe x 2/3 .65 1 .99 

De x 213 .82 1 .23 

Ne x 2/3 1.02 0 0 

Biomass = 1/3 of Base Case 

Le X {173 1 .48 .01 

re x {1j3 .43 1 .99 

oe x 1/3 .28 1 .99 

De x 1/3 .54 1 .99 

Ne x 1/3 1 0 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .28 1 .99 

.4 of Base Case .29 1 .99 

.61 of Base Case 1.43 1 .99 

.81 of Base Case 1.28 .86 .73 

1 .2 of Base Case .49 1 .99 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 5.75 1 .99 

Bthr = 40 tonnes 1.12 .08 .12 
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Table 12.24: Detection Properties of Abundance Index "Average {CatchITowtime} x Average 
{Reciprocal Searchtime}" 

Biomass Relative J.le/J.lb PrQbabilil~ Qf DeleQliQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x f2i3 1 0 0 

re x {2i3 .82 .52 .26 

oe x 2/3 .71 .9 .82 

De x 2/3 .83 .16 .19 

Ne x 2/3 1.03 0 0 

Biomass = 1/3 of Base Case 

Lc x {1i3 1.01 0 0 

rc x-{1i3 .56 1 .99 

oe x 1/3 .36 1 .99 

De x 1/3 .63 1 .99 

Ne x 1/3 1.01 0 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .37 1 .99 

.4 of Base Case .44 1 .99 

.61 of Base Case 1.25 .54 .59 

.81 of Base Case 1.11 0 .08 

1.2 of Base Case .53 .99 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 2.92 1 .99 

Bthr = 40 tonnes 1.06 0 0 

199 



Table 12.25: Detection Properties of Abundance Index "Discoveries x Total Catch/Total 
Towtime" 

Biomass Relative /le//lb PrQbabilil~ Qf D~l~QliQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x...J273 .76 0 0 

re x -{2j3 .92 .02 0 

oe x 2/3 .8 0 0 

De x 2/3 .97 0 0 

Ne x 2/3 .66 .02 0 

Biomass = 1/3 of Base Case 

Le x {1f3 .62 .04 0 

re x 1173 .94 0 0 

oe x 1/3 .56 .02 0 

De x 1/3 .82 0 0 

Ne X 1/3 .36 .22 .05 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .3 .4 .59 

.4 of Base Case 2.24 .8 .75 

.61 of Base Case .73 0 0 

.81 of Base Case .87 0 0 

1 .2 of Base Case .7 0 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes .5 0 0 

Bthr = 40 tonnes .95 0 0 
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Table 12.26: Detection Properties of Abundance Index "Discoveries x Average {Catchl 
Towtime} 1 Average {Searchtime}" 

Biomass Relative J.1e/J.1b PrQbabilit~ Qf D~t~QtiQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x f2i3 .77 0 0 

re x {273 .69 .04 0 

oe X 2/3 .63 0 0 

De x 2/3 .84 0 0 

Ne x 2/3 .67 0 0 

Biomass = 1/3 of Base Case 

Le x {173 .62 .04 0 

re x {173 .42 0 0 

oe X 1/3 .27 .34 0 

De x 1/3 .51 .02 0 

Ne x 1/3 .35 .22 .03 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .32 .12 0 

.4 of Base Case .56 0 0 

.61 of Base Case 1 .1 .04 0 

.81 of Base Case 1.26 .08 .02 

1 .2 of Base Case .57 0 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 5.76 1 .98 

Bthr = 40 tonnes 1.11 0 0 
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Table 12.27: Detection Properties of Abundance Index "Discoveries x Average {Catch/ 
Towtime} x Average {Reciprocal Searchtime}" 

Biomass Relative ~e/~b PrQbabilil~ Qf D~l~cliQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x ",,2/3 .76 0 0 

re x 12i3 .76 .02 0 

oe x 2/3 .69 0 0 

De x 2/3 .88 0 0 

Ne x 2/3 .67 .02 0 

Biomass = 1/3 of Base Case 

Le x {173 .63 .04 0 

re x -{173 .55 .02 0 

oe x 1/3 .35 .08 0 

De x 1/3 .59 0 0 

Ne x 1/3 .35 .22 .03 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .43 .08 0 

.4 of Base Case .87 0 0 

.61 of Base Case .96 0 0 

.81 of Base Case 1.09 0 0 

1 .2 of Base Case .61 0 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 2.91 .86 .86 

Bthr = 40 tonnes 1.05 0 0 
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Table 12.28: Detection Properties of Abundance Index "Discoveries x Average {(Catch/ 
Towtime) / Searchtime}" 

Biomass Relative Ile/Ilb ErQbabilit~ Qf DataQtiQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x ~2/3 .76 0 0 

re x {273 .76 .02 0 

Qe x 2/3 .7 0 0 

De x 2/3 .89 0 0 

Ne x 2/3 .68 .02 0 

Biomass = 1/3 of Base Case 

Lc xi173 .63 .04 0 

rc x-{1j3 .54 .02 0 

Qc x 1/3 .35 .1 0 

Dc x 1/3 .6 0 0 

Nc x 1/3 .35 .2 .04 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .43 .06 0 

.4 of Base Case .88 0 0 

.61 of Base Case .97 0 0 

.81 of Base Case 1.09 .02 0 

1 .2 of Base Case .61 0 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 2.74 .82 .83 

Bthr = 40 tonnes 1.05 0 0 
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Table 12.29: Detection Properties of Abundance Index "Discoveries x (Total Catch/Total 
Towtime) / Average {Searchtime} " 

Biomass Relative lle/llb PrQbabilil~ Qf DeleQliQn 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le X {2j3 .77, 0 0 

re x -{2j3 .69 .04 0 

Oc x 2/3 .63 0 0 

De X 2/3 .83 0 0 

Ne X 2/3 .67 0 0 

Biomass = 1/3 of Base Case 

Le X {1f3 .62 .04 0 

re x -{173 .41 .06 0 

oe X 1/3 .28 .34 0 

De X 1/3 .51 .02 0 

Ne X 1/3 .35 .22 .03 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .32 .22 0 

.4 of Base Case .54 0 0 

.61 of Base Case 1 .11 .04 0 

.81 of Base Case 1.28 .08 .03 

1.2 of Base Case .59 0 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 6.13 1 .98 

Bthr = 40 tonnes 1 .11 0 0 
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Table 12.30: Detection Properties of Abundance Index "Discoveries x (Total Catch/Total 
Towtime) x Average {Reciprocal Searchtime}" 

Biomass Relative ~e/~b Probability of Detection 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x ~2/3 .76 0 0 

re x {273 .75 .02 0 

oe X 2/3 .69 0 0 

De x 2/3 .88 0 0 

Ne x 2/3 .67 .02 0 

Biomass = 1/3 of Base Case 

Le x {173 .63 .04 0 

re x-{1i3 .53 0 0 

oe X 1/3 .35 .08 0 

De x 1/3 .6 0 0 

Ne x 1/3 .35 .22 .03 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .43 .08 0 

.4 of Base Case .84 0 0 

.61 of Base Case .98 0 0 

.81 of Base Case 1.11 0 0 

1 .2 of Base Case .63 0 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 3.1 .9 .89 

Bth r = 40 tonnes 1.05 0 0 
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Table 12.31: Detection Properties of Abundance Index "Discoveries x (Total Catch/Total 
Towtime) x Number of Selected Swarms" 

Biomass Relative J..le/J..lb Probability of Detection 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x -V2/3 .77 .02 0 

re x -{2j3 .86 .02 0 

oe X 2/3 .76 0 0 

De x 2/3 .94 0 0 

Ne x 2/3 .67 .02 0 

Biomass = 1/3 of Base Case 

Le x {173 .63 .04 0 

re x -f1i3 .73 0 0 

oe X 1/3 .47 .06 0 

De x 1/3 .73 0 0 

Ne x 1/3 .36 .24 .06 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .62 .02 0 

.4 of Base Case 1.35 .06 .03 

.61 of Base Case .77 0 0 

.81 of Base Case .92 0 0 

1 .2 of Base Case .66 0 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes .66 0 0 

Bthr = 40 tonnes .98 0 0 
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Table 12.32: Detection Properties of Abundance Index "Discoveries x Average {Catch/ 
Towtime} x Number of Selected Swarms" 

Biomass Relative ~e/~b Probability of Detection 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le X {2j3 .75 .02 0 

re x 1273 .87 .02 0 

oe X 2/3 .76 0 0 

De x 2/3 .94 0 0 

Ne x 2/3 .67 .02 0 

Biomass = 1/3 of Base Case 

Le x...f173 .63 .04 0 

re x -{1j3 .74 0 0 

oe X 1/3 .46 .04 0 

De x 1/3 .73 0 0 

Ne x 1/3 .36 .18 .06 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .61 0 0 

.4 of Base Case 1.4 .1 .05 

.61 of Base Case .76 0 0 

.81 of Base Case .91 0 0 

1 .2 of Base Case .65 0 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes .62 0 0 

Bthr = 40 tonnes .98 0 0 
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Table 12.33: Detection Properties of Abundance Index "Discoveries x (Total Catch/Total 
Towtime) x Number of Encountered Swarms" 

Biomass Relative Jle/Jlb Probability of Detection 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x f2i3 .77 .02 0 

re x {2i3 1.08 .06 .02 

Qe x 2/3 .97 0 0 

De x 2/3 .91 0 0 

Ne x 2/3 .67 .02 0 

Biomass = 1/3 of Base Case 

Le x {1j3 .63 .04 0 

re x-{173 1.45 .16 .18 

Qe x 1/3 .95 0 0 

De x 1/3 .68 0 0 

Ne x 1/3 .36 .22 .07 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .95 0 0 

.4 of Base Case 4.48 1 .99 

.61 of Base Case .56 .06 0 

.81 of Base Case .55 0 0 

1 .2 of Base Case .93 0 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes .24 .56 .03 

Bthr = 40 tonnes .89 0 0 
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Table 12.34: Detection Properties of Abundance Index "Discoveries x Average {Catch/ 
Towtime} x Number of Swarms Encountered" 

Biomass Relative Ile/Ilb Probability of Detection 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x {2j3 .77 .02 0 

re x {273 1.09 .06 .02 

oe x 2/3 .96 0 0 

De x 2/3 .9 0 0 

Ne x 2/3 .68 .02 0 

Biomass = 1/3 of Base Case 

Le x {173 .63 .04 0 

re x 11/3 1.49 .16 .21 

oe x 1/3 .94 0 0 

De x 1/3 .67 0 0 

Ne x 1/3 .36 .24 .07 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .94 0 0 

.4 of Base Case 4.66 1 .99 

.61 of Base Case .55 .06 0 

.81 of Base Case .54 0 0 

1 .2 of Base Case .9 0 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes .22 .58 .04 

Bthr = 40 tonnes .88 0 0 
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Table 12.35: Detection Properties of Abundance Index "Number of Different Concentrations 
Fished by the Fleet" 

Biomass Relative I!e/I!b Probability of Detection 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x {2t3 .98 0 0 

re x {2j3 1.08 0 0 

oe X 2/3 1.06 0 0 

De x 2/3 1.11 0 0 

Ne x 2/3 1.13 0 0 

Biomass = 1/3 of Base Case 

Le x ...J1/3 1.05 0 0 

re x...J1/3 1.10 0 0 

oe X 1/3 1 0 0 

De x 1/3 1.05 0 0 

Ne x 1/3 1.08 0 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .98 0 0 

.4 of Base Case 1.03 0 0 

.61 of Base Case 1.18 0 0 

.81 of Base Case 1.08 0 0 

1 .2 of Base Case 1.01 0 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 1 0 0 

Bthr = 40 tonnes 1.06 0 0 
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Table 12.36: Detection Properties of Abundance Index "Discoveries x (Total Catch/Total 
Towtime) x (Hauls/Concentration Fished)" 

Biomass Relative J..le/J..lb Probability of Detection 

to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x {2t3 .76 .02 0 

re x -{273 .8 .02 0 

Be x 2/3 .71 0 0 

De x 2/3 .83 0 0 

Ne x 2/3 .61 .06 0 

Biomass = 1/3 of Base Case 

Le x {1j3 .6 .08 0 

re x {173 .68 .04 0 

Be x 1/3 .45 .1 0 

De x 1/3 .71 .04 0 

Ne x 1/3 .34 .36 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .06 .04 .19 

.4 of Base Case 1.29 .06 .02 

.61 of Base Case .67 .04 0 

.81 of Base Case .87 0 0 

1 .2 of Base Case .64 .02 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes .65 .06 0 

Bthr = 40 tonnes .95 0 0 
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Table 12.37: Detection Properties of Abundance Index "Discoveries x Average {Catch/ 
Towtime} x (Hauls/Concentration Fished)" 

Biomass Relative J..Le/J..Lb Probability of Detection 
to Base Case Simulation Normal Approx 

Biomass = 213 of Base Case 

Le x {2j3 .76 .02 0 

re x 12i3 .81 .02 0 

oe X 2/3 .71 0 0 

De x 213 .83 0 0 

Ne x 2/3 .61 .16 0 

Biomass = 1/3 of Base Case 

Le x {1j3 .6 .08 0 

re x {1j3 .70 .02 0 

oe X 1/3 .45 .08 0 

De x 1/3 .70 .04 0 

Ne x 1/3 .34 .40 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .61 .04 0 

.4 of Base Case 1.34 .12 .03 

.61 of Base Case .66 .04 0 

.81 of Base Case .86 .02 0 

1 .2 of Base Case .62 0 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes .61 .08 0 

Bthr = 40 tonnes .94 0 0 
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Table 12.38: Detection Properties of Abundance Index "Discoveries x (Total Catch/Total 
Towtime) x Swarms Fished per Concentration" 

Biomass Relative Ile/Ilb Probability of Detection 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x {2j3 .77 .02 0 

re x-{2j3 .82 .02 0 

8e x 2/3 .49 .06 0 

De x 2/3 .72 0 0 

Ne x 2/3 .62 .06 0 

Biomass = 1/3 of Base Case 

Lc x {173 .61 .08 0 

rc x {173 .7 .04 0 

8c x 1/3 .49 .06 0 

Dc x 1/3 .51 .12 0 

Nc x 1/3 .34 .36 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .47 .08 0 

.4 of Base Case 1.29 .06 .03 

.61 of Base Case .64 .04 0 

.81 of Base Case .67 0 0 

1 .2 of Base Case .77 0 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes .71 .02 0 

Bthr = 40 tonnes .98 0 0 
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Table 12.39: Detection Properties of Abundance Index "Discoveries x Average {Catch/ 
Towtime} x Swarms Fished per Concentration" 

Biomass Relative Ile/Ilb Probability of Detection 

to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x {273 .77 .02 0 

re x 1273 .83 .02 0 

oe X 2/3 .74 0 0 

De x 2/3 .72 0 0 

Ne x 2/3 .62 .06 0 

Biomass = 1/3 of Base Case 

Le x {173 .61 .08 0 

re x -{1j3 .72 .04 0 

oe X 1/3 .48 .1 0 

De x 1/3 .5 .12 0 

Ne x 1/3 .34 .34 0 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .47 .06 0 

.4 of Base Case 1.34 .1 .04 

.61 of Base Case .64 .04 0 

.81 of Base Case .66 .06 0 

1 .2 of Base Case .69 0 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes .66 .04 0 

Bthr = 40 tonnes .97 0 0 
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Table 12.40: Detection Properties of Abundance Index U{Total Catch/Total Number of 
Hauls) / Average {Searchtime}U 

Biomass Relative ~e/~b Probability of Detection 
to Base Case Simulation Normal Approx 

Biomass = 213 of Base Case 

Le x {2j3 1.04 .02 .01 

re x 1273 .74 .98 .89 

oe x 2/3 .66 1 .99 

De x 213 .82 .68 .41 

Ne x 2/3 1.01 .02 0 

Biomass = 1/3 of Base Case 

Le x {173 1 0 0 

re x {1j3 .41 1 .99 

oe x 1/3 .29 1 .99 

De x 1/3 .55 1 .99 

Ne x 1/3 1.03 0 .01 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .28 1 .99 

.4 of Base Case .25 1 1 

.61 of Base Case 1.54 1 .99 

.81 of Base Case 1.37 .96 .96 

1 .2 of Base Case .57 1 .99 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 5.88 1 .99 

Bthr = 40 tonnes 1.12 .18 .21 
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Table 12.41: Detection Properties of Abundance Index "Discoveries x (Total Catch/Total 
Number of Hauls) / Average {Searchtime}" 

Biomass Relative ~e/~b Probability of Detection 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le X {2j3 .86 0 0 

re x ..J273 .77 0 0 

oe X 2/3 .66 .04 0 

De x 2/3 .8 0 0 

Ne x 2/3 .7 .06 0 

Biomass = 1/3 of Base Case 

Le x-{1i3 .64 .1 0 

re x-{173 .38 .3 0 

oe X 1/3 .33 .54 0 

De x 1/3 .56 .04 0 

Ne x 1/3 .37 .46 .05 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .33 .46 0 

.4 of Base Case .47 .06 0 

.61 of Base Case 1.14 .06 .01 

.81 of Base Case 1.32 .2 .07 

1 .2 of Base Case .8 .02 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 6.0 1 .98 

Bthr = 40 tonnes 1.09 .06 0 
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Table 12.42: Detection Properties of Abundance Index "(Total Catch/Number of Swarms 
Fished) / Average {Searchtime}" 

Biomass Relative ~e/~b Probability of Detection 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x 1273 1.01 .04 0 

re x 1273 .72 1 .99 

oe x 2/3 .65 1 .99 

De x 2/3 .93 .32 .11 

Ne x 2/3 1 .16 .04 

Biomass = 1/3 of Base Case 

Le x {173 1 .12 .02 

re x -{173 .39 1 .99 

oe x 1/3 .28 1 1 

De x 1/3 .77 1 .97 

Ne x 1/3 1.01 .06 .04 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .37 1 .99 

.4 of Base Case .25 1 1 

.61 of Base Case 1.62 1 .99 

.81 of Base Case 1.76 1 .99 

1 .2 of Base Case .48 1 .99 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 5.41 1 .99 

Bthr = 40 tonnes 1.09 .96 .27 
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Table 12.43: Detection Properties of Abundance Index "Discoveries x (Total Catch/Number 
of Swarms Fished) / Average {Searchtime}" 

Biomass Relative ~e/~b Probability of Detection 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x {2j3 .85 0 0 

re x {2j3 .76 0 0 

oe x 2/3 .65 .06 0 

De x 2/3 .93 0 0 

Ne x 2/3 .69 .06 0 

Biomass = 1/3 of Base Case 

Le x {1f3 .63 .1 .01 

re x -f173 .37 .42 0 

oe x 1/3 .31 .75 0 

De x 1/3 .78 0 0 

Ne x 1/3 .37 .48 .07 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .44 .24 0 

.4 of Base Case .48 .1 0 

.61 of Base Case 1.2 .82 .02 

.81 of Base Case 1.72 .46 .33 

1 .2 of Base Case .68 .06 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 5.5 1 .99 

Bthr = 40 tonnes 1.06 .04 0 
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Table 12.44: Detection Properties of Abundance Index "(Total Catch/Swarms Encountered) 
/ Average {Searchtime}" 

Biomass Relative ~e/~b Probability of Detection 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x 1273 1.04 .06 .01 

re x-{273 .59 1 .99 

Be x 2/3 .53 1 .99 

De x 2/3 .86 .32 .12 

Ne x 2/3 1.01 0 .01 

Biomass = 1/3 of Base Case 

Le x-f1i3 1 .02 .01 

re x ...J173 .2 1 1 

Be x 1/3 .15 1 1 

De x 1/3 .61 1 .99 

Ne x 1/3 1.04 .04 .03 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .18 1 1 

.4 of Base Case .07 1 1 

.61 of Base Case 2.16 1 .99 

.81 of Base Case 2.27 1 .99 

1.2 of Base Case .41 1 .99 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 16.11 1 .99 

Bthr = 40 tonnes 1.24 .76 .55 
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Table 12.45: Detection Properties of Abundance Index "Discoveries x (Total Catch/Swarms 
Encountered) / Average {Searchtime}" 

Biomass Relative ~e/~b Probability of Detection 
to Base Case Simulation Normal Approx 

Biomass = 2/3 of Base Case 

Le x ~2 / 3 .87 0 0 

re x {273 .62 0 0 

oe x 2/3 .53 .12 0 

De x 2/3 .85 0 0 

Ne x 2/3 .37 .44 .05 

Biomass = 1/3 of Base Case 

Lc x {1J3 .64 .02 0 

rc x {1J3 .19 .98 0 

Oc x 1/3 .16 1 0 

Dc x 1/3 .61 .02 0 

Nc x 1/3 .37 .44 .05 

Multiple Parameter 
Changes Biomass = 

.2 of Base Case .21 .96 0 

.4 of Base Case .14 1 0 

.61 of Base Case 1.61 .38 .25 

.81 of Base Case 2.21 .72 .62 

1 .2 of Base Case .58 .12 0 

Adaptive Behavior by Fleet 

Bthr = 0 tonnes 16.46 1 .99 

Bthr = 40 tonnes 1.21 .08 .02 
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Tableau 2.1 

Tableau 2.2 

Tableau 3.1 

Tableau 3.2 

Tableau 3.3 

Tableau 3.4 

Tableau 3.5 

Tableau 3.6 

Tableau 3.7 

Tableau 3.8 

Tableau 3.9 

Tableau 3.10 

Tableau 3.11 

Tableau 3.12 

Tableau 3.13 

Tableau 3.14 

Tableau 3.15 

Tableau 3.16 

Legendes des tableaux 

Resume des origines des donnees des campagnes d'etude sovietiques. 

Caracteristiques des engins de peche des navires. 

Resume des moyennes et variances des quantites provenant des donnees 
sovietiques. (Voir le texte pour une discussion detaillee sur la maniere de 
lire le tableau). 

Correlations de I'ensemble de donnees 1, toutes donnees utilisees (voir le 
texte pour une discussion detaillee sur la maniere de lire le tableau). 

Correlations de I'ensemble de donnees 1, valeurs limites appliquees (voir 
le texte pour une discussion detaillee sur la maniere de lire le tableau). 

Correlations de I'ensemble de donnees 2, toutes donnees utilisees (voir le 
texte pour une discussion detaillee sur la maniere de lire le tableau). 

Correlations de I'ensemble de donnees 2, valeurs limites appliqueesv(Voir 
le texte pour une discussion detaillee sur la maniere de lire le tableau). 

Correlations de I'ensemble de donnees 3, toutes donnees utilisees (voir le 
texte pour une discussion detaillee sur la maniere de lire le tableau). 

Correlations de I'ensemble de donnees 3, valeurs limites appliquees (voir 
le texte pour une discussion detaillee sur la maniere de lire le tableau). 

Correlations de I'ensemble de donnees 4, toutes donnees utilisees (voir le 
texte pour une discussion detaillee sur la maniere de lire le tableau). 

Correlations de I'ensemble de donnees 4, valeurs limites appliquees (voir 
le texte pour une discussion detaillee sur la maniere de lire le tableau). 

Correlations de I'ensemble de donnees 5, toutes donnees utili sees (voir le 
texte pour une discussion detaillee sur la maniere de lire le tableau). 

Correlations de I'ensemble de donnees 5, valeurs limites appliquees (voir 
le texte pour une discussion detaillee sur la maniere de lire le tableau). 

Correlations de I'ensemble de donnees 6, toutes donnees utilisees (voir le 
texte pour une discussion detaillee sur la maniere de lire le tableau). 

Correlations de I'ensemble de donnees 6, valeurs limites appliquees (voir 
le texte pour une discussion detaillee sur la maniere de lire le tableau). 

Correlations de I'ensemble de donnees 7, toutes donnees utilisees (voir le 
texte pour une discussion detaillee sur la maniere de lire le tableau). 

Correlations de I'ensemble de donnees 7, valeurs limites appliquees (voir 
le texte pour une discussion detaillee sur la maniere de lire le tableau). 

Correlations de I'ensemble de donnees 8, toutes donnees utilisees (voir le 
texte pour une discussion detaillee sur la maniere de lire le tableau). 
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Tableau 3.17 Correlations de I'ensemble de donnees 8, valeurs limites appliquees (voir 
le texte pour une discussion detaillee sur la maniere de lire le tableau). 

Tableau 3.18 Correlations de I'ensemble de donnees 9, toutes donnees utilisees (voir le 
texte pour une discussion detaillee sur la maniere de lire le tableau). 

Tableau 3.19 Correlations de I'ensemble de donnees 8, valeurs limites appliquees (voir 
le texte pour une discussion detaillee sur la maniere de lire le tableau). 

Tableau 3.20 Correlations de I'ensemble de donnees 10, toutes donnees utilisees (voir le 
texte pour une discussion detaillee sur la maniere de lire le tableau). 

Tableau 3.21 Correlations de I'ensemble de donnees 10, valeurs limites appliquees (voir 
le texte pour une discussion detaillee sur la maniere de lire le tableau). 

Tableau 3.22 Correlations de I'ensemble de donnees 11, toutes donnees utilisees (voir le 
texte pour une discussion detaillee sur la maniere de lire le tableau). 

Tableau 3.23 Correlations de I'ensemble de donnees 11, valeurs limites appliquees (voir 
le texte pour une discussion detaillee sur la maniere de lire le tableau). 

Tableau 3.24 Correlations de I'ensemble de donnees 12, toutes donnees utilisees (voir le 
texte pour une discussion detaillee sur la maniere de lire le tableau). 

Tableau 3.25 Correlations de I'ensemble de donnees 12, valeurs limites appliquees (voir 
le texte pour une discussion detaillee sur la maniere de sur la maniere de 
lire le tableau). 

Tableau 12.1 Valeurs des parametres pour changements multiples des parametres de la 
biomasse. 

Tableau 12.2 Proprietes de detection de I'indice d'abondance "Prise totale". 

Tableau 12.3 Proprietes de detection de I'indice d'abondance "Total des traits (nombre 
total d'essaims selectionnes)". 

Tableau 12.4 Proprietes de detection de I'indice d'abondance "Nombre total d'essaims 
pecMs". 

Tableau 12.5 Proprietes de detection de I'indice d'abondance "Nombre total d'essaims 
rencontres". 

Tableau 12.6 Proprietes de detection de I'indice d'abondance "Temps total de chalutage". 

Tableau 12.7 Proprietes de detection de I'indice d'abondance "Temps total de recherche". 

Tableau 12.8 Proprietes de detection de I'indice d'abondance "Temps total reciproque de 
recherche" . 

Tableau 12.9 Proprietes de detection de I'indice d'abondance "Nombre de decouvertes par 
le navire de prospection". 

Tableau 12.10 Proprietes de detection de I'indice d'abondance "Moyenne {prise/temps de 
chalutage}" . 
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Tableau 12.11 Proprietes de detection de I'indice d'abondance "Moyenne {prise/temps de 
recherche}". 

Tableau 12.12 Proprietes de detection de I'indice d'abondance "Moyenne {(prise/temps de 
chalutage) / temps de recherche}". 

Tableau 12.13 Proprietes de detection de I'indice d'abondance "Prise par jour". 

Tableau 12.14 Proprietes de detection de I'indice d'abondance "Prise par trait". 

Tableau 12.15 Proprietes de detection de I'indice d'abondance "Traits par concentration 
decouverte" . 

Tableau 12.16 Proprietes de detection de I'indice d'abondance "Fraction d'essaims 
selectionnes pour la peche". 

Tableau 12.17 Proprietes de detection de I'indice d'abondance "Longueur moyenne des 
chalutages" . 

Tableau 12.18 Proprietes de detection de I'indice d'abondance "Decouvertes x prise totale". 

Tableau 12.19 Proprietes de detection de I'indice d'abondance "Decouvertes x total des 
chalutages x prise totale". 

Tableau 12.20 Proprietes de detection de I'indice d'abondance "Decouvertes x (prise 
totale/temps total de chalutage) x essaims peches". 

Tableau 12.21 Proprietes de detection de I'indice d'abondance "Decouvertes x moyenne 
{prise/temps de chalutage} x essaims peches". 

Tableau 12.22 Proprietes de detection de I'indice d'abondance "Prise totale/temps total de 
chalutage" . 

Tableau 12.23 Proprietes de detection de I'indice d'abondance "Moyenne {prise/temps de 
chalutage} / moyenne {temps de recherche}". 

Tableau 12.24 Proprietes de detection de I'indice d'abondance "Moyenne {prise/temps de 
chalutage} x moyenne {temps de recherche reciproque}". 

Tableau 12.25 Proprietes/qualites de detection de I'indice d'abondance "Decouvertes x 
prise totale/temps total de chalutage". 

Tableau 12.26 Proprietes de detection de I'indice d'abondance "Decouvertes x moyenne 
{prise/temps de chalutage} / moyenne {temps de recherche}". 

Tableau 12.27 Proprietes de detection de I'indice d'abondance "Decouvertes x moyenne 
{prise/temps de chalutage} x moyenne {temps de recherche reciproque}". 

Tableau 12.28 Proprietes de detection de I'indice d'abondance "Decouvertes x moyenne 
{prise/temps de chalutage) / temps de recherche}". 

Tableau 12.29 Proprietes de detection de I'indice d'abondance "Decouvertes x (prise 
totale/ temps total de chalutage) / moyenne {temps de recherche}". 

Tableau 12.30 Proprietes de detection de I'indice d'abondance "Decouvertes x (prise 
totale/temps de chalutage) x moyenne {temps de recherche reciproque}". 
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Tableau 12.31 Proprietes de detection de I'indice d'abondance "Decouvertes x (prise 
totale / temps total de chalutage) x nombre d'essaims selectionnes". 

Tableau 12.32 Proprietes de detection de I'indice d'abondance "Decouvertes x 
{prise/temps de recherche} moyen x nombre d'essaims selectionnes". 

Tableau 12.33 Proprietes de detection de I'indice d'abondance "Decouvertes x (prise 
totale/temps total de chalutage) x nombre d'essaims rencontres". 

Tableau 12.34 Proprietes de detection de I'indice d'abondance "Decouvertes x moyenne 
{prise/temps de recherche} x nombre d'essaims rencontres". 

Tableau 12.35 Proprietes de detection de I'indice d'abondance "Nombre de concentrations 
differentes pecMes par la flotille". 

Tableau 12.36 Proprietes de detection de I'indice d'abondance "Decouvertes x (prise 
totale/temps total de chalutage) x (traits/concentrations pechees)". 

Tableau 12.37 Proprietes de detection de I'indice d'abondance "Decouvertes x moyenne 
{prise/temps de chalutage} x (traits/concentrations pechees)". 

Tableau 12.38 Proprietes de detection de I'indice d'abondance "Decouvertes x (prise 
totale/temps total de chalutage) x essaims pecMs par concentration". 

Tableau 12.39 Proprietes de detection de I'indice d'abondance "Decouvertes x moyenne 
{prise/temps de chalutage} x essaims peches par concentration". 

Tableau 12.40 Proprietes de detection de I'indice d'abondance "(Prise totale/nombre total 
de chalutages) / moyenne {temps de recherche}". 

Tableau 12.41 Proprietes de detection de I'indice d'abondance "Decouvertes x (prise 
totale/nombre total de traits) / moyenne {temps de recherche}". 

Tableau 12.42 Proprietes de detection de I'indice d'abondance "(Prise totale/nombre 
d'essaims peches) / moyenne {temps de recherche}". 

Tableau 12.43 Proprietes de detection de I'indice d'abondance "Decouvertes x (prise 
totale/nombre d'essaims peches) / moyenne {temps de recherche}". 

Tableau 12.44 Proprietes de detection de I'indice d'abondance "(Prise totale/essaims 
rencontres) / moyenne {temps de recherche}". 

Tableau 12.45 Proprietes de detection de I'indice d'abondance "Decouvertes x (prise 
totale/essaims rencontres) / {temps de recherche}". 

Figure 3.1 

TaGnHlJ;a 2.1 
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Legende de la figure 

Exemple de distributions bimodales obtenues par I'analyse des donnees sur 
le deplacement entre chalutages pour I'ensemble de donnees 10. 

3aronOBKH K TaGnHlJ;aM 

CBO,l{Ha$l TaGnHlJ;a HCXO,l{HhIX ,l{aHHhIX no peHcaM COBeTCKHX CY,l{OB. 



TaoJUu.{a 2.2 XapaKTeplicTIiKIi Opy,aIiH JIOBa Cy,aOB. 

TaOJUIl.{a 3.1 CBo,aHa.H TaOJIIil.{a cpe,aHlix BeJIW-IIiH Ii cpe,aHlix OTKJIOHeHIiH 
nOKa3aTeJIeH, nOJIytJ:eHHbIX Ha OCHOBe ,aaHHbIX, npe,aOCTaBJIeHHbIX 
CCCP. (CM. OOb.HCHeHlie B TeKCTe KaK tJ:IiTaTb TaOJIIil.{y). 

TaoJIIil.{a 3.2 KoppeJI.Hl.{1i1i ,aJI.H ceplili ,aaHHbIX 1; ObIJIIi IiCnOJIb30BaHbI Bce ,aaHHble 
(CM. OOb.HCHeHlie B TeKCTe KaK tJ:IiTaTb TaOJIIil.{y). 

TaoJIIil.{a 3.3 KoppeJI.Hl.{1i1i ,aJI.H ceplili ,aaHHbIX 1; ObIJIIi IiCnOJIb30BaHbI 
npe,aeJIbHble BeJIIitJ:IiHbI (CM. OOb.HCHeHlie B TeKCTe KaK tJ:IiTaTb 
TaOJIIil.{y). 

TaoJIIil.{a 3.4 KoppeJI.Hl.{1i1i ,aJI.H ceplili ,aaHHbIX 2; ObIJIIi IiCnOJIb30BaHbI Bce ,aaHHble 
(CM.oOb.HCHeHlie B TeKCTe KaK tJ:IiTaTb TaOJIIil.{y). 

TaoJIIil.{a 3.5 KoppeJI.Hl.{1i1i ,aJI.H ceplili ,aaHHbIX 2; ObIJIIi IiCnOJIb30BaHbI 
npe,aeJIbHble BeJIIitJ:IiHbI (CM. OOb.HCHeHlie B TeKCTe KaK tJ:IiTaTb 
TaOJIIil.{y). 

TaoJIIil.{a 3.6 KoppeJI.Hl.{1i1i ,aaHHbIX no,aoopa 3; ObIJIIi IiCnOJIb30BaHbI Bce ,aaHHble 
(CM. OOb.HCHeHIi.H B TeKCTe KaK tJ:IiTaTb TaOJIIil.{y). 

TaoJIIil.{a 3.7 KoppeJI.Hl.{1i1i ,aJI.H ceplili ,aaHHblx 3; ObIJIIi IiCnOJIb30BaHbI 

npe,aeJIbHble BeJIIitJ:IiHbI (CM. OOb.HCHeHlie B TeKCTe KaK tJ:IiTaTb 
TaOJIIil.{y). 

TaoJIIil.{a 3.8 KoppeJI.Hl.{1i1i ,aJI.H ceplili ,aaHHbIX 4; ObIJIIi IiCnOJIb30BaHbI Bce ,aaHHble 
(CM. OOb.HCHeHlie B TeKCTe KaK tJ:IiTaTb TaOJIIil.{y). 

TaoJIIil.{a 3.9 KoppeJI.Hl.{1i1i ,aJI.H ceplili ,aaHHbIX 4; ObIJIIi IiCnOJIb30BaHbI 
npe,aeJIbHble BeJIIitJ:IiHbI (CM. OOb.HCHeHlie B TeKCTe KaK tJ:IiTaTb 
TaOJIIil.{y). 

TaoJIIil.{a 3.10 KoppeJI.Hl.{1i1i ,aJI.H ceplili ,aaHHblx 5; ObIJIIi IiCnOJIb30BaHbI Bce ,aaHHble 
(CM. OOb.HCHeHlie B TeKCTe KaK tJ:IiTaTb TaOJIIil.{y). 

TaoJIIil.{a 3.11 KoppeJI.Hl.{1i1i ,aJI.H ceplili ,aaHHblx 5; ObIJIIi IiCnOJIb30BaHbI 

npe,aeJIbHble BeJIIitJ:IiHbI (CM. OOb.HCHeHlie B TeKCTe KaK tJ:IiTaTb 
TaOJIIil.{y). 

TaoJIIil.{a 3.12 KoppeJI.Hl.{1i1i ,aJI.H ceplili ,aaHHblx 6; ObIJIIi IiCnOJIb30BaHbI Bce ,aaHHble 

(CM. OOb.HCHeHlie B TeKCTe KaK tJ:IiTaTb TaOJIIil.{Y). 

TaoJIIil.{a 3.13 KoppeJI.Hl.{1i1i ,aJI.H ceplili ,aaHHblx 6; ObIJIIi IiCnOJIb30BaHbI 

npe,aeJIbHble BeJIIitJ:IiHbI (CM. OOb.HCHeHIi.H B TeKCTe KaK tJ:IiTaTb 
TaOJIIil.{Y). 

TaoJIIil.{a 3.14 KoppeJI.Hl.{1i1i ,aJI.H ceplili ,aaHHbIX 7; ObIJIIi IiCnOJIb30BaHbI Bce ,aaHHble 
(CM. OOb.HCHeHlie B TeKCTe KaK tJ:IiTaTb TaOJIIil.{Y). 

TaoJIIil.{a 3.15 KoppeJI.Hl.{1i1i ,aJI.H ceplili ,aaHHbIX 7; ObIJIIi IiCnOJIb30BaHbI 

npe,aeJIbHble BeJIIitJ:IiHbI (CM. OOb.HCHeHlie B TeKCTe KaK tJ:IiTaTb 
TaOJIIil.{Y). 
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Taomu . .\a 3.16 KoppeJI.srQHH ,aJI.SI cepHH ,aaHHbIX 8; ObIJIH HCnOJIb30BaHbI Bce ,aaHHble 
(CM. OOb.SlCHeHHe B TeKCTe 0 TOM KaK 1.JHTaTb TaOJIHQY). 

TaOJIHQa 3.17 KoppeJI.SIQHH ,aJI.SI cepHH ,aaHHbIX 8; ObIJIH HCnOJIb30BaHbI 
npe,aeJIbHble BeJIH1.JHHbI (CM. OOb.SlCHeHHe B TeKCTe KaK 1.JHTaTb 
TaOJIHQY). 

TaOJIHQa 3.18 KoppeJI.SIQHH ,aJI.SI cepHH ,aaHHbIX 9; ObIJIH HCnOJIb30BaHbI Bce ,aaHHble 
(CM. OOb.SlCHeHHe B TeKCTe KaK 1.JHTaTb TaOJIHQY). 

TaOJIHQa 3.19 KoppeJI.SIQHH ,aJI.SI cepHH ,aaHHbIX 9; ObIJIH HCnOJIb30BaHbI 
npe,aeJIbHble BeJIH1.JHHbI (CM. OOb.SlCHeHHe B TeKCTe KaK 1.JHTaTb 
TaOJIHQY). 

TaOJIHQa 3.20 KoppeJI.SIQHH ,aJI.SI cepHH ,aaHHbIX 10; ObIJIH HCnOJIb30BaHbI Bce 
,aaHHble (CM. OOb.SlCHeHHe B TeKCTe 0 TOM, KaK 1.JHTaTb TaOJIHQY). 

TaOJIHQa 3.21 KoppeJI.SIQHH ,aJI.SI cepHH ,aaHHbIX 10; ObIJIH HCnOJIb30BaHbI 
npe,aeJIbHble BeJIH1.JHHbI (CM. OOb.SlCHeHHe B TeKCTe KaK 1.JHTaTb 
TaOJIHQY). 

TaOJIHQa 3.22 KoppeJI.SIQHH ,aJI.SI cepHH ,aaHHbIX 11; ObIJIH HCnOJIb30BaHbI Bce 
,aaHHble (CM. OOb.SlCHeHHe B TeKCTe KaK 1.JHTaTb TaOJIHQY). 

TaOJIHQa 3.23 KoppeJI.SIQHH ,aJI.SI cepHH ,aaHHbIX 11; ObIJIH HCnOJIb30BaHbI 
npe,aeJIbHble BeJIH1.JHHbI (CM. OOb.SlCHeHHe B TeKCTe KaK 1.JHTaTb 
TaOJIHQY). 

TaOJIHQa 3.24 KoppeJI.SIQHH ,aJI.SI cepHH ,aaHHbIX 12; ObIJIH HCnOJIb30BaHbI Bce 
,aaHHble (CM. OOb.SlCHeHHe B TeKCTe KaK 1.JHTaTb TaOJIHQY). 

TaOJIHQa 3.25 KoppeJI.SIQHH ,aJI.SI cepHH ,aaHHbIX 12; ObIJIH HCnOJIb30BaHbI Bce 
,aaHHble (CM. OOb.SlCHeHHe B TeKCTe KaK 1.JHTaTb TaOJIHQY). 

TaOJIHQa 12.1 BeJIH1.JHHbI napaMeTpoB, HCnOJIb3yeMble B MHoro$aKTopHoM aHaJIH3e 
H3MeHeHHM oHOMaCCbI. 

TaOJIHQa 12.2 TIapaMeTpbI oOHapY)l(eHH.SI (KoHQeHTpaQHM KPHJI.SI), npHcyru;He 
HH,aeKcy 1.JHCJIeHHOCTH "OOru;HM YJIOB". 

TaOJIHQa 12.3 TIapaMeTpbI oOHapY)l(eHH.SI (KOHQeHTpaQHM KPHJI.SI), npHcyru;He 
HH,aeKcy 1.JHCJIeHHOCTH "Bce TpaJIeHH.SI (ooru;ee 1.JHCJIO oToopaHHblx 
CKOnJIeHHM". 

TaOJIHQa 12.4 TIapaMeTpbI oOHapY)l(eHH.SI (KoHQeHTpaQHM KPHJI.SI) , npHcyru;He 
HH,aeKcy 1.JHCJIeHHOCTH "Ooru;ee KOJIH1.JeCTBO OOJIaBJIHBaeMhlx 
CKOnJIeHHM". 

TaOJIHQa 12.5 TIapaMeTpbI oOHapY)l(eHH.SI (KOHQeHTpaQHM KPHJI.H), npHcyru;He 
HH,aeKcy 1.JHCJIeHHOCTH "Ooru;ee KOJIH1.JeCTBO BCTpeTHBillHXC.SI 
CKOnJIeHHM". 

TaOJIHQa 12.6 TIapaMeTpbI oOHapY)l(eHH.SI (KOHQeHTpaQHM KPHJI.SI) , npHcyru;He 
HH,aeKcy 1.JHCJIeHHOCTH "Ooru;ee BpeM.SI TpaJIeHH.SI". 
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Ta6mu~a 12.7 TIapaMeTpbI o6HapY)l(eHH.R (KOHl.{eHTpal.{HH: KpHJul). npHcym;He 
HH,aeKcy l.JHCJIeHHOCTH "06m;ee BpeM.R nOHcKa". 

Ta6JIHl.{a 12.8 TIapaMeTpbI o6HapY)l(eHH.R (KOHl.{eHTpal.{HH: KPHJI.R). npHcym;He 
HH,aeKcy l.JHCJIeHHOCTH "06m;ee 3KBHBaJIeHTHOe BpeM.R nOHcKa". 

Ta6JIHl.{a 12.9 TIapaMeTpbI o6HapY)l(eHH.R (KOHl.{eHTpal.{HH: KPHJI.Rl. npHcym;He 
HH,aeKcy l.JHCJIeHHOCTH "qHCJIO o6HapY)l(eHHH:. c,aeJIaHHbIX 
nOHCKOBbIM Cy,aHOM". 

Ta6JIHl.{a 12.10 TIapaMeTpbI o6HapY)l(eHH.R (KOHl.{eHTpal.{HH: KPHJI.R). npHcym;He 
HH,aeKcy l.JHCJIeHHOCTH "Cpe,aH.R.R BeJIHl.JHHa {YJIoB/BpeM.R 
TpaJIeHH.R}" . 

Ta6JIHl.{a 12.11 TIapaMeTpbI o6HapY)l(eHH.R (KOHl.{eHTpal.{HH: KPHJI.R). npHcym;He 
HH,aeKcy l.JHCJIeHHOCTH "Cpe,aH.R.R BeJIHl.JHHa {YJIoB/BpeM.R nOHcKal". 

Ta6JIHl.{a 12.12 TIapaMeTpbI o6HapY)l(eHH.R (KOHl.{eHTpal.{HH: KPHJI.R). npHcym;He 
HH,aeKcy l.JHCJIeHHOCTH "Cpe,aH.R.R BeJIHl.JHHa {(YJIoB/BpeM.R 
TpaJIeHH.R) I BpeM.R nOHcKa}". 

Ta6JIHl.{a 12.13 TIapaMeTpbI o6HapY)l(eHH.R (KOHl.{eHTpal.{HH: KPHJI.R). npHcym;He 
HH,aeKcy l.JHCJIeHHOCTH "Y JIOB 3a CYTKH". 

Ta6JIHl.{a 12.14 TIapaMeTpbI o6HapY)l(eHH.R (KOHl.{eHTpal.{HH: KPHJI.R). npHcym;He 
HH,aeKcy l.JHCJIeHHOCTH "Y JIOB 3a TpaJIeHHe". 

Ta6JIHl.{a 12.15 TIapaMeTpbI o6HapY)l(eHH.R (KOHl.{eHTpal.{HH: KPHJI.Rl. npHcym;He 
HH,aeKcy l.JHCJIeHHOCTH "qHCJIO TpaJIeHHH: Ha 06HapY)l(eHHYID 
.KOHl.{eHTpal.{HID" . 

Ta6JIHl.{a 12.16 TIapaMeTpbI o6HapY)l(eHH.R (KOHl.{eHTpal.{HH: KPHJI.R). npHcym;He 
HH,aeKcy l.JHCJIeHHOCTH ",llOJI.R CKOnJIeHHH:. oTo6paHHblx ,aJI.R 
npOMbICJIa". 

Ta6JIHl.{a 12.17 TIapaMeTpbI o6HapY)l(eHH.R (KOHl.{eHTpal.{HH: KPHJI.R), npHcym;He 
HH,aeKCY l.JHCJIeHHOCTH "Cpe,aH.R.R ,aJIHHa TpaJIeHHH:". 

Ta6JIHl.{a 12.18 TIapaMeTpbI o6HapY)l(eHH.R (KOHl.{eHTpal.{HH: KPHJI.Rl. npHcym;He 
HH,aeKcy l.JHCJIeHHOCTH "06HapY)l(eHHe x 06m;HH: yJIOB". 

Ta6JIHl.{a 12.19 TIapaMeTpbI o6HapY)l(eHH.R (KOHl.{eHTpal.{HH: KPHJI.R). npHcym;He 
HH,aeKcy l.JHCJIeHHOCTH "06HapY)l(eHHe x Bce TpaJIeHH.R lb 06m;HH: 
yJIOB". 

Ta6JIHl.{a 12.20 TIapaMeTpbI o6HapY)l(eHH.R (KOHl.{eHTpal.{HH: KPHJI.R). npHcym;He 
HH,aeKcy l.JHCJIeHHOCTH "06HapY)l(eHHe x (06m;HH: YJIoB/o6m;ee BpeM.R 
TpaJIeHH.R) x 06JIaBJIHBaeMble CKOnJIeHH.R". 

Ta6JIHl.{a 12.21 TIapaMeTpbI o6HapY)l(eHH.R (KOHl.{eHTpal.{HH: KPHJI.R). npHcym;He 
HH,aeKcy l.JHCJIeHHOCTH "06HapY)l(eHHe x cpe,aH.R.R BeJIHl.JHHa 
{YJIoB/BpeM.R TpaJIeHH.R} x 06JIaBJIHBaeMble CKOnJIeHH.R". 

Ta6JIHl.{a 12.22 TIapaMeTpbl o6HapY)l(eHH.R (KOHl.{eHTpal.{HH: KPHJI.Rl. npHcym;He 
HH,aeKcy l.JHCJIeHHOCTH "06m;HH: YJIoB/o6m;ee BpeM.R TpaJIeHH.R". 
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TaOJIHl(a 12.23 TIapaMeTpbI oOHapY)l(eHH.H (KOHl(eHTpal(HH KPHJI.H), npHcYW;He 
HH,aeKcy lIHCJIeHHOCTH "Cpe,aH.H.H BeJIHIIHHa {YJIoB/BpeM.H 
TpaJIeHH.H} I cpe,aH.H.H BeJIHIIHHa {BpeM.H nOHcKal". 

TaOJIHl(a 12.24 TIapaMeTpbI oOHapY)l(eHH.H (KOHl(eHTpal(HH KPHJI.H). npHcYW;He 
HH,aeKcy lIHCJIeHHOCTH "Cpe,aH.H.H BeJIHIIHHa {YJIoB/BpeM.H TpaJIeHH.H} 
lb cpe,aH.H.H BeJIHIIHHa {3KBHBaJIeHTHOe BpeM.H nOHcKal". 

TaOJIHl(a 12.25 TIapaMeTpbI oOHapY)l(eHH.H (KOHl(eHTpal(HH KPHJI.H). npHcYW;He 
HH,aeKcy lIHCJIeHHOCTH "0oHapY)l(eHHe lb oomHH YJIoB/oomee BpeM.H 
TpaJIeHH.H". 

TaOJIHl(a 12.26 TIapaMeTpbI oOHapY)l(eHH.H (KOHl(eHTpal(HH KPHJI.H). npHcymHe 
HH,aeKcy lIHCJIeHHOCTH "0oHapY)l(eHHe xcpe,aH.H.H BeJIHIIHHa 
{YJIoB/BpeM.H TpaneHH.H} I cpe,aH.H.H BeJIHIIHHa {BpeM.H nOHcKal". 

TaOJIHl(a 12.27 TIapaMeTpbI oOHapY)l(eHH.H (KOHl(eHTpal(HH KPHJI.H). npHcYW;He 
HH,aeKcy lIHCJIeHHOCTH "0oHapY)l(eHHe xcpe,aH.H.H BeJIHIIHHa 
{YJIoB/BpeM.H TpaJIeHH.H} x cpe,aH.H.H BeJIHIIHHa {3KBHBaJIeHTHOe 
BpeM.H nOHcKal". 

TaOJIHl(a 12.28 TIapaMeTpbI oOHapY)l(eHH.H (KOHl(eHTpal(HH KPHJI.H). npHcYW;He 
HH,aeKcy lIHCJIeHHOCTH "0oHapY)l(eHHe x cpe,aH.H.H BeJIHIIHHa 
{(YJIoB/BpeM.H TpaneHH.H) I BpeM.H nOHcKa}". 

TaOJIHl(a 12.29 TIapaMeTpbI oOHapY)l(eHH.H (KOHl(eHTpal(HH KPHJI.H). npHcYW;He 
HH,aeKcy lIHCJIeHHOCTH "0oHapY)l(eHHe x (OOW;HH YJIoB/oow;ee BpeM.H 
TpaJIeHH.H) I cpe,aH.H.H BeJIHIIHHa {BpeM.H nOHcKa}". 

TaOJIHl(a 12.30 TIapaMeTpbI oOHapY)l(eHH.H (KOHl(eHTpal(HH KPHJI.H). npHcYW;He 
HH,aeKcy lIHCJIeHHOCTH "0oHapY)l(eHHe x (OOW;HH YJIoB/oow;ee BpeM.H 
TpaJIeHH.H) x cpe,aH.H.H BeJIHIIHHa {3KBHBaJIeHTHOe BpeM.H nOHcKa}". 

TaOJIHl(a 12.31 TIapaMeTpbI oOHapY)l(eHH.H (KOHl(eHTpal(HH KPHJI.H). npHcYW;He 
HH,aeKcy lIHCJIeHHOCTH "0oHapY)l(eHHe x (OOW;HH YJIoB/oow;ee BpeM.H 
TpaJIeHH.H) x KOJIHIIeCTBO BblopaHHblx CKOnJIeHHH". 

TaOJIHl(a 12.32 TIapaMeTpbI oOHapY)l(eHH.H (KOHl(eHTpal(HH KPHJI.H). npHcYW;He 
HH,aeKcy lIHCJIeHHOCTH "0oHapY)l(eHHe xcpe,aH.H.H BeJIHIIHHa 
{YJI'oB/BpeM.H TpaJIeHH.H} x KOJIHIIeCTBO BblopaHHblx CKOnJIeHHH". 

TaOJIHl(a 12.33 TIapaMeTpbI oOHapY)l(eHH.H (KOHl(eHTpal(HH KPHJI.H). npHcYW;He 
HH,aeKcy lIHCJIeHHOCTH "0oHapY)l(eHHe x (OomHH YJIoB/oow;ee BpeM.H 
TpaJIeHH.H) x KOJIHIIeCTBO BCTpeTHBIDHXC.H CKOnJIeHHH". 

TaOJIHl(a 12.34 TIapaMeTpbI oOHapY)l(eHH.H (KOHl(eHTpal(HH KPHJI.H), npHcYW;He 
HH,aeKcy lIHCJIeHHOCTH "0oHapY)l(eHHe xcpe,aH.H.H BeJIHIIHHa 
{YJIoB/BpeM.H TpaJIeHH.H} x KOJIHIIeCTBO BCTpeTHBIDHXC.H CKOnJIeHHH". 

TaOJIHl(a 12.35 TIapaMeTpbI oOHapY)l(eHH.H (KOHl(eHTpal(HH KPHJI.H). npHcYW;He 
HH,aeKcy lIHCJIeHHOCTH "KOJIHIIeCTBO pa3JIHIIHbIX KOHl(eHTpal(HH. 
OOJIaBJIHBaeMblx IPJIOTHJIHeH". 
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Ta6J1F1Qa 12.36 TIapaMeTpbI 06HapY)I(eHFI.H (KOHQeHTpaQFI:H: KPFlJl.H), npFlcYW;Fle 
FlH,l{eKcy lIF1CJleHHOCTFI "06HapY)l(eHFle x (06W;FI:H: YJloB/06m;ee BpeM.H 
TpaJleHFI.H) x (KOJlFllleCTBO TpaJleHFI:H:/06J1aBJlFlBaeMa.H 
KOHQeHTpaQFI.H)" . 

Ta6J1F1Qa 12.37 TIapaMeTpbI 06HapY)I(eHFI.H (KOHQeHTpaQFI:H: KPFlJl.H), npFlcym;Fle 
FlH,l{eKcy lIF1CJleHHOCTFI "06HapY)I(eHFle XCpe,l{H.H.H BeJlFlllFlHa 
{YJlOB/BpeM.H TpaJleHFI.H} x (KOJlFllleCTBo TpaJleHFI:H:/06J1aBJlFlBaeMa.H 
KOHQeHTpaQFI.H)" . 

Ta6J1F1Qa 12.38 TIapaMeTpbI 06HapY)I(eHFI.H (KOHQeHTpaQFI:H: KPFlJl.H), npFlcym;Fle 
FlH,l{eKcy lIF1CJleHHOCTFI "06HapY)l(eHFle x (06W;FI:H: YJloB/06m;ee BpeM.H 
TpaJleHFI.H) x 06J1aBJlFlBaeMbIe CKOnJleHFI.H Ha KOHQeHTpaQFIlO". 

Ta6J1F1Qa 12.39 TIapaMeTpbI 06HapY)l(eHFI.H (KOHQeHTpaQFI:H: KPFlJl.H), npFlcym;Fle 
FlH,l{eKcy lIF1CJleHHOCTFI "06HapY)l(eHFle XCpe,l{H.H.H BeJlFlllFlHa 
{YJloB/BpeM.H TpaJleHFI.H} x 06J1aBJlFlBaeMbIe CKOnJleHFI.H Ha 
KOHQeHTpaQFlIO" . 

Ta6J1F1Qa 12.40 TIapaMeTpbI 06HapY)l(eHFI.H (KOHQeHTpaQFI:H: KPFlJl.H), npFlcym;Fle 
FlH,l{eKcy lIF1CJleHHOCTFI "(Q6W;FI:H: y JlOB/ 06m;ee KOJlFllleCTBO 
TpaJleHFI:H:)/cpe,l{H.H.H BeJlFlllFlHcL {BpeM.H nOFlcKa}. 

Ta6J1F1Qa 12.41 TIapaMeTpbI 06HapY)l(eHFI.H (KOHQeHTpaQFI:H: KPFlJl.H), npFlcym;Fle 
FlH,l{eKcy lIF1CJleHHOCTFI "06HapY)l(eHFle x (06W;FI:H: YJloB/06m;ee 
KOJlFllleCTBO TpaJleHFI:H:)/cpe,l{H.H.H BeJlFlllFlHa {BpeM.H nOFlcKa}. 

Ta6J1F1Qa 12.42 TIapaMeTpbI 06HapY)l(eHFI.H (KOHQeHTpaQFI:H: KPFlJl.H), npFlcym;Fle 
FlH,l{eKcy lIF1CJleHHOCTFI "(06W;FI:H: y JlOB/KOJlFllleCTBo 06J1aBJlFlBaeMbIx 
CKOnJleHFI:H:)/ Cpe,l{H.H.H BeJlFlllFlHa {BpeM.H nOFlcKa}. 

Ta6J1F1Qa 12.43 TIapaMeTpbI 06HapY)l(eHFI.H (KOHQeHTpaQFI:H: KPFlJl.H), npFlcYW;Fle 
FlH,l{eKcy lIF1CJleHHOCTFI "06HapY)l(eHFle x (06W;FI:H: YJlOB/KoJlFlllecTBo 
06J1aBJlFlBaeMbIx CKOnJleHFI:H:) / Cpe,l{H.H.H BeJlFlllFlHa {BpeM.H nOFlcKal. 

Ta6J1F1Qa 12.44 TIapaMeTpbI 06HapY)l(eHFI.H (KOHQeHTpaQFI:H: KPFlJl.H), npFlcYW;Fle 
FlH,l{eKcy lIF1CJleHHOCTFI "(06W;FI:H: YJlOB/BcTpeTFlBIDFleC.H 
CKOnJleHFI.H)/cpe,l{H.H.H BeJlFlllFlHa {BpeM.H nOFlcKa}". 

Ta6J1F1Qa 12.45 TIapaMeTpbI 06HapY)l(eHFI.H (KOHQeHTpaQFI:H: KPFlJl.H), npFlcym;Fle 
FlH,l{eKcy lIF1CJleHHOCTFI "06HapY)l(eHFle x (06 m; FI:H: 

PHCYHOK 3.1 

Tabla 2.1 

Y JlOB/BcTpeTFlBIDFleC.H CKOnJleHFI.H)/ Cpe,l{H.H.H BeJlFlllFlHa {BpeM.H 
nOFlcKa}. 

llO,l{nHCH K pHCYHKaM 

llpHMep 6HMo,l{aJIbHbIX pacnpe,l{eJIeHHH, nOJIyqeHHbIX H3 aHaJIH3a 

,l{aHHbIX no ,l{BH)I(eHHIO cY,l{Ha B nepHo,l{ Me)l(,l{Y TpaJIeHH5.IMH, ,l{JI5.I 

cepHH ,l{aHHbIx 10. 

Encabezamientos de las Tablas 

Resumen de los datos originales del crucero sovietico 
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Tabla 2.2 

Tabla 3.1 

Tabla 3.2 

Tabla 3.3 

Tabla 3.4 

Tabla 3.5 

Tabla 3.6 

Tabla 3.7 

Tabla 3.8 

Tabla 3.9 

Tabla 3.10 

Tabla 3.11 

Tabla 3.12 

Tabla 3.13 

Tabla 3.14 

Tabla 3.15 

Tabla 3.16 

Tabla 3.17 

Tabla 3.18 
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Caracterfsticas de las redes de los buques 

Resumen de promedios y varianzas de cantidades procedentes de los datos 
sovieticos (ver el texto para saber como leer la tabla). 

Correlaciones del conjunto de datos 1, todos los datos utilizados (ver el 
texto para saber como leer la tabla). 

Correlaciones del conjunto de datos 1, valQres Ifmite aplicados (ver el texto 
para saber como leer la tabla). 

Correlaciones del conjunto de datos 2, todos los datos utilizados (ver el 
texto para saber como leer la tabla). 

Correlaciones del conjunto de datos 2, valores Ifmite aplicados (ver el texto 
para saber como leer la tabla). 

Correlaciones del conjunto de datos 3, todos los datos utilizados (ver el 
texto para saber como leer la tabla). 

Correlaciones del conjunto de datos 3, valores Ifmite aplicados (ver el texto 
para saber como leer la tabla). 

Correlaciones del conjunto de datos 4, todos los datos utilizados (ver el 
texto para saber como leer la tabla). 

Correlaciones del conjunto de datos 4, valores Ifmite aplicados (ver el texto 
para saber como leer la tabla). 

Correlaciones del conjunto de datos 5, todos los datos utilizados (ver el 
texto para saber como leer la tabla). 

Correlaciones del conjunto de datos 5, valores Ifmite aplicados (ver el texto 
para saber como leer la tabla). 

Correlaciones del conjunto de datos 6, todos los datos utilizados (ver el 
texto para saber como leer la tabla). 

Correlaciones del conjunto de datos 6, valores Ifmite aplicados (ver el texto 
para saber como leer la tabla). 

Correlaciones del conjunto de datos 7, todos los datos utilizados (ver el 
texto para saber como leer la tabla). 

Correlaciones del conjunto de datos 7, valores Ifmite aplicados (ver el texto 
para saber como leer la tabla). 

Correlaciones del conjunto de datos 8, todos los datos utilizados (ver el 
texto para saber como leer la tabla). 

Correlaciones del conjunto de datos 8, valores Ifmite aplicados (ver el texto 
para saber como leer la tabla). 

Correlaciones del conjunto de datos 9, todos los datos utilizados (ver el 
texto para saber como leer la tabla). 



Tabla 3.19 

Tabla 3.20 

Tabla 3.21 

Tabla 3.22 

Tabla 3.23 

Tabla 3.24 

Tabla 3.25 

Tabla 12.1 

Tabla 12.2 

Tabla 12.3 

Tabla 12.4 

Tabla 12.5 

Tabla 12.6 

Tabla 12.7 

Tabla 12.8 

Tabla 12.9 

Tabla 12.10 

Tabla 12.11 

Tabla 12.12 

Tabla 12.13 

Correlaciones del conjunto de datos 9, valores limite aplicados (ver el texto 
para saber como leer la tabla). 

Correlaciones del conjunto de datos 10, todos 105 datos utilizados (ver le 
texto para saber como leer la tabla). 

Correlaciones del conjunto de datos 10, valores Hmite aplicados (ver el 
texto para saber como leer la tabla). 

Correlaciones del conjunto de datos 11, todos 105 valores utilizados (ver el 
texto para saber como leer la tabla). 

Correlaciones del conjunto de datos 11, valores Hmite aplicados (ver el 
texto para saber como leer la tabla). 

Correlaciones del conjunto de datos 12, todos 105 datos utilizados (ver el 
texto para saber como leer la tabla). 

Correlaciones del conjunto de datos 12, valores limite aplicados (ver el 
texto para saber como leer la tabla). 

Valores de 105 parametros multiples para cam bios en la biomasa. 

Propiedades de deteccion del fndice de abundancia "Captura total". 

Propiedades de deteccion del fndice de abundancia "Lances totales (numero 
total de cardumenes seleccionados)". 

Propiedades de deteccion del fndice de abundancia "Numero total de 
cardumenes pescados" 

Propiedades de deteccion del fndice de abundancia "Numero total de 
cardumenes hallados". 

Propiedades de deteccion del fndice de abundancia "Tiempo total de 
arrastre" . 

Propiedades de deteccion del fndice de abundancia "Tiempo total de 
busqueda". 

Propiedades de deteccion del fndice de abundancia "Tiempo total recfproco 
de busca". 

Propiedades de deteccion del fndice de abundancia "Numero de 
descubrimientos por el buque de prospeccion". 

Propiedades de deteccion del fndice de abundancia "Promedio 
{captura/tiempo de arrastre}". 

Propiedades de deteccion del fndice de abundancia "Promedio 
{captura/tiempo de busqueda}". 

Propiedades de deteccion del fndice de abundancia "Promedio 
{(captura/tiempo de arrastre) I tiempo de bUsqueda}". 

Propiedades de deteccion del fndice de abundancia "Captura por dfa". 
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Tabla 12.14 

Tabla 12.15 

Tabla 12.16 

Tabla 12.17 

Tabla 12.18 

Tabla 12.19 

Tabla 12.20 

Tabla 12.21 

Tabla 12.22 

Tabla 12.23 

Tabla 12.24 

Tabla 12.25 

Tabla 12.26 

Tabla 12.27 

Tabla 12.28 

Tabla 12.29 

Tabla 12.30 

Tabla 12.31 
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Propiedades de detecci6n del [ndice de abundancia "Captura por lance". 

Propiedades de detecci6n del [ndice de abundancia "Lances por 
concentraci6n descubierta". 

Propiedades de detecci6n del [ndice de abundancia "Fracci6n de cardumenes 
seleccionados para la pesca". 

Propiedades de detecci6n del [ndice de abundancia "Longitud media del 
arrastre" . 

Propiedades de detecci6n del [ndice de abundancia "Descubrimientos x 
captura total". 

Propiedades de detecci6n del [ndice de abundancia "Descubrimientos x 
arrastres totales x captura total". 

Propiedades de detecci6n del [ndice de abundancia "Descubrimientos x 
(captura total/tiempo de arrastre total) x cardumenes pescados". 

Propiedades de detecci6n del [ndice de abundancia "Descubrimientos x 
promedio {captura/tiempo de arrastre} x cardumenes pescados". 

Propiedades de detecci6n del [ndice de abundancia "Captura total/tiempo de 
arrastre total". 

Propiedades de detecci6n del [ndice de abundancia "Promedio 
{capturaltiempo de arrastre} I promedio {tiempo de busqueda}". 

Propiedades de detecci6n del [ndice de abundancia "Promedio 
{captura/tiempo de arrastre} x promedio {tiempo de busqueda rec[proco}". 

Propiedades de detecci6n del [ndice de abundancia "Descubrimientos x 
captu ra total/tiempo de arrastre total". 

Propiedades de detecci6n del [ndice de abundancia "Descubrimeintos x 
promedio {captura/tiempo de arrastre} I promedio {tiempo de busqueda}". 

Propiedades de detecci6n del [ndice de abundancia "Descubrimientos x 
promedio {captura/tiempo de arrastre} x promedio {tiempo de busqueda 
rec[proco}" . 

Propiedades de detecci6n del [ndice de abundancia "Descubrimientos x 
promedio {(capturaltiempo de arrastre) I tiempo de busqueda}". 

Propiedades de detecci6n del [ndice de abundancia "Descubrimientos x 
(captura totalltiempo de arrastre total) I (promedio {tiempo de 
busqueda})". 

Propiedades de detecci6n del [ndice de abundancia "Descubrimientos x 
(captura total/tiempo de arrastre total) x promedio {tiempo de busqueda 
rec[proco}" . 

Propiedades de detecci6n del [ndice de abundancia "Descubrimientos x 
(captura totalltiempo de arrastre total) x numero de cardumenes 
seleccionados". 



Tabla 12.32 

Tabla 12.33 

Tabla 12.34 

Tabla 12.35 

Tabla 12.36 

Tabla 12.37 

Tabla 12.38 

Tabla 12.39 

Tabla 12.40 

Tabla 12.41 

Tabla 12.42 

Tabla 12.43 

Tabla 12.44 

Tabla 12.45 

Figura 3.1 

Propiedades de detecci6n del indice de abundancia "Descubrimientos x 
promedio {captura/tiempo de arrastre} x numero de cardumenes 
seleccionados". 

Propiedades de detecci6n del indice de abundancia "Descubrimientos x 
(captura total/tiempo de arrastre total) x numero de cardumenes 
hallados". 

Propiedades de detecci6n del indice de abundancia "Descubrimientos x 
promedio {capturaltiempo de arrastre} x numero de cardumenes hallados". 

Propiedades de detecci6n del indice de abundancia "Numero de 
concentraciones diferentes pescadas por la flota". 

Propiedades de detecci6n del indice de abundancia "Descubrimientos x 
(captura total/tiempo de arrastre total) x (Iances/concentraciones 
pescadas)". 

Propiedades de detecci6n del indice de abundancia "Descubrimientos x 
promedio {captura/tiempo de arrastre} x (Iances/concentraciones 
pescadas)". 

Propiedades de detecci6n del indice de abundancia "Descubrimientos x 
(captura total/tiempo de arrastre total) x cardumenes pescados por 
concentraci6n" . 

Propiedades de detecci6n del indice de abundancia "Descubrimientos x 
promedio {captura/tiempo de arrastre} x cardumenes pescados por 
concentraci6n" . 

Propiedades de detecci6n del indice de abundancia U(Captura total/numero 
total de lances) I promedio {tiempo de busqueda}". 

Propiedades de detecci6n del indice de abundancia uDescubrimientos x 
(captura total/numero total de lances) I promedio {tiempo de busqueda}". 

Propiedades de detecci6n del indice de abundancia U(Captura total/numero 
de cardumenes pescados) I promedio {tiempo de busqueda}". 

Propiedades de detecci6n del indice de abundancia "Descubrimientos x 
(captura total/numero de cardumenes pescados) I promedio {tiempo de 
busqueda}". 

Propiedades de detecci6n del indice de abundancia "(captura 
total/cardumenes hallados) I promedio {tiempo de busqueda}". 

Propiedades de detecci6n del indice de abundancia uDescubrimientos x 
(captura total/cardumenes hallados) I promedio {tiempo de busqueda}". 

Leyenda de la Figura 

Ejemplo de las distribuciones bimodales obtenidas por el analisis de los 
datos del movimiento entre-arrastres para el conjunto de datos 10. 
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