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Abstract 

This document contains a selection of the scientific papers presented at 
meetings of the Scientific Committee and Working Groups of the Scientific 
Committee in 1986. The text of the papers is reproduced in the original 
language of submission ; abstracts of the papers and captions of tables and 
figures are translated into the official languages of the Commission 
(English, French, Spanish and Russian). Abstracts only are presented for 
papers which have been accepted elsewhere for publication. 

Resume 

Le present document contient une selection de communications scientifiques 
presentees aux reunions du Comite Scientifique et aux Groupes de travail du 
Comite Scientifique en 1986. Le texte de ces communications est reproduit 
dans la langue originale dans laquelle celles-ci ont ete presentees ; les 
resumes des communications ainsi que les titres des tableaux et des figures 
ont ete traduits dans les langues officielles de la Commission (anglais, 
fran~ais, espagnol et russe). Seuls des resumes sont presentes lorsqu'il 
s'agit de communications qui ont ete acceptees pour etre publiees. 

Resumen 

Este documento contiene una seleccion de los documentos cientiffcos 
presentados en las reuniones del Comite Cientffico y de los Grupos de 
Trabajo del Comite Cientffico en 1986. El texto de estos documentos esta 
reproducido en el idioma original para su presentacion ; los resumenes de 
estos documentos y los tftulos de los cuadros y figuras estan traducidos a 
los idiomas oficiales de la Comision (ingles, frances, espanol y ruso). 
Los resumenes son presentados solamente para cuando los documentos hayan 
sido aceptados para su publicacion en alguna otra parte. 

Pe3~Me 

HaCTOHmHH ~oKYMeHT co~ep~T TeKCTH HeCKonbKHX HaY~HHx 
pa60T, rrpencTaBneHHHx Hn cOBemnHH~X HaY~Horo KOMHTeTa 
H Pa6o~Hx rpynn HaY~Horo KOMHTeTa B 1986 r. OHH nDe~cTaBnHroTcH 
Ha H3HKe opHrHHana; peSIDMe ~OKna~OB H Ha3BaHHH Ta6nHll H 
rro~rrHCH K PHCYHKaM nepeBe~eHN Ha O~H~HanbHHe H3HKU KOMHCCHH 
(aHrnHHCKHH,~DaHllY3CKHH, HcrraHCKHH H PYCCKHH). EcnH 

pa60Ta rrpHHHTa K rre~aTH rne-HH6v~b B ~pyroM MeCTe. TO 
3~eCb nDHBO~HTCH ~onbKO ee pe3IDMe. 
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ASSESSMENTS OF THE STOCKS OF NOTOTHENIA ROSSII MARMORATA AND 
CHAMPSOCEPHALUS GUNNARI IN THE SOUTH GEORGIA AREA 

J.G. Cooke 
(IUCN) 

Abstract 

The stocks of Notothenia rossii marmorata and 
Champsocephalus gunnari in the South Georgia area are 
assessed using USSR age sample data and recent biomass 
estimates from surveys by the FRG. These data indicate 
that the stock of N. rossii in 1985 was about 2.5% of 
its pre-exploitation biomass, while the stock of 
Champsocephalus gunnari has fluctuated greatly with no 
obvious trend. 

* * * * * * * * * * 

EVALUATIONS DES STOCKS DE NOTOTHENIA ROSSII MARMORATA ET 
CHAMPSOCEPHALUS GUNNARI DANS LA ZONE DE LA GEORGIE DU SUD 

J.G. Cooke 
(UICN) 

Les stocks de Notothenia rossii et de Champsocephalus 
gunnari dans la zone de la Georgie du sud sont evalues 
en utilisant les donnees d'echantillons d'age 
sovietiques et les estimations nkentes de la biomasse 
realisees cl partir d 'etudes de la Republique Federale 
d'Allemagne. Ces donnees indiquent que le stock de 
N. rossii etait en 1985 d'environ 2,5% de la biomasse 
presente avant l' exploitation, alors que le stock de 
Champsocephalus gunnari a subi d'importantes 
fluctuations sans tendance evidente. 
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EVALUACIONES DE LAS RESERVAS DE NOTOTHENIA ROSSII MARMORATA Y 
CHAMPSOCEPHALUS GUNNARI EN EL AREA DE GEORGIA DEL SUR 

J.G. Cooke 
(IUCN) 

Resumen 

Las reservas de Notothenia rossii marmorata y 
Champsocephalus qunnari en el area de Georgia del Sur se 
evaluan usando los datos de la URSS sobre la edad de las 
muestras y calculos recientes de las prospecciones 
hechas por la RFA. Estos datos indican que las reservas 
de N. rossii en 1975 constituian aproximadamente 2.5% 
de su biomasa antes de la explotacion, mientras que la 
reserva de Champsocephalus qunnari ha fluctuado mucho 
con ninguna tendencia obvia. 

OL~EHKl1 3AflACOB NOTOTHENIA ROSSI I MARMORATA 11 CHAMPSOCEPHALUS 
GUNNARI B PAMOHE ~HOM fEOPfl111 

)J)K.f.KYK 
(MCOfl) 

Pe3roMe 

CAe~aH~ o~eHKM 3anaCOB Notothenia rossii 
marmorata M Champsocephalus qunnari B 
paHOHe IOJKHOH feOpI'MH C Hcno~ h30BaHHeM AaHHhrx 
CCCP no npo6aM no B03paCTY H HeAaBHHX 
nOACqeTOB 6HOMaCChI no pe3Y~ hTaTaM C'beMOK, 
BhrrrO~HeHHhrx <I>Pf. ,l(aHHhle YKa3hIBaroT, qTO 3anac 
N. rossii COCTaB~R~ B 1985 I'. OKO~O 2,5% 
6HoMacc~, HMeBllIeHcR AO Ha qa~a npOMhrc~a, B TO 
BpeM5I KaK Be~Htu[Ha 3anaca Champsocephalus 
qunnari CH~hHO Ko~e6~eTC5I, He nOKa3~Ba5I 

KaKOH-~H60 5IPKO B~pa~eHHOH TeHAeH~HH. 

* * * * * * * * * * 
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ASSESSMENTS OF THE STOCKS OF NOTOTHENIA ROSSII MARMORATA 

AND CHAMPSOCEPHALUS GUNNARI IN THE SOUTH GEORGIA AREA 

Justin G. Cooke 

International Union for Conservation 

of Nature and Natural Resources 

Avenue du Mont Blanc 
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1. NOTOTHENIA ROSSII 

1.1 Introduction 

The $tock of N. rossii in the South Georgia area was assessed at 

the 1985 CCAMLR Fish Stock Working Group Meeting using a Virtual Population 

Analysis (CCAMLR, 1985), using age readings from samples collected from 

USSR exploratory fishing 1969-84, and assuming a fishing mortality rate of 

0.6 in 1985. Since it proved impossible to recreate the analyses performed 

at the 1985 Working Group meeting, this paper presents some refinements on 

the previous year's analyses. 

Although most attention is usually paid to the catch at age data 

input into a VPA, it is important to recognise that the age data themselves 

provide little or no information on the status of a stock. Figure 1 shows 

some hypothetical stock trajectories derived from VPAs using the same set 

of age data, but with different input values of the terminal fishing 

mortality and natural mortality rates. 

The key features of the input data which affect the assessment of 

the stock are the estimate of terminal stock size (equivalent to the 

terminal fishing mortality rate, when the catches are known) and the net 

recruitment rate to the stock in each year implied by the age data. The 

catch at age data themselves do not provide any information on the nautral 

mortality rate, unless additional assumptions are made, such as that the 

age structure of the stock was in approximate equilibrium prior to the 

start of fishing. 
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1.2 Age-specific Natural Mortality and Catchability Rates 

Figure 2 shows the age distribution from USSR samples in 1970, 

prior to the start of major commercial fishing on the stock. Assuming the 

age readings to be correct, these imply a strongly age-specific mortality 

rate. Under these circumstances, use of a single value for the natural 

mortality rate in all age classes would lead to underestimation of the 

strength of year classes recruited before the start of the fishery compared 

to later year classes. However, in selecting an age-specific natural 

mortality schedule, account must be taken of the relative age-specific 

catchability of the fishery (the product of age-specific selectivity of the 

fishing gear and the age-specific availability of fish on the grounds). 

Since it is not possible to separate the age-specific availability 

function from the survivorship schedule, a range of alternatives must be 

considered. At one extreme, the survival rate can be taken to be 100% up 

to age 8, the modal age class. If recruitment is assumed to be complete by 

this age, this implies the survival and catchability schedules in Table lA. 

Alternatively, if a constant coefficient of natural mortality of 0.2 per 

year up to age 8 is assumed, this implies the schedules given in Table lB. 

The survival rate of the recruited population in each year is given 

by 

where 

s survivorship of age class a 
a 

Pat proportion by number of recruited population in year t 

consisting of age class a 

sa is input from Table lA or lB, while Pat is taken directly from the age 

sample data. The annual survival rate estimates are given in Table 2. 
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1.3 Biomass Estimates 

Kock (1985a) gives an estimate of the biomass of N. rossii within 

the 500m depth contour around South Georgia in January/February 1985 of 

12,781 tonnes with a log (?) s.d. of 99.9%, based on experimental trawls. 

This value, and also one s.d. below and above this value and a log scale 

were used in the analyses that follow. Since the length distribution in 

these trawls is similar to that of the USSR samples in the later years, it 

is reasonable to assume a common age-specific catchability function for 

both data sets. 

1.4 Annual Recruitment Rates 

If the recruitment to the fishery were a knife-edged process, the 

estimate of the annual per capita recruitment rate to the population would 

be simply the proportion of the recruited stock consisting of the 

recruiting year class. When recruitment occurs over a range of ages, the 

following formula is required : 

where 

rII(t) = proportion by number of the recruited stock in year t made 

up of new recruits 

Pat proportion by number of age class a in year t consisting 

of new recruits 

Pat is given by the assumed age-specific catchability functions given in 

Table 1. The annual recruitment rate estimates are given in Table 2. 
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1.5 Population Dynamics 

The recruited stock in numbers follows the equations 

where C is the catch in numbers. 
t 

To convert the stock and catch by number to the stock and catch by 

weight, the mean weight of fish caught is used where this is recorded. 

Where this is not recorded, a weight-at-age curve is applied to the catches 

by age. To estimate the spawning stock biomass, an age-specific maturity 

function is also required. Weight-at-age and maturity-at-age curves were 

taken from Kock (1985b). Annual catches by weight are given in CCAMLR 

(1985, p. 210ff). 

Figures 3a and 3b show estimated recruited biomass by year for each 

of the three terminal biomass estimates and for each of the two 

survivorship/catchability schedules. Figures 4a and 4b show the 

corresponding results for the spawning stock biomass. 

1.6 Discussion 

In this case, the historical catches have been so large compared 

with the current biomass that large relative changes in the estimate of 

terminal biomass have little effect on the estimated initial biomass. 

The data indicate a strong dependence of gross recruitment on stock 

size, since a 20-fold reduction in the stock in the early 1970's led to 

only a 3-fold increase in per capita recruitment. Since the initial 

reduction of the stock in the period 1970-71 was rather abrupt, these data 

provide no information about the shape of the stock recruitment 

relationship and hence of the yield curve. However, the r
II 

recruitment 

rates and survival rates during a period of reasonable stability of the 
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stock in the latter part of the 1970's, give some indication of the 

sustainable exploitation rate at very low stock sizes. In an equilibirum 

situation, the sustainable exploitation rate, U, is given by : 

U 1 - (1 - r )/S 
11 

This is approximately 0.35 for both survivorship/recruitment 

schedules using 1978 values. If one assumes that the yield curve is a 

simple (symmetrical) logistic, then this would imply a maximum sustainable 

yield of 45,000 tonnes per annum at a recruited stock size of 255,000 

tonnes. The estimated current replacement is 1,680 and 12,000 tonnes per 

annum for the lower and higher biomass estimates used here, although the 

range of uncertainty is considerably wider than this. The corresponding 

expected recovery times to 50% of initial biomass are approximately 20 and 

10 years respectively. Only continued monitoring of the stock biomass and 

recruitment rates while the stock is permitted to recover up to and beyond 

this level would provide more information on the maximum potential of the 

stock. 

It is instructive to consider the sensitivity of the above 

assessments to the accuracy of the age readings. Alternative trajectories 

were calculated using the central estimate of terminal biomass, with all 

the age readings (a) doubled and (b) halved. The corresponding estimates 

of initial biomass were (a) 499,000 and (b) 519,000 tonnes. However, 

estimates of current replacement yield are halved when the age readings are 

doubled, and vice versa. Predicted recovery times will be similarly 

affected. 

2. CHAMPSOCEPHALUS GUNNARI 

Similar analyses to the above were performed for the stock of 

Champsocephalus gunnari in the South Georgia area. USSR age samples, 

maturity-at-age and weight-at-age curves (from Kochkin, 1985) supplied to 

CCAMLR were used, with biomass estimates from Kock (1985a). Two 
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alternative survivorship/recruitment schedules are given in Table 3. The 

corresponding estimates of annual survival rate and r
II 

recruitment rates 

are given in Table 4, trajectories of recruited stock biomass are shown in 

Figures Sa-b. 

In this case, the length distributions of the USSR catch at age 

samples are very dissimilar from FRG samples on which the biomass estimates 

are based (CCAMLR, 1985, p. 133), the latter including a considerable 

proportion of smaller fish not found in the USSR samples. This means that 

the biomass estimates will overestimate the catchable biomass available to 

the fishery. On the other hand, the Working Group noted that the research 

trawls may underestimate density of this species due to incomplete 

entrapment of all length classes (CCAMLR, 1985, p. 81). 

The turnover of C. gunnari is much faster than that of N. rossii 

with up to 90% of the stock consisting of new recruits. There have been 

three periods of very high fishing mortality: 1971, 1977-78 and 1981-84. 

The stock apparently recovered after each of the first two periods. The 

age at recruitment is 3-4 years, hence up to two consecutive years of heavy 

fishing can occur and still be followed by one year class from a lightly 

fished stock. If the recent period of heavy fishing mortality continues, 

recovery might be slower since there will be no "unfished" year classes in 

the pipeline. 

Management of this stock from catch quotas based on recruited 

biomass estimates may not be very effective. Since the stock in most years 

consists mainly of new recruits, and recruitment appears to fluctuate 

considerably, there would be a high probability that any catch quota would 

exceed the actual stock size in any given year, unless the quota were set 

very conservatively. Regulation of the maximum level of fishing mortality, 

for example by restricting the proportion of the area fished, may be worth 

considering. Alternatively, management could be based partly on larval 

surveys conducted annually to gain advance notice of imminent recruitment, 

although a baseline of up to 10 years data would first have to be 

established. 
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Because of the great fluctuations in year class strength, positive 

evidence of the effect of fishing on recruitment would only be obtained if 

a prolonged period of heavy fishing led to a period of consistently poor 

year classes. It is a perennial problem in fisheries management that the 

limits to the productivity of a stock can only be detected by exceeding 

them. Even if there were no dependence of recruitment on stock size in the 

range encountered, yield per recruit considerations (CCAMLR, 1985, p. 88) 

indicate that there is little to be gained by increasing the fishing 

mortality rate above 0.4. Using the central estimate of terminal biomass, 

the fishing mortality rate in 1984 was 2.4. 

The available data series is too short to determine a typical level 

of stock size. However, the rapid recovery to higher catches in the mid 

and late 1970's suggests that the level in 1971 may by chance have been 

unusually low for an unexploited stock, and should not be used as a 

baseline. 
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Table 1. Alternative survival and catchability schedules for 

Notothenia rossii 

A B 
age cumulative relative cumulative relative 

(years) survival catchability survival catchability 

0 1.00 0.00 1.00 0.00 
1 1. 00 0.00 0.82 0.00 
2 1. 00 0.00 0.67 0.00 
3 1. 00 0.08 0.55 0.03 
4 1.00 0.34 0.45 0.15 
5 1. 00 0.67 0.37 0.36 
6 1.00 0.93 0.30 0.62 
7 1. 00 0.91 0.25 0.73 
8 1.00 1.00 0.20 1.00 
9 0.91 1. 00 0.18 1.00 

10 0.74 1.00 0.15 1.00 
11 0.42 1. 00 0.0$ 1. 00 
12 0.34 1.00 0.07 1.00 
13 0.08 1. 00 0.02 1.00 

Table 2. Estimates of annual survival and rrr recruitment 

rates for N. rossii in the South Georgia area. 

Year Survivorship/catchability schedule 
A B 

Survival rn Survival rn 

1970 0.84 0.16 0.76 0.24 
1971 0.82 0.19 0.73 0.26 
1972 0.84 0.20 0.75 0.28 
1973 0.89 0.32 0.77 0.39 
1975 0.95 0.40 0.80 0.48 
1977 0.97 0.35 0.81 0.45 
1978 0.96 0.38 0.81 0.47 
1982 0.99 0.50 0.82 0.58 
1983 0.99 0.41 0.82 0.51 
1985 0.99 0.49 0.82 0.57 
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Table 3. Alternative survival and catchability schedules 

for Champsocephalus gunnari. 

A B 
age cumulative relative cumulative relative 

(years) survival catchability survival catchability 

0 1.00 0.00 1.00 0.00 
1 1. 00 0.00 0.74 0.00 
2 1.00 0.002 0.55 0.001 
3 1. 00 0.35 0.41 0.26 
4 1.00 1.00 0.30 1.00 
5 0.41 1.00 0.12 1.00 
6 0.038 1.00 0.01l 1.00 
7 0.003 1.00 0.001 1.00 
8 0.001 1.00 0.0003 1.00 

Table 4. Estimates of annual survival and r
II 

recruitment 

rates for C. gunnari in the South Georgia area. 

Year Survivorship/catchability schedule 
A B 

Survival rn Survival rn 

1971 0.087 0.087 0.65 0.88 
1973 0.45 0.55 0.39 0.60 
1974 0.92 0.41 0.69 0.41 
1975 0.82 0.77 0.62 0.78 
1976 0.55 0.56 0.44 0.58 
1977 0.57 0.63 0.46 0.67 
1978 0.93 0.60 0.70 0.60 
1979 0.87 0.91 0.66 0.93 
1980 0.88 0.90 0.66 0.91 
1981 0.92 0.91 0.69 0.92 
1983 0.77 0.81 0.60 0.83 
1984 0.68 0.62 0.52 0.64 
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Cm.rCOK Ta6mH{ 

Ta6m.ru;a 1 AJI bTepHaTHBHhIe rpaq,HKH BhDKHBaeMOCTH H YJIaBJIHBaeMOcTH 

AJIH Notothenia rossii 

Ta6JIHu;a 2 Ou;eHKH 

TeMfIOB 

reoprHH 

rOAHqHOrO K03q,q,HU;HeHTa BhDKHBaeMOCTH H 

fIOfIOJIHeHHH AJIH N. rossii B paMoHe 

Ta6JIHu;a 3 AJIbTepHaTHBHhIe rpaq,HKH BhDKHBaeMOCTH H YJIaBJIHBaeMOcTH 

AJIH Champsocphpalus gunnari 

Ta6JIHu;a 4 Ou;eHKH rOAHqHOrO K03q,q,HU;HeHTa BhDKHBaeMOCTH H rrr 

TeMfIOB fIOfIOJIHeHHH AJIH C. gunnari B paMoHe IDmHOH 

reoprHH 

CfIHCOK PHCYHKOB 

PHCYHOK 1 IlpHMephI HeKoTopbIX fIYTeM pa3BHTHH 3anaCOB, fIOJIyqeHHbIe 

Ha OCHOBe OAHoro H Toro ~e Ha60pa rHfIOTeTHQeCKHX 

AaHHhlX fIO B03paCTY 

PHCYHOK 2 PacfIpegeJIeHHe fIO B03pacTY B Bhl60pKax Notothenia 

rossii, B3HThlX CCCP B paMoHe 48.3 B 1970 r. 

PHCYHOK 3 rOAHqHhle ou;eHKH BeJIHqHHhl 6HOMaCChl oco6eM fIOnOJIHeHHH 

Notothenia rossii B paHoHe IDmHOH feoprHH AJIH Tpex 

BeJIHqHH 6HOMaCChI B 1985 r. C HCfIOJIb30BaHHeM rpacpHKoB 

BbDKHBaeMOCT b/fIofIOJIHeHHe, fIpHBeAeHHhlx B: a. Ta6JIHu;e lA; 

b. Ta6JIHu;e IB 
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Ta6nH~a 4 fOAHqHhle o~eHKH 6HOMaCChl HepeCT~ero 3anaca 

Notothenia rossii B paHoHe ~HOH feoprHH An» Tpex 

BenHqHH 6HOMaCCbI B 1985 f'. C Hcnon b30BaHHeM rpacpHKoB 

Bb~HBaeMocTb/nononHeHHe, npHBeAeHHhlx B: a. Ta6nH~e lA; 

h. Ta6nH~e IB 

o~eHKH 6HoMaCCbI oco6eff nononHeHH» 

Champsocephalus gunnari B paHoHe ~HOH feOpf'HH An» 

Tpex BenHqHH 6HoMacchl B 1985 r. C Hcnonb30BaHHeM 

f'pa~HKOB Bb~HBaeMocTb/nononHeHHe. npHBeAeHHhlx B: a. 

Ta6nH~e 3A; h. Ta6nH~e 3B 
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Abstract 

A database for fishery statistics and biological 

WG-CFSA-86/3 

data for the Kerguelen EEZ has been operating in France 
since 1979. At the end of the 1984/85 fishing season, 
the data from 25445 trawls had been entered into the 
database. A graphical representation of these data is 
presented for several parameters including a 
distribution of the fishing effort, position of 
individual trawls, total catches and catch per species. 
Four species (Champsocephalus gunnari, Notothenia 
squamifrons, N. rossii and Dissostichus eleginoides) 
represent about 99% of the total catches. Length 
frequency distributions of the species are also provided 
for the period 1979/80-1985/86. 

* * * * * * * * * * 

LA BASE DE DONNEES DES KERGUELEN 

G. Duhamel 
(France) 

Une base de donn~es pour les donn~es biologiques et de 
statistiques de la peche dans la ZEE des lIes Kerguelen 
est en usage en France depuis 1979. A la fin de la 
saison de peche 1984/85, les donn~es de 25.445 chaluts 
ont ete introduites dans la base de donnees. Ces 
donnees sont representees graphiquement pour plusieurs 
pararnetres y cornpris une repartition de l'effort de 
peche, la position des chaluts individuels, les prises 
totales et la prise par espece. Quatre especes 
(Charnpsocephalus qunnari, Notothenia squarnifrons, N. 
rossii et Dissostichus eleqinoides) representent environ 
99% des prises totales. Les r~partitions des frequences 
de longueurs des especes sont ~galernent fournies pour 
les p~riodes 1979/80-1985/86. 
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Resumen 

Un banco de datos para estadisticas pesqueras y datos 
bi01ogicos para la ZEE de 1as islas Kergue1en ha est ado 
operando en Francia desde 1979. A fines de la temporada 
de pesca de 1984/85, los datos de 25 445 arrastres 
habian sido entrados en el banco de datos. Se presenta 
una representacion grafica de estos datos para varios 
parametros, incluyendo una distribucion del esfuerzo de 
pesca, de la poslcl0n de arrastres individua1es, de 
capturas totales, y de capturas por especie. Cuatro 
especies (Champsocephalus gunnari, Notothenia 
squarnifrons, N. rOSSll y Dissostichus e1eginoides) 
representan a1rededor de 99% de 1as capturas tota1es. 
Tarnbien se proporcionan las distribuciones de frecuencia 
de tamaiio de 1as especies para e1 periodo 1979/80 -
1985/86. 

EA3A ~HHNX 30Hhl KEPfEnEHA 

f. )J)oaMeJI b 
(<ppaH~IOl ) 

Pe310Me 

HaqHHaH C 1979 r. BO <ppaH~HH ~YHK~HoHHpyeT 
6a3a CTaTHCTHqeCKHX AaHHbrx npOMbICJIa H, 
6HOJIOrHqeCKHX AaHHhlX 3KoHoMH4ecKoH 
(npH6pe~HoH) 30Hhl O-BOB KepreJIeH. K KOH~Y 
npOMbICJIOBOrO ce30Ha 1984/85 r. B 3TY 6a3Y 6bIJIH 
BBeAeHbr AaHHbre, nOJIyqeHHbre B pe3yJI bTaTe 25445 
TpaJIeHHH. ~aeTcH rpa~HqeCKOe npeACTaBJIeHHe 
3THX AaHHbrx no HeKOTophlM napaMeTpaM, BKJIlOqaH 
pacnpeAeJIeHHe npOMbrCJIOBbrX YCHJIHH, 
MeCTOnOJIO~eHHe OTAeJIbHhlX TpaJIeHHH, BeJIHqHHhl 
06lI\ero BbIJIOBa H BbIJIOBa no BHAaM. OKOJIO 99% 
06lI\ero BbIJIOBa npHxoAHTCH Ha qeTbrpe BHAa 
(Champsocephalus qunnari, Notothenia 
sguamifrons. N. rOSSll H Dissostichus 
eleqinoides). npeACTaBJIeHbI TaK~e cBeAeHHH 0 
pacnpeAeJIeHHH no qaCTOTe AJIHHbr no BHAaM 3a 
nepHoA C 1979/80 no 1985/86 r. 



- 25 -

THE KERGUELEN DATABASE 

Since 1979, a data collecting system (fishery statistics and 

biological sampling program) has been used for the Kerguelen Islands area. 

The introduction of a fishing logbook for each trawler in June 1980 has 

generally been accepted and the data collected can be considered as 

reliable. 

At the end of the split-year 1985/86 25445, trawlings have been 

registered in a database. The LFD (Length Frequency Distribution) of four 

abundant species are also available from 1979/80 to 1985/86. These species 

are Champsocephalus gunnari, Notothenia squamifrons, N. rossi and 

Dissostichus eleginoides and they represent about 99% of the total catches. 

Some data can be presented using figures and tables. In the 

interpretation of the results however, one should take into account that 

the fisheries are controlled. 

The frequency of the trawlers in the area (Figure 1) illustrates 

the fishing effort during the year. During spring and summer the fishing 

effort is greatest due to better meteorological conditions and maximal 

concentration of fishes. 

The geographical position of the fishing effort is represented in 

an artificial map (see Figure 2) where the total trawl number is plotted 

for a certain period of time. Two such periods are shown. During the 

first period, the main fishing effort occurs in the Southern, South-Eastern 

part of the shelf (see Figure 8). The effort extends from the South to the 

North-East of the shelf and also to a neighbouring bank (S-W) during the 

second period. 

The same analysis, but on a seasonal base, is given in Figures 3 

to 5. The period extends from winter 1984 to summer 1986. The analysis as 

a whole indicates that some sectors (principally N/E, S/E, S sectors and 

secondarily the Wand S/W bank) must be considered as the main fishing 

grounds of the area. 
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The monthly total catches, catches per species, fishing effort and 

CPUE (Catch Per Unit Effort) for the whole area are shown in Figures 6 and 

7. Two peaks can be seen in the catches during the summers of 1982/83 and 

1985/86. They are related to the high level of C. gunnari catches. 

The presence of N. rossii in the total catches has decreased 

yearly. Conservation measures established for this species have been in 

force for several years. In recent years, catches of N. squamifrons have 

never been high (except during the summer of 1980) but have been relatively 

constant. The catching period was restricted to the summer. Finally, 

D. eleginoides constitutes an important part of the catches during the 

1984/85 season as a result of the discovery of a new deep fishing ground. 

The species did not support the fishing effort and subsequent catches in 

the same sector remained low. 

Annual abundance of each species in the total catches is listed in 

Table 1. Two measures of fishing effort are given (number of trawls and 

hours fished). The results for the CPUE are comparable even when the CPUE 

in tonnes/hour is considered as the best measure of fishing effort. The 

highest yield occurred during the season 1985/86 (4.69 t/h) but the 1982/83 

value was also good (4.57 t/h) due to the good catches of C. gunnari. It 

is also clear that when this species does not occur or when it is less 

abundant, the total value for the CPUE is low (e.g. 1.51 t/h during 

1983/84). 

The database allows analysis of catches and fishing effort within 

geographical sectors. The Kerguelen Islands EEZ has been divided into 9 

sectors. This provides the possibility to study the seasonal distribution 

of the species and to follow the variations in catches, fishing effort and 

CPUE. In addition, four depth ranges have been selected for analysing the 

bathymetric distribution of the species. The following results were 

obtained : 

The first depth range (050-149 m) is not a major fishing area. 

Three sectors of the shelf are important 2, 3 and 4. 
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One species is dominant in each sector 

• main sector for C. gunnari : 2 

secondary sector 8 and 1 

main depth range 150-249 m in the sector 2 

250-349 m in the sector 8 

• main sector for N. rossii : 3 

regular in sector 8 

main depth range : 250-349 m and 250-600 m during the winter 

• main sector for N. squamifrons 4 

secondary sector 

main depth range 

3 

250-349 m. 

Recent discovery of the D. eleginoides fishing grounds 

indicates : 

• main sector for D. eleginoides 6 

secondary sector 

main depth range 

5 

350-600 m. 

A1lopatry of the species in the depth ranges (except between 

N. rossii and N. squamifrons in the sectors 3 and 4 during the 

winter, due to the three month analysis). 

CPUE are representative in the studies of abundance if the main 

sector of distribution and the depth range are taken into 

account for each species. The season is also important. 

The analysis would be incomplete if the LFD were not available. 

The LFD for N. rossii has already been presented and now we can supply the 

LFD for the two other important species. 

The analysis of LFD for C. gunnari contains an important amount of 

information even in the absence of data for the period 1970/79. The 

cohorts (Figure 9 can be easily followed using the integration method). 

This is very useful as age determination with oto1iths is difficult. We 

have obtained the following data : 
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Two cohorts (1979 and 1982) are dominant during the period 

1979/1986, taking into account the level of corresponding 

catches. These cohorts are exploited in the North/eastern part 

of the shelf. 

The cohorts 1978 and 1981 have been found outside the shelf and 

do not mix with those previously mentioned. 

In terms of abundance, it is necessary to modify the value of 

CPUE if the same cohort is followed. 

The length at first maturity is 25 cm. This value is important 

to consider when the catches are relative to only one age group. 

The LFD and ageing of N. squamifrons are illustrated in Figure 10. 

It is evident that only a part of the population is exploited because no 

fish under 23 cm were caught. A decrease of the mean length is obvious. 

The actual mean length is less than the length at first maturity. The 

values of CPUE do not reflect a decrease of the population which is 

exploited at a low level. 



Split 
year 

1979 
1980 

1980 
1981 

1981 
1982 

1982 
1983 

1983 
1984 

1984 
1985 

1985 
1986 

Table 1. 

C. 
gunnari 

(347)* 
1631 

1095 

'16048 

25851 

7127 

8265 

17054 

N. N. 
squamifrons rossii 

(4451)* 
11308 

6287 

4051 

1815 

3794 

7408 

2464 

(175)* 
1752 

7927 

9792 

1823 

744 

1704 

801 

D. 
eleginoides 

(59) * 
159 

43 

124 

130 

147 

6673 

459 

others 

(8)* 
18 

59 

7 

29 

618 

12 

2 

Fishing effort 
trawls 

(CPUE) 

1429 
(5.00) 

4011 
(3.84) 

5249 
(5.72) 

3957 
(7.49) 

3278 
(3.79) 

4844 
(4.97) 

2686 
(7.74) 

hours 

2435 
(2.94) 

5682 
(2.71) 

8680 
(3.46) 

6485 
(4.57) 

8231 
(1. 51) 

7146 
(3.37) 

4435 
(4.69) 

* partial data corresponding to the fishing effort & used for the CPUE 

Catches per species from split-year 1979/80 to 1985/86. Values of the total fishing 

effort (number of trawl~ i~d hours fished) are represented. The corresponding CPUE 

is in brackets. Kerguelen Islands EEZ. 

'7, 

N 
1.0 
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Table 2. Seasonal fishing effort (trawling hours) and corresponding 

catches (tonnes) per species (C. gunnari, N. ·squamifrons, 

N. rossii, D. eleginoides respectively) in four depth 

ranges for sectors of the Kerguelen EEZ (see Figure 8). 
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Distribution of the fishing effort in the Kerguelen Island EEZ 

during the period 1979-80/1985/86. 
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Position of the trawl on the Kerguelen Shelf and surrounding 

banks for two periods. 
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Figures 3, 

4 and 5 

Seasonal position of the trawl on the Kerguelen shelf and 

surrounding banks from winter 1984 to summer 1986. 
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Fig. 4 
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Fig. 5 
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Total catches, fishing effort and CPUE in the Kerguelen 

Islands EEZ from 1979 to 1986. 
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Figure 7 Catches per species in the Kerguelen Islands EEZ from 1979 to 

1986. 
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Figure 9 LFD of C. gunnari in the Kerguelen EEZ from 1979 to 1986. The 

growth of the cohorts is represented using lines. The shaded 

distributions are scientific samples. 
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Figure 10 
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LFD and ageing of N. squamifrons from the southern part of the 

Kerguelen Shelf (summer distributions) for the period 1980-86. 
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CmfCOK Ta6mu,{ 

YJJOB rro BUAaM 3a KaJKAbIH 

1985/86. ~aHhl 3HaqeHUH 

pa36uThlH rOA C 1979/80 rro 

06II(ux rrpOMhlCJJOBbIX YCUJJUH 

(KOJJUqeCTBO TpaJJeHUH U rrpOAOJJJKUTeJJbHOCTb rrpOMbICJJa B 

qacax) • B cK06Kax 3Ha qeHUH COOTBeTCTBYIOII(erO CPUE. 

3KOHOMUqeCKaH 30Ha O-BOB KepreJJeH. 

Ta6JJuI.(a 2 Ce30HHbIe rrpOMbICJJOBbIe YCUJJUH (B qacax TpaJJeHuH) U 

COOTBeTCTBYIOII(Ue HM BhlJJOBbI (B TOHHax) rro BugaM (~ 

qunnari. N. sguamifrons. N. rossii. D. eleginoides 

cooTBeTcTBeHHo) rro qeTbIpeM rJJy6uHHbIM 30HaM B ceKTopax 

3KOHOMUqeCKOH 30HbI O-BOB KepreJJeH (CM. PHCYHOK 8). 

CrrUCOK pUCYHKOB 

PUCYHOK 1 PacrrpeAeJJeHUe BeJJUqUH rrpOMbICJJOBbIX YCUJJUH B 

3KOHOMUqeCKOH 30He O-BOB KepreJJeH B rrepuoA C 1979/80 

rro 1985/86 r.r. 

PUCYHOK 2 MeCTOrrOJJOJKeHUe TpaJJeHUH B paHoHe KepreJJeHCKOro meJJ bcpa 

U 6JJU3JJeJKaII(Ux OTMeJJeH 3a ABa rrepuoAa. 

PUCYHKU 3, Ce30HHbIe MeCTOrrOJJOJKeHUH TpaJJeHUH B paHoHe KepreJJeHCKOro 

4 U 5 meJJbcf>a U 6JJU3JJeJKaII(Ux OTMeJJeH B rrepuog C 3UMbI 1984 r. 

rro JJeTO 1986 r. 

PUCYHOK 6 06II(UH YJJOB, rrpOMbICJJOBble YCUJJUH U CPUE . B 

3KOHOMUQeCKOH 30He O-BOB KepreJJeH C 1979 rro 1986 r. 

PHCYHOK 7 YJJOBbI rro BUAaM B 3KOHOMUqeCKOH 30He O-BOB KepreJJeH C 

1979 rro 1986 r. 
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PHCYHOK 8. ITpoMhlcnoBhle ceKTopa 3KOHOMHqeCKOH 30Hhl O-BOB KepreneH. 

IToKa3aHhl TeppHTopHan bHhle BOAbI H rpaHJH{a MeJKAY 

~paHqY3CKOH H aBCTpanHHCKOH 30HaMH. 

PHCYHOK 9 PacnpeAeneHHe no 

3KOHOMHQeCKOH 30He 

Pa3BHTHe KoropT 

QaCTOTe AnHHbI 

O-BOB KepreneH C 

c. 
1979 

qunnari B 

no 1986 r. 

npeACTaBneHO 

3aWTpHXOBaHHhle YQaCTKU Ha 

HaYQHhle Bhl60pKU. 

PHCYHOK 10 PacnpeAeneHue no QaCTOTe AJIHHbl 

3anaca N. sguamif rons JO)R:HOH 

wen~a (JIeTHee pacnpeAeneHHe) 

1986 r. 

cnnOWHblMH nHHHHMU. 

U B03pacTHoH COCTaB 

QaCTH KepreJIeHCKOro 

3a nepHoA C 1980 no 
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WG-CFSA-86/10 

DISTRIBUTION AND RELATIVE ABUNDANCE OF JUVENILE ICEFISH (CHAMPSOCEPHALUS 
GUNNARI) FROM A TRAWL SURVEY OF THE SOUTH GEORGIA SHELF IN JUNE-JULY 1985 

V.A. Boronin, G.P. Zakharov, V.P. Shopov 
(U.S.S.R.) 

Abstract 

A trawl survey of the distribution and relative 
abundance of juvenile icefish (Chamsocephalus gunnari) 
in South Georgia waters was carried out in June-July 
1985. Shelf and slope areas extending from the 
12 Nautical mile protected zone around South Georgia to 
the 500 m isobath were sampled with a specially designed 
juvenile trawl of 13.6 m. The size range of juvenile 
icefish collected was 82-146 mm. Catches were the 
highest in the west, south and south-east shelf areas 
and the greatest abundance was found in shallow waters 
of 100-200 m depth. A typical pattern of diurnal 
vertical migration of fish was observed. To obtain a 
more complete data set, it is recommended that future 
surveys should cover shallower water areas, including 
areas within the 12 Nmile zone. 

REPARTITION ET ABONDANCE RELATIVE DES POISSONS DES GLACES 
(CHAMPSOCEPHALUS GUNNARI) JUVENILES A PARTIR D' UNE ETUDE AU CHALUT 
SUR LE PLATEAU DE LA GEORGIE DU SUD EN JUIN-JUILLET 1985 

V.A. Boronin, G.P. Zakharov, V.P. Shopov 
(U.R.S.S.> 

Une etude au chalut sur la repartition et l' abondance 
relative des poissons des glaces (Champsocephalus 
qunnari> juveniles a ete menee en Georgie du sud en 
juin-juillet 1985. Des echantillons ont ete preleves 
dans des zones de plateau et de pentes s'etendant de la 
zone protegee de 12 milles mar ins au large de la Georgie 
du Sud jusqu'a l'isobathe de 500 m au moyen d'un chalut 
de 13,6 m specialement conc;u pour capturer les 
juveniles. Les jeunes poissons des glaces captures 
mesuraient entre 82 et 146 mm. C'est dans les zones 
ouest, sud et sud-est du plateau que les prises ont ete 
les plus importantes et la plus grande abondance de 
poissons se trouvai t dans les eaux peu profondes entre 
100 et 200 metres. Un modele typique de migration 
verticale diurne des poissons a ete observe. Pour 
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obtenir une ser~e de donnees plus complete, il est 
recommande que les etudes ulterieures soient menees dans 
les zones d t eaux moins profondes, y compris celles qui 
se trouvent dans la zone de 12 milles marins. 

DISTRIBUCION Y ABUNDANCIA RELATIVA DEL PEZ DE HIELO JUVENIL 
(CHAMPSOCEPHALUS GUNNARI) SEGUN UNA PROSPECCION DE ARRASTRE EN LA 
PLATAFORMA DE GEORGIA DEL SUR EN JUNIO-JULIO DE 1985 

V.A. Boronin, G.P. Zakharov, V.P. Shopov 
(U.R.S.S. ) 

Resumen 

Una prospeccion de arrastre de la distribucion y 
abundancia relativa del pez de hielo juvenil 
(Champsocephalus qunnari) en las aguas de Georgia del 
Sur se llevo a cabo en junio-julio de 1985. Las areas 
de la plataforma y de pendiente que se extienden desde 
la zona protegida de 12 millas nauticas alrededor de 
Georgia del Sur hasta las isobatas de 500 m, fueron 
muestreadas con una red especialmente disenada para 
arrastre de peces juveniles de 13.6 m. La fluctuacion 
de tamanos de los peces de hielo juveniles recolectados 
fue de 82-146 mm. Las mayores capturas fueron en el 
oeste, al sur y sureste de las areas de la plataforma, y 
la mayor abundancia fue encontrada en aguas poco 
profundas de 100 a 200 m de profundidad. Se observe un 
modelo tipico de migracion diurna vertical de peces. 
Para obtener un conjunto de datos mas completo, se 
recomienda que las prospecciones futuras deberian cubrir 
areas de aguas menos profundas, incluyendo areas dentro 
de la zona de las 12 millas nauticas. 

* * * * * * * * * * 
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PACnpE~EnEHME M OTHOCMTEnbHA~ qMC~EHHOCTb MO~O~M EEnOKPOBHOH 
PWEl;(CHAMPSOCEPHALUS GUNNARI) ITO PE3Y~bTATAM TP~OBhlX CnEMOK 
B illEnb~OBb~ BO~X ID~HOH fEOPfMM B MIDHE-MIDnE 1985 f. 

B.A.EopOHHH, f.IT.3axapoB. B.IT.illorroB 
(CCCP) 

Pe3IOMe 

TpanOBoe o6cneAoBaHHe pacrrpeAeneHHR H 
OTHocHTenbHoH qHCneHHOCTH MonoAH 6enoKpoBHOH 
PbI6bI ( Champsocepha Ius qunnari) B BOAax KmmoH 
feoprHH rrpoBoAHnocb B HIDHe-HIDne 1985 r. B 
paifoHax II1en bcpa H CKnOHa, BbIcTyrraKlU\HX 3a 
rrpeAenbI OXpaH5IeMOH 12 -MHn bHOH 30HbI BOKpyr 
KmmoH feoprHH AO SOO-MeTpoBoH H306aTbI, 6panHcb 
rrpo6bI TpanoM pa3MepoM B 13,6 M, Crre~HanbHO 
CKOHCTpYHpOBaHHbIM AJI5I nOBJIH MonoAH. Pa3MepbI 
BbfnOBneHHbIX MonoAblX OC06eH 6enOKpOBHOH PbI6bI 
6bfnH B rrpeAeJIax 82-146 MM. HaH6onbII1He YJIOBbI 
6bIJIH B351TbI B 3arraAHoM, }())KHOM H IDfO-BOCTOqHOM 
yqaCTKaX II1enbcpa, a HaH6oJIbII1a51 qHCneHHOCTb 6bfna 
06HapYJKeHa Ha MenKOBOAhe I'JIy6HHOH B 100-200 M. 
Ha6nIDAanach THIIHqHa51 KapTHHa AHeBHoH 
BepTHKaJI bHOH MHrpa~HH PbI6bI. ~n51 nOJIyqeHHR 
60nee nonHoro Ha60pa AaHHbIx peKoMeHAyeTC5I, 
qTo6bl B 6YAYIl\eM C'beMKH npOBOAHJIHCh Ha 
MenKOBOAHbIX yqaCTKaX, BKnIDqaR yqaCTKH BHYTPH 
12-MHJIhHOH 30HbI. 

* * * * * * * * * * 
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DISTRIBUTION AND RELATIVE ABUNDANCE OF 

JUVENILE ICEFISH (CHAMPSOCEPHALUS GUNNARI) 

FROM A TRAWL SURVEY OF THE 

SOUTH GEORGIA SHELF IN JUNE-JULY 1985 

Mackerel icefish is one of the major fish species in the waters of 

South Georgia. The first survey of distribution and abundance of juvenile 

(O-group) mackerel icefish was conducted by AtlantNIRO in 1985. 

MATERIALS AND METHODS 

A trawl survey was conducted from 28 June to 13 July 1985. The 

South Georgian shelf and slope area was divided into 28 zones (strata) with 

depth ranges of 100-200 m, 200-300 m and 300-500 m. Tow numbers in each 

stratum* were defined proportionally to the stratum area (approximately one 

tow per 100 square miles) but not less than two. During the survey the 

Soviet 13.6 m Juvenile Trawl (designed in AtlantNIRO) was employed. This 

trawl is made of kapron fibre netting with 20-45 mm mesh size with an 

inside liner of 5 mm mesh size inserted into the codend. The horizontal 

opening of the trawl was 8 m; the vertical opening was 6 m. The area 

covered in 30 minutes was 0.004416 square miles. Fishing operations were 

made on a 24 hour basis; stations were chosen randomly within the following 

depth zones: near-bottom (2-5 m off the sea-bed), mid-Water and near 

surface. The duration of each haul was 10 minutes at a towing speed of 3.5 

knots. An echo depth-sounder was attached to the headline for monitoring 

and controlling the trawl movement at different depths. 

The shelf and slope area between the 12 Nmile protected zone and 

500-m isobath was sampled by trawls. 75 hauls were made and a 24 hour 

station at one location was sampled with 16 tows. 

* the term "stratum" refers to the shelf zone of approximately the same 
depth 
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Juvenile mackerel icefish abundance indices were calculated by the 

formula 

where Yh mean (in numbers) in h stratum 

Nh h stratum area 

N total strata area 

Y abundance index 
st 

This formula was used to calculate abundance indices of mackerel 

icefish both for different depth zones and for the survey as a whole. 

Juveniles of 82 to 146 mm length, corresponding to the age of one 

year (O-group), were used for the calculation of abundance indices. 

Catchability was assumed to be 1. 

SPATIAL DISTRIBUTION OF JUVENILES 

The largest catches of juvenile mackerel icefish were taken in the 

west, south and south-east shelf areas. Minimum catches were made to the 

north of the island where juveniles were usually absent from the catches. 

Juvenile mackerel icefish were dominant at 150-200 m depth. In areas 

deeper than 300 m, juveniles occurred only as occasional individuals 

(Table 1). 

VERTICAL DISTRIBUTION OF JUVENILE MACKEREL ICEFISH 

The upper limit of the vertical distribution of juvenile fish was 

determined from a haul of the fishery midwater trawl with small-meshed 

inside liner in the depth range of 0-50 m during night-time. 1600 juvenile 

mackerel icefish were caught in one hour. A similar haul of a bottom trawl 

with the same inside liner in the cod-end indicated the occurrence of 

juvenile fish up to a depth of 500 m. 
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A 24-hour station of 16 hauls was conducted to study vertical 

distribution of the juvenile mackerel icefish at one station in a depth of 

245-270 m, where the juvenile distribution was determined in the upper, 

middle and near-bottom layers. Juveniles appeared to concentrate near the 

bottom during the day-time. Juvenile mackerel icefish rarely occurred in 

the middle and surface layers during the 24-hour period. 

The day-time catches of juvenile fish were in general 8.5 times 

higher than those at night. This fact in part reflects the different 

juvenile aggregation patterns during the day-time. 

It is suggested that juvenile mackerel icefish undergo diurnal 

vertical migrations, i.e. fish descend and aggregate near the bottom during 

day-time and rise into the middle and surface layers and scatter at night. 

SIZE COMPOSITION OF JUVENILE MACKEREL ICEFISH 

The length of O-group mackerel icefish in the Juvenile Trawl 

catches ranged from 82 to 146 mm. 

Differences in juvenile size composition occurred both between the 

various shelf areas and between depth zones. Fish length was lower at 

depths less than 170 m than deeper. 

ABUNDANCE OF JUVENILE FISH 

The highest abundance of juvenile mackerel icefish in any catch was 

11097 specimens in one haul. According to the results of two surveys the 

lowest abundance index (0.87) occurred in a depth range of 301-500 m. The 

highest juvenile abundance index of 553.2 specimens on the average were 

found at shallow depths of 100-200 m (Table 2). 

The accuracy of the abundance indices for juvenile mackerel icefish 

is indicated by the variance coefficient of 38%. 
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Thus the 1985 results on distribution and relative abundance of 

juvenile mackerel icefish in the South Georgia area indicate the 

association of the bulk of juvenile population with the shallow water part 

of the shelf in the 12 Nmile near-shore zone. 

The results of a survey conducted in the area from the shore to the 

SOO-metre isobath would provide more complete data on the distribution and 

abundance of the juvenile mackerel icefish. 



Table 1 

Depth 
m 

120-175 

176-225 

226-275 

276-325 

326-375 

376-425 

426-475 

Table 2 
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Juvenile mackerel icefish catches in relation to depth 

(June-July 1985 trawl survey) 

Total Mean catch 
Tow catch in 

numbers numbers in numbers 

29 23556 812.2 

18 1928 107.1 

16 183 11.4 

13 482 37.0 

- - -
4 0 0 

1 6 6.0 

Abundance indices for juvenile mackerel icefish 

in the South Georgia shelf area in June-July 1985 

Abundance indices 

Depth range (m) 

per tow 

in % 

83.5 

10.9 

1.2 

3.8 

-
0 

0.6 

Total Survey 

100-200 201-300 301-500 

577.1 + 235.2 23.1 + 1. 0 0.87 + 0.69 235.6 + 91.3 - - - -
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CrmCOK Ta6mHJ; 

Ta6nH~a 1 YnoBhl MonoAH 6enoKpoBHOH CKYM6pHH B 3aBHCHMOCTH OT 

rJIy6HHbI (TpanoBaH C'beMKa, HIOH b-HIOJI b 1985 1'.) 

Ta6nH~a 2 nOKa3aTenH tIHCJIeHHOCTH MonOAH 6enoKpoBHOH CKYM6pHH B 

paHoHe men h4>a o. IOJKHaH reoprHH B HJOHe-HIOJIe 1985 r. 
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SC-CAMLR-V/BG/28 

PRELIMINARY REPORT ON BIOLOGICAL OBSERVATIONS AND EXPLORATORY FISHING 
DATA COLLECTED IN THE SOUTH GEORGIA AREA DURING THE 1985/1986 CRUISE OF 
MT CARINA 

K. Kreft, J. Szynaka 
Poland 

Abstract 

A fish survey in South Georgia waters was undertaken 
from November 1985 to January 1986 as a part of the 
on-going fish stock monitoring program conducted by the 
Sea Fisheries Institute, Gdynia. Codends of two mesh 
sizes (47 and 60 mm) were used with a bottom trawl of 
32 m headrope. Catch data were collected "in 249 hauls 
using 60 mm mesh size outside the 12 nautical mile 
protected zone around South Georgia. Sampling tows, 
including some tows inside the 12 Nm zone, were made 
with 47 mm mesh size codends. Fifty six fish samples 
were taken for biological analysis. Random length 
measurements and detailed biological analyses were made 
of five species : Champsocephalus gunnari, 
Chaenocephalus aceratus, Pseudochaenichthys georgianus, 
Notothenia gibberifrons and N. rossii marmorata. Scal~s 

and otoliths were also collected for age determinations. 
The total catch with 60 mm mesh size codends was 1305.4 
tons with a mean CPUE of 1822 kg/hour. C. gunnari 
comprised the bulk of the catch (62.5%), C. aceratus, 
P. georgianus and N. gibberifrons, 7.5 to 14% while 
N. rossii and D. eleginoides were present only as 
by-catch. In sampling catches two length groups of 
C. gunnari were found with modes of 18 and 28 cm. The 
length range of C. aceratus was 25-72 cm. P. georgianus 
was represented by three length groups : 20-24, 32-41 
and 42-56 cm. N. gibberifrons was also represented by 
three length groups: 7-22/23, 22-31 and 31-49 cm. 
Weight/length ratios were calculated for all five 
species. The fish in samples were at maturity stages 11 
to V with the majority at stage Ill. Feeding intensity 
was rather low for all species at the beginning of 
cruise. A rapid increase in feeding intensity of 
c. gunnari was observed between the second and third 
10-day periods in December, while for P. georgianus and 
C. aceratus it remained low throughout the whole cruise. 
Some comparisons of the observed parameters were drawn 
between this and previous seasons. 

* * * * * * * * * * 
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RAPPORT PRELIMINAIRE SUR LES OBSERVATIONS BIOLOGIQUES ET LES DONNEES 
DE PECHE EXPLORATOIRE RELEVEES DANS LA ZONE DE LA GEORGIE DU SUD 
PENDANT L'EXPEDITION DE 1985/1986 DU CHALUTIER CARINA 

K. Kreft, J. Szynaka 
Pologne 

Une etude sur des poissons a ete entreprise en Georgie 
du SUd de novembre 1985 a janvier 1986 dans le cadre du 
programme continu de contro1e des stocks de poissons 
mene par l' Institut de la Peche Maritime, Gdynis. Des 
rabans de cuI de maillage de deux tallIes (47 et 60 mm) 
ont ete utilises avec un chalut de fond de 32 metres. 
Des donnees de prise ont ete relevees au cours de 249 
traits a l'aide d'un maillage de 60 mm en dehors de la 
zone protegee de 12 milles marins au large de la Georgie 
du Sud. Des traits d' echantillonnage, y compris 
que1ques-uns effectues a l'interieur de la zone de 12 
milles mar ins ont ete realises au moyen de rabans de cuI 
d' un maillage de 47 mm. Cinquante-six echantillons de 
poissons ont ete preleves pour analyse biologique. Des 
mesures de longueur de cinq especes, Champsocephalus 
qunnari, Chaenocephalus aceratus, Pseudochaenichthys 
qeorqianus, Notothenia qibberifrons et N. rossii 
marmorata. ont ete prises au hasard et des analyses 
biologiques ont ete realisees en detail sur ces 
especes. Des ecailles et des otolithes ont ega1ement 
ete prelevees pour determiner l'age des poissons. La 
prise totale au moyen de maillages de 60 mm etait de 
1.305,4 tonnes avec une PUE moyenne de 1822 kg/heure. 
C. qunnari etait l'espece dominante de la prise (62,5%), 
C. aceratus, P. qeorqlanus et N. qibberifrons, 7,5 a 14% 
alors que N. rossii et D. eleqinoides etaient presents 
seulement en tant que prises secondaires. Dans les 
prises d' echantillonnage, deux categories de longueurs 
de C. qunnari ont ete decouvertes avec des modes de 18 
et 28 cm. La gamme de longueurs de C. aceratus etait de 
25 a 72 cm. P. qeorqianus eta it represente par trois 
categories de longueurs: 20-24, 32-41 et 42-56 cm. ~ I 

qibberifrons etait egalement represente par trois' 
categories de longueurs: 7-22/23, 22-31 et 31~49 cm. La 
relation poids/longueur a ete calculee pour toutes les 
cinq especes. Les poissons des echantillons avaient 
atteint les stades 11 a V de la maturite et la majorite 
d' entre eux en etaient au stade Ill. On a enregistre 
une intensite alimentaire assez faible pour toutes les 
especes au debut de l'expedition. Une ha us se rapide de 
l'intensite alimentaire de C. qunnarl a ete observee 
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entre la seconde et la troisieme periode de 10 jours en 
decembre, alors que pour P. qeorqianus et C. aceratus, 
on a enregistre une intensite alimentaire assez faible 
pendant toute la periode de I 'expedition. Quelques 
comparaisons des parametres observes ont pu etre 
effectuees entre cette saison et la precedente. 

INFORME PRELIMINAR DE OBSERVACIONES BIOLOGICAS Y DATOS DE 
EXPLORACION PESQUERA RECOPILADOS EN EL AREA DE GEORGIA DEL SUR 
DURANTE EL CRUCERO DEL MT C~~INA EN 1985/1986 

K. Kreft, J. Szynaka 
Polonia 

Resumen 

Se realizo una prospecclon de peces en las aguas de 
Georgia del Sur de noviembre 1985 a enero 1986 como 
parte del programa continuo de control de la poblacion 
pesquera realizado por el Instituto de pesquerias 
Marinas, Gdynia. Se utilizaron coronas de dos tamafios 
de malla (47 mm y 60 mm) con un arrastre de fondo de 
32 m. Se recopilaron datos de captura en 249 arrastres 
utilizando luz de malla de 60 mm fuera de la zona 
protegida de 12 millas nauticas alrededor de Georgia del 
Sur. Se realizaron arrastres de muestreo, incluyendo 
algunos arrastres dentro de la zona de 12 millas 
nauticas con coronas de arrastre de luz de malla de 
47 mm. Se tomaron cincuenta y se is muestras de peces 
para analisis biologicos. Se realizaron mediciones de 
tamafio al azar y analisis biologicos detallados de cinco 
especies: Champsocephalus qunnari, Chaenocephalus 
aceratus, Pseudochaenichthys qeorqianus, Notothenia 
qibberifrons and N. rossii marmorata. Se recolectaron 
tambien escamas y otolitos para determinacion de 
edades. La captura total con coronas de luz de malla de 
60 mm fue de 1305.4 toneladas con un CPUE promedio de 
1822 kls/hora. La mayor parte de la captura estaba 
compuesta por C. qunnari (62.5%), C. aceratus, 
P. qeorqianus y N. qibberifrons, 7.5% a 14%, mientras 
que N. rossii y D. eleqinoides estuvieron presentes solo 
como pesca accidental. En capturas de muestreo se 
encontraron dos grupos de tamafio de C. qunnari con 
modos de 18 y 28 cm. El rango de tamafio de C. aceratus 
fue de 25-72 cm. P. qeorqianus estuvo representado por 
tres grupos detamafio: 20-24, 32-41 Y 42-56 cm. N. 
qibberifrons tambien estuvo represent ado por tres grupos 
de tamafio: 7-22/23, 22-31 Y 31-49 cm. Se calcularon las 
proporciones peso/tamafio para cad a una de las cinco 
especies. Los peces en las muestras estaban en las 
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etapas de madurez II a V, con la mayoria en la etapa 
Ill. La intensidad de alimentacion era relativamente 
baja para todas las especies al comienzo de. la 
travesia. Se observ~ un rapido aumento en la intensidad 
de . alimentacion de C. gunnari entre el segundo y el 
tercer periodo de 10 dias en diciembre, mientras que 
para P. qeorqianus y c. aceratus est a permanecio baja 
durante toda la travesia. Se obtuvieron algunas 
comparaciones de los parametros observados entre esta 
temporada y temporadas anteriores. 

* * * * * * * * * * 

ITPE,[(BAPYiTEJIbHbIM OTLIET ITO ,[(AHHbIM EYiOJIOrYiqECKYiX HAEJllO.l(EHYil1 
Yi YiCCJIE.l(OBATEJIbCKOrO ITPOMbICJIA, COEPAHHbIM B PA110HE IO)I{HOl1 

rEOpnn1 BO BPEM5I ITJIABAHYi5I T /X "KAPYiHA" 

K.Kpe~T, 11.)I{HHaKa 
(ITOJI hma) 

B CE30HE 1985/86 r. 

Pe3lOMe 

C HOR6pR 1985 r. no RHBaph 1986 r. B Bop;ax 
IDmHOW reoprHH npOBOp;HJIaCh CbeMKa PW6HWX 
3anaCOB, 4TO RBJIReTCR 4aCThID npoAoJI~a~eWCR 
nporpaMMhl MOHHTopHHra 3THX 3anaCOB, npoBop;HMOW 
YiHCTHTYTOM MopCKoro rrpo MbrCJIa B rp;hIHe. 
HCnOJIh30BaJIHCh KYTKH C P;BYMR pa3MepaMH R4eH 
(47 H 60 MM) H p;OHHbrw TpaJI C BepXHew rrop;60pow 
AJIHHOW B 32 M • .l(aHHhre no YJIOBY 6bfJIH c06paHhr BO 
BpeMR 249 TpaJIeHHW TpaJIaMHC R4eew B 60 MM 3a 
rrpep;eJIaMH 12-MHJIhHOW oxpaHReMow 30HW BOKPyr 
IDmHoW feoprHH. ITp06Hhre TpaJIeHHR npOBOp;HJIHC h C 
HCnOJIh30BaHHeM KYTKa C R4eew B 47 MM, BKJIID4aR 
HeCKOJI bKO TpaJIeHHW BHYTPH 12 -MHJI hHOM 30Hhr. .l(JIR 
rrpoBep;eHHR 6Ho~orH4ecKoro aHaJIH3a 6WJIO B3RTO 
rrRT hp;eCRT meCT h np06 phr6. EhfJIH npoBep;eHbr 
Bw60p04Hbre H3MepeHHR AJIHH H nop;p06Hhrw 
6HOJIOrH4eCKHw aHaJIH3 nRTH BHP;0B: 
Chamsocephalus gunnari, Chaenocephalus 
aceratus, Pseudochaenichthys georgianus. 
Notothenia gibberifrons H N. rossii 
marmorata. .l(JIR onpep;eJIeHHR B03pacTa TaK~e 
C06HpaJIHCh 4emYR H OTOJIHTbL 06ru;HW YJIOB KYTKaMH 
C pa3MepoM R4eH B 60 MM COCTaBHJI 1305,4 TOHHhl 
rrpH cpep;Hew BeJIH4HHe CPUE B 1822 Kr /4. 
OCHOBHYID 4aCTh YJIOBa COCTaBHJI BHP; C. gunnari 
(62,5%), C. aceratus, P. georgianus H N. 
gibberifrons - OT 7,5 p;o 14%, B TO BpeMR KaK 

N. rossii H D. eleginoides BXOAHJIH TOJIhKO 
B npHJIOB. B np06HblX YJIOBaX 6hlJlH OTMe4eHbl p;Be 
pa3MepHwe rpynnw C. gunnari 18 H 28 CM. 
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Pa3MepHbIH AHana30H AJIHH Y C. aceratus 6bIJI 

25-72 CM. P. qeorgianus 6bIJI npeACTaSJIeH 

TpeM5I pa3MepHbIMH rpynnaMH: 20-24 CM, 32-41 CM 

H 42-56 CM. N. gibberifrons 6hIJI npeACTaSJIeH 

TaKJKe TpeM5I pa3MepHbIMH rpyrmaMH: 7 -2 2/23 CM, 

22-31 CM H 31-49 CM. EWIU SbIt1HCJIeHhI SeJIHt1HHbI 

OTHOIIIeHH5I BeCa K AJIHHe AJI5I BCeX nYITH SHAOB. 

PhI6a B npo6ax HaXOAHJIaC h Ha CTaAH5IX 

nOJIOB03peJIOCTH OT 11 AO V; 60JIhIIIHHCTBO 

Ha cTaAHH Ill. MHTeHcHBHoCTh nHTaHHH B 

Hat1aJIe nJIaBaHH5I 6hIJIa AOBOJIhHO HH3KOH AJIYI scex 

n5lTH SHAoB. Pe3KHH POCT HHTeHCHBHoCTH nHTaHH5I 

Y C. gunnari 6hfJI 3aMet1eH B KOH~e 

BTopOH-Hat1aJIe TpeTheH AeKaAhf AeKa6p5l, TOfAa 

KaK AJI5I P. georgianus H C. aceratus OHa 

OCTaBaJIaC h HH3KOH B npOAOJIJKeHHe Bcero 

nJIaBaHHYI. ITpoBeAeHo HeCKOJIhKO cpaBHeHHH 

BeJIHt1HH napaMeTpOB, nOJIYt1eHHbIX B 3TOM H 

npeAhfAY~HX ce30Hax. 

,********** 
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PRELIMINARY REPORT ON BIOLOGICAL OBSERVATIONS AND EXPLORATORY 

FISHING DATA COLLECTED IN THE SOUTH GEORGIA AREA 

DURING THE 1985/86 CRUISE OF MT CARINA 

INTRODUCTION 

Since 1976, the Sea Fisheries Institute in Gdynia has conducted 

fish stock monitoring in the South Georgia area by means of exploratory 

vessels or research vessels of the same size and fishing power. In the 

1985/86 season, the trawler Carina, operating on the shelf of South Georgia 

as a scouting vessel, was engaged in an SFI research program. 

Investigations and fishing were carried out from 28 November 1985 to 19 

January 1986 and covered the north-eastern part of the shelf. Permission 

for conducting fishing for scientific research purposes by Carina was 

issued by the Maritime Office in Szczecin in accordance with the CCM1LR 

conservation measures 1/111 and 2/111. 

MATERIALS AND METHODS 

Catch data have been collected from 249 hauls. For biological 

analysis 56 fish samples were taken. Bottom trawls with 32 m head rope and 

two kinds of codend (mesh size 47 and 60 mm) were employed. Sampling tows 

were made using 47 mm mesh. The 60 mm mesh was used on the fishing grounds 

to make c.p.u.e. values comparable with those obtained in previous years. 

The trawler entered 12 Nm zone for sampling purposes exclusively. 

Biological sampling comprised random length measurements and 

detailed biological analyses of five species: Champsocephalus gunnari, 

Chaenocephalus aceratus, Pseudochaenichthys georgianus, Notothenia 

gibberifrons and Notothenia rossii marmorata. The biological analysis of 

samples included : measurements of total length (to the nearest cm below) 

and weight, determination of sex and gonad maturity (according to Maier's 

scale) and degree of stomach fullness on a 5-grade scale (0-4). Scales and 

otoliths were collected for later ageing of fish. 
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Catch data and length composition of catches are presented in this 

report by rectangles 0.5 x 1
0 

(subdivisions of the FAO statistical subarea 

48.3, after Everson, 1984). To retain fishing grounds undivided, hauls 

crossing boundaries of rectangles 56/57 and 61/62 were included to 56 and 

61 respectively (Figure 1). A compensatory factor was introduced to take 

into account proportions between the catch rate of a particular tow and the 

size of a sample., 

RESULTS OF FISHING ACTIVITIES 

Fishing grounds and the location of sampling tows are shown in 

Figure 1. Towing depth ranged from 120 to 300 m. Total catch was 1305.4 

tons (Table 1). The c.p.u.e. in particular decades* (except for 3 days of 

fishing in November) ranged from 1273 to 3642 kg/h, mean in the whole 

period being 1822 kg/h. The best catch rates in the first decade of 

December were attained, when 379.4 tons of fish were caught with mean 

c.p.u.e. of 3642 kg/h. In the remaining decades, catch rates were lower, 

no more than 1800 kg/h. C. gunnari was the predominant species (62.5%). 

The percentage share of C. aceratus, P. georgianus, and N. gibberifrons in 

the total catch fluctuated from 7.5 to 14%. The by-catch consisted of 

N. rossii and D. eleginoides. 

It is not possible to compare the catch results of the MT Carina 

with the catches made in the 1984/85 season. Fishing operations at that 

time started earlier (in October) and ended at the end of 

November/beginning of December because of low c.p.u.e. (Table 11). The 

expected concentrations of C. gunnari did not appear in this period. The 

fleet concentrated its fishing operations on four different species of fish 

(C. aceratus, P. georgianus, N. gibberifrons and N. rossii) within the 

whole shelf area of South Georgia. In the 1983/84 season, as in the 

previous year, the predominance of C. gunnari in catches was observed. 

* "decade" is used here to mean a period of 10 days - Editor 
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Fishing operations concentrated in the same subdivisions (56 and 61, Table 

11) as in the 1985/86 season because the highest yields were attained 

there. The c.p.u.e. for C. gunnari was similar, except that in 1983/84, 

the highest values were noted in subdivision 61 while in the last season 

they were highest in subdivision 56. Next to C. gunnari, c.p.u.e. for 

P. georgianus in the 1983/84 season was also high, something not observed 

during fishing operations of the MT Carina, in which the by-catch of 

C. gunnari consisted of three species with similar shares : C. aceratus, 

P. georgianus and N. gibberifrons. 

LENGTH COMPOSITION 

The total length of C. gunnari ranged from 14 to 46 cm (Figure 2). 

In research catches, two length groups of fish were present: 14-22 cm and 

22-46 cm with the modes of 18 cm and 28 cm, respectively. Fish measured 

during commercial catches belonged mainly to the second length group (84%, 

by number). The length range of C. aceratus was 25-72 cm (Figure 3) with 

total length of 47-65 cm predominating in commercial catches. Length 

distribution of P. georgianus in research catches in subdivision 61 

consisted of three separate length groups: 20-24, 32-41 and 42-56 cm. The 

latter was observed in commercial catches in the same area and north of 

South Georgia in subdivision 55 (Figure 4). There were also three length 

groups in some length distributions of N. gibberifrons caught east of South 

Georgia. The first group comprised specimens with a total length of 

7-22/23 cm, the second 22-31 cm and the third 31-49 cm (Figure 6). The 

last one occurred in commercial catches and in the deep waters of 

subdivisions 55 and 60. N. rossii was present as a by-catch in commercial 

tows in subdivision 61 and in single research hauls in subdivision 62. The 

length-frequency distributions of this species had similar patterns, 

consisting of specimens with lengths of 36/42-69 cm (Figure 5). 

For comparison, unpublished age and length frequency distributions 

of the investigated species in the 1983/84 and 1984/85 seasons are 

presented in Figure 7-11. The bulk of C. gunnari catches in those two 

seasons consisted of the year class of 1980 (Sosinski, unpublished). In 

the catches of the MT Carina made with a 60 mm mesh size trawl, the 
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1 predominance of the same length/age group was observed as in the 1983/84 

season. In the catches of c. aceratus in previous seasons there were more 

young fish (with lengths of 30-45 cm), which were not observed in catches 

made with the 60 mm trawl in 1985/86
2

• The same may be said when analysing 

length distributions for both nototheniids. The length distribution of 

P. georgianus, especially in the last two years, did not undergo 

significant changes. 

1ENGTH-WEIGHT RE1ATIONSHIP 

Specimens collected for the detailed biological anaylsis were 

weighed by length classes. On the basis of mean weights in length classes, 

the relations between weight and length for each species were calculated 

(remarkable sex dimorphism in C. aceratus should be stressed [Figure 12]). 

The following equations are the results of these calculations 

1 

2 

c. gunnari - W 0.00141072 x 13 •433 

P. georgianus W 0.00475029 x 13.17903 

c. aceratus - W 0.000468096 x 13.68063 

- W 0.000679441 x 13.57088 

N. rossii m. W 0.0364521 x 12.74576 

N. gibberifrons - W 0.00302616 x 13.33353 

according to Sosinski (unpublished), in that season, age group III was 
characterized by smaller than usual length of fish, which explains the 
difference in modal lengths between the two seasons. 

length and age composition of C. aceratus from the 1984/85 season is not 
representative of Polish catches of this species (Sosinski, personal 
communication). The presence of juvenile C. aceratus from age groups I 
and 11 was observed in single tows. The bulk of catches of this species 
consisted of fish with lengths of 34-68 cm (Sosinski and Mucha, 
unpublished). 
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MATURATION 

The fish examined in samples were at maturity stages from 11 to V. 

The prevailing number of fish were at maturity stage III (Figure 13). From 

December, an increasing percentage of gonads at stage IV in male specimens 

of C. gunnari was observed. Female gonads of this species were less 

developed, generally at grade 11 and Ill. In contrast, male specimens of 

C. aceratus had their gonads at stages 11 and III but females had some 

gonads developed at grade IV. There was not a big difference in the rate 

of maturation between males and females of P. georgianus. Maturation was 

similar in females although in the third decade of December single 

specimens having ripe stage V gonads appeared in the samples. The process 

of maturation of N. gibberifrons was similar in males and females. Gonads 

of both sexes were mostly at stage 11 and Ill. Maturation of gonads of 

N. rossii m. was observed during the period of the second and third decade 

of December only. Female gonads were mostly at stage 11 and III or 

maturity, whereas males had more developed gonads, at stage III and IV. 

FEEDING 

The feeding intensity of all examined species was rather low at the 

beginning of the cruise (Figure 14). The rapid increase in the feeding 

intensity of c. gunnari was observed between the first and the second 

decade of December. Later, the average degree of their stomach fullness 

stayed at grade 3. Fish stomachs were filled with krill. The feeding 

intensity of two other channichthyids, P. georgianus and C. aceratus 

remained low throughout the whole period of the investigations. Stomachs 

of P. georgianus contained juvenile C. gunnari and krill, while those of 

C. aceratus contained juvenile" C. gunnari only. Average degree of stomach 

fullness of N. gibberifrons at the end of the cruise was much the same as 

that of C. gunnari, although the process of feeding of this species was 

more even and remained close to grade 2. N. gibberifrons fed on benthic 

organisms. In the case of N. rossii only two samples were taken for 

biological analysis, in the second and third decades of December. Average 

degree of stomach fullness was about 1. Stomachs contained mainly krill 

and benthic organisms. 
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Table 1 Catch and effort data, M.T. Carina, South Georgia, 1985/86 
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Dec. I 10 49 104 h 10' 379.4 37.9 3642 )008 250 2 222 1 159 

11 10 45 140 h 30' 178.9 17.9 1273 635 
-..J 

300 76 191 26 1 44 0\ 

III 11 55 172 h 20'- 290.0 26.4 1683 894 294 210 202 32 2 49 

Jan. I 10 50 153 h 35'" 241.7 24.2 1574 975 196 144 167 31 . 61 

11 8 35 109 h2O' 196.2 ·24.5 1795 963 287 248 209 17 5 66 

Total 52 249 716 h 35' 1305.4 

Mean c.p.u.e. 25.1 1822 1138 255 136 195 23 1 74 

Catch.composition /%/ 'i\ 62.4 14.0 7.5 10.7 1.3 0.1 4.0 
7f. 



Species 

Table 2 Catch rates (kg per hour fished) in the Polish commercial 

fishing MT Taurus 1983/84 and 1984/85 in the South Georgia 

area, compared with CPUE values of MT Carina 1985/86 

Subdiv. , ' 55' 56 60 . 61 

Months X XI XII I X XI XII I X XI XII I X XI 
Seasons -, - . 

XII I 

Champsocephalus 1983/84 350 1749 354 246 290 3751 1633 1082 
gunnari 1984/85· 61, 205 42 20 

, 1985/86 120 25 3242 1073 94 525 694 1005 , 
-- ,----- --_._-----_ .. ------, 

Chaenocephalus 1983/84 94 113 511 326 70 20 643 
aceratus 1984/85 '. 138 135 146 371 339 

1985/86 40 95 309 266 55 113 290 237 
._ .. 

62 

X ~I XII, I 

34 76 
,80 

206 144 
11 

--- -.- _ .. ~---.--- -------------- --------------_._--_ .. ---------
Pseudochaenichthys 1983/84 937' 828 438 394 170 33 1378 

georgianus , 1984/85 91 483 191 301 516 303 42 
'1985/86 60 1-52 15 44 17 23 155 240 11 

-----_._-----.. ------:---- ------_ .. _---------- -
Notothenia 1983/84 455 - 72 130 . 195 140 . 21 229 
gibberifrons 1984/85 94 151 150 352 97 518 212 , 

, 1985/86 120 429 231 86 88 38 201 209 69 
- ... ----- ----_.-.--_ .. ---,. . , ,------_._--.- .. _----

Notothenia 1983/84 45 52 399 60 1 
'rossii marmora~a 1984/85 ' ' 289 1146 189 890 235 223 280 

1985/86 , 3 1 31 34 11 
. __ ._ .. _----- -----_ .. _--_ .. -.. ,.,"- . ,-._-_._-------------.. 

1983/84 Dissosticbus 
eleginoides '1984/85 - 2' 1 ' 8 

1985/86 76 
. 1 

---_. --------_ .. ,_._----_. -- ... -. --.------- -.-._ ..... __ ._---_ .....• -.... _-- ----
Miscellaneous 1983/84 

marine 'fishes 1984/85 
62 1985/86' ~ 40 44 148 73 77 38 49 149 
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Figure 2 Length frequency distribution of Champsocephalus gunnari (South 

Georgia, December-January 1985/86). Solid line distributions 

refer to 60 mm mesh size, dashed line is 47 mm mesh size; tin" 

is number of fish measured; number of samples is given in 
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pa3MepOM 47 MM; n - qHCJIO H3MepeHHbIX PbIO; KOJIHqeCTBO 
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PHCYHOK 7 PacnpeAeJIeHHe no qaCTOTe AJIHHbI H 

Champsocephalus gunnari (~Ha5l' reOprH5I', 1983/84 

1985/86 1'.1'.). 

PHCYHOK 8 PacnpeAeJIeHHe no qaCTOTe AJIHHbI U B03pacTa AJI5I' 

Pseudochaenichthys georgianus (~Ha5l' reOprH5I', 

1983/84 - 1985/86 1'.1'.). 
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PHCYHOK 9 PacnpeAeJIeHHe no qaCTOTe AJIHHbI H B03paCTa AJIH 

Chaenocephalus aceratus (IDmHaH feoprHH, 1983/84 

1985/86 1'.1'.) 

PHCYHOK 10 PacnpeAeJIeHHe no 

Notothenia rossii 

- 1985/86 1'.1'.). 

qaCTOTe 

marmorata 

H B03paCTa AJIH 

feoprHH, 1983/84 

PHCYHOK 11 PacnpeAeJIeHHe no qaCTOTe AJIHHbI H B03paCTa AJIH 

Notothenia gibberifrons (IDmHaH feoprHH, 1983/84 

1985/86 1'.1'.). 

PHCYHOK 12 CooTHoUleHHe MeJKAY AJIHHOH H BeCOM Y Notothenia rossii 

marmorata (NOR) , Notothenia gibberifrons (NOG) , 

Champsocephalus gunnari (ANI), Pseudochaenichthys 

georgianus (SGI) H Chaenocephalus aceratus (SSI, 

My)KCKHe H JKeHCKHe OC06H oTAeJIbHo), nOJIyqeHHOe B 

paHoHe IDmHOH feoprHH (AeKa6pb-HHBapb 1985/86 1'.). 

PHCYHOK 13 113MeHeHHH CTeneHH 3peJIOCTH rOHaA PhI6 B HOH6pe-AeKa6pe 

1986 r. (ANI Champsocephalus gunnari. SSI 

Chaenocepha 1 us acera tus, SGI Pseudochaeni chthys 

georgianus, NOG - Notothenia gibberifrons). PHMCKHMH 

l{H<ppaMH I I - V YKa3aHhI CTeneHH 3peJIOCTH no MaHepy. 

PHCYHOK 14 113MeHeHHH CTeneHH HanOJIHeHHH JKeJIYAKa pw6 B HOH6pe

HHBape 1985/86 r. (ANI - Champsocephalus gunnari. SSI 

Chaenocephalus aceratus, SGI Pseudochaenichthys 

georgianus, NOG - Notothenia gibberifrons). 
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SC-CAMLR-V/BG/41 

METHODOLOGY OF DATA COLLECTION ON NET SELECTIVITY AND ACCIDENTAL MORTALITY 
OF FISH PASSING THROUGH THE MESH OF THE COD END 

VNIRO 
(U.S.S.R.) 

Abstract 

This paper contains advice on determining mesh 
selectivity factors for trawl codends using a special 
liner. The design and technical specifications of the 
liner are described. 

It also describes an experiment to determine the 
accidental mortality of fish passing through the trawl 
codend. 

It contains proposals on standardising data collection 
and handling for mesh selectivity studies. 

* * * * * * * * * * 

METHODOLOGIE POUR LA COLLECTE DES DONNEES SUR LA SELECTIVITE 
DU MAILLAGE ET LA MORTALITE ACCIDENTELLE DES POISSONS PASSANT 
A TRAVERS LE MAILLAGE AU CUL DE CHALU~. 

VNIRO 
(U.R.S.S.) 

Ce document presente des avis sur la determination des facteurs 

de selectivite du maillage aux culs de chaluts utilisant un voile 

special. Le modele et les caracteristiques techniques du voile sont 

decrits. 

Le document presente aussi une description d'une experience menee 

pour determiner la mortalite accidentelle des poissons passant a 
travers le cuI de chalut. 

11 contient egalement des propositions sur la standardisation 

de la collecte et traitement des donnees pour les etudes sur la 

selectivite du maillage. 



- 100 -

METODOLOGIA PARA LA RECOPILACION DE DATOS SOBRE SELECTIVIDAD DE 
MALLAS Y MORTALIDAD ACCIDENTAL DE LOS PECES QUE PASAN A TRAVES 
DE LA MALLA DE LA CORONA. 

VNIRO 
(U .R. S. S.) 

Resumen 

Este documento contiene asesoramiento para la 
determinacion de factores de selectividad para coronas de 
arrastre usando un forro especial. Se describe el disefio 
y las especificaciones tecnicas del forro. 

Tambien describe un experimento para determinar la 
mortalidad accidental de los peces que pasan a traves de 
la corona de arrastre. 

contiene asimismo, proposiciones de estandardizacion de 
recopilacion y manejo de datos para estudios de 
selectividad de malla. 

* * * * * * * * * * 

METO.l(OJIOfY15I CEOPA .l(AHHbIX no CEJIEKTI1BHOCTY1 TPAJIOB Y1 TPABMATY1LJECKOfI 
fY1EEJIY1 PbIB, npOIIIE,l(llIY1X CKB03b 5{LJEIO KYTKA 

BHHPO 

(C.C.C.P.) 

Pe3IOMe 

Pa60Ta co~ep~HT peKOMeH~a~HH rro orrpe~eneHHIO 
ceneKTHBHhlX cBoAcTB ceTHoro rronOTHa KYTKa Tpana, C 
Hcrron h30BaHHeM Crre~HaJI hHoro phI6oynoBHTen.sr. 
OrrHchlBeTc.sr KOHCTPYK~H.sr phl6oYJIOBHTen.sr Hero 
TeXHH4eCKHe rrapaMeTphl. 

npHBO~HTC.sr orrHcaHHe 3KcrrepHMeHTa rro orrpe~eneHHro 
TpaBMaTH4eCKoA rH6enH phl6, rrpollie~lliHX CKB03h .sr4ero 
KYTKa Tpana . 

.l(aIOTC.sr peKoMeH~a~HH rro YHH~HKa~HH c60pa H 
o6pa6oTKH ~aHHhlX rrpH rrpoBe~eHHH Hccne~oBaHHi 
CeJIeKTHBHoCTH TpanoB. 
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METO~OTIOrHH CBOPA ~HHhlX ITO CETIEKTHBHOCTH TPATIOB 

H TPABMATH~ECKOn rHBETIH P@B, 

rrpOllE~HX CKB03b ~EID KYTKA TPATIOB 

All-Union Research Institute of Marine Fisheries 
and Oceanography (VNIRO) 
U.S.S.R., Moscow B-140, Verkhnaya Krasnoselskaya, 17. 

OCHAmEHHE TPATIOBOrO MEllKA 

Orrpe~eneHHe ceneKTHBHHX CBOHCTB TpanOBoro KYTKa 

~nH y~ep~aHHH p@6, rrpOllie~HX ~epe3 H~ew, TpanoB@H MelliOK 

OCH~aeTCH MenKo~eHH@M p@6oynoBHTeneM. 

P@6oynoBHTenh COCTOHT H3 BHelliHeH ~aCTH ~nH ynaBnHBaHHH 

p@6, OTceHHH@X H3 MelliKa, H BHYTpeHHeH (pHC. 1) ~nH rrpe~OTBpame

HHH yxo~a p@6 ~epe3 HH~Hrohl rrnaCTh TpanOBoro MellKa. MaTepHan, 

lliar H~eH H pa3Mep@ p@6oynoBHTenH 3aBHCHT OT pa3MepOB H~HeH H 

BepxHeH rrnaCTeH UHnHH~pH~ecKoH ~aCTH TpanOBoro MelliKa H CBH3aH@ 

C HHM COOTHOlleHHHMH, rrpHBegeHHhlMH B Ta6nHue 1. 

BHelliHHH H BHYTpeHHHH ~aCTH p@6oynoBHTenH B@KpaHBaWTCH 

H3 ceTHoro rronOTHa rro ~opMe, rrOKasaHHOH Ha PHC, 1. ITPH gBYXpHg

HOM MelliKe d - ~HaMeTp HHTKH cooTBeTcTBywmHH o~HOpHgHOH ~enH. 

ITepe~ YCTaHoBKoH p@6oynoBHTenH TpanoB@H MelliOK OCBo6o~

~alvT OT MenKo~eHHOH py6aIDKH, OCTanhHaH OCHaCTKa - rro~HnHHH, KyX

THnH, ~apTYKH H ~yrHe ~aCTH - OCTaWTCH 6es HSMeHeHHH. 

BHYTpeHHHH ~aCTh p@6oynoBHTenH BCTaBnHeTCH B UHnHH~pH

~eCKYro ~aCTh MelliKa H rrpHlliHBaeTCH rro BceM ~eTHPeM KPOMKaM K era 

HH~HeH rrnaTH. ITepe~Hhlhl H 3agHhlw KPOMKH STOH ~aCTH gnHHoH h2' 

paBHoH illHpHHe rrnaCTH MellKa, rrpHllHBaWT B ~rYT, a 60KOBHe KPOMKH 

l2 rrpHlliHB~T C paBHoMepHoH yca~KoH, rrOCKonhKY HX gnHHa Ha 0,5 M 

60nhlle gnHHH COOTBeTcTBywmeH KPOMKH rrnaCTH. 

BHelliHhlW ~aCTh p@6oynoBHTenH rrpHlliHBaWT CHapY~H K Bepx

.HeH rrnaCTH UHnHHgpH~ecKOH ~aCTH MelliKa. KpOMKY h
1

, ~~HHa KOTOPOH 

Ha 30~ 60nhllie rrepe~HeH KPOMKH BepxHeH rrnaCTH, rrpHlliHBawT C paB-
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HOMepHofi yca~Kofi, rrOCKOnhKY EX ~nHHa Ha 0,5 M oonhIDe ~HHH 

COOTBeTCTBY1UIItefi KPOMKH rrnaCTH. 

BHeIDHIOIO 'IaCTh pHooynoBHTemI rrpHIDHBaIDT CHapY)KH K BepXHefi 

rrnaCTH UHnHH~pH'IeCKOfi 'IaCTH MeIDKa. KpOMKY h
1

, ~nHHa KOTOpofi Ha 

30% oonhIDe rrepe~Hefi KPOMKH BepxHefi rrnacTH, rrpHIDHBaIOT C paBHO

MepHO~ yca~Kofi. 3aTeM, Ha'IHHaH OT rrepe~Hefi KPOMKH, rrpHlliHBaIOT 

B )KrYT oOKoBHe KPOMKH Ha ~HHY l4' paBHyIO ~HHe BepXHefi rrnaCTH 

MeIDKa. 

BHcTyrraIOIItyIO sa rrpe~enH MelliKa 'IaCTh pHooynoBHTenH Hsro

TOBnmOT B ~opMe UHnHH~pa (MelliKa), ~nH 'Iero ceTHoe rronOTHO C 

KpOMKaMH hl H l2 rrO~BOpa'IHBaIOT BHHSj saTeM KPOMKY hl C paB

HOMepHofi yca~Kofi rrpHlliHBaIOT K KOHueBofi KpOMKe BepXHefi rrnaCTH, 

a KPOMKY l2 coe~HHHIOT IDBOPKOfi B )KrYT C BHcTyrraIOIItell sa rrpe~enH 

MeIDKa ''IaCTbIO KPOMKH ll" 

TIo rrepHMeTpy KOHe'IHofi KPOMKH BHeIDHefi 'IaCTH pHooynoBHTe

nH BHBHSHBaIOT rronYH'IeH, 'Iepes KOTopHe rrporrYCKaIOT ~an ~HaMeTpOM 

10-12 MM (rafiTHH), KOTOPhlM rrepe~ TpaBneHHeM saBHSHBaIOT KYTOK 

pHooynoBHTenH. 

B saBHCHMOCTH OT paSMepa Tpana H BenH'IHHH ynoBa PHOO

ynoBHTenh MO)KHO OCHarrtaTb rrOrrepe'IHHMH rrpe~oxpaHHTenhHHMH rrOHCaMH 

H rrpO~OnhHHMH rrO)KHnHHaMH HS KarrpOHOBoro ~ana ~HaMeTpOM 8-10 MM. 

~orrycKaeTcH rrOCTaHOBKa He oonee ~BYX rrOHCOB H rrO)KHnHH, KOTopHe 

~On)KHH rrpHIDHBaThCH oes yC~KH ceTHoro rronOTHa. 

06IItHfi BH~ TpanOBoro MeIDKa C pHooynoBHTeneM rrOKasaH Ha 

pHc.2. B CBHSH C TeM, 'ITO H'IeH TpanOBoro MeIDKa, HsrOTOBneHHoro 

HS HOBOll ~enH, BHTHrHBaeTCH (sa C'IeT SaTH)KKH ysnoB H OCTaTO'IHOll 

~e~opMaUHH KarrpOHa) , ~O rrepBoro Sa'IeTHOrO TpaneHHH HOBHll Tpano

BHfi MelliOK ~On)KeH rrpOOHTb B 8KcrrnyaTaUHH He MeHee 40 'I. 
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Onpe,IJ;eJIeHHe TpaBMaTH'IeCKOH rH6eJIH phl6,npome,IJ;nm:x 'CI<E'OSbH'qeIO 

KYTKa TpaJIa 

B peSYJIbTaTe npOXO~eHHH 'IepeS H'qeIO HeKOTOpaH 'qaCTb H3 

OTCeHHHhlX KYTKOM PhlO TpaBMllPyeTcH H nOrHOaeT. ITPH HCCJIe,IJ;OBaHHH 

npH'qHH TpaBMaTH'IeCKOH rHOeJIH Phl6, 'IT06hl HCKJIIO'qHTb ,IJ;OnOnHHTeJIb

Hoe TpaBMHpOBaHHe H Y,IJ;ep~aTb PhlO, npOlle,IJ;WHX CKBOSb KYTOK, Hsro

TaBJIHBaIOT MeJIKOH'qeHHhlH nOJIy~ecTKHH KOHTeHHep, KOTOPhlH Ha,IJ;eBa

lOT Ha KYTOK TpaJIa (pHc.3). 

qTOOhl npH,IJ;aTb KOHTeHHepy ~HJIHH,IJ;pH'qeCKYIO ~OPMY, nOCa,IJ;KY 

MeJIKOH'qeHHoro nOJIOTHa ,IJ;enaET SepKaJIbHoH. 

B KOHe'IHYffi 'qaCTb KOHTeHHepa BllHBaIOT KOJIb~O ,IJ;HaMeTpOM 

1,1-1,2 M, no nepHMeTPY KOToporo npHKpenJIHIDT npY~HHHCTh1e saMKH 

HS Hep~aBehlmHX nJIaCTHH. KOHe'qHYIO 'IaCTb KOHTeHHepa saKphlBaIOT 

KPhlillKOH, COCToHmeH HS KOJIb~a 1,1-1,2 M C HaTHHYTOH Ha Hero 

MeJIKOH'IeHHOH ,IJ;eJIbIO. 

ITo nepHMeTPY nepe,IJ;HeH KPOMKH KOHTeHHepa BhlBHShlBaIOT 

nOJIYH'qeH, B KOTophle nponYCKaIOT ~aJI ,IJ;HaMeTpOM 8-10 MM, H K HeMY 

'qepes Ka~hle 25-30 CM nO,IJ;BHShlBaIDT neTJIH HS ~aJIa ,IJ;HaMeTpOM 

5-6 MM. ITo nepHMeTpy KOHYCHOH 'IaCTH KYTKa npHillHBaroT ~an ,IJ;Ha

MeTpOM 5-6 MM, K KOTOPOMY Ha paccToHHHH 25-30 MM nO,IJ;BHShlBaroT 

MeTaJIJIH'IeCKHe KOJIb~a, 'Iepes KOTophle nponycKaIOT pacnycKHhle neT

JIH ,IJ;JIH COe,IJ;HHeHHH KOHTeHHepa C KYTKOM (pHc.4). 

B nepe,IJ;HeH 'qaCTH KOHTeHHepa Ha paccToHHHH 0,5 M OT KpaR 

npH nOMOmH KOJIe~ npHcoe,IJ;HHReTCH CTH~HOH KOHe~. qTOOhl OTCOe,IJ;H

HHTb KOHTeHHep OTKYTKa, HeOOXO,IJ;HMO paspesaTb ~HKCllPYIDmHH KO

He~, nOCJIe 'Iero pacchlnaroTcH neTJIeBhle COe,IJ;HHeHHH, H HS KOHTeH

Hepa BhloHparoT TpaJIOBhlH MellOK. qTOOhl npe,IJ;OTBpaTHTb, Bh1XO,IJ; PhlO, 

npOlle,IJ;llHX CKBOSb H'qehl KYTKa, nepe,IJ;HroIO 'IaCTb KOHTeHHepa saTHrH

BaroT Y,IJ;aBHhlM KOH~OM. 
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B SaBHCHMOCTH OT KOnH~eCTBa OTCeHHH~X p~6 CeTHOH KOH

TeHHep MO~HO OCHaCTHTD ~BYMH nO~HnHHaMH HS KanpOHOBOrO ~ana 

~HaMeTpOM5-6 MM, KOTOpHe rrpHillHBaIDT 6es yca~KH. PaSMep H~eH 

H ~HaMeTp HHTeH CeTHOrO nOnOTHa B KOHTeHHepe TaKHe ~e, KaK B 

pH6oynoBHTene, npHMeHHeMOM npH O~eHKe CeneKTHBH~ CBOHCTB 

TpanOBOrO MeIlIKa. 

CBOP )4AHHbD{ 

06rn;He YKasaHHH 

~aHHHe no Hs6HpaTenDHOCTH TpanOB co6HPaIDT ~nH Ka~oro 

BH~a npo~cnOB~ pH6 npOBe~eHHeM cepHH TpaneHHH. O~Ha cepHH 

COCTOHT HS 10 sa~eTH~ TpaneHHH, npO~O~HTenbHOCTDID 60 MHH 

Ka~oe. 3a~eTHHM C~HTaeTCH 6esaBapHHHoe TpaneHHe C ynoBoM 

He MeHee 100 Kr. ~H K~~orOBH~a npOMHCnOB~X pH6 no Ka~OMY 

cesoHy npOBO~HT O~HY cepHID TpaneHHH. TpaneHHH O~HOH cepHH npo

BO~HT TpanOM O~HOH KOHCTPYK~HH. Kor~a CY~HO B O~HH H TOT ~e 

ceSOH pa60TaeT B paSH~ no~paHOHax H B K~OM no~aHOHe 06naB

nHBaeTCH O~HH H TOT ~e BH~ pH6, TO BO Bcex no~aHOHax npOBO~HT 

O~HY cepHID TpaneHHH. 

~aHHHe no Hs6HpaTenDHOCTH Tpana co6HpaIDT B Cne~YIDrn;eH 

nocne~OBaTenDHOCTH: 

1.· HSMepHIDT BHYTpeHHHH paSMep H~eH B TpanOBOM KYTKe 

(~o H nocne Ka~oro TpaneHHH) ; 

2. BbIIIonHHIDT TpaneHHe; 

3. rrpH TpaneHHH npH nOMOrn;H rrnaHIlIHpHoro nara HSMepHIDT 

CKOPOCTD 6YKCHPOBKH Tpanai 

4. ynoB HS TpanOBoro MeIlIKa BHITHBaeTCH Ha nanyoy, a HS 

pH6oynoBHTenH B OT~enDH~e eMKOCTH (OTropo~eHHHH y~acToK na

ny6~, Hrn;HKH H T.~.) i 

5. oT6HpaIDT npo6H PHO H npOH3BO~HT HX aHanH3i 

6. o6pa6aTHBaIDT nepBH~HHe ~aHHHe H sanonHHIDT KapTO~KH 

ceneKTHBHOCTH TpanOBHX KYTKOB. 
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H~eH B TpanOBOM MeIDKe H3MepRIDT npH nOMO~H npH6opa

~yna (pHc.5). myn npe~CTaBnReT C060H KnHHOB~HYID nnaCTHHY 

TO~HHOH 2 MM, HMeID~YID ~epe3 Ka~~e 2 CM B@COT@ Tpane~OH~anD

H@e H npRMoyronDH@e y~acTKH. Tparre~OH~anDH@e y~acTKH ~yna 

cy~aIDTcR no IDHPHHe Ha 2 CM ~epe3 K~e 8 CM B@COT@. Ha ~yn 

C ~BYX CTOPOH norrepe~H@MH napaJIJIenDH@MH pHCKaMH HaHeceHbI ~e

neHHR, cooTBeTcTBYID~He BHYTpeHHHM pa3MepaM R~eH (B MM). CO 

CTOPOHbI 6onDIDoro OCHOBaHHR ~yrr HMeeT PYKORTKY, co CTOPOHbI Ma

noro - OTBepcTHe ~HaMeTpOM 10 MM ~R rrO~BeIDHBaHHR rPY3a npH 

H3MepeHHRX. B COCTaB KOMrrneKTa H3MepHTenbH@X npH6opoB BXO~RT 

rrRTb ~yrroB pa3HoH IDHPHH@ - OT 0 ~o 145 MM. 

HOMep ~yrra o 1 2 3 4 

,IJ;Hana30H 0-55 65-100 105-145 

H3MepeHHR, MM 30-80 90-1 

BHYTpeHHHH pa3Mep R~eH onpe~enRIDT nocne Ka~oro 3a~eT

Horo TpaneHHR, He n03~Hee ~eM ~epe3 30 MHH nocne nO~beMa Tpana 

npH nonO~HTenbHOH TeMnepaType B03~yxa. ilPH OTpH~aTenDH@X TeM

nepaTypax HCIT@TaHHH BHYTpeHHHH pa3Mep R~eH orrpe~enReTCR no 

qJopMyne: 

B = (1,0 + 0,0075tO)B
1

, 

r~e: B - HCTHHH@H BHYTpeHHHH pa3Mep R~eH, MM, 

to- OTpH~aTenDHaR TeMrrepaTypaBo3~yxa, Co, 

B
1

- pa3Mep R~eH, H3MepeHH@H rrpH oTpH~aTenDHoH TeMITepaType. 

H~eH H3MepRIDT TonbKO B BepxHeH ceneKTHBHOH nnaCTHHe ~H

nHH~pH~ecKoH ~aCTH TpanOBoro MeIDKa no~ p@6oynoBHTeneM RnH KOH

TeHHepoM. ilpoMep rrpOBO~HTCR B p~y, pacnono~eHHoM rrapannenDHo 

rrpo~onbHoH OCH MeIIIKa, OTCTo~eM He MeHee ~eM Ha 1 0 R~e:tl: OTi,mpo

~onDHOH OCH IIIBOB, nO~HnHH H ToneHaHTOB. Bcero H3MepReTcR 30 

R~e:tl:: 10 B Ha~ane, 10 B cepe~HHe H 10 B KOH~e MeIIIKa. ilpH H3Me-
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peHHH ~ByxnpH~H@X ~one~ C HHTbW ~HaMeTpOM 3,1 MM, HS KOTOp~X 

npeHMymecTBeHHo HsrOTOBnHWT TpanOB~e MeillKH, myn BBO~HT B H~ero 

C YCHnHeM 5 Krc. 

ITPH onpe~eneHHH BHYTpeHHero paSMepa ~e~ B o~HonpH~HoM 

ceTHOM nonOTHe HarpYSKa myna YMeHbillaeTCH COOTBeTCTBeHHO E~Boe. 

~qeH npH H3MepeHHH ~on~Ha paCTHrHBaTbCH B HanpaBneHHH illHPHH~ 

ceTHoro nonOTHa (no ~nHHe KYTKa) TaKHM o6pasoM, ~TOO~ HHTH co

ce~HHX Hqe~ OCTaBanHCb COBepilleHHO CBOOO~H~ OT HarpYSKH. ITPH 

OTCqeTe paSMepa H~eH oopa3yromHe ee HHTH ~O~H~ pacnonaraTbCH 

napannenbHO PHCKaM, HaHeceHH~ Ha nOBepXHOCTH myna. PesynbTaT~ 

HSMepeHH~ npH OTpH~aTenbH@x TeMnepaTYpax nocne COOTBeTcTEyromero 

nepeCqeTa 3aHOCHT B KapTO~KY ceneKTHBHOCTH TpanOB. 

B3HTHe npoo 

Maccy nO~MaHHO~ p~o~ o~eHHBaroT no OObeMY ynoBa. Ms yno

Ba Ka~~oro TpaneHHH oepYT ~Be npoo~: y~ep~aHH@x p~o H3 MeillKa H 

OTceHHH~X p~o H3 p~ooynoBHTenH. ITPH ynOBax MeHee 0,5 T BCH p~

oa H3 TpanOBoro MeillKa H~eT Ha aHanH3 (MaCCOB~e 3aMep~). EcnH 

ynoB npeB~aeT 0,5 T, H3 Hero oToHparoT npooy npHMepHO Macco~ 

0,5 T. OopaooTKY nepBo~ H BTOPO~ npoo, HX aHanH3 npOBO~HT OT

~enbHO. AHanorH~H~e npoo~ oepYT npH Hcnonb30BaHHH KOHTe~Hepa. 

M3 npoo OToHParoT p~o Tex B~OB, ~nH KOTOP~X onpe~enHroT 

ceneKTHBHOCTb TpanOB@X KYTKOB H TpaBMaTHqeCKYro rHoenbi OCTanb

HaH p~oa C~HTaeTCH npHnOBOM. OT~eneHH~e OT npHnOBa npo5~ H~YT 

Ha oHonorH~eCKH~ aHanH3. 

BHOnOrHqeCKH~ aHanH3 y~ep~aHH@X HOTceHHH~X ~HB@X H norHoillHX 

p~o 

ITPH aHanH3e onpe~enHIDT ~H3HOnOrHqeCKOe COCTOHHHe H 3KC

TepbepH@e nOKa3aTenH p~o, KOTop~e BnHHIDT Ha y~ep~HBaromHe CBO~

CTBa TpanOB@X KYTKOB. 
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1. MaCCOBHe npOMepH npOMHCnOBOH ~HHH pH6 (L ) npo-np. 
H3BOp,HT OT Ha~ana pHna ~o KOHe~HOH ~aCTH ~emYH~aToro nOKpOBa Ha 

XBOCTOBOM nnaBHHKe. 

2. TIpoMepH 06~eH ~nHHH pH6 (Lo) - OT Ha~ana phlna ~o KOH

~a ny~eH XBOCTOBoro nnaBHHKa. 

3. ~HHY pH6 no CMHTY (L ) H3MepHroT OT Ha~ana pHna ~o s 
pa3BHnKH XBOCTOBoro nnaBHHKa. 

M3 Ka~~oH np06H He06xo~HMO H3MepHTb He MeHee 500 pH6. 

MaKCHManbHHH 06XBaT pH6 npoMepHroT cne~HanbHhlM npH60poM 

(pHc.6), OTperynHPOBaHHhlM Ha 3~aHHYro nOCTOHHHYro HarpY3KY. ~aH

HHe 6HOMeTpH~eCKHX nOKa3aTeneH H 06mero 6HonorH~eCKoro aHanH3a 

3aHOCHT B Ta6nH~H 2 H 3. 

IToKa3aTenH ~nH onpe~eneHHH B03paCTa, nona H CTa~HH 3pe

nOCTH rOHa~, CTeneHH HanonHeHllH ~enY~Ka H ~HPHOCTH npHBO~HTCH 

B npHno~eHHHX. 

Ecnll HaY~HaH rpynna BKnro~aeT ~H3HonoroB, Heooxo~llMO HC

cne~OBaTb H3MeHeHHe co~ep~aHHH nOKa3aTeneH, xapaKTepH3yromllx 

~ll3Hecnoc06HoCTb pH6:'Mon~HoH KHcnoTH, reMorn06HHa B KPOBll, rnH

KoreHa B ne~eHH, KpeaTHHHHa, KpeaTHH~oc~aTa H xonecTepHHa B MH

m~ax. 

~nH 6HOXHMH~eCKHX aHanll30B Hcnonb3yroT pH6, OTceHHHHX 

KYTKOM B nocne~yromHe ~HH HX B~ep~BaHHH. Ha y~eTHoH KapTo~Ke 

He06xo~HMO YKa3aTb MeTo~ onpe~eneHHH Toro linH HHoro nOKa3aTenH. 

TIEPBMqHAH OEPAEOTKA ~AHHhlX M 3ATIOllHEHME KAPTOqKM CEllEKTMBHOCTM 

TPAnA M TPABMATMqECKOfi rMEEITM P~E 

KapTO~KH ceneKTHBHOCTH TpanoBHX KYTKOB H TpaBMaTH~ecKoH 
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rH6enH p~6, npoillegmnx CKB03b ~eID, 3anOnHRIDT oTgenbHo Ha Ka~

goe 3a~eTHoe TpaneHHe. 

KapTO~Ka ceneKTHBHOCTH TpanOB 

,naTa TpaneHHR ------------------ rny 6HHa TpaneHHR, M ________ _ 

BHg p~6~ _____________________ _ CKOPOCTb TpaneHHR, y3nbI ______ __ 

Ha3BaHHR cygHa -------------
BeTep, 6 annbI ____________ _ 

PaHOH, KoopgHHaTbI ________ _ BonHeHHe, 6annbI ------------
rny6HHa MOPR, M TeMnepaTypa,OC ----------
rOpH30HT xoga Tpana ------ B03,IJ;yxa __________________ _ 

THn Tpana -------------
BO~ __________________________ _ 

TpaneHHe ~ 06mHH ynoB, T ------------ ------------
BpeMR Ha~ana TpaneHHR ITpHnoB,T ------ -----------------
ITpogon~HTenbHOcTb TpaneHHR -------------------

3anonHeHHe Ta6nm:~ "3aMep~ R~eH B MeillKe". 3anHc~BaIDT 

gaHHbIe npoMepa R~eH, BbInonHeHH~e nocne TpaneHHR (HcTHHH~e) C 

p~6oynoBHTenRMH H KOHTeHHepoM. HOMep R~eH OTC~HT~BaIDT OT nepeg

HeH ~aCTH MelliKa. HH~e YKa3~BaroT MaTepHan, H3 KOToporo H3rOTOB

neH MelliOK, H HOMep H3MepHTenbHOH nnaCTHH~ (myna). (Ta6n. 4). 

3anonHeHHe Ta6nHD;~ "ITpnnoB II
• ITepe~HcnRIDT OCHOBH~e BHgbI 

p~6,COCTaBnRIDmHe npnnoB. Maccy npHnOBa B TpanOBOM MelliKe onpege

nRIDT npH nOMOmH COOTHOllieHHR: 

rge y 
n - Macca npnnOBa B TpanOBOM MeillKe, Krc, 

P 
n - Macca npHnOBa B npo6e ~ 1 , Krc, 

P
1 

- o6maR Macca npo6bI W 1,Krc, 

Y1 - o6maR Macca ynOBa, Krc, 

H 3anHC~BaIDT B rpa<py liB MelliKe". (Ta6n. 5) • 

,naHHbIe 6HonorH~eCKoro aHanH3a ygep~aHHb1X H OTceRHHbIX 

p~6 nepe,IJ; 3aHeceHHeM HX B Ta6nHD;y rpynnHpYIDT B COOTBeTCTBHH 

c pa3MepOM p~6. 3aTeM gnR Ka~oro pa3Mepa nogc~HT~BaIDT ~HcnO 
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oco6eR, H3MepHIDT 06mYID npOMHCnOBYID ~HHY H ~HHY no CMHTTY, 

nepHMeTp p@6@ B MaKCHManbHOM 06XBaTe, B@COTY, TOnmHHY Tena p@6, 

06mYID H cpe~HIDID Maccy, cpe~HHe 6annH ~pHOCTH H HanonHeHHH ~e

nY~KOB, COOTHOlleHHe nonOB (B %) H cpe~HIDID CTa~HID 3penOCTH rOHa~. 

B rpa~e ~ 1 npOCTaBnHeTCH C HHTepBanOM 0,5 H 1,0 CM 

pa3MepH@R p~ BH~a p@6@, no OTHOlleHHID K KOTOPOMY onpe~enHIDT 

H36HpaTenbHOCTb Tpana. TIepBaH CTpOKa STOR rpa~@ COOTBeTcTByeT 

MHHHManbHOR ~nHHe p@6, nocne~HHH CTpOKa - MaKCHManbHoR. B rpa

~e 2 H 3 3anHC@BaIDT npOMHCnOB@H pa3Mep p@6 H ~HHY no CMHTTY, 

B rpa~@ 4, 5 H 6 - ~aHH@e 0 nepHMeTpe p@6 B MaKCHManbHOMo6x

BaTe, B@COTY H TOnmHHY Tena p@6. 

B rpa~y 7 nOMemaIDT nOKa3aTenH cpe~HeH Macc@ O~HOH p@6@ 

COOTBeTCTBYIDmero pa3Mepa, ~nH ~ero H3 ~aHH@x, nony~eHH@x npH 

aHanH3e npo6 B@6HpaIDT ~aHH@e ~nH p@6 Ka~oro pa3Mepa, nO~C~H

T@BaIDT HX ~Hcno H o6myro Maccy. Cpe~HIDID Maccy OC06ll Ka~~oro pa-

3Mepa onpe~enHIDT ~eneHHeM 06meH Macc@ p@6 Ha HX ~llcno. 

B rpa~e 8 YKa3@BaeTCH ~Hcno p@6 Ka~oro pa3Mepa, y~ep

~aHH@X TpanOBhlM MellKOM. TIPH ynoBe 60nee 0,5 T, Kor~a He BCH 

p@6a H3 TpanOBoro MellKa nO~BepraeTcH aHanll3Y, ~Hcno y~ep~aHH@X 

p@6 onpe~enHIDT nepec~eTOM pa3MepHoro cocTaBa npo6@ Ha BeCb ynOB. 

~nH Ka~OH CTPOKH ~Hcno p@6 B TpanOBOM MellKe Ka~oro 

pa3Mepa paCC~HT@BaIDT no ~opMyne: 

N. 
1-

Y • n. 
B 1-

Qnp 

r~e N. - ~Hcno p@6 pa3Mepa i B TpanOBOM MellKe, 
1-

i - HH~eKc pa3MepHOH rpynn@ p@6, 

YB II Qnp - 06maH Macca p@6 ~aHHoro Bll~a B TpanOBOM MellKe 

H B npo6e, Krc, 

n. - ~Hcno p@6 pa3Mepa i B npo6e. 
1-

06maH Macca p@6 B~a, ~nH KOToporo onpe~enHhlT ceneKTHB-
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HOCTb, paBeH BenH~HHe ynoBa, nony~eHHoH B pe3ynbTaTe TpaneHHH, 

MHHYC MaCCa npHnOBa. Oomyro Macey PHO ~aHHOrO BH~a B npooe on

pe~enHIDT cyMMHpoBaHHeM Mace Beex PHO SToro BH~a, nony~eHHHx 

npH aHanH3e npOOH. qHcno PHO K~~oro pa3Mepa B npooe onpe~e

nHIDT H3 ~aHHHX OHonorH~eeKoro aHanH3a npoOH. 



Ta6JUn~a 1. 

XapaKTepHCTHKa 

HHTKa TOKOTHJIbHaR 

HOMep 

,n;HaMeTp, MM 

liar R'tIeH, MM 

IKrYT, M 

,n;JIHHa 

IIIHpHHa 

BblcTynaromaR 'tIaCTb 

pbl6oYJIOBHTeJIR B 

JKI'YTe, M 

,n;JIHHa 

IIIHpHHa 
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BepXHJIJI ( HmKHRR) 
nJIaCTb UHJIHH,n;PH
'tIeCKOH 'IaCTH 
TpanOBoro MeWKa 

93,5 (TeKCTHJIbHaR) 

d 

a 

l 

h 

Pbl6oYJIOBHTeJIb 

BHYTpeHHRR 
'tIaCTb 

BHeIIIHRR 
'tIaCTb 

a = O.65a 1 J 

ll=l"ll 

h 1=1,,3h 

l3=O"ll 

h 1+h 3=2" 6h" 

r,n;e h 2=1,,3h 



TaonH~a 2. BHOMeTpHqeCKHe rrOKasaTenH H ~aHH@e oomero oHOnOrHqeCKOrO aHanHsa 

,IVrHHa P@o, CM IIepH- tIHcno p@o 
Harron- )KHP- CaM~@ 

illHPH- Ton-MeTp 
Cpe~HRR 

B B 
p@o@ B MeIII- p@oo- HeHHe HOCTb 

o rrpoM@- rro 
Ha mHHa 

(cpe~-
CTa~HR 

Macca :>KenY~Ka 

o maR cnOBaR CMHTTY MaKCH- Tena Tena Ke ynoBH- (cpe,Il;- HRR) , 
o spenOCTH 0 

ManbHOM p@o@, p@o@, aKs. , Kr 
Tene 

-0 '"0 

Hee) , oann@ rOHa~ 

06XBa- MM MM 6ann@ (cpe,Il;HRR) , 
Te, CM 6ann@ 

1 2 3 4 5 6 7 8 9 10 1 1 12 13 

TaonH~a 3. ~aHH@e oHOnOrHqeCKOrO aHanHsa :>KHB@X H rrorHoIIIHx p@o (rrocne TpaneHHR) 

06maR M a C C a, r IIonoBo- HanonHeHHe )KHpHOCTb, BospacT, 
Ni ,Il;nHHa, CM spenOCTb, :>KenY;O;KOB, oann@ ro~@ 

n/n OOmaR nopKH oann@ oann@ 

)!(HB.+ nor. +-1 :>KHB. nor. :>KHB. nor. :>KHB. nor. :>KHB. nor. :>KHB. nor. )!(HB. nor. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

:~/)KHBaR p@oa, OTceRHHaR KYTKOM Tpana. 
P@oa, norHOIIIaR B pesynbTaTe OTceBa. 

CaMKH 

CTa~HR 

spenOCTH 
rOHa,Il; 
(cpe,Il;HRR) 
6ann@ 

14 15 

PeSynbTaT@ 
paCqeTa 

, 

f-' 
f-' 
N 
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Ta6JIHIJ;a 4. 

~ 
BHYTpeHHH~ 

N! 
BHYTpeHHH~ 

liP 
BHYTpeHHH~ 

R't!en 
pa3Mep R't!eH 

R't!eH 
pa3Mep R't!eH 

R't!eH 
pa3Mep R't!en 

B KYTKe, MM B KyTKe, MM B KYTKe, MM 

1 11 21 

2 12 22 

3 13 23 

4 14 24 

5 15 25 

6 16 26 

7 17 27 

8 18 28 

9 19 29 

10 20 30 
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___ .n, ____ _6~ _ '\_ h -y. 

a l 

cl, 

1 

1 H 5 

I 
~ 

IT 

r-~ --

I ~ I 
d 

ii 

PHc.l PacKpoe~H~H ~epTe~ 
P~60YJIOBHTeJI5I 

BH8WH5I5I 111 H BHYTpeHH5I5I IITI ~aCTH, 
UHJIHH~pH~eCKaH Iml H KOHYCHa5I 11YI 
'IaCTH MeIIIKa. 

EHC.2 06mHH BH~ P~60YJIOBHTeJI5I 

BHeIIIH5I5I H BHYTpeHH5I5I 'IaCTH P~60YJIOBHTeJI5I, 2 - raHT5IH, 

3-4 - UHJIH~pH'IeCKa5I H KOHYCHa5I ~aCTH TpanOBoro MeIIIKa, 6 -

OrrYIIIKa C KOJIbUOM ~5I CMeHhl KYTKa,7 - KYXTbIDH,8 - 32~THoe 

rrpHCrrOCOOJIeHHe, 9 - CTpaXOBO~Hble CHJIOB~e rr05Ica 
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PHC. 3 OT~enHoH nony~ecTKHH KOHTeHHep 

1 - KpHmKa, 2 - KOHTeHHep, 3 - KYXTHrrH, 4 - rpY3@, 5 - o6py~, 
6 - CTH~HOH TPOC, 7 - KYTOK Tpana, 8 - coe~HHHTenhH@e neTnH 

I 
/ ~ 

PHC. 4 CxeMa coe~HHeHHH KOHTeHHepa 
C KYTKOM Tpana 

1 - KOHTeHHep, 2 - KYTOK Tpana, 3 - CTH~HOH TPOC, 4 - KYX
Tbmh , 5 - WHKCHPyromHH KOHe~, 6 H 7 - coe~HHHTenhH@e Konh
~a H neTnH, 8 - wan nepe~HeH KPOMKH, 9 H 10 - Konh~a ~H 
CTH~Horo Konh~a H ~H WHKca~HH coe~HHHTenhH@X neTenh. 



s 
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PHC. 5 TIpH60p ~H H3MepeHHH 
frueH - ~yn. 

PHC. 6 YCTpOHCTBO ~nH H3MepeHHH 

nepHMeTpa pH6 npH nOCTOHH

HOH HarpY3Ke. 

1 - CTaHHHa, 2 - cToHKa, 3 - HanpaB
nHID~H na3, 4- rpY3, 5 - BH3HP, 6 -
II1Kana, 7 - perynHTop "0", 8 - HeHno
HOBaH ~nKa, 9 - nO~CTaBKa ~H pH6H. 
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Fig. 4 

Fig. 5 
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Diagrama mostrando la fijacion del recipiente a la corona 

de la red de arrastre: 1 - recipiente; 2 - corona de la 

red de arrastre; 3 - anillo del morral; 4 - flotador de la 

red; 5 - cuerda de contencion; 6 y 7 - argollas y anillos 

de ensamble; 8 - driza frontal; 9 y 10 - anillos para el 

anillo de morral y para fijar las argollas de enlace. 

Instrumento para medir las mallas-calibrador. 

Dispositivo para medir la circunferencia de los peces a 

carga fija: 1 - base; 2 - soporte; 3 - ranura-guia; 

4 - peso; 5 - cursor; 6 - escala graduada; 7 - ajustador 

de cerOi 8 - alambre de nylon; 9 - soporte para depositar 

los peces. 

CrrHCOK Ta6mut 

Ta6nH~a 1 PacKpoH TpanoBoro MeWKa 

rrOKa3aTenH H AaHHhle o6JI{ero 

6HOnOrHqeCKOrO aHanH3a 

Ta6nH~a 3 ~aHHhle 6HOnOrHqeCKOrO aHanH3a ~HBhlX H norH6wHx phl6 

(nocne TpaneHHR) 

PHC. 1 

PHC. 2 

CrrHCOK PHCYHKOB 

PaCKpOeQHhIH QepTe>K phI6oynoBHTenR: BHeWHRR (I) 

BHYTpeHHRR (II) QaCTH, ~HnHHAPHQeCKaR (III) 

KOHycHaR (IV) QaCTH MeWKa 

H 

H 

06JI{HH BHA phl6oynoBHTenR: 1 H 5 - BHeWHRR H BHYTpeHHRR 

QaCTH phl6oynoBHTenR, 2 - raHTRH, 3-4 - ~HnHHAPHQeCKaR 

H KOHycHaR QaCTH TpanoBoro MewKa, 6 - orrYWKa C Konh~OM 

AnR CMeHhl KYTKa, 7 KyxThlnH, 8 3aJI{HTHoe 

npHcrroco6neHHe, 9 - cTpaXOBOQHhle CHnOBhle nORca 



PUC. 3 

PUC. 4 

PUC. 5 

PUC. 6 
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rron~eCTKUH KOHTeHHep: 1 

KOHTeHHep, 3 KYXTbInu. 4 rpY3bI, 5 

KPbIlliKa, 

o6PYtJ, 

2 

6 

CTH~HOH TPOC, 7 - KYTOK Tpana, 8 - coeAuHuTenbHbIe rreTnu 

CxeMa coeAuHeHHH KOHTeHHepa C KYTKOM Tpana: 1 

KOHTeHHep, 2 KYTOK Tpana, 3 CTH~HOH TPOC. 4 

KyxTbIn b. 5 - tjlHKCHP)'KX.l.\HH KOHe~. 6 U 7 - coeAUHUTen bHble 

H rreTnH, 8 tjlan rrepeAHeH KPOMKU. 9 U 10 

AnH CTH~HOPO Konb~a U AnH tjluKca~uH 

Dpu60p AnH U3MepeHHH HtJeH - myrr 

YCTpOHCTBO AnH u3MepeHuH rrepuMeTpa PbI6 rrpH rrocToHHHOH 

HarpY3Ke: 1 CTaHUHa. 2 - cToHKa, 3 - HarrpaBn.HIOrI.{uH 

rra3. 4 PPY3, 5 - BH3Up, 6 - lIlKana, 7 - pepyn.HTOp 

"0". 8 - HeHnoHoBaH ~unKa, 9 - rrOACTaBKa An.H PbI6bI 
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SC-CAMLR-V/BG/26 

DETECTION AND QUANTITATIVE ESTIMATION OF KRILL CONCENTRATIONS BY 
HYDROACOUSTIC INSTRUMENTS 

K.I. Yudanov 
(U.S.S.R.) 

Abstract 

The limited capabilities of existing hydroacoustic 
instruments in detecting dispersed and surface 
concentrations of krill lead to considerable 
underestimates of krill biomass in areas surveyed. The 
task of detecting surface concentrations of krill can be 
solved with the help of towed acoustic antennae. The 
practical possibility of detecting dispersed krill by 
hydroacoustic instruments was established on board the 
research vessel Odissey during the international 
expedition under the FIBEX program. It was shown that 
the hydroacoustic device Simrad SK-120, with TVG 
switched off, is capable of registering individual krill 
at a depth of 50 - 60 m while the vessel is in motion. 
According to theoretical calculations, the range of 
detection of individual specimens can be considerably 
increased at the expense of a rise in the acoustic power 
of emission. 

* * * * * * * * * * 

DETECTION ET EVALUATION QUANTITATIVE DES CONCENTRATIONS DE KRILL A 
L'AIDE D'APPAREILS HYDROACOUSTIQUES 

K.I. Yudanov 
(U.R.S.S. ) 

Les performances des appareils hydroacoustiques utilises 
actuellement pour la prospect ion des concentrations 
dispersees ou localisees pres de la surface etant 
limitees, on aboutit a la sous-estimation importante de 
la biornasse du krill dans les regions etudiees. La 
detection des concentrations du krill pres de la surface 
devient possible grace a l'application des transducteurs 
remorques. L'expedition internationale realisee dans le 
cadre du programme FIBEX a dernontre la possibilite 
reelle de la detection du krill disperse a l' aide des 
appareils hydroacoustiques sur le navire de recherche 
Odyssee. On a etabli que le sonar SK-l20 Simrads peut 
enregistrer les specimens isoles, le bateau etant en 
rnarche et le TVG hors service, jusqu'a la profondeur de 
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50 a 60 m. Selon les calculs theoriques, la portee de 
detection du krill isole pourrait etre considerablement 
augmentee grace a l'elevation de la puissance acoustique. 

* * * * * * * * * * 

DETECCION Y ESTIMACION CUANTITATIVA DE LAS CONCENTRACIONES DE KRILL 
POR MEDIO DE INSTRUMENTOS HIDROACUSTICOS 

K. 1. Yudanov 
CD.R.S.S.) 

Resumen 

Las capacidades limitadas de los instrumentos 
hidroacusticos existentes en la deteccion de 
concentraciones de krill dispersas y de superficie 
conducen a subestimaciones considerables de la biomasa 
del krill en las areas prospeccionadas. La labor de 
detectar las concentraciones superficiales de krill 
puede ser resuel ta con la ayuda de antenas acusticas 
remolcadas. La posibilidad practica de detectar el 
krill disperso por media de instrumentos hidroacusticos 
fue establecida a bordo de la embarcacion de 
investigacion Odissey durante la expedicion 
internacional que se realizara bajo del programa FIBEX. 
Se demostro que el aparato hidroacustico Simrad SK-l20, 
con el TGV desconectado, tiene la capacidad de registrar 
krill individual a una profundidad de 50-60 m mientras 
que la embarcacion se encuentra en movimiento. Segun 
calculos teoricos, el radio de deteccion de especimenes 
individuales puede ser aumentado considerablemente a 
expensas de un aumento en el poder acustico de emision. 

* * * * * * * * * * 

OEHAP~EHME M KOnMqECTBEHHA~ OUEHKA KOHUEHTPAUM~ KPMn~ 
rM~POAKYCTMqECKO~ AnnAPATYPO~ 

K.M.IOAaHOB 
(CCCP) 

Pe3IOMe 

OrpaHUqeHUe B03Mo~HocTeH cy~ecTB~eH 
rUAPoaKycTUqeCKOH annapaTyphl npu o6Hap~eHuH 
pacceHHHhlx u nOBepXHOCTHhIX KOH~eHTpa~uH KPHJIH 
npHBOAHT K 3HaqHTeJIhHOH HeAoo~eHKe 6HOMaCChl 
KPHJIH B o6cJIeAyeMbIX paHoHax. 3aAa qa 
o6Hap~eHHH nOBepXHOCTHhIX KOHl..(eHTpa~HH KpHJIH 
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MO:>KeT 6hIT b peIIIeHa C nOMOfI{bIO 6YKCHPyeMhIX 
aKYCTHqeCKHX aHTeHH. npaKTHqeCKa~ B03MO:>KHOCTb 
06HapY:>KeHH~ paCCe~HHhIX KOH~eHTpa~HH KpHn~ 
rHAPOaKYCTHqeCKOH annapa TYPOH 6bma YCTaHOBneHa 
Ha 60PTY HayqHO-HCCJIeAOBaTeJIbCKOI'O CYAHa 
"OAHcceH" BO BpeM~ Me:>KAYHapOAHOH 3KcneAH~HH, 
npoBoAHBIIIeHC~ B paMKax nporpaMMb[ 4>AfrEEKC. Ebmo 
AOKa3aHO, qTO rHAPoaKYCTHqeCKHH npH60p "CHMpaA 
CK-120" C oTKnroqeHHb[M YBP cnoc06eH 
perHCTpHpOBaTh OTAeJIbHhIe OC06H KPHJI~ Ha 
rJIy6HHe B 50-60 M, nOKa CYAHO HaxoAHTC~ B 
ABH:>KeHHH. COrJIaCHO TeOpeTHqeCKHM paCqeTaM 30Ha 
06HapY:>KeHH~ OTAeJI bHbfX oc06eH MO:>KeT 6h[T b 
3HaqHTeJIbHO YBeJIHqeHa 3a CqeT no BbrrneHH ~ 
MOmHOCTH aKYCTHqeCKOrO H3nyqeHH~. 
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DETECTION AND QUANTITATIVE ESTIMATION OF KRILL 

CONCENTRATIONS BY HYDROACOUSTIC INSTRUMENTS 

Experience in using fish-finding hydroacoustic instruments for 

krill fishing in the Antarctic has indicated that the potential of these 

instruments for detecting commercial concentrations of krill and providing 

quantitative estimates of krill abundance is affected to a large extent by 

peculiarities in the distribution patterns of krill. 

Investigations over many years have proved that krill disperses 

extremely non-uniformly over vast areas in the Antarctic (of an order of 

ten million square miles) and only forms commercial concentrations in 

comparatively small areas. Areas favourable for krill concentrations are 

characterized by whirlpools and eddies, with certain oxygen, silicon, 

phosphorus concentrations and other hydrological conditions. Such 

commercially significant areas are known in many regions of the Antarctic 

ocean. Due to the changeability of the environmental conditions the 

pattern of distribution of krill in these areas can differ between 

different years and seasons. In the same area at different times, krill 

can form large concentrations in small areas, dispersed concentrations in 

large areas, or be absent. 

Depending on the oceanographic conditions and the biological stage, 

krill can stay near the surface in aggregations or groups of both large and 

small concentrations, or be dispersed. The size of aggregations can vary 

from a few to tens of meters. The width of concentrations is usually 

hundreds of meters. Sometimes concentrations spread over several miles and 

can be registered as one or a number of layers at different depths. 

Concentrations can vary from tens to hundreds of meters in width or more. 

The density of aggregations and concentrations can vary from individual 

specimens to thousands of specimens per cubic meter. 
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The depth distribution of krill is determined to a considerable 

extent by diurnal vertical migrations which mainly depend on light 

conditions. During daylight hours, krill usually stay in the middle region 

of the water column in groups or aggregations up to 100 m wide, sometimes 

up to 250 m or more. With the onset of darkness, the groups and 

aggregations usually come closer to the surface and disperse. However, in 

some areas in different seasons the pattern of krill migration can be 

different. 

At certain times of the year, krill aggregations stay close to the 

surface during daylight hours. Such aggregations can be observed visually 

from on board ship in the shape of spots of different form and colour. The 

size of the spots can range from a few to hundreds of square meters. The 

density of surface aggregations of kril1 sometimes reaches tens of 

thousands of specimens per cubic meter. In stormy weather, surface 

aggregations of kril1 descend to deep waters, breaking into smaller 

aggregations and gradually dispersing. 

The extremely non-uniform distribution of krill concentrations in 

the Antarctic ocean, coupled with the considerable instability of the 

concentrations and the bad weather conditions greatly impede the location 

of commercial concentrations and the quantitative estimation of krill 

abundance by hydroacoustic methods. 

Experience from scouting vessel expeditions shows that the 

efficiency of the hydroacoustic instruments in detecting krill greatly 

depends on transmitter frequency. Thus, echo sounders operating at 

comparatively low frequencies (20-30 kHz) are much less sensitive in 

registering krill concentrations than sounders operating at high 

frequencies, e.g. 120 kHz. Records of krill concentrations by low 

frequency echo sounders are often. indistinct, especially when the density 

of the krill is low, since it becomes difficult to determine the depth and 

vertical spread of the concentration. With the use of high-frequency echo 

sounders, krill concentrations are always registered distinctly and with 

good contrast on the echogram, and patches of different densities are 

well-distinguished. 
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It is already clear that the operating frequencies of echo sounders 

for krill detection should be above 50 kHz. The same is true for the 

operating frequencies of sonars and net sondes. However, in order to 

calculate the optimal operating frequencies with sufficient accuracy, it is 

necessary to have data on the target strength of krill and on sound 

attenuation in surface layers of the ocean at different frequencies. 

As follows from theory, the acoustic reflectance of krill must 

depend strongly on frequency, especially at comparatively low frequencies 

(20-40 kHz). This is consistent with experimental observations 1) in fresh 

water shrimp which resemble krill in form and structure. Figure 1 shows the 

frequency dependence of the acoustic cross-section (0) of shrimp calculated 

in relation to a mean length of 4.5 cm. As can be seen from the graph, the 

increase in frequency from 35 kHz to 250 kHz results in an almost two fold 

increase of 0. At frequencies of about 50 kHz, 0 becomes strongly 

dependent on frequency. In the frequency range from 50 to 150 kHz, this 

dependence becomes smoother, and on further increasing frequency, 0 again 

increases. It is very likely that the frequency dependence of krill is 

similar. However, in order to be sure of this, it is necessary to carry 

out further investigations. 

It is also necessary to undertake a detailed study of sound 

attenuation in the surface layers of the ocean. Early experiments in the 

sea have shown that sound attenuation in the surface layer is greatly 

influenced by the concentration of air bubbles that form under the bottom 

of the vessel as a result of motion and rough seas. 2 ) At high frequencies, 

sound attenuation can be an order of magnitude lower than at low 

frequencies. Unfortunately, information on sound attenuation in surface 

layers is very scarce. It is necessary to undertake further investigations 

to obtain information on the frequency dependence of sound attenuation 

under different weather conditions and for different speeds and different 

types of vessels. 

In considering the potential of hydroacoustic instruments for 

locating krill, it is important to realize the importance of solving the 

problem of detecting surface krill concentrations, which at certain times 

of the year are fairly common in some areas. As we alread7 know, 
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concentrations rtear the surface are rather difficult to detect with the 

existing hydroacoustic instruments and although such concentrations can be 

located visually, the method is inefficient. According to preliminary 

findings, the problem of locating surface concentrations of krill can be 

solved with the help of towed acoustic antennae operating upwards. 

The application of towed systems is especially expedient in 

searching and echo-sounder surveys. The towing of antennae operating up

and downwards will make it possible to detect krill concentrations both 

near the surface and at depths. In addition, the towing of antennae 

beneath the disturbed surface layer of water must improve the operation of 

the hydroacoustic instrument during bad weather because of the reduction in 

the effects of water aeration and tossing. Another considerable advantage 

of towed antennae is their ease of calibration in the sea - an especially 

important feature for echo-surveys. 

As has been mentioned above, krill are often dispersed at night and 

can scarcely be registered by hydroacoustic instruments, if at all. That 

is why the results of scouting and echo-sounder surveying performed at 

different times in the one location often differ considerably. Krill 

abundance measured in the day-time is frequently ten-fold and even a 

hundred-fold higher than at night when the krill are dispersed. 

Control trawling and underwater observations show that fields of 

dispersed krill not registered hydroacoustically can occur in the day-time 

at depths of 200 m and more. Thus, to ensure effective scouting and 

echo-sounder surveying, it is very important that the hydroacoustic 

instruments should be capable of registering very dispersed krill, even 

individual specimens. It is desirable that the range of detection for an 

individual krill should be extended to the limit possible with the existing 

technical facilities. 

Preliminary investigations show that detection of individual krill 

specimens by hydroacoustic instruments is quite possible. When making 

hydroacoustic investigations under the FIBEX program on board the research 

vessel Odissey we managed to detect krill specimens at shallow depths with 
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the help of a Simrad echo sounder SK-120. Using the vertical location mode 

with maximum sensitivity and TVG switched off, this instrument distinctly 

registered individual krill specimens at 9 knots at depths up to 50-60 m 

and sometimes up to 70-80 m (Figure 2). 

Tentative calculations of the limit range of detection of an 

individual krill (r ) can be made by the following formula : max 

r max 100.2 Sr p • max = ·y·a ac 

J max 

where P 
ac 

acoustic power, Wt ; 

transducer axis concentration y 
2 

a = individual krill acoustic section, m 

space acoustic attenuation, db/m ; 

(1) 

J 
max 

2 
threshold intensity of echo signals on antenna, Wt/m 

As follows from the above formula, an increase in the range of 

action of a hydroacoustic instrument can be reached at the expense of a 

rise in the transmitted acoustic power, transducer axis concentration and 

sensitivity of the instrument in reception. However, the concentration 

coefficient is limited by the admissable transducer directivity while 

sensitivity in reception is limited by the level of acoustic and electric 

disturbance. Also, the threshold acoustic power is limited by cavitation 

and can be determined from the correlation 

where P spec 

S 

P ac P . S 
spec 

specific acoustic power limited by cavitation 
2 

threshold, Wt/cm 

active area of transmitting antenna. 

In reference to the acoustic antenna of echo sounders SK-120 or 
2 

EK-120 (operation frequency = 120 kHz, antenna active area S = 314 cm , 

(2) 

directivityangle e = 40
, concentration coefficient y = 2500) submerged to 
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5 m (draught) and the length of transmitted pulses less than 1 msec., 
2 

specific power can be accepted as 15-20 Wt/cm. In this case, as follows 

from formula (2), threshold acoustic power can be greater than 4.5 kWt. 

Assuming that such a value of acoustic power is possible for a 

fish-finding hydroacoustic instrument [the main characteristics of which 

are close to those of SK-120 or EK-120 and conditions of registration of 

echo signals the same as aboard the Odissey (Jmin = 10 -10 Wt/m2 with the 

speed of the vessel 8-10 knots and the roughness of the sea up to force 

4)], we can calculate 
-6 2 long (0= 5 . 10 m). 

the range of detection of an individual krill 4.5 cm 

4) By substituting P = 4500 Wt, y = 2500, 
-10 2 ac 

o = 5 • 10-6 m2 , Jmin 10 Wt/m and S = 0.03 db/m in formula (1) we 

obtain r = 120 m. max 

As can be seen from the above tentative calculation, an increase in 

acoustic power in a high frequency echo sounder with the use of a narrow 

beam acoustic antenna makes it possible to considerably increase the range 

of detection of krill. However, expanding the range of detection by 

raising the acoustic axis concentration has a limit. Excessive narrowing 

of directivity may have a detrimental effect on the detection of dispersed 

krill. 

As follows from our investigations 5) for detecting individual 

specimens with a low level of disturbance, the echo sounder directivity 

angle in the horizontal plane must be : 

V vess 

r .f. 
~mp 

where V vessel speed, m/min. ; vess 
r = depth of registration of the item, m ; 

f. transmission repetition frequency, imp/min. 
~mp 

(3) 
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This condition ensures reliable reception and registration by the 

recorder and integrator of no less than one echo signal from an individual 

krill. As an example, we have calculated by formula (3) directivity angles 

required for detecting an individual krill at different depths with the 

echo sounder operating in the range of 125 m (f. = 96 imp/min) and 250 m 
~mp 

(f. = 48 imp/min). The vessel speed was assumed to be 10 knots (V 
~mp vess 

308.7 m/min). The graph obtained from the results of these calucations is 

shown in Figure 3. 

As follows from the graph, the detection of krill at shallow depths 

requires rather wide directivity angles of the transducer. They would be 

especially large with the use of small-scale ranges. Therefore when 

operating with a narrow beam antenna echo sounder there may be blanks in 

the registration of krill at shallow depths. In a rough sea, these blanks 

become more frequent. This impedes detection of dispersed krill and 

decreases the reliability of the estimation of their density by integrator 

readings. This situation can be partially reversed when monitoring 

dispersed krill at shallow depths by using a comparatively wide beam 

antenna and the large scale range of the recorder. 

Blanks in registration and errors in determining density and 

abundance of dispersed krill can be removed if the operation is performed 

at a low speed or with the vessel adrift. In such cases, the range of 

action of the hydroacoustic instrument becomes uninterrupted and the 

recorder and integrator register all the krill along the course of the 

vessel. By making control measurements of density at a low speed or with 

the vessel adrift and by comparing them with the measurements made at full 

speed, it is possible to introduce certain corrections into the 

calculations of density and abundance of dispersed krill from the echo 

sounders. 

In summary, we can see that the limited capabilities of the 

existing hydroacoustic instruments in detecting dispersed and surface 

concentrations of krill may lead to considerable underestimates of krill 

biomass in the areas surveyed. In order to ensure accurate estimation of 

dispersed krill and presurface concentrations it is necessary to further 

improve echo-sounder survey techniques.· 



- 133 -

Of equal importance is the development of the theoretical methods 

for estimating biomass, and in particular for verifying the principles 

governing sound scattering in dense concentrations. So far we do not know 

the limits of application of Rayleigh's principles concerning scattering 

which underlie the formula for determining the density of krill 

concentrations registered by hydroacoustic instruments. 

O h . l' .. 6,7) h h . h h f h' h ur t eoret~ca ~nvest~gat~ons s ow t at w~t t e use 0 ~g 

frequency narrow beam hydroacoustic instruments, considerable interference 

in Rayleigh's relationships due to coherent and mUltiple scattering should 

be expected only in very high density krill concentrations in the order of 

thousands of specimens per cubic meter. It is clear that only experimental 

investigations can reveal the real importance of coherent and mUltiple 

scattering and acoustic attenuation for dense krill concentrations and 

introduce the required alterations in the formula for calculating their 

density. The preliminary experiment"s show that such work can apparently be 

done on experimentally caged krill concentrations. 
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CrrHCOK PHCYHKOB 

3aBHCHMOCTh 
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60KOrrJIaBa - 4,5 CM). 

OT 

CHrHaJIa, 

l.JaCTOThI BOJIHhI 

3xorpaMMa paCCe5IHHOrO KPHJI5I, rrOJIYl.JeHHa5I "CK-120" 

a) rrpH MaJIOH CKOPOCTH cYAHa, 

6) rrpH CKOPOCTH B 9 Y3JIOB. 

3aBHCHMOCT h rJIy6HHhI o6Hap~eHH5I OAHHOl.JHOrO KPHJI5I OT 

yrJIa rroporoBoH HarrpaBJIeHHOCTH rrpeo6pa30BaTeJI5I AJI5I 
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DETERMINATION OF ANTARCTIC KRILL ACOUSTIC BACK-SCATTERING CROSS-SECTION 

V.A. Protaschuk and T.A. Lukashova 
(U.S.S.R.) 

Abstract 

When determining the density krill of concentrations it 
is necessary to know the acoustic cross-section of 
back-scattering of krill. The target strength can be 
determined in situ by measuring the echo signal from one 
specimen resolved by the hydroacoustic instrument. By 
calculating the mean level of the directivity diagramme 
of the antenna and the mean level of the standardized 
echo signal, it is possible to determine the acoustic 
cross-section of the back-scattering of krill. By 
experiments, the author~ have obtained the dependence of 
the acoustic section of back-scattering of krill on its 
length at a frequency of 120 kHz. 

* * * * * * * * * * 

DETERMINATION DE LA SECTION ACOUSTIQUE DIFFUSANTE INVERSE DU KRILL 
ANTARCTIQUE 

V.A. Protaschuk et T.A. Lukashova 
(U.R.S.S.) 

Lorsque l'ont veut determiner la densite des 
concentrations du krill, il est necessaire d' en 
connaitre la section acoustique diffusante inverse. 
Avec l'enregistrement resolvant du krill, la force de la 
cible peut etre determinee in situ par la mesure de 
l'echosignal d'un speclmen isole. Ayant calcule le 
niveau moyen de diagramme de directivite du transducteur 
et d' echosignal normalise on peut definir la section 
acoustique diffusante inverse du krill. Le rapport 
entre cette derniere et la taille du krill est etabli 
experimentalernent sur la frequence de 120 kHz. 
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DETRRMINACION DEL CORTE TRANSVERSAL ACUSTICO DE RETRODISPRRSION DEL 
KRILL ANTARTICO 

V.A~ Protaschuk y T.A. Lukashova 
(U.R.S.S.) 

Resumen 

Al determinar la densidad de krill en las 
concentraciones es necesario conocer el corte 
transversal acustico de retrodispersion de krill. La 
fuerza objetivo se puede determinar en el lugar midiendo 
la senal de eco de un especimen senalada por el 
instrumento hidroacustico. Es posible determinar el 
corte transversal acustico de retrodispersion de krill 
calculando e1 nivel medio del diagrama de directividad 
de la antena y el nivel medio de la senal uniforme de 
eco. Por medio de experimentos, los autores han 
obtenido la dependencia del corte transversal acustico 
de retrodispersion de krill con respecto a su tamano a 
una frecuencia de 120 kHz. 

* * * * * * * * * * 

OITPE~EnEHHE CE4EHH~ OEPATHOrO PACCE~HH~ AKYCTH4ECKOrO CHrHAnA, 
OTP~EHHOrO AHTAPKTH4ECKHM KPHnEM 

B.A.ITpoTaII{YK U T.A.nYKaruoBa 
(CCCP) 

Pe3IOMe 

ITpu onpeAeneHuU nnOTHOCTU KOH~eHTpa~UH KpunH 
HeooxoAuMO 3HaTh CeqeHUe oopaTHoro pacceHHuH 
aKycTUqeCKOrO curHana, oTpa~eHHoro KpHneM. 
Cuna ~enu Mo~eT OhlTh onpeAeneHa in situ 
nYTeM U3MepeHUH HHTeHCHBHOCTU CHrHana, 
OTpa~eHHoro OAHOH OCOOhIO U pa3pemeHHoro 
rUAPoaKYCTUqeCKUM npHoopoM. BhlCqUTaB cpeAHuH 
YPOBeH h AHarpaMMhl HanpaBneHHOCTH aHTeHHbI H I 

cpeAHuH ypOBeHh cTaHAapTH3HpoBaHHoH 
HHTeHCHBHOCTH CHrHana, MO~HO onpeAenUTh 
CeqeHUe oopaTHoro pacceHHHH aKYCTHqeCKOrO 
curHana, OTpa~eHHoro KpHneM. C rrOMOmhIO 
3KcnepUMeHTOB aBTopaMH Ohrna onpeAeJIeHa 
3aBHCHMOCTh CeqeHHH oopaTHoro pacceHHUH 
aKYCTUqeCKOrO curHana, OTpa~eHHoro KpuneM, OT 
e ro AnUHhl npH qaCTOTe B 120 Kr~. 
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DETERMINATION OF ANTARCTIC KRILL ACOUSTIC 

BACK-SCATTERING CROSS-SECTION 

by V.A. Protaschuk and T.A. Lukashova 

All-Union Research Institute of Marine 

Fisheries and Oceanographya (VNIRO) 

l7a Verkhnaya Krasnoselskaya, 

Moscow-B-140, USSR 

When estimating biomass of marine organisms by the hydroacoustic 

method, it is necessary to know the mean acoustical cross-section of 

back-scattering from an individual object CGJ. It is possible to determine 

Go in situ by measuring the echo signal from an individual specimen 

resolved by a hydroacoustic instrument. 

where p 

x 

~ 

G(S,p) 

The echo signal from an individual object is equal to 

u2 =p2x2.~2 .G4 (S;p) ~Go 

r4 • lOo.2S. r 

acoustic pressure on antenna axis reduced to 1 m distance, Pa 

antenna sensitivity in reception, V/Pa 

amplification of the receiver 

directivity function 

r = distance to the object, m 

S space attenuation of sound, dB/m 

(1) 

Go acoustic cross section of back-scattering from individual object 

on axis, 
2 

m • 

By excluding the dependence of the echo signal on the acoustic and 

electric parameters of the echo sounder and on the distance to the target 

its standardized value is determined 

b 
U2.r4 • lO o.2S. r 

p2:'X2 'fl2 

(2) 
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The directivity effect is a random value which is dependent on the 

location of the individual specimen about the acoustic axis. Value ao is 

also a random value and is dependent on many factors : the size of the 

biological object, its physiological state, aspect of insonfication, etc. 

Consequently, the standardized echo signal is the product of two random 

values. Due to the statistical independence of random values, 

where ao 

-4 -
G ·ao (3) 

mean acoustic back-scattering section for the given 

concentration 

mean level of directivity diagram corresponding to the 

range of operation of the echo sounder for a o 

b mean value of the standardized echo signal. 

-4 
Knowing G and b, it is possible to determine the mean value of the 

acoustic back-scattering of an individual object of the given 

concentration 

(4) 

Using the methods suggested by Lozow (1979), the mean level of directivity 

for a narrow-directional antenna is determined by expression 

With 

where em 

d 

A 

1(7Td)2 e2 
2" X- . m 

maximum detection angle, rad 

diameter of transducer, m 

wave length, m. 

7Td 
A sinem~2.5 the maximum detection angle 

Q.n G4 min 

-!(7T~)2 
em 

by substituting (6) into (5) we obtain 

-1 
<;4 = G4min 

Q.n G4 . 
m~n 

(5) 

(6) 

(7) 
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This method was used in determining the acoustic section of 

Antarctic krill back-scattering. 

Assuming that the greatest value of the standardized echo signal 

corresponds to the largest krill specimen on the antenna axis and the least 

value to the mean-size krill on the minimal level of the directivity 

diagram we obtain 

. 4 
G . mln 

_ O1l1ax I b max 
---- -b-

0 o min 
(8) 

Measurements for a number of shrimp species (Sofoulis, 1978 and Samovolkin, 

1981) established the dependence of acoustic back-scattering on the 

length : 

where Lk 

A 

aT{ 

object length 

wave length 

(9) 

Assuming in our investigations a similar dependence, the minimal level of 

the directivity diagram can be determined as 

2 .b 
G4 Lk . ritax max (10) 
mln 

-2 b Lk min 

By substituting (7) in (10) and (4) in (7) we obtain the expression for 

determining the mean value of acoustic back-scattering for an individual 

krill for the given concentration : 

°0 
. L~max I~max) 

~n Lk2 -~-.-
mln 

(11 ) 
~ . 

(~~ maxi ~max)_l 
Lk ~ . mln 

The value of the standardized echo signal and its mean value are 

determined on the basis of measuring amplitudes of echo signals from 

individual specimens and the distance. The mean and maximum length of 

krill are determined from data collected in sample trawls. 
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Measurements were made during the Antarctic expedition under the 

FIBEX programme on board the fisheries research vessel Odessey in 

January-March 1981. Simrad echo sounder SK-120 (Norway) was used in the 

following mode of operation 

transducer diameter 20 cm, power - 1/1, bandwidth: 

wide band, impulse length 0.1 msec., amplification OdB. 

To increase the sensitivity and to reduce errors in measuring, the TVG of 

the echo sounder was switched off. As a result of acoustic and electric 

measurements, the following parameters of the echo sounder were 

determined : p = 49 103 Palm, = 3.1 10-3 v/Palm, = 20 103 • The echo 

signal level was determined with the help of an osciiograph which was 

engaged by an impulse from the output interval of Simrad echo integrator QM 

(Norway). The ratio signal/noise was not less than 3. To exclude the 

dependenc€of the maximum detection angle on the depth, standardized echo 

signals ~ max were used in calculations. 
10 

The attenuation coefficient was determined for conditions 

characteristic of the Antarctic during the period of operation (temperature 

10 C, salinity 340
/00) according to the methods described in the paper by 

Clay and Nedvin (1980), at a frequency of 120 khz and ~=0.035 dB/m. 

In order to determine the size composition of krill, sample 

tows were made using an Isaacs Kidd and RT/TM, 36.6 trawls. 

Amplitudes of echo signals with the vessel adrift were measured for 

dispersed krill at dusk and night time. In all, five series of 

measurements were made. The results are given in Table 1. 

Figure 1 shows the curve of dependence of acoustic back-scattering 

of an individual krill on its length. 

The regression equation takes the following expression 

(12) 
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The closeness of the indices to 2 testifies to the validity of our 

assumption that Go is related quadratically to the length. For the target 

strength of an individual krill, the following equation holds : 

TS = 2.1 Lk - 72.3 (dB) (13) 

with correlation coefficient K 0.96 

The Polish investigators measured the target strength of krill 

under laboratory conditions (Kalinovski et al 1979). At 159 kHz the target 

strength of formalinized krill was : 

TS 2.3 Lk - 72 (dB) (14) 

So we and the Polish investigators have obtained target strength 

functions related to the length of krill with similar parameter values. 

It is planned to continue measuring the acoustic back-scattering of 

krill at other frequencies. 
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Table 1 Results of measuring acoustic back-scattering from an individual 

krill according to echo signal value 

No Area Standardized Krill Length 
echo signal value 

b b b Lk Stand- Lk . L - TS 
mig6 

Go 

x10-6 ma~6 mln kmax 
x10-6 x10 x10 (cm) ard (cm) (cm) (dB) 

(m
2

) (m
2

) (m2) devia- (cm) 

tion 

(cm) 

1 Scotia Sea 2.87 8.5 0.8 4.57 0.77 3.40 5.80 6.4 -63.0 

2 Scotia Sea 2.76 7.1 0.7 4.30 0.64 3.20 5.80 5.8 -63.4 

3 Scotia Sea 3.45 11. 5 1.1 4.61 0.75 3.60 6.00 7.5 -62.2 

4 South Georgia 1. 97 5.6 0.5 3.57 0.17 3.00 5.00 4.2 -64.7 

5 Mordvinov's 
Island 3.38 11.7 1.1 4.88 0.44 3.20 5.80 7.9 -62.0 
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CnHCOK Ta6JIHl{ 

Ta6JIH~a 1 Pe3YJIbTaThl H3MepeHHR o6paTHoro pacceRHHR aKYCTHqeCKOrO 

CHrHaJIa, OTpa~eHHoro OC06h~ KPHJIR, no BeJIHqHHe 3XO

CHrHaJIa. 

CnHCOK PHCYHKOB 

PHCYHOK 1 3aBHcHMoCTb o6paTHoro pacceRHHR aKYCTHqeCKOrO CHrHaJIa, 

OTpa~eHHoro KpHJIeM, OT AJIHHhl OC06H KPHJIR npH 120 Kr~. 
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CHOOSING DISTANCE BETWEEN ACOUSTIC SURVEY TACKS 

I.L Kalikhman, Z.I. Kizner, 
B.R. Zaripov, W.D. Tesler 
(U.S.S.R.) 

Abstract 

SC-CAMLR-V/BG/24 

A mathematical model was used to show that the distance 
between acoustic survey tacks can reasonably be selected 
on the basis of typical size of the surveyed region, 
allowable relative error in the biomass estimate, and 
the variation coefficient of the density values of the 
krill concentrations. It is recommended that the 
suggested criterion be applied in real hyroacoustic 
surveys. 

CHOISIR LA DISTANCE ENTRE LES BORDEES D'ETUDE ACOUSTIQUE 

1.L. Kalikhman, Z.I. Kizner, 
B.R. Zaripov, W.D. Tesler 
(U.R.S.S.) 

Un modElle mathematique a ete utilise pour demontrer que la 
distance entre les bordees d'etude acoustique peut etre 
raisonnablement selectionnee en se basant sur l' etendue type 
de la region a l'etude, sur l'erreur relative permissible dans 
l'estimation de la biomasse et sur le coefficient de variation 
des valeurs de densite des concentrations de krill. 11 est 
recommande que le critere suggere soit applique dans les 
etudes hydroacoustiques reelles. 

SELECCION DE D1STANC1A ENTRE LOS CAMBIOS DE RUMBO 
DE LAS PROSPECCIONES ACUSTICAS 

1.L. Kalikhman, Z.1. Kizner, 
B.R. Zaripov, W.D. Tesler 
(U.R.S.S.) 

Resumen 

Se utilizo un model0 matematico para demostrar que la 
distancia entre 10s cambios de rumbo de las prospecciones 
acusticas se pueden seleccionar razonablemente basandose en 
el tamano tipico en la region que se inspecciona, en el error 
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relativo admisible en el ccUculo de la biomasa, y en el 
coeficiente de variacion de los valores de densidad de las 
concentraciones de krill. Se recomienda que el criterio 
sugerido se aplique en las prospecciones hidroacusticas 
reales. 

* * * * * * * * * * 

BbIEOP PACCT05IHM5I MIDK.lI:Y fAJICAMM nPM AKYCTMQECKOl1 C1EMKE 

M.n.KanHXMaH, 3.M. KH3Hep, 
E.P.3apwrroB, B.~.Tecnep 
(CCCP) 

Pe310Me 

Mcrronh3yeTc~ MaTeMaTHqeCKa~ Mogenh, 
geMoHcTpHp~a~, qTO paCCT05fHHe MeJKgy rancaMH 
rrpH aKycTHqeCKOH CoeMKe ~enecoo6pa3Ho 
BhI6Hpa T h, OCHOBhIBa~c h Ha THrrHqHOM pa3Mepe 
o6cnegyeMoro paHOHa, gorrYCTHMOH OTHOCHTenhHOH 
rrorpeIIIHocTH B o~eHKe 6HoMacchI H K03qxpH~HeHTe 
BapHa~HH BenHqHH rrnOTHOCTH KOH~eHTpa~HH KpHn~. 
PeKoMeHgyeTC5f rrpHMeHeHHe rrpegnaraeMhIX 
KpHTepHeB rrpH rrpoBegeHHH HacTo~~HX 

rHgpoaKycTHqeCKHX coeMOK. 
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CHOOSING DISTANCE BETWEEN ACOUSTIC SURVEY TACKS 

I.L. Kalikhman, Z.I. Kizner, B.R. Zaripov, W.D. Tesler 

All-Union Research Institute of 

Marine Fisheries and Oceanography 

VNIRO Research Institute 

USSR, Moscow B-140, Verkhnaya Krasnoselskaya, 17 

Choosing the frequency of survey tacks is an important aspect of 

acoustic surveying tactics. The allowable time for the study of a given 

area usually determines the choice of distance between tacks. However, it 

is not only the economic aspect but also the overall value of the survey 

which is determined by the tack frequency. The distance between tacks 

should therefore be selected so as to provide the desired accuracy of the 

biomass assessment in the area, in the least time and with the lowest 

expenditure. 

Since the error in biomass assessment depends on the variability of 

the random concentration density field, the choice of tack frequency should 

be based on statistical characteristics of the field. It was recently 

recommended to fix tacks at a distance somewhat exceeding the correlation 

radius, which is the minimal distance at which the density values are not 

related statistically (Yudanov et aI, 1984). 

However, the biomass assessment error corresponding to such a tack 

frequency has not been found. Moreover, determination of the correlation 

radius prior to a detailed survey is complicated. It is easier to evaluate 

the other statistical index of the extent of variability - the coefficient 

of variation of density values in the given area*. 

Developing criteria for choosing the distance between tacks 

requires a knowledge of the relationship between the biomass assessment 

error and the tack frequency when surveying density fields with different 

* The variation coefficient is the ratio of the standard deviation to the 
average value. All values (zero inclusive) should be taken into account 
when calculating the variation coefficient. 
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variation coefficients. Since the actual biomass under real conditions is 

unknown, the problem was solved using computerized mathematical simulation 

techniques. The mathematical model used is based on the results of 

analysis of data from actual hydroacoustic surveys. The model consists of 

two parts, one imitating density field and the other the echo-sounder 

survey (Kizner et aI, 1982; Kizner, 1984). 

The density field model is an array of 2500 figures making up a 

matrix of 50 lines by 50 columns. Concentrations of fishing species are 

imitated by patches of irregular shape; density outside the patches is zero 

while it grows from the outer edge towards the inside according to a 

certain law obscured by random fluctuations. The patches may be separate, 

adjoin or overlap, so forming bigger concentrations which we call 

aggregations. Concentrations may be static (example in Figure 1), or 

dynamic in which case motion may alter the shape of the patches. True 

statistical characteristics of the field, and the biomass of the fishing 

species are calculated. 

This is followed by simulating hydroacoustic surveys having 

parallel tacks i.e. the distance between tacks in each survey is constant. 

All density values at points crossed by tacklines are considered measured. 

The results of surveying the entire area or a part are processed by the 

methods of mean weighted assessment, global and local averaging. The 

statistical characteristics of field density, and of fishing species 

biomass are estimated. The average value of biomass estimates obtained by 

various methods is calculated. 

The following parameters may vary in the model : the number, size 

and location of concentrations, the trajectory and speed of their movement, 

the vessel speed during the survey, the density distribution in the patch, 

the distance between tacks, the position of the starting point, the 

extension of tacks, the form and size of the surveyed area, and the number 

of strata in local averaging. 

The statistical relationship between the frequency of tacks, and 

the biomass assessment error was found by simulating 11 density fields and 

108 hydroacoustic surveys. All concentrations were static, but varied in 

character and size. We used the laws of density distribution in the patch 
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obtained by analysing data from actual hydroacoustic microsurveys. A 

series of surveys with different distances between tacks was simulated for 

each field of density. 

Comparison of biomass estimates obtained by different methods at 

different tack frequencies indicated that the error mostly depends on the 

surveying tactics, rather than on the method of calculating the biomass 

estimate. The data from the numerical simulations, and results of their 

mathematical processing are given in Figure 2. Errors were random so their 

absolute values are given. The empirical relationship of the relative 

biomass assessment error ° (in fractions of one) to the density values 

variation coefficient v, and of the ratio of the distance between tacks r 

to the typical area size 1 is well approximated by the following function 

r (l) 

1 V 

The presence of a simple and statistically significant dependence 

(1) supports the hypothesis of the possibilty of using the variation 

coefficient as a field characteristic in choosing tack frequency. Hence, 

if two fields having different distributions of concentrations have similar 

variation coefficients (Figure 1), and the biomass assessment error does 

not exceed the given values, the average distance between tacks will be 

equal. 

Figure 2 indicates that in 56 of 108 model surveys, the distance 

between tacks was less than the values determined by the expression (1). 

In 53 of those 56 surveys, the level of biomass assessment error did not 

exceed the given values. Consequently, if the distance between tacks is 

equal to or less than the value r calculated by formula (1), the biomass 

assessment error does not, with 95% probability, exceed the level of ° used 

in this formula. Since shorter distances between tacks raise the expense 

of a survey, it is reasonable to choose a distance equal to r. 

There are special considerations in determining parameters 0, v and 

in real conditions. Biomass assessment error oB includes two independent 

components : hydroacoustical oH and tactical 0. The tactical error can 

therefore be found from the relationship 

(2) 
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The density values variation coefficient v can be estimated by the 

data from the preliminary studies; numerical simulations have shown that 

this parameter remains relatively stable under decreasing tack frequency. 

The distance sampling unit in the preliminary study should be sufficiently 

small not to allow loss of information on the field of concentration 

density. 

Typical size 1 studies were made theoretically. It was found that 

this parameter is not dependent on the shape of surveyed region but is 

rather determined by the region area S, and by the typical relationship 

between the sizes of concentrations in the reciprocally perpendicular 

directions k. If one can detect the direction of elongation of 

concentrations, then the typical ratio of the longitudinal size to the 

transverse size k>l. Such configuration is typical for concentrations on 

shelves. In this case, the tacks have to be made across the concentrations 

(the angle between tacks and the longitudinal direction a=90
0
). In the 

case where the longitudinal and transversal directions cannot be identified 

(concentrations are directed chaotically or are approximately round in 

shape), k=l. This situation can be exemplified by krill or other slowly 

moving concentrations distributed over large oceanic areas. 

Mathematically, it can be strictly proved that the typical size is 

determined by the relationship 

1 (3) 

In the event that survey planners do not know the k-parameter, they 

should assume k=l. If the results of a completed survey indicate that the 

used biomass values of parameters S, v, k and a are not accurate, the 

actual biomass assessment error may differ from the given one, and is 

estimated by the formula 

8' ::::; 
B 

where S', v', k' anda' are corrected values. 

(4) 
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Let us consider an example of finding the distance between tacks of 

an echo-sounder survey. We assume that in view of the stock exploitation 

rate and other factors, we have to estimate the biomass with an error 

8B~30%, while the error of the hydroacoustic method applied to the survey 

conditions 0H~20% (Kalikhman, 1982). The area of the surveyed region 

S=10
4 

square miles. The results of the preliminary survey indicate that 

the density values variation coefficient v=3.0*; the configuration of 

concentrations is unkown. 

In order to choose the distance between tacks we find by formula 

(2) the allowable tactical error 8= vr302_202~20%=0.2. Assuming k=l, we 

use expression (3) to find a typical size 1= ~=100 miles. Substituting 

values ~ v and l into formula (1) we find the distance between tacks 
100"VO~ 

r 3.0 =15 miles. 

The survey results indicate that concentrations are of elongated 

shape, and are about similarly directed. Now we shall specify the values 

of parameters used: area of the surveyed region S'=1.2x104 miles 2 ; 

variation coefficient v'=3.5; typical ratio of the concentration 

longitudinal size to the transverse size k'=2; angle between the tacks and 

the longitudinal direction a'=45°. Substituting these values, as well as 

the value of error of the hyrdoacoustic method into formula (4) we shall 

estimate the actual biomass assessment error 

0.35=35% 

This criterion for choosing distance between tacks, supported by 

the mathematical model, is recommended for hydroacoustic surveys of 

commercial fishing concentrations, but we want to stress that the basic 

formula (1) was obtained empirically only for the given interval of the 8 

values. 

* Data from several actual hydroacoustic surveys were statistically 
processed. Estimates of variation coefficient of concentration density 
values were obtained. Applied to the field studies the variation 
coefficient changes from 1.0 up to 4.0. 
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PHCYHOK 1 

CrrHCOK PHCYHKOB 

MaTeMaTHt.{eCKHe 

KOHu;eHTpau;uH H 

fIOJIeH 

TpaeKTOpuu rHAPoaKYCTHt.{eCKHX 

CTefIeHb 3aTeMHeHHR fIPOfIopU;UOHaJIbHa rrJIOTHOCTU. 

K03~Hu;ueHTa BapuaU;HU: a - 3,1; b - 3,2. 

fIJIOTHOCTU 

C'beMOK. 

3Hat.{eHHR 

PHCYHOK 2 3aBucHMoCT b OTHOllieHHR paCCTORHHR Me)KAY raJICaMH, r, K 

BeJIHt.{HHe fIJIOmaAH, 1, OT K03~HU;HeHTa BapHaU;HH, V , 
rrpu pa3JIHt.{HoH BeJIHt.{HHe rrorpelIIHocTH ou;eHKH 6HOMaCCbJ, cS 

(3MfIHput.{ecKue JIHHHH perpeccHH H AHarpaMMhI 

afIpoKcHMHp~eH ~YHKU;HH). 3HaKH HaA 3Hat.{eHHRMH V 
xapaKTepUCTUKU 06'beKTa (OP 

OTAeJI bHbJe fIRTHa oAHoro pa3Mepa, 

OAHO 

SD 

fIRTHO, ss 
OTAeJI bHbIe fIRTHa 

pa3HbJX pa3MepoB, AS 

pa3Mepa, AD arrperaU;HH 

arrperaU;HU fIRTeH oAHoro 

rrRTeH pa3HbJX pa3MepoB). 

3Ha t.{eHHR C (B rrpou;eHTax) cooTBeTCTB)'IOT HCfIOJIb3yeMOMY 

OTHOlIIeHHIO r/1. 
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GUIDELINES FOR THE PREPARATION OF HYDROACOUSTIC SURVEY REPORTS ON KRILL 

I.L.Kalikhman 
(U.S.S.R.) 

Abstract 

The proposed guidelines provide an opportunity to 
perform comparative analyses and checks of results 
obtained during echometric surveys of fish and krill, 
and to establish a data bank of these surveys. The 
unification of echometric survey data is aimed at 
increasing the effectiveness of research on the· 
quantitative assessment of biomass of organisms. 

The guidelines contain a description of requirements for 
the preparation of reports of echometic surveys. An 
example is provided of the preparation of a report of a 
hydroacoustic survey performed as part of FIBEX by the 
Soviet research vessel Odyssey during the period from 
January to March 1981 in the Scotia Sea, on polygon VI. 

* * * * * * * * * * 
PRINCIPES DIRECTEURS POUR LA PREPARATION DES RAPPORTS SUR LES ETUDES 
HYDROACOUSTIQUES DU KRILL 

1. L. Kalikhman 
(U .R. S. S.) 

Les principes directeurs proposes fourniraient l'occasion 
d'effectuer des analyses comparatives et des verifications de 
resultats obtenus lors des etudes echometriques sur les poissons et 
le krill, "et permettraient l'etablissement d'une banque de donnees 
portant sur ces etudes. L'unification des donnees d'etudes 
echometriques est orientee vers une recherche plus effective dans le 
domaine de l'evaluation quantitative de la biomasse des organismes. 

Ces principes directeurs contiennent une description des besoins 
essentiels concernant la preparation des rapports sur les resultats 
obtenus par les etudes echometriques. 11 est donne en exemple la 
preparation d'un rapport sur une etude hydroacoustique portant sur 
le polygone VI qu'a effectue, dans le cadre de FIBEX, de janvier a 
mars 1981 dans la mer du Scotia, le navire de recherche sovietique 
'Odyssey' • 
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PAUTAS PARA LA PREPARACION DE INFORMES DOBRE LAS PROSPECIONES 
HIDROACUSTICAS DE KRILL 

I. L. Kalikhman 
(U. R. S. S. ) 

Resumen 

Las pautas propuestas proporcionarian una oportunidad de realizar 
aniHisis comparativos y comprobar los resultados obtenidos durante 
las prospeccioncs ecometricas de peces y \crill, y de establecer un 
banco de datos provenientes de estas prospecciones. La unificacion 
de datos de prospeccion ecometrica esta dirigida hacia un incremento 
de la eficiencia de tales investigaciones en el campo de la 
evaluacion cuantitativa de la biomasa de organismos. 

Las pautas contienen una descripcion de los requisitos esenciales 
para la preparaclon de informes sobre los resultados de 
prospecciones ecometricas. Se provee un ejemplo de la preparacion 
de un informe de una prospeccion hidroacustica llevada a cabo como 
parte del FIBEX por el barco de investigacion sovietico "Odyssey", 
durante el periodo de enero a marzo de 1981, en el Mar de Scotia, en 
el poligono VI. 

YCTAHOBKH no OT4ETHOCTH no rH~POAKYCTHqECKHM CbEMKAM KPHn~ 

11.n.KaJIHXMaH 

,(CCCP) 
Pe3JOMe 

HaCTORmaR HHCTPYKI..(HR rrpeJVlaraeTCR C I..(eJI bIO 
rrOJIyqeHHR B03MO~HOCTH cpaBHHTeJIbHOrO a~aJIH3a H 

rrpOBepKH pe3yJI bTaTOB, rrOJIyqeHHbrX BO BpeMR 

3XOMeTpHqeCKHX C"beMOK pbI6br H KPHJIR, a 

AJIR C03AaHHR 6aHKa AaHHbIX TaKHX C"beMOK. 

YHH<pHKaI..(HR AaHHbIX 3XOMeTpHqeCKHX 

HarrpaBJIeHa Ha rrOBbIllieHHe 3<p<peKTHBHOCTH 

HCCJIeAOBaHHM B 06JIaCTH KOJIHQeCTBeHHOM 

6HOMaCChl opraHH3MOB. 

C"beMOK 

3THX 

° I..(e HKH 

l1HCTPYKI..(HR COAep~HT orrHcaHHe Heo6xOAHMbIX 
Tpe60BaHHM K OTQeTHOCTH 0 pe3YJIbTaTaX 

3XOMeTpHQeCKHX CDeMOK. npHBOAHTCR rrpHMep 
(06pa3eI..() COCTaBJIeHHR OTQeTHOCTH no 

rHAPoaKYCTHQeCKOM C"beMKe, BbInOJIHeHHOM 

COBeTCKHM HCCJIeAOBaTeJIbCKHM CYAHOM "OAHcceM" B 

Mope CKOTHR B rrepHoA RHBapR-MapTa 1981 r. B 

paMKax FIBEX Ha nOJIHrOHe VI. 

* * * * * * * * * * 
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YCTAHOBKI1 ITO OTtIETHOCTll 

ITO r~POAKYCTlltIECKMM CbEMKAM KPllnH 

BB e,lJ;emre 

B CBfl3H C lliHpOKHM BHe,lJ;peHHeM rH,lJ;pOaKycTH~ecKOrO MeTo,lJ;a 

O~eHKH oHOMacC B03pacTaIDT TpeoOBaHHfl K CO,lJ;ep~aHHID OT~eTOE 00 

9xOMeTpH~ecKHX CbeMKax. ~nR Toro ~TOO@ ooner~HTb cpaBHeHHe H 

rrpOEepKY pe3ynbTaToE, C03,lJ;aHHe oaHKa ,lJ;aHH@X H, B HTore, rrOE@CHTb 

9~~eKTHBHOCTb CbeMOK, HeOoXO,lJ;HMO COCTaBnflTb OT~eT@ rro e,lJ;HHOH 

MeTO,lJ;HKe. 

OT~eT 0 rH,lJ;pOaKYCTH~eCKOH CbeMKe ,lJ;o~eH, C O,lJ;HOH CTOPO

H@, Y,lJ;OBneTBopflTb OO~HM TpeoOEaHHflM K peHCOBHM OT~eTaM [1], C 

,Il;PyrOH - B rronHoH Mepe oTpa~aTb crre~H~HKY B@rronHeHHHX HCCne,lJ;O

BaHHH [2]. HaCTO~He MeTO,lJ;H~eCKHe YKa3aHHfl COCTaEneH@ C y~eToM 

OOOHX 9THX ycnoEHH H C HCTIOnb30EaHHeM :yrrOMflHYT@X paoOT. 

TPEBOBAHllSI K CO~EPIKAHllIO OTtIETA 

EcnH 9KCrre,lJ;H~Hfl oHna TIOCE~eHa rnaBHHM oopa30M 9XOMeT

pH~eCKOH CbeMKe, TO peHCOEHH OT~eT He ,lJ;enHTCfl Ha rnaB@ H CO

,lJ;ep~HT pa3,lJ;en@ "BEe,lJ;eHHe", "KpaTKHH ,lJ;HeBHHK peHca", "XapaKTe

pHcTHKa paHoHa H oObeKTOE cbeMKH", "ArrrrapaTypa", "rpa,lJ;YHpoEKa 

lliKan@ HHTerpaTopa", "ITpoEe,lJ;eHHe cbeMKH" H "Pe3ynbTaT@"i ,lJ;aHH@e 

rrorrYTH@x rH,Il;PonOrH~ecKHx H rH,lJ;pooHonorH~ecKHx paooT BKnID~aIDT 

B TpeTHH pa3,lJ;en. 

EcnH 9KCrre,lJ;H~Hfl oHna KOMrrneKCHOH, TO rH,lJ;pOnOrH~eCKHM, 

rH,lJ;pOoHOnorH~eCKHM H ,Il;PyrHM HCCne,lJ;OBaHHflM rrOCBfl~aIDT Crre~HanbH@e 

rnaE@ peHCOBoro OT~eTa, E KOTOPHX ,lJ;aroT rrO,lJ;pOoHYro XapaKTepHCTH

KY paHOHa H OObeKTOE CbeMKHi E 9TOM cny~ae ~eTHPe rrOCne,lJ;HHX pa3-

,lJ;ena COCTaBnflIDT rnaEY "rH,lJ;pOaKYCTH~eCKHe HCCne,lJ;OE aHHfl 11 , a ,lJ;Ea 

rrepEHX - oo~ee rrpe,lJ;HCnOEHe. 
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Bo BBe~eHHH ~aIDT KpaTKOe 060CHOBaHHe BHOOpa paHOHa H 

CPOKOB CbeMKH, YKa3HBaroT OCHOBaHHH~nH OpraHH3aUHH 9KCne~HUHH, 

ee uenh H 3a~a~H, COCTaB HaY~HOH rpynnH, npHBO~HT MapmpYTHyID 

CXeMY peHCa. 

KpaTKHH ~HeBHHK peHCa 

B 9TOM pa3~ene B XpOHOnOrH~eCKOM nOpH~Ke OnHCHBaIDT HaH

oonee Ba~HHe paooTH H COOHTHH B peHce. 

XapaKTepHCTHKa paHoHa H oObeKToB CbeMKH 

B 9TOM pa3~ene rrpHBO~HT KpaTKHe cBe~eHHH no oHonorHH 

oocne~yeMHX oObeKToB, paCKpHBaIDT ocooeHHocTH ~HHaMH~eCKOro pe

~Ma paHoHa CbeMKH (~pOHTH, rpaAHeHTH, BHXPH, anBennHHrH H 

T.~.). OrrHCHBaIDT oHonorH~ecKoe COCTOHHHe H nOBe~eHHe o6beKToB, 

BH~OBOH H pa3MepHHH COCTaB cKonneHHH, noro~y H rrpOMHCnoBYro 

oocTaHoBKY B nepHo~ paooTH 9Kcne~HUHH. 

AnnapaTypa 

B 9TOM pa3~ene npHBo~flT COCTaB anrrapaTYPHi Ha3HBaroT 

npHMeHHBIDHecH rH~poaKycTH~ecKHe H H3MepHTenbHHe npHoopH, HH

TerpaTopH. YKa3HBaIDT Bce Hcnonb30BaHHHe pe%HMH paooTH annapa~ 

TypH: B rH~poaKYCTH~eCKOM rrpH60pe - ~acToTY, MO~HOCTb H3ny~eHHH, 

illHPHHY ny~a, ~nHTenbHOCTh HMTIynhcoB, nonocy nponycKaHHH, YCHne

HHe H 3aKOH BAPY; B HHTerpaTope - YCHneHHe H nopor. EcnH pe~HM' 

paooTH H3MeHHnH, TO YKa3HBaroT rrpH~HHY H3MeHeHHH. OrrHcHBaroT cno

co6 H3MepeHHH 9neKTpoaKYCTH~eCKOH nOCTOHHHOH annapaTypH; rrpHBO

~HT 3Ha~eHHH 9neKTpoaKYCTH~eCKOH nOCTOHHHOH, nony~eHHHe B ~aH

HOM peHce H npH rrpe~y~HX H3MepeHHHX. EcnH pacxo~eHHe cy~ecT

BeHHO H BHnonHflnH n09TanHHe H3MepeHHH 9neKTpH~eCKHX H aKYCTH-
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~eCKHX napaMeTpOB annapaTYp@, TO npHBO~HT pe3ynbTaT@ 3THX 

H3MepeHHH.+ 

B 8TOM pa3~ene npHBO~HT pe3ynbTaT@ n08TanHOH rp~YHpOB

KH lliKan@ HHTerpaTOpa: K08~~H~HeHT nOTepb BBH~Y H36@TO~HOrO 3a-

TyxaHHH 3BYKa, ypOBeHb lliYMOB@X nOMex,Maccy H aKyCTH~eCKOe ce~e

HHe (CHny ~enH) O~HHO~H@X 06beKTOB, HHTerpanbH@H <paKTOp HanpaB

neHHOCTH, ~eHY ~eneHHH lliKanH HHTerpaTOpa. YKa3~BaroT XapaKTep 

perHCTpa~HH 06beKTOB rH~pOaKYCTH~eCKHM npH6opOM, rrpHBOp,HT xa

paKTepH@e 8XOrpa~. ECnH OT~enbH~e 8Tan@ rp~YHpOBKH He B@TIOn

HHnH, TO YKa3@BaroT npH~HHY H 060CHoB@BaroT B@6op Ka~oro H3 HC

TIOnb30BaHH@X, HO He H3MepeHH@X TIapaMeTpOB. ECnH He B@TIOnHHnH 

TI08TaTIHYro rp~YHpOBKY, TO YKa3@BaroT TIPH~HHY. B 8TOM cny~ae 

OTIHC@BaroT CTIOco6 CKB03HOH rpa~YHpOBKH H TIPHBOp,HT TIOny~eHHoe 

3Ha~eHHe ~eH@ ~eneHHH lliKanH HHTerpaTopa. EcnH B rH~oaKYCTH

~eCKOH CbeMKe y~acTBoBano HeCKonbKO Cy~OB, TO rrpHBO~HT pe3ynb

TaT@ HHTeprp~YHpOBKH lliKan HHTerpaTopOB, YCTaHOBneHH@X Ha pa3-

H@X cy~ax (none KoppenH~HH 3Ha~eHHH TInOTHOCTH, ypaBHeHHe per

peCCHH, K08<p<pH~HeHT KoppenH~HH) • ITpHMeHHTenbHO KO BceM H3Me

peHHHM TIpe~CTaBnHroT Heo6xo~HM@e nnnrocTpaTHBH@e MaTepHan@. 

ITpoBe~eHHe CbeMKH 

B 8TOM pa3~ene ~aroT KpaTKoe OTIHCaHHe oco6eHHOCTeH pac

rrpe~eneHHH 06beKTOB (B TOnme BO~~, B6nH3H nOBepXHOCTH HnH p,Ha) • 

YKa3@BaroT cnoco6 H3MepeHHH HarrpaBneHHH H CKOPOCTH ropH30HTanb

H~X H BepTHKanbH@X MHrpa~HH, rrpHBO~HT pe3ynbTaT@ 3THX H3Mepe

HHH. EcnH CbeMKY B@TIOnHHnH B ycnoBHHX mYMOB@X nOMex HnH npH 

HanH~HH 3BYKopacceHBaromHX cnoeB, TO TIpe~CTaBnHIDT xapaKTepH@e 

8xorpaMM@, ~aroT o~eHKY BKna~a TIOne3H@X 3XOCHrHanOB H nOMex B 

nOKa3aHHH HHTerpaTopa. ITPHBO~HT npHMep@ pac~eTOB nOBepxHocTHOH 

6 
v + 

H 0 beMHoH nnOTHOCTH CKOTIneHHH, Hcxo~H@e ~aHH@e H pe3ynbTaT@ 

+ 
ITO~po6HOCTH <pHKCHpyroT B ~ypHane r~poaKycTH~ecKHx H3MepeHHH. 

+ B nonHOM o6beMe pac~eT@ 3Ha~eHHH nnOTHOCTH <pHKCHpyroT B ~yp-

Hane rH~oaKycTH~ecKHx Ha6nro~eHHH. 
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B@qBCneHB~ CTaTBCTBQeCKBX XapaKTepBCTBK nOnH nnOTHOCTB. OOOCHO

B@BaIDT pe~M CbeMKB: HanpaBneHBe ~BB~eHBH, ~OPMY ranCOB, paCCTO

HHBe Me~~y ranCaMB, BHTepBan BHTerpBpOBaHBH, CKOPOCT:O ~BB~eHBH 

CY~Ha B BpeMH CYTOK, B TeqeHBe KOTOpOrO B@nOnHHnB rB~pOaKYCTBqeC

KOe oOCne~OBaHBe. IIpe~cTaBnHIDT nnaHmeT CbeMlCB: CeTKY ranCOB, 

OOpaTHYID npOKna~KY ranCOB (npBMeHHTenbHO K ~BB~Y~HMCH CKOrrneHH

HM), 3HaqeHBH nOBepXHOCTHO~ nnOTHOCTB Ha rancax, H30nBHBH nnOT

HOCTB BnB rpaHB~ nOKan:OH@X rrno~a~e~. ITPBBO~HT paCqeT o~eHKB 

OBOMacc@ oocne~OBaHH@X OObeKTOB, a TaK~e ~OBepBTen:OHoro HHTepBa

na 9TO~ o~eHKB. 

Pe3ynbTaT@ 

B 9TOM pa3~ene cpaBHBBaIDT o~eHKY OBOMacc@, pe3yn:OTaT@ 

rrpe~~Y~BX rB~oaKYCTBqeCKBX CbeMOK B ~aHH@e 0 3anace, nonyqeH

H@e OBOnOrBqeCKBMB MeTo~aMH (rrYTeM BKPHH@X, nBqBHOqH@X BnHTpa

nOB@X CbeMOK, C Bcnonb30BaHHeM ~aHH@X rrpOMHcna B T.~.). ITo B03-

MO~HOCTB, aHanB3BpyroT 3aKOHOMepHOCTB oopa30BaHBH, pacrrpe~eneHBH 

H pacn~a CKorrneHB~ B 3aBHCBMOCTB OT npBpO~H@X ~aKTopOB: OHO

TBqeCKBX (COCTOHHBe KOPMOBO~ oa3@, OBOnOrBqeCKOe COCTOHHHe 

OObeKTOB) B aOBOTHqeCKHX (~HaMBqeCKHe ocooeHHOCTB~BO~OeMa, 

rB~pO~B3HqeCKBe B rB~pOXBMHqeCKBe xapaKTepBCTBKH). ~enaroT B@

BO~ 0 npaBHn:OHOCTB B@oopa paliOHa, BpeMeHB H TaKTBKB CbeMKB, 0 

~OCTOBepHOCTB ee pe3yn:OTaTOB. ~aIDT peKOMeH~a~BB no B@OOPY an

napaTYP@ B pe~BMOB ee paOOT@ npBMeHHTen:OHO K oocne~OBaHH@M OOb

eKTaM, a TaK~e no COBepmeHCTBoBaHBro TaKTBKB ~an:OHe~BX CbeMOK 

8TBX OObeKTOB. 

o 0 p a 3 e ~ 

OTQET 0 rH~POAKYCTHqECKOB CbEMKE AHTAPKTHqECKOro KPHnH 

B MOPE CKOTH5I HA HITC "O~CCEB" C 5IHBAP5I ITO MAPT 1981 r. 

Pelic HITC "O;rJ;Bcceli" B paMlCax Me~YHapo~Holi nporpaMMH 
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HCCJIe,D;OBaHHlt aHTapKTH"tleCKOI'O KPHJIR "<l>alt6eKc" 6bIJI OpI'aHHSOBaH 

no peweHHID MHHpbI6xosa CCCP. MapWPYTHaR cxeMa peltca npHBe,D;eHa 

Ha pHC. 1. rH,D;pOaKycTHqecKYID CbeMKY BblnOJIH.fIJ1H B Mope CKOTHR, 

Ba~HOM npOMblCJIOBOM paltoHe, B nepHO,D; aHTapKTHqeCKOI'O JIeTa, 

KOI',D;a KPHJIb 06pasyeT cpaBHHTeJIbHO nJIOTHbIe HepeCTOBble CKOnJIe-

HHR. 

CbeMKa 6b1J1a Me~YHapO,D;Holt; KpOMe HIlC "O,D;HCcelt", ee npo

BO,1J;HnH cY,D;a IlHP, <l>pr, CiliA, ApI'eHTHHbl, qHJIH H HnOHHH. BeCb OOC

JIe,D;yeMbllt paltoH Ob1J1 paSOHT Ha ceMb nOJIHI'OHOB no qHCJIY yqaCTBO

BaBWHX CTpaH, Ka~aR HS KOTOPbIX BblnOJIHRJIa CbeMKY B npe,D;eJIax 

CBOeI'O nOJIHI'OHa (pHC. 2). 

UeJIb CbeMKH - o~eHKa pacnpe,D;eJIeHHR H OHOMaCCbI aHTapKTH

qeCKOI'O KPHJIR. ~R p'OCTH~eHHR neJIH peWaJIHCb CJIe,D;YID~He Sa,D;aqH: 

HSMepeHHe napaMeTpOB HCnOJIbsyeMoH annapaTypbIi I'pa,D;YHpoBKa WKa

J1b1 HHTeI'paTOpai HHTepI'pa,D;YHpOBKa WKaJI pa3JIHqHbIX HHTeI'paTOpOB; 

peKOI'HOCnHpOBOqHaR CbeMKai I'H,1J;POJIOI'HqeCKHe H I'H,D;POOHOJIOI'HqeCKHe 

HCCJIe,D;OBaHHR B paHoHe CbeMKHi BCTpeqa Cne~HaJIHCTOB paSHbIX CTpaH 

,D;JIR oocy~eHHR pe3YJIbTaTOB. 

COCTaB HayqHolt rpynTIb1: A.B.HBaHOB - HaqaJIbHHK peltca, 

B.B.IleTpoB - cTapwHlt HH~eHep, B.r.CH,D;OpOB - HH~eHep, r.~.BacH~ 

JIbeB - HH~eHep. 

KpaTKHlt ,D;HeBHHK peltca 

19/X1 1980 

20-29/X1 

30/X1 

31/X1 1980-10/ 1981 

BbIXO,D; H3 CeBaCTOnOJIR. 

Pas60pKa 3KCne,D;H~HOHHoro HMy~ecTBa, 060-

PY,D;OBaHHe JIaOOpaTopHbIx nOMe~eHHlt, nO,D;KJIID

qeHHe annapaTypbI. 

ITpOXO,D; qepes rHOpaJITap. 

Ilepexo,D; qepes ATJIaHTHqeCKHlt OKeaR. ITonYT

HbIlt I'H,D;POaKycTHqeCKHlt nOHcK, Ra6JIID,D;eHHR 

HS nO,D;BO,D;HOI'O annapaTa "CeBep-2" Ha BOS-



4-7/X11 

12/X11 

25-29/X11 

11-14/1 

15-18/1 

19-20/1 

21/1-10/11 

11/11-19/111 

20/111 

21/111-21/1Y 

22/1Y 

22-26/1Y 

27-28/1Y 

29/1Y-5/Y 

6/Y 
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BNmeHHOCTHX, KOHTpOnbHHe TpaneHHH, npOMe

pO'IHHe pa60TH. 

M3MepeHHR napaMeTpOB annapaTypH Ha CTOHH

Ke B paHOHe KaHapCKHX OCTpOBOB. 

rrepexo~ 'Iepe3 3KBaTOp. 

CTORHKa B nopTY PHo-~e ~aHeHpo. 

M3Y'IeHHe pacnpe~eneHHH H nOBe~eHHH KpHnH 

B Mope CKOTHR C Hcnonb30BaHHeM r~poaKYC

TH'IeCKHX nOH6opOB H nO~BO~Horo annapaTa 

ICeBep-2". BH60p onTHManbHoro pelKHMa pa-

60TH annapaTypH. 

M3MepeHHe YPOBHR mYMOBHX nOMex B Mope 

CKOTHR. 

MHTerp~YHpOBKa C 3ana~HorepMaHCKHM cy~

HOM "BanbTep XepBHr". 

PeKorHOC~HpOBO'IHaR CbeMKa B Mope CKOTHH. 

~eTanbHaR CbeMKa B Mope CKOTHR. 

BCTpe'Ia cne~HanHCTOB pa3HHX CTpaH Ha aHr

nHHCKOH nOnRPHOH CTaHD;HH (O-BOB IO>KHaR 

reoprHH) . 

rrepexo~ 'Iepe3 ATJIaHTH'IeCKHH OKeaH. ITonYT

HHH rH~poaKYCTH'IeCKHH nOHCK, HaOJIro~eHHR 

H3 nO~BO~Horo annapaTa "CeBep-2" Ha B03-

BHmeHHOCTHX, npOMepHHe pa60TH. 06paOOTKa 

~aHHHX H HanHcaHHe OT'IeTa. 

rrpOXO~ 'Iepe3 rH6panTap. 

rrepexo~ B reHYro. HanHcaHHe OT'IeTa. 

CTORHKa B reHye. 

rrepexo~ B CeBaCTononb. 3aBepmeHHe OT'IeTa. 

rrpH6HTHe B CeBaCTononb. 
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XapaKTepHCTHKa paHOHa H OObeKTOB CbeMKH 

OObeKT. AHTapKTHqeCKHH KpHnb - rrpe~CTaBHTenb MaKpOSOO

rrnaHKTOHaj BHemHe rroxo~ Ha KpeBeTKY. rrpHH~ne~T K OTPH~Y paKO

oopaSH~X, HaCqHT~BaeT 11 B~OB. HaHoonee MOmH~e CKonneHHH oopa

syeT B~ Euphausia superba Dana. OOHTaeT rrpH TeMITepaTYpax HH~e 

rrnroc 4o
C. rrHTaeTCH B OCHOBHOM ~HaTOMOBHMH Bo~opOCnHMH. Mo~eT 

~OCTHraTb 60 MM B ~nHHY. OCOOH paSHorron~. Cpe~HHH nnO~OBHTOCTb 

caMKH - ~o 8 000 HKpHHOK. rrepHo~ paSMHo~eHHH - C HOHOPH no arr

penb C MaKCHMYMOM B ~eBpane. CnY~HT rr~eH MneKOrrHTa~HX, p~o 

H rrTH~. HBnHeTCH ~eHH~M rrpO~YKTOMnHTaHHH qenOBeKai ooraT rrpo

TeHHOM, ~HpaMH H BHTaMHHaMH, ocooeHHO BHTaMHHOM A. HcnonbSyeT

CH ~nH rrpHrOTOBneHHH rrHmeB~X KOHcepBOB, KOPMOBOH MYKH H neKap

CTBeHH~ rrperrapaTOB. 

PaHOH CbeMKH. AHTapKTHqeCKHH KpHnb rraCCHBHO MHrpHPyeT 

C TeqeHHHMH, rr08TOMY oopaSOBaHHe, pacrrpe~~neHHe H pacna~ CKon

neHHH B oonbmOH CTerreHH saBHCHT OT ~HHaMHqeCKOrO pe~HMa Bo~oe

Ma. Pe~HM MOPH CKOTHH orrpe~enHeTCH BsaHMo~eHCTBHeM ~BYX Kpyrr

H~X ~HHaMHqeCKHX CHCTeM: AHTapKTHqeCKOrO ~HpKYMITOnHPHOrO Teqe

HHH, rrpOHHKaIDmero C ceBepa, H nOTOKa BO~ MOPH Y8~~enna, npHXO

~HmHX C rora. rrOcne~HHe HBnHIDTCH rnaBH~ paHOHOM OOHTaHHH KpHnH, 

OCHOBOH ere apeana. Ha yqaCTKe Herrocpe~cTBeHHoro BsaHMo~eHcTBHH 

8THX ~HHaMHqeCKHX CHCTeM cos~aeTcH TaK HaS~BaeMaH BTOpHqHaH 

~poHTanbHaH sOHai B HeH, rnaBH~ oopaSOM Ha nepH~epHH BHxpeH, 

oopaSYIDTCH OCHOBH~e CKonneHHH KpHnH. 

rroro~a. B Mope CKOTHH rrpeoon~aroT san~H~e BeTp~, O~

HaKO B rrepHO~ paoOT~ 8Kcrre~H~HH npeBanHpOBan ceBepH~H. CHna 

BeTpa H BonHeHHe MOPH HSMeHHnHCb B oonblliHX npe~enax; BpeMeHaMH 

CHna BeTpa ~OCTHrana BOCbMH oannOB, BonHeHHe MOPH - ceMH oan

nOB. 

BHOnOrHqeCKOe COCTOHHHe. rrorrynH~HH KpHnH HaXO~HnaCbB 

COCTOHHHH HepeCTa. B CKorrneHHH rrpHCYTCTBOBanH nonOBospe~e OCO

OH H MonO~b, BospaCT BapbHpOBan B oonblliHX npe~enax BBH~Y ~nHTenb-
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Horo CpOKa HKpOMeTaHHfl. HaH60nee HHTeHCHBHhlM HepeCT 6Hn B ~eB

pane. B 9TO BpeMfl ~Hcno HepeCTHBlliHXCfl CaMOK paBHHnOCD KonH~eCT

BY nonOB03penHX caMUOB. C Ha~ana MapTa nonynflUHfl B OCHOBHOM ne

pemna K nocneHepeCTOBOMY COCTOflHHIDi ~Hcno y~aCTBYI~HX B pa3MHO

~eHHH oco6eH, oco6eHHO caMUOB, cy~ecTBeHHO COKpaTHnOCD. 

IToBe~eHHe. BHnonHeHHHe B CBeTnoe BpeMfl CYTOK nO~BO~HHe 

Ha6nI0~eHHH H3 aBTOHOMHoro annapaTa "CeBep-2" rrOKa3anH, ~TO KPHnD 

06pa30BHBan CTaH, B KOTOpHX OC06H opHeHTHpOBanHCD H pearHpOBa

nE Ha BHelliHHe pa3~a~HTenH O~HHaKOBo.,IJ;BHraTenDHafl aKTHBHOCTD 

KpHnfl 6Hna cna60H, pacnyrHBaHHe CY~HOM H opY~HeM nOBa CKa3HBa

nHCD He3Ha~HTenDHO. B TeMHoe BpeMfl CYTOK CTaH pacn~anHCDi KPHnD 

nO~HHManCH K nOBepXHOCTH H pacceHBanCfl. 

Pa3MepHHH COCTaB. B npouecce rH~poaKycTH~ecKoH CbeMKH 

perynflpHo BHnonHHnH KOHTponDHHe o6noBH npOMHCnOBHM TpanoM TP/TM 

36,6 C ropH30HTanDHHM paCKpHTHeM 38 M, BepTHKanDHHM 15 M. ITo 

pe3ynDTaTaM TpaneHHH orrpe~enHnH pa3MepHHH COCTaB CKonneHHfl. Yc

TaHOBneHO, ~TO Ha pa3nH~HHX y~acTKax o6cne~OBaHHoro paHOHa pa3-

MepHHH COCTaB 6Hn cpaBHHTenDHO rrOCTOHHHHM. rHCTorpaMMa pacnpe

~eneHHfl ~nHH KpHnH rrpHBe~eHa Ha pHC. 3. 

ITpOMHCnOBafl 06cTaHoBKa. B nepHo~ pa60TH 9Kcne~HUHH B 

B paHOHe CbeMKH rrpOMHcna He 6HnO. B6nH3H O-Ba MOP~BHHOBa pa6o

TanH ~Ba~uaTD ~06HBa}J~HX CY,lJ;OB. YnOBH ~OCTHranH 10 T 3a ~ac 

TpaneHHfl. Bonee pe3ynDTaTHBHHMH TpaneHHH 6HnH ~HeMi HO~HOH BH

nOB COCTaBnHn OKono 15% CYTO~Horo. ITpOMHCnOBafl 06CTaHOBKa oHna 

HeCTa6HITDHOH BB~y H3MeHeHHH noro~ H 6HonorH~eCKoro COCTOflHHH 

KpHnfl, O~HaKO B 60nDlliHHCTBe cny~aeB rr03BonHna ~o6HBaID~HM CY,lJ;aM 

BHnonHflTD CYTO~HYID HOPMY. 

AnnapaTypa 

COCTaB arrrrapaTypH. 3xoMeTpH~ecKYID CbeMKY BHrronHHnH C HC

rronD30BaHHeM rH,lJ;pOnOKaTopa "CapraH" H HHTerpaTopa CHOPC. 
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Pe~HM pa60T@ arrrrapaTYP@. r~pOnOKaTOp - BepTHKanbH@~ 

TpaKT,~aCTOTa 136 Kr~, lliHPOKH~ ny~, rronHaH MOmHOCTb, ~HTenb

HOCTb HMITynbCOB 1 MC, ocna6neHHe 20 ~E, BAPY BKnro~eHa, ~enb 

MHo~ecTBeHHaH, perynHTop ~anbHOCTH ~e~cTBHH BAPY B rrono~eHHH 

10; HHTerpaTOp - YCHneHHe 0 ~E, rropor 12 ~E. 

ITapaMeTp@ arrrrapaTYP@. 5/X11 1980 r. Ha CTOHHKe B pa~OHe 

KaHapCKHX OCTPOBOB H3MepHnH 9neKTpoaKYCTH~eCKYro rrOCTOHHHYro arr

rrapaTYP@ rrYTeM HHTerpHpOBaHHH 9XOCHrHanOB OT 06pa3~OBoro CTanb

Horo lliapa ~HaMeTpOM 100 MM. Ha ~aCTOTe 136 Kr~ aKYCTH~eCKoe ce

~eHHe lliapa 6 = 27,4 CM2. PaCCTOB:HHe OT aHTeHH@ ~o mapa y- = 30 M. 

ITPH rrpOBe~eHHH H3MepeHHH rH~ponOKaTOp pa60Tan B pe~HMe 

"0cna6neHHe 0 ~E", HHTerpaTOp B pe~HMe "3a O,IJ;HY rrOCb1JIKY". B pac

~eT 6panH nHllib HaH60nblliHe rrOKa3aHHH, COOTBeTcTByromHe pacrrono~e

HHID 06pa3~OBOH ~enH Ha aKYCTH~eCKOH OCH. IToKa3aHHB: HHTerpaTopa 

M1 = 107. XapaKTepHcTHKa BAPY H KpHBaH rrorrpaBO~Horo K08~~H~HeH

Ta rrpHBe,IJ;eH@ Ha pHC. 4 H 5. 9neKTpoaKycTH~ecKYhl rrOCTOHHHYro pac

C~HT@BanH C KoppeK~HeH Ha OTKnOHeHHe peanbHoro 3aKOHa BAPY OT 

TeopeTH~eCKH Heo6xo,IJ;HMOrOj rrpHMeHHTenbHO K rny6HHe 30 M rrorrpa

BO~H@H KOs~~H~HeHT paBeH 1,5. B pe3ynbTaTe 

C 
sa = 

4.if. 3 0 2 • 1 0 7 • 1 , 5 

27,4.10- 4 

ITo ~aHH@M H3MepeHHH, BHrrOnHeHHHX B XO,IJ;e rrpe~~YmeH 8XO

CbeMKH H 3a~HKCHPOBaHH@x B ~ypHane rH~poaKYCTH~eCKHX H3MepeHH~, 

Csa = 8,7.10 8 . C y~eToM pacxo~eHHH 3Ha~eHHH, cocTaBnHromero 30%, 

6-7/X11 1980 r. 6HnH rrpOBe,IJ;eH@ rrOSTarrH@e H3MepeHHB: Bcex rrapaMeT

POB, Heo6xo,IJ;HMHX ,IJ;nB: pac~eTa 8neKTpoaKycTH~ecKoH rrOCTOHHHOH. 

AKycTH~ecKHe H3MepeHHB: B@rrOnHHnH C Hcrronb30BaHHeM rH~po~oHa 

THrra 8101 ~HPMH "Epronb H Kbep". B pe3ynbTaTe rrony~eHO: ,IJ;nHTenb

HOCTb HMrrynbcoB q:= 1,0 MC, KOs~~H~HeHT YCHneHHH 3a rrpe,IJ;enaMH 

~eHCTBHH BAPY)J-0 = 1,8,105 , ,nanbHOCTb ,neHcTBHH BAPY r 0 = 350 M, 

rrOCTOB:HHaH HHTerpaTopa CH = 234 1/B2c, ~YBCTBHTenbHOCTb aHTeH@ 

rro rrpHeMY c;e= 530 MKB/ITa, 3BYKOBoe ,naBneHHe p = 1,56.105 ITa, 



- 176 -

aKYCTH~eCKaR rrOCTORHHaH rH~ponOKaTopa Ca = 6,8.10 3 B2M2. CpaB

HeHHe C ~aHHbIMH rrpe,IJ;bl~YlI\HX H3MepeHHH nOKa3b1BaKlT, "tITO aneKTpH"tIeC

KHe rrapaMeTpb1 He H3MeHHnHCb, a 3Ha"tIeHHH aKYCTH"tIeCKHX HeCKonbKO 

CHH3HnHCb; rrO-B~HMoMy,aTo OObRCHReTCR oopaCTaHHeM aHTeHHb1. 

Ha "tIaCTOTe 136 Kr~ Koa~~H~HeHT rrpOCTpaHCTBeHHoro 3aTY

xaHHR B Bo~e cc= 0,040 ~B/M [2J. 

C Hcrronb30BaHHeM 3Ha"tIeHHH, nonY"tIeHHb1X B pe3ynbTaTe rro

aTarrHb1X H3MepeHHH, aneKTpoaKYCTH~eCKaR rrOCTORHHaR arrnapaTypb1 

C 
aa 

2C C 
=~f'Q H a 2 10 3 1,0·8 ·10 ·234·6,8·10 

,...2 10 0 ,2a; 
o 

350 2 .10°,2.0,040.350 

3TOT pe3ynbTaT rrO~TBep~~aeT ~aHHb1e H3MepeHHH C Hcrronb-

30BaHHeM 06pa3~oBoro lliapa. ITocKonbKY rrpH rrpOBe~eHHH aXOCbeMKH 

rH~onOKaTOp paooTan B peJKHMe "0cnaoneHHe 20 ~B", aneKTpoaKYC-

TH"tIeCKaH rrOCTORHHaH arrrrapaTypb1 C = 6,6.106 . aa 

rpa~YHpOBKa lliKanb1 HHTerpaTopa 

H36b1TO"tIHOe 3aTyxaHHe 3BYKa. B paHoHe CbeMKH ~HO Ob1nO 

KaMeHHCTb1M H HepOBHb1Mi rronHrOHa ~nR H3MepeHHR H30b1TO"tIHOrO 3a~ 

TyxaHHR 3BYKa He Ob1nO. Ha "tIaCTOTe 136 Kr~ Hcrronb30BaTb o6pa3-

~OBb1H lliap Henb3H. IToaToMY B paC"tIeT opanH TaOnH"tIHb1e 3Ha"tIeHHR 

Koa~~H~HeHTa rrOTepb BB~Y H30b1TO"tIHOrO 3aTyxaHHR 3BYKa B aapHpo

BaHHOM rrpHrrOBepXHOCTHOM cnoe OKeaHa [2J. 

YpOBeHb lliYMOBb1X rrOMex. 15-18/1 1981 r. B Mope CKOTHH 

H3MepHnH ypOBeHb lliYMOBb1X rrOMex npHMeHHTenbHO K pa3nH"tIHb1M no

rO~Hb1M ycnOBHHM H CKOPOCTHM ~BH~eHHR CY~Ha C Hcrronb30BaHHeM 

rH~ponOKaTopa "CapraH" H HHTerpaTopa CHOPC. PeJKHM paOOTb1 H 

rrapaMeTpb1 arrrrapaTypb1: rH~ponOKaTOp - nonoca rrporrycKaHHR 3 000 

r~, reHepaTOp H BAPY Bb1KnIO"tIeHb1, ocnaoneHHe 10 ~B, Koa~~H~HeHT 

YCHneHHR ~o TO"tIKH nO~KJ1IO~eHHR HHTerpaTopa f<--= 5.104 ; HHTerpa

TOP - rropor 0 ~B, TOJ1lI\HHa cnOR h = 99 M, 3anYCK BHYTpeHHHH, 
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~Hcno rrOChlnOK n = 500, rrOCTOHHHaH HHTerpaTOpa CH = 234 1/B2
C. 

rrpHBe~eHHHH K aHTeHHe ypoBeHb mYMoBHX rrOMex HaxO~HnH no ~op

Myne 

V cM 

2hnC 
H 

Pe3ynhTaTH H3MepeHHH rrpe~cTaBneH@ B Ta6n. 1_ 

Macca O~HHO~Horo 06beKTa. Orrpe~enHnaCh no pe3ynbTaTaM 

6Honor~eCKOH npo6H KOHTponbHoro nOBa. B pe3ynbTaTe - cpe~HHH 

Macca W = 0,65 r. 

OTp~aTenhHaH crroco6HOCTh O~HHO~Horo 06beKTa. Onpe~enH

naCb Ha OCHOBe ~aHHHX 6a30BHX H3MepeHHH [2J C y~eToM pa3MepHO

ro COCTaBa CKorrneHHH. Cpe~HHe ~HH@ 06beKTOB B Ka~OH rpa~aUHH 

pa3MepHoro pH~a L., COOTBeTCTBYIDII(He aKYCTH~eCKHe ce~eHHH 6 (L . ) 
~ ~ 

H rrpoueHTHoe cOp'ep~aHHe o6beKToB Ka~oH rp~aUHH n. ~aHH B 
~ 

Ta6n. 2. 

= 1 

100 

Ycpe~HeHHoe 3Ha~eHHe aKYCTH~eCKoro ce~eHHH 

N 

I O(L.)n.= 
~ ~ 

; =: I 

(3,0.12+3,9-61+4,4-15+6,0.5+6,7.4+7,7·3) = 4,2.10-6 M2. 

MHTerpanhH@H ~aKTop HarrpaBneHHOCTH. XapaKTepHaH 9xorpa

MMa rrpe~CTaBneHa Ha pHC. 6 .. CKorrneHHH KPHnH perHCTpHpOBanHCh 

KaK MHo~eCTBeHHaH uenh.MHTerpanhH@H ~aKTOp HarrpaBneHHOCTH 

neHa ~eneHHH IDKan@ HHTerpaTopa. B npouecce rH~poaKYCTH

~eCKOH CbeMKH H3MeHHnaCb. B 3aBHCHMOCTH OT CTerreHH 3aTyxaHHH 

3BYKa B aspHpOBaHHOM rrpHnOBepXHOCTHOM cnoe OKeaHa. BonbmYID 

~aCTh BpeMeHH BonHeHHe MOPH COCTaBnHno 4 6anna, cy~HO ~BHra-
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nOCb co CKOPOCTbro 8 ysnOBj rrpHMeHHTenbHO K STOMY cnyqaro K09~

~H~HeHT rrOTepb Ka = 0,9. UeHa ~eneHHR lliKanH HHTerpaTopa 

C = 3,43w = 

C K 6 'V 
sa a4,r 

4 -(3,43 ·0 ,65 

ITPH cy~ecTBeHHOM HSMeHeHHH rrorO~HHX ycnoBHHH CKOPOCTH 

~BH~eHHR CY~Ha B BenHqHHY ~eH@ ~eneHHR lliKanH HHTerpaTopa BHOCH

nH Heo6xo~HMYro rrorrpaBKY. 

MHTeprpa~YHpOBKa. 19-20/1 1981 r. B Mope CKOTHR BHITOn

HHnH HHTeprp~YHpOBKY lliKan HHTerpaTopOB, YCTaHOBneHH@X Ha HTIC 

"O~cceH" H Ha 9arr~HorepMaHCKOM CY~H'e "BanbTep XepBHr". B CBR

SH C HepaBHOMepHOCTbID pacrrpe~eneHHR KpHnR 6HnO Heo6xo~MO, ~TO-

6@ rH~poaKYCTH~eCKHe rrpH6op@, K KOTOPHM rro~Knro~anHcb HHTerpaTO

p@, perHCTpHpOBanH O~HH H Te ~e y~acTKH CKorrneHHR. C 9TOH uenbID 

cy~a cne~OBanH B KHnbBaTepei rrpHMeHHMOCTb TaKOH MeTO~HKH o6yc

nOBnHBanaCb TeM, ~TO Ha B@COKOH ~aCTOTe KHnbBaTepHaR CTPYR cos

~aeT MeHblliYro nOMexy. ~R CH~eHHR rrOMeXH ranCH rrpOKna~BanH 

rreprreH~HKynRpHo Te~eHHroi Brrepe~H llien "BanbTep XepBHr", HMeBlliHH 

MeHblliYID oca~KY. CKOPOCTb xo~a COCTaBnRna 8 ysnoB, paCCTORHHe 

Me~y cy~aMH 0,5 MHnH, o6~aR rrpOT~eHHOCTbranCOB 25 MHnb, HH

TepBan HHTerpHpOBaHHR 0,5 MHnHj 6Hno c~enaHO 50 OTc~eTOB nOKa

saHHH HHTerpaTopa. 

ITone KopperrR~HH SHa~eHHH rrnoTHocTH, rrony~eHHHX Ha HTIC , 
"O~HcceH" (~) H "BanbTep XepBHr" (-s»' npe~CTaBneHO Ha pHC. 7. 

YpaBHeHHe perpeCCHH HMeeT BH~ 

rpa~HK ypaBHeHHR perpeCCHH npHBe~eH Ha pHC. 7. K09~~H

UHeHT KoppenR~HH r = 0,81; nOCKonbKY r > 0,8, TO~HOCTb rp~YH

POBKH lliKan HHTerpaTopOB npHSHaHa y~oBneTBopHTenbHoH. 
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TIpoBe~eHHe CbeMKH 

Pe~HM CbeMKH. B CBR3H C TeM, qTO B TeMHOe BpeMR CYTOK 

paCCeRHH@H KpHnh nrroxo perHCTpHpOBarrCR rH~pOaKYCTHqeCKHMH npH-

6opaMH, CbeMKY B@rrOnHRnH TOnhKO B CBeTnOe BpeMR. CKOPOCTh ~BH

~eHHR CY~Ha COCTaBnRna 6-9 Y3nOB B 3aBHCHMOCTH OT rroro~. liH

TepBarr HHTerpHpOBaHHR paBHRnCR 15 MHnRM. 

C 21/1 rro 10/11 1981 r. npOBO~HnH peKorHoc~HpOBOqHYID 

CbeMKYi nrraHmeT rrpHBe~eH Ha pHC. 8. BHnO YCTaHOBneHO, qTO B 

o6cne~oBaHHoM paHoHe KpHnh ~ep~anCR HepaBHOMepHO. ~To6@ orrpe

~enHTh paCCTORHHe Me~y rarrcaMH ~eTanhHoH CbeMKH paCCqHTarrH 

~YHK~HID KoppenR~HH cpaBHHTenhHO paBHOMepHoro nonR nrrOTHOCTH 

CKonrreHHH KpHnR Ha BTOPOM CTpaTe. ~R 8Toro Ha O~HOM H3 yqac

TKOB CbeMKH rrOKa3aHHR HHTerpaTopa CHHMarrHqepe3 Ka~e ~Be 

MHnH rrYTHi o6~ee qHCnO OTCqeTOB paBHRnOCh 40. M3 rpa~HKa KOp

penR~HoHHOH ~YHK~HH (pHC. 9) cne~yeT, qTO pa~HYC KoppenR~HH 

ro = 20 MHnRM. 

C 11/11 no 19/ill 1981 r. npOBO~HnH ~eTarrhHYID CbeMKYi 

rrnaHmeT npHBe~eH Ha pHC. 8. PaCCTORHHe Me~~y COCe~HHMH naparr

nenhHHMH rancaMH Ha nepBOM H BTOPOM CTpaTax COCTaBnRnO OKono 

50 MHnh; C yqeTOM qepe~OBaHHR rarrCOB 3Hr3arOM MO~HO CqHTaTh, 

qTO paCCTORHHe Me~~y ranCaMH paBHRnOCh 25 MHnRM. Ha TpeTheM H 

qeTBepTOM cTpaTax nrraHHpoBarrH 60nee qacTYID ceTKY, TaK KaK TaM, 

Ha6nID~anH 60nee pe3KHe neperra~ 3HaqeHHH nnOTHOCTH. 

TInoTHocTh cKorrneHHH. B npo~ecce rH~poaKycTHqeCKOli Cbe

MKH ypoBeHh mYMoB@x nOMex Ha aHTeHHe He npeB@llian 5 MKBi rrOMeXH 

OTceKanHCh nOpOrOBHM YCTPOHCTBOM. BenHqHHa 8XOCHrHarrOB 3Ha~

TenhHO rrpeB@marra ypOBeHh rrOMex, n08TOMY nOKa3aHHR HHTerpaTopa 

He KoppeKTHpOBarrH. 

TIPH ~Harra30He pa60T@ rH~onOKaTopa 0-150 M (qaCTOTa 

cne~OBaHHR HMnynhcOB f = 162 1/MHH) , CKOPOCTH ~BH~eHHR CY~Ha 
H 
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Vc = 8 ysnaM, rrOKasaHHRX HHTerpaTopa M = 4622 nOBepXHOCTHaR 

nnOTHOCTb CKonneHHR 

?~ = 
CMv c 414·4622·8 =105 T/MHnR 

2 = . 
601fH 60·15·162 

IIPH TO~HHe CKonneHHR h = 20 M OObeMHaR nnOTHOCTb 

~" = Ss 105 = 2,4 8KS. /M 3 - . 
3,43wh 20·0,65·3,43 

BHOMacca CKonneHHH. ~aHHHe pac~eTa OHOMacc~ MeTO~OM 

H30nHHHH rrnOTHOCTH npHBe~eH~ B TaOn. 3. 

3Ha~eHHe t-pacnpe~eneHHR CTbro~eHTa, COOTBeTcTByromHe 

OOmeMY ~cny OTc~eTOB nOKasaHHH HHTerpaTopa, t (91) = 1,99. 

~oBepHTenbHHH HHTepBan o~eHKH OHOMacc~ 

I = w±t(m)ow = 18,2'105 ~ 1,99'0,71'105 = (18,2:::'1,4)10 5 T. 

Pe3ynbTaT~ 

AHanH3 ~aHH~ CbeMKH. CYMMapHaR OHOMacca aHTapKTH~eCKO

ro KPHnR B Mope CKOTHR no ~aHH~M rH~oaKYCTH~eCKOH CbeMKH, B~

nonHeHHOH cy~aMH CCCP, IIHP, ~pr, CIllA, ApreHTHHH, 'ilim-I;:H .HnoHHH, 

COCTaBnReT 8 MnH. T. 

CbeMKa nOKasana, ~TO npH oocne~OBaHHH aHTapKTH~eCKoro 

KpHnR 8~~eKTHBHee BHCOKo~aCTOTHHe (6onee 100 Kr~) rH~poaKYCTH

~eCKHe npHoopH. Ha B~COKHX ~aCTOTax ycnoBHR perHcTpa~HH onaro

npHRTHee (oTpa~aTenbHaR cnocooHoCTb KpHnR BHille, YPoBeHb myMoBHx 

nOMex HH~e); rrpHMeHeHHe Y3Koro ny~a n03BonReT ~eT~e onpe~enRTb 

rpaHH~ cKorrneHHH. 

r~ponorH~eCKHMH H rH~pooHonorH~eCKHMH Hccne~OBaHHRMH 

YCTaHoBneHo cOBrra~eHHe rpaHH~ cKonneHHH KpHnR H oonacTeH C on

pe~eneHH~M COOTHorneHHeM KOH~eHTpa~HH KpeMHHR H ~oc~opa. 9TOT 
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pe3ynbTaT TI03BOnReT OnepaTHBHO HaXO~HTb OnarOnpHRTH@e pafiOH@ 

nYTeM onpe~eneHHR rH~pOXHMH~eCKHX XapaKTepHCTHK. 

PerynRPHO B@nOnHReMHe C 1969 r. TpanOB@e CbeMKH ~aIDT 

o~eHKY OHOMacc@ B3pocnoro KpHnR B Mope CKOTHR - OT 20 ~o 50 

MnH. T. ITo aHanorHH C MaCCOB@M BH~OM ~epHoMopcKofiKpeBeTKH H 

C y~eToM ponH KPHnR B aHTapKTH~eCKofi 8KOCHCTeMe npHHRTO C~HTa

Tb, ~TO ~onYCTHMHH B@nOB KpHnR Mo~eT COCTaBnRTb 40-50% OT Be

nH~HH@ OHOMacc@ B3pocn@X ocooefi [3J. ~aKTH~eCKHfi B@nOB KpHnR 

B 8TOM pafiOHe He npeBHmaeT 400 T@C. T. TaKHM oopa30M, CTeneHb 

8KcnnyaTa~HH HH~TO~Ha. 

Cy~ecTBeHHoe OTnH~He pe3ynbTaTa HacToR~efi r~poaKYCTH

~ecKofi CbeMKH OT ~aHH@X MHoroneTHHX TpanOB@X CbeMOK, nO-BH~H

MOMY, OObRCHReTCR cne~YID~HM. B nepHO~ paooT@ 8Kcne~H~HH ~Ha

MH~eCKHH pe~HM MOPR CKOTHR HMen cy~ecTBeHH@e ocooeHHOCTH: He 

xapaKTepH@fi CHnbH@fi ceBepH@fi BeTep B@3Ban rnYOOKoe npOHHKHOBe

HHe AHTapKTH~eCKoro ~HPKYMnOnRPHOrO Te~eHHR B BO~ Y8~~enna, 

~TO npHBeno K paCillHpeHHID BTOPH~HOfi ~pOHTanbHofi 30H@ H CMe~eHHID 

BHxpefi. CbeMKY nnaHHpOBanH 6e3 y~eTa 8THX 06CTORTenbCTBi B 

pe3ynbTaTe He o@n o6cne~OBaH PR~ pafiOHOB MOPR CKOTHR, onaronpH

RTH@X ~R oopa30BaHHR CKonneHHfi KPHnR. 

PeKOMeH~a~HH. AHTapKTH~eCKHfi KPHnb ~enecooopa3HO oocne

~OBaTb npH nOMO~H B@COKo~aCTOTH@X rH~poaKYCTH~eCKHX npH6opOB. 

HeOOXO~HMO 3apaHee onpe~enRTb MeCTonono~eHHe BHxpefi BO BTOpH~

Hofi ~pOHTan:OHofi 30Hei CbeMKY cne~yeT nnaHHpOBaTb TaK, ~TOO@ 

ranc@ nepeceKanH nepH~epHfiH@e y~acTKH BHxpefi, a TaK~e oonaCTH 

C 6naronpHRTHOfi KOH~eHTpa~HeH KpeMHHR H ~oc~opa. 

CnHCOK Hcnonb30BaHHofi nHTepaTYP@ 

MHCTPYK~HR 0 nopR~Ke COCTaBneHHR pefiCOB@X nporpaMM, peliCOB@X 

OT~eTOB, rO~OB@X nnaHOB npOBe~eHHR MOPCKHX 8Kcne~H~HH H 
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OT~eTOB 6aCceHHOB~ HaY~HO-HCCne~OBaTenhCKHX HHCTHTYTOB H 

ynpaBneHHH npOMHCnOBHX pa3Be~oK. M., OHTH BHHPO, 1977, c. 

32. 

PYKOBO~CTBO no npOBe~eHHro rH~poaKYCTH~eCKHX CbeMOK. M., OHTH 

BHHPO, 1984, c.124. 

TIro6HMoBa, T.r., B.B.rneB~oBa. HeKOTop~e ~aHH~e 0 KonH~eCTBe 

KpHnR B OT~enhHHX paHoHax ~~Horo OKeaHa. P~6Hoe X03RHCTBO, 

1980, ~ 11, c.21-2S. 
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Ta6mu~a 1. YpoBeHh rrryMoBhIX rrOMeX (CM. rrORCHeHHe B TeKCTe) 

BOJIHeHRe MOPH CIWPOCTb X O,Il; a IIOKa3aHHH Ypo:seHb IllYMO-
HHTerpaTopa BI:iIX nOMeX,MKB 

IIITHnb ,I(peHcp 39 1 

3 6anna 8 Y3nOB 971 5 

Ta 6 nHI.J; a 2. OTpaJKaTenhHaR crroco6HOCTh O)l)iHOt.JHOrO 06'heKTa (CM. 

rrORCHeHHe B TeKCTe) 

L. , CM 3,2 3,6 4,0 4,4 4,8 5,2 
~ 

(L .) , M2 x10-6 3,0 3,9 4,4 6,0 6,7 7,7 
~ 

, 

ni' % 12 61 15 5 4 3 

Ta6nH~a 3. ~aHHhle paCqeTa 6HoMacchl CKorrneHHi (CM. rrORCHeHHR B 

TeKCTe) 

IIapaMeTp MToro 

1 2 3 

I'paHH"tIHbIe 3Ha"tIeHHH nnOTHoCTH, OT 145 
T/MHnH2 < 145 ,Il;O 275 > 275 

'tJRcno OTC"tIeTOB nOKa3aHHH HH-
TerpaTopa rn. 41 33 17 

~ 
91 

Cpe~Hee 3 Ha"tIeHRe nnOTHOCTH 

i' T/MHnH2 69 199 310 

,I(HcnepCH.51 3Ha"tIeHHH nnOTHOCTH 
D. , (T/MHnH2)2, x10 3 2,27 3,71 1 ,62 
~ 

IInolI\a~b S . , MRJ1H2 6380 4730 1429 
~ 

.12539 

BHoMacca W., T, x104 44 94 44 
~ 

182 

7,1 
Onrn:6KH o~eHKH 6HOMaCCbI i' 
T, x10 4 4,7 5,0 1 ,4 
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SC-CAMLR-V/BG/38 

METHODOLOGICAL GUIDELINES ON THE ASSESSMENT OF TRAWL CATCHABILITY OF 
KRILL BY MEANS OF STATISTICAL MODELLING 

Z.I.Kizner 
(U. S. S. R.) 

Abstract 

This paper offers an approach to the assessment of the relative 
effectiveness of krill fishing gear by means of statistical 
modelling. The Monte-Carlo method, which is described in the works 
by Metropolis, N., Ulam, S. (1949) and Sobol, I. M. (1978), is used 
as a basis. The Monte-Carlo method is useful for solving problems 
related to the quantitative assessment of complex stochastic 
systems, including the assessment of the effectiveness of trawl nets 
used in krill fishing. However, on its own the Monte-Carlo method 
does not provide a complete solution to the set problem. This paper 
sets out a method of comparative assessment of the effectiveness of 
trawl nets of various configurations. The algorithm for solving 
this problem is constructed in such a way that it can be applied 
without alteration for the assessment of the effectiveness of trawl 
nets of any configuration and affects only the input information. 

The paper formulates axioms describing the ideal situation for the 
process of entrapment of krill by the net; this permits the 
rigorous mathematical formulation of the problem and the development 
of an algorithm for its solution. A detailed description is given 
of the algorithm for the assessment of the effectiveness of krill 
trawl nets, which includes a principal module and the module RESOLV 
(i.e. the resolution of several systems composed of two linear 
equations and two double inequalities). 

The proposed algorithm can be realised by computer in 
algorithmic languages ALGOL, FORTRAN or PL-l; for this 
utilisation of a rapid-operation computer is recommended. 

* * * * * * * * * * 

PRINCIPES METHODOLOGIQUES DIRECTEURS SUR L'EVALUATION DES 
POSSIBILITES DE CHALUTAGE DU KRILL AU MOYEN DE MODELES 
STATISTIQUES 

Z.I.Kizner 
(U. R. S. S.) 

the 
the 

Ce document presente une maniere d'aborder l'evaluation de 
l'efficacite relative des engins de peche du krill au moyen de 
modeles statistiques. La methode Monte-Carlo, decrite dans les 
ouvrages de Metropolis, N., Ulam, S.(1949) et Sobol, I. M.(1978) a 
servi de base. La methode Monte-Carlo est utile pour resoudre les 
problemes lies a l'evaluation quantitative de systemes stochastiques 
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complexes, y compris l'evaluation des chaluts dans la peche de 
krill. Cependant la methode Monte-Carlo ne constitue pas, a elle 
seule, une solution complete au probleme pose. Ce document presente 
une methode pour l'evaluation comparative de l'efficacite des 
chaluts de diverses configurations. L'algorithme utilise pour 
resoudre ce probleme est construit de telle sorte qu'il peut etre 
applique sans modification aucune pour evaluer l'efficacite des 
chaluts de toute configuration et n'affecte que les renseignements 
fournis. 

Le document presente la formulation des axiomes decrivant la 
situation ideale relative au processus par lequel le krill se prend 
dans le chalut; ceci permet la formulation mathematique rigoureuse 
du probleme et l'elaboration d'un alogarithme pour le resoudre. Le 
document presente une description detaillee de l'alogarithme 
concernant l'evaluation de l'efficacite des chaluts. Cette 
description comprend un module principal et le module RESOLV 
(c'est-a-dire la resolution de plusieurs systemes composes de deux 
equations lineaires et deux inegalites doubles). 

L'alogarithme propose peut etre realise a l'aide d'un ordinateur en 
se servant des langues alogarithmiques ALGOL, FORTRAN ou PL-l. Pour 
ce faire, il est recommande d'utiliser un ordinateur a operation 
rapide. 

*-* * * * * * * * * 

PAUTAS METODOLOGICAS SOBRE LA EVALUACION DE LA CAPACIDAD DE ARRASTRE 
EN LA CAPTURA DE KRILL POR MEDIO DE MODELACION ESTADISTICA 

z. LKizner 
(U .R. S. S.) 

Resumen 

Este documento ofrece un enfoque para la evaluacion de la relativa 
eficiencia de los aparejos de pesca del krill por media de 
modelacion estadistica. El metodo Monte-Carlo, que se describe en 
los trabajos de Metropolis, N., Ulam, S. (1949) y Sobol, 1. M. 
(1978), se usa de base. El metodo Monte-Carlo es util para resolver 
problemas relacionados a la evaluacion cuantitativa de sistemas 
fortuitos complejos, incluyendo la evaluacion de la eficiencia de 
las redes de arrastre empleadas en la pesca de krill. Sin embargo, 
el metodo Monte-Carlo por si mismo, no provee una solucion completa 
al problema planteado. Este documento expone un metodo de 
evaluacion comparativa de la eficiencia de las redes de arrastre de 
diversas configuraciones. El algoritmo para resolver este problema 
se construye de tal manera, que puede ser aplicado sin alteracion 
para la evaluacion de la eficiencia de las redes de arrastre de 
cualquier configuracion, y afecta solo la informacion de entrada. 
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El documento formula axiomas que describen la situacion ideal del 
proceso de atrape de krill por la red; ello permite la formulacion 
matematica rigurosa del problema y el desarrollo de un algoritmo 
para su solucion. .Se da unadescripcion detallada del algoritmo 
para la evaluacion de la eficiencia de las redes de arrastre de 
krill, 10 que incluye un mOdulo principal y el mOdulo RESOLV (es 
decir, la resolucion de varios sistemas, compuestos de dos 
ecuaciones lineares y dos desigualdades dobles). 

El algoritmo propuesto puede ser realizado por computacion en los 
lenguajes algoritmicos ALGOL, FORTRAN 0 PL-l; para ello, se 
recomienda la utilizacion de un sistema de computacion de operacion 
rapida. 

* * * * * * * * * * 

METO~OnOrMqECKME YCTAHOBKM no Onp~EnEHMID METO~OM CTATMCTMqECKOrO 
MO~EnMPOBAHM~ ynOBMCTOCTM CETHb~ nonOTEH ~~ nOBA KPMn~ 

3.M.KH3Hep 
(CCCP) 

Pe3IOMe 

npeAnaraeTC~ rrOAXOA K orrpeAeneHHID 
cpaBHHTenbHOH ynoBHcTOCTH 0PYAHH nOBa, 
Hcrron b3yeMblX Ha rrpOMblcne KpHn~, MeTOAoM 
CTaTHCTHqeCKOrO MOAenHpOBaHH~. 3a OCHOBY 
rrpHH~T MeTOA MOHTe-KapJIo, orrHcaHHblH B pa60Tax 
Metropolis, N, Ulam, S (1949), C060JI~ M. M. 
(1978) . McrroJI b30BaHHe MeTOAa MOHTe-Kapno 
rrone3HO rrpH peweHHH 3aAaq, CB~3aHHhlX C 
KOnHqeCTBeHHblMH o~eHKaMH CJIO)KHblX 
CTOXaCTHqeCKHX CHCTeM, B TOM qHCne H 3aAaqH 
ynoBHcTOCTH ceTHoro rrOJIOTHa An~ nOBa KpHnR. 
OAHaKO caM rro ce6e MeToA MOHTe-Kapno He 
rr03Bon~eT peWHTb B ~enOM rrOCTaBneHHYID 3aAaqy. 

B HaCTo~~eH pa60Te H3JIaraeTC~ MeTOA 
cpaBHHTeJIbHOH o~eHKH ynoBHcTOCTH ceTHblX 
rronOTeH pa3nHQHhlX KOH~Hrypa~HH. AnropHTM 
peweHH~ 3aAa qH COCTaBneH TaK, QTO OH rrpHMeHHM 
6e3 KaKHX-JIH60 H3MeHeHHH AnR o~eHKH 
ynoBHcTOCTH ceTHoro rrOJIOTHa JIID60H KOH~Hrypa~HH 
H OTpa)KaeTCR JIHmb Ha BXOAHOH HH~opMa~HH. 

B pa60Te c~opMynHpoBaHhl aKCHOMbl, OrrHCbrBa~He 
HAeanH3a~HID rrpo~ecca 3aXBaTa paQKOB ceTbID, qTO 
rr03BonReT AaTb CTporYID MaTeMaTHQeCKyID 
rrOCTaHOBKY 3aAaqH H pa3pa60TaTb aJIrOpHTM ee 
pemeHHR. 



- 198 -

nO,n;p06HO OnHChlSaeTCH anrOpHTM pemeHHH 3a,n;aqH 
onpe,n;eneHHH ynosHcTOCTH CeTHhlX nOnOTeH ,n;nH 
nosa KpHnH, SKnIOqaH rOnOSHOH MO,n;yn b H MOAyn b 
RESOLV (pemeHHe HeCKOnbKHX CHCTeM H3 ,n;syx 
nHHeHHhlX ypasHeHHH H ASYx ,n;SOHHhlX HepaSeHCTS). 

npe,n;nOJKeHHbIH anrOpHTM MOJKeT 6hlT b peanH30SaH C 
nOMO~bIO 3BM Ha anrOpHTMHqeCKHX H3hlKax AJIfOJI, 
4>OPTPAH HnH PL-l, npH 3TOM peKoMeHAyeTcH 
opHeHTHposaTbCH Ha 6hlCTpoAeHCTS~He 3BM. 

* * * * * * * * * * 
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METO~OnOrH~ECKHE YCTAHOBKH ITO OITPE~EnEHHD METO~OM 

CTATHCTH~ECKOrO MO~EnHPOBAHHH ynOBHCTOCTH CETHWX ITonOTEH 

MH nOBA KPHn5I 

Z.I.Kizner, 
All-Union Research Institute of Marine Fisheries 
and Oceanography (VNIRO) 
U.S.S.R., Moscow B-140, Verkhnaya Krasnosels!.~aya,17. 

BBe,IJ;eHHe 

ITPH C03,IJ;aHHH TpanoB nepe,IJ; KOHCTpYKTopaMH BCTaeT PR,IJ; 

cepbe3HHX npo6neM: HOBHH Tpan ,IJ;On~eH 6HTb ynoBHCTHM, KaK MO~HO 

MeHbme BeCHTb H OKa3HBaTb B03MO~HO MeHbmee ConpOTHBneHHe npH 

,IJ;BH~eHHH B BO,IJ;e. rnaBHaR ~enb pa3pa6oT~HKa HOBoro OPY,IJ;HR nOBa 

COCTOHT B TOM, ~To6H H3 HeKOTOpOrO Ha60pa B03MO~HHX KOHCTPYK~HH 

BH6paTb OnTHManbHYID. HeTPY,IJ;HO nOHRTb, ~TO TaKaR 3a,IJ;a~a B 06meM 
+ 

cny~ae HeKOppeKTHa H nOTOMY, CTpOrO rOBOpR, 6eccO,IJ;ep~aTenbHa. 

Ha caMOM ,IJ;ene npOu;e,IJ;ypa BH60pa "OnTHManbHOH" KOHCTPYKU;HH Mo~eT 

6HTb CBe,IJ;eH~, K He3aBHcHMoH ou;eHKe Ka~,IJ;OrO H3 Tpex Ha3BaHHHX BH

me nOKa3aTeneH H nOCne,IJ;YIDmeH o606maIDmeH 9KcnepTHoH o~eHKe. 

Onpe,IJ;enHTb Maccy KOHKpeTHo~ KOHCTPYK~HH HeTPY,IJ;HO; ,IJ;nR 

oueHKH conpoTHBneHHR TpanoB TaK~e pa3pa6oTaHH cneU;HanbHHe MeTO

,IJ;H (1,5). rOpa3,IJ;O TPY,IJ;Hee onpe,IJ;enHTb ynoBHcTOCTb Toro HnH HHoro 

BH,IJ;a ceTHoro nonOTHa HnH OPY,IJ;HR nOBa. 06H~HO ,IJ;nR 9TOH uenH C03-

,IJ;aIDT OTIHTHHe 06pa3UH H npOBepRIDT HX B peanbHHX ycnoBHRX HnH B 

cne~HanbHHX 6acceHHax. C03,IJ;aHHe onHTHHX 06pa3~OB H HX 9KcnepH

MeHTanbHaR npOBepKa 06H~HO TpY,IJ;OeMKH H ,IJ;OporH. 

B ,IJ;aHHOH pa60Te TIpe,IJ;naraeTCR 9KOHOMl{qHHH MeTO,IJ; cpaBHH

TenbHOH o~eHKH ynoBHcTOCTH KpHneBHX ceTeH (TOqHee, - ceTHoro 

nonOTHa, Hcnonb3yeMoro npH C03,IJ;aHHH KpHneBHX ceTeH) nOCpe,IJ;CTBOM 

cepH~ 9KcnepHMeHTOB Ha 9BM. 

+B 9TOH CBR3H xo~eTCR TIpHBeCTH BHCKaSHBaHHe E.C.BeHT~enb(2) 0 

MHorOKpHTepHanbHHX 3a,IJ;aqax: "PemeHHe, 06pamaiOmee B MaKCHMYM O,IJ;HH 

KaKOH-TO nOKa3aTenb, KaK npaBHno, He o6pamaeT HH B MaKCHMYM, HH 

B MHHHMYM ,IJ;PyrHe. IT09TOMY ~aCTO npHMeHReTCR ~opMynHpOBKa: ,IJ;OC

THrHYTb MaKCHManbHoro 9~~eKTa TIpH MHHHManbHHX 3aTpaTax npe,IJ;CTaB

nReT C060H He 6onee, ~eM ~pa3Y H npH HaYQHOM aHanH3e ,IJ;O~Ha 6HTb 

oT6pomeHa". 
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MeTO,:o; MaIIIIiHHOH 11 Hrpbl 11 , HaSblBaeMblH TaK)Ke MeTO,:o;OM CTaTHC

TH~eCKOrO MO,:o;enHpOBaHHfl (CTaTHCTH~eCKHX HCITblTaHHH), HnHMeTo,:o;OM 

MOHTe-Kapno, 6bln BBe,:o;eH B MaTeMaTH~eCKYro npaKTHKY B 1949 r. C. 

YnaMOM H ~.HeHMaHoM, XOTfl nepBafl ny6nHKa~Hfl no STOMY Bonpocy 

npHHa,:o;ne)KHT MeTpononHcy H YnaMY (6). 

C TeopHeH H BOSMO)KHOCTflMH SToro MeTo,:o;a SHaKOMflT, HanpH

Mep, MOHorpa~HH C.M.EpMaKOBa, r.A.MHxalinoBa (3) H H.M.C060nfl (4). 

MeTO,:o; MOHTe-Kapno oc06eHHO noneseH B sa;o;a~ax, CBflsaHHblX 

C KonH~eCTBeHHblMH O~eHKaMH ,:o;eflTenbHOCTH CnO)KHblX CToxaCTH~eCKHX 

CHCTeM (HanpHMep, CHCTeM MaCCOBoro 06cnY)KHBaHHfl). K STOB: KaTe

ropHH sa,:o;a~ OTHOCHTCfl H sa,:o;a~a o~eHKH ynoBHcTOCTH ceTHoro nono

THa ,:o;nfl nOBnH KpHnfl. 

TIpe,:o;naraeMafl MeTo,:o;HKa 6blna paspa60TaHa no HHH~HaTHBe 

COTpy,:o;HHKa na60paTopHH MexaHHsa~HH H aBTOMaTHsa~HH npOHSBo,:o;CT

BeHHblX npo~eCCOB BHHPO A.E.HHTO~KHHa, KOTOPOMY npHHa,:o;ne)Kana ca

Ma H,:o;efl HcnonbSOBaTb 9BM ,:o;nE YKasaHHOB: ~enH. 

CYmECTBO 3~AqH H EE ~OPMAnH3AUH~ 

KOH~Hrypa~Hfl ceTHoro nonOTHa onpe,:o;enfleTCfl BH,:o;OM ere 

fl~eH. 3a;o;a~a )Ke no cy~eCTBY COCTOHT B TOM, ~T06bl nocpe,:o;CTBOM 

cepHH MaillHHHblX SKcnepHMeHTOB'no. sa,:o;aHHOH KOH~Hrypa~H KpHneBOH 

ceTH orrpe,:o;enHTb ee ynoBHcTOCTb KaK ~YHK~Hro paSMepOB fl~eH. MO)KeT 

cny~HTbcfl, ~TO ceTb COCTOHT HS O,:o;HOPO,:o;HblX sneMeHTOB, K~blH 

HS KOTOPblX B CBOro o~epe,:o;b npe,:o;CTaBnfleT C060H Ha60p HeO;o;HHaKOBblX 

fl~eH (HnH HX ~aCTeB:). B STOH cHTya~HH pe~b 6y,:o;eT H,:o;TH 0 paSMe

pax o,:o;Horo TaKoro sneMeHTa, a He OT,:o;enbHOH fl~eH. 

TIOHflTHO, ~TO MeTO,:o; MOHTe-Kapno He nO.SBonfleT TO~HO pe

IDHTb ~a,:o;a~y. 3,:o;eCb MO)KHO rOBopHTb TonbKO 06 o~eHKe ynoBHcToCTH. 
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HCHO TaK~e H TO, ~TO npH MaTeMaTH~eCKO~ ~opMynHpoBKe Hame~ sa

~a~H H B~pa60TKe anrOpHTMa ee pemeHHH Hen~SH 060~THCb 6es on

pe~eneHHO~ H~eanHSa~HH npo~ecca SaXBaTa KpHnH CeTbID. STO, 6e

sycnoBHo, ~O~HO npHBeCTH K HCK~eHHro OKOH~aTen~HOrO pesyn~Ta

Ta, O~HaKO, BnonHe eCTeCTBeHHO nonaraT~, ~TO OHO HOCHT CHCTeMa

TH~eCKH~ xapaKTep, H, cne~OBaTen~HO, nony~eHHaH o~eHKa ynoBHc

TOCTH 6y~eT TeM B~e, ~eM 6on~me HCTHHHaH ynoBHcTOCT~ ceTH. 

HTaK, Hsnarae~~ HH~e MeTO~ nosBonHeT ~aT~ cpaBHHTen~

HYro o~eHKY ynoBHcTOCTH ceTH~X nonOTeH pasnH~H~X KOH~Hrypa~H~, 

H nOTOMY anropHTM pemeHHH s~a~H COCTaBneH TaK, ~TO OH npHMeHHM 

6es KaKHx-nH60 H8MeHeHH~ ~nH o~eHKH ynoBHcTOCTH ceTHoro nonOT

Ha nro60H KOH~Hrypa~HH (HSMeHeHHe BH~a ceTH+ OTpa~aeTCH nHm~ 

Ha BXO~HO~ HH~opMa~HH) • 

,naTb cTporyro MaTeMaTH~eCKYro nOCTaHOBKY Hame~ sa~a~H H 

paspa60TaTb anropHTM ee pemeHHH MO~HO TonbKO nocne Toro, KaK 

c~opMynHpoBaH~ rHnOTes~ (aKCHO~), onHc~Baro~He H~eanHsa~Hro 

npo~ecca saXBaTa KpHnH ceTKoH. TIepe~HcnHM OCHOBH~e HS HHX. 

1. KpHBH8Ha Tpana C~HTaeTCH Mano~ no cpaBHeHHro C pa8-

MepaMH ~e~ H 06beKTOB nOBa (T.e.pa~KoB), ~TO nOSBOnHeT pac

CMaTpHBaT~ B K~~OM MamHHHOM 9KcnepHMeHTe OTHOCHTen~HO He6onb

mo~ nnOCKH~ y~acToK ceTHoro nonOTHa. 

2. TIpo~onbH~~ paSMep nro6oro pa~Ka npe~nonaraeTCH cy-
I j . 

~eCTBeHHO 6eR~mHM, ~eM ero nonepe~H~~ pasMep, a pasMep~ H~e~ 

(no nopH~KY BenH~HH~) - cpaBH~ co cpe~He~ ~HHO~ pa~KoB. 

STO n08BonHeT B ~HcneHHOM 9KcnepHMeHTe Mo~enHpOBaT~ Teno pa~

Ka oTpe8KoM npHMo~, KOTOP~~ 6'Y~eM B ~anbHe~meM HaS~BaT~ 

HronKo~. 

3. Cpe~HHH nnOTHOCTb Tena pa~Ka 6nHsKa K nnOTHOCTH 

+ B ~anbHeHliIeM cnOBa "ceT~I, i1ceTKa" H "ceTHoe nonoTHo" 060s-

Ha~afuT O~HO nOHHTHe. 
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MOPCKOH BO,tT.b1, n08TOMY KpHn:c HaXO,nHTCH no cymeCTBY BO BSBemeH

HOM COCTOHHHH. Ha 8TOM OCHOBaHHH Teno paqKa Mo~enHpyeTcH oTpes

KOM, KOTOP@H cnyqaHHHM 06pasoM pacnono~eH B npocTpaHcTBe H Ha

XO~HTCH B nOKoe ~o MOMeHTa COnpHKocHOBeHHH C ceT':Cro, ~B~ymeHCH 

Ha Hero nocTynaTen:CHO. BBH~y OTHOCHTen:CHOCTH ~B~eHHH MO~HO 

TaK~e rOBopHT:C 0 n~eHHH HronKH Ha HaKnOHHyro ceTKY, npH KOTOPOM 

HronKa ~BH~eTCH nocTynaTen:CHO (oes BpameHHH) B HaripaBneHHH, na

pannen:CHOM OCH ~aKTHqeCKOrO ~B~eHHH ceTKH. 

4. ITpe~nonaraeTcH, qTO Ka~aH HronKa-paqOK nHOO npOXO

~HT CKBOS:C ceTKY, nHoo, oy~yqH sa~ep~aHa ero, cnYCKaeTCH HH~e, 

B rnyo:c OPY~HH nOBa, OCBooo~aH TaKHM oopasoM 9KcnepHMeHTan:CHYro 

qaCT:C ceTKH. 9TO OSHaqaeT, qTO B HameM 8KcnepHMeHTe qHCT@H yqac

TOK ceTH nocne~OBaTen:CHO BCTpe~aeTCH C O~HHOqH@MH HrOnKaMH. 

5. CeT:C CqHTaeTCH COCTaBneHHOH HS COBepmeHHO O~HHaKOB@x 

8neMeHTOB (Ka~@H HS KOTOPHX npe~CTaBnHeT COOOH nHoo HqeHKY, 

nHOO Ha60p paSHopO~H@X HqeeK HnH qaCTeH 8THX HqeeK), HaS@BaeMHX 

HH~e 6HnepHo~oM ceTH. HHaqe rOBopH, ceT:C npe~cTaBnHeTcH KaK 

HeKaH CHCTeMa oTpesKoB HHTeH, nepHO~HqeCKaH B ~BYX HanpaBneHHHX. 

9TO nOSBonHeT "opocaT:C HronKY" TaK, q'I'Oo@ ee :u;eHTp npoeKTHpo

BanCH Bcer~a B O~HH H TOT ~e 6HnepHO~. 

OITHCAHHE MATEMATMQECKOa MO~EnM, ITOCTAHOBKA 3AnAqM H 9TAITH EE 

PEIIIEHH.5I 

3a~aH@ paSMep@ oHnepHo~a Ce'I'HOrO nonOTHa TX H TZ no 

npo~on:CHOH H nOnepeqHOH OCHM x H;Z COOTBeTC~BeHHO H Bee 0'1'

peSKH HHTH, cocTaBnHromHe oHnepHO~ (Koop~HHaTaMH Haqan H KOHUOB 

8THX OTpeSKOB) i s~aHa TaK~e ~HHa HronKH D H yron~, COCTaBnH

eMHH nnOCKOCT:Cro ceTKH C nnOCKOCT:Cro, nepneH~HKynHpHoH OCH ~BH

~eHHH (" ropHSOHTan:CHOH nnOCKOCT:Cro") (pHC. 1). 



- 203 -

HY~HO npOHSBeCTH HeKOTOpOe sapaHee He HSBeCTHoe qHcno N 9Kcne

pHMeHTOB no 6pocaHHID HronKH Ha ceTKY, B Ka~OM HS KOTOPHX Hron

Ka nH60 npoxogHT CKBOSb ceTKY, nH60 sagep~BaeTCH eID, nogc~HTaTb 

~Hcno NB lIyga~HHXII 9KcnepHMeHToB, npH KOTOPb1X HronKa sa,n;ep~Ba

eTCH ceTbID, H onpegenHTb TaKHM 06paSOM BenH~HHY 

U = NB 

N 
• 100 , 

npegcTaBnHIDmYID C060H oueHKY ynoBHcToCTH ceTKH B npoueHTax. ~HC

no N gon~Ho 6@Tb TaKHM, QTo6@ oueHKa U, onpegeneHHaH no pe3ynb

TaTaM N - 1 8KcnepHMeHTOB, OTnH~aJIaCb OT CJIegYIDlI\eH, N-H oueHKH 

He 6onee, ~eM Ha 3a,n;aHHYID BenH~HHY ER. 

H3MeHHH C 3agaHH@M marOM nepHo~ TX H TZ, nOBTopHTb 

onHcaHHYID B@ille cepHID 9KCnepHMeHTOB H onpegeJIHTb TaKHM nYTeM 

3aBHCHMOCTb YJIOBHCTOCTH OT nepHogoB ceTKH (B onpegeneHH@x 

HHTepBanax HX sHa~eHHH) • 

ITocnegoBaTenbHOCTb geHcTBHH B OgHOM 8KcnepHMeHTe 

1. EHnepHog ceTKH 3agaeTcH Ha6opoM KoopgHHaT Ha~aJI H 

KOHUOB COCTaBnHIDlI(HX ere HHTeH (Ha nJIOCKOCTH ceTKH C E KoopgHHa

Tax x H Z, CM. pHC. 1); sagaIDTcH T.aK~e x- H z- nepHog@ TX H TZ 

(pa3Mep@ 6HnepHoga no OCRM x H Z cooTBeTcTBeHHo) • 

2. HrOJIKa npegcTaBnHeTcH 4-MH 

f ,'? ,':f ,'i-' / (CM. pHC. 1). BenH~HH@ 

pacnpegeneH@ B HHTepBanax 0 ~ r ~ TX, 

CJIy~aHH@MH ~HCJIaMH: 

~,r; H 'V paBHoMepHo 

o ~ 'fI ~ TZ·(Joso<." 

o ~ 'f' ~ jJ" .• B03MO~H@e 3Ha~eHHH Y 3aKJIID~eH@ B HHTepEane 

o ~ Y ~ ~ ,npH~eM Ha 9TOT pa3 He caM yron'y , a EeJIH~HHa 
2 

sin ~ paEHOMepHO pacnpegeJIeHa E HHTepBaJIe 0 ~ sin~ ~ 1. 
ITepe~cneHH@e ycnoBHH 03Ha~aIDT, ~TO KaK. BceB03MO~H@e nOJIo~e

HHH ueHTpa TIDKeCTH HronKH, TaK H BceB03MO~H@e ee HanpaEJIeHHH 

E npocTpaHcTBe paBHOBepoHTH@. 

3. ITpoeKTHPyeM Ha nnOCKOCTb IT HronKY, 3aTeM - 6HnepHog 
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ceTKH. Onpe~enHeM ~HCna Nl H N2- paSMep@ npHMoyranbHorO KYCKa 

CeTKH (B~HCneHH@e B nepHo~ax TX H TZ KaK e~HHHUax HSMepeHHH 

~nHH@), ~OCTaTO~H@e ~nH Toro, ~T06@ npoeKUHH HronKH Ha nnOCKO

CTb II nOMeCTHnaCb Ha npoeKUHH TaKoro KYCKa ceTKH(COCTo~ero 

HS N1X N2 6HnepHO~OB). 

4. B@HcHHeM, nepeceKaeTcR nH npoeKUHH HronKH C npoeK

UHHMH OTpe3KOB HHTH, COCTaBnHID~X B@6paHH@H'KYCOK ceTH (pemaH 

cepHID CHCTeM ~BYX nHHeHH@X ypaBHeHHH H ~BYX ~BOHH@X HepaBeHcTB) • 

EcnH nepece~eHHH HeT, TO 3aKnID~aeM, ~TO HronKa npomrra CKB03b 

ceTb. TaKOH 3KcnepHMeHT C~HTaeM Hey~a~HHM. B npOTHBHOM cny~ae 

3anOMHHaeM Bce TO~KH nepece~eHHH. 

5. HaxO~HM TOT KOHeu HronKH, KOTOP@H nepBHM nepeceKaeT

CH C nnOCKOCTbIO ceTKH H onpe~enHeM TY TO~KY nepece~eHHH npoeK

UHH, KOTopaH COOTBeTcTByeT ~aKTH~eCKOH TO~Ke nepece~eHHH Hron

KH C HeKo~opOH HHTbID ceTKH (CM.pHC. 2a), a eCnH HronKa na~aeT 

nnamMH H TaKHX To~eK HeCKonbKO, TO 6nH~HIDID K HaH~eHHOMY nepBO

MY KOH~y HronKH. 

6. HaH~eHHaH TO~Ka nepece~eHHH HronKH C HHTbID eCTb TO~

Ka, BOKpyr KOTOPOH HronKa 6y~eT nOBopa~HBaTDCH no~ B03~eHCTBH

eM Ha~BHraIDII:\eHCH ceTH. EcnH ueHTp T5I~eCTH HronKH COBnaJl C 3TOH 

TO~KOH HJlH OKa3aJlCH Me~y HeH H Ha~eHHHM nepBHM KOHUOM HrOJlKH, 

TO OH y~e npomeJl ~epe3 nnOCKOCTb ceTKH, H, CJle~OBaTeJlbHO, HrOJl

Ka He 3a~ep~HTCH HHTbID, a 3Ha~HT, H 3TOT 9KcnepHMeHT Hey~a~eH. 

B npOTHBHOM CJly~ae HrOJIKa OnpOKH~BaeTCH Ha nJlOCKOCTb ceTKH 

(CM. pHC. 2a). 

7. Haxo~HM Koop~HHaT@ onpOKHHYBmeHCH Ha nnOCKOCTb C 

HrOJlKH H OT@CKHBaeM TO~KH nepeCe~eHH5I c06CTBeHHO HrOJlKH C HH

THMH ceTKH MeTO~OM, onHCaHHHM B n. 4. npH 9TOM npe~nOJlaraeTCH, 

~TO npH onpOKH~BaHHH HrOJlKa Be~eT ce6H KaK TBep~oe TeJlO C 

3aKpenneHHoH TO~KOH, T.e. nOBopa~HBaeTCH BOKpyr TO~KH, Ha~~eH

HOH B n. 6, OCTaBaHCb Bce BpeMH B O~HOH H TOH ~e "BepTHKaJlb-



- 205 -

HOf[" nJIOCKOCTH (onpegeJIfleMof[ nepBOHa'qaJIbHblM nOJIO)KeHHeM HrOJIKH 

H ee npoeK~Hef[ Ha nJIOCKOCTb IT) • 

8. ECJIH HrOJIKa nepeceKaeTCfl C HeKoTopof[ HHTbru B TO'qKe, 

pacnOJIO)KeHHof[ Me~y Haf[geHHhlM B n. 5 nepBhlM CBOHM KOH~OM H 

TO'qKOf[, BOKpyr KOTOPOf[ ocymeCTBJIfleTCfl nOBopOT, TO 9TO SHa'qHT, 

'qTO npOHSOlliJIO SameMJIeHHe (CM. pHC. 20), H, CJIegoBaTeJIbHO, 

HronKa'saxBa'qeHa ceTKof[. ECJIH cymecTByeT TO'qKa nepece'qeHHfl 

Me)Kgy ~eHTpOM HronKH H ee BTOP@M KOH~OM, TO HrOnKa OO@'qH@M oopa

SOM onHpaeTCfl no MeHbmef[ Mepe Ha gBe HHTH H TaK)Ke ygep)KHBaeTCfl 

ceTKof[ (CM. pHC. 2B). TOJIbKO B 9THX ,IJ;ByX CJIY'qaflX 9KCnepHMeHT 

C'qHTaeTCfl yga'qHblM. Bo BCeX npO'qHX CJIY'qaflX HrOJIKa, OnpOKHHYBWHCb 

Ha nJIOCKOCTb, npO,IJ;OJI)KaeT nOBopa'qHBaTbCfl H B KOH~e KOH~OB "npo

BanHBaeTCfl" CKBOSb ceTKYi eCTeCTBeHHO, TaKof[ 9KcnepHMeHT OTHO

CHTCfl K KaTeropHH Heyga'qH@X. 

1. KOHCTaHT@. D - ,IJ;JIHHa HronKH(cM), 

0(- yron Me)K,lJ;y nnOCKOCTbIO ceTKH H ropHSOHTaJIbHof[ 

nJIOCKOCTbID IT (B pag) , 

TXO~ TZO H TX1~ TZ 1 - Ha'qaJIbH@e H KOHe'qH@e nepHog@ 

ceTKH no OCflM X H Z, 

NP - 'qHCJIOOTpeSKOB HHTH B OgHOM oHnepHoge, 

NDX H NDZ - 'qHCJIO HSMeHeHHf[ nepHoga no OCflM X H Z, 

NM - MaKCHMaJIbHO gonYCTHMoe 'qHCJIO 9KcnepHMeHToB, 

ER - norpemHocTb B@'qHCJIeHHf[ YJIOBHCTOCTH (B %). 

2. :MaCCHB@ - KOOp,IJ;HHaT@ KOH~OB HHTef[, COCTaBJIflromHX 

rnaBH@f[ oHnepHO,IJ; ( B MM) : 

X1 fi) H Zl(i) - X-KOOpgHHaTa H Z-KoopgHHaTa 

~a'qaJIa i-ro OTpeSKa HHTH, 

X2 (i) H Z2(i) - X-KOOp,IJ;HHaTa H Z-KoopgHHaTa 

KOH~a i-ro OTpeSKa HHTH(sgecb i = 1,~ .. ,NP). 

3aMe'qaHHe 0 cnocooax sagaHHfl rJIaBHOrO oHnepHoga. HY)KHO 



- 206 -

HMeTb B BH~Y, ~TO O~HH H TOT ~e BH~ CeTH MO~eT O@Tb npe~CTaB

neH KaK cOBoKynHocTb O~HOTHnHBX OHnepHO~OB nO-pa3HOMY. 

HanpHMep, CeTb, nOKa3aHHYro Ha pHC. 3, y~OOHO 3~aTb B 

BH~e Haoopa oHnepHo~oB O~HHM H3 ~eT@pex cnocoooB (pHC. 4). B 

~aHHOM cny~ae P = 4. EcnH B Ka~eCTBe oHnepHo~a ceTKH, nOKa3aH

HOH Ha pHC. 3, B3flT ee aneMeHT, H300pa~eHH@H Ha pHC. 4, a ere 

pa3Mep@ cooTBeTcTBYIDT nOKa3aHH@M Ha pHC. 5a (~H~paMH 1, 2, 3, 

4 nOKa3aH nop~OK nepec~eTa OTpe3KOB HHTH), TO MaCCHB@ Xl(i)~ 

X2(i)~ Zl(i)~ Z2(i) npe~CTaBnflIDT COOOH Koop~HHaT@ To~eK 0, A, 

B, C, ~, B3flTBX B orrpe~eneHHoM nopfl~Ke H nOBTopeHHBX Hy~Hoe 

~HcnO pa3 (TaonH~a, BapHaHT 1). ITpHMep MaCCHBOB Xl(i)~ X2(i)~ 

Zl(i)~ Z2(i), COOTBeTcTByID~HX cny~aro, rrOKa3aHHOMY Ha pHC. 50, 

rrpHBe~eH B Taon~e (BapHaHT 2) • 

Pe3ynbTaTaMH pac~eTOB cny~aT TaonH~ 3Ha~eHHH ynoBHc

TOCTH ceTKH U, omHOKH E orrpe~eneHHfl U H KonH~eCTBa 9KcrrepHMeH

TOB N (noTpeooBaBmnxcfl ~nfl orrpe~eneHHfl ~aHHoro 3HaqeHHfl U) B 

3aBHCHMOCTH OT pa3MepOB TX~ TZ. Ha ne~aTb cne~yeT TaK~e B~aTb 

Bce Bxo~H@e BenHqHH@ H TeKy~e 3Ha~eHHfl TX H TZ. 

AJIrO:PMTM PEillEHIDi 3AMtrn 

ronOBHOH Mo~ynb 

1. BBeCTH H paCneqaTaTb Bce BXO~H@e KOHCTaHT@ H MaCCH

B@ (CM. pa3~en "Bxo~Hafl HHcIJopMa~Hfl") • 

3. Ha~ano ~HKna no LX OT 1 ~o NDX + 1~ mar 1. 

4. "PacTfl~eHHe ceTKH B HanpaBneHHH. OCH x: 
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TX = TXO + HX· (LX - lJ~ EX = TX/TXO~ 
x 1 (iJ = xl(iJ'EX~ x 2 (iJ = x 2 (iJ'EX 

~nH Bcex ~ = 1~ ... ~NP. 

5. Haqarro UHKna no LZ OT 1 ~o NDZ + 1~ mar 1. 

6. "PacTHzeHHe" ceTKH no OCH z: 

TZ = TZO + HZ· (LZ-1J~ EZ = TZ/TZO~ 
zl(iJ = zl(iJ'EZ~ z2(iJ = z2(iJ'EZ (~nH Bcex 

i l ....... NP). 

7. NF = 0 (NF - CqeTqHK qHCna Hey~aqH@X 8KcnepHMeHTOB), 

W
1 

= 0 (CM. n. 29). 

8. Haqano UHKna no j OT 1 ~o NM~ mar 1 (noBTopeHHe 

9KcnepHMeHTa no 6pocaHHID HronKH) • 

9. IlpoH3BecTH qeTbIPe cnyqaHH@X 'tIHCna 5 ' ~ ,'r H 6 = sin 'I .. 
Ka~oe H3 KOTOP@X RBnHeTCH peanH3aUHeH paBHOMepHO pacnpe~eneH

HOH cnyqaHHOH BenWIHHEiI.: ~ - B HHTepBane OT 0 ~o TX, '? - OT 0 

~o TZ' eos 0( ~ y... - OT 0 ~o 27f', 6 - OT 0 ~o 1. 

9TH qHCna He 3 aBHCHMEiI, T.e. ~H HX peanH3aUHH HYZHO HC

nonD30BaTD qeTEiIpe pa3nHqH@X ~aTqHKa nceB~ocnyqaHHEiIX paBHOMepHO 

pacnpe~eneHH@X qHCen. 

10. Onpe~eneHHe npoeKUHH KOHUOB HronKH Ha nnOCKOCTD Il, 

nepneH~HKynHPHYID OCH ~BHEeHHH: 

~ 1 = ~ +. eosY" eosy.." r2 ;; ~ + + . eosY . eos'Y, 

? 1 = '? - + .eosY 'sin'f "?2 =? + + 'eosY ·sin~ .. 

r~e ~osy= -V 1 _6'2 (HanoMHHM, qTO sin y ;; 6 - CM.n. 9). 

11. IlpoBepKa Ha cnyqaH, Kor~a HronKa n~aeT nOqTH OT-

BeCHO: 
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eCJUi I ~2 - ~ 1 I < 10-6 H I~ 2 . - r; 1 I < 10-
6 

, TO nepeI:iTH 

K n. 29, HHaqe - npo~on~HTb. 

12.ITpoeK~HH ceTKH Ha nnOCKOCTb IT C Koop~HHaTaMH X3 y: 

TY = TZ"coscx. 3 

Y1(i) = Zl(i)"coscX. 3 Y 2 (i) = z 2 (i) " cos D( (MH 

Bcex i = 1 3"". 3 NP). 

13. C sarOTOBneHHHMH BenHqHHaMH NP 3 TX, TY, ~ l' ~2' 
(r;o;e i = 1 3 """3 

NP) BOI:iTH B Mo~ynb RESOLV. Ha B@Xo~e HS Hero HMeeM qHcnO K -

KOnHqeCTBO TOqeK nepeCeqeHHH npoeK~HH HronKH C npoeK~HeI:i ceTKH 

Ha nnOCKOCTb IT, TaK~e MaCCHBH X(M) H Y(M) , (r;o;e M = 1 , ••• , K) 

Koop;O;HHaT ToqeK nepeCeqeHHH. 

14. EcnH K = 0 (T.e. HeT nepeCeqeHHH), TO nepeHTH K 

n. 29, HHaqe - npO~O~HTb. 

15. Onpe~eneHHe Toro KOH~a HronKH, KOTOPHI:i nepBHM ne

peceKaeTCH C nnOCKOCTbID ceTKH (nYHKTH 15 H 16): 

eCnH 'f ~ :1T, TO nepeHTH K n. 17, HHaqe - npo~on~HTb. 

16. V = D"6 3 V 1 = (? 2 - Tt 1)" tg c(. " 

EcnH V > V
1 

' TO nepBHM OKasanCH KOHe~ HronKH C KO

op;O;HHaTaMH ~ 1 H r; 1. B STOM cnyqae nepeHTH K n. 17, HHaqe -

K n. 18. 

17. (ITepBHM OKasanCH KOHe~ HronKH C HH~eKCOM 1). 

ITono~HTb PRIS. = 0 H npocMoTpeTb SHaqeHHH nepeMeHHoH 

R = Vc f 1 - XM))2 + (? 1 - Y (M)) 2 

npH Bcex M = 1 , ... , K; BHopaTb TaKoe SHaqeHHe M (oooSHaqaeMOe 
, 

qepes MM) , npH KOTOPOM R ~oc~HraeT MHHHMYMa, nonO~Tb: 

I 
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XR = X(MM) 3 ZR = Y (MM) /008 eX. 3 

min(R) j;: 2 2 
D 1 = 1 ~ M ~ K = (? 1 - x (MM) ) + ( ? 1 - Y (MM)) • 

TIony~eHH@e 3~eCb EenH~HH@ XR H ZR - aTO Koop~HHaT@ 

TO~KH Ha nnOCKOCTH C, BOKpyr KOTOPOH 6y~eT nOBopa~HBaTbCff 

HronKa. TIepeHTH K n. 19. 

18. (TIepBhlM OKasanCff KOHe~ HronKH C HH~eKcoM 2). 

TIono~HTb PRIS =·1 H npocMoTpeTb SHa~eHHff nepeMeHHoH 

npH Bcex M = 1 , ••• , K; B@opaTb TaKoe SHa~eHHe M = MM, npH KO

TOPOM R ~ocTHraeT MHHHMYMa, nonO~HTb: 

XR = X(MM) 3 ZR = Y (MM) /008 C<:.3 

min (R) d ~ . 2 2 
D 1 = 1 ~ M ~ K = Y ( ) 1 - X ( MM ) ) + (? 1 - Y ( MM) ) 

(CM@cn BenH~HH XR H ZR TOT ~e, qTO HEn. 17). 

19. TIpoBepKa nono~eHHff "~eHTpa Tff~ecTH" HronKH (ecnH 

OH npomen ~epe3 nnOCKOCTbceTKH, TO HronKa npOH~eT CKBOSb 

ceTKY) • 

EcnH Dl ~ %.008y?3 T.O nepeHTH K n. 29 (KaK HEn. 10, 

s~eCb 008~ = Vl - 6 2~, HHa~e - npo~on~Tb. 

20. OnpoKH~BaHHe HronKH Ha nnOCKOCTb ceTKH (EpameHHe 

BOKpyr TO~KH conpHKOCHOBeHHff (XR 3 ZR), HaH~eHHOH B n.n. 17, 18, 

H onpe~eneHHe Koop~HaT KOH~OE HronKH Ha nnOCKOCTH C) : 

<;1 =;.: ,71 / 008 0( 3 52 = ? 2/008 cx:.." 
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? 2 = XR + ( ~ 2 - XR)· F. 

21. CeTKa Ha nnOCKOCTH C C Koop~HHaTaMH x~ z : 

T Y = T Z ~ Y 1 ( i) = Z 1 ( i) ~ Y 2 ( i) = Z 2 ( i) . t~JlfI E cex i :::: 1 ~ ••• ~ NP) • 

22. C sarOTOEneHH@MH EenH~HHaMH NP~ TX~ TY~ t1~ ~2~ 
f( 1~ 17 2 H MaCCHEaMH x1(i)~ x2(.i)~ Y1(i)~ Y2(i) (r~e 

i = 1 ~ ... ~ NP) EOHTH E Mo~ynD RESOLV. Ha E@xo~e HS Hero HMe

eM ~Hcno K - KonH~eCTEO To~eK nepece~eHHfI HronKH C ceTKOH (Ha 

nnOCKOCTH C) H MaCCHE@ HX Koop~HHaT (E OCfIX X H Z): X(M)~ 

Y ( M ) ~ r~e M = 1 , ••• , K. 

23. Ha~ano ~HKna no M OT 1 ~o K, mar 1 (rrpOCMOTP Ecex 

To~eK nepece~eHHR HronKH C HHTRMH ceTKH). 

24. D2 = V( 51 X(M))2 + ( l7. 1 Y(M))2 
~ 

D3 = V( ~1 _ XR)2 + ( 71 - ZR)2 
~ 

D· = 4 V( 52 _ X(M))2 + ( I( 2 - Y(M))2 . 

25. EcnH PRIS I 0, TO nepeHTH K n. 27, HHa~e - rrpo-

,!l;OJDKHTD. 

26. EcnH D2 < D3 HnH D4 < D/2 (T.e. HMeeT MeCTO SalI\eM

neHHe HnH oo@~HafI onopaHronKH), TO nepeHTH K n. 30, HHa~e -

K n. 28. 

27. ECnE D2 < D/2 HnH D4 < D3 (CMHcn TOT ~e, ~TO E n. 

26), TO nepeHTH K n. 30, HHa~e - npO,!l;O~HTD. 

28. TIpO,!l;OJDKeHHe ~HKna no M (T.e. M = M + 1, nepeHTH 

K n. 24) KITH KOHe~ ere (ecnH M = K) . 

29. HronKa He y,!l;ep~EaeTCH ceTKOH (T.e. ,!l;aHH@H 9KcnepH-
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MeHT OKaSanCH Hey~a~H@M) • 

NF = NF + 1" 

W = NF/j" 

PE = 100· (W - W1 )/W" W1 = W. 

EcnH PE ~ ER, TO nepe~TH K n. 31, HHa~e - npo~o~HTD. 

30. npO~on~eHHe ~HKna no j (T.e. npo~o~eHHe cepHH 9KC

nepHMeHToB: j = j + 1, nepe~TH K n. 9) HnH KOHe~ ere (ecnH 

j = NM). 

31. Onpe~eneHHe BHXO~H@X BenH~HH ~nH TeKYmHX paSMepOB 

oHnepHo~a: 

U (LX" LZ) = (1 W)·100 - ynoBHcToCTD ceTH (B %) , 

E (LX~ LZ) = PE - onrn:oKa pac~eTa BenH~HHH U (LX~ 

LZ) (B 9,) o , 

N (LX~ LZ) = j - ~Hcno 9KcnepHMeHToB cepHH. 

32. npO~on~eHHe ~HKna no LZ (T.e. LZ = LZ + 1~ nepe~TH 

K n. 6) HnH KOHe~ ere (ecnH LZ = NDZ + 1) . 

33. npO~on~eHRe ~HKna no LX (T.e. LX = LX + 1" ne

pe~TH K n. 4) HnH KOHe~ ere (ecnHLX = NDX + 1). 

35. KOHe~. 

Mo~ynD RESOLV 

Mo~ynD RESOLV (peweHHe HeCKonDKHX CHCTeM HS ~BYX nH

He~H@x ypaBHeHH~ H ~BYX ~BO~H@X HepaBeHcTB). BXO~H@MH BenH~H

HaMH- ~H ~aHHoro Mo~ymr cny~aT KOHCTaHTH NP" TX" Tr" S 1" 5 2" 

t?1" ? 2 H MaCCHBH x 1 (i)" x 2 (i)" Yl(i)" y 2 (i), r~e i = 1" ... " 

NP. OHH sarOTaBnHBaIDTCH B ronOBHOM Mo~yne. 
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B@xO~H~e BenHqHH~ Mo~ynE - KOHCTaHTa K - ~HCnO TO~eK 

nepeCe~eHHE H MaCCHB~ KOOp~HaT 9THX TO~eK X(M) H Y(M)~ 

M = 1 ~ ... ~ K (CM. nn. 13 H 22 ronOBHoro Mo~ynE). 

1. K = O~ X(M) = O~ Y(M) = 0 npH M = 1 ~ ... ~ 100 

(npe~nonaraeTcE, ~TO KonH~eCTBO To~eK nepece~eHHE HronKH C 

HHTEMH ceTKH HnH npoeK~HH HronKH C npoeK~HEMH HHTeH Ha nnoc

KOCTb TI He rrpeBNmaeT 100). 

2. K09~~H~HeHT~. ypaBHeHHE HronKH A1x + B1y = C1 
B nnOCKOCTH C HnH ee npoeK~HH B nnOCKOCTH TI: 

3. OnpegeneHHe paSMepOB Nl H N2 npEMoyronbHoro KYCKa 

ceTKH HnH ee npoeK~HH (B nepHogax) , ~OCTaTO~Horo ~nE Toro, 

~To6~ Ha HeM nOMeCTHJIaCb HronKa HnH ee npoeK~HE. 

~ 11 
= min ( $1 ~ $ 2)~ ~ 22 = max( ~ 1~ 5 2)~ 

7-11 
= mine 

1~ 2)~ t( 22 = max ( ~ 1 ~ '7 2)~ 

il = [ $11/TX1~ i2 = [ f22/TX1~ il = [ ?11/TY1~ i2 = [ '?22/TY1~ 

rge cKo6KH [ 1 060SHa~a~T ~enYID ~aCTb ~Hcna 
~) .. . 

Nl = i2 - il + 1~ N2 = i il + 1. 
2 

4. Ha~ano ~HKna no MX OT 1 ~o N1 , mar 1 (nepe6op Bcex 

nepHO~OB no OCH x) • 

5. M1 = MX + il -'1 

x) B HeKOTOp@X anrOpHTMH~eCKHX ES~Kax HMeeTCE onepaTOp BSETHE 

~enoH ~aCTH OT MogynR ~Hcna C npHcBoeHHeM pesynbTaTY SHaKa 

HCXO~Horo ~Hcna. TIPH nonbSOBaHHH 9THM onepaTopOM ~E onpe~e

neHHR HCTHHHOH ~enoH ~aCTH OTpH~aTenbHoro ~Hcna Heo6xo~HMO 

OT pesynbTaTa OTHHMaTb e~HHH~y. 
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6. Ha'tIaJIo IJ,HKJIa no MY OT 1 ,IJ;O N2 , mar 1 (nepe6op Bcex 

nepHO,IJ;OB no OCH y) • 

7. M2 = MY + jl - 1. 

8. Ha'tIaJIo IJ,HKJIa no i
1

0T 1 ,IJ;O NP (nepe6op Ecex OTpeSKOB 

HHTH B npe,IJ;eJIax O,IJ;HOrO 6HnepHO,IJ;a) • 

10. K08 <p<pHIJ,He HTbI ypaBHeHHH i-ro OTpe3Ka HHTH A2X + B
2

y 

= C2 B nJIOCKOCTH C HJIH ere npoeKIJ,HH B nJIOCKOCTH IT: 

A2 = Q1 - Q2" B2 = P -2 
P1 ., C2 = P1"(Ql - Q 2) + Q2" (P 2 -Pl )" 

11. DET = Al"B2 - A2"Bl" 
ECJIH DET < 10-6 , TO nepeHTH K n. 15, HHa'tIe - npO,IJ;OnmHTb. 

12. KopeHb CHCTeMbI - Koop,IJ;HHaTbI TO'tIKH nepeCe'tIeHHH npH

MbIX, Ha KOTOPbIX JIe~aT HrOJIKa H OTpeSOK HHTH HJIH HX npoeKIJ,HH: 

XC = (C l "B 2 - C2"B l )/DET., 

= 

13. ITpoBepKa nepeCe'tIeHHH co6CTBeHHO HrOJIKH H oTpesKa HH

TH HJIH HX npoeKIJ,HH. 

13 .2. ECJIH ~ 11 'f 522' TO nepeHTH K n. 13.4, HHa'tIe -

npO,IJ;OnmHTb. 

13.3. ECJIH t( 11 < YC < l7 22' TO nepeHTH K n. 13.5, I1Ha'tIe:'" 

- K n. 15. 
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13.4. EcnH ~11 < XC < ~22~ TO nepe~TH K n. 13.5, 

HHa~e - K TI. 15. 

13.5. EcnH X11 ~ X22~ TO nepe~TH K n. 13.7, HHa~e -

- npO,IJ;OJDKHT:C. 

13 .6. EcnH Y11 < YC < Y22~ TO nepe~TH K TI. 14, HHa~e 

- K n. 15. 

13.7. EcnH X 11 < XC < X22 TO ~ 
TIepe~TH K TI. 14, HHa~e 

- K n. 15. 

14. K = K + 1 , 

X(K) = XC~ Y(K) = YC. 

15. IIpO,IJ;OJDKeHHe ~HKna no i (T. e. i = -z, + 1~ nepe~TH 

K n. 9) HnH KOHe~ era (ecnH i = NP) • 

-

16. IIpO,IJ;OJDKeHHe ~HKna no MY (T. e. MY = MY + 1~ nepe~TH 

K n. 7) HnH KOHe~ era (ecnH MY = N 2) . 

17. IIpO,IJ;OJDKeHHe ~HKna no MX (T.e. MX = MX + 1~ nepe~TH 

K n. 5) HnH KOHe~ era (ecnH MX = N 1) • 

3aKmo~eHHe 

IIpe,IJ;nO)KeHHolli E PYKOEo,ncTEe anropHTM MO)KeT 6b1T:C peanH

SOEaH c nOMOm:CID 9BM EToporo HnH TpeT:cero nOKoneHHfl Ha anropHT

MH~eCKHX flSb1KaxAITrOTI, ~OPTPAH HnH PL - 1. Cne,IJ;yeT Ton:CKO 

HMeT:C E EH,IJ;Y, ~TO MHoroKpaTHafl HMHTa~Hfl npo~ecca saXEaTa KpHnfl 

ceT:CID, ocymecTEnfleMafl anropHTMoM, Tpe6yeT 6on:cWHx saTpaT Ma

WHHHpro EpeMeHH, H nOTOMY ¥!MeeT CMblcn opHeHTHpOEaT:ccfl Ha 

6@cTpO,IJ;e~cTEyromHe 9BM. 

C YKasaHHblM 06cTOflTen:ccTEOM cEflsaHO Sa,IJ;aHHe ,IJ;EYX 

Kasanoc:c 6@ SaMeHflIDmHX ,IJ;Pyr ,IJ;Pyra EXO,IJ;Hb1X EenH~HH NM H ER 
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(CM. pa3,neJl "BXO,IJ;HaE HH<popMa:UHE" , n. 1). 9TO c,neJlaHO ,IJ;JlE Toro, 

qTo6@ HMeTb B03MO~HOCTb npeKpaTHTb CqeT nOCJle npOBe,neHHE 3a

~aHHoro (npe,neJlbHoro) qHCJla 3KCnepHMeHTOB, ,IJ;a~e eCJlH Tpe6ye

MaE TOqHOCTb onpe,neJleHHE YJlOBHCTOCTH U He ,IJ;OCTHrHYTa, Be,IJ;b 

qeM BHme TOqHOCTb paCqeTa, TeM 60JlbIDee qHCJlO 3KcnepHMeHTOB 

Heo6xo,nHMo. 3HaE CBOH pecypc MaIDHHHOro BpeMeHH H pacxo,IJ; Bpe

MeHH Ha O,IJ;HH 9KcnepHMeHT, HCCJle,IJ;OEaTeJlb 6e3 Tpy,na onpe,IJ;eJlHT 

BeJlHqHHY NM. 
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Ta6J1H~a 1 npHMep~ MaCCHBOB 11 (i), 1 2(i), Zl(i) 

Z2(i) An~ ABYX BapHaHToB H306pa~eHH~ ceTH C 

nOMo~b~ 6HnepHoAoB (PHC. 5 a, 6) 

KOOp,IJ;HHaTb1 
BapHaHT 1 BapHaHT 2 

OA AB AC AD AB BC CD DA 

X1 0 7 7 7 7 0 7 14 

zl 0 15 15 15 0 15 20 15 

X 
2 

7 0 14 14 0 7 14 7 

z2 15 20 20 0 15 20 15 0 
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PHc.l OCHOBH@e 0603Ha~eHHH 

C - nJIOCKOCTh CeTKH C KOOP,IJ;H HaT aMH X- H ;g 
IT - nJIOCKOCTh,nepneH,IJ;HKYJIHpHaH OCH ,IJ;BH~eHHH C KOOP,IJ;H

HaTaMHXHY, 
ex - yrOJI Me~y nJIOCKOCT HMH CHIT, T • e. MeJi<,IJ;y OCHMH Z H.Y , 

y- yrOJI Me~y HrOJIKOli H nJIOCKocThro IT C KOOp,IJ;HHaTHHMH 
OCHMH, 

lJ.. - yrOJI Me~y npoeKUHeli HrOJIKH Ha TIJIOCKOCTh IT H OChED, 
~,?- KOOp,IJ;HHaT@ npoeKUHH ue~Tpa HrOJIKH / ueHTpa TH~eCTH 

pa'IKa / Ha TIJIOCKOCTH IT , B OC5IX.x: Hy • 

a 
/ :0; ./ C 

i~' 't' ./ 

/ \ H 
,/ IT 

"" 

6 C 

:0; \ BO ""./ 

HX 
/ IT 

/ 

PHc.2 BapHaHT@ B3aHMO,IJ;elicTBHH HrOJIKH 
H ceTKH 

a - nOBopoT, 6 - 3ameMJIeHHe, B - npOCTa5I onopa, 

.H - HrOJIKa, C - TIJIOCKOCTh ceTKH, :0; - ueHTp HrOJIKH, IT - TO~Ka 

nOBopOTa, BO - BepXH5I5I onopa, 0- onop@. 
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PHc.3 CXeMaTH~eCKOe H306p~eHHe CeTHOrO TIOnOTHa 

a 

K/:
-- -, 
I I 
I 
I I 
L ___ ' 

6 

~
~---: 

I , - --

B r 

~--~ 

IV; 
~ 

PHc.4 EHTIepHO~ CeTKH J CM. pHc.3 J 

20 

15 

o 

B 

7 

a 
C 

14 X,f1f1 

ZJ NI'1 

6 

20 C 

15 

o ~ __ ~~ __ ~I __ _ 
14 :X, 1'111 7 

PHc.5 Pa3Mep@ 8neMeHTOB 6HnepoH~oB 
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List of Tables 

Examples of arrays 

Z2(i) for two methods 

biperiods (Fig. 5 a.6). 

Xl(i). X2 (i). Zl(i) and 

of representing a net using 

List of Figures 

Fig.l Legend: 

C - net plane with coordinates x and z; 

n plane perpendicular to the axis of motion with 

coordinates x and y; 

0<. - angle between the planes C and n. i. e. between the 

axes z and y; 

'"f - angle between the needle and plane n wi th reference 

axes; 

lJ-- angle between the projection of the needle onto the 

plane n and the axis; 

{ ,~- coordinates of the projection of the needle centre 

(centre of gravity of crustacean) onto plane n with 

axes x and y. 

Fig.2 possible needle-net interactions: 

a - turn. 6 - jamming. B - simple support. 

K - needle. C - net plane. U - needle centre. 

n - turning point. BO - upper support. 0 - supports. 

Fig. 3 Schematic representation of net 

Fig. 4 Net biperiods (see Fig. 3) 

Fig. 5 Size of biperiod elements 
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Fig. I 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. S 
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Liste des tableaux 

Exemples de tableaux XI(i), X2(i), Zl(i) et 

Z2 (i) pour deux methodes de repl'l~sentation d' un filet 

utilisant des biperiodes (Fig. Sa, b). 

Liste des Figures 

Legende 

c Plan de filet avec coordonnees x et z; 

IT - Plan perpendiculaire a I' axe de mouvement avec 

coordonnees x et y; 

a - Angle entre les plans C et IT, c' est -a-dire entre 

les axes z et y; 

Y - Angle entre l' aiguille et le plan IT avec axes de 

reference; 

c;- - Angle entre la projection de l' aiguille sur le 

plan IT et l'axe; 

E,11- Coordonnees de la projection du centr-e de 

I 'aiguille (centre de gravite des cr-ustaces) sur 

le plan IT avec axes x et y; 

possibilites d'interactions entre l'aiguille et le filet: 

a - tour, 6 - blocage, B - simple support, 

}(. - aigullle, C - plan de fllet, :u. - centre de l' aiguille 

IT - pivot, BO - support superieur, 0 - supports. 

Representation schematique du filet 

Biperiodes du filet (voir Fig. 3) 

Taille des elements biperiodes 



Tabla 1 

Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Ejemplos 

Z2(i)para 

biperiodos 

Leyenda 
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Lista de Tablas 

de ordenamientos 

dos metodos de 

(Fig. 5 a,c). 

X
l
(1), X

2
(i), 

representar una 

Lista de Fiquras 

C pIano de la red con coordenadas x y z; 

Zl (1) y 

red usando 

IT pIano perpendicular al eje de movimiento con 

coordenadas x e y; 

a. angulo entre los pIanos C y IT, es decir entre los 

ejes z e y; 

y angulo entre la aguja y el pIano IT con ejes de 

referencia; 

4 angulo entre la proyeccion de la aguja sobre el 

pIano IT y el eje; 

E,n- coordenadas de la proyeccion del centro de la aguja 

(centro de graved ad de crustaceo) sobre el pIano IT 

con los ejes x e y. 

Posibles interacciones aguja-red: 

a-llave, c- obturacion, B- soporte simple, 

~ - aguja, C - pIano de la red, ll. - centro de la aguja, 

IT- punto de retorno, BO - soporte superior, 0 - soportes. 

Representacion esquematica de la red 

Biperiodos de la red (vease Fig. 3) 

Tamano de los elementos de biperiodo 
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CIlHCOK TAEJIHU 

Ta6JUf~a I IlpMMepbl MaCCMBOB Xl (i), X2 (i), Zl(i) M 

PMC. I 

Z2(i) AJI.SI ABYX BapMaHTOB M306pa:>KeHMH ceTM C 

nOMorqbIO 6MnepMOAOB (PMC. 5 a, 6) 

CIlYiCOK PYiCYHKOB 

OCHoBHble 0603HaqeHMH 

C - nJIOCKOCTb ceTKM C KooPAMHaTaMM x M Z, 

11 - nJIOCKOCTb, nepneHAMKYJIHpHaH OCM ABM:>KeHMH C 

KOOPAMHaTaMM x M Y, 

0\ - yrOJI Me:>KAY nJIOCKOCTHMM C M 11, T. e. Me:>KAY OCHMM Z M 

y, 

Y - yrOJI Me:>KAY MrOJIKOH M nJIOCKOCT bIO 11 C KOOPAMHaTHblMM 

OCHMM, 

tr - yrOJI Me:>KAY npoeKqMeH MrOJIKM Ha nJIOCKOCTb 11 M OCbIO, 

~)~- KooPAMHaTbl npoeKqMM qeHTpa MrOJIKM (qeHTpa TH:>KeCTM 

paQKa) Ha nJIOCKOCTM 11, B OCHX X M y. 

PMC. 2 BapMaHTbl B3aMMoAeHcTBMH MrOJIKM M ceTKM: 

a - nOBopoT, 6 - 3arqeMJIeHMe, B - npocTaH onopa, 

Yi - MrOJIKa, C - nJIOCKOCTb ceTKM, U - ~eHTp MrOJIKM, 

11 - TOQKa nOBopoTa, BO - BepxHHH onopa, 0 - onopbl. 

PMC. 3 CXeMaTMQeCKOe M306pa:>KeHMe ceTHoro nOJIOTHa 

PMC. 4 EMnepMoAbl ceTKM (CM. PMC. 3) 

PMC. 5 Pa3Mepbl 3JIeMeHTOB 6MnepMoAoB. 
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SC-CAMLR-V/BG/36 

MOULTING INTERVAL AND GROWTH OF JUVENILE ANTARCTIC KRILL FED DIFFERENT 
CONCENTRATIONS OF THE DIATOM PHAENODACTYLUM TRICORNUTUM IN THE LABORATORY 

T. Ikeda, P.G. Thomas 
(Australia) 

Abstract 

Juveni,le Antarctic krill (Euphausia superba) were fed 
Phaeodactylum tricornutum, at concentrations ranging 
from 0.0-5.0 mgC 1 1. Intermoult period (IP) decreased, 
but an increment of body length per moult (6BL) of 
juvenile krill increased, up to a concentration of 
1.0 mgC 1-1 • No further effect of food concentrations 
on IP or 6BL was seen at concentration beyond 
1.0 mgC 1-1 • IP plateaued at 23.8 days and 6BL, 1.14mm. 
From these results, maximum daily growth rate (6BL/IP) 
of juvenile krill was calculated to be 0.047 mm day-l, 
which is too slow to support the hypothesised 2-year 
life-span of this animal in the field. Growth 
conditions of krill in the Southern Ocean are discussed, 
with special reference to the available food 
concentration. 

Note : The full text of this paper will be published under the above title 
in Polar Biology (1987) 

INTERVALLE DE MUE ET CROISSAN'CE DE KRILL JUVENILE ANTARCTIQUE 
ALIMENTE EN LABORATOIRE EN UTILISANT DIFFERENTES CONCENTRATIONS DE 
DIATOME PHAENODACTYLUM TRICORNUTUM 

T. Ikeda, P.G. Thomas 
(Australie) 

Le krill juvenile antarctique (Euphausia superba) a ete 
alimente au Phaenodactylum tricornutum en concentrations 
allant de 0.0-5.0 mgC 1-1. La periode d' entremue (IP) 
a diminue mais la longueur corporelle par mue (i1BL) du 
krill juvenile a augmente jusqu' a une concentration de 
1.0 mgC 1-1. Aucun autre effet de concentrations 
alimentaires sur IP or i1BL n'a ete observe a des 
concentrations au-dela de 1.0 mgC 1-1. IP a atteint 
un plateau a 23,8 jours et i1BL, a 1.14 mm. A partir de 
ces resul tats, le taux de croissance maximum par jour 
(~BL/IP) du krill juvenile a ete ca1cu1e comme etant de 
0,047 mm par jour-1 ce qui est trop lent pour 
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supporter l' hypothese de longevite de 2 ans de cet te 
espece en mer. Les conditions de croissance du krill 
dans 1 'ocean Austral sont examinees et une attention 
particuliere est apportee a la concentration 
d'alimentation disponible. 

Note: Le texte integral de ce document sera publie dans la revue 
Polar Biology (1987) sous le titre ci-dessus 

Rapport original en anglais. 

* * * * * * * * * * 
INTERVALO DE CAMBIO DE PIEL Y CRECIMIENTO DEL KRILL ANTARTICO 
JUVENIL ALIMENTADO CON DIFERENTES CONCENTRACIONES DE LA DIATOMEA 
PHAENODACTYLUM TRICORNUTUM EN EL LABORATORIO 

T. Ikeda, P.G. Thomas 
(Australia) 

Resumen 

Se alimento krill juvenil Antartico (Euphausia superba) 
con Phaenodactylum tricornutum, en concentraciones 
fluctuando entre 0.0-5.0 mgC 1-1. El periodo 
intermedio entre cambios de piel (IP) disminuyo, pero un 
incremento del tamano del cuerpo por cambio de piel 
(~L) de krill juvenil aumento, hasta llegar a una 
concentracion de 1.0 mgC 1-1. No se observo efecto 
adicional de las concentraciones de alimento en el IP 0 

llBL a concentraciones mayores de 1.0 mgC 1-1. El IP 
culmino a los 23.8 dias y el llBL fue de 1.14 mm. (N. 
del T.: en el grafico de IP) A partir de estos 
resultados, se calculo que la tasa maxima de crecimiento 
diario (~L/IP) de krill juvenil fue de 0.047 mm p~r 
dia-l , la cual es demasiado lenta para mantener la 
duracion de vlda de dos anos postulada para este animal 
en la region. Se discuten las condiciones de 
crecirniento del krill en el Oceano Austral, con especial 
referencia a la concentracion de alimento disponible. 

Nota: El texto completo de este documento sera publicado bajo el 
titulo indicado arriba en Polar Biology (1987) 

Informe original en ingles. 

* * * * * * * * * * 
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MHTEPBAn M~Y nMHbKOM M POCT Mono~ AHTAPKTMqECKOfO KPMn~ 
B nAEOPATOPMM ITPM KOPMnEHMM ~MATOME~M PHAENODACTYLUM 

TRICORNUTUM PA3nMqHOM KOHUEHTPAUMM 

T.MKeAa, IT.f.ToMac 
(ABcTpamul) 

Pe310Me 

ITPOH3BoAHnOCb KopMneHHe MonOAH aHTapKTHqeCKOrO 
KpHnJl (Euphausia superba) Phaenodactylum 
tricornutum npH KOH~eHTpa~HJlX OT 0,0 AO 
5,0 Mr/JI. ,n:JIHHa HHTepBaJIa MeJKAY JIHHbKOH (IP) 
COKpa~aJIaCb, HO Ha6JI~AaJIOCb YBeJIHqeHHe 
npHpOCTa B AJIHHY MOJIOAhlX oco6eH KPHJIJI 3a 
KaJKAY~ JIHH bKY (A BL) AO KOH~eHTpa~HH B 1,0 
Mr/JI. ITPH KOH~eHTpa~HJlX CBb~e 1,0 Mr/JI He 
Ha6JI~AaJIOCb B03AeHCTBHJI KOH~eHTpa~HH nH~H Ha 
IP HJIH A BL. BeJIHqHHa IP AOCTHrJIa 
MaKCHMYMa 3a 23,8 CYTOK, a A BL npH· 
1,14 . MM. ITo 3THMpe3YJIbTaTaM 6bIJIa nOJIyqeHa 
MaKCHMaJIbHaJl BenHqHHa eJKeAHeBHoro npHpOCTa 
( A BL/ IP) MOJIOAbIX oco6eH KPHJIH B 0,047 MM B 
AeHb, HO 3TO CJIHIIIKOM HH3KO AJIH nOATBepJKAeHHH 
rHnOTe3hl 0 2-JIeTHeH npOAOJIJKHTeJIbHOCTH JKH3HH 
3Toro opraHH3Ma B eCTeCTBeHHhlX YCJIOBHHX. 
06cYJKAa~TCJI YCJIOBHH pOCTa KPHJIJI B KnKHOM 
OKeaHe, 06pa~aH oco6oe BHHMaHHe Ha 
KOH~eHTpa~H~ HMeromeHCJI nH~H. 

ITpHMeqaHHe: nOJIHhlH TeKCT 3Toro AOKJIaAa 6YAeT ony6JIHKOBaH nOA 
Bb~eYKa3aHHhlM 3arOJIOBKOM B "I10JIap EaHOJIoAJKH" (1987 r.) 

OpHrHHaJI 

. * * * * * * * * * * 
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SC-CAMLR-V/BG/39 

PROBLEMS OF POPULATION AGE STRUCTURE DETERMINATION OF EUPHAUSIA 
SUPERBA DANA USING AN EXAMPLE FROM THE ANTARCTIC PENINSULA AREA 
AND ADJACENT WATERS 

V.A.Spiridonov 
(U.S.S.R.) Abstract 

This paper examines the size structure of populations of 
E. superba in relation to their habitat, on the basis of 
an analysis of data collected by the author during the 
1981 season in the region of the Antarctic Peninsula and 
the South Shetland Islands, as well as data collected by 
other researchers during FIBEX and data from earlier 
literary sources. 

The paper addresses the question of whether size groups 
of E. superba correspond to age groups. It is shown 
that the size groups of krill are not a seasonal 
phenomenon, but correspond to a certain extent to sets 
of specimens which hatched at the same time and 
developed under similar conditions. Hypotheses are 
formulated regarding the age and growth of E. superba; 
in addition, data are cited on the growth rates of krill 
in relation to feeding conditions, temperature factors 
and other biotic and abiotic factors. 

Possibilities are outlined for the elucidation of the 
problem of the age and size structure of E. superba 
through the study of genetic, morphological and 
physiological uniformity of krill both wthin and between 
size groups. 

Clarification of the question of population age 
structures of E. superba can be achieved through the 
comparison of results of studies of spatial and temporal 
variability in the size composition of krill, modelling 
of growth under various conditions and physiological and 
chemical research. 
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PROBLEMES CAUSES PAR LA DETERMINATION DE LA COMPOSITION DES AGES DES 
POPULATIONS D'EUPHAUSIA SUPERBA DANA, ILLUSTRES PAR UN EXEMPLE PRIS 
DANS LA ZONE DE LA PENINSULE ANTARCTIQUE ET LES EAUX ADJACENTES 

V .A. Spiridonov 
(U .R. S. S.) 

Ce document presente un examen de la structure par tailles des 
populations de E. superba par rapport a leur habitat, sur la base 
d'une analyse des donnees originales recueillies par l'auteur au 
cours de la saison de 1981 dans la region de la Peninsule 
Antarctique et des lIes Shetland du sud, de donnees recueillies par 
d'autres chercheurs au cours de FIBEX, ainsi que d'autres sources 
plus anciennes. 

Le document presente une reponse a la question de savoir s'il existe 
ou non une correspondance entre les groupes de taille de,E. superba 
et les groupes d'age. Il est demontre que les groupes de taille du 
krill ne constituent pas un phenomene saisonnier mais que dans une 
certaine mesure ils correspondent a des series de specimens dont 
l'eclosion a eu lieu au meme moment et qui ont evolue dans des 
conditions semblables. Des hypotheses sont formulees pour ce qui 
concerne l'age et la croissance d'E. superba; en plus sont citees 
des donnees basees sur l'experience et qui ont trait aux taux de 
croissance du krill par rapport aux conditions alimentaires, aux 
facteurs lies a la temperature et a d'autres facteurs biotiques et 
abiotiques~ 

Le document decrit les possibilites de trouver une solution au 
probleme de l'age et de la taille d'E. superba grace a l'etude de 
l'uniformite genetique, morphologique et physiologique du krill au 
sein des groupes de taille et entre ceux-ci. 

L'entiere clarification de la question des structures par ages des 
populations d'E. superba peut s'effectuer par la comparaison des 
resultats d'etudes portant sur la variabilite spatiale et temporelle 
du krill, l'application de modeles de la croissance sous diverses 
conditions et des recherches menees dans les domaines physiologiques 
et chimiques. 

* * * * * * * * * * 
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PROBLEMAS DE DETERMINACION DE ESTRUCTURA POR EDADES EN LA POBLACION 
DE EUPHAUSIA SUPERBA DANA USANDO UN EJEMPLO PEL AREA DE LA PENINSULA 
ANTARTICA Y AGUAS ADYACENTES 

V .A. Spiridonov 
(U .R. S. S.) 

Resumen 

Este documento examina la estructura de las poblaciones por tamaiio 
de E. Superba en relacion con su habitat, basandose en un analisis 
de datos originales, recopilados por el autor durante la temporada 
de 1981 en la region de la Peninsula Antartica y en las Islas 
Shetland del Sur, asi como en datos recopilados por otros 
investigadores durante FIBEX, y de fuentes literarias anteriores. 

El documento responde a la interrogante que concierne la 
correspondencia 0 no correspondencia de los grupos por tamaiio de 
E. superba con sus grupos por edad. Se demuestra, que los grupos 
por tamaiio de krill no son un fenomeno temporal, pero que hasta 
cierto punto correspond en a conjuntos de especimenes que 
eclosionaron al mismo tiempo y que se desarrollaron bajo condiciones 
similares. Se formulan hipotesis con respecto a la edad y el 
crecimiento de E. Superba; ademas, se citan datos ciertos sobre las 
tasas de crecimiento de krill en relacion alas condiciones 
alimentarias, 105 facto res de temperatura y otros factores abioticos 
y bioticos. 

Se definen posibilidades para la elucidacion de la problematica de 
edad y tamaiio de E. Superba mediante el estudio de la uniformidad 
genetica, morfologica y fisiologica del krill dentro de 105 grupos 
por tamaiio y de ellos entre si. 

Es posible lograr el esclarecimiento total del tema de estructura 
por edades de la poblacion de E. Superba mediante la comparacion de 
105 resultados de estudios de variabilidad espacial y temporal en la 
composicion de tamaiios del krill, de la modelacion del crecimiento 
bajo diversas condiciones y de las investigaciones fisiologicas y 

quimicas. 

* * * * * * * * * * 
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PACCMOTPEHME npOSnEM Onp~EnEHM~ B03PACTHOw CTPYKTYFM 
EUPHAUSIA SUPERBA DANA HA OCHOBE AAHHhlX, nOnYqEHHhlX 
B PAwOHE AHTAPKTMqECKOrO nOnYOCTPOBA M SnM3nEmAmMX AKBATOPM~ 

B • A. CrUlpH,IJ;OHOB 

(C.C.C.P.) 
Pe3IOMe 

Ha OCHOBe aHanH3a opHrHHanbHhlX AaHHhlX, 
rronyqeHHbIX aBTopOM B ce30H 1981 r. B paHoHax 
AHTapKTHqeCKOrO rronyocTpoBa H lOJKHbIX 
illeTnaHAcKHx OCTPOBOB, a Ta~e AaHHhlX APyrHx 
HccneAoBaTeneH, rronyqeHHhlX B rrepHoA FIBEX, H 
60nee paHHHX nHTepaTypHhlX HCTOqHHKOB 
paCCMaTpHBaeTCH pa3MepHaH CTpYKTypa rrorrynH~HH 

E. superba B CBH3H C ycnoBHHMH cpeAhl 
06HTaHHH. 

PewaeTCH Borrpoc, COOTBeTCTBy:IOT nH pa3MepHble 
rpyrrnbI E. superba B03paCTHbIM rpyrrrraM. 
nOKa3aHo, qTO pa3MepHble rpyrrrrhl paqKOB 
rrpeAcTaBnHIOT C060H He ce30HHhlH q,eHOMeH, HO B 
orrpeAeneHHOH CTerreHH OHH COOTBeTCTBYIOT 
cOBoKyrrHocTHM oco6eH, rrOHBHBWUXCH Ha CBeT 
rrpHMepHO B OAHO H.TO ~e BpeMH U pa3BHBaBWHXCH 
B CXOAHhlX ycnoBHHX. 

4>opMynupYIOTCH rHrrOTe3hl 0 B03paCTe H pOCTe E. 
superba, a Ta~e rrpuBoAHTCH ~aKTUqeCKHe 
AaHHhle CKOPOCTH pOCTa paqKOB B CBH3H C 
ycnoBHHMH rrHTaHUH, TeMrrepaTYPHhlM ~aKTopOM H 
APyruMH 6HOXHMHqeCKHMH U a6HOTHqeCKHMU 
cpaKTopaMH. 

OrrpeAenHIOTCH rrepcrreKTUBhl H3yqeHHH rrpo6neMhl 
B03paCTa H pOCTa E. superba rrYTeM : 
HccneAoBaHHH reHeTUqeCKOH, Mopq,onOrHqeCKOH u· 
cpH3HonOrHqeCKOH 0AHOPOAHOCTU paqKOB B rrpeAenax 
pa3MepHhlX rpyrrrr H Me~AY HUMU. OKOHqaTenbHaH· 
HCHOCTb B Borrpoce 0 B03paCTHOH CTpYKType 
rrorrynH~HH E. superba Mo~eT 6bIT b AOCTHI'HYTa 
rrpH corrOCTaBneHHH pe3ynbTaToB H3yqeHHH 
rrpOCTpaHCTBeHHOH U BpeMeHHOH H3MeHqHBOCTU 
pa3MepHoro COCTaBa paqKOB, MOAenupOBaHHH pOCTa 
B pa3HhlX ycnoBHHX H q,u3uonoro-6HOXHMUqeCKHX 
HccneAoBaHHH. 

* * * * * * * * * * 
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PACCMOTPEHllE npOBTIEM OnpE~ETIEHll~ 

B03PACTHOn CTPYKTYP@ EUPHAUSIA SUPERBA DANA 

HA OCHOBE ~HH@X, nOTIYQEHH@X B PAnOHE 

AHTAPKTllQECKOrO nOTIYOCTPOBA II BTIll3TIE~AmflX AKBATOP~X 

llccne~OBaHHfl ~HSHeHHoro ~HKna 8B~aysHH~, H B TOM ~Hcne 

Euphausia superba, OCHOBaH@ rnaBHhlM 06paSOM Ha CTaTHCTH~eCKOM 

aHanHse noneBhlX ~aHHhlX 0 paSMepax H spenOCTH pa~KOB (Mauchline, 

Fisher, 1969, Mauchline, 1980). ll~eHTH~HKa~HR nOKoneHHH Y BH

~OB B@COKHX H YMepeHH@x mnpoT 6@BaeT OCHOBaHa 06~HO Ha nHKax 

paSMepHhlX (neTepceHOBCKHX) rHCTorpaMM. 9TH nHKH BOSHHKaIDT OT

Toro, ~TO TaKHM ~HBOTHhlM CBOHCTBeHeH ~OBonbHO orpaHH~eHH@H ne

PHO~ paSMHo~eHHR H pOCTa. PaSBHBaIDTCfl, npaB~a, H ~pyrHe no~xo

~@ - COCTaBneHHe cxeM pOCTa, OCHOBaHHhlX Ha HeKOTOphlX TeopeTH

~eCKHx coo6pa~eHHflx H aHanorHRX (Mauchline, 1980~, Hsy~eHHe 

~HSHonorH~eCKHx HH~HKaTopOB BospaCTa (Ettershank, 1984), B@pa

mHBaHHe pa~KOB B aKBapHYMax, Ha~HHafl C caM@X paHHHx CT~HH pas

BHTHR (Ikeda, 1985), o~HaKO, OHH eme He nonY~HnH mHpOKoro pacn

pOCTpaHeHHR, H ~eTanbHOH o~eHKH HX He npOBe~eHO. 

PaHHHe Hccne~OBaTenH ~~SHeHHoro ~HKna E.superba npHXO

~RT K B@BO~Y 0 npeHMymecTBeHHO ~Byxro~H~HOM ~HKne 8Toro BH~a; 

HHhlMH CnOBaMH, K KOH~Y BToporo ro~a ~HSHH pa~KH ~OCTHraIOT ~HH@ 

OKono 45-50 MM, cospeBaIDT H pasMHo~aIDTcfl, nocne HepeCTa npOHC

XO~HT 8nHMHHa~Hfl 60nbmeH ~aCTH oco6eH (Ruud, 1932, Bargmann,1945, 

Nemoto, 1958). B TO ~e BpeMfl MaTepHarnhl BaprMaHH H HeMOTO nos

BonRnH npe~nonaraTb, ~TO pa~KaM, HacenflIDmHM 60nee B@COKHe mHpOT@ 

CBOHCTBeHeH 60nee Me~neHH@H pOCT. ~.Mapp (1962) C~HTan, ~TO B 

npHMaTepHKOBhlX MOPRX E.superba Tpe6yeTcfl npHMepHo TpH ro~a ~R 

Toro, ~To6@ ~OCTH~b npHMepHO TaKoro paSMepa, ~O KOToporo 06H

TaTenH 60nee HHSKHX mnpOT ~OCTHraIDT sa ~Ba ro~a, paSMHo~eHHe 

npOHCXO~HT, TaKHM 06paSOM, Ha ~eTBepT@H ro~ ~HSHH. B.r.llBaHoB 

(1970) npHBen CBH~eTenbCTBa Toro, ~TO H B Mope CKOTHR - OTHO-

CHTenbHO HHSKomHpOTHOH ~aCTH apeana - pa~KH ~OCTHraIDT spenOCTH 

B Macce Ha ~eTBepT@H ro~ H B@CKasan y6e~eHHe, ~TO 8TacHTya

~HR xapaKTepHa ~fl BH~a B ~enOM. ~eTanbH@H aHanHS mnpOTHOH 
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HSMeH~HBOCTH POCTOBHX XapaKTepHCTHK 6hln ~aH H.A.MaKHHTollieM (1972), 

KOTOPHH nOKasan TaK~e BOSMO~HOCTb Me~reHepa~HoHHHX BapHa~HH 

TeMnOB pOCTa. Ero ~aHHHe y6e~aroT B TOM, ~TO ~a~e B OTHOCHTenb

HO HHSKOlliHPOTHHX paHOHax OT~enbHHe nOKoneHHH pasBHBaroTcH no cxe

Me TpexneTHero ~HKna, H Tor~a B HHHe rO~H nOHBnReTCH TaK HaSH

BaeMaR npOMe~YTO~HaR rpynna pa~KOB paSMepaMH (B neTHHH ceSOH) 

OKono 40 MM. Bce ~e MaKHHTOlli nonaran, ~TO B o6~eM ~ByxneTHHH 

~HKn 60nee THnH~eH ~nR E.superba ~a~e B BHCOKOlliliPOTHHX Bo~ax. 

Hccne~OBaHHR, npOBO~BmHeCR B nocne~HHe ro~, nOKasanH, 

~TO B BHCOKOlliHPOTHOH AHTapKTHKe npOMe~YTO~HaR rpynna COCTaBnR

eT nOCTORHHHH KOMnOHeHT nonynR~HH E.superba (~on~eHKoB, 1973, 

~o~eHKoB H ~p., B ne~aTH, Fevolden,1980, MaKapoB, CHcoeBa, 

1983, Siegel, 1983). rrpe~nonaraeTCR, ~TO nHllib ~R cpaBHHTenb

HO He6onblliOH ~aCTH TaKHx pa~KOB xapaKTepHO cospeBaHHe·Ha Tpe

THH ro~ ~HSHH, 60nblliHHCTBO cospeBaeT B 60nee CTapmeM BospaCTe 

(Kikuno, Kawamura, 1983, MaKapOB H ~p., 1985). 

rrpH~HHH HSMeH~HBOCTH CKOPOCTH pOCTa H cospeBaHHR E.su

perba saKnro~aIDTcR, o~eBH~HO, B pasHoo6paSHH ~eHCTBHR ~aKTopOB 

cpe~H Ha 'aKBaTopHH ere apeana. rrpe~e Bcero 9TO CpOKH OCBo6o~

~eHHR nOBepxHOCTH BO~ OT ne~RHoro nOKpOBa, onpe~enRID~He B CBOID 

o~epe~b nepHO~ paSBHTHR ~HTonnaHKTOHa - OCHOBHOH n~H pa~KOB. 

9TOT nepHO~ eCTeCTBeHHHM 06paSOM YMeHblliaeTCR C YBenH~eHHeM lliH

POTH, O~HaKO, cy~ecTBoBaHHe TaK HaSHBaeMoro RBneHHR "oaSHca", 

BosHHKaro~ero B Tex HnH HHHX y~acTKax npH6pe~HHx BHCOKOlliHPOTHHX 

BO~ ceSOHHoro YCKopeHHR paSBHTHR nnaHKTOHa (MaKapOB H ~., 1982, 

1985) Mo~eT npHBO~Tb K TOMY, ~TO H B npHMaTepHKOBHX Bo~ax OH 

Mo~eT 6HTb ~OCTaTO~HO npO~O~HTeneH. 

BTopaR rpynna ~aKTopOB, BnHRID~X Ha .CKOpOCTb pOCTa, CBR

saHa C TeMnepaTYPoH. 06~eHSBeCTHoe ~nR nOHKHnOTepMHHX ~BOTHHX 

SaMe~eHHe CKOPOCTH pOCTa npH nOHH~eHHH TeMnepaTypHcpe~ y 

paKoo6paSHHX BHpa~aeTCR B YBenH~eHHH npO~O~HTenbHOCTH Me~H

He~Horo ~HKna (XMeneBa, rony6eB, 1984) I ~TO nOKasaHO H ~nR 

E.sUperba (Polech, Denys, 1982, CM. Ta6n.1). 
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KpOMe 3Ha~HTenbHOH npOCTpaHCTBeHHOH H3MeH~HBOCTH CKO

POCTR pOCTa cy~ecTByeT e~e PflA OOCTOHTenbCTB, ocno~HHro~x YC

TaHOBneHHe pa3MepHO-B03paCTH~x COOTBeTCTBHH. H3BeCTHO, ~TO 

OCOOR E.superba MorYT He TonbKO paCTH, HO H YMeHbmaTbCH B ~R

HY. TaKoro po~a OTpH~aTenbH~H POCT Haonro~aeTcH B aKBapHanbH~ 

SKcnepHMeHTax npHrono~aHHH HnR He~OCTaTO~HOH o6ecne~eHHOCTH 

nH~eH (0030p CM. Buchho1z, 1983). npe~nonaraeTCH, ~TO no~ooHoe 

YKopa~HBaHHe Tena pa~KOB npoHcxo~HT H B npHpo~e - B Heonaro

npHHTH~H nepH~ ro~a (Ikeda, Dixon, 1982, Ettershank, 1984). 

HTaK, ecnH npe~e nonaranH, ~TO oTHepecTHBmeecH nOKone

HHe B Macce OTMHpaeT, TO Tenepb KaK noneB~e (MaKapoB, 1975,1976, 

1983a), TaK H na6opaTopH~e Hccne~OBaHHH (Denys, McWhinnie, 1982) 

nOKa3~BaroT, ~TO cKopee Bcero MHorHe OCOOR pa3MHo~aroTcH B Te~e

HHe no MeHbmeH Mepe ~BYX ce30HOB. Eonee ~eM o~HoKpaTHoe c03pe

BaHHe ~O~HO OKa3~BaTb 3aMe~nHro~ee B03~eHCTBHe Ha POCT, O~HaKO, 

B TOH cHTya~HH, Kor~a Henb3H ~OCTaTO~HO YBepeHHO OTnH~HTb Bnep

B~e HepeCTYro~x ocooeH OT nOBTopHO HepeCTYro~x, STO B03~eHCT

BHe He no~~aeTCH o~eHKe. 

Oo~eHsBeCTH~, HaKOHe~, cnO~HOCTH TpaKTOBKH pa3MepHoro 

COCTaBa npR CMemeHHH SB~aY3HH~, OOHTaBmHx B pa3H~x Bo~ax (Mau

chline, Fisher, 1969). STO CMemeHHe H ooycnoBneHHoe HM YMHo~e

HHe nHKOB pa3MepH~x KPHB~X npHBo~HT K npaKTH~ecKOH HeB03MO~HOC

TH ~aTb B03pacTHYro HHTepnpeTa~RropasMepH~X rpynn B e~HHH~HOH 

npooe pa~KoB. 

BHmeCKa3aHHoro ~OcTaTO~Ho, ~TOO~ nOHHTb, no~eMY Donee 

~eM nonYBeKOBoe CTaTHCTH~eCKoe H3y~eHHe pa3MepoB E.superba B 

noneB~X coopax He ~ano O~H03Ha~H~X OTBeTOB Ha Bonpoc 0 B03pa

CTHOH CTpYKType nonynH~HH SToro BHtia. O~HaKO pa3MepH~e KpHB~e 

no-npe~HeMY oCTaroTcH OCHOBHhlM RHCTpYMeHTOM nonynH~HoHH@X HC

cne~OBaHHH SB~aY3HH~. HH~e ~ nOnHTaeMCH ~aTb 0030P H OOCY~HTb 

npHMeHeHHe SToro MeTo~a K H3y~eHHro E.superba B Bo~ax, o~Baro

~HX ceBepO-3an~HOe nOoepe~be AHTapKTH~ecKorO nonyoCTpOBa, a 

TaK~e B Bo~ax 3an~HOH ~aCTH MOPH CKOTHH. B STOM paHOHe sa no

cne~HHe ~eCHTb neT npOBo~nHCb, no~anYH, HaHoonee HHTeHCHBH@e 
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Hccne~OBaHHH aHTapKTHqeCKOrO KpHnH (Sarhaghe et al., 1978, Ja

zdzewski et al., 1978, MaKapoB, 1979, Wolnomiejski et al., 1982, 

reprnaHOBHq, nrooHMoBa, 1983, Guzman, 1983, Hempel"1983, Raku

sa-Susczewski, Lipski, 1985, Siegel, 1986, Sarhaghe, 1986). 

PacCMOTpHM BKpaT~e ere oHonorO-OKeaHorpa~~eCKHe ycnoBHH. 

2.0COEEHHOCTH OKEAHOrpA~HqECKHX YCITOBHa B PAaOHE AHTAPKTHqEC

KOrO nOnYOCTPOBA 

~HSHqeCKHe H OHOTHqeCKHe ycnoBHH paHOHa AHTapKTHqeCKO

ro nonyocTpoBa xapaKTepHsyroTcH SHaqHTenbHoH Heo~HopO~HOCTb~, 

s~ecb BCTpeqaroTcH H BsaHMo~eHcTByroT BO~@ paSHoro npoHcxo~~eHHH, 

TaK HaS@BaeM@e MO~ll~HKa~HH aHTapKTHqeCKHX BO~ (Bn~HMHpCKaH II 

~p., 1976, MaKapoB, MacneHHllKoB, 1980, Eor~aHoB H ~., 1980a,o, 

MaKapoB H ~p., 1982). 9TOi Bo-nepB@X, OTHOCllTenbHO Tenn@e, He

Ha~onro saKp@BaromHecH nb~OM HnH BOBce CBooo~H@e OTO nb~a BO~@ 

hl~HOH BeTBH AHTapKTHqeCKOrO UHpKYMnonHpHoro TeqeHHH (AUT), 

pacnpoCTpaHHromHecH HS roro-BOCTOqHOrO THXOOKeaHCKoro oacceHHa. 

PasBllTHe oHocesoHH@x npo~eccoB B CHCTeMe AUT cne~yeT saKOHO

MepHocTHM ~eHOnOrHqeCKOH BonH@ ~.T.XapTa (Hart, 1942) C noc

TeneHH@M sanas~BaHHeM CPOKOB BereTa~HH ~HTonnaHKTOHa B rnHpoT

HOM HanpaBneHHH (MaKapOB H ~p., 1982). ID~HYro nepll~epHro AUT 

cocTaBnHroT CMernaH@e BO~ BTOPHqH@X ~pOHTanbH@x SOH (B~3), 

oon~aromHX p~OM cne~H~HqeCKHX qepT B paSBHTHH ~HTonnaHKTOHa. 

3HaqHTenbHoe KOnHqeCTBO ~HTonnaHKTOHa Mo~eT, B qaCTHOCTH, COX

paHHTbCH TaM H Tor~a, Kor~aB oKpy~aromHX Bo~ax BereTa~HOHH@e 

npo~ecc@ y~e saBeprneH@ (Bn~HMHpCKaH, 1982, HalliH Haonro~eHHH B 

XX peHce Hnc "AKa~eMHK KHHnOBHq" y AHTapKTHqeCKOrO nonYOCTpo

Ba, anpenb 1982 r.) . 

npHope~H@e BO~@ AHTapKTH-recKoro nonYOCTpOBa H OJIHSne·

~amHX OCTPOBOB BeCbMa HeO~HopO~H@ no CBOHM ~llSHKO-XHMHqeCKHM 

H oHOnorHqeCKHM ocooeHHocTHM. Bo~, npHM@Karomlle K ceBepHoMY 

nooepe~bro san~HoH rpynn@ N~H@X meTnaH~cKHx OCTPOBOB, apXHne

nara nanMepa, OCTPOBOB: EllCKO Hcn@T@BaroT SHaqHTenbHoe BnHHHHe 

AUT H B HH@e ro~ ~B~YTCH B TOM ~e HanpaBneHHH, qTO H 9TO Te-
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qeHHe (Eor,n;aaoB li ,n;p., 1980a, MaKapoB li ,n;p., 1982). ITpnOpe)f(HbIe 

paHoHbI ceBepo-sarra,n;HoH OKOHeqHOCTli ITonyocTpoBa (rr-oB TPliHliTli, 

O-Ba ~'ropBlinD *YSHBHnD, MOp,n;BliHOBa (linli 9ne~aHT, 9TOT rrocne,n;

HliH B MeHDmeH CTerreHli) HaXO,D;RTCH rro,n; Bos,n;eHCTBHeM BO,n; MOPH Y-

9~enna (Clowes, 1934, Eor,n;aHOB li ,D;P., 1980a,0, ITonYHKTOB li ,n;p., 

1983, Heywood, 1985). Bo,D;bI MOPH YS,D;,D;enna, CMemHBaHCD B oonac

Tli ~eHTpanDHOH KOTnOBliHbI nponliBa EpaHC~Hn,n;a C Bo,n;aMH menD~a AH

TapKTH'qeCKOrO rronyocTpOBa, BXO,n;~liMH B rrponliB C roro-BocTOKa, 

oopasyroT coocTBeHHbIe OpaHC~Hn,n;OBCKlie BO,D;bI. qacTD HX ,n;Bli~eTcH 

B,D;Onb ro~Horo rrooepe~DH apxHnenara ~~HbIX illeTnaH,D;CKHX O-BOB (B 

Bli,n;e YSKoro CTpYHHoro TeqeHliH) K ceBepY-BOCTOKY. Y O.MOp,n;BliHO

Ba, BSaHMO,D;eHCTBYH C Bo,n;aMH AUT li MOPH YS,D;,D;enna, OHli ,D;aroT Ha

qano oopasoBaHliro CMemaHbIX BO,D; MOPH CKOTliH (Clowes, 1934, Elor

,n;aHoB li ,D;P., 1980a, Sievers, 1982). B CBoeM HaliMeHee TpaHC~Op

MlipOBaHHOM BH,D;e BO,D;bI YS,D;,D;ynna pacrrpocTpaHHroTcH B rrponliBe EpaH

C~lin,D;a BonliSli rrooepe~DH n-OBa TpliHliTli, HO HaCKonDKO ,D;aneKO li,n;eT 

liX npOHliKHOBeHlie K roro-sana,n;y nOKa He HCHO. 

PaHOH sarra,n;Horo menD~a AHTapKTliqeCKOrO ITonYOCTpOBa-rrpo

nliBa EpaHC~lin.n;a xapaKTeplisyeTcH SHaqHTenDHbIM HerrOCTOHHCTBOM (B 

Me~O,D;OBOM nnaHe) CBOHX ne,D;OBbIX ycnoBliH, CPOKOB BereTaUlili ~HTO

nnaHKTOHa li BbICOKOH CTerreHDro "nHTHHCTOCTli" li HepaBHOMepHOCTli 

era paSBliTHH (MaKapOB li ,D;P., 1982). ~H Hero xapaKTepHO HBne

Hlie "oaSlica ll
, OTMeqaBmerOCH y OCTPOBOB apXHnenara ITanMepa, B 

sana,n;HOH qaCTli rrponliBa EpaHC~Hn,D;a, y ~~HbIX llieTnaH,D;CKliX O-OB 

(MaKapOB li ,D;p., 1982). 

BOSBpamaHCD K Bo,n;aM MOPH YS,D;,D;enna, oTMeTHM, qTO OCHOB

HOH liX nOTOK, npHXO,D;~H C rora-:.:oro-BocToi<a,""nOBOpaqliBaeT B 

ceBepO-Sana,D;HOH qaCTli MOPH K BOCTOKY li oopasyeT T.H. Ys,n;,n;enn

OBCKliH ,D;peH~ (Marr, 1962, Mackintosh, 1972). 9TH BO,D;bI, ClinDHO 

MeaH,n;plipyromlie, COCTaBnmOT TpeTliH OCHOBHOH KOMrrOHeHT CMemaHHbIX 

BO,n;.B~3 MOPH CKOTliH (Eor,n;aHOB li ,D;p., 19800, stein, 1981). ITo 

cpaBHeHHro C BO,D;aMli AUT B CliCTeMe YS,D;,D;ennOBCKoro ,D;PeH~a Haonro

,n;aeTcH cymecTBeHHoe SarraS,D;bIBaHlie BeceHHero pasBHTliH nnaHKTOH

Horo cOOOmecTBa li oonee nos,n;Hee HacTyrrneHlie oceHHero olioceso-
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Ha (BJIa~HMHpCKaH H ~., 1976, BJI~HMHpCKaH, 1982). 

3.PA3MEPHAE CTPYKTYPA TIOTIYTIEUHH EUPHAUSIA SUPERBA 

TIPH BceM pasHooopasHH paSMepOB H CPHSHOJIOI'H'tIeCKOI'O coc

TOHHHH ocooe~ B nonyJIH~HH E.superba cymeCTBYIDT TPH OCHOBH@e 

paSMepHO-BospaCTH@e rpynTIH, KOTop@e TPY~HO cnYTaTb ~pyr C ~y

rOM: JIHqEHKH, MOJIO~b H BSpOCJI@eOCOOH (Fraser,1936, Bargman, 

1945, Marr, 1962,Mackintosh, 1972, MaKapOB, 1980, 1983). 

AHaJIHS ~HHaMHKH COCTaBa H pacnpOCTpaHeHHH JIH'tIHHOK E.superba B 

paCCMaTpHBaeMOM perHOHe B@XO~HT sa npe~eJI@ ~aHHoH paooT@. Xa

paKTepHCTHKH H pacnpOCTpaHeHHe paSMepH@X rpynn MOJIO~H H BSPOC

JI@X *HBOTH@X Cne~HaJIbHO HCCJIe~OBanHCb MaKapOBHM (1979, 1980). 

B nOCJIe~Hee BpeMH nOHBHJIHCb HOB@e ~aHH@e, HaHOOJIbmHH HHTepec 

HS KOTOP@X npe~CTaBJIHIDT MaTepHan@ OOJIee HJIH MeHee CHHXPOHH@X 

HaOJIID~eHHH BO BpeMH FIBEX B cpeBpaJIe 1981 r (Hernpel, 1983, BIO

MASS, 1981, Retarna1 a.Quitana, 1982, Wolnomeiski et al., 1982, 

KOSJIOB H ~., 1983). 9TH ~aHH@e 'tIaCTH'tIHO npe~CTaBJIeH@ B TaoJI.1, 

r~e Bce paSMep@ npHBO~HTCR no CTaH~apTY 1 (Vauchline, 1981). 

PaSMep@ MOJIO~H B paHoHe AHTapKTH'tIeCKOrO n-Ba H npHJIe

*amHX 'tIaCTHX MopeH CKOTHH H Y8~eJIJIa CHJIbHO BapbHpyroT. OHa O@

BaeT npe~CTaBJIeHa paSJIH'tIHHMH no MO~aJIbH@M paSMepaM, HO CXO~H@

MH no CPHSHOJIOrH'tIeCKOMY COCTaHHHID rpynnaMH (MaKapoB, 1979, 1980, 

1983, Kock a.Stein, 1977, 1978, Jazdzewski et al., 1978, Nast, 

1982, Siegel, 1982, ,1986, Fevolden a.George, 1984). 

B JIeTHHH ceSOH (HHBapb-cpeBpaJIb) HaHOOJIee KpynH@e IDBe

HHJIbH@e pa'tIKH (pasMepoM OKOJIO 35-40 MM) OO@'qHO OHBaIDT npHypo

'tIeH@ K Bo~aM ro*HOH nepHcpepHH AUT H ceBepo-sana~y OT o.TIeTpa 1 

(MaKapoB, 1979) HJIH K CMemaHHHM Bo~aM B~3 .MOpH CKOTHH (MaKapoB, 

1980, KOSJIOB H ~., 1983 pHc.1E,Brinton a.Antezana, 1984). 

B Bo~ax y8~~eJIJIOBCKOro ~peHcpa y {())KH@x OpKHeHcKHx O.-BOB pasMe

p@ MOJIO~H OO@'tIHO MeHbme (MaKapoB, 1980, Brinton a.Antezana, 

1984) ,coBceM MeJIKHe pa'tIK~, paSMepaMH OKOJIO .20 MM, O@JIH oOHapy

*eH@ B cpeBpane H MapTe 1981 r B HeTpaccpopMHpOBaHH@x Bo~ax MO-
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Pff Y9~enna, nocTynaro~Hx Ha ere rnyoHHHHX pa~OHOB HnH pacnpo

cTpaHffro~xcff B BOCTOqHYro qaCTb nponHBa BpaHC~Hn~a (Nast, 1982, 

Siegel, 1982). Crre~yeT oTMeTHTb, qTO B Mope CKOTHff paqKH TaKoro 

paaMepa BCTpeqaroTcff TonbKO BeCHO~, B Haqane nepHo~a HHTeHCHB

Horo pOCTa (MaKapoB, 1980). Y noo epe)l(bff apXHnenara llanMepa '.H 

~)l(H@X illeTnaH~cKHx O-BOBpaaMep~ MonO~H CHnbHO BapHpyroT, HO o~

BaroT OO~qHO MeHbwe, qeM B oonee MOPHCT~X BO~ax K. ceBepy (MaKa

POB, 1979, Kock a.Stein, 1977, 1978, .Jazdzewski et al., 1978, 

Siegel, 1986). PaHoH~ MacCOBoH BCTpeqaeMOCTH Mono~H pacnonara-
e:. ~ + roTCff B uenOMID)l(Hee aOH~ KOHueHTpHpoBaHHff Bapocn~x OCOueH , B 

paHoHax, npHneJKa~HX K oepery HnH nO~BepJKeHH~X CHJIbHOMY BnHffHHro 

Y9~onnoBOMopCKHX BO~; 9TO TaK Haa~BaeMoe "paa~eJIbHOe cy~ecT

BOBaHHe nOKoneHHH" (Marr, 1962, MaKapoB, 1970, 1979, 1980). GHO 

nO~TBep~aeTCff npaKTHqeCKH BCeMH Hccne~OBaTeJIffMH, paoOTaBWHMH 

B paHoHe AHTapKTHqeCKOrO n-Ba (Jazdzewski et al., 1978, Nast, 

1982, Gusman, 1983, Fevolden a.George, 1984). Pa3~eneHHe nOKO

neHHH, eCTeCTBeHHO, He HOCHT aoconroTHoroxapaKTepa: Bapoc~e 

OCOOH BCTpeqaroTcff TaM, r~e oHBaeT MHoro Mono~, H, no KpaHH8H 

Mepe, B HeCKonbKHX yqaCTKaX B npe~enax paCCMaTpHBaeMoro perHO

Ha KOHueHTpaUHH MonO~H C~BHHYT~ K ceBepHO~ rpaHHue apeana. 

TaKaff KapTHHa Haonro~aeTcff B roro-BOCTOqHOH qaCTH MOPff CKOTH~ 

(MaKapoB, 1980, KoanOB H ~p., 1983, Brinton, Antezana, 1984, 

A~aHacbeB, MacneHHHKoB, 1983, Foster, Middleton, 1984), r~e 

npoHcxo~HT cBoe06paaHoe "paaMHBaHHe" BTOPHqHOH ~pOHTanbHoH ao

H~, a TaKJKe B Mope BennHcrayaeHa, B paHOHe O-Ba lleTpa 1 (MaKa

POB, 1979). llocne~Hee TaK)l(e MOJKeT O~Tb CBffaaHO C B~HOCOM BO~ 

C rora (Enb-CaHe~, 1977, MacneHHHKoB, 1980), XOTff aHanHa reOCT

pO~HqeCKO~ UHpKynffUHH ere nOKa He B~ffBnffeT (Bor~aHOB H ~p., 

1980a) • 

+ rOBOpHTb 0 pa30o~eHHH nOKoneHHH HMeeT c~cn TonbKO npHMeHH

TenbHO K HeKOTopOMY ooocooneHHOMY paHOHY (MaKapOB, CHcoeB, 1983). 

B roJKHOH qaCTH MOPff Y9~~enna, HanpHMep, MorYT OHTb CBOH saKOHO

MepHOCTH pacnpOCTpaHeHHff MonO~H H BSpOC~X oco6eH. 
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neH@ TpeMR-qeT@pbMR pa3MepHBMH rpynnaMH, K~~aH H3 KOTOP@X 

HMeeT CBOro XapaKTepHYro OOnaCTb paCnpOCTpaHeHHH (MaKapoB, 1979, 

1980). ITocKonbKY Bpa3H@e ro~ Haonro~eHHH Mo~anbH@e pa3Mep@ co 

OTBeTcTByromHX rpynn O@nH ~OBonbHO CXO~H@, oy~eM 0003HaqaTb 

PHMCKHMH UH~paMH, CqHTaH MonO~b rpynnoH I. rpynna I I, HnH npo

Me~YTOqHaH (c MO~anbHHMH pa3MepaMH B HHBape-~eBpane OKono 40 MM) 

OTMeqanaCb npe~e Bcero B npHope~H@x paHoHax (Jazdzewski et al., 

1978, MaKapoB, 1978, Witek, 1979). ITo Mepe npo~BH~eHHH B MOPHC

TYro qaCTb aKBaTopHH ~onH ocooeH 9TOH rpynTI@ 3aKOHOMepHO YMeHb

maeTCH (Te ~e aBTOp@, MaKapoB, 1980). ~aHH@e mHPOKoH CbeMKH 

1981 ro~a B uenOM nO~TBep~HnH npHypOqeHHOCTb rpynTI@ 1 I K npH

ope~bro. HeKoTop@e OKeaHHqeCKHe paHoH@ MOPH Y9~enna, r~e o@na 

3HaqHTenbHa ~onH STHX ocooeH (pHc.1r) Bce ~e O@nH pacnono~eH@ 

cpaBHHTenbHo He~aneKO OT oepera. Tor~a ~e B neTHe-oceHHHH ce-

30H 1981 r. 3HaqHTenbHO ~anee K BOCTOKY (Bo3B@illeHHocTb Mo~) 

npOMe~YTOqHaH rpynna E.superba B Bo~ax Y9~~ennoBcKoro ~peH~a 

He B~enHnaCb (MaKapOB, C@coeBa, 1983). Coop@, B@nonHeHH@e C 

nOMOmbID CbeMKH nOKa3@BaroT, qTO B MeCTax CBoeH nOCTOHHHOH BCT

peqaeMOCTH npOMe~YTOqHaH rpynna o@BaeT Ha nopH~OK MHOrOqHC

neHHee paqKOB oonee KpynHoro pa3Mepa (Siegel, 1986). COCTOH-

HHe 3penOCTH ocooeH rpynn@ 11 oxapaKTepH30BaTb ~OBonbHO cno~

HO. H3BeCTH@ KaK cnyqaH, Kor~a OHH B neTHHH nepHO~ OKa3@BanHCb 

HenonOB03pen@MH (MaKapOB, 1979), TaK H cHTyaUHH, Kor~a OHH 

yqaCTBOBanH B HepeCTe (MaKapoB, 1976, Siegel, 1982, HamH Hao

n~~eHHH B paHOHe O.MOp~BHHOBa B 1981 r.). ITo paooTaM ~e Hccne

~oBaTeneH, Hcnonb3YIGmHX qepe3qyp ynpomeHHYro TeXHHKY onpe~ene

HHH cTa~H spenOCTH (Jazdzewski et al. 1978, Stepnik, 1982, 

Wolnomiejski et al., 1982), BOBce HeBOSMO~HO CY~HTb 0 npHpo~e 

paqKOB npOMe~YTOqHOH rpynn@ B paHoHe AHTapKTHqeCKOrO nonyoc.

TpOBa. 

rpynn@ 1 1 I H IY C Mo~anbH@MH paSMepaMH GOOTBeTCTBeHHO 

45-50 MM - 9TO paqKH, C KOTOP@MH CBH3aH@ Tpa~HUHOHH@e npe~CTa

BneHHH 0 BspocnOM nonOBospenOM E.superba. B pH~e cnyqaeB OHH 

OKa3@BaIDTCH npOCTpaHCTBeHHO pasOOmeH@. TaK, B SOHe K sana~y 

OT AHTapKTHqeCKOrO nonYOCTpOBa neTOM 1977/78 rr. oonee Kpyn-
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H@e OCOOH rpynTI@ lY O@nH CBHSaHH C BO~aMH ro~HOH nepH~epHH AUT, 

a rpynna -1 I I C BO~aMH MOPH EeJIJ1HHcrayseHa (Mai<apoB, 1979). 

AHanorH~H@e COOTHomeHHH paSMepOB Ha npOTH~eHHH p~a neT npOC

ne~HBanHCb YE.superba, ~peH~YIDmero B CMemaH@X Bo~ax B~3 (HMe

IDmHX SHa~HTenbHYID ~onID BO~ AUT) H Bo~ax Y9~~eJIJ10BC~Oro ~peH~a 

(Ma~apoB, 1980). B npHope~H@x paHoHax ,nonH rpynn -111 H IY o@-

na, ~a~ npaBHnO, HeBblco~a, HnH 9TH rpynn@ TaM BOBce OTCYTCTBO

BanH (Ma~apoB, 1979, Jazdzewski et al., 1978, Witek, 1979). 

TIeToM 1981 r., O~Ha~o, npH saMeTHOH TeH,neH~HH ~pynH@x pa~~OB, 

COOTBeTcTByromHX no paSMepaM rpynne lY, ~ npeoon~aHHID B CHC

TeMe AUT (pHC. 1a1,r1'~' e), OHH COCTaBnHnH sHa~HTenbHyID ,nonID 

B rpynnHpoB~ax E.superba ~a~ y oepera, Ta~ H B Bo~ax MOPH Y9~

~eJIJ1a (pHC. 1a2 '3,B
1
,r2 ). B pH~e paHoHoB ,no~Bep~eHH@x BnHHHHID 

BO~ MOPH Y9~enna, rpynTIb1 tll H IY npHcYTcTBoBanH npHMepHo B 

paBHoM COOTHomeHHH (pHC. 10
1

,B
1
). 

KpOMe rpynn I 1 I H IY HHor~a oblBaeT ooocooneHa rpynna 

HaHoonee KpynH@x ocooeH c MO~anbHb1MH paSMepaMH 56-60 MM, OHa 

BeCbMa HeMHoro~HcneHHa, BCTpe~aeTCH OObl~HO Tonb~O B nepBoH no

nOBHHe neTa, a 3aTeM He npocne~HBaeTCH. Ee OTMe~anH B CMemaH

HblX Bo~ax MOPH C~OTHH, a Ta~~e B paHOHe nponHBa EpaHC~Hn~a 

(K03nOB H ~p., 1983, Siegel, 1986). 

4. COOTBETCTBY~T TIH PA3MEPHHE rpYITITH B03PACTHHM? 

Ho pa3BHBaeMblM ceH~ac PH~OM y~eH@x npe~cTaBneHHHM pa3-

MepHble rpynnbl E.superba B ce30HHOM OTHomeHHH HeycToH~HB@; y~o

po~eHHe Tena B oceHHe-3HMHHH nepHo~ npHBO~HT ~ BblpaBHHBaHHID 

pa3MepH@x PH~OB (Ikeda, Dixon, 1982 Ettershank, 1984). He~o

Topble nO~TBep~eHHH 9TOMY MO~HO HaHTH B ~pyrnoro~~H@x HaonID

,neHHHx sa pa3MepHblM COCTaBOM E.superba B sanHBe ~MHpanTeHCT

Ba (o.KHHr-n~Op~~) (Stepnik, 1982) H pe3ynbTaTax cbeMO~. B npo

nHBe EpaHc~Hn~a B Mae-HIDHe (Guzman, 1983). O,nHa~o, OTMe~eHH@e 

B 9THX paoOTax H3MeHeHHH MorYT oblTb cne~cTBHeM OTMHpaHHH OCO

oeH cTapill~ro no~oneHHH H pOCTa oonee Men~HX pa~~oB, npo~on~a

romerocH oceHbID. B TO ~e BpeMH B ~pyrHx paHOHax - O.~HaH reop-
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rHH, BO~ K ceBepy OT MOPH Co~y~ecTBa - Ha npOT~eHHH pH~a 

neT B nOS~He-oceHHHH H SHMHHH nepHO~ y KpHnH HaonID~anaCb ~O

BonbHO YCTOH~HBaH paSMepHaH CTpYKTypa C XOPOllO B~enHID~HMHCH 

rpynnaMH (naTorYPcKHH, 1973, naTorYPcKHH H ~p., 1983, MacneH

HHKOB H ~p., 1983, AceeBi PyoHHllTeHH, 1983) .HaonID~eHHH npo

MHCnOB@X Cy~OB sa PH~ neT (1980-1984) CBH~eTenbCTBYIDT 0 TOM, 

~TO s~eCb OT~eTnHB@e paSMepH@e rpynnH coxpaHHIDTCH BITnOTb ~O 

HIDHH, Kor~a npOHCXO~HT OKOH~aTenbHoe sanonHeHHe npHOCTpOBH@X 

BO~ nb~OM. 

Cne~yeT saMeTHTb, ~TO caMO cy~ecTBoBaHHe OTpH~aTenbHO~ 

ro pOCTa B npHpo~e HenbSH C~HTaTb ~OKasaHH@M. He~aBHHe Hccne~o

BaHHH nOKasanH, ~TO XOTH B SHMHHX ycnOBHHX Y E.superba npo~on

~aIDTCH nHHbKH, EX ~aCTOTa ~on~Ha O@Tb cy~ecTBeHHO MeHbIDe, ~eM 

neTOM (Morris, priddle, 1984~. HaKannHBaIDTcH TaK~e HaonID~eHHH 

sa nHTaHHeM pa~KoB B He6haronpHHTH@H nepHO~ ro~a. Bce OHH no~

TBep~aIDT onnopTYHHcTH~ecKyID TaKTHKY nHTaHHH SToro BH~a C n03-

~HeH oceHH ~O paHHeH BeCH@ - HcnonbSOBaHHe B nH~y soonnaHKTO-

Ha (ITaBnoB, 1971), ~eTpHTa (Guzman, 1983, Morris,priddle, 1984), 

ne~oB@x Bo~opocneH (Hamner et al., 1983, CnHpH~OHOB H ~p., 1985). 

B HaCTOH~ee BpeMH O~HH HS OCHOBononO~HHKOB KOH~en~HH "YKopo~e

HHH Tena" T. HKe~a (1985) CKnOHHeTCH B nonbSY Toro, qTO B npH

pO~H@X nonynH~HHx E.superba B SHMHee BpeMH HMeeT MeCTO CKopee 

saMe~eHHe, OCTaHOBKa pOCTa, He~enH OTpH~aTenbHHH pOCT. 

C y~eToM Bcero BhlmeCKaSaHHoro npe~CTaBnHeTCH yoe~HTenb

HHM, ~TO paSMepH@e rpynnH npe~CTaBnHIDT co60H He cesoHHHH ~eHO

MeH, HO B onpe~eneHHOH CTeneHH COOTBeTCTBYIDT paSHhlM KOrOpTaM 

pa~KOB (no~ KoropTOH s~eCb nOHHMaeTCH cOBoKynHocTb ocooen, 

nOHBHBIDHXCH Ha CBeT npHMepHO B O~HO H TO ~e BpeMH H paSBHBaB

IDHXCH B CXO~H@X ycnoBHHX) • 

5. POCT H B03PACT EUPHAUSIA SUPERBA: ~AKTH M rHITOTE3~ 

Tpa~H~HoHHHH cnoco6 HHTenpeTa~HH nonHMo~anbH@x (cMe

IDaH@x) pasMepH@x pacnpe~eneHHH COCTOHT B npHnHC@BaHHH Ka~oH 
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Mo~e ( RnH, eCnH npHMeHHIDTCH KaKHe-nHOO Cne~HanbH@e MeTO~ 

aHarrHSa, KOMnOHeHTe C HOpManbH@M pacnpe~eneHHeM) OTnH~HOro OT 

~pyrHx TaKHX rpynn BOSpaCTa .. HCCne~OBaTenH, ~y~He no 9TOMY 

nYTH, nOCTeneHHO ~OBO~HT MaKCHManbH@H BospaCT E.superba ~o 6+ 

neT (Ivanov, 1970, AceeB, 1983, s~egel, 1986). 9TH pesynbTaT@ 

npe~nonaraIDT O@CTP@H POCT MonO~H H sHa~HTenbHoe SaMe~neHHe pOC

Ta ~HBOTH@X, npOHcxo~~ero ~aCTbID Ha TpeTHH, a B 60nbweH CTe

neHH Ha ~eTBepT@H rO~~HsHH. K no~o6H@M B@Bo~aM Ha OCHOBaHHH 

COOCTBeHH@X H nHTepaTYPH@X 9KcnepHMeHTanbH@X MaTepHanOB npH

XO~ HT. TaK~e HKe~a (1985). 

O~HaKO, BapHaoenbHocTb CKOPOCTH pOCTa no~ BnHHHHeM Te

MnepaTYP@, ycnoBHH nHTaHHH, KaKHX~TO ~yrHx ~aKTopOB (~aon.1, 

CM. TaK~e Buchholz, 1983, Ikeda, 1985) nosBonHIDT~YMaTb, ~TO 

~eno OOCTOHT He COBceM TaK. B 9TOH CBHSH npe~CTaBnHIDT ·HHTepec 

H HawH o~eHKH o~eBH~Horo (no.MaKHHTowy, 1972) pOCTa pa~KOB 

(Taon. 2) . 

~aHH@e, nony~eHH@e B xo~e Tpex nocne~OBaTenbH@X CbeMOK 

B IDrO-BOCTO~HOH ~aCTH MOPH CKOTHH (FIBEX, paHoH@ C-D) nOKasa

nH, ~TO paSMepHaH CTpYKTypa KpHnH (~Be OCHOEH@e rpynn@: Kpyn

HaH MonO~b H BspOCn@e pa~KH rpynn@ IY - pHC. 1e) npaKTH~eCKH 

He MeHHnaCb, pasnH~HH ~e B paSMepax 9B~aYSHH~ BnonHe MornH 

O@Tb OTHeceH@ Ha c~eT pOCTa 9B~aYSHH~ (KosnOB H ~p., 1983). 

E@nH nO~C~HTaH@ cpe~HHe paSMep@ ~HBOTH@X no cne~YID~HM. rpynnaM

Mono~b, BspOCn@e CaMq@ H CaMKH. ~ocToBepHoe YBenH~eHHe paSMe

pOB. B nepHO~ co BTOPOH ~eKa~ HHBapH no nepBYID ~eKa~y ~eBpanH 

npOHSOIDJIO BO Bcex 9THX rpynnax. B cne~YID~HH HHTepBarr BpeMeHH 

(Taon.2) Bspocn@e OCOOH oOHapY~H OTCYTCTBHe o~eBH~Horo pOC

Ta, B TO BpeMH KaK paSMep@ MonO~H npo~o~anH YBenH~HBaTbCR. 

PaCC~HTaHH@e CKOPOCTH pOCTa, KaK MO~HO saMeTHTb (Ta6n.2) ~O

BonbHO BenHKH. Cne~yeT y~ecTb TaK~e, ~TO 9TH ~aHH@e OTHOCRTCH 

K nepHO~y saBepweHHH HepeCTa E.superba. 3Ha~HTenbHaH ~e 9nHMH

Ha~HH OTHepeCTHBWHxCH oco6eH npe~CTaBnHeT C060H, nO~BH~HMOMY, 

~eHCTBHTenbH@H ~aKT. He OCTaHaBnHBaRCb Ha ee npH~HHax, no~po6-

HO o6cy~aeM@x MaKapOBhlM (1983a) OTMeTHM, ~TO B cnny HSBecTHOH 
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saBHCHMOCTH 9HepreTaqeCKHX nOTpe6HOCTefi OT Beca Terra, CMepTHO

CTb 60nee KpynH@x oco6efi Mo~eT 6@Tb sHa~HTenbHefi. PR~ Ha6nID~e

HHfi TaK~e CBH~eTenbCTBYIDT 0 60nee 6@CTpofi no cpaBHeHHID C CaM

KaMH nocneHepeCTOBofi 9nHMHHa~HH ca~OB (Marr, 1962,MaKapOB, 

1983a). TI09TOMY He HCKnID~eHO, ~TO npe~CTaBneHH@e B Ta6nH~e 2 

CKOPOCTH pOCTa BspocnBX oco6efi, oco6eHHO caM~OB, cymecTBeHHO 

saH~eH@ - rH6errb 60nee KpynHBX oco6efi MacKHpyeT POCT 60nee 

MenKHX. TaK HnH HHa~e, HO K~eTCR RCHBM, ~TO B ceBepHofi ~aCTH 

CBoero ape ana E.superba paCTeT ~OCTaTO~HO 6~CTPO ~nR Toro, 

~To6~ ere POCT Mor 6~Tb onHcaH KnaccH~ecKOH cxeMofi (Bargmann, 

1945, Mackntosh, 1972X. 

B TO ~e BpeMR cymecTBoBaHHe 60nee npO~O~HTerrbHoro ~H

SHeHHoro ~HKna B npHMaTepHKOB~X Bo~ax He B~s~BaeT COMReHHH. 9TH 

06CTORTerrbCTBa, a TaK~e YCTofi~HBaR KapTHHa npOCTpaHCTBeHHoro 

pa9~eneHHR pasMepH~X rpynn ~enaIDT ~R MOHX Konner H MeHR 60nee 

npHBneKaTerr:OHBM HHOfi no cpaBHeHHID C no~xo~OM "pasMepHaR rpynna 

=BospaCTHofi Knacc"+nYT:O o~eHKH BospaCTHoro COCTaBa nonynR~HH 
E . superba. 9TO T. H. "reorpa<pH~eCKHfi no~xo~", pasBHBae~fi P.P. 

MaKapOBBM (19836). OH OCHoBaH Ha o~eHKe ~Hcna H COOTHoweHHR 

pasMepH~X rpynn, 'y~HT~Bae~ 60nee HnH MeHee O~HOBpeMeHHO Ha 

60n:OillHX aKBaTopHRX. O~HOBpeMeHHO npOBO~TCR COOTHeceHHe 9THX 

oco6eHHOCTefi C pacnpOCTpaHeHHeM BO~ pasHBX MO~H<pHKa~HH. Ka~aR 

TaKaR Bo~a xapaKTepHsyeTcR CBoeH co6CTBeHHofi ~HaMHKofi oHoce

SOHH~X npo~eCCOB. TIonpo6yeM ~aT:O HHTepnpeTa~HID pa3MePHBM rpyn

naM, paCCMOTpeHHBM B pa3~ene 3 B paMKax 9TOH MHKpOnap~Hr~. 

TIo rHnOTe3e MaKapoBa (1979, 1980) OC06H .rpynn 111 H 1Y -

9TO O~HOB03paCTH~e (2+heT) KoropT~ ~BYX THnOB. Bonee KpynH~e 

+ECTeCTBeHHO, CTOPOHHHKH sToro no~xo~a y~HT~BaIOT npOCTpaHCTBeH

Hoe pa306meHHe pa~KOB pa3HBX pa3MepHBX rpynn. nnR ere oobRCHe

HHR·npe~onaraeTCR MHrpa~HR KpynHoro B3pocnoro E.superba B OKe

aHH~eCKHe paHOH~ (Siegel, 1986). Me~YTeM, MacwTao H npOTR~eH

HOCTb 9TOfi MHrpa~HH MorYT 6~Tb 3Ha~HTerr:OH~ Ha <poHe OTHocHTerrb

HO cna6oro ~BH~eHHR npH6pe~H~x BO~, HO HecpaBHH~ C ~eHcpOM pa~

KOB B IO~HBX CTPYRX AUT. 
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paqKH pasBHBaroTcH HS MOnO~H, ~e~~yro~e~ C BO~aMH ro~HO~ 

nepH~epHH ~T (HnH CeBepHO~ Y8~ennOBCKOrO ~e~~a), 60nee 

MenKHe npe~cTaBnHroT cy6nonynH~Hro OTKP@ThlX BO~ MOPH BennHHcra

yseHa HnH OCHOBHO~ qaCTH Y8~ennOBCKOrO ~pe~~a. Cy~ecTByroT nH 

KaKHe-nH60 COMHeHHH B ~OCTaTOqHOCTH TaKOH TpaKTOBKH rpynn 111 

H 1Y? TIpe~~e Bcero, o6e 9TH rpynnH MOrYT, KaK M@ BH~enH, BCT

peqaTbCH BMeCTe B BO~aX MOPH Y8~enna H y caMoro 6epera (B 

COqeTaHHH C npOMe~YTOqHO~ rpynno~). 3TO Mo~eT 6@Tb, KOHeqHO, 

pesynbTaToM CMemeHHH BO~, HeCY~HX paSH@e cy6nonynH~HH paqKOB, 

KOTopoe, 6esycnoBHo, no-paSHOMY npOHBnHeTCH B paSH@e ro~@ H 

ceSOH@. O~HaKO, Ha HMero~eMcH B HaCTOH~ee BpeMH B nHTepaType 

MaTepHane npo~eMOHCTpHpOBaTb 8TO OqeHb TPY~HO, TaK~e, KaK 

qpeSB@qa~HO cnO~HO ~OKasaTb, qTO rpynn@ 11, 111 H 1Y npe~CTa

BnHIDT co6o~ nocne~OBaTenbH@e nOKoneHHH. OCHOBHaH Heonpe~eneH~ 

HOCTb CBHsaHa C npOHcxo~eHHeM rpynn@ 11. 

B caMOM ~ene, ecnH nOHBneHHe npoMe~YTOqHO~ rpynn@ B 

OKpaHHH@X MOPHX BOCTOqHO~ AHTapKTH~ 60nee HnH MeHee nOHHTHO 

C nOSH~HH KpaTKOBpeMeHHOCTH nepHo~a pOCTa B B@COKomHpOTH@X 

Bo~ax (Marr, 1962, ~on~eHKOB H ~p., B neqaTH), TO y ID~H@X 

illeTnaH~CKHX O-BOB ycnoBHH pOCTa MorYT 6@Tb HHqYTb He xy~e, 

qeM, HanpHMep, B Bo~ax Y8~~ennOBCKoro ~pe~~a B ere ceBepHO~ 

qaCTH. MonO~b, sa~ep~HBaro~aHcH s~ecb, Mo~eT ~OCTHraTb K KOH~y 

neTa-oceHH ~OBonbHO SHaqHTenbH@X paSMepOB (pHC. 16, B, step

nik, 1982}, H HeT oco6@x OCHOBaHH~ COMHeBaTbCH B TOM, qTO K 

cne~yro~eMY neTY TaKoro po~a paqKH cnoco6H@ ~OCTHqb paSMepOB 

rpynn 111 HnH ~~e 1Y. 

Mo~eT 6@Tb, rpynna 11 npOHCXO~HT OT HeKoTopo~ boocoo

neHHO~ rpynnHpoBKH E.superba, pasMHo~aro~e~cH B KOH~e neTa-oce

Hbro. HepecT E.superba.·~eHcTBHTenbHo OqeHb paCTHHYT, Mo~eT npo

HCXO~HTb, B qaCTHOCTH, H B MapTe, H B anpene (Bargmann, 1945, 

MaKapoB, 1974, 1983a), O~HaKO, ~H oonbmeH qaCTH apeana BH~a 

KaKoH-nHoo oco6@~ oceHHH~ nHK nOHBneHHH paHHHx.nHqHHOK 

HeH3BeCTeH (Fraser, 1936, Mackintosh, 1972, MaKapOB, 1974, 
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Witek et al., 1982). + 

Cne~YID~ee oObHcHeHHe BCTpeqaeMOCTH rpyn~ 11 y ceBepo-

3ana~HO~ OKOHeqHOCTHAHTapKT~ecKoro n-BaCOCTOHT B npe~nono

~eHHH, qTO 9TH paqKH B MaCCe pa3BHBaIDTCH B npHope~be B@COKO

WHPOTH@X pa~OHOB AHTapKTHqeCKOrO n-Ba - y ro~H@X O-BOB APXH

nenara TIanMepa, O-BOB SHCKO, o.~ene~~, 3eMnH AneKcaH~pa 1, 

~OCTaTOqHO n03~HO OCBooo~~aID~HxcH OTO nb~a (MaKapoB, 1979), H 

nepeHocHTcH TeqeHHeM B oonee ceBepH@e pa~oH@. To, qTO npoMe

~YTOqHaH rpynna B YKa3aHH@x MeCTax pa3BHBaeTCH, He B@3@BaeT 

COMHeHH~, O~HaKO, ee pacnpOCTpaHeHHe K BOCTOKY npe~nonaraeT 

HHTeHCHBHYID CHCTeMY TeqeHH~ B npHope~be AHTapKTHqeCKOrO n-Ba. 

113BeCTHO, O~HaKO, qTO B Te ro~@, Kor~aceBepO-BOCTOqH@~ ne

peHOC npHope~H@X BO~ o@n ocooeHHO B@p~eH (1977/78 rr., Ma

KapOB H ~p., 1982), pa~oH MaCCOBO~ BCTpeqaeMOCTH rpynrr@ 11 

He 3aXBaT@Ban ID~H@X meTnaH~CKHX O-BOB, orpaH~HBaHCb npHO

pe~beM ApXHnenara TIanMepa (MaKapoB, 1979). Booo~e, MO~HO no

naraTb, qTO ~e~~ ~OCTaTOqHO KpynH@x paqKOB .B cnao@x H HeycTo~

qHB@X npHope~H@x nOTOKax ~OBonbHO OrpaHHqeH. 

C~opMynHpyeM, n09TOMY, e~e O~HO npe~nono~eHHe. KaK 

y~e o@no OTMeqeHO, C BO~aMH MOPH Y9~enna, B rnyoHHH@x pa~o

Hax KOToporo HepeCT cy~ecTBeHHO 3ana3~@BaeT (Fevolden, 1980, 

Siegel, 1983) Mo~eT pacnpocTpaHHTbcH OqeHb MenKaH Mono~b 

E.superba. B KOH~e neTa 9TH paqKH H Mono~b, pa3BHBaBmaHCH B 

oonee HH3KHX WHpOTax, MorYT oopa30B@BaTb ~Be HenepeKp@BaID~He

CH no pa3MepaM rpyn~.HaonID~eHHH B 3anHBe ~MHpanTe~CTBa 

(Stepnik, 1982) ~aIDT OCHOBaHHe nonaraTb, qTO no~ooHoe oceH-

Hee nOHBneHHe OqeHb MenKo~ Mono~H COCTaBnHeT ~nH pa~OHa 

nponHBa BpaHC~H~a - ~H@XmeTnaH~CKHX O-BOB OO@QHOe HBneHHe. 

B03MO~HO, 9TH paqKH pacnpOCTpaHHIDTCH H ~anbme Ha BOCTOK, O~-

+TIpeoon~aHHe nHqHHOK CTa~HH KnHTITOnHC. B 3HMHH~ nepHO~ B 

Bo~ax K ceBepy OT MOPH Co~y~ecTBa (AceeB, PyoHHmTe~H, 1983) 

YKa3@BaeT Ha B03MO~HOCTb'~ononHHTenbHoro oceHHero nepHo~a 

pa3MHo~eHHH Ha ceBepHO~ TIepH~epHH apeana. 
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HaKO, npe~CTaBHTb ~eTanH SToro pacnpOCTpaHeHHR npH He~OCTaTO~

HOM SHaHHH ~HpKynR~HH BO~~OBonbHO cnO~HO. C paBHhlM ycnexoM 

MO~HO npe~nonO~HTb BCTpe~H@~ nepeHOC MonO~H HS rnyoHHH@X pa~

OHOB MOPR BennHHcrayseHa Ha ceBepo-BocTOK. He HCKnID~eHo, ~TO 

HMeHHO onaro~apR STOMY nepeHocy Mb1 HaonIO~anH B anpene 1982 r 

(XX SKcne~H~HR HIlC "AKa~eMHK KHHnoBH~II) oonbIIme KOH~eHTpa~HH 

o~eHb MenKo~ (20-22 MM) Mono~ B npHope~be ApxHnenara IlanMepa.+ 

TaK HnH HH~~e, HO HMeHHO oceHHH~ nHK MenKO~ MonO~H B nponHBe 

BpaHC~H~a, y ID~H@X meTnaH~CKHX O-BOB H ApXHnenara IlanMepa 

CKopee Bcero OTBeTCTBeHeH sa BeceHHe-neTHee nOHBneHHe B STHX 

pa~OHax npOMe~YTO~HO~ paSMepHO~ rpynll@ E.superba. 

IlPH TOll MHorO~HcneHHOCTH,KOTOPO~ Mo~eT ~OCTHraTb STa 

rpynna, nerKO ~onYCTHTb, ~TO KaKaR-TO ~aCTb ee ~neHOE ~HBeT 

~eTBepT~ H nRT~ ro~, cpaBHHBaRCb no paSMepaM C ~Byx.iIeTHHMH 

OCOORMH rpynn 111 H 1Y HS OKeaHH~eCKHX pa~oHoB. TaKHM oopaSOM, 

9TH rpynn@, Bcpe~eHH@e TaM, r~e HMeeT MeCTO CMemeHHe menb~OE@X, 

Y9~~ennOBCKHX HnH OKeaHH~eCKHX BO~, MorYT .HMeTb o~eHb cnO~HYro 

paSHOBospaCTHYID npHpo~y, EKnro~aR pa~KOB TpeTbero ro~a ~HSHH, 

saHeceHH@X C BO~aMH HHSKomHpOTHoro HnH ceBepo-y9~ennoECKoro 

npOHcxo~~eHHR ( a TaK~e B@pocmHX Ha MeCTe, B ceBepHOM npHo

pe~be AHTapKTH~eCKoro n-Ba) H ocooe~ CTapmero, Ha rO~-~Ba EOS

paCTa, paSBHBmHXCR HS ocooe~ npOMe~YTO~HO~ rpynn@. 

6.HEKOTOP~E IlEPCIlEKTMB~ 

PaCCMOTpeHH@e rHnOTes@ 0 COO.TBeTCTBHH pa3MepHO~ CTPYK

TYP@ E03paCTHO~ nonynR~HH E oonbmHHCTBe CBoeM He HCKmo~aIDT .!.; 

~yr ~yra, HH O~Ha HS HHX He ~OKasaHa Hc~epn@Ba~e, HO HH 

O~HY HenbSR TaK~e H onpOBeprHYTb. 

+ . 
CTOHT, O~HaKO saMeTHTb, ~TO 9TH pa~KH no COCTaBY H30~epMeH-

TOB.' OKasanHCb BeCbMa onHSKH BSPOCn@M OCOORM HS pa~OH.a ID~H@X 

OpKHe~CKHX O-BOB (TpYBennep H ~p. 1983), r~e pacnpocTpaHR

nHCb BO~ y9~~ennoBCKoro npOHcxo~eHHR. 
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QTo6@ OKOH~aTenbHO O~eHHTb BKn~ HBneHHH OTpHnaTenb

HOrO pOCTa B ~opMHPOBaHHe pa3MepHO~ CTpYKTYP@ nonynHnHH E.su

perba cne~yeT rrpOBeCTH ~eTanbH@e Hccne~OBaHHH nHHeK H nHTaHHH 

pa~KOB B 3HMHH~ nepHO~ (qTO y~e Ha~aTO pa60TO~ MoppHca H TIPH~

,IJ)Ia, 1984). 

Heo6xo~HM@ HOB@e ~eTanbH@e 6Honoro-oKeaHorpa~H~ecKHe 

CbeMKH Ha mHpOKO~ aKBaTopHH, OXBaT@BaromHe B paBHO~ Mepe Bce 

o6HTaromHe TaM rpynIThl E.superba. TonbKO C nOMombro TaKHX CbeMOK 

MO~HO ~06HTbCH xopome~ InpHl3H3KH" oco6eHHOCTe~ pOCTa pa~KOB 

K ycnOBHHM cpe~. By~ymHe CbeMKH nOMorYT, B ~aCTHOCTH, OTBeTHTb 

Ha Bonpoc, CBH3aHO nH MaCCOBoe pacnpOCTpaHeHHe rpynn@ 1Y B 

rrpH6pe~H@x pa~OHax TIonYOCTpOBa C H3MeHeHHHMH B CHCTeMe AUT, 

a IBonHa" MenKo~ Mono~H oceHbro - C ~aCTH~HblM OTKnOHeHHeM 3a

n~Ho~ BeTBH Y8~ennoBcKoro KpyroBopoTa B nponHB BpaHC~Hn~a 

H K ID~H@M meTnaH~cKHM O-BaM HnH ~BH~eHHeM wenb~oB@x BO~ AHTa

pKTH~ecKoro n-Ba OT 3eMnH AneKcaH~pa 1 H o.~ene~~ K ceBepo

BOCTOKY· 

OnHpaHCb Ha o~eHKH oco6eHHOCTe~ pOCTa B onpe~eneHH@X 

ycnoBHHX, MO~HO CMo~enHpOBaTb POCT E.superba Ha npOTH~eHHH 

Bce~ ~H3HH H cpaBHHTb (nOMeC~HO) nony~eHH@e pe3ynbTaT@ C 

MHorOneTHHMH Ha6nro~eHHHMH 3a MO~anbH@MH pa3MepaMH. HaHoonee 

nepcneKTHBHblM nYTeM K 8TOMY HaM npe~-TaBnHeTCH no~xo~ ~.Mox

nHHa (Mauchline, 1980) ,OCHOBaHH@~ Ha ~ByX ypaBHeHHHX, O~HO 

H3 KOTOP@X onHC@BaeT H3MeHeHHe npO~O~HTenbHOCTH Me~HHe~HO

ro nepHo~a B 3aBHCHMOCTH OT pa3MepOB, a ~yroe - npHpOCTa 3a 

nHHbKY. ~H ~anbHe~me~ ~eTanH3a~HH B 8TH ypaBHeHHH HeooXO~HMO 

BBeCTH napaMeTp@, CBH3aHH@e C BnHHHHeM TeMnepaTYP@ H ycnoBH~ 

nHTaHHH B onpe~eneHH@X MeCToo6HTaHHHX, T.e. MO~H~HKanHHxaH

TapKTH~eCKHX BO~, a TaK~e YCTaHOBHTb HeKOTop@e Ha~anbH@e ycno

BHH - CpOKH nOHBneHHH nHqHHOK B onpe~eneHH@X pa~OHax. 

TIpe~cTaBm:[eTCH nenecoo6pa3H@M Hccne~OBaTb reHeTH~ec

KYro, Mop~onorH~eCKYro H ~H3HOnOrHqeCKYro O~HOpO~HOCTb pa~KOB B 

npe~enax pa3MepH@X rpynn H Me~~y HHMH. Ha 8TOM nYTH y)!{e ,!40CTI1-
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rHYT@ onpe~eneHH@e peaynbTaT@ (Hay~eHHe ~eTane~ CTpOeHHfl pen

PO~YKTHBHO~ CHCTeMH Ha MaKpOaHaTOMH~eCKOM ypOBHe - MaKapoB, 

1975, 1983a). 

Cne~HanbHoro KOMMeHTapHfl aacnY~HBaroT paooT@ no onpe~e

neHHID co~ep~aHHfl B TKaHflX nHno~Y~HHoB@xnHrMeHToB - HH~HKaTO

POB ~HaHonorH~ecKoro:: BoapacTa (Ettershank, 1983 I 1984) 

Co~ep~aHHe nHno~yc~HHa B TKaHflX oT~enbH@x pa~KoB cpa

BHHBanOCb 8TTepmeHKOM C Mop~OMeTpH~eCKHMH nOKaaaTenflMH, ~TO 

noaBonHno OOHapY~HTb B e~HHH~HO~ npooe (BaflTO~, CY~fl no KOOP

~HaTaM, B pa~OHe AHTapKTH~eCKO~ ~HBepreH~HH B Mope CO,lJ;py~ecT

Ba) ,lJ;Be ~eTKO B~enflro~Hecfl C nOMo~bro ,lJ;HCKpHMRHaHTHoro aHanHaa 

rpynn@. HcnonbaOBaHHe MHorOMepHO~ CTaTHCTHKH noaBonfleT OOOHTHCb 

H oea OHOXHMH~eCKHX TeCTOB, O~HaKO, pacnoaHaBaHHe rpynn B STOM 

cny~ae oy~eT HOCHTb MeHee CTaTHCTH~eCKH Ha,n;e~H@H xapaKTep. 

llPH STOM B Mop~onorHH ,n;nHHa Tena He paCCMaTpHBanaCb, BH,lJ;HMO, 

BCne,lJ;CTBHH yoe~eHHfl aBTopa B TOM, ~TO OHa Mo~eT HaMeHflTbCfl 

KaK yro~Ho,a, Me~y TeM, npOCTOH rpa~H~eCKHH aHanHa TOH ~ac-

TH npoo@, ~TO Hay~anacb 8TTepmeHKoM (1984, fig.I) nOKaa@BaeT 

KaK paa npHCYTCTBHe ~BYX rpynn Bapocn@X caMOK - npoMe~YTo~HOH 

H OCHOBHOH. TaKHM oopaaoM, B@BO~ 0 BoaMO~HOCTH cocy~ecTBoBaHHfl 

~BYX nOKoneHH~ nonOBoapenoro E.superba HaXO,lJ;HT, KaK OY,lJ;TO, 

yoe~HTenbHYID HnnIDCTpaqHID. O,lJ;HaKO, npHMeHeHHe MeTO,lJ;a BoapaCT

H@X nHrMeHTOB K B@oopKe pa~KOB Ha aanHBa llplO,lJ;Ca ,n;ano oonee 

HeO~H~aHH@e peaynbTaT@ (Ettrshink, 1983). Ha 286 Hccne,n;OBaH

H@X oco6e~ 39.9% HMeIDT, no MHeHHID 8TTepmeHKa, BoapaCT 2+, 

35.7% - 3+, 14.3% - 4+, 4.5% - 5+ H 5.6% - 6+ neT. B To~e 
BpeMfl HaBeCTHO, ~TO ~fl paHOHa MOPfl Co,n;py~ecTBa xapaKTepHa 

aHa~HTenbHafl Me~o,n;OBafl HaMeH~HBOCTb rH.D;POnOrH~eCKHX ycno-

BHH, B ~aCTHOCTH mHpOTH@e CMe~eHHfl AUT H aOH@ AHTapKTHqeC-

KO~ ~BepreH~HH. llPH STOM Mo~eT npOHcxo,n;H'Tb CMeIlleHHe cyono

nynH~H~ paqKOB (AceeB H ~p., 1986), HacenflID~HX OKeaHHqeCKHe 

H npHope~H@e BO~, H, TaKHM 06paaOM, paanH~Hfl ,B KpOBHe co,n;ep

~aHHfl nHnO~YC~HHa MorYT HMeTb He BoapaCTHYro, a Me~nonynfl~HoH

HYID npHpo~y. HcnonbaOBaHHe BoapaCTH@X nHrMeHTOB npe,n;CTaBJIfleT-



- 248 -

Cfl, KOHe~HO,' BeCbMa nepCneKTHBHhlM ~nfl H3y~eHHfl nonynfl~HH 

E.superba, O~HaKO, TpeoyeT ~anbHeHilleH MeTO~~eCKOH pa3pa

OOTKH. 

OKOH~aTenbHafl flCHOCTb B BOnpOCe 0 B03paCTHOH CTPYKTy

pe nonynfl~HH Mo~eT, o~eB~HO, O@Tb ~OCTHrHYTa TonbKO npH 

conOCTaBneHHH pe3ynbTaToB H3y~eHHfl npOCTpaHCTBeHHOH H BpeMeH

HOH H3MeH~HBOCTH pa3MepHoro COCTaBa pa~KOB, MO~enHPOBaHHfl POC

Ta B pa3H@X ycnoBHRX H ~H3HonorO-OllOXHMH~eCKHX Hccne~OBaHHH. 
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TaonHua 1. CKOPOCTb pOCTa H npO~On~HTeITbHOCTb Me~HHe~H@X HHTepBanOB Euphausia superba 

no ~aHH@M aKBapHanbH@X 9KcnepHMeHTOB 

Pa3Mep@ TO , YcnOBH5I Me~HHe~H@t\: CKOPOCTb IIpHMe~aHH5I HCTO~HHK 

~HBOTH@X OCBemeHHe nHTaHH5I HHTepBan (T) pocTa (MM/)J;eHb) 

(MM) ()J;HH) 

20-33 TO He KOH- CMeHa 12-17 MaKc.y )J;BYX OTMe~eH@ cny~aH Mack in tosh , 
TponHpOBa- BO)J;@ M=13.5±1.0 ocooet\: OTpHuaTeITbHOro 1967 
naCb, B 0.07-0.14 pOCTa 
TeMHOTe 

22-30 0 202:1 .8 MaKc.0.034 He B@5IBneHO CB5I-o .7 , KYJIbTY- Murano et al., 
B TeMHOTe pa 3H npo;o;on~HTenb- 1979 

HOCTH Me~nHHe~-
Horo HHTepBana 
C p a3MepaMH pa~-
KOB 5, MHoro~c-
neHH@e CJIy~aH OT-
pHuaTenbHoro pOCTa 

16-34 
___ 11 __ -

TO ~e H T=O.0175 MaKC. (y Lcpx - )J;nHHa Ka- Segawa et al., 
~HTonna- Lcpx+1 .1826 ;o;BYX HaH- panaKca, BTopoe 1983 
HKTOH H3 oonee O@C- ypaBHeHHe ;o;JI5I 
TOKHt\:C- T=0.0245 TpopacTY- oonee KpynH@x 
Koro Lcpx+ InHX ocooetl:) ocooet\: 
3anHBa +1.1226 0.031-0.033 

N 
0'\ 
0 



TaonHua 1. ITpo~on~eHHe 

Pa3MepbI TO , YcnOBHH Me~HHeqHbI~ 

~HBOTHbIX OCBemeHHe nHTaHHH HHTepBan(T) 

(MM) (~HH) 

22-30 -1 .5 0 
a) .I<ynb- a-o) .26.8+2.3 

nOCTOHHHoe Typa BO- B) .29.6~2.7 
OCBemeHHe ~opocne~ 

0) .HCI<YCT-
BeHHbI~ I<OPM 
~H PbIO 

24.7- -0.5 0 CM. Ikeda, 22-29.8 
46.8 Dixon, 

1982b 

20-42 0 
cpHTonnaHI<- 20.1 0.12

0 
0.97 0 TOH H3 18.87 
4.48 pa~oHa 12.48 

CTaHUHH 
ITanMep: 
no 20 Mn 
B3BeCH Ha 
OCOOb 3 pa-
3a B ~eHb 

CI<OPOCTb 

pocTa(MM:/~eHb) 

ITpHMeQaHHH 

OQeHb ManbIe CI<O
POCTH pOCTa y nH
TalOmH:XCH oc06e~, 
oTpHuaTenbHbI~ POCT 
y rono~alOmHX 

0.024-0.070 
(MaI<c. B cepHH 

H3 4 -6 nHHeI<) 

I1CTOqHHI< 

Ikeda, 
Dixon, 
1982 

Ikeda et al., 
1985 

MaI<c. 0.037- ~ocToBepHaH CBH3b Poleck, 
0.068 npO~O~HTenbHOC- Denys, 

TH Me~HHeQHOrO 1982 
HHTepBanac:c pa3-
MepaMH 

N 
0-..... 



Ta6nH~a 1. ITpo~on~eHHe 

Pa3Mepbl TO , YcnoBHfl Me~HHeqHblH 

~HBOTHblX oCBemeHHe IIHTaHHfl HHTepBan (T) 

(MM) (~HH) 

20-30 TO He ITPOTOK 10-17 
KOHTPO- BO~ H3 
nHpOBa- 3anHBa 
naCb KeM6epneH~, 

IO~Hafl reoprHfl 

CKOPOCTb ITpHMeqaHHfl 

pOCTa (MM/~eHb) 

0.023-0.171 Y paqKOB pa3-
M=0.141 Meparvrn: OKono 

2 9MM Ha6mo~aJI-
Cfl, B OCHOBHOM, 
oTpH~aTenbHblH 

POCT 

HCTOqHHK 

Morris, 
Keck, 1984 

N 
(j\ 

N 



TaonHua 2. CKOPOCTD o~eBH~Horo (apparent) pOCTa Euphausia superba, B~cneHHaR no ~aHH@M 

'noBTopHblX CbeMOK HIIC IfO~Hcceiilf B IOro-BocTO~HOii ~aCTH MOPR CKOTHR, 1981 r. 

CPOKH 15.01-8.02 8.02-17.02 15.01-17.02 

KonH~eCTBO 

~Heii 23 8 31 

cO Mono~D B uenOM 
E-t 

0.106:!::0.02 0.165~0~035 0.118±0.02 
0 

Mono~D, caMUbl He paCC~HTblBanH 0.180:!::0.05 He paCC~HTblBanH 0 
O! ,.q 

O.180:!:0.04 ::t: Mono~D, caMKH He paCC~HTblBanH He paCC~HTblBanH ,.q Q) 
E-t I:[ 

Bspocnhle CaMUhl o .04~0 .02 o~eBH~Hblit POCT He paCC~HTblBanH o '-.. 
8. ~ OTCYTCTByeT 
0 
:x: BSpOCJ1ble caMKH 0.107:!::0.02 

____ If ____ _ ___ If ____ 
(J 

N 
0\ 
w 
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PaSMepH@H COCTaB Euphausea superba B paHoHe AHTapKTHqeC

Koro nonYOCTpOBa H B Mope CKOTHR B KOH~e RHBapR-MapTe 1981 r. 

~nR o6ecne~eHHR oonDllieH cpaBHHMocTH ~aHH@X HcnonDSOBaH@ TonDKO 

MaTepHan@ ~eneB@x nOB OB (no npegBapHTenDHO oOHapy~eHH@M CKonne

HHRM). PHMCKHMH ~H~paMH OOOSHaqeH@ pa3MepH@e rpynn@ (OObHCHe-

HHR B TeKCTe). OOOSHa~eHHR K PHCYHKY TIO~lie~eH@ B oo~eM cnHCK~ 

PHCYHKOB. 
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List of Tables 

Table 1 Growth rate and moulting interval of Euphausia superba 

from data obtained during in situ experiments. 

Table 2 Apparent growth rate of Euphausia superba calculated 

from data obtained during a set of repeated surveys 

carried out by FRV Odissey in the south-east Scotia Sea 

in 1981. 

List of Figures 

Figure 1. 

Size composition of Euphausia superba in the Antarctic 

Peninsula area and Scotia Sea in the period late January/March 

1981. In order that data may be compared. only information from 
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categories (see text for explanation) are shown in Roman numerals. 
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from Anon .• (1981) have been converted. 

A - waters to the north-west of Palmer Archipelago (by 

Wolnomiejski et al. 1982): 1 - area to the north-west of Palmer 

Archipelago: 2 - waters around Palmer Archipelago. 

B Bransfield Strait. mainly the central part: 1 

February (by Retamal. Quintana. 1982): 2 - March (by Wolnomiejski 

et al. 1982). 

C - Elephant Is. (Mordvinov Is.) area: 1 - north-west and 

south-west of the island shore (late January/early February) from 

data of --FRV Odissey: 2 - north of the island. from data of FRV 

WaIter Hervig (Anon .• 1981). 
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D south-west Scotia Sea. north-west Weddell Sea (from 

data of FRV WaIter Hervig. Anon .• 1981): 1 - western high frontal 

zone (HFZ) of Scotia Sea; 2 - north-west Weddell Sea. 

E area around South Orkney Islands (from data of RV 

Eduardo L. Holmberg, Anon., 1981): 1 - area to the north-east of 

the archipelago; 2 - area to the west of the archipelago. 

F - south-east Scotia Sea (by Kozlov et aI, 1983): 1 - HFZ 

area; 2 - northern outermost part of the area. 

Tableau 1 

Tableau 2 

Figure 1 

Liste des Tabl~ 

Taux de croissance et intervalle de mue de Euphausia 

superba a partir des donnees obtenues au cours d'etudes 

experimentales rea1isees sur place. 

Taux de croissance apparent de Euphausia superba calcu1e 

a partir des donnees obtenues pendant une serie d'etudes 

realisees a p1usieurs reprises par le navire de 

recherche et de peche Odyssee, dans le sud-est de la Mer 

du Scotia en 1981. 

Liste des Figures 

composition par tailles de Euphausia superba dans la 

zone de la Peninsu1e Antarctique et la Mer du scotia de la fin du 

mois de janvier au mois de· mars 1981. Pour etre en mesure de 

comparer ces donnees, seules les informations obtenues sur les 

prises cibles (sur les bancs detectes auparavant) ont ete 

utilisees. Les categories de taille (voir texte pour explication) 

figurent en chiffres romains. 
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Longueur selon le ler standard (Mauchline 1981). Les 

donnees anon~nes (1981) ont ete converties. 

A - eaux au nord-ouest de l' Archipel de Palmer (par 

Wolnomiejski et autres, 1982): 1 - zone au nord-ouest de 1 'Archipel 

de Palmer; 2 - eaux autour de l'Archipel de Palmer. 

B - Detroit de Bransfield, en particulier la partie 

centrale; 1 - fevrier (par Retamal, Quintana, 1982); 2 - mars (par 

Wolnomiejski et autres, 1982). 

C - Zone de l'Ile Elephant (TIe de Mordvinov): 

1 - nord-ouest du littoral de l'ile (fin janvierldebut fevrier) a 
partir des donnees obtenues par le navire de recherche et de peche 

Odyssee; 2 - nord de l' ile, a part ir des donnees obtenues par le 

navire de recherche et de peche Walter_Herviq (Anonyme, 1981). 

D - sud-ouest de la Mer du scotia, nord-ouest de la Mer 

de Weddell (a partir des donnees obtenues par le navire de recherche 

et de peche Waiter Hervi~, anonyme, 1981): 1 - zone frontale elevee 

ouest (ZFE) de la Mer du Scotia; 2 - nord-ouest de la Mer de Weddell. 

E - zone autour des Orcades du Sud (a partir des donnees 

obtenues par le navire de recherche Eduardo L. Holmberq, anonyme, 

1981): 1 - zone au nord-est de 1 t archipel; 2 - zone a 1 'ouest de 

1 t archipel. 

F - sud-est de la Mer du scotia (par Koziov et autres, 

1983): 1 - zone ZFE; 2 - partie extreme-nord de la zone. 
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~uphausia superba a partir de 105 datos obtenidos durante 

experimentos in situ. 

Tasa de crecimiento aparente de ~.I:lphausia superba 

calculada a partir de datos obtenidos durante un corijunto 

de prospecciones repetidas llevadas a cabo por el FRV 

Odissey en el sureste del Mar de Escocia en 1981. 

Lista de Fiquras 

La composicien de tamanos de Euphausia superba en el area 

de la Peninsula Antartica y en el Mar de Escocia en el periodo de 

fines de enero/marzo 1981. Con el fin de que 105 datos puedan ser 

comparados, se utilize unicamente informacion de las capturas 

objetivo (de 105 cardumenes detectados de antemano). Las categorias 

de tamanos (vease el texto para su explicacion) se muestran en 

numeros romanos. 

El tamano segun el ler estandard (Mauchline, 1981). Los 

. datos procedentes de Anon. (1981) han sido convertidos. 

Alas aguas hacia el noroeste del Archipielago de 

Palmer (por Wolnomiejski y otros, 1982): 1 - el area hacia el 

noroeste del Archipie!ago de Palmer: 2 - 1as aguas a1rededor del 

Archipie1ago de Pa1mer. 

B - El estrecho de Bransfield, especia1mente la parte 

central: 1 - Febrero (de Retamal, Quintana, 1982); 2 - Marzo (de 

Wo1nomiejski y otros, 1982). 
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C - El area de la Isla Elefante (Mordovinov Is.): 1 - el 

noroeste y suroestede la costa de la isla (a fines de enero/comienzo 

de febrero) a partir de los datos del FRV OdisseYi 2 - el norte de 

la isla, a partir de los datos del FRV WaIter Herviq (Anon., 1981) 

D - El suroeste del Mar de Escocia, el noroeste del mar 

de Weddell (a partir de los datos del FRV Waiter Herviq, Anon., 

1981): 1 - zona frontal occidental de altura en el Mar de Escociai 

2 - area noroeste del Mar de Weddell. 

E - el area alrededor de las Islas Orcadas del Sur 

(Orkney Islands) (a partir de los datos del RV Eduardo L. Holmberq, 

Anon., 1981): 1 - el area hacia el noroeste del archipielagoi 2 - el 

area hacia el oeste del archipielago. 

F - el sureste del Mar de Escocia (de Kozlov y otros, 

1983): 1 - el area HFZ; 2 - el extremo septentrional del area. 

CIUl:COK TacmuJ; 

Ta6nHua 1. CKOPOCTb pOCTa H npO~OnMHTenbHOCTb Me%ITHHe~H@X 

RHTepBanOB Euphausia superba no ~aHH@M aKBapHanbH@x 

8KCnepHMeHTOB 

Ta6nHua 2. CKOPOCTb o~eBH~Horo (apparent) pOCTa Euphausia superba, 

B@~HcneHHa.fI no ~aHHb1M nOBTOpH@X CbeMOK HIlC IO~HcceH" 

B roro-BocTO~HOH ~aCTH MOP.fI CKOTH.fI, 1981 r. 
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CITHCOK PHCYHKOB 

PHCYHOK 1. 

Pa3MepH@R COCTaB Euphausea superba B paRoHe AHTapKTH~ec

Koro ITOnYOCTpOBa H B Mope CKOTHH B KOH~e HHBapH-MapTe 1981 r. 

~nH 06eCITe~eHHH 60nbllieR cpaBHHMOCTH ~aHH@X HCITOnb30BaH@ TonbKO 

MaTepHan@ ~eneB@x nOBOB (ITO ITpe~BapHTenbHO o6Hapy~eHH@M CKorrne

HHHM). PHMCKHMH ~HcppaMH 0603Ha~eH@ pa3MepH@e rpynIT@ (o6bHCHe

HHH B TeKCTe) . 

~nHHa no CTaH~apTY 1 (Mauchline, 1981) .~aHH@e no Anon., 

(1981) ~aIDTCH B nepec~eTe. 

A - BO~@ K ceBepo-3an~y OT apXHITenara IIanbMepa (no Wol

nomiejski et al,1982): 1- paRoH K ceBepO-3aITa~y OT apXHnenara 

IIanbMepa, 2- ITpH6pe~H@e BO~@ apXHnenara IIanbMepa. 

B - nponHB BpaHccpH~a, B OCHOBHOM ~eHTpanbHaH ~aCTb: 1 -

cpeBpanb (no Retamal,Quintana,1982),2 - MapT ( no Wolnomiejs

ki et al,1982). 

C - paROH O.MOp~BHHOBa (3necpaHT): 1- K ceBepO-3ana~y H 

IOrO-3aITa~y OT IT06epe~bH OCTpOBa (KoHe~ HHBapH-HaqanO cpeBpanH) 

no MaTepHaJIaM HIIC "O~HcceR", 2- K ceBepy OT OCTpOBa - ITO MaTe

pHanaM HIIC "BaJIbTep XepBHr" (Anon., 1981) . 

D - IDrO-3aIT~HaH ~aCTb MOPH CKOTHH, ceBepO-3aITa~HaH qaCTb 

MOPH Y::m~eJIJIa (no MaTepHanaM HIIC "BanbTep XepBHr" ,Anon. ,1981) ~ 

i - 3aITa.,TI;.HaH -qaCTb paROHa B~3 .MOPH CKOTHH, 2 - ceBepo-3ananaaH 

~aCTb MOPH Y9~~eJIJIa. 

E - paROH ID~H@X 0pKHeRCKHX OCTpO~OB ( ITO MaTepHaJIaM HHC 

"3~yap,no n.XOnbM6epr",Anon.,1981): 1 - paROH K ceBepO-BOCTOKY 

OT apXHITeJIara, 2 - paROH K 3ana,ny OT apXHITeJIara. 

F - IDrO-BOCTO~HaH ~aCTb MOPH CKOTHH ( ITO K03JIOB 11 ,np., 

1983) : 1 - paROH B~3, 2 - ceBepHaH ITepHcpepHH 9Toro paRoHa. 
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SC-CAMLR-V/BG/35 

GENETIC VARIATIONS AND POPULATION STRUCTURE OF KRILL FROM THE PRYDZ BAY 
REGION OF ANTARCTIC WATERS 

C.M. MacDonald, R. Williams and M. Adams 
(Australia) 

Abstract 

Samples of Antarctic krill E. superba from six locations 
near Prydz Bay were analysed electrophoretically to 
detect genetically-based protein variation. Analyses of 
allele distributions at four polymorphic loci indicate 
no evidence of significant heterogeneity, a result 
consistent with the hypothesis that all samples were 
derived from a single breeding population of krill. The 
results of this study agree closely with genetic data 
from other studies on krill in the Atlantic sector of 
the Southern Ocean, suggesting that krill stocks over at 
least 6000 kilometres of Antarctic waters are derived 
from a single interbreeding population. 

Note The full text of this paper is published under the above title in 
Polar Biology (1986) ~ : 233-236. 

VARIATIONS GENETIQUES ET STRUCTURE DEMOGRAPHIQUE DU KRILL DE LA 
REGION DE LA BAlE DE PRYDZ DAMS LES EAUX DE L'ANTARCTIQUE 

C.M. MacDonald, R. Williams et M. Adams 
(Australie) 

Resume 

Des echantillons de krill antarctique E. superba on 
ete preleves dans six endroits situes pres de la Baie 
de Prydz et ont ete analyses electrophoretiquement en 
vue de detect er la variation a base genetique des 
proteines. Des analyses de repartitions d'alleles a 
quatre lieux polyrnorphiques n'indiquent aucune 
evidence d'heterogeneite appreciable, un resultat qui 
est compatible avec 1 'hypothese selon laquelle tous 
les echantillons proviendraient d'une colonie 
reproductrice de krill unique. Les resultats de 
cette etude s' accordent etroitement avec les donnees 
genetiques re levees au cours d' aut res etudes sur le 
krill dans le secteur antarctique de l'ocean Austral, 
suggerant que les stocks de krill sur une surface 
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d'au moins 6000 kilometres des eaux 
population proviennent d'une 

s'inter-reproduisant. 

antarctiques 
unique 

Note: Le texte integral de ce document est publie sous le titre 
ci-dessus dans Polar Biology (1986) 6 233-236). 

Rapport original en anglais. 

VARIACIONES GENETICAS Y ESTRUCTURA DE LAS POBLACIONES DE KRILL EN 
. LAS AGUAS ANTARTICAS DE LA REGION DE LA BAHIA PRYDZ 

C.M .. MacDonald, R. Williams y M. Adams 
(Australia) 

Nota 

Resumen 

Se han analizado electroforeticamente muestras de krill 
antartico E. superba de seis localidades cercanas a la 
Bahia Prydz para detectar la variacion de proteinas de 
base genetica. Los analisis de las distribuciones de 
allele en cuatro "loci" polimorficos no muestran ninguna 
evidencia importante de hetereogeneidad, siendo un 
resultado consecuente con la hipotesis de que todas las 
muestras provinieron de una misma poblacion reproductiva 
de krill. Los resultados de este estudio concuerdan 
exactamente con los datos geneticos de otros estudios 
sobre krill en el sector antartico del Oceano Austral, 
10 cual sugiere que las reservas de krill de por 10 
menos 6000 kilometros de aguas antarticas provienen de 
una misma poblacion cruzada. 

El texto completo de este documento se publica bajo el titulo 
susodicho en Bi010gia Polar (Polar Biology) (1986) ~ : 233-236 

Informe original en ingles. 

rEHETH4ECKA~ H3MEH4HBOCTb H CTPYKTYPA nOnYn~UHH KPHn~, 
OEHTAIDmErO B AHTAPKTH4ECKHX BO~X B PAMOHE 3AnHBA npID~C 

K.M.MaKAOHanA, P. YHnh~Mc H M. AAaMC 
(ABCTpanH~) 

Pe3IOMe 

np06hl aHTapKTHqeCKOrO KpHn~ E. superba, 
B 3~Tble Ha IIIeCTH yqaCTKaX i36nH3H 3anHBa nplOAC, 
aHanH3HpOBanHCb MeTOAoM 3neKTpocpope3a C qeJIbIO 
06HaPYJKeHH~ B HHX reHeTHqeCKH Bbl3BaHHOH 
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H3MeHqHBOCTH cOAep~aHHH npOTeHHa. AHanH3hl 
pacnpeAeneHHH anneneH Ha qeThlpeX nonHMop~HhlX 
nOKycax He YKa3hIBaIOT Ha KaKYIO-nH60 
3HaqHTen hHYIO reTeporeHHOCT h BhrBOA, 
COOTBeTCTBYIDmHH npeAnono~eHHIO, qTO Bce npo6hl 
6hInH nonyqeHhl OT ogHOH H TOH ~e pa3MHo~a~eHCH 
nonynHLtHH KpHnH. Pe3yn hTa ThI 3Toro HccneAOBaHHH 
6nH3KO CXOg5fTCH C reH8THQeCKHMH AaHHhIMH APyrHx 
HccnegoBaHHH KpHnH B aTnaHTHQeCKOM ceKTope 
lOJKHoro OKeaHa, H 3TO gaeT OCHOBaHHH 
npegnonaraTh, QTO 3anaChl KpHnH, 
pacnpOCTpaHeHHhle B Bogax AHTapKTHKH Ha 
aKBaTopHH pa3MepOM CBhllUe 6000 KB. KHnOMeTpOB, 
npoHcxoAHT OT OgHOH H TOH ~e 3aMKHYToH 
nonynHLtHH. 

npHMeQaHHe: nonHhlH TeKCT 3TOH pa60Thl ony6~HKoBaH nog 
BhllUeYKa3aHHhIM 3aronOBKOM B ~ypHane "nonap EaHonoA~H" 
(1986 r.) ~; CTp. 233-236. 
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SC~CAMLR-V/BG/25 

DIFFERENTIATION OF INDEPENDENT POPDLATIONS OF ANTARCTIC KRILL 

D.S.S.R. 

Abstract 

Several countries have recently shown an interest in 
commercial krill fishing. An understanding of krill 
population structure is needed to establish sound 
management 'of krill fisheries. A short review is 
undertaken of recent studies in genetic and 
morphophysiological variability of krill and Antarctic 
water circulation. On the basis of the review, it is 
suggested that there is probably one composite 
population of E. superba in the Southern Ocean 
subdivided into several independent sub-populations. 
The number of these sub-populations is expected to 
correspond with the number of quasi-stationary cyclonic 
water circulations. At present, at least six stable 
cyclonic water circulations can be found and at least 
two or three of them may be habitats of independent 
krill sub-populations. A proposal is given for future 
studies into krill population structure. 

* * * * * * * * * * 
DIFFERENCIATION ENTRE LES POPULATIONS' INDEPENDANTES DE KRILL 

ANTARCTIQUE 

U.R.S.S. 

Les operations comrnerciales de peche de krill ont 
recemrnent suscite un certain interet parmi plusieurs 
pays. Pour mettre en place un systeme de gestion 
efficace de la peche de krill, il est necessaire 
d'acquerir des connaissances sur la structure 
demographique du krill. Un bref examen des etudes 
recentes sur la variabili te morphophysiologique et 
genetique du krill et la circulation des eaux 
antarctiques est entrepris. En se basant sur cet 
exarnen, on suggere qu' il existe probablement une seule 
population de E. superba dans 1 'ocean Austral, 
sous-divisee en plusieurs sous-populations 
independantes. Le nombre de ces sous-populations 
devrait correspondre au nombre de circulations d'eau 
cycloniques quasi -sta tionnaires. A present, un minimum 
de six circulations d' eau cycloniques stables peuvent 
etre detectees et au moins deux ou trois d' entre elles 
pourraient constituer I' habitat de sous-populations 
independantes de krill. Une proposition relative a de 
prochaines etudes sur la structure demographique du 
krill est presentee. 
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DIFERENCIACION DE POBLACIONES INDEPENDIENTES DE KRILL ANTARTICO 

U.R.S.S. 

Resumen 

Recientemente varios paises han mostrado interes en la 
pesca comercial de krill. Se necesi ta una comprension 
de la estructura de la poblacion de krill para 
establecer una administracion efectiva de las pesquerias 
de krill. Se da un breve resumen de estudios recientes 
sob re variabilidad genetica y morfo-fisiologica de krill 
y sob re la circulacion de aguas la region Antartica. 
Sobre la base de esta revision se presume la existencia 
de una poblacion mixta de E. superba en el Oceano 
Austral, subdividida en varias sub-poblaciones 
independientes. Se parte de la suposicion que la 
cantidad de dichas sub-poblaciones correspond a al nlimero 
de circulaciones ciclonicas cuasi-estacionarias de las· 
aguas. Actualmente, pueden encontrarse por 10 menos· 
se is circulaciones ciclonicas estables y por 10 menos 
dos 0 tres de ellas podrian ser habitat de 
sub-poblaciones independientes de krill. Se expondra 
una propuesta para estudios futuros acerca de la 
estructura de poblaciones de krill. 

* * * * * * * * * * 
.llYfcW>EPEHUJ1AUJ15I HE3ABYfCJ1MbIX ITOITYJI5IUYffI AHTAPKTJ1lfECKOrO KPYfJI5I 

CCCP 
Pe310Me 

B nocneAHee BpeM~ HeCKonbKO cTpaH npo~BHno 
3aHHTepecoBaHHocTb B KOMMepqeCKOM npoMhlcne 
KpHn~ . .lln~ yCTaHoBneHH~ npaBHnbHoro ynpaBneHH~ 

npoMbIcnoM KpHn~ TpeoyeTc~ nOHHMaHHe CTPYKTYPbI 
nonyn~~HH KpHn~. CAenaH KpaTKHH 0030P HOBeHillHx 
paooT no reHeTHqeCKOH H MOpq,0-cpH3HonOrHqeCKOH 
H3MeHqHBOCTH KpHn~ H ~HpKyn~~HH 
aHTapKTHqeCKHX BOA. Ha OCHOBe 3Toro o030pa 
AenaeTc~ npeAnono~eHHe 0 TOM, qTO, B03MO~HO, B 
lO>R:HOM OKeaHe HMeeTC~ OAHa COCTaBHa~ nonyn~~H~ 
E _ superba, pa3Aen~}()[~a~c~ Ha HeCKon bKO 
He3aBHCHMhIX nOAnonYJI~~HH _ O~HAaeTC~, qTO qHCnO 
3THX nOArrorryn~~HH COOTBeTcTByeT qHcny 
KBa3HCTa~HOHapHbIX ~HKnOHHqeCKHX BOAHbIX 
~HpKyn~~HH_ Ha AaHHbIH MOMeHT MO~HO BbIAenHTb 
KaK MHHHMYM illeCTb CTaOHnbHbIX ~HKnOHHqeCKHX 

BOAHbIX ~HpKyn~~HH, H no KpaHHeH Mepe ABe HnH 
TPH H3 HHX MOI-YT OblTh xaOHTaTaMH He3aBHcHMbIX 
nOAnonyn~~HH KpHn~. BbIcKa3bIBaeTc~ npeAno~eHHe 
o 0YAyrqHx HccneAOBaHH~X no Bonpocy CTpYKTYPbI 
nonyn~~HH KpHn~. 

* * * * * * * * * * 
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DIFFERENTIATION OF INDEPENDENT POPULATIONS 

OF THE ANTARCTIC KRILL 

In recent years, several countries (Poland, Federal Republic of 

Germany, Japan, Chile and some others) have shown their interest in the 

problem of utilization of the resources of the Antarctic krill mainly 

represented by Euphausia superba. 

Considering the krill resource has been estimated for the entire 

area of its distribution, while it is fished only in particular areas, the 

question of the stock size and of permissible removal from the stock in a 

particular area where krill forms commercial concentrations and is 

represented by an independent population acquires vital importance, because 

in areas where the fishery is intensive, krill may be threatened by 

overfishing while in other areas the stocks may be undere~ploited. 

The problem becomes important because of the necessity of setting 

krill catch quotas for each fishing country in the near future. These 

problems can only be solved satisfactorily if the population structure of 

the species is studied adequately. To gain more insight into the 

population structure of the Antarctic krill, priority should be given to 

two questions : the existence in the Southern Ocean of stable large-scale 

water circulations, and the existence of definite morphophysiological and 

genetic differences between individuals inhabiting different areas within 

the distribution range. 

Until recently it has been customary to assume that in the Southern 

Ocean there is only one cyclonic circulation with its centre in the Weddell 

Sea and the coastal current is a single flow directed from the east to the 

west around the whole Antarctic Continent. With the increase in the amount 

of data on the Southern Ocean water dynamics, it has become evident that 

the flow of the coastal current is divided into a number of localized 

sections (southern components of cyclonic water circulations) which exist 

as a result of the action of persistent deep cyclones in the same areas, as 
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well as of shoreline configuration and bottom relief. A map of the total 

water transport system in the Southern Ocean shows six cyclonic 

circulations of which two are large-scale circulations. The first covers 

the entire southern part of the Atlantic sector, the other is in the Ross 

Sea area. The maps of large-scale water circulations in the World Ocean 

also show six cyclonic circulations in the Southern Ocean, two in each 

sector. Here we find three large-scale circulations - two in the Atlantic 

and one in the Pacific sector. According to recent data it thus appears 

that there are at least six cyclonic circulations in the Southern Ocean of 

which two or three are large-scale (Beklemishev, 1969) and, consequently, 

may serve as habitats for independent populations. 

Papers on the subject of intraspecific variation in E. superba are 

not numerous. One paper (Ayala et al., 1975) reports the study of genetic 

variability of krill by electrophoresis. The data obtained by the 

investigators point to low genetic variability of the species which is 

associated by the authors with large variability of feeding conditions as 

compared to species occurring in tropical waters. The homogeneity of the 

physical parameters of the waters inhabited by krill is pointed out, which 

suggests the absence of genetic variability between the krill separated by 

large spaces or inhabiting different water circulations within the Southern 

Ocean. In this connection, morphophysiological variation in the species is 

also unlikely. Although the larvae have been found to have five larval 

forms (this will be discussed below) the differences seem to disappear 

during postlarval development due to homogeneity of physical environmental 

parameters. To the best of our knowledge, no studies on the subject of 

morphophysiological variability of krill postlarval stages have been 

reported up to now. 

Another paper (Makarov, 1974) reports that new forms of krill 

larvae have been found and five larval forms have been recognized in the 

plankton from the Scotia and Weddell Seas. It is pointed out that the 

development of E. superba most commonly goes through form 5 (i.e. furcilia 

with five pairs of pleopods without setae). It is assumed that this path 

of development corresponds to environmental conditions optimal for the 

growth and development of the larvae while any change from this path is 

associated with deviations of environmental conditions from the optimum. 



- 279 -

The papers on the subject of population structure of E. superba are 

not numerous either and the deductions reached are as yet far from 

conclusive. J.T. Ruud (Ruud, 1932) was the first to suggest that the 

existence of the population in the Weddell Sea is made possible by 

horizontal circulation which carries the krill from the south to the north 

and vice versa. J.W.S. Marr (Marr, 1962) explained the occurrence of the 

krill population in the Weddell Sea circulation system by the transport of 

adults to the north by the surface water and that of larvae to the south by 

warmer deep water. R.R. Makarov suggested that by performing vertical 

migrations and thus entering different water masses, part of the larvae 

hatched in the southern Scotia Sea finally drifted to the Weddell Sea. "In 

this way the circulation in the Weddell Sea makes possible the existence 

there of an independent (Beklemishev, 1969) population of E. superba" 

(Makarov, 1972). In a later paper (Makarov, Maslennikov, 1975) after the 

absence of larvae at great depths in winter was established, the dominant 

role of horizontal circulation in the transport of the larvae to the 

Weddell Sea was suggested. I. Everson (Everson, 1976) proposed a radically 

different migration pattern of krill in the Atlantic waters of the 

Antarctic. He believes that the existence of the krill population there is 

made possible by spawning both in the Weddell Drift waters and in the 

waters of the coastal current between the zero meridian and 30
o

E. The 

larvae hatched in the Weddell Drift waters are carried away by the warm 

deep current to the surface layers of the coastal current which carries 

them to the Weddell Sea. Everson rules out the possibility of the krill 

returning from the eastern part of the Weddel Drift to the coastal current 

waters at post-larval stages. 

Apart from the Weddell Sea krill population, J.W.S. Marr 

distinguishes another population inhabiting the coastal current. However, 

the geographical isolation of such a population is extremely doubtful since 

in the Weddell Sea area the coastal current comprises the southern and 

western components of the Weddell Circulation and in the north of the area 

it tr"ansforms into the well-known Weddell Drift, Le. is a part of the 

circulation in the Weddell Sea. It will be recalled that there are no 

papers dealing with the subject of variability of krill inhabiting 

different areas of the Southern Ocean. 
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It thus appears that only one population of krill is distinguished 

in the Southern Ocean at present. This is either the Weddell Sea krill 

population, or the krill population of the Atlantic sector of the Southern 

Ocean. As indicated above, a number of authors recognize six stable 

cyclonic water circulations in the Southern Ocean. According to current 

views at least two or three of them may be habitats of independent krill 

populations. The possibility that conditions for the occurrerice of 

independent populations may exist in other smaller-scale circulations 

cannot be ruled out. Undoubtedly, there is some more or less intensive 

water exchange between adjacent cyclonic circulations resulting in 

continuous exchange of gene pool between adjacent populations and 

eventually in the exchange between all populations. On the basis of this 

it is suggested that there should be one composite population of E. superba 

in the Southern Ocean, subdivided into a number of independent 

subpopulations. The number of such subpopulations should correspond to the 

number of quasi-stationary cyclonic water circulations. It would be 

reasonable to suppose that there are two independent krill populations in 

the Atlantic sector rather than one as believed earlier. 

As independent populations of organisms are commonly considered to 

be unit stocks, there seem to be at least six unit stocks of krill in the 

Southern Ocean which should become the subjects of further studies. It is 

believed that the study of the stocks, the estimation of removals from the 

stocks, as well as of krill catch quotas in the Southern Ocean should 

proceed according to the following pattern : 

1. determination of refinement of the boundaries of 

quasi-stationary water circulations ; 

2. determination of the degree of interaction between adjacent 

circulations ; 

3. study of the life cycle of krill in each of the 

subpopulations ; 

4. determination of the routes and volume of krill transport from 

one subpopulation to another ; 
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5. assessment of krill stock in each of the sUbpopulations and 

study of its year-to-year and seasonal fluctuations ; 

6. study of the causes of fluctuation 

7. setting up of an international catch prediction service. 

Considering the international character of krill fishery, the work 

should be carried out by scientists of the countries concerned in joint 

research cruises according to programs worked out by a unified centre. 
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WG-CEMP-86/12 

INTERNATIONAL CCAMLR APPLIED RESEARCH AND MONITORING PROGRAM, PRYDZ BAY 
PRIORITY AREA 

Australia 

Abst ract 

An outline is given of a proposed scientific research 
contribution by Australia towards the first five years 
of an International CCAMLR Applied Research and 
Monitoring Program in the Prydz Bay area •. Emphasis is 
placed on the krill based part of the marine community 
in the Prydz Bay area. Some attention is also given to 
the fish and squid based part of the marine community on 
the Kerguelen Plateau. 

PROGRAMME INTERNATIONAL DE CONTROLE ET DE RECHERCHE APPLIQUEE DE LA 
CCAMLR, ZONE PRIORITAIRE DE LA BAlE DE .PRIDZ 

Australie 

Les grandes lignes d'un projet de recherche scientifique 
propose par l' Australie en contribution aux cinq 
premieres annees d'un programme international de 
controle et de recherche appliquee de la CCAMLR dans la 
Baie Pridz sont exposees. Une attention particuliere 
est apportee a la partie de la communaute marine basee 
sur le krill de la Baie de prydz et egalement a la 
partie de la communaute marine du Plateau de Kerguelen 
basee sur les poissons et calmars. 

PROGRAMA INTERNACIONAL DE INVESTIGACION APLICADA Y CONTROL DE 
CCVRMA, AREA PRIORITARIA EN LA BAHIA PRYDZ 

Australia 

Resumen 

Se da una resena de una contribucion de investigacion 
cientifica propuesta por Australia dirigida a los 
primeros cinco anos de un Programa Internacional de 
Investigacion Aplicada y Control, de CCRVMA, en el area 
de la Bahia Prydz. El enfasis esta puesto en la parte 
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basada en krill de la comunidad marina en el area de la 
Bahia Prydz. Tarnbien se da algo de atencion a la parte 
basada en peces y calamares de la comunidad marina de la 
meseta de Kerguelen. 

M~YHAPO~HA~ ITPOfPAMMA AHTKOM'a ITO ITPAKTMqECKMM MCCnE~OBAHM~ 
~ MOHMTOPMHfY B PAMOHE ITEPBOCTEITEHHOM B~HOCTM - 3AnMBE ITPID~C 

Pe3lOMe 

B 06mHX qepTaX onHCbIBaeTCH npeAnOJIaraeMaH 
HayqHO-HCCJIeAoBaTeJIbCKaH pa60Ta KaK BKJIaA 
ABCTpaJIHH 3a nepBble nHT b JIeT npoBeAeHHH 
Me~AYHapOAHow nporpaMMbI AHTKOM'a no 
npaKTHqeCKHM HccJIeAoBaHHHM H MOHHTopHHry B 
paWOHe 3aJIHBa ITpIOAC. Oco6oe BHHMaHHe YAeJIeHO 
3aBHCH!l.{eW OT KPHJIH qaCTH MopcKoro c006mecTBa B 
pawoHe 3aJIHBa flplOAC. HeKoTopoe BHHMaHHe TaKJKe 
YAeJIeHO 3aBHCHll(eW OT PbI6b! H KaJI bMapa qaCTH 
MopcKoro c006mecTBa nJIaTO KepreJIeH. 

* * * * * * * * * * 



- 285 -

INTERNATIONAL CCAMLR APPLIED RESEARCH AND MONITORING PROGRAM, 

PRYDZ BAY PRIORITY AREA 

1. INTRODUCTION 

At the meeting of the ad hoc Working Group on Ecosystem Monitoring 

held in Seattle during May 1985, the Prydz Bay region was one of the areas 

that was agreed to be of first priorty for integrated studies directed 

toward the development of a program to monitor the effect of harvesting. 

This was subsequently confirmed by other member countries at the Fourth 

Meeting of the Scientific Committee of CCAMLR in September 1985. 

Recognising the magnitude of such a task, the members of the 

Working Group agree that it will require a joint operation by several 

nations having a research capability in that area. It is also recognised 

that, as so little is known of the natural fluctuations within species, the 

factors determining these fluctuations and quantitative relationships 

between the key species of this community, long-term studies will be 

required to place monitoring on a sound basis. Furthermore, laboratory 

based studies, complementary to the shipboard programs, are necessary to 

investigate the factors controlling natural variability and interactions 

between the key species. 

In a brief paper tabled at the last meeting of the Scientific 

Committee (SC-CAMLR-IV/10), Australia outlined the scope and a possible 

framework for such a multi-nation program within the Prydz Bay Priority 

Area. There is now a need for each nation interested in this area to set 

out just what it can carry out, so that a shared program can be developed. 

As a basis for further discussion and planning, the following notes 

outline the direct contribution which Australia proposes to make to a first 

five year program in this region. This has been developed within a 

framework of the previous document (SC-CAMLR-IV/10) which sets out the 

features that might be given priority attention in this sector. 
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This Australian contribution places emphasis upon the krill (and 

other invertebrate) based part of the community in the Prydz Bay region, 

which covers the area of 55-850 E longitude and from the coast of Antarctica 

north to at least the winter maximum extent of the sea-ice. We recognise, 

and give some attention to, the fish and squid based part of the community, 

significant on the Kerguelen Plateau. 

2. OBJECTIVES 

The ultimate objective is to be able to manage the long-term well 

being of living resources within the Prydz Bay Priority Area. 

Before this can be achieved we need 

.a. improved knowledge of the biology of the components as well as 

the structure and dynamic functioning of this system, 

b. to develop standard survey techniques, 

c. test hypotheses concerning the direct and indirect effe~ts of 

different harvest levels and strategies. 

This requires the following research objectives 

• To quantify year to year fluctuation in the abundance and 

distribution of the selected consumers and their key food 

species within the Prydz Bay Priority Area. 

• To develop techniques to measure, in the selected consumer 

species, those population parameters likely to respond quickly 

to changes in harvesting and/or environmental pressures within 

the system. 

• To quantify environmental variables, both physical and 

biological that produce changes in the selected consumer 

species and their key food species. 
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• To quantify energy transfer through these selected species, and 

to determine variability (in both time and space) of these 

processes. 

• To assess the foraging range and food preferences of selected 

consumers in Prydz Bay. 

• To understand behavioural responses, not only in predator-prey 

relationships, but also between species competing for the same 

food. 

• To apply such basic understanding of processes within this 

sub-system to modelling, moving from conceptual models to 

deterministic and stochastic models of the dynamics of this 

ecosystem. 

However, before a monitoring program can be designed in detail it 

is essential to undertake detailed studies to establish exactly which are 

the,most important food species in energetic terms. It is also necessary 

to quantify the importance of the various predators in order to select 

,those consumer species which best indicate changes in pressures on the food 

species. Further, it is necessary to determine the principal sources of 

both physical and biological variability of the food species and their 

principal consumers. 

Clearly, such objectives will take much time and research effort to 

achieve. They will require an innovative amalgamation of long-term data on 

natural fluctuations within Prydz Bay. 

Laboratory studies to elucidate aspects of the physiological 

ecology and processes of growth in, and interactions between components of 

the ecosystem are essential complements to ship-board investigations. 

The first phase of the Australian program will focus on further 

identifying the most important food species, selecting parameters of 

consumer species that respond rapidly to changes in pressures on the food 
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species, identifying environmental parameters affecting the variability of 

those species and the development of techniques for measuring those species 

and parameters. 

As techniques are sharpened, an assessment will be made of the 

practicability of applying each in the field on both the scale and the 

degree of precision to warrant application for long-term monitoring. Some 

techniques or parameters may have to be discarded during this developmental 

phase. 

3. SELECTED PREY SPECIES 

3.1 Krill and Other Invertebrates 

Australia will give most research emphasis to prey species, 

especially species of euphausiids. 

Highest priority will be given to developing hydroacoustic methods 

to measure changes in relative abundance of euphausiids, rather than 

attempting to measure the standing crop in absolute terms. 

The first· step is to further analyse acoustic data already held 

from previous Australian cruises (e.g. FIBEX, SIBEX 11, ADBEX I and 11) in 

order to refine data handling and processing. This is being carried out 

during 1986. 

During the next three summers (Section 7) intensive field work will 

be carried out in a confined area of the Prydz Bay Priority Area to resolve 

technical problems in the hydroacoustic technique. Net sampling and/or 

underwater video will be used to verify targets and to further investigate 

th~ir density, size and orientation. 
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During the phase of technical development, some joint work 

conducted simultaneously with research vessels of other countries would be 

welcomed as inter-calibration and standardising of the technique is seen to 

be advantageous. In the expectation that the hydroacoustic technique can 

be refined adequately, the following three summers (from 1988/89) should 

see the development of wider monitoring surveys of krill in the Prydz Bay 

Priority Area, applying that technique. 

Continuation of the laboratory based work on living euphausiids is 

planned to determine such basic aspects of their biology as longevity, 

growth and development, diet as well as gaining insights into their 

behaviour that may influence their apparent target strength. 

3.2 Pleuragramma 

Pleuragramma occurs over the shelf rather than near the shelf break 

and requires different sampling gear to euphausiids. In the 1986/87 and 

1988/89 summers (Section 7) a short period (5+ days) will be devoted to 

sampling Pleuragramma on the shelf immediately south of the acoustic study 

area. 

3.3 Demersal Fish 

Some sampling of demersal fish on the shelf within Prydz Bay will 

be carried out (by 3m beam trawl) during the summers of 1986/87 and 

1987/88. However, a full survey of demersal fish resources within Prydz 

Bay will depend on the capabilities of vessels used by Australia in the 

future, and other nations. 

Early life stages of fish are collected as a by-catch of the 

euphausiid research sampling program. 
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4. SELECTED PREDATOR SPECIES 

4.1 Crabeater Seals 

Australian field work within the pack ice during October-November 

1985 highlighted the difficulties in developing a monitoring process using 

this species. Nevertheless, it is necessary that further studies be 

carried out on this important ·consumer. 

Further data from this Area on the density, breeding and feeding of 

crabeater seals will necessitate dedicated ship time during both spring and 

summer, and even some winter observations. It is planned that there be 

observers for crabeater seals on early season resupply voyages whenever 

possible. 

The Australian program includes a spring cruise in 

September-November 1987 and a summer study in January-February 1989 

(Section 7). The data from these cruises, together with data collected by 

other nations within the same Area, will then be used in assessing the 

potential of crabeater seals for future monitoring. 

4.2 Adelie Penguins and Antarctic Petrels 

While there is a need for information on feeding throughout the 

year, the Australian contribution is centred upon shore based studies 

during the breeding season. Quantitative studies on food, feeding 

condition (including adult weight on arrival at nesting sites) and energy 

transfer will be carried out over 1986/87 and 1987/88 seasons and then 

assessed carefully to determine potential for long-term monitoring. 

Research on condition will be examined in relation to counts of breeding 

pairs. For Antarctic petrels, studies at the Rauer Islands and Scullin 

Monolith will provide information on differences (if any) in diet and 

breeding success between the two locations. 
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4.3 Minke Whales 

Casual sightings from ships are of no use for stock surveys. Only 

dedicated cruises can provide the data required. The Australian program 

does not attempt to include minke whales. If the International Whaling 

Commission proposed a minke whale sighting survey within the Prydz Bay 

Priority Area, Australia would give support as far as possible (e.g. supply 

experienced observers). 

The Australian input to krill studies may yield limited information 

on feeding concentrations of whales. In this regard, Australia sees merit 

in the proposed Workshop on the Feeding Ecology and Distribution of 

Southern Hemisphere Baleen Whales, as a joint IWC/CCAMLR exercise 

(presently deferred). 

4.4 Humpback Whales 

Australia will continue to monitor the Group IV and V stocks of 

humpback whales as they migrate along the western and eastern coasts of 

Australia each winter. In the case of the Group IV stock (more relevant to 

the Prydz Bay Priority Area), monitoring by aerial surveys off Shark Bay 

(Western Australia) is now conducted every third year. 

4.5 Elephant Seals 

While the main thrust of the CCAMLR approach to ecosystem 

monitoring is toward the krill dependent portion of the system, Australia 

is also concerned with the fish/squid consumers. Directed research upon 

elephant sea~s is continuing with emphasis on population size and 

migration. 
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4.6 Fur Seals and Macaroni Penguins 

These species breeding on Heard Island afford opportunities for 

studying the extent to which sub Antarctic breeding species may be 

supported by euphausiid (and other) stocks within this sector of the 

Antarctic marine ecosystem. At present, Australia has no immediate plans 

for further research on these species. 

5. PHYSICAL ENVIRONMENT 

While Australian scientists recognise that a number of 

oceanographic processes are of fundamental importance to productivity 

within the Prydz Bay Priority Area (e.g. the surface gyre; the vertical 

circulation, ice cover, etc), the extent to which these must be understood 

in order to interpret changes in key species within the ecosystem is 

debatable. As the interpretation of changes within species could be 

facilitated by information on changes in the physical environment, 

Australia recognises the opportunities for remote sensing of selected 

features (e.g. the gyre and ice cover), together with ground truthing as 

required. Ship time dedic~ted to oceanography is not included in 

Australia's direct contribution to a joint program in the Prydz Bay 

Priority Area at this stage. 

6 • TIME FRAME 

The initial three years of the Australian contribution will 

concentrate on sharpening and assessing techniques, as well as gathering 

baseline information, moving towards monitoring (where feasible) in the 

fourth and fifth years. Clearly a longer time span will be required : the 

Working Group on Ecosystem Monitoring has a responsibility to keep this 

process under review. 
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7. SHIP .TIME 

Australia allocates in the order of 40 days per year of ship time 

(not including transit time between Australia and the study area) for 

Antarctic marine research. Proposed timing of cruises over the next five 

years is : 

February - April 1987 

September - November 1987 

January 1988 

April - May 1988 

January - February 1989 

October 1989 

December - January 1990/91 

8. COLLABORATION 

Australia would welcome active participation by scientists and 

research vessels from other countries in the field program directed towards 

the needs of CCAMLR. 
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SC-CAMLR-V/BG/17 

MODELLING AND DECISION MAKING AS PART OF THE CCAMLR MANAGEMENT REGIME 

D.G.M. Miller 
(South Africa) 

Abstract 

This paper outlines a stylised scheme designed to 
address the multi-objective decision environment 
essential for the effective management of the Antarctic 
marine ecosystem within the requirements of CCAMLR 
Article 11. Eight attributes (purpose, description, 
variables, driving forces, time horizons, time steps, 
constraints and data) were identified in an attempt to 
provide a blueprint for the development of suitable 
simulations of important Antarctic marine ecosystem 
interactions and to facilitate the formulation of a 
suitable decision-making protocol for management 
purposes. 

* * * * * * * * * * 

MODELE ET PRISE DE DECISIONS DANS LE CADRE DU REGIME D'AMENAGEMENT 
DE LA CCAMLR 

D.G.M. Miller 
(Afrique du Sud) 

Le present document expose les grandes lignes d 'un 
plan stylise dont le but est de mettre au point le 
systeme de prise de decisions a objectifs multiples 
necessaire aI' amenagement efficace de l' ecosysteme 
marin de l'Antarctique conformement aux conditions de 
1 'Article II de la CCAMLR. Huit attributs ont ete 
identifies (but, description, variables, motivations, 
limites temporelles, etapes temporelles, restrictions 
et donnees) dans le but de fournir un schema 
directeur pour le developpement de simulations 
approprlees des interactions importantes de 
l'ecosysteme marin de l'Antarctique et pour faciliter 
la formulation d'un protocole approprie a la prise de 
decisions a des fins d'amenagement. 

Note: Les tableaux de ce document ont ete tradui ts et figurent 

integralement a la fin de l'article. 

,********** 
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MODELADO Y TOMA DE DECISIONES COMO PARTE DEL REGIMEN DE 
ADMINISTRACION DE LA CCRVMA 

D.G.M. Miller 
(Sudafrica) 

Resumen 

Este documento describe un esquema estilizado que ha 
sido disefiado para orientar la toma de decisiones con 
respecto a una serie de objetivos, esencial para la 
administracion efectiva del ecosistema marine antartico, 
hacia los requisitos del Articulo II de la CCRVMA. Se 
han identificado ocho secciones (proposito, descripcion, 
variables, fuerzas de empuje, limites de tiempo, etapas 
de tiempo, limitaciones y datos) con la intencion de 
proveer una base para el desarrollo de simulaciones 
apropiadas de las interacciones importantes del 
ecosistema marine antartico y para facilitar la 
preparacion de un protocolo para la toma de decisiones 
con fines administrativos. 

Nota: Las tablas en este documento han sido traducidas y son 

presentadas en forma completa al final del articulo. 

* * * * * * * * * * 

MO~EnMPOBAHME M npMH~ME_PEillEHM~: 
KOMnOHEHTbI PIDKMMA YfIPABJIEHM5I AHTKOM' a 

IJ..r.M.MHJIJIep 
(lO>KHaH AcpPHKa) 

Pe3JOMe 

B HaCTOH~eM AOKYMeHTe KpaTKo orrHChlBaeTCH 
CTHJIH30BaHHaH cxeMa, 3aAYMaHHaH AJIH c03AaHHH 
KOMrrJIeKCHOH CHCTeMbI rrpHHHTHH perneHHH, 
Heo6xoAHMOH AJIH 3<p<peKTHBHoro ynpaBJIeHHH 
MOPCKOH 3KocHcTeMoH AHTapKTHKH B paMKax CTaTbH 
I I KOHBeH~HH. EbIJIO BbIAeJIeHO BoceMb KpHTepHeB 
(Ha3HaQeHHe, onHcaHHe, rrepeMeHHhle, ABHJK~He 
CHJIhl, CpOKH, npOAOJIJKHTeJIbHOCTb 3TanoB, 
OrpaHHQeHHH H AaHHhle) KaK nonbITKa npeAcTaBHT b 
HaMeTKY nJIaHa pa3pa60TKH nOAxoAH~HX MOAeJIeH 
BaJKHhlX B3aHMoAeHcTBHH B MOPCKOH 3KOCHCTeMe 
AHTapKTHKH H crroc06cTBoBaTb Bhlpa60TKe 
rroAxoAH~ero nopHAKa npHHHTHH perneHHH no 
BonpocaM ynpaBJIeHHH. 

B HaCTOH~eH pa60Te, 

nepeBeAeHhl H npHBoAHTCH rrOJIHOCTbJO B KOH~e CTaTbH. 

6bIJIH . 
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MODELLING AND DECISION MAKING AS PART 

OF THE CCAMLR MANAGEMENT REGIME 

D.G.M. Miller 

Sea Fisheries Research Institute 

Roggebaai, South Africa 

Various authors (e.g. Beddington and de la Mare 1984; Sissenwine 

1984; Butterworth 1986) have recognised that to achieve the objectives of 

CCAMLR Article 11 requires the development of a suitable suite of 

multi-species models for the Antarctic marine ecosystem as a whole (or at 

least for some geographically isolated component of the system). As is the 

case with many other system models currently available, simulations of 

Antarctic marine ecosystem interactions (e.g. May et al 1979; Beddington 

1980; Beddington and May 1980; Green-Hammond 1981; Nagata 1983; Yamanaka 

1983) do, to a greater or lesser degree, improve understanding of the 

system's dynamics. While accepting the critical need for further 

development of models of this kind, it must be appreciated that such models 

generally appear to have been used less or to have been less useful in the 

decision-making process associated with managing renewable fisheries 

resources (Shelton et al 1984). In some fisheries, managers may even have 

been misled into holding unrealistic expectations with respect to the 

predictive capabilities of multi-component models, which have in practice 

performed badly, or worse, been misleading. This may have resulted in some 

managers developing a model-averse perspective which, in turn, has effected 

a return to the use of the less objective tools of intuition, experience 

and rules of thumb in formulating management recommendations on renewable 

resources. The potential for over-dependence on such less objective 

procedures is particularly serious with respect to implementation of CCAMLR 

Article 11 since there is an appreciable dearth of information on important 

Antarctic marine ecosystem interactions. 
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As Starfield et al (1986) have indicated, part of the reason why 

modelling has not been used more in the decision~making process may be that 

modellers of both terrestrial and marine systems have tended to become 

locked into the idea of using a single model. In general, fisheries 

scientists have concentrated on relatively small, less complex models where 

emphasis has come to be placed on improved statistical parameter estimation 

procedures (e.g. Deriso 1980). The result has been that decision-makers 

find that whole system models are too large and imprecise to deal with 

specific problems while fisheries models are too small and narrowly focused 

to provide solutions to more general problems. 

For the Antarctic marine ecosystem, it appears inevitable that no 

single model will be flexible enough to address the wide range of potential 

problems which constitute the decision-making environment for managers of 

renewable resources in terms of CCAMLR Article 11. In keeping with the 

ideas put forward by Starfield et al (1986) it is proposed that development 

of a suite of CCAMLR management protocols requires access to a number of 

model output scenarios. As such, a "toolbox" of models needs to be 

developed and such models could then, be used to bring a variety of insights 

to bear on a particular problem. Conversely, the same model could be used 

in various ways to find solutions to different problems. This approach can 

be illustrated within the context of the ecosystem perspective advocated by 

CCAMLR. 

THE ANTARCTIC MARINE ECOSYSTEM 

The Antarctic marine ecosystem is essentially dominated in the 

pelagic zone by krill (Euphausia superba) (Everson 1977 and others). This 

species forms large concentrations which are a source of food for a number 

of important predators (including whales, seals, penguins, fish and various 

seabirds) and may become the focus of substantial fisheries activities. 

At present no coherent management plan has yet been formulated for 

the system briefly outlined above. Nevertheless, the principles outlined 

in Article 11 of the Convention stress the need to conserve the ecosystem 
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as a whole (Edwards and Heap 1981). The principal management objective for 

any fisheries activities can thus be considered (within the principles of 

Article 11) to ensure that the fisheries industries (both fishing activity 

and consumer demand) is reasonably stable over some given period of time 

while ensuring the restoration of populations depleted in the past and 

precluding the disruption of ecosystem functioning. In these terms, 

Article 11 enunciates a mUltiplicity of objectives, thereby suggesting that 

it would be inappropriate to use a single "best" model for decision-making. 

The question to be asked therefore is "What modelling approaches are likely 

to be applicable in terms of implementing the Convention?". It can thus be 

argued that to answer this question it is first necessary to develop an 

overall framework or scheme within which to structure the decision 

environment. 

The scope of any particular model in a multi-objective decision 

environment could vary widely and several alternatives are possible 

(Table 1). For example, socio-economic considerations could be 

incorporated under the heading of "Industry and fish" and ecosystem 

considerations could be divided into lower categories, those concerned with 

interactions at the same trophic level. (such as competition) and those 

including interactions between different trophic levels such as predation 

by birds or seals on krill. This division is essential since the same 

models would not necessarily be applicable for both isotrophic and 

multi trophic factors. In terms of CCAMLR, it is necessary to specifically 

consider predators in view of the requirements in Article 11 for restoring 

depleted populations (particularly whales). 

Within each suggested scope, it can be anticipated that the 

objectives of specific modelling exercises could be radically different. 

For this reason, three objective rows are included in Table 1. "Ecological 

objectives ll are concerned solely with system objectives, whereas economic 

and social objectives would also consider resource utilization. For 

example, Cell A of Table 1 would include consideration of intraspecific or 

environmental influences on the relationship between stock and recruitment, 

whereas Cell E might examine the risks associated with various harvesting 
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strategies. The third grouping (or combination of management research and 

monitoring of objectives) in Cell K would address the question as to what 

research or marketing should be conducted to elucidate predator-prey 

interactions. 

MODELS TO FIT THE SCHEME SOME EXAMPLES 

The model construction scheme outlined above is similar to that 

originally constructed by Starfield et al (1986) for the Benguela Current 

system. In order to assist in building a collection of models for use 

within the 12 decision-making scenarios proposed, it is possible to 

identify 8 attributes so forming a "blue print" for various models that may 

be considered to describe the Antarctic marine ecosystem. The attributes 

described were developed from a general consideration of modelling 

procedures outlined by Starfield and Bleloch (1986) rather than from an 

examination of any existing model. They are comprised of purpose, 

description, variables, driving forces, time horizon, time step, 

constraints and data. 

The purpose of a model refers to the specific reason for the 

model's use. The description encompasses the type of model (e.g. 

speculative simulation model or predictive model) being used. The outputs 

of the model are the quantitative or qualitative changes in values of 

dependent variables in response to driving forces which are the independent 

variables or parameters which force the behaviour of the modelled system. 

The time horizon is the period over which the behaviour of the variables is 

assessed, and the time step is the incremental period within the model. 

The constraints are the bounds imposed on the behaviour or the 

interpretation of the model (e.g. limitations of the data), and the data 

are the items of information upon which the model is structured. 

The characterisation of such a model by means of its attributes is 

best illustrated by way of an example. First, a model is proposed which 

has yet to be developed for krill (i.e. a renewable and potential fisheries 

resource) and then some attempt is made to fit existing models or model 

types into the scheme. 
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When exploring decisions in the context of predators, (e.g. 

crabeater seals) and their prey (i.e. krill) in relation to ecological 

objectives (Cell C, Table 1), three models each with different purposes may 

be identified (Table 2). The first of these models (3A-Table 2) would be 

for the purpose of providing insights into predator population control 

measures which may be required to prevent expansion of the selected 

predator population. This model prescribes a speculative simulation which 

is structured as a single-species population model and for which the main 

variable is predator biomass. It is noted that detailed age and 

distributional structure are required for the model, although minimal age 

structure should be used in the interests of simplicity. The performance 

of control measures would be assessed by examining changes in predator 

biomass in response to the driving forces of prey (krill) biomass and 

predator (seal) harvests. A time horizon of 5 years is considered 

appropriate, with time steps of one year being adequate, or less than one 

year if seasonal influences need to be considered. The constraints of such 

a model are that they are likely to be limited by the availability of data, 

the data requirements (including predator population sizes, dynamics, food 

consumption rates and diet) and in the case of a spatial model, patterns of 

predator distribution. 

The purpose of the second model (3B) would be to provide insight 

into methods of containing predator (e.g. crabeater seal) population size, 

for example in order to rebuild some other predator (e.g. whales) 

population to an acceptable proportion of a former (i.e. pre-depleted) 

level. In this case, a speculative predator-prey model would be 

appropriate in which the driving forces would be the synchronous harvesting 

of predators and prey alike - the third model (3C) would be required to 

explore causal factors determining the relative abundance of predators in 

the system. This would be directly relevant to the performance of the 

joint exploitation of several co-existing predators (e.g. seals and 

penguins), the abundance of which may be influenced directly by 

exploitation, or by competition for resources which are themselves 

harvested (e.g. krill). A multispecies predator model would therefore be 

required and, as with model 3B, the driving forces would be the harvests of 

the predators and their prey. Each of the models in Table 2 would probably 

be constrained by limitations of data. 
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The above three models address decisions within only one of 12 

decision scenarios in the modelling schema. Filling the entire schema 

forces an explicit statement of the levels of understanding of the system 

being considered. Existing models can therefore be viewed in relation to 

the entire suite of models considered appropriate for the range of 

potential decision scenarios in renewable resource management. 

In the Antarctic, at least seven models would be applicable to 

schema described above. These are listed with their purposes in 

abbreviated form in Table 3. A feature of the modelling schema is that 

individual models may be used within more than one decision scenario 

(Starfield et al 1986) - an example being the stochastic risk evaluation 

.model (Cells E and I). This model could involve a Monte Carlo simulation 

incorporating levels of uncertainty in biomass estimates and population 

parameters of the krill resource in order to calculate the mean and 

variance of the catch which meets a specified harvest strategy target. In 

Cell E the model can be used to evaluate any trade-off between the level of 

yield and the risk of stock collapse. In Cell I, the same model could be 

used to assess the contribution of improved precision in measurements of 

biomass and population parameters to reduction of the variance of estimated 

potential yield, thereby identifying the areas where direction of research 

effort would be most profitable. 

DISCUSSION 

It is relatively easy to construct a complex simulation if one is 

confident of both the relationships that constitute the simulation and key 

parameter values. A complex multi-species, ecosystem model, capable of 

addressing all, or most, of the requirements of CCAMLR Article 11 is 

inconceivable given the general lack of understanding of the various 

inter-relationships and of critical data. 

How then does one begin the process of constructing useful models 

when understanding and data are so limited? Under such conditions, a model 

can only really be effective if it is carefully focused, parsimonious and 

decision-driven. The main advantage of the present schema is that it 
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provides the setting for a suite of small, well-defined models. By 

categorising the purpose and context of each model scenario, it enables us 

to design an appropriate holistic model suite. 

For example, an all-purpose model relating to both predators and 

prey would have to contain an explicit algorithm for prey selection and the 

mutual interactions of predators and their prey (Butterworth 1984). At 

present, both the structure and parameter values in that algorithm would be 

sheer guesswork. However, if the purpose of the model is to compare 

various strategies for controlling a selected predator population, there is 

no real need to have both predators and prey as variables in the model -

prey availability can in fact be considered as an input to a complementary 

predator population model (i.e. a driving force). Conversely, if the 

purpose is to explore possible conflict between the demands of predation 

and commercial fishing of a selected prey species, predator popu1ations 

need not be simulated but can be considered as input for a population or 

harvesting model. If, however, the purpose of the model is to formulate a 

strategy for harvesting both predators and prey, then their mutual 

interaction is crucial. Since that interaction would essentially not be 

understood, the rest of the model should therefore be simplified as much as 

possible in order to allow speculation on the effects of different 

predator-prey interactions on the harvest. 

The schema presented here is not necessarily the best that could be 

devised for the Antarctic marine ecosystem. The point is that such a 

schema encourages productive thought about models that are needed and shows 

to some degree how these may be designed. Preparation of a schema of this 

sort also has a number of important side-effects : 

(a) It encourages consideration of the Antarctic marine ecosystem 

from a broad perspective (instead of concentrating on 

available models, it encourages consideration of what models 

are actually required). In this process it raises questions 

that might not normally be asked. For example, discussion 

about the third row of the schema (Table 1) is likely to 

question when and how management decisions are taken, the 

cost-effectiveness of research and monitoring and how best to 

spend a monitoring budget. 



- 304 -

(b) The schema facilitates explanations to the Commission level. 

Showing where a particular model fits and arguing why it is of 

necessity speculative (or adaptive or productive) helps to 

develop more realistic expectations of modelling. 

(c) The schema highlights how the same model could be used in 

different ways and also how different models may sometimes be 

required to address questions that are superficially similar. 

(d) It follows that the schema could be expected to result in a 

suite of models combined with a decision support system (e.g. 

Rykiel et al 1984) which guides the user, depending on his 

purpose, or perhaps suggests how results from different models 

might be combined. Such a suite or "toolbox of models" could 

even contain complex multi-species models. Its purpose would 

be to provide a simulated "world" to test the effectiveness of 

some of the more specific empirical models that are likely to 

be or have been developed. This would be directly applicable 

with respect to Cells I-L in the schema presented in Table 1. 

Just as the schema may not be optimal, so the attributes in Table 2 

may not necessarily be the best. As such, the purpose is to show how such 

a schema can provoke thought about what model attributes to use and to ask 

questions about appropriate time scales and the choice of variables etc. 

Since the schema forces potential simulations of Antarctic marine ecosystem 

dynamics and interactions to consider both the questions being addressed 

and the available data, it should promote the design and the use of 

suitable models for management purposes. 
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Table 1. Decision making schema. 

SCOPE Single Isotrophic Predators Industry 

OBJECTIVE species mUlti-species and prey and fish 

Ecological A B C D 

Economic E F G H 

and social 

Management I J K L 

monitoring 

& research 
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Table 2. Attributes for three models appropriate to Cell C of 

the decision-making schema illustrated in Table 1. 

MODEL 3A 

PURPOSE 

DESCRIPTION 

VARIABLES 

DRIVING FORCES 

TIME HORIZON 

TIME STEPS 

CONSTRAINTS 

DATA 

MODEL 3B 

PURPOSE 

DESCRIPTION 

VARIABLES 

DRIVING FORCES 

TIME HORIZON 

TIME STEPS 

CONSTRAINTS 

DATA 

To provide insight into predator population control 
measures. 

Speculative single species predator simulation model •. 

Predator biomass. 

Prey biomass and fishing. 

5 years. 

1 year unless there is a seasonal influence ·on the 
population. 

Data limited. 

Predator population sizes and dynamics, consumption 
rates, diet analysis. 

To provide insight into predator population enhancement. 

Speculative single species predator-prey simulation 
model. 

Predator and prey biomass. 

Harvest of predators and prey. 

5 years. 

1 year unless there is a seasonal influence on the 
population. 

Data limited. 

Predator and prey population sizes and dynamics, 
predator consumption rates and diet analysis. 



MODEL 3C 

PURPOSE 

DESCRIPTION 

VARIABLES 

DRIVING FORCES 

TIME HORIZON 

TIME STEPS 

CONSTRAINTS 

DATA 
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To explore possible mechanisms influencing the abundance 
of predators in the system. 

Speculative multi-species predator simulation model. 

Predator biomass. 

Prey biomasses and harvesting. 

5 years. 

1 year unless there is a seasonal influence on the 
population. 

Data limited. 

Predator population sizes and dynamics, cons?mption 
rates, diet analysis. 
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Table 3. Potentially useful models of the Antarctic krill resource and 

where they might be fitted into the proposed management 

decision schema. The cells refer to Table 1. 

MODEL 

Yield-per-recruit 
model 

Stochastic risk 
evaluation model 

Krill population 
simulation model 

Multi-species 
catch-effort model 

One predator, two 
prey model 

Fishery dynamics 
model 

Linear 
optimisation model 

CELL PURPOSE 

E Estimation of desirable 
levels of fishing 

E,I Estimation of potential 
krill yields under 
conditions of 
uncertainty of key 
paramaters. 

E,I Assessment of alter
native harvest 
strategies. 

F 

C 

B,F 

E 

Estimation of combined 
species yield. 

Exploration of 
predator-prey dynamics 

Examination of species 
replacement in the 
catches. 

Estimation of econ
omically optimum 
combined species yields. 

DESCRIPTION 

Deterministic, specul
ative, age-structured 
simulation model. 

Stochastic, age
structured Monte Carlo 
simulation model. 

Stochastic, speculative 
age-structured model 
with economics sub
routine. 

Predictive regression
based model. 

Speculati ve 
simulation model. 

Speculative 
simulation model. 

Linear programme. 
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Tableau 1. Schema de prise de decisions 

OBJECTIF Especes Especes multiples Predateurs Industrie 
simples isotrophiques et proies et poissons 

Ecologique A B C D 

Economique 
et social E F G H 

Amenagement 
controle et 
recherche I J K L 
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Tableau 2. Attributs pour trois modeles appropries a la cellule c du 
schemarelatif a la prise de decisions illustre au 
Tableau 1. 

MODELE 3A 

BUT 

DESCRIPTION 

VARIABLES 

MOTIVATIONS 

PER lODE LIMITE 

ETAPES 
TEMPORELLES 

RESTRICTIONS 

DONNEES 

MODELE 3B 

BUT 

DESCRIPTION 

VARIABLES 

MOTIVATIONS 

PERIODE LIMITE 

ETAPES 
TEMPORELLES 

RESTRICTIONS 

DONNEES 

Permettre de comprendre les mesures de controle 
demographique des predateurs. 

Modele speculatif de simulation a espece unique 
de predateurs. 

Biomasse des predateurs. 

Biomasse des proies et peche. 

5 ans. 

1 an a moins que la populatgion ne soit soumise a 
une influence saisonniere. 

Donnees limitees. 

Tailles et dynamique des populations de 
predateurs, taux de consornrnation et analyse du 
regime alimentaire. 

Permettre de comprendre l'accroissement 
demographique des predateurs. 

Modele speculatif de simulation a espece unique 
de predateurs-proies. 

Biomasse des predateurs et proies. 

Capture des predateurs et proies. 

5 ans. 

1 an a moins que la population ne soit soumise a 
une influence saisonniere. 

Donnees limitees. 

Tailles et dynamique des populations de 
predateurs et de proies, taux de consornrnation et 
analyse du regime alimentaire des predateurs. 



MODELE 3C 

BUT 

DESCRIPTION 

VARIABLES 

MOTIVATIONS 

PERIODE LIMITE 

ETAPES 
TEMPORELLES 

RESTRICTIONS 

DONNEES 
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Explorer les mecanismes eventuels influenyant 
l'abondance des predateurs dans le systeme. 

Modele speculatif de simulation a especes 
multiples de predateurs. 

Biomasse des predateurs. 

Biomasses des proies et capture. 

5 ans. 

1 an a moins que la population ne soit soumise a 
une influence saisonniere. 

Donnees limitees. 

Tailles et dynamique des populations de 
predateurs, taux de consommation et analyse du 
regime alimentaire. 
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Tableau 3. Modeles potentiellement utiles des ressources de krill 
antarctique et comment les incorporer dans le schema de prise de 
decisions sur l'amenagement. Les cellules se rapportent au 
Tableau 1. 

MODELE CELLULE 

Modele du rendement 
par recrue E 

Modele d'evaluation 
du risque ErI 
stochastique 

Modele de simulation 
de la population de ErI 
krill 

Modele a especes 
multiples de prise F 
et d'effort 

Modele -un predateur r 
deux proies C 

Modele de la 
dynamique BrF 
de la pEkhe 

Modele 
d' optimisation 
linea ire 

E 

BUT 

Estimation des niveaux 
souhaitables de peche 

Estimation des 
rendements potentiels 
du krill dans des 
conditions d'incertitude 
des parametres cles 

Evaluation d'autres 
strategies de capture 

Estimation du rendement 
des especes combinees 

Etude de la dynamique 
predateur-proie 

Examen du remplacement 
d'especes dans les 
prises 

Estimation des 
rendements d'especes 
combinees maximum du 
point de vue economique 

DESCRIPTION" 

Modele de simulation 
deterministe r 
speculatif et par 
structures d'age 

Modele de simulation 
stochastique et par 
structures d'age 
Monte Carlo 

Modele speculatif et 
stochastique par 
structures d'age 
avec une sous
programme economique 

Modele de predictions 
base sur la regression 

Modele speculatif 
de simulation 

Modele speculatif 
de simulation 

Programme lineaire 
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Tabla 1 Esquerna de toma de decisiones. 

CAMPO DE ~species Multiespecies Depredador Industria 
OBJETIVOS iindividuales isotroficas y presa y peces 

Ecologico A B C D 

Economico 
y Social E F G M 

control de 
Administracion 
e Investigacion I J K L 
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Tabla 2. Secciones de tres modelos correspondientes a la Celula C 
del esquema de toma de decisiones, ilustrado en la 
Tabla 1. 

MODELO 3A 

PROPOSITO 

DESCRIPCION 

VARIABLES 

FUERZAS DE 
EMPUJE 

LIMITE DE 
TIEMPO 

ETAPAS DE 
TIEMPO 

LIMITACIONES 

DATOS 

MODELO 3B 

PROPOSITO 

DESCRIPCION 

VARIABLES 

FUERZAS DE 
EMPUJE 

LIMITE DE 
TIEMPO 

ETAPAS DE 
TIEMPO 

LIMITACIONES 

DATOS 

Proporcionar una percepcion clara sobre las medidas 
de control de las poblaciones de depredadores. 

Modelo teorico monoespecifico de simulacion de 
depredadores. 

Biomasa de depredadores. 

Biomasa de depredadores y pesca. 

5 anos. 

1 ano a menos que haya una influencia estacional 
sobre las reservas. 

Da tos limitados 

Tarnano y dinamica de las poblaciones de 
depredadores, indices de consumo, analisis de la 
dieta. 

Proporcionar una percepcion clara sobre el aumento 
de las poblaciones de depredadores. 

Modelo teorico monoespecifico de simulacion de 
depredadores-presa. 

Biomasa de depredador-presa. 

Recoleccion de depredador y presa. 

5 anos. 

1 ano a menos que haya una influencia estacional 
sobre las poblaciones. 

Datos limitados. 

Tamano y dinamica de las poblaciones de 
depredadores, indices de consumo de depredador y 
analisis de la dieta. 



MODELO 3C 

PROPOSITO 

DESCRIPCION 

VARIABLES 

FUERZAS DE 
EMPUJE 

LIMITE DE 
TIEMPO 

ETAPAS DE 
TIEMPO 

LIMITACIONES 

DATOS 

- 317 -

Investigar los posibles mecanismos que influencian 
la abundancia de los depredadores en el sistema. 

Modelo teorico multi-especifico de simulacion de 
depredadores. 

Biomasa de depredadores. 

Biomasas de depredadores y recoleccion. 

5 anos. 

1 ano a menos que haya una influencia estacional 
sobre la reserva. 

Datos limitados. 

Tamano y dinamica de las reservas de depredadores, 
indices de consumo, analisis de la dieta. 
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Tabla 3 Modelos de recurso de krill antartico de posible 
utilidad y donde podrian ubicarse en el propuesto 
esquema de decisiones administrativas. Las celulas se 
refieren a la Tabla 1. 

MODELO CELULA 

Modelo de 
rendimiento 
por resta
blecimiento E 

Modelo de 
evaluacion 
de riesgo 
de reservas E, I 

Modelo de 
simulacion 
de la 
poblacion 
de kril1 E, I 

Mode 10 
multi
especifico 
de captura 
y escuerzo F 

Modelo de un 
depredador, 
dos presas C 

Modelo de la 
dinamica de 
la pesca B. F 

Modelo de 
opt imizacior 
linear E 

PROPOSlTO 

Calculo de los 
niveles deseables 
de pesca 
estructurado por edad 

CcHculo de los 
los posibles 
rendimientos de krill 
bajo condiciones de 
incertidumbre con 
respecto a los 
parametros claves 

Evaluacion de 
estrategias 
alternativas de 
recoleccion 

Calculo de 
rendimiento de 
especies 
combinadas 

Exploracion de la 
dinamica de 
depredador-presa 

Examinacion del 
reemplazo de las 
especies en las 
capturas 

DESCRIPCION 

Modelo de simulacion 
determinativo, 
teorico y 

Modelo de simulacion 
Monte Carlo, de 
reservas y 
estructurado por edad 

Modelo teorico de 
reservas, estructuradc 
por edad, con una 
subrutina de economia 

Modelo de prediccion 
basado en la regresion 

Modelo de simulacion 
especulativo 

Modelo de simulacion 
especulativo 

Calculo de los Programa linear 
rendimientos de 
especies combinadas 
economicamente optimos 
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Ta6nHua 1. CxeMa rrpHHHTHH peweHHH. 

PAMKM OAHOBHAO- M30Tpoq'HQe- XH~HHKH H npOMbIcen 
BaH MOAenb CKaH MHoro- :lKepTBa OH pbJ6a 

l{EJIb BHAoBaH 
MOAenb 

3KOnOrHQeCKHe A B C D 

BOnpOCbJ 

3KOHOM1P{eCKHe H E F G H 

COI,{Han bHbre BOrrpOCbJ 

BonpocbJ yrrpaBneHHH, I J K L 

MOHHTopHHra H 
HccneAoBaHHH 
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Ta6mu{a 2. KpuTepuu Tpex MOAeJIeH. cooTBeTcTB~uX 3JIeMeHTY "C" 

cxeMhl npuHHTuH pemeHuH. npuBeAeHHoH B Ta6JIu~e 1. 

------------------------------------------------------------------

MOlIEJIb 3A 

HA3HAqEHME 

onMCAHME 

~aTb nOHUMaHue CY~HOCTU Mep no KOHTpOJI~ HaA 
nonYJIH~UHMU XU~HUKOB~ 

[unOTeTUqeCKaH 0AHOBUAoBaH MOAeJIb. UMUTup~aH 

nonYJIH~uro XU~HUKOB 

nEPEMEHHhIE BUOMacca nonYJIH~UU XU~HUKOB 

~BKmYmME CM]lliI BUOMacca nonYJIH~UU ~epTB U npOMhlCeJI 

CPOKM 5 JIeT 

npO~OJDKY1TEJIb- 1 rOA. eCJIU TOJIbKO He Ha6JI~AaeTCH ce30HHhIX B03AeH
HOCTb 3TAnOB CTBUH Ha nonYJIH~uro . 

.l(AHHhIE 

MOlIEJIb 3B 

HA3HAqEHME 

onMCAHME 

nEPEMEHHhIE 

~B KmYmME C M]lliI 

CPOKM 

npO~OJDKMTEJIb
HOCTb 3TAnOB 

O[PAHMQEHM5I 

.l(AHHbIE 

Pa3MepbI U AUHaMUKa nonYJIH~UU XU~HUKOB. YPOBeH b 
nOTpe6JIeHUH. aHaJIU3 pe~UMa nUTaHUH. 

~aTb nOHUMaHue 
XU~HUKOB 

npo~ecca 

[unOTeTUqeCKaH 0AHOBUAOBaH MOAeJIb. 
B3aUMOAeHCTBue XU~HUK-~epTBa 

BbIJIOB XU~HUKOB U ~epTB 

5 JIeT 

1 rOA. eCJIU TOJIhKO He Ha6JI~AaeTCH ce30HHbIX B03AeH
CTBUH Ha nonYJIH~uro 

Pa3MepbI U AUHaMUKa nonYJIH~UH XU~HUKOB U ~epTBhl. 
ypOBHU nOTpe6JIeHUH U aHaJIU3 pe~UMa nUTaHUH XU~HUKOB 
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------------------------------------------------------------------

MOlIEJIb 3C 

HA3HALJEHYfE 

OflYfCAHYfE 

flEPEMEHHhIE 

)1;B J1)f{YIl.{YfE C YfJIbI 

CPOKYf 

flPO)1;OJDKYfTEJIb
HOCTb :3TAflOB 

OfPAHYfLJEHYf5I 

,lLAHHhlE 

YfcCJIeAOBaT b B03MO:>KHbIe MeXaHH3Mbl, 
qHCJIeHHOCTb XH~HHKOB B CHCTeMe 

fHrrOTeTHqeCKaR MHorOBHAoBaR MOAeJIb, 
rrorrYJIR~HH XH~HHKOB 

EHOMacca rrorrYJIR~HH XH~HHKOB 

EHOMacca :>KepTBbI H 06JIOB 

5 JIeT 

BJIHR~He Ha 

1 rOA, eCJIH TOJIbKO He Ha6JIIOAaeTCR ce30HHbIX B03AeH
CTBHH Ha rrorrYJIR~HH 

Pa3Mepbl H AHHaMHKa rrorrYJIR~HH XH~HHKOB, ypOBeH b 
rroTpe6JIeHHR, aHaJIH3 pe:>KHMa rrHTaHHR. 
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Ta6nHqa 3. IToTeH~HanbHO nOne3Hhle MOAenH 3anaCa 
aHTapKTHqeCKOrO KpHnH H HX B03MO~HOe MeCTO B 
npeAnaraeMOH CXeMe npHHHTHH peweHHH no ynpaBneHHro. 
3neMeHThl cxe~ - KaK YKa3aHO B Ta6nH~e 1. 

MO.l(EJIb 

MOAenb ynoBa Ha 
eAHHH~y nononHeHHH 

CTOXaCTHqeCKaH MO
Aenb o~eHKH 
onaCHOCTH 

MMHTa~HOHHaH MO
Aenb nonynH~HH 
KpHnH 

E PaCqeT ~enaTenbHhlX 
YPOBHeH npOMhlcna 

E,l PaCqeT nOTeH~Hanb
HOH BenHqHHW BwnOBa 
KpHnH npH HanHqHH 
HeonpeAeneHHOCTH B 
KnroqeBhlX napaMeTpax 

E,l O~eHKa anbTepHaTHB
HWX CTpaTerHH nOBa 

OITI1CAHME 

.l(eTepMHHHCTHqeCKaH 
rHnOTeTHqeCKaH 
HMHTa~HOHHaH MO
Aenb, nOCTpoeHHaH 
no B03paCTHb~ 

nOKa3aTenHM 

CTOXaCTHqeCKaH 
HMHTa~HOHHaH MO
Aenb "MOHTe-Kap
no", nocTpoeHHaH 
no B03paCTHWM no
Ka3aTenHM 

CTOXaCTHqeCKaH rH
nOTeTHqeCKaH MO
Aenb. nocTpoeHHaH 
no B03paCTHWM no
Ka3aTenHM, C 3KO
HOMHqeCKOH nOAnpo
rpaMMOH 

MHorOBHAOBaH MOAenb F 
3aBHCHMOCTH ynoB
YCHnHH 

PaCqeT BenHqHHhf BW- ITporHo3HpYKXl{aH MO
nOBa CBH3aHHWX BHAOB Aenh B03BpaTa K 

npe~HeMY COCTOHHHro 

MOAenb B3aHMOAeHCT- C 
BHH OAHH BHA XH~
HHKOB-ABa BHAa 
~epTB 

MOAenb AHHaMHKH 
npOMbfcna 

MOAe~b nHHeHHOH 
onTHMH3a~HH 

B,F 

E 

I1ccneAoBaHHe AHHaMH- fHnOTeTHqeCKaH 
KH B3aHMOAeHCTBHH HMHTa~HOHHaH 
XH~HHK-~epTBa MOAenb 

I13yqeHHe 3aMe~eHHH 
BHAOB B ynoBax 

POCT 3KOHOMHqeCKH 
onTHMenhHhlX YPOBHeH 
BhmOBa CBH3aHHhIX 
BHAOB 

fHnOTeTHqeCKaH 
HMHTa~HOHHaH 

MOAenb 
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SC-CAMLR-V/BG/13 

SOME PRINCIPLES FOR FISHERIES REGULATION FROM AN ECOSYSTEM PERSPECTIVE 

W.K. de la Mare 
(Australia) 

Abstract 

The paper discusses some principles to be considered in 
the formulation of a framework for the. regulation of 
fisheries from an ecosystem perspective, under the 
Convention for the Conservation of Antarctic Marine 
Living Resources. An important task in this formulation 
is to derive subsidiary objectives for regulation which 
have a more rigorous scientific interpretation than the 
broad principles of conservation set out in the 
Convention. An important property required for 
subsidiary objectives is that they are framed in terms 
of quantities which can be robustly estimated, thus 
allowing the degree to which objectives are being met to 
be assessed. The advantages of using a feedback method . 
of regulation are discussed. However, because of delays 
in detecting and correcting errors in rates of 
exploitation, it is important that initial levels of 
exploitation are potentially sustainable. This requires 
that estimates are required for the abundance of a stock 
in advance of the substantial development of a fishery. 
The design of a regulatory framework is a complex task 
involving systems analysis. The usefulness of 
simulation studies of potential management procedures is 
briefly discussed. 

* * * * * * * * * * 

QUELQUES PRINCIPES SUR LA REGLEMENTATION DE LA PECHE 
DU POINT DE VUE DE L'ECOSYSTEME 

W.K. de la Mare 
(Australie) 

Le present document examine quelques principes 
susceptibles d' etre consideres pour l' elaboration d' un 
systeme de reglementation de la peche du point de vue de 
l'ecosysteme, conformement a la convention pour la 
Conservation de la Faune et la Flore Marines de 
l'Antarctique. En vue d'elaborer une reglementation, il 
est important de definir des objectifs subsidiaires 
offrant une interpretation scientifique plus stricte que 
les grands principes de conservation stipules par la 
Convention. Un aspect important de ces objectifs 
subsidiaires est qu'ils soient poses en termes de 
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quanti tes pouvant etre estimees d 'une maniere fiable, 
permettant ainsi l'evaluation du niveau de la 
realisation des objectifs. Les avantages d'une methode 
de reglementation par retour d'information sont 
examines. Cependant, du fait des delais dans la 
detection et la correction d' erreurs portant sur les 
taux d' exploitation, il est important que les niveaux 
initiaux d'exploitation soient potentiellement 
admissibles. ceci exige que l'abondance d'un stock soit 
evaluee prealablement a 1 'expansion irnportante 
d'operations de peche. La conception d'un systeme de 
reglementation est une tache complexe necessitant une 
analyse fonctionnelle. L'utilite d'etudes par 
simulation des procedures possibles de gestion est 
brievement examinee. 

ALGUNOS PRINCIPIOS PARA LA REGLAMENTACION DE LA PESCA 
DESDE UNA PERSPECTlVA DEL ECOSISTEMA 

W.K. de la Mare 
(Australia) 

Resurnen 

Este documento trata sobre algunos de los principios a 
ser considerados durante la elaboracion de una 
estructura para la reglamentacion de la pesca desde una 
perspectiva del ecosistema, de acuerdo con la Convencion 
sobre la Conservacion de los Recursos Vivos Marinos 
Antarticos. Una tarea importante en dicha elaboracion 
es obtener objetivos secundarios para la reglamentacion, 
que tengan una interpretacion cientifica mas exacta que 
los amplios principios de conservacion establecidos en 
la Convencion. Una condicion irnportante que tales 
objetivos secundarios deberian tener es que se formulen 
a partir de cantidades que se puedan calcular 
sensatamente, permitiendo evaluar de este modo hasta que 
grado se estan logrando dichos objetivos. Se plantean 
las ventajas de utilizar un metodo en el que se aporten 
datos sobre la reglamentacion. sin embargo, debido a 
los retrasos en detectar y corregir los errores en los 
indices de explotacion, es importante que los niveles 
iniciales de explotacion sean eficazmente valederos. 
Esto precisa que se obtengan con anticipacion los 
calculos de abundancia de una reserva antes del 
desarrollo considerable de la pesca. La preparacion de 
una estructura reguladora es una tarea compleja que 
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irnplica el an.Hisis de sisternas. Se debate brevernente 
sobre la utilidad de los estudios de sirnulacro de los 
posibles procedirnientos de adrninistracion. 

* * * * * * * * * * 

HEKOTOPhlE ITPMHUMIThl PErYnMPOBAHM~ ITPOMhlC~ 
C 3KOCMCTEMHOH TOQKM 3PEHM~ 

Y.K. ,l(e na M3p 
(ABCTpanH.l1) 

Pe3IOMe 

B ,l(OKYMeHTe 06CYJK,l(aIOTC.l1 HeKoTopble npHHI.{Hnbl, 
KOTopble cne,l(yeT npHHHMaTb BO BHHMaHHe npH 
pa3pa60TKe OCHOB perynHpoBaHH.l1 npoMbIcJIa C 
3KocHcTeMHoH TOqKH 3peHH.l1, B COOTBeTCTBHH C 
KOHBeHI.{HeH 0 coxpaHeHHH MOPCKHX ~HBblX pecypcoB 
AHTapKTHKH. Ba~HoH 3a,l(aqeH TaKoH pa3pa60TKH 
.SJBn.l1eTC.l1 BbI.l1BJIeHHe ,l(OnonHHTeJI bHbIX I.{eneH 
perynHpoBaHH}l, y KOTOPbIX 6Y,l(eT 60nee ~eCTKa}l 
HayqHa.l1 HHTepnpeTaI.{H.l1, qeM ynoMHHa~HeC.l1 B 
KOHBeHI.{HH WHpoKHe npHHI.{Hnbl coxpaHeHH.l1. Ba~HbIM 
Ka qeCTBOM, KOTOPbIM ,l(OJI~HbI 06JIa,l(aT b 
,l(OnOnHHTeJIbHbIe I.{eJIH, .l1Bn.l1eTC.l1 TO, qTO' OHH 
Bblpa~aIOTC}l KOJIHqeCTBeHHbIMH cpaKTopaMH, KOTopbIe 
MorYT 6blTb qeTKO onpe,l(eneHbl, n03BOn.l1}l TaKHM 
06pa30M onpe,l(enHT b CTeneH b npH6nH~eHH.l1 K 3THM 
I.{en}lM. 06CYJK,l(aIOTC}l npeHM~eCTBa perYJIHpOBaHH.l1, 
nOCTpoeHHoro Ha MeTO,l(e 06paTHoro nOTOKa 
,l(aHHblX. O,l(HaKO Bcne,l(CTBHe 3a,l(ep~eK B 
06HaPYJKeHHH H HCnpaBJIeHHH norpeWHOCTeH npH 
onpe,l(eneHHH HHTeHCHBHOCTH 3KcnnyaTaI.{HH Ba~HO, 

qTo6bl HCXO,l(HbIe YPOBHH 3KCnJIya TaI.{HH 6bInH 
nOTeHI.{Han bHO YCTOHqHBbIMH. 3TO nOTpe6yeT 
nOJIyqeHH.l1 OI.{eHOK QHCneHHOCTH 3anaca ,l(0 HaQaJIa 
c~eCTBeHHoro pa3BHTH.l1 npOMbICJIa. Pa3pa6oTKa 
OCHOB perYJIHpOBaHH.l1 CJIO~Ha.l1 3a,l(aQa, 
Tpe6~a.l1 Hcnonb30BaHH.l1 CHCTeMHoro aHanH3a. 
KpaTKO 06cym,l(aeTC.l1 nOJIb3a H3YQeHH}l MO,l(eneif 
B03MO~HOH MeTO,l(HKH ynpaBneHH.l1. 
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SOME PRINCIPLES FOR FISHERIES REGULATION 

FROM AN ECOSYSTEM PERSPECTIVE 

The main instrument for the regulation of fisheries in the Southern 

Ocean is the Convention for the Conservation of Antarctic Marine Living 

Resources (CCAMLR), whose relevant articles are as follows: 

1. The objective of this Convention is the conservation of 

Antarctic marine living resources 

2. For the purposes of this Convention, the term 'conservation' 

includes rational use 

3. Any harvesting and associated activities in the area to which 

this Convention applies shall be conducted in accordance with 

the provisions of this Convention and with the following 

principles of conservation : 

(a) prevention of decrease in the size of any harvested 

population to levels below those which ensure its stable 

recruitment. For this purpose its size should not be 

allowed to fall below a level close to that which ensures 

the greatest net annual increment; 

(b) maintenance of the ecological relationships between 

harvested, dependent and related populations of Antarctic 

marine living resources and restoration of depleted 

populations to the levels defined in sub-paragraph (a) 

above; and 
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(c) prevention of changes or minimization of the risk of 

changes in the marine ecosystem which are not potentially 

reversible over two or three decades, taking into account 

the state of available knowledge of the direct and 

indirect impact of harvesting, the effect of the 

introduction of alien species, the effects of associated 

activities on the marine ecosystem and of the effects of 

environmental changes, with the aim of making possible the 

sustained conservation of Antarctic marine living 

resources. 

The CCAMLR Convention has been widely hailed as an important 

advance in the international regulation of fisheries because it does not 

concentrate solely on the objects of fisheries but also seeks to limit the 

impact of fisheries on 'dependent and related species', that is; the 

a~imals with which man enters into competition for their food supply (it is 

well established that fisheries can affect other species [Schaefer, 1971; 

Cushing, 1980; Rigler, 1982]). 

The international regulation of fisheries takes place in an 

environment such that, even at a scientific level, considerations arise 

which would not arise in the pursuit of a purely scientific research 

activity. The Scientific Committee of CCAMLR has already attempted to 

formulate advice for the Commission working from incomplete knowledge and 

uncertain data which does not admit to an unambiguous interpretation. The 

Scientific Committee and the Commission have to take decisions by consensus 

(Rule 3 of the Scientific Committee rules of procedure, and Article XII of 

the Convention). Under these circumstances it is important to consider 

what kind of regulatory framework will help towards consensus within the 

Scientific Committee and the Commission. In this paper, fishery regulation 

is taken to be the scientific basis on which decisions are taken to 

formulate conservation measures designed to achieve the objectives of the 

Convention. 
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INTERPRETATION OF THE OBJECTIVES OF THE CONVENTION 

The establishment of a clearly defined objective, or set of 

objectives, is an essential starting point of fishery regulation (ACMRR, 

1980). It is a common situation that the objectives of international 

Conventions for the regulation of fisheries embody important principles, 

yet do not in themselves have precise scientific interpretation. In such 

cases, subsidiary objectives need to be developed which are scientifically 

meaningful (that is, measurable) such that progress towards them can be 

assessed. 

Odum (1971) defines an ecosystem as 

••• any unit that includes all of the organisms in a given area 

interacting with the physical environment so that a flow of 

energy leads to clearly defined trophic structure, biotic 

diveristy, and material cycles (i.e. exchange of materials 

between living and non-living parts) within the system ••• 

Clearly, regulating ecosystems is a task for which currently we 

possess neither the knowledge nor the tools. In this paper it is assumed 

that the system to be regulated is a complex of species (not necessarily 

all species) within an arbitrarily defined geographic region (management 

area), and will be referred to as the exploited system. 

As discussed in Beddington and de la Mare (1986), there are a 

number of problems in interpreting the precise scientific meaning of 

certain portions of the text of the Convention. In particular, there is 

difficulty of interpreting article 11 paragraphs 3b and 3c unless, 

following Edwards and Heap (1981), distinction is made between: 

(a) species in the low-trophic levels which form the food base for 

species in higher trophic levels (e.g. zooplankton, 

particularly krill) 

(b) species at intermediate-trophic levels which prey on the 

species of the low-trophic level but are themselves subject to 

significant predation by the top-trophic level (e.g. squid and 

fish) 
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(c) species at the top trophic levels which prey on levels (a) and 

(b) but may not themselves subject to significant natural 

predation (e.g. whales, seals and birds). 

This distinction suggests that top predators may only be adequately 

treated by the Articles if levels of 'greatest net annual increment' are 

interpreted as those occurring when some specific amount of krill is 

harvested. In simple terms, in the absence of exploitation of their food 

supply, top predators will have some population level at which their net 

annual increment is at a maximum. If their food supply is exploited (and 

assuming that food is limiting at some point), there will be a new and 

lower population level at which their net annual increment will be 

maximised. Hence, there is a range of possible protection levels for top 

predators and the precise level will be determined by the level of krill 

harvesting : the higher the level of krill harvest the lower the protection 

level. This would appear to be against the spirit of the convention and 

some interpretation which avoids this difficulty is necessary. An obvious 

choice of protection level for the predator population is that derived from 

its population abundance pertaining to the absence of kri11 harvesting~ 

However, it has proved to be very difficult in the case of marine mammals 

to determine where the relative levels of greatest net increment might be, 

and the time scale to determine the answer by experiment could be of the 

order of hundreds of years (de la Mare, 1986a). In practice, it is likely 

that an arbitrary percentage of pristine abundance will have to be used. 

Moreover, it is unlikely that all species will be of equal concern, a 

population decline in sal ps might not be regarded in the same light as the 

decline of a commercially valuable fishstock; or a depleted species of 

whales. 

However, these are not the only difficulties of interpretation, 

ecosystems are complex and stochastic; to the extent that it is not 

possible to make reliable quantitative predictions about their future 

states or the consequences of perturbations (ACMRR, 1980; Pie1ou, 1981; 

Rig1er, 1982; Bender, Case and Gi1pin, 1984). Species interact in ways 

which make it difficult to decide exactly where the level of 'greatest net 

annual increment' might lie for a harvested species; nor, because of 
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interactions, does such a level necessarily exist as a time invariant 

quantity. Once again, the solution in the short term would seem to be the 

adoption of some arbitrary levels below which harvested species should not 

be driven by exploitation. For the case of prey species, choosing this 

level as a relatively high proportion of unexploited abundance may ease the 

difficulties inherent in achieving conservation of dependent species in the 

interim. 

It may be fruitful at this stage to attempt to formulate the 

objectives to be achieved by the regulatory framework for a set of 

dependent species which are representative of important groups of dependent 

species; along with species which are of direct concern, such as depleted 

whale populations; subject to the condition that they are practicable to 

monitor in some way. Such an approach would be related to the work which 

is already under development by the Ecosystem Monitoring Group (CCAMLR, 

1986). 

APPROACHES TO THE REGULATION OF FISHERIES 

Following WaIters and Hilborn (1978), there are three basic 

approaches to the regulation of fisheries, namely, (1) set point or open 

loop regulation; (2) passive adaptive regulation; and (3) active adaptaive 

regulation. Set point regulation can be defined as identifying the control 

strategy which will need the conservation objectives from a priori 

consideration of a model which is assumed to be consonant with the dynamics 

of the exploited system. Approach (2) incorporates the additional idea 

that, as exploitation continues, more will be learned about the dynamics of 

the system, and hence improved predictions can be made about the 

consequences of conservation measures. Approach (3) actively seeks to 

learn more about the dynamics of the system by deliberately manipulating 

catch levels and other parameters of the fishery; in essence, an analogue 

of .a typical scientific experiment. Approach (3) is often cast in terms of 

what is known as the 'dual control' problem (reviewed in Goodwin and Sin, 

1984), which considers how to combine the objectives of regulating the 

controlled system with actions which will lead to better information on its 

dynamics. 
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The classic approach to fisheries regulation relies on approaches 

(1) and (2). The aim of analytic fishery models such as that of Beverton 

and Holt (1956) is to predict optimum levels of fishing mortality and age 

at first fishing from estimates of growth curves and age-structure of an 

exploited fish stock. This method falls within the scope of approach (1). 

However, the parameter estimates required for the models are usually 

difficult to obtain with any precision, and hence the set point may not be 

particularly reliable. An example of approach (2) is the fitting of a 

production model, such as a Schaefer (1954) model, to time series of catch 

and effort data. In principle, such methods attempt to estimate production 

directly from the catch history of the fishery, and if continually revised, 

catch levels can be identified which will lead to some form of optimum 

catch level. However, in practice, production models have not been very 

successful in identifying optimal catch levels (Larkin, 1977; Gulland, 

1978; Sissenwine, 1978; Hilborn, 1979; Uhler, 1980); although time will 

tell if more recent variants on the theme such as 'passive optimal control' 

(WaIter, 1978) are more successful. 

It is not the intent of this paper to examine in detail the 

strengths and weaknesses of various models used in fishery management; the 

important point is that, for a spectrum of reasons, we will make errors in 

predicting the level of catch which can be sustained or which will meet the 

other objectives of the Convention. The errors may lead to either 

underexploitation or overexploitation, although the consequences of such 

errors are not necessarily equal. An error on the conservative side does 

not cause disruption to fishing activities, but an error leading to 

overexploitation will have led to overinvestment in the fishery and all the 

attendant strains which result from having to reduce catches. Therefore, a 

key property that a regulatory framework should possess is the power to 

detect and correct such errors before the consequences are serious for 

either the fish stocks, the fishing industry, or both. A corollory of this 

property is that it allows adjustments to be made to the level of fishing 

with the least possible disruption to the fishing industry. 
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It has been recognised that the conservation of living resources is 

an area which can benefit from the application of control theory (for 

example, Watt, 1968; WaIters and Hilborn, 1976). The importance of basing 

a fisheries regulatory framework on feedback principles is now also being 

recognised (Tanaka, 1984; de la Mare, 1986a and 1986b). Di Stefano, 

Stubberbud and Williams (1967) define feedback as : 

••• that property of a closed loop system which permits the 

output (or some other controlled variable of the system) to be 

compared with the input to the system (or an input to some 

other internally situated component or subsystem of the system) 

so that the appropriate control action may be formed as some 

function of the output and input. 

Properly designed feedback systems have a number of important 

advantages over non-feedback systems. These include improved accuracy and 

stability in attaining objectives and reduced sensitivity to error in the 

model assumed to apply to the controlled system. 

The implication of applying control systems theory and feedback to 

living resource conservation is that it directs attention to the specific 

examination of system input and output. For a convention such as CCAMLR, 

the system under discussion is the exploited system in combination with a 

regulatory framework. Thus, the system to be controlled (at least along 

some partial dimension) is the exploited system, and the regulatory 

framework forms a control system. The system input is formed from the 

objectives of the Convention, and hence, the system output is some 

attribute of the exploited system. In system terms, the catches are not 

necessarily considered as part of the output of the system, but they are 

the principal control action which can be applied to drive the ecosystem 

towards a specified set of objectives. A simplified example may make this 

more concrete in the context of the possible form of objectives for CCAMLR 

discussed earlier. 
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Suppose that it was decided that an exploited fish stock should not 

fall to below say x. (to ensure recruitment) and that the optimal level 
m~n . . 

of the stock was somewhat higher at X • Similarly, suppose that some opt 
predator is to be maintained at a level above Y i and to have a desirable 

m n 
level of Y t' Thus the input to the system is X t and Y , and its op op opt 
output is the observed values of X and Y. Feedback control would lead to 

catches being increased, if the observed values of X and Y were above their 

target levels, but some reduction in catches would follow some form of 

rule, which could be rather complex, but which would include some element 

or proportionality in that small differences between the observed and 

target values for X and Y lead to smaller adjustments in catches than do 

large discrepancies between the observed values and their targets. If the 

observed values of X or Y were to be found below the minimum levels, then 

catching would cease until the stocks had recovered towards the target 

level. Simulation studies of such a regulatory system, in a single species 

context, have shown that the probabilities of erroneously curtailing 

exploitation on a stock or inadvertently reducing it to below the minimum 

level can both be controlled (de la Mare, 1986a and 1986b). However, it 

has also been shown that the time to detect and correct errors can be 

relatively long because of the effects of variability in estimates of 

absolute or relative abundance (de la Mare, 1984, 1986a). 

The example outlined above is not intended to be definitive, but to 

illustrate how feedback regulation might work, and in particular to 

highlight three important principles. The first principle is that the 

initial rate of exploitation should be basically feasible in terms of a 

likely level of sustainable yield. This requires that an estimate of 

abundance is available for each exploited stock in advance of the 

substantial development of its fishery. This is important for two 

reasons : (1) that it helps to avoid over-capacity in the fishery; and (2) 

it helps to ensure that the reduction in the biomass of the stock occurs 

over a sufficiently long time span to allow sufficient data to accumulate 

so ~hat errors in the predicted yield can be identified and corrected, 

before the consequences become serious for the fishery. The second 

principle requires that the objectives for the regulatory system should be 

framed in terms of aspects of the status of the controlled system which can 

be robustly estimated. The third principle is that the regulatory 
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framework specifies what actions are required given the observed values of 

status of the controlled system. These principles are also an important 

factor in creating an environment in which scientific consensus is more 

readily obtained. 

The essential problem is that the Antarctic marine ecosystem is too 

complex to frame objectives to cover all species, but the intent of the 

Convention seems to require an approach which is broader than the classic 

single species approach for each possible fishery. However, it may be 

possible to regulate the real exploited system as if it were a much simpler 

system; the true level of complexity of a system of interacting species may 

be abstracted into a subset of species of interest (the single species 

model being the extreme example). The degree to which the abstracted 

system model can describe the corresponding elements of the true systems 

depends, amongst other things, upon the dynamics of the elements left out 

of the model (Schaffer, 1981; Bender, Case and Gilpin, 1984). However, 

potential lack of predictive power from the abstracted model may be 

considerably reduced in importance when it is part of an adaptive feedback 

system, it may transpire that fitting the abstracted system model to data 

from the real system can lead to estimates of the parameters of the 

abstracted system model such that appropriate control actions are taken. 

This can occur even though the abstracted model is not an accurate 

representation of the real system. Such a scheme would not necessarily 

lead to accurate control for those species left out of the model. However, 

if the species included are those of greatest concern, or are those which 

are representative of key sections of the exploited system, then it seems 

reasonable to assume that the overall objectives of the convention are 

being met as far as is possible. 

The use of feedback control could be described as an empirical or 

observational approach to the regulation of fishing activities, but there 

are many factors to be taken into consideration in designing such a 

regulatory framework which might meet the objectives of the Convention. It 

is not the intention to discuss these factors at length here, however, it 

is pertinent to indicate the nature of a few of them. 
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One such factor is the selection and calibration of variables which 

describe some aspect of the status of the system, and, as shown by the work 

of the Ecosystem Monitoring Working Group (CCAMLR, 1986), it is far from a 

trivial question. For example, data from catches or other samples may not 

be representative of a population as a whole because of tendencies for 

animals to segregate by size, age, or reproductive condition. For another 

example, catch per unit effort (CPUE) is, in general, not linearly related 

to the abundance of an exploited fish stock (Ulltang, 1977; Peterman and 

Steer, 1981; Cooke, 1985; Winters and Wheeler, 1985). Moreover, fishery 

regulation based purely on CPUE data has the weakness of not separating 

information from control; that is, the control action (catches) is also the 

source of information about the status of the exploited fish stock. 

Another factor to be considered in designing a feedback regulatory 

system is how to deal with observation uncertainty and the stochastic 

variations in the exploited system, and in particular, what level of risk 

is acceptable that exploited or dependent species may be inadvertently 

reduced to levels below those 'ensuring stable recruitment', and 

conversely, what level of risk is acceptable that fishing might be 

erroneously curtailed. 

A further factor is the cost of monitoring. Data collection from 

the fisheries themselves can be obtained more economically than those from 

specially mounted scientific surveys. However, data from fishing 

operations generally have reduced scientific utility due to 'laisser faire 

experimental design'. Naturally, fishing operations continually strive to 

improve their efficiency and so introduce technical innovations, move 

fishing grounds and seasons as more is learned about the characteristics of 

the exploited species. This has the unfortunate effect of masking changes 

in the status of the system, or precluding unambiguous interpretation of 

the fisheries data, or both. Conversely, scientific surveys are very 

expensive and so there is a tradeoff between the level of harvest, the 

risks associated with types of error discussed earlier, and the amount of 

resources committed to monitoring. A potential scheme for obtaining data 

of enhanced scientific utility from commercial operations is for a small 

proportion of the fishing effort of the commercial fleet to be channeled 

into 'survey fishing' within a proper experimental design. 
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The empirical feedback approach need not be the only candidate for 

a regulatory framework that might be considered. The problem with the 

feedback approach is that it has a considerable overhead in terms of data 

collection, supplemental surveying, and stock assessment. The Convention 

allows considerable flexibility in the kinds of conservation measures that 

could be adopted. For pe1agic fisheries such as kri11 in particular, it 

might be simpler and considerably less costly to attempt to guarantee a 

certain level of escapement by combinations of open and closed seasons and 

areas instead of trying to regulate the amount of catching or effort 

directly. For example, a management area could be divided into sub-area, 

in a (perhaps randomly selected) proportion of which fishing could be as 

intense as desired by the fishing industry; the unexp10ited proportion 

serving to maintain 'essential ecological relationships' as sought by the' 

Convention. However, such an approach gives a low priority to learning 

about the ecosystem and optimising the level of catches. On the other hand 

its simplicity may make it a suitable candidate for an interim method of 

regulation. 

CONCLUSION 

Although the outline of principles and problems given in this paper 

is relatively brief, it should serve to illustrate that the design of a 

regulatory framework for marine living resources from an ecosystem 

perspective is a complex task which may take a number of years to complete. 

Such design work can be thought of as 'systems analysis' as suggested by 

Watt (1968). Examples of this type of analysis are to be found in Hi1born 

(1979) and de la Mare (1986). A valuable tool used in both examples is 

simulation modelling. Potential management procedures can be tested and 

refined by applying them to a whole range of artificially exploited systems 

of increasing complexity and variability. Only those procedures which pass 

such tests need to be considered as candidates for adoption by the 

Commission. 
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THE EXAMPLE OF SOUTH GEORGIA 

Abstract 

Decisions on fishery management are often made with some 

degree of uncertainty in scientific advice. Such 

uncertainty is unlikely to be avoided even though 

further research should reduce its degree. It seems 

useful to consider ways in which CCAMLR can improve its 

ability to take decisions in the face of uncertainty. 

From an examination of Articles IX 2(f) and XV 2(e, d) 

of the CCAMLR Convention it follows that a comparison of 

the immediate and long-term effects of anyone proposed 

measure with those of any other measure (including the 

effects of doing nothing) could provide a procedure for 

providing advice that could cope with uncertainty. The 

question is addressed specifically in terms of the 

fishery of Notothenia rossii around South Georgia, but 

the principles examined may be relevant to other 

management matters. 

AMENAGEMENT ET INCERTITUDE: L'EXEMPLE DE LA GEORGIE DU SUD 

J.A. Gulland 
Royaume-Uni 

Les decisions relatives a l'amenagement de la peche sont 
souvent prises dans un climat d'incertitude pour ce qui 
est des avis scientifiques. 11 est difficile de parer a 
une telle incertitude meme si une recherche plus 
approfondie devrait permettre d'en limiter l'etendue. 
11 serait utile de determiner comment la CCAMLR 
pourrait ameliorer son aptitude a prendre des decisions 
dans un climat d'incertitude. D'apres les articles IX 
2(f} et XV 2(e,d} de la Convention de la CCAMLR, on 
deduit qu'une comparaison entre )es effets immediats et 
a long terme de toute mesure proposee et ceux de toute 
autre mesure (y compris les effets de l'inaction), 
devrait permettre de formuler des directives selon 
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lesquelles des avis quitiendraient compte de 
l'incertitude pourraient etre donnes. cette question a 
ete etudiee dans le cadre specifique de la peche de 
Notothenia rossii autourde la Georgie du Sud, mais les 
principes examines pourraient egalement etre appliques 
aux aut res problemes d'amenagement. 

ADMINISTRACION E INCERTIDUMBRE: EL EJEMPLO DE GEORGIA DEL SUR 

J.A. Gulland 
(Reino Unido) 

Resurnen 

Las decisiones sobre administracion de pesqueria son a 
menudo hechas con cierto grado de incertidurnbre en 
terminos de recomendaciones cientificas. Es poco 
probable que dicha incertidurnbre pueda ser evitada aun 
cuando la investigacion adicional deberia reducirla. 
Parece util considerar maneras en que CCRVMA puede 
mejorar su capacidad de tomar decisiones frente a la 
incertidumbre. A partir de un examen de los Articulos 
IX 2(f) Y XV 2(e,d) de la Convencion de CCRVMA se 
desprende que una comparacion de los efectos inrnediatos 
y a largo plazo que resultan de cualquier medida 
propuesta con aquellos de cualquier otra medida 
(incluyendo los efectos de no tomar accion alguna), 
podria proveer un procedimiento para proporcionar 
recomendaciones que podrian ajustarse con la 
incertidurnbre. La cuestion esta dirigida 
especificamente en terminos de la pesca de Notothenia 
rossii alrededor de Georgia del Sur, pero los principios 
analizados pueden ser relevantes otros temas de 
administracion. 

* * * * * * * * * * 

YDPABnEHHE H HEODPE~EnEHHOCTb - DPHMEP ro~HOH rEOprMH 

)l)K.A.raJIJIaHA 
(CoeAUHeHHoe KOpOJIeBCTBO) 

Pe3IOMe 

PeIIIeHUR B 06JIaCTU ynpaBJIeHHR npOMblCJIOM t.{aCTO 

AeJIaIOTCR npH HaJIHt.{UH HeKOTopOH 

HeonpeAeJIeHHOCTH B Hayt.{Ho 06ocHoBaHHblx 
npeAJIO:>KeHHRx. :3TOH HeonpeAeJIeHHOCTH BPRA JIU 

MO:>KHO H36e:>KaTb, HeCMOTpR Ha TO, t.{TO 
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nOCJleAYJ<XqHe HCCJleAOBaHH5I AOJlJKHbI YMeH bWHT b ee 
CTeneHh. ITpeACTaBJl5leTC5I nOJle3HbIMH paCCMOTpeTh 
nYTH YJlyqWeHH5I npo~ecca npHH5ITH5I AHTKOM'OM 
peWeHHH npH HaJlHqHH TaKOH HeOnpeAeJleHHOCTH. M3 
H 3 Y q e H H 51 eTa T e H I X 2 ( f ) H XV 2 ( e • d ) 
KOHBeH~HH AHTKOM' a CJleAyeT, qTO cpaBHeHHe 
He3aMeAJlHTeJlbHOrO H AOJlrOCpOqHOrO pe3YJlhTaTOB 
AeHcTBH5I KaKOH-JlH60 OAHOH MepbI C TaKOBbIMH 
Jlro6oH APyroH TaKoH MepbI (BKJlroqa51 pe3YJlbTaT npH 
OTCYTCTBHH KaKHX-JlH60 AeHcTBHH) MOJKeT npHBecTH 
K c03AaHHID nOp5lAKa BbIpa60TKH TaKHX 
npeAJlOJKeHHH, KOTopbIe 6YAYT yqHTbIBaTb 3TY 
HeonpeAeJleHHocTh. 3TOT Bonpoc CTaBHTC5I 
KOHKpeTHo B npHMeHeHHH K npoMbIcJlY Notothenia 
rossii B paHoHe lOJKHOH feoprHH, HO pa306paHHbIe 
npHH~HnbI MorYT OKa3aT hC5I npHMeHHMblMH H K 
APyrHM BonpocaM ynpaBJleHH5I. 
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MANAGEMENT AND UNCERTAINTY THE EXAMPLE OF SOUTH GEORGIA 

INTRODUCTION 

The stocks of fish round South Georgia have been greatly reduced by 

heavy fishing since 1969, and the stock of Notothenia rossii is at an 

extremely low level. Proposals have been made in both the Scientific 

Committee of CCAMLR and the Commission for drastic action, including the 

closure of South Georgia to all fishing for a period, but these have not 

been adopted. There are several reasons for this, but an important one is 

the degree of uncertainty in the scientific advice. If the scientists 

could say with absolute certainty that a complete closure for x years would 

rebuild the stocks to a level at which they could provide sustained yields 

of y thousand tons per year, and that any other, weaker, measure would fail 

to rebuild the stocks, then it should be much easier to agree to a closure. 

Such certainty is unlikely ever to be achieved, even though further 

research should reduce the degree of uncertainty. 

Since the difficulties of making definite assessments are likely to 

increase when questions arise that are more complex than the state of the 

Notothenia stock e.g. the impact of kri11 fishing on whales, it seems 

useful to consider ways in which the Commission can improve its ability to 

take decisions in the face of uncertainty. The question is addressed 

specifically in terms of the fishery round South Georgia, but the 

principles examined may be relevant to other management matters. 

Article IX 2 (f) states that the Commission shall "formulate, adopt 

and revise conservation measures on the basis of the best scientific 

evidence available ••• ", while Article XV requires that the Scientific 

Committee shall (paragraph 2 (e)) "transmit assessments, analyses, reports 

and recommendations ••• regarding measures ••• ". These cover the simplest 

situation in which, first, the Committee can determine that, for example, a 

mesh size of 140 mm would give a greater long-term yield than any other 
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mesh size and transmits a report to this effect in accordance with Article 

XV 2 (e), and second the Commission adopts a minimum mesh size of 140 mm in 

accordance with Article IX. This procedure is fine if the scientists can 

identify clearly a particular action (i.e. the use of 140 mm mesh) as being 

the best, but this is not the common situation. It is not however the only 

procedure that is consistent with the Convention. 

Article XV 2 (d) states that the Committee shall "assess the 

effects of proposed changes in the methods or levels of harvesting and 

proposed conservation measures." Though not very explicit on what is 

included the comparison of the immediate and long term effects of anyone 

proposed measure with those of any other measure, including the effects of 

doing nothing. If these comparisons are made not only for the "best", or 

most probable assessment of the state of the stock, but also for a range of 

other views of its state, this could provide a procedure for providing 

advice that could cope with uncertainty. The rest of this paper explores 

the use of this approach to the South Georgia Notothenia rossii fishery. 

THE STATE OF THE STOCK 

The stock of Notothenia rossii has been severely depleted. This is 

perhaps most clearly shown by the statistics. 399,704 tons were caught in 

1969/70, 101,558 in 1970/71, and only 59,032 tons in the following 14 

seasons. The more detailed analyses in the BIOMASS report (1985), and in 

the report of the fish stock assessment working group (Anon 1985) confirm 

the general picture but open some questions. From the working party report 

it appears that the current low abundance is due to a high mortality rate 

and low recruitment. From Figure 2 of the working party report it appears 

that mortality has increased from 0.11 to 0.76, i.e. at present M=O.ll, 

F=0.65. Annual recruitment, as numbers at 3 years old, has fallen from 

some 20 millions before 1965, to some 3 to 6 millions for the 1967 to 1975 

year-classes, to possibly only 40,000 in the 1980 year-class (paragraph 20 

of the report). 
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Accepting that the decline in recruitment is due directly to 

fishing, with the very low recruitment in the most recent years being due 

to the second burst of relatively high catches in 1979/80, management 

policy must be to rebuild the spawning stock (see paragraph 48). It may be 

that the form of the stock-recruitment relation is such that it is 

impossible to combine significant fishing with a spawning stock big enough 

to give the high gross recruitment of the pre-exploitation perid. A more 

reasonable expectation is that a low rate of exploitation, perhaps F=0.05, 

could be sustained with a recruitment around that of the 1970's i.e. around 

5 million fish. This would give a yield per recruit of around 350-500 gms 

(paragraph 23), or a sustainable annual yield of 1.75-2.5 thousand tons. 

Rebuilding the spawning stock from its present very low level would 

probably take two whole generations i.e. about 10 years (BIOMASS report 

Table 2). 

The more optimistic view would be to accept the general 

conclusions, but to believe that a higher rate of exploitation (e.g. F=O.l) 

coul4 be sustained, and that this could be consistent with a higher 

recruitment (e.g. 10 million) - giving a Y/R of 500 to 800 gms, and a total 

yield of 5-8 thousand tons. It might also be hoped that recovery would be 

quicker, perhaps taking only 5 years. 

The more pessimistic view would be to challenge the general 

interpretation, and look at some of the inconsistencies of detail. (There 

does not seem to be a fundamentally different interpretaion of the data 

that leads to an optimistic view i.e. one of a high sustained yield, other 

than the view that the decline of the stock is nothing to do with fishing, 

and that catches of 400,000 tons in a season will occur again whatever is 

done. There is no support for this). 

The inconsistencies chiefly concern the age data, or results 

arising from those data. The age-composition for 1970/71 (Figure 2 of the 

report) is unusual in indicating little mortality up to age 8, then a low 

rate until 12, but few fish over 12 years old. The age composition for 

1984 and 1985 are more typical of age samples from other stocks, but the 

indication of a high and apparently uniform fishing mortality (as indicated 
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by the good fit to a straight line) is not consistent with the catches 

being concentrated in a few years (1969/70, 1970/71 and 1980/81). Some of 

these features could be explained by year-to-year changes in recruitment. 

They might also be explained if catches had not in fact been so highly 

concentrated in two short periods. This might be the case if there were 

errors in the reports of catches, for example in the species 

identification, some other species being included in the peak catches of 

Notothenia, and some Notothenia in the catches of Champsocephalus in other 

years. 

The detailed pattern of recruitment shows variations that are not 

due simply to changes in spawning stock. Thus although the spawning stock 

must have been high until fishing started in 1969, recruitment declined 

from the 1966 year-class onward, and in fact those from 1970 to 1976 were 

no lower than those of 1967 to 1969. Similarly, although the spawning 

stock presumably underwent the second big drop during the second period of 

high catches in 1980/81, year-class strength dropped further from 1978 

onwards. 

Some of these inconsistencies might be reduced if there had been 

errors in the age-determinations, especially if the fish were older than 

believed. There is a common belief that Antarctic fish are relatively 

long-lived, but the Notothenia rossii data does not support this. A 

maximum age of 13 in an unexploited stock is, if anything somewhat low for 

temperate water fish of comparable sizes. Nikolsky (1965 Table 52) 

examined the life span of 104 species of fish, mostly of temperate waters. 

46% had maximum ages over 10 years and 19% over 20 years. The short lived 

fish were mostly small fish like anchovy. 

If Notothenia had in fact a long life span comparable to the 

longer-lived species of northern cold-waters, such as Sebastes, the 

unexploited stock in 1969 might well have consisted of thirty or more 

year-classes. The average contribution of each year-class would have been 

correspondingly smaller, and the small numbers from the 1966 to 1969 

year-classes observed in later years would not be inconsistent with the 

earlier year-classes. Revisions to the estimated age-compositions 
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in accordance with a. longer life .span might remove several of the 

inconsistencies remarked on previously. In particular such revisions might 

give a pattern of decreasing recruitment that matches the decrease in adult 

stock in a more satisfactory fashion than the pattern indicated in the 

working group's report, and a pattern of mortalities that are more 

consistent with apparent changes of fishing effort. 

It must be stressed, however, that this hypothesis of a long 

life-span is based almost entirely on the wish of the mathematical modeller 

to have a tidy quantitative explanation of the dynamics of the fish stocks 

since exploitation started. There are no suggestions in the literature 

(e.g. Biomass 1982) that the determination of ages for Notothenia raises 

particular problems and there is fair agreement between the results 

obtained by different people (c.f. Table 14 of the Biomass Report). At the 

same time there has, almost inevitably, been no independent check on ages, 

e.g. from long-term tag recaptures. It may also be noted that most ages 

have been determined from scales, which in some other species have given 

lower ages than otoliths. The only growth rate based on otolith readings 

in Table 15 of the Biomass report indicates a lower value of the parameter 

K, which is often inversely related to life-span. The evidence from age 

determination studies may be said not to be sufficient to completely reject 

the hypothesis. 

The long life hypothesis does not change the conclusion of a heavy 

effect of fishing, but will change the assessment of the results of 

management measures. In brief, the conclusion is that a very high 

proportion of the high 1969-70 catches came from the accumulation of many 

years' production, and that the sustainable yield is small. A long period 

of protection, perhaps 20 years, would be needed to restore the stock to 

the level giving the .greatest sustained yield. That yield might be quite 

small, perhaps a yield per recruit of 500 gms, and an average year-class 

strength of only 1 million fish, i.e. an annual yield of 500 tons. 
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COMPARISON OF POLICIES 

The preceding section gave three alternative hypotheses about the 

current state of the stocks, and three views of the measures needed to 

restore the stocks, and their results. To be complete, advice should also 

look at the effects, under each hypothesis, of different possible policies. 

The most relevant is a policy of counting the measures agreed at the 1985 

Commission meeting, i.e. a closure of directed fishing for Notothenia 

rossii, and efforts to keep the by-catch at a minimum. This is not a very 

exact measure, and there are different interpretations of its effect. On 

one view the distribution of Notothenia and other species is sufficiently 

distinct, and the efforts of fishermen likely to be so successful, that the 

by-catch will be negligible. On that view the results will be virtually 

the same as complete closure. Another view is given by the working party's 

report, which in Table 4 indicated fishing mortalities in the years 1976 to 

1983 (excluding 1980) of 0.2 to 0.6. The only year during this period in 

which there appears to have been significant directed fishing was 1980, 

when the table gives F=2.3. This suggests that even a fishery directed on 

other species can exert a very significant effect on Notothenia rossii. 

A reasonable assessment would be that the stock cannot maintain 

itself in the face of incidental catches that inflict a fishing mortality 

of the magnitude caused by recent non-targeted fishing, and that the stock 

would decline. The catches obtained under a policy that allowed fishing 

for other species would therefore decline from the recent level of a few 

hundred tons. The precise sequence of annual catches will depend on the 

strength of recent year-classes. If they are indeed as weak as the 

preliminary figures for the 1979 and 1980 year-classes given in the working 

group's report, then catches in the next few years will be very low, 

perhaps one or two hundred tons in total over the next 10 years. If recent 

year-classes are not quite so bad, say no worse than that of 1978, then 

cumulative catches will be higher, but with the stocks declining, are 

unlikely to exceed one or two thousand tons in 10 years. 
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A more optimistic assessment would be that, provided the incidental 

mortality was small and towards the bottom range in recent years, i.e. no 

more that F=O.l or 0.2, then the stock could sustain it, and recruitment 

would remain at current levels. If average recruitment is 0.5 million 

(i.e. the average of 1978 and 1979), and Y/R about 500 gms, this would give 

sustained yields of 250 tons. 

The more pessimistic view is that most of the catches have come 

from an accumulation of many years' production, and that currently 

abundance is low. Continuation of fishing for other species will not 

produce much catch, but will not allow any accumulation. Catches will be 

very small. 

In comparing the results of various policies under different 

hypotheses it must be remembered that the view taken of the long-term 

dynamics must be consistent with the view of immediate events. It is 

therefore possible to tabulate the results according to three basic 

view-points. 

VIEWPOINT 

Optimistic Realistic Pessimistic 

MANAGEMENT OPTION 

Closure 

Sustainable yield 5,000- 1,750- 500 

(tons) 8,000 2,500 

Duration of closure 5 years 10 years 20 years 

Transitional yields 

(next 10 years) 25-:40,000 Nil Nil 

(years 11-20) 50-80,000 17,500-25,000 Nil 

Non-targeted fishing 

Sustained yield 250 tons Nil Nil 

Transitional yields 

(next 10 years) 2,500 1,000-2,000 100-200 

(years 11-20) 2,500 Nil Nil 
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COMPARISON OF POLICIES 

This tabulation shows that there are considerable doubts over the 

effects of alternative measures. It may be, on the pessimistic view, that 

the economic benefits of severe measures are small, and will not occur for 

a long time. It is also possible, on the optimistic view, that a complete 

closure would involve foregoing the catches of a few thousand tons over the 

next few years. However the doubts over the relative advantages of 

alternative policies are small, the chief uncertainty being the length of 

time before the long-term advantages of complete closure become apparent. 

On the central view, it would take only a year after a 10-year closure for 

total catches from the more conservative policy to exceed those from a 

policy of allowing non-directed fishing. Optimistically it might take 6-7 

years, but pessimistically it might take more than 20 years. 

Put another way, the tabulation shows that a complete closure could 

result in a significant sustainable fishery within less than ten years. It 

is possible that, if the stock is slow growing and unproductive that the 

long-term benefits will be small, but in that case the immediate sacrifices 

in applying a closure will be small. Also in that case, although the 

economic benefits are small (but positive), the obligations under Article 2 

point clearly to a closure. 

DISCUSSION 

The results presented here suggest that an exploration of the 

consequences of alternative management policies, under different hypotheses 

concerning the state of the stocks, can point clearly to the best policy 

even when there is considerable uncertainty over the state of the stocks. 

Before treating the method as a general solution to all problems of 

uncertainty, or the results as specific for the management of Notothenia, 

some comments are called for. 
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First, further consideration should be given to the possible range 

of hypotheses about the Notothenia stock. The central view has been taken 

largely from the working group's report, together with an analysis of the 

stock-recruitment relation. The optimistic and pessimistic alternatives 

are somewhat subjective, and might be considered too extreme or not extreme 

enough. The point so far as advice from the Scientific Committee to the 

Commission is concerned is that the extent of the range does not have to be 

precisely determined, and the choice of 'range is unlikely to affect the 

advice much. In practice it may be convenient to consider five hypotheses 

- three defining the centre and bounds of the range of probable values, 

within which one hypothesis cannot be distinguished as being significantly 

more probable than another, and two extreme values, which though unlikely, 

cannot be rejected entirely. 

A second important point is that the present note does not examine 

the impact on other stocks. The practical objection to a complete closure 

is the loss of potential catch from other species. The working group's 

report indicates that these stocks too have been heavily fished, and 

therefore would be expected to benefit in some way from a period of 

protection. As in the case of Notothenia the effects will depend on the 

intensity of exploitation and the life-span. At one extreme, if the stocks 

are heavily fished and long-lived, a closure for a few years will increase 

the long-term yield from these species. At the other, a closure for more 

than a year or two will reduce the total yield from lightly fished or short 

lived stocks. 

Given sufficient information on the other stocks these alternatives 

can be expressed in the same sort of tabulation as given for Notothenia. 

These tabulations can be combined to consider the desirable policy, in 

terms of the fishery as a whole. In doing so it should be remembered that 

the views of the different stocks are more independent than the short and 

long-term views of Notothenia. However, if Notothenia is long lived or 

heavily fished, it would seem more 1ik1ey than not that the other species 

are also long lived or heavily fished. 
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While the information is not sufficient to make a detailed 

tabulation, it is enough to make a qualitative evaluation of alternative 

policies under different conditions. On the optimistic view of the 

Notothenia stock, it is likely that a complete closure would rebuild that 

stock, and allow fishing to be re-opened before there would be any loss of 

long-term catch of other species, and indeed possibly with some benefit. 

If the pessimistic view is correct, however, the economic benefits to the 

Notothenia fishery will be so small and take so long to arrive that they 

would almost certainly be exceeded by the losses to the catches of other 

species, whatever the state of those stocks. 

Finally, it must be noted that the tabulation gives the comparison 

between policies on the presumption that one or other policy is maintained 

indefinitely. This is highly unrealistic. In practice the results of any 

policy should be carefully monitored, and adjusted as soon as events do not 

follow the expected path. CCAMLR may not go as far as has been suggested 

by e.g. WaIters (1984) in setting policies that, while not necessarily 

giving the highest yield, would generate information from which improved 

policies could be determined. It must, however, be recognized that all 

policies are subject to review. Good management plans will include 

monitoring and other activities required to make the necessary reviews. 
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WG-CEMP-86/7 

SOVIET PROPOSALS FOR A PROGRAM OF ECOSYSTEM MONITORING IN THE COMMONWEALTH 
SEA AND PRYDZ BAY 

U.S.S.R. 

Abstract 

A general framework for a joint international CCAMLR 
Ecosystem Monitoring Program in the Prydz Bay area is 
proposed. Major components of the program are 
observations of prey and predator species including 
agreed indicator species and parameters, as well as 
environmental conditions. Background studies include 
hydrological and hydrochemical surveys as well as 
observations on phytoplankton. It is recommended that 
all surveys and sampling techniques should be 
standardized and that all research activities be 
co-ordinated by participating CCAMLR Members. The 
overall program should be co-ordinated and supervised by 
the CCAMLR Scientific Committee. 

PROPOSITIONS SOVIETIQUES POUR UN PROGRAMME DE CONTROLE DE 
L' ECOSYSTEME DANS LA MER DU COMMONWEALTH ET LA BAlE DE PRYDZ 

U.R.S.S. 

Les grandes lignes d'un programme international en 
cooperation au sein de la CCAMLR et port ant sur le 
controle de l' ecosysteme dans la baie de Prydz ont ete 
proposees. Les elements principaux du programme 
consistent en des observations d'especes proies et 
predatrices, y compris les especes indicatrices et 
parametres convenus ainsi que les conditions du milieu. 
Les etudes generales comprennent des examens 
hydrologiques et hydrochimiques ainsi que des 
observations sur le phytoplancton. 11 est recommande de 
normaliser toutes les etudes et techniques 
d' echant1110nnage et que toutes les activites relatives 
a la recherche soient coordonnees par les membres de la 
CCAMLR y participant. L' ensemble du programme devrait 
etre coordonne et supervise par le comite Scientifique 
de la CCAMLR. 
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PROPOSICIONES SOVIETICAS PARA UN PROGRAMA DE CONTROL DEL ECOSISTEMA 
EN EL MAR DEL COMMONWEALTH Y EN LA BAHIA PRYDZ 

U.R.S.S. 

Resumen 

Se propone un marco general para un Programa 
internacional conjunto de control del Ecosistema CCRVMA 
en el area de la Bahia Prydz. Componentes principales 
del programa son las observaciones de especies-presa y 
de depredadores incluyendo especies indicadoras y 
parametros, asi como tambien condiciones ambientales. 
Los estudios de base incluyen prospecciones hidrologicas 
e hidroquimicas, asi como tambien observaciones del 
fitoplancton. Se recomienda que todas las prospecciones 
y tecnicas de muestreo deberian ser estahdardizadas y 
que todas las actividades de investigacion deberian ser 
coordinadas por Miembros participantes de CCRVMA. El 
programa total deberia ser coordinado y supervisado p~r' 
el Comite Cientifico de CCRVMA. 

ITPE~O~EHM~ COBETCKOfO CO~3A ITO ITPOfPAMME MOHMTOPMHfA 3KOCMCTEMhl 
B MOPE CO~P~ECTBA M 3AnMBE ITPID~C 

CCCP 

Pe3roMe 

ITpe,lVlaraeTCR 06maR HaMeTKa COBMeCTHOH 
'Me}K,ll;YHapO,ll;HOH ITporpaMMhI AHTKOM' a no 
MOHHTopHHry 3KOCHCTeMhI B paHoHe 3aJIHBa ITpIO,ll;C. 
OCHOBHbIMH COCTaBJIR~HMH 3TOH npOI'paMMbI 
RBJIRIOTCR Ha6JIIO,ll;eHHe Ha,ll; BH,ll;aMH-}KepTBaMH H 
BH,ll;aMH-XHmHHKaMH, BKJIIOt{aR BbI,ll;eJIeHHble BH,ll;bI-
HH,ll;HKa TOPhI H napaMeTpbI, a TaIOKe Ha6JIIO,ll;eHHe 3a 
COCTORHHeM OKPYJKa~eH cpe,ll;hI. B nporpaMMY 
npe,ll;BapHTeJIbHhIX HCCJIe,ll;OBaHHH BXO,ll;RT 
rH,ll;pOJIOrHt{eCKHe H rH,ll;pOXHMHt{eCKHe CoeMKH, a 
TaK}Ke Ha6JIIO,ll;eHHR Ha,ll; ~HTOnJIaHKToHOM. 
PeKOMeH,ll;yeTcR, t{To6hI Bce CoeMKH H TeXHHKa 
B3RTHR npo6 6bIJIH CTaH,ll;apTH30BaHhI H t{To6bI BCR 
HCCJIe,ll;OBa TeJI bCKaR ,ll;eRTeJI bHOC T h 6bIJIa 
CKOOP,ll;HHHpOBaHa yt{aCTB~HMH t{JIeHaMH AHTKOM'a. 
BCR nporpaMMa B ~eJIOM ,ll;0JI}KHa KOOP,ll;HHHpOBaT hCR 
H npOB0,ll;HTbCR no,ll; Ha6JIIO,ll;eHHeM Hayt{Horo 
KOMHTeTa AHTKOM'a. 

* * * * * * * * * * 
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SOVIET PROPOSALS FOR A PROGRAM OF ECOSYSTEM MONITORING 

IN THE COMMONWEALTH SEA AND PRYDZ BAY 

One of the key requirements for the successful organization and 

implementation of a monitoring program for a particular region concerns 

development of a detailed research program co-ordinating the activities of 

participating CCAMLR members. Given that such a program is developed on 

the basis of knowledge available on the area, the program should reflect 

top priority objectives and areas of research which need to be addressed, 

at both the preliminary and subsequent stages, and should also serve as a 

guideline for integrating members' efforts. It therefore seems expedient 

to propose that each member should submit to the Working Group, during the 

inter-sessional period of 1986/87, preliminary reviews of all available 

data. 

1. GENERAL OBJECTIVES 

1. The organization of regular detailed observations of the Prydz 

Bay ecosystem and that of the Commonwealth Sea as a whole, 

since this area has been identified as one of the priority 

areas for ecological monitoring, and E. superbaproduction is 

the basis for the functioning of the ecosystem. 

2. Establishment of structural (qualitative and quantitative) 

characteristics of the ecosystem components, as well as of 

functional interactions between them; investigation of the 

effects of environmental and anthropogenous factors on the 

functioning of communities (pelagic and bottom-dwelling 

biocenoses). 

3. Establishment of the nature, and assessment of the impact of 

each particular factor or group of factors on individual 

components and on the ecosystem as a whole. 
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2. MAJOR ITEMS OF RESEARCH 

The monitoring system is expected to provide adequate assessment of 

all ecosystem parameters and characteristics. It covers at least three 

major research directions, the findings of which might then be seen in 

inter-relation with the application of any particular model. These are: 

1~ Characteristics of the environment, including both 

non-biological factors and biological indices (which will 

provide the basis for relating environmental variables with 

biological patterns and distributions of species) ; 

2. Life-cycle strategies and the production of prey species which 

determine food availability and accessibility for consumer 

species (to be determined initially for those species selected 

as indicators for ecosystem monitoring) 

3. Life-cycle strategies, spatial and quantitative distribution 

patterns of predators (i.e. indicator species) related to 

biological and environmental conditions. 

2.1 Background Observations 

Detailed oceanographic surveys and standard transects, including 

those listed in the Soviet proposals (SC-CAMLR-IIIjINF.11), are envisaged 

to be regularly conducted with data on physical and chemical parameters of 

the environment, as well as on phyto- and zooplankton being collected. 

Hydrological data should include horizontal and vertical 

distributions of water temperature and salinity at standard depths. The 

position of T layer, E , the surface system of geostrophic currents 
max max 

and the position of two or three representative strata, and indices of 

water mass structure and modifications need to be recorded. It is also 

necessary to collect data on ice conditions (dynamics of ice distribution, 

records of pack ice drift, etc). Furthermore, additional oceanographic 

data useful for monitoring objectives may be collected, if required. 
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Hydrochemical data should mainly include horizontal and vertical 

distributions of silicon, phosphorus, nitrites, nitrates, and oxygen at 

standard depths. Special attention should be given to determination of the 

Si/P ratio and ammonia-nitrogen (NH4) concentration as indices of high 

water bioproductivity. 

Plankton data should include spatial and quantitative phyto- and 

zooplankton distributions. 

The total biomass of phytoplankton or the percentage of chlorophyll 

or C14 should be determined, and dominant forms of algae identified. 

Zooplankton data should primarily concern dominant copepod forms, 

as well as those of Coelenterata, Salpae, and Chaetognatha. Records should 

also be kept of pelagic Polychaeta, Hyperiidae and fish larvae. 

On the whole, hydrobiological samples should be used to assess the 

composition of species and regional distribution differences on the basis 

of plankton abundance level. Special attention should be given to the 

differences in the species composition and phenological structure of the 

community which relate to the different water masses and their 

modifications. 

2.2 Observations on Prey Species 

E. superba, E. crystallorophias and Pleuragramma antarcticum were 

selected as prey species to be monitored in the Commonwealth Sea ecosystem. 

It should, however, be borne in mind, that P. antarcticum is not only a 

prey species, but also feeds on fish larvae. Data on prey species should 

be collected by a standard type of fishing gear. Size composition, 

physiological status (feeding, reproduction) should be analyzed, and 

general trends of spatial and quantitative distribution differences 

identified. Inventory trawls and hydroacoustic surveys for E. Superba 

should be conducted regularly and the findings presented as recommended by 

CCAMLR (SC-CAMLR-IV paragraph 5.9). 
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2.3 Observations on Predator Species, 

Including those Selected as Indicators 

In addition to the above observations, data on higher trophic level 

organisms in the ecosystem need to be collected.' Particular attention 

should be given to the following selected indicator species : crabeater 

seal, minke whale and Adelie penguin. Special observations on the 

distribution and abundance of animals in the open sea and on ice should be 

conducted, and data on age composition, feeding habits and sex condition 

should be collected. Regional differences between parameters should be 

identified. 

Observations on other predator species, particularly of avifauna 

and ice-dwelling seals in the coastal part of the area, should be made in 

conjunction with the above studies. During investigations on 

P. antarcticum, information on other Nototheniidae fishes taken in the 

samples should be collected. 

2.4 Preliminary Data Correlation 

Data collected during the above observations should be analysed and 

correlated immediately on board ship, since such operational assessment and 

progress reporting of the results are useful in identifying further data 

requirements for more detailed analyses. This is especially true for data 

on the spatial distribution of physico-chemical characteristics, on phyto

and zooplankton, and on prey and indicator species. The analyses of data 

is very dependent on the use of standardised fishing gears and 

methodologies which need to be specifically agreed upon. A list of data 

collected and, if necessary, the general results of laboratory analyses 

should be submitted to CCAMLR. 
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3. AREAS AND TIMING OF RESEARCH ACTIVITIES 

The monitoring program of the Commonwealth Sea and Prydz Bay 

ecosystem has to operate for a long time, since its major objective is to 

investigate and assess variability in the ecosystem. In so doing, it will 

be important to present the results of the research findings not only in 

terms of methodology or activities, but also from the spatial and temporal 

aspect (by individual sites of the area studied and by seasons). 

If the longitudinal boundaries of the region studied are between 

550 8soE, the latitudinal boundaries in the south will be determined by 

the coast line, or ice-edge, while in the north, by the winter maximum 

extent of the drifting ice-edge. During detailed surveys, the northern 

boundary of the station grid should be north of 60
0 s. 

A standard grid of transects should be set up around the area to be 

studied in order to collect data according to the three research directions 

referred to above. The distance between survey transects should not exceed 

10
, while that between stations should not exceed 0.50

• To the south of 

the of influence of the high-latitude modifications of the Commonwealth Sea 

and Antarctic circumpolar current, there may be cases when the spacing 

between stations should be less than 0.50
• 

Since this region selected for ecosystem monitoring is situated in 

the Antarctic high-latitude zone, it will be difficult to conduct 

all-year-round investigations. Even so, it is necessary to have data 

collected every year for the spring, summer, and autumn seasons and, in 

particular years, the winter season as well. The total time dedicated to 

an observation series will depend on the scientific findings obtained each 

year. 
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4. PARTICIPANTS OF THE MONITORING PROGRAM OF 

THE COMMONWEALTH SEA AND PRYDZ BAY REGION 

The investigations which have been conducted by Australia, USSR, 

France and South Africa are worth continuing, with their principles and 

objectives being aligned to the monitoring aims specified in documents 

SC-CAMLR-IV/7 and SC-CAMLR-IV/13. It is also expedient to attract more 
-

participating countries, especially for the initial stage of the monitoring 

program. The sharing of effort between participating countries will be 

valuable in conducting integrated marine oceanographic, hydrobiological and 

ichthyological investigations, as well as coastal observations (around 

continental ice-edges) on predator species (indicators) and certain prey 

species with respect to ice distribution and drift of pack ice. 

All research activities, and the collection and storage of data are 

to be performed under the supervision and control of the CCAMLR Scientific 

Committee. 
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WG-CEMP-86/13 

DIRECTED RESEARCH. ANTARCTIC MARINE LIVING RESOURCES (AMLR). A PROGRAM 
DEVELOPMENT PLAN 

Office of Science and Technology, 
NMFS, NOAA, U.S. Department of Commerce 
(U.S.A.) 

Abstract 

The U.S. Antarctic Marine Living Resources (AMLR) 
Program is a national program providing information 
needed for U.S. policy regarding the conservation and 
management of the marine living resources in the ocean 
areas surrounding Antarctica. The program is in support 
of U.S. participation in the Commission and Scientific 
Committee of the Convention for the Conservation of 
Antarctic Marine Living Resources (CCAMLR), which 
established the system for managing the living resources 
of the Antarctic ecosystem through international 
cooperation. U.S. participation is aimed at realization 
of the Convention's objective relating to the 
conservation of Antarctic marine living resources. 

The Antarctic Marine Living Resources Convention Act of 
1984, P.L. 98-623, was signed into law by President 
Reagan on November 8, 1984, implementing the CCAMLR for 
the United States. Congress found that directed and 
basic research programs concerning the marine living 
resources of Antarctica are essential to achieving the 
U.S. goal of effective implementation of the objectives 
under the CCAMLR. 

Section 312 of the Act directs, among other things, 
that 

"(A) The Director of the National Science 
Foundation, in consultation with the Secretary 
of State and the heads of other appropriate 
departments and agencies of the United States, 
shall continue to support basic research 
investigations of the Antarctic marine 
ecosystem as part of the United States 
Antarctic Program; 
(B) The Secretary of Commerce, in consultation 
with the Director of the National Science 
Foundation, the Secretary of State and the 
heads of other appropriate Federal agencies, 
shall design and conduct a program of directed 
scientific research coordinated with the 
United States Antarctic Program." 

The U.S. Program of directed research is defined by this 
Program Development Plan. 
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The presence of large fishing fleets has already 
contributed to the overexploitation of Antarctic fish 
stocks. In the 50 years between 1930 and 1980 the 
populations of blue, fin, sei, and humpback whales are 
estimated to have been reduced to 10% of their former 
abundance levels. The recovery of depleted whale stocks 
is dependent in part on the continued availability of 
krill in the rich Southern Ocean feeding grounds. 

In cooperation with other government agencies and the 
private sector, the National Marine Fisheries Service 
(NMFS) of the National Oceanic and Atmospheric 
Administration (NOAA) will develop and implement the 
AMLR Program, which emphasizes directed research 
undertaken for the express purpose of providing for the 
effective conservation of the marine living resources of 
the Antarctic ecosystem, the primary goal of the CCAMLR. 
The AMLR Program is intended as a U.S. contribution to 
joint international research efforts which are being 
planned and undertaken by the member countries of the 
CCAMLR, in support of the objectives of the Convention. 

The U.S. AMLR Program is designed to complement the U.S. 
Antarctic Research Program (USARP) of basic research 
managed by the National Science Foundation (NSF), with 
the goal of maximizing the productivity of the overall 
U.S. science effort in Antarctica through close 
coordination in planning ~nd cooperative work between 
the two programs, where appropriate. 

The principal objective of the United States directed 
research program is to provide the information needed to 
detect, monitor and predict the effects of fishing and 
associated activities on target, dependent, and related 
species and populations of the Antarctic marine living 
resources and the ecosystem(s) of which they are a part. 
Studies in support of AMLR objectives include: (1) 
assessments of catch, effort, and related biological 
data to determine and monitor the effects of fishing on 
both target species and species taken as by-catch during 
commercial fishing operations; (2) biological surveys to 
validate the reliability of catch, effort, and related 
biological data provided by countries engaged in 
commercial operations in the Convention Area and to 
assess the effectiveness of conservation measures 
enacted or contemplated by the Commission on the 
Conservation of Antarctic Marine Living Resources; (3) 
baseline surveys and periodic sampling to detect and 
monitor natural variation and possible harvest-caused 
changes in key components of the Antarctic marine 
ecosystem, including plankton, krill, fish, seals, 
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whales, squid, and seabirds; and (4) planning and 
implementation of coordinated multinational research 
programs and experiments to test and develop standard 
survey techniques, improve knowledge of the structure 
and dynamics of the Antarctic marine ecosystem, and test 
hypotheses concerning the direct and indirect effects of 
different harvest levels and strategies. 

The AMLR Program outline in this report projects the 
charter of a dedicated research vessel capable of 
operating in Antarctic waters for a period of 180 days 
each year. 

Note The full text of this paper was published under the above title by 
the V.S. Department of Commerce in January, 1986. 

Original report in English. 

* * * * * * * * * * 
RECHERCHE DIRIGEE. FAUNE ET FLORE MARINES DE L'ANTARCTIQUE (AMLR). 
PLAN DE DEVELOPPEMENT DU PROGRAMME 

Bureau de la Science et de la Technologie 
NMFS, NOAA, Ministere americain du Commerce 
(ETATS-UNIS) 

Le Programme Americain de la Faune et la Flore 
Marines de l'Antarctique (AMLR) est un programme 
national destine it fournir les informations 
necessaires it la ligne de conduite americaine 
concernant la conservation et l'amenagement des 
res sources marines vivantes dans les zones oceaniques 
entourant l'Antarctique. Le programme soutient la 
participation americaine aux travaux de la Commission 
et du comite Scientifique de la Convention sur la 
Conservation de la Faune et la Flore Marines de 
l'Antarctique (CCAMLR), responsable de 
l' etablissement du systeme d' amenagement des 
ressources vivantes de l' ecosysteme antarctique par 
le biais de la cooperation internationale. La 
participation americaine a pour but de realiser 
1 'objectif de la Convention en ce qui concerne la 
conservation des ressources marines vivantes de 
l'Antarctique. 

La loi de 1984 traitant de la Convention sur la 
Conservation de la Faune et la Flore Marines de 
l'Antarctique (P.L. 98-623) a ete signee par le 
President Reagan le 8 novembre 1984 faisant entrer en 
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vigueur les articles de la CCAMLR pour les 
Etats-Unis. Le Congres a estime que des programmes 
de recherche fondamentale et dirigee concernant les 
ressources marines vivantes de 1 'Antarctique etaient 
essentiels a la realisation du but des Etats-Unis qui 
est la mise en oeuvre efficace des objectifs de la 
CCAMLR. 

La Section 312 de la loi stipule, entre autres, que: 

"(A) Le Directeur de la Fondation Nationale de la 
Science, en consultation avec le Secreta ire d'Etat et 
les responsables des autres minis teres et 
organisations appropries des Etats-Unis, continuera a 
offrir son soutien aux etudes de recherche 
fondamentale sur 1 'ecosysteme marin de 1 'Antarctique 
dans le cadre du Programme Antarctique des Etats-Unis; 
(B) Le Ministre charge du Commerce, en consultation 
avec le Directeur de la Fondation Nationale de la 
Science, le Secreta ire d'Etat et les responsables 
d'autres organisations federales appropriees, 
concevront et dirigeront un programme de recherche 
scientifique dirigee en coordination avec le 
Programme Antarctique des Etats-Unis". 

Le programme americain de recherche dirigee est defini par 
ce plan de developpement du programme. 

La presence de grandes flottes de peche a deja contribue a 
la surexploitation des stocks de poissons en Antarctique. 
On estime que de 1930 a 1980, les populations de baleines 
bleues, a bosses, et de rorquals communs et de Rudolph ont 
ete reduits a 10% de leurs leurs niveaux originaux. Le 
repeuplement des stocks de baleines decimes est en partie 
fonction de la presence continue de krill sur les lieux 
riches en nourriture de l'ocean Austral. 

En collaboration avec les agences gouvernementales et le 
secteur pr~ve, le Service National de Peche Maritime 
(NMFS) de 1 'Administration Nationale Oceanique et 
Atmospherique (NOM) developpera et mettra en vigueur. le 
Programme AMLR qui met l' accent sur la recherche dirigee 
entreprise dans le but precis de permettre la conservation 
des ressources marines vivantes de l' ecosysteme 
antarctique, objectif principal de la CCAMLR. Le 
Programme AMLR represente une contribution amer~caine aux 
efforts internationaux de recherche en commun prevus et 
entrepris par les pays membres de la CCAMLR en soutien aux 
objectifs de la Convention. 

Le Programme AMLR americain est con~u de maniere a 
apporter un complement au Programme amer~cain de la 
Recherche en Antarctique (USARP) .de recherche fondamentale 
gere par la Fondation Nationale de la Science (NSF), et a 
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pour but d'assurer la productivite optimale de la totalite 
des efforts scientifiques americains en Antarctique par la 
collaboration etroite entre les deux programmes sur le 
plan des projets de travaux et des travaux en commun, le 
cas echeant. 

L'objectif principal du programme de recherche dirigee des 
Etats-Unis est de fournir les informations necessaires a 
la detection, au controle et a la prediction des effets de 
lapeche et des activites aSSOClees sur les especes 
cibles, dependantes et voisines et sur les populations des 
ressources marines vivantes de l'Antarctique ainsi que sur 
1 'ecosystemel les ecosystemes dont ils font partie. Les 
etudes menees en soutien aux objectifs du programme AMLR 
comprennent: (1) des evaluations des donnees de prise et 
d' effort et des donnees biologiques s 'y rapport ant pour 
determiner et controler les effets de la peche a la fois 
sur les especes cibles et sur les especes consti tuant la 
prise secondaire lors des operations commerciales de 
peche; (2) des etudes biologiques pour confirmer 'la 
fiabilite des donnees biologiques et de prise et d'effort 
fournies par les pays engages dans des activites 
commerciales de pEkhe dans la zone de la Convention et 
pour evaluer l'efficacite des mesures de conservation 
mises en oeuvre ou prevues par la Commission pour la 
Conservation de la Faune et la Flore Marines de 
l'Antarctique; (3) des etudes de base et des 
echantillonnages periodiques pour detecter et controler la 
variation naturelle et les changements eventuels causes 
par la peche dans les elements cles de l'ecosysteme marin 
de l' Antarctique, y compris le plancton, le krill, les 
poissons, les phoques, les baleines, les calmars et les 
oiseaux de mer; et (4) la preparation et la mise en oeuvre 
de programmes multinationaux coordonnes de recherche et 
d' experiences destines a tester et developper des 
techniques d'etude standard, approfondir les connaissances 
sur la structure et la dynamique de l'ecosysteme marin de 
1 'Antarctique, et verifier les hypotheses concernant les 
effets directs et indirects des differents niveaux et 
strategies de peche. 

11 est question, dans le cadre du Programme AMLR, 
d'affreter un navire de recherche capable de d'operer dans 
les eaux de l'Antarctique pendant une periode de 180 jours 
chaque annee. 

Le texte integral de ce document a ete publie sous le titre 
ci-dessus par le Ministere americain du Commerce en janvier 
1986. 

Rapport original en anglais. 

* * * * * * * * * * 
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INVESTIGACION DIRIGIDA. RECURSOS VIVOS MARINOS ANTARTICOS (AMLR). 
UN PLAN DE DESARROLLO DEL PROGRAMA. 

Oficina de Ciencia y Tecnologia, 
NMFS, NOAA, Departamento de comercio de los EE.UU. 
(E.U.A. ) 

Resumen 

El Programa de los Recursos Vivos Marinos Antarticos 
de los Estados Unidos (AMLR) es un programa nacional 
que proporciona informacion para la politica de los 
Estados Unidos con respecto a la conservacion y 
administracion de los recursos vivos marinos 
antarticos en las areas oceanlcas que rodean la 
Antartida. Este programa respalda la participacion 
de los Estados Unidos en la Comision y e 1 comi te 
Cientifico de la Convencion para la Conservacion de 
los Recursos Vivos Marinos Antarticos (CCRVMA), que 
estableciera el sistema para la administracion de los 
recurS05 vivos del ecosistema antartico por medic de 
la cooperaClon internacional. La participacion de 
los Estados Unid05 tiene por objeto la realizacion de 
los objetivos de la Convencion con re5pecto a la 
conservacion de 105 recur50S vivos marinos Antarticos. 

El Acta de 1984; P.L. 98-623, de la Convencion de 105 
RecurS05 Vivos Marinos Antarticos, fue decretada ley 
por el Presidente Reagan el 8 de noviembre de 1984, 
implementando la CCRVMA para 105 Estad05 Unid05. El 
congreso considero que los programas de investigacion 
dirigida y basica, pertinentes a los recursos vivos 
marinos de la Antartida son esenciales para el logro 
de la meta de los Estados Unidos que consiste en la 
implementacion efectiva de los objetivos de CCRVMA. 

La Seccion 312 del Acta indica, entre otras cosas, 
que: 

"(A) El Director de la Fundacion Nacional de 
Ciencias (National Science Foundation), en 
consulta con el Secretario de Estado y los 
directivos de otros departamentos y agencias 
competentes de los Estados Unidos, continuaran 
respaldando las operaciones de investigacion 
basica del ecosistema marine de la Antartida 
como parte del Programa Antartico de 105 Estados 
Unid05; 

(B) El Secretario de Comercio, en consulta con 
el Director de la Fundacion Nacional de Ciencia, 
el Secretario de Estado y los directivos de 
otras agencias Federales competentes, dlsenaran 
y conduciran un programa de investigaclon 
cientifica dirigida, en coordinaclon con e1 
Programa Antartico de los Estados Unidos." 
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El Programa de investigacion dirigida de los Estados 
Unidos se define por este Plan de Desarrollo del 
Programa. 

La presencia de grandes flotas pesqueras ya ha 
contribuido a un exceso de explotacion de las 
reservas de peces ant~rticos. Durante los cincuenta 
anos de 1930 a 1980, se calcula que las poblaciones 
de las ballenas azules, rorcuales comunes, rorcuales 
negros, y ballenas jorobadas se habian reducido a un 
10% de sus niveles de abundancia originales. La 
mejora de las reservas de ballenas agotadas depende 
en parte de la continua disponibilidad de krill en 
las zonas ricas en alimentacion del Oceano Austral. 

El Servicio Nacional de Pesca Marina (NMFS) de la 
Administracion Nacional Oceanico-Atmosferica (NOM), 
en cooperacion con otras agencias gubernamentales y 
el sector privado, desarrollar~ e implementar~ el 
Programa AMLR, que resal ta la investigacion dirigida 
emprendida con el proposito especifico de proveer 
para la conservacion de los recursos vivos marinos 
del Ecosistema Ant~rtico, la meta primordial de 
CCRVMA. El Programa AMLR viene a ser la contribucion 
de los Estados Unidos en los esfuerzos 
internacionales conjuntos de investigacion que se 
estan planeando y llevando a cabo por los paises 
miembros de la CCRVMA, respaldando a los objetivos de 
la Convencion. 

El Programa AMLR de los Estados Unidos est~ disenado 
para complementar el Programa de Investigacion 
Ant~rtica de los Estados Unidos (USARP) de 
investigacion b~sica, administrado por la Fundacion 
Nacional de Ciencias· (NSAF), con el objetivo de 
elevar al m~ximo la productividad del esfuerzo 
cientifico total de los Estados Unidos en la 
Ant~rtida, por medic de una estrecha coordinacion en 
el planeamiento y del trabajo cooperativo entre los 
dos programas. 

El objetivo principal del programa de investigacion 
dirigida de los Estados Unidos es proporcionar la 
informacion necesaria para detectar, controlar y 
pronosticar los efectos de la pesca y actividades 
relacionadas, en las especies objetivo, dependientes 
y afines y en las reservas de los recursos vivos 
marinos Ant~rticos, asi como tambien en el(los) 
ecosistema(s) del(de los) cual(es) forman parte. Los 
estudios que respaldan los objetivos de AMLR 
incluyen: (1) evaluaciones de la captura, esfuerzo, y 
datos biologicos relacionados para determinar y 
controlar los efectos de la pesca en tanto las 
especies objetivo como alas especies que son 
capturadas por accidente durante las operaciones de 
pesca comercial; (2) las prospecciones biologicas 
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para confirmar la fiabilidad de la captura, esfuerzo 
y datos biologicos afines proporcionados por 105 

paises que se dedican alas operaciones comerciales 
en el Area de la Convencion y para evaluar la 
efectividad de las medidas de conservacion aprobadas 
o consideradas por la Comision para la conservacion 
de 105 Recursos vivos Marinos Antarticos; (3) 
prospecciones de base y muestreos periOdicos para 
detectar y controlar la variacion natural y 105 

posibles cambios causados por la recoleccion en 105 

componentes claves del ecosistema marina Antartico, 
incluidos el plancton, krill, peces, focas, ballenas, 
calamar, y aves marinas; y (4) el planeamiento e 
implementacion de 105 programas y experimentos 
multinacionales coordinados de investigacion para 
examinar y desarrollar tecnicas de prospecclon 
normales, mejorar el conocimiento de la estructura y 
dinamica del ecosistema marina antartico, y para 
examinar la hipotesis con relacion a los efectos 
directos e indirectos de los distintos niveles y 
estrategias de recoleccion. 

La resena del Programa AMLR en este informe planea la 
contratacion de una embarcacion dedicada a la 
investigacion con la capacidad de operar en las aguas 
antarticas por un periodo de 180 dias cada ano. 

El texto completo de este documento fue publicado bajo el 
titulo susodicho por el Departamento de Comercio de los 
EE.UU. en eneco de 1986. 

Informe original en ingles. 

* * * * * * * * * * 
UEJIEHAnp ABJIEHHbIE I1 C CJIE,QO BAHY1.H • MO P C KI1E }f{I1BbIE P ECYP CbI 

AHTAPKTI1KI1 (AMLR). nJIAH PA3PAEOTKl1 npO[PAMMbI. 

YnpaBneHHe no BonpocaM HaYKH H TeXHonorHH, 
NMFS. NOAA. MHHHcTepcTBo ToproBnH CiliA 
(ClIIA) , 

Pe3JOMe 

nporpaMMa CiliA no Bonpocy MOPCKHX ~HBbIX 

pecypcoB AHTapKTHKH (AMLR) Hal(HOHan bHaR 
nporpaMMa, npegocTaBnR~aR Heo6xogHMYro 
HHcpopMal(HIO ,l{nR pa3pa6oTKH nOm.fTHKH CiliA B 
o6naCTH coxpaHeHHR H ynpaBneHHR MOPCKHMH 
~HBblMH pecypcaMH B conpegen bHblX c AHTapKTH,l{oi:f 
aKBaTopHRX. 3Ta nporpaMMa TaK~e HanpaBneHa Ha 
o6eCneQeHHe YQaCTHR CIlIA B pa60Te KOMHCCHH H 
HaYQHOrO KOMHTeTa opraHoB KOHBeHl(HH 0 
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coxpaHeHHH MOPCKHX ~HBhlX peCypCOB AHTapKTHKH 

C CCAMLR), C03,l(aBlUeH rrYTeM Me~,l(YHapO,l(HOrO 
COTPY,l(HHtJeCTBa CHCTeMY yrrpaBJIeHHJI ~HBbIMH 

pecypcaMH 3KOCHCTeMhl AHTapKTHKH. Yt{acTHe CIlIA 

HarrpaBJIeHO Ha rrpOBe,l(eHHe B ~H3Hh' ~eJIH 

KOHBeH~HH, HMe~eH OTHOlUeHHe K coxpaHeHHID 

MOPCKHX ~HBhlX pecypCOB AHTapKTHKH. 

3aKOH 1984 r. 0 KOHBeH~HH rro MOPCKHM ~HBbIM 
pecypcaM AHTapKTHKH, P.L. 98-623, 6bIJI 
rrO,l(rrHcaH rrpe3H,l(eHTOM PeHraHoM H BCTyrrHJI B 

AeHcTBHe 8 HOJl6pJl 1984 r., 06J13hlBaJl, TaKHM 
o6pa30M, CoeAHHeHHhle illTaThl BhlrrOJIHJlTh rrOJIO~eHHJI 
KOHBeH~HH. KOHrpecc' rrpHlUeJI K BhIBOAY, t{TO 

rrporpaMMbI ~eJIeHarrpaBJIeHHblX H OCHOBHblX 

HCCJIe,l(oBaHHH, KaCa~HeCJI MOPCKHX ~HBbIX 
pecypCOB AHTapKTHKH, Heo6xo,l(HMbl AJIJI AOCTH~eHHJI 
~eJIH CiliA 3qxpeKTHBHoro BbIfIOJIHeHHJI 3a,l(at{, 

rrOCTaBJIeHHhlX KOHBeH~HeH. 

312 3aKOHa rrpeArrHCbIBaeT, 
rrpot{eI'O, t{TO 

"CA) ).:(HpeKTop Ha~HOHaJI bHoro HaYt{Horo 

~oHAa B KOHcyJIhTa~HH C 
I'ocY,l(apCTBeHHhIM ceKpeTapeM H rJIaBaMH 

,l(pyrHx 3aHHTepeCOBaHHhlX MHHHcTepcTB 

H Y4pe~AeHHH Coe,l(HHeHHhIx lliTaToB 

,l(OJI~eH rrpo,l(OJI~aTh OKa3hlBaTh 

rro,l(,l(ep~KY BXOAJlII\eii B AHTapKTHt{ecKYID 

rrporpaMMY CoeAHHeHHblx lliTaToB 
OCHOBHOH Hayt{Ho-HCCJIe,l(OBaTeJIhCKOH 

pa60Te rro H3yt{eHHID MOPCKOH 

3KOCHCTeMhI AHTapKTHKH; 
CB) MHHHCTP TOprOBJIH B KOHCYJI bTa~HH 
C AHpeKTopoM Ha~HOHaJIhHOI'O Hayt{Horo 
~oHAa, rocYAapcTBeHHhIM ceKpeTapeM H 
rJIaBaMH ,l(pyrHx 3aHHTepecoBaHHhlx 

~e,l(epaJI hHhlX yt{pe~AeHHH AOJI~eH 
pa3pa6oTaTh H rrpoBecTH rrporpaMMY 

~eJIeHarrpaBJIeHHhlX HaYt{HhlX 

HCCJIeAOBaHHH, COrJIaCOBaHHbIX C 

AHTapKTH4ecKoH rrporpaMMoH CiliA". 

rrOMHMO 

nporpaMMa ~eJIeHarrpaBJIeHHblX HCCJIe,l(OBaHHH CiliA 

o6YCJIaBJIHBaeTCJI CJIeAY~HM nJIaHOM pa3pa6oTKH 

rrporpaMMbI. 

npHCYTCTBHe KpyrrHhIx PbI6oJIOBHbIX <pJIOTHJIHH ~e 
Bhl3BaJIO 4pe3MepHYID 3KCrrJIyaTa~HID 3arraCOB 

aHTapKTH4ecKHx pbI6. npeArrOJIaraeTCJI, t{TO 3a 50' 
JIeT, Me~,l(y 1930 H 1980 rr., rrorryJIJI~HH CHHHX 
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KHTOB, ~HHBanOB, CeHBanOB H KHTOB-rop6aqeH 

COKpaTHnHCb AO 10% HX rrepBOHaqanbHOH 
t{HcneHHOCTH. BoccTaHoBneHHe HCTOmeHHblX 3anaCOB 
KHTOB 3aBHCHT qaCTHqHO OT npoAon~a~eHcH 
AocTynHocTH KpHnH B 60raTblX nHTaHHeM paHoHax 

KMCHoro OKeaHa. 

HaItHOHan bHaH cn~6a MOPCKO 1'0 npOMbIcna (NMFS) 
HaItHOHanbHoro ynpaBneHHH rro oKeaHY H aTMoc~epe 
(NOAA) B COTPYAHHt{eCTBe C APyrHMH 
npaBHTen bCTBeHHblMH yqpe~AeHHjJMH, a TaK~e C 

t{aCTHbIM ceKTopOM, pa3pa60TaeT H BHeAPHT 

fiporpaMMY AMLR, Aena~YID ynop Ha 
IteneHanpaBneHHble HccneAoBaHHH, npeAnpHHHMaeMbIe 
CneItHanbHO C ItenbID 06ecrret{eHHjJ 3qxpeKTHBHoro 

coxpaHeHHjJ MOPCKHX ~HBbIX pecypCOB 3KOCHCTeMbI 
AHTapKTHKH, qTO H jJBnjJeTCH OCHOBHOH 3aAaqeH 

KOHBeHItHH. nporpaMMa AMLR 3aAYMaHa KaK BKnaA 
CIlIA B npoBeAeHHe COBMeCTHbIX Me~AYHapoAHbIX. 
rrporpaMM HccneAOBaHHH, KOTopble rrnaHHPYIDTCH H 
rrpoBoAHTCjJ CTpaHaMH-qneHaMH AHTKOM'a B 

rroAAep~Ky IteneH KOHBeHItHH. 

fiporpaMMa AMLR CIlIA COCTaBneHa TaKHM 06pa30M, 
t{T06bl AononHjJT b OCHOBHbIe pa60Tbl fiporpaMMbl 
aHTapKTHqeCKHX HccneAoBaHHH CIlIA (USARP) , 

rrpOBOAjJmeHCjJ nOA PYKOBOACTBOM HaItHOHanhHoro 
HaYt{Horo ~OHAa (NSF) C ItenbID H3BneqeHHjJ 
MaKCHMan bHOH non b3bI OT BblrronHjJeMbIX CIlIA HayqHblX 

pa60T B AHTapKTHKe rrYTeM qeTKOH KOOPAHHaItHH B 

rrnaHHpOBaHHH H COTpYAHHqeCTBa Me~AY ABYMjJ 

nporpaMMaMH, rAe 3TO IteneC006pa3HO. 

OCHOBHOH Iten bID nporpaMMbI IteneHanpaBneHHblX 
HccneAOBa~HH CoeAHHeHHblX illTaTOB jJBnjJeTCjJ 

06ecnet{eHHe HH~OpMaItHH, He06xoAHMOH AnjJ 
06Hapy~eHHjJ, MOHHTopHHra H rrpeABblqHCneHHH 
B03AeHCTBHjJ npOMhIcna H CBjJ3aHHOH C HHM 

AeHTen hHOCTH Ha 06'beKTbI nOBa, a TaK~e 

3aBHCHIItHe OT HHX H CBH3aHHhIe C HHMH BHAhI H 
nonynHItHH, BXOAjJmHe B COCTaB MOPCKHX ~HBbIX 

pecypCOB AHTapKTHKH H HBnjJ~HeCH qaCTbID ee 

3KOCHCTeMbI. Pa60ThI, npoBoAHIItHeCjJ AnH 
BbIIIonHeHHjJ IteneH rrporpaMMhI AMLR, BKnroqaIDT: 

(1) 0IteHKY AaHHblX no ynOBY H YCHnHjJM, a TaK~e 
CBH3aHHblX C HHMH 6HonorHt{eCKHX AaHHblX, C ItenbID 

onpeAeneHHH H MOHHTopHHra B03AeHcTBHH npOMbIcna 
KaK Ha 06'beKThl nOBa, TaK H Ha BHAhl, BXOAHmHe B 
COCTaB npHnOBa rrpH npoBeAeHHH KOMMepqeCKHX 
rrpOMhlcnOBhIX OnepaItHH; (2) 6HonorHt{eCKHe C'beMKH 

AnH rroATBep~AeHHH AocToBepHocTH AaHHblx rro 
ynOBY H YCHnHjJM, a TaK~e CBH3aHHbIX C HHMH 
6HonorHt{eCKHX AaHHbIX, npeAcTaBnjJeMbIX CTpaHaMH, 
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KOTOPbIe npoBOAHT KOMMeptIeCKUe onepaquu B 30He 
AeHCTBUH KOHBeHquu, U AnH onpeAeneHUH 
3~eKTUBHOCTU Mep no coxpaHeHuro, BBeAeHHhlX unu 
paCCMaTpUBaeMbrX KOMuccueii no coxpaHeHuro 
MOPCKUX JKUBbIX pecypCOB AHTapKTUKU; (3) C'heMKU 
AnH c60pa OCHOBHbIX AaHHblx U nepuOAUtIeCKOe 
B 3HTue npo6 C qen bro o6HapYJKeHUH U MOHUTopUHra 
eCTecTBeHHoH U3MeHtIUBOCTU U B03MOJKHhlX 
u3MeHeHuH, Bhl3bIBaeMhlX npOMbICnOM, B KnrotIeBbrX 
KOMnOHeHTax MOPCKOii 3KOCUCTeMbI AHTapKTuKu, 
BKnrotIaH nnaHKTOH, Kpunb, PbI6,TroneHeii, KUTOB, 
KanbMapOB U MOPCKUX nTuq; U (4) nnaHupOBaHue U 
BbrnonHeHue cKoOPAuHHpoBaHHblx MeJKAYHapoAHbIX 
nporpaMM uccneAoBaHuH U 3KcnepUMeHTOB, 
HaqeneHHhlX Ha npOBepKY U pa3pa6oTKY 
CTaHAapTHoro MeTOAa npoBeAeHHH C'heMOK, 
pacumpeHue 3HaHUH 0 CTpYKType U AUHaMUKe 
MOPCKOH 3KOCUCTeMbI AHTapKTUKU U npOBepKY 
runOTe3 OTHOCUTen bHO npHMoro U KOCBeHHoro. 
B03AeHCTBUH pa3nUtIHhlX YPOBHeH H CTpaTerUH nOBa. 

OnucaHHaH B 3TOM OTtIeTe ITporpaMMa AMLR 
npeAnonaraeT ~paXTOBaHue HaYtIHO
uccneAOBaTenbCKoro cygHa, KOTopoe 3aHUManOCb 
6hl UCKnrotIUTenbHO HccneAOBaHUHMU no 3TOH 
nporpaMMe U 6 bIn 0 6bI cnoco6HO onepupOBaT b B 
BOAax AHTapKTUKU eJKerogHo B TetIeHUe 180 AHeH. 

ITpHMetIaHue: ITonHblii TeKCT HacTOHIItero gOKYMeHTa 6bIn ony6nuKoBaH nog 
BblllIeYKa3aHHbIM 3aronOBKOM MUHucTepcTBoM TOprOBJIU CIlIA 
B HHBape 1986 r. 
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