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(ii)

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.

Résumé

Le présent document contient une sélection de communications scientifiques
présentdes aux réunions du Comité Scientifique et aux Groupes de travail du
Comité Scientifique en 1986. Le texte de ces communications est reproduit
dans la langue originale dans laquelle celles-ci ont &té présentées ; les
résumés des communications ainsi que les titres des tableaux et des figures
ont &té traduits dans les langues officielles de la Commission (anglais,
francais, espagnol et russe). Seuls des résumés sont présenté@s lorsqu'il
s'agit de communications qui ont &té acceptées pour &tre publiées.

Resumen

Este documento contiene una seleccidn de los documentos cientificos
presentados en las reuniones del Comité Cientifico y de los Grupos de
Trabajo del Comité& Cientifico en 1986. El1 texto de estos documentos estd
reproducido en el idioma original para su presentacidén ; los resdmenes de
estos documentos y los titulos de los cuadros y figuras estin traducidos a
los idiomas oficiales de la Comisién (inglés, francés, espafiol y ruso).
Los resfimenes son presentados solamente para cuando los documentos hayan
sido aceptados para su publicacidn en alguna otra parte.

PezxMme

HacTosmuil OOKYMEHT COIERXUT TEeKCTH HECKONIbKHX HAYYHHX

padoT, NpencTaBlIeHHHX Ha COBemAHHMSX HaydHOT'O KOMHTETa

n PaBoumx rpynn HayuHoro komuTera B 1986 r. OHM NDEOCTaBIANTCA
Ha fA3HKe OpHIHHANa; Pe3mnMe OOKJIanoB M HA3BaHWA TabJaun u

IONMUCH K PHCYHKaM TepeBeneHH Ha oQuUHarbHeie g3HKW KOMHCCHUH
(aErnuitckuil , PpaHIIY3CKUM, HCHAHCKHH H pycckuit) . Ecnu

paboTa IPHHATA K IeyaTH T'Ie-HUO6vVIOLR B IPYI'OM MecTe, TO

31echk TIDHBOOHTCS TOJIBKO €€ pe3nMe.
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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 gunnarl 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.
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EVALUATIONS DES STOCKS DE NOTOTHENIA ROSSII  MARMORATA ET
CHAMPSOCEPHALUS GUNNARI DANS LA ZONE DE LA GEORGIE DU SUD

J.G. Cooke
(UICN)

Résumé

Les stocks de Notothenia rossii et de Champsocephalus
qunnari dans la zone de la Géorgie du Sud sont évalués
en utilisant les données d'échantillons d'age
soviétiques et les estimations récentes de la biomasse
réalisées a partir d'études de la République Fédérale
d'Allemagne. Ces données indiquent que le stock de
N. rossii était en 1985 d'environ 2,5% de la biomasse
présente avant 1'exploitation, alors que le stock de
Champsocephalus qunnari a subi d'importantes
fluctuations sans tendance évidente.
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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
(TUCN)

Resumen

Las reservas de  Notothenia rossii  marmorata y
champsocephalus qunnari en el area de Georgia del Sur se
evaltlan 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 explotacidn, mientras que la
reserva de Champsocephalus qunnari ha fluctuado mucho
con ninguna tendencia obvia.

*
*®
X
K
LS
kS
K
£
K
*

OUEHKKH 3ANACOB NOTOTHENIA ROSSII MARMORATA W CHAMPSOCEPHALUS
GUNNARI B PAWOHE I0OXHO#i T'EOPI'MH

Jor. T .Kyk
(MCoIl)

Peswme

CpestaHbl OLEHKHY 3amacoB Notothenia rossii
marmorata " Champsocephalus qunnari B
pafioHe IOxHo# Teopruu C HUCNONB3OBAHUEM [HAHHBIX
CCCP no npobam Mo BO3pacTy 4 HeaBHUX
mofcuyeToB  GuoMacch MO  pe3yJpTaraM  CbheMok,
peimosigenusix ®PI'. JlawHple YKaselBawT, 4YTO 3anac
N. rossii cocrasnsn B 1985 r. okomo 2,5%
6uomacchl, HWMeBleHCs [O Hayaja Mnpomeicja, B TO
BpeMA Kak BeJIHYHHA 3anaca Champsocephalus
gunnari CUJIBHO koJyebuercH, He mokassiBad
KaKoi-JIM60 SAPKO BHPAXEeHHOW TEHAEHUHUU.
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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

1196 Gland, Switzerland -

1. NOTOTHENIA ROSSII

1.1 Introduction

The stock of N. rossii in the South Georgila 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 oﬁ 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.



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%Z 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 1B.

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

by
Se =Ly 8, Pat
where
s = gurvivorship of age class a
a
P.r = proportion by number of recruited population in year ¢t

consisting of age class a

S, is input from Table lA or 1B, while P is taken directly from the age

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




1.3 Biomass Estimates

Kock (1985a) gi&es 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 :

(t)

r

1L Za Pat pat

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

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

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




1.5 Population Dynamics

The recruited stock in numbers follows the equations

Neyp = (N =€) 8./ (1 - xpp(8)

where Ct is the catch in numbers.

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 recruitment

II
rates and survival rates during a period of reasonable stability of the



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 - rII)/S

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 continuéd 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



alternative survivorship/recruitment schedules are given in Table 3. The
corresponding -estimates of annual survival rate and It recruitment rates
are given in Table 4, trajectories of recruited stock biomass are shown in

Figures 5a-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 907 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.



Because of the great fluctuations in year class étrength, 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 comsistently poor
year classes. It is a peremnial 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.

age
(years)

(@)

VoSN~

Table 2.

Year

1970
1971
1972
1973
1975
1977
1978
1982
1983
1985

Alternative survival and catchability schedules for

Notothenia rossii

cumulative
survival

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.91
0.74
0.42
0.34
0.08

Estimates of annual survival and r
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relat

catchability

0.00
0.00
0.00
0.08
0.34
0.67
0.93
0.91
1.00
1.00
1.00
1.00
1.00
1.00

ive

cumulative
survival

1.00
0.82
0.67
0.55
0.45
0.37
0.30
0.25
0.20
0.18
0.15
0.08
0.07
0.02

recruitment

rates for N. rossii in the South Georgia area.

Survival

0. 84
0.82
0.84
0.89
0.95
0.97
0.96
0.99
0.99
0.99

A

Survivorship/catchability schedule

1o

0.16

©0.19

0.20
0.32
0.40
0.35
0.38
0.50
0.41
0.49

Survival

0.76
0.73
0.75
0.77
0.80
0.81
0.81
0.82
0.82
0.82

B

relative
catchability

0.00
0.00
0.00
0.03
0.15
0.36
0.62
0.73
1.00
1.00
1.00
1.00
1.00
1.00

IT

0.24
0.26
0.28
0.39
0.48
0.45
0.47
0.58
0.51
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 06.038 1.00 0.011 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 rII recruitment

rates for C. gunnari in the South Georgia area.

Year Survivorship/catchability schedule
A B

Survival TIq Survival Tr
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



- 12 -

population size

1 5 ' 10 year
Figure 1 Examples of some stock trajectories derived from the same set of

hypothetical age data

1500+

10001

frequency

500- ‘ VL_—L___

—

5 : 10
age (Years)
Figure 2 Age distribution of USSR samples of Notothenia rossii taken in
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Figure 3 Annual estimates of recruited biomass of Nototheni rossii in the

South Georgia area for three values of the 1985 biocmass, using

survivorship/recruitment schedule froma. Table 1A. b. Table 1B
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Figure 5 Annual estimates of recruited biomass of Champsocephalus gunnari

in the South Georgia area for three values of the 1985 biomass,
using survivorship/recruitment schedule from a. Table 3A. b

Table 3B.
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Cnucok Tabnuy

AnbpTepHaTHBHHE Trpad¥kH BHIKMBAEMOCTH M YJIaBJIMBAEMOCTH

Jnsa Notothenia rossii

OueHky¥ ropu4Horo kos>GpuUUEHTa BLHRWBAEGMOCTH H I .

TEeMIoB INOMONHeHus pAnsa N. rossii B paiioHe [ORHO#H

Teopruu

AnbTepHaTHBHbBe Trpaduky BEDKMBAEMOCTH ¥ YJIaBJIUBAEeMOCTH
I3 Champsocphpalus qunnari

OueHku ropMyHoro KoadpdbuuueHTa BLHDRUBAEMOCTH U Il

TeMIoB. MNONONHeHus pgas C. qunnari B paiioHe [OKHO#

Teopruu

CIIUCcoK PUCYHKOB

MpuMepel HEKOTOPHIX HNyTe#l pa3BUTHUS 3anacoB, MOJYUYEHHLIE
Ha OCHOBE OJ{HOr'O M TOro Xe Habopa THIOTETHYECKHUX
JaHHBIX IO BO3pacTy

PacnpefeneHye no Bo3pacTy B  Bufopkax Notothenia
rossii, B3sTeix CCCP B patione 48.3 B 1970 r.

FoguuyHsle OILeHKY BEJUYHHE OyomMacchl ocobeil MOMOJIHEHUS
Notothenia rossii B pahoHe [OrHo#t Teopruu pnua Tpex

Benu4yuH 6uomaccel B 1985 r. ¢ wucnoib3oBaHueM rpadukos
BLDRUBAEMOCTb/TIONOJIHEHHE , NpPUBEAEHHBIX B: a. Tabnuue 1A;
b. Ta6nuue 1B




Tabnuia 4

Ta6auga 5
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Topuunsle OLEeHKH 6uomMacchH HepecCcTyKmero 3anaca

Notothenia rossii B paioHe [IOrHo# Teopruu pias rTpex

BeJIUYUH Ouomaccel B 1985 r. ¢ wHcnojb3oBaHHeM rpadKKoB
BEDRMBAEMOCThL/MONOJNIHEHUEe, TNpPpHBEeAEHHBIX B: a. Tabunuye 1lA;
b. Ta6auue 1B

ToauuHie Ol{EHKU 6uoMaccCh ocofbe#t MOIMOJIHEHU T
Champsocephalus gqunnari B paiioHe IOkuoit Teopruu pgusa
Tpex BeJUYuH OuomMaccel B 1985 r. ¢ HCHONb30BaHUEM

rpaduKoB BbLDRHBAaEeMOCTh/MONOJNIHEHHEe, HNPHUBEJEHHHX B: a.
Tabauue 3A; b. Tabuauye 3B
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THE KERGUELEN DATABASE

G. Duhamel
(France)

Abstract

A database for fishery statistics and biological

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 prov1ded
for the period 1979/80-1985/86.

R EERE R

LA BASE DE DONNEES DES KERGUELEN

G. Duhamel
(France)

Résumé

Une base de données pour les données biologiques et de
statistiques de la péche dans la ZEE des Iles Kergquelen
est en usage en France depuis 1979. A 1la fin de la
salson de péche 1984/85, les données de 25.445 chaluts
ont été introduites dans la base de données. Ces
données sont représentées graphiquement pour plusieurs
paramétres y compris une répartition de 1'effort de
péche, la position des chaluts individuels, les prises |
totales et la prise par espéce. Quatre espéces |
(Champsocephalus qunnari, Notothenia squamifrons, N. °
rossii et Dissostichus eleqinoides) représentent environ
99% des prises totales. Les répartitions des fréquences
de longueurs des espéces sont eégalement fournies pour
les périodes 1979/80-1985/86.
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EL BANCO DE DATOS DE KERGUELEN

G. Duhamel
(Francia)

Resumen

Un banco de datos para estadisticas pesqueras y datos
bioldgicos para la ZEE de las islas Kergquelén ha estado
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 distribucidn del esfuerzo de
pesca, de la posicién de arrastres individuales, de
capturas totales, y de capturas por especie. Cuatro
especies (Champsocephalus qunnari, Notothenia
squamifrons, N. rossii y Dissostichus eleginoides)
representan alrededor de 99% de las capturas totales.
Tambien se proporcionan las distribuciones de frecuencia
de tamano de las especies para el periodo 1979/80 -
1985/86.

*
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BA3A JAHHHX 30HH KEPI'EJIEHA

I'. Jjoamens
(Ppanuusa)

Pesiome

Hauunas ¢ 1979 r. Bo Ppa”Huuu yHKUHOHUDPYET
6a3a CTATUCTUUYECKHX - JAHHBIX npoMbiciia U
6HOJIOTHYECKUX JaHHBIX JdkoHOMHUYECKOH
(npubpexHoit) 30HH 0-BOB Kepresed. K ~kKoHuy
npoMbiciioBoro cesoHa 1984/85 r. B 3Ty 6asy O6bH
BBeJIeHbl JaHHBEe, MOJIydYeHHble B pe3yyibrate 25445

TPaJleHU. HaeTcs rpadpuueckoe npeAcTaBieHue
3THX [JaHHBIX 110 HEKOTOpPhM napaMeTpaMm, BKoYasd
pacrnpepfeneHue [IPpOMBICJIOBBIX YCHIIUA,

MECTOINOJIOREHHUE OTHAEJIBHLIX TpalleHUu#H, BEJHYUHH
ofmero BHNIOBA ¥ BeUIOBA no BupamM. Okxkomo 99%
obmero BBIJIOBA ApUXOQHUTCA Ha yeTeipe BUnA
(Champsocephalus qunnari, Notothenia
squamifrons, N. rossii U Dissostichus
eleginoides). I[lpezxcTaBiieHsl TakKXke CBeJieHHA O
pacnpefelieHu¥ MO YacTOTe [JUHB [0 BHAaM 3a
nepuog ¢ 1979/80 mo 1985/86 r.
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THE KERGUELEN DATABASE

Since 1979, a data collecting system (fishery statistics and
biological sampling program) has been used fér 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 997% of the total catches.

Some data can be presented using figures and tables. 1In 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 W and 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. 1In 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 :
e 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
e main sector for N. rossii : 3 '
regular in sector 8
main depth range : 250-349 m and 250-600 m during the winter

e main sector for N. squamifrons : 4

secondary sector : 3

main depth range : 250-349 m.

-~ Recent discovery of the D. eleginoides fishing grounds

indicates

e main sector for D. eleginoides : 6

secondary sector : 5

main depth range : 350-600 m.

- Allopatry 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 otoliths 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

(1347)*

1631

1095

16048

25851

7127

8265

17054

* partial data

N.

squamifrons rossii

(4451)%* (1175)*
11308 1752
6287 7927
4051 9792
1815 1823
3794 744
7408 1704
2464 801

N.

D.

eleginoides

(159)*

159

43

124

130

147

6673

459

others

(18)*
18

59

29

618

12

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)

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 trawls and hours fished) are represented.

is in brackets.

Kerguelen Islands EEZ.

The corresponding CPUE




Table 2.
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1983
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1984
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IFY

1985
IS
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I

1986

JAS
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- 30 -
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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Figure 1

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

Figure 2

banks for two periods.
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Seasonal position of the trawl on the Kerguelen sheif and

surrounding banks from winter 1984 to summer 1986.
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Figure 6 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
(tonnes) 1986.
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Figure 8.

Fishing sectors of the Kerguelen Islands EEZ.

between French and Australian zones are represented.

Territorial waters and the limits




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 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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Figure 10 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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Prises par espéce dans la ZEE des Iles Kerguelen de
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Cnucok Tabaul

Vnos mo BuAaM 3a Kaxzaeld pas3buTeii roxy ¢ 1979/80 no
1985/86. JlaHel  3HAYEeHUd  OOmMMUX  MPOMBICJIOBBIX  YCHJIUH
(konmu4yecTBO TpPaNEHUH H npoaonmuTeanOCTb npoMmeicjla B
yacax). B ckobkax - 3HayeHUs COOTBeTCTBYmero CPUE.
dkoHOMHYecKas 30Ha 0-BoB KeprejeH.

Ce30HHBIEe NpOMBICJIOBRIE Yycuaus (B vyacaxXx TpalleHUs) U
COOTBETCTBYIOKE UM BRUIOBH (B TOHHax) mno BugamMm (C.

gunnari, N. squamifrons, N. rossii, D. eleginoides

COOTBETCTBEHHO) MO 4YeTelpeM rIJYyOHHHBIM 30HaM B cCeKTopax

dKkoHOMHYECKOH 30HH 0-BOB KepresmeH (cM. pHCYHOK 8).

CO¥COK PHCYHKOB

Pacnpegenenue BEJIUYUH TP OMBICJIO BEIX YCHIUHR B
dxkoHoMHYecKOl 30He o0-BoB KepreseH B nepuopg c¢ 1979/80
nmo 1985/86 r.r.

MecTonoJsioxeHue TpaJileHHMI B palioHe KeprejieHckoro mesnsda
W 6Jausjiexamyux oTMeJel 3a fBa mepuoga.

Ce30HHBIE MECTOMOJIOREHUS TpPaJIeHUH B paloHe KeprejeHCKoro
meabba U Oiusjexamux oTMesleR B mepuox ¢ 3umel 1984 r.
no neto 1986 r.

O6mu it yJioB, NPpOMBICIIOBRIE YCHIIUS U CPUE ‘B

dkoHoMHYecKOi 30He 0-BOB Kepremen ¢ 1979 mo 1986 r.

Vnoes mnmo BUAAM B JKOHOMHYecKko# 30He o0-BoB Keprenen c
1979 nmo 1986 r.




Pucynok 8.

Pucynok 9

Pucyunox 10
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[IpoMeICSIOBEIE ceKkTopa JKOHOMHYECKO# 30HH 0-BOB KepreJsieH.
[loka3aHH TEppPUTOPHAJ bHBIE BO B! " rpaHuna MEXAYy
dbpaHLUy3CKO# KW aBCTPaNWACKOH 30HAMH.

Pacnpenaenenue o 4YacToTe OJTUHBL C. gunnari B

dkoHOoMHYecKkO# 30He o-BoB Kepresmen ¢ 1979 no 1986 r.
PasBurue KOTopT npefacTaBJeHo C IJTOIIHBIMHK JIUHU MY .
3amTpuUXoBaHHHE YYaCTKM Ha  KPUBHIX pachnpefieyleHus -
Hayy4HHE BHIGOPKH.

PacnpepeneHye Mno YacToTe [JWHBI U BO3PAaCTHOH COCTaB

3amaca N. squamifrons IORHO 7 YacTH4 KepreJIeHCKoro

meJi bda (neTHee pacnpefeneHue) 3a nepuoxy c¢ 1980 mo
1986 r.
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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

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 diurmal
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.
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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.5.)

Résumé

Une étude au chalut sur la répartition et 1'abondance
relative des poissons des glaces (Champsocephalus
qunnari) juveniles a été menée en Géorgie du Sud en
juin-juillet 1985. Des échantillons ont été préleveés
dans des zones de plateau et de pentes s'étendant de la
zone protégée de 12 milles marins au large de la Géorgie
du Sud jusqu'a l'isobathe de 500 m au moyen d'un chalut
de 13,6 m spécialement congu pour capturer les
juvéniles. Les jeunes poissons des gqlaces capturés
mesuraient entre 82 et 146 mm. C'est dans les zones
ouest, sud et sud-est du plateau que les prises ont été
.les plus importantes et la plus grande abondance de
poissons se trouvait dans les eaux peu profondes entre
100 et 200 metres. Un modele typique de migration
verticale diurne des poissons a été observé. Pour
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obtenir une série de données plus compléte, il est
recommandé que les études ultérieures soient menées dans
les zones d'eaux moins profondes, y compris celles qui
se trouvent dans la zone de 12 milles marins.
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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 prospeccién de arrastre de la distribucién y
abundancia relativa del pez de hielo juvenil
(Champsocephalus gunnari) en las aquas de Georgia del
sur se llevd a cabo en junio-julio de 1985. Las Aareas
de la plataforma y de pendiente que se extienden desde
la zona protegida de 12 millas nduticas 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 fluctuacidn
de tamahos 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 aquas poco
profundas de 100 a 200 m de profundidad. Se observd un
modelo tipico de migracidén diurna vertical de peces.
Para obtener un conjunto de datos mas completo, se
recomienda que las prospecciones futuras deberian cubrir
areas de aquas menos profundas, incluyendo areas dentro
de la zona de las 12 millas nauticas.

X % k k % * kA * & %
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PACMPEJEJEHUE ¥ OTHOCHUTEJIbHAS UUCJIEHHOCTb MOJIOZM BEJIOKPOBHO¥#
PHIBL: (CHAMPSOCEPHALUS GUNNARI) 10 PE3VIIbTATAM TPAJIOBHIX CBEMOK
B IIEJIb®OBLIX BOZAX I0KHO# T'EOPTWX B MIOHE-MIOQJIE 1985 r.

B.A.Bopouun, I'.[1.3axapos, B.ll.llonos
(CCCPp)

Pesiome

Tpanosoe o6clyiefoBaHue paclpefeneHus %
OTHOCHTEJIBHOHX YHCJIEHHOCTH MOJIOOH OeJIOKPOBHOH
pei6el  (Champsocephalus gunnari) B Bojgax I[OrHO#
I'eopruu npoBopguioch B MioHe-uione 1985 r. B
paiionax mensda U  CKJIOHA, BHICTYMAlIKX  3a
npepensl  oxpaHseMo#d  12-MMJIBHOH  30HBl  BOKPYT
Iokuoit I'eopruu po 500-meTpoBO#t u306aThl, OpaliiCh
npo6us TpajioM pa3mepoM B 13,6 M, cHenHasibHO
CKOHCTPYWPOBAHHBIM [JI JIOBJIH MoJoAu. Pasmepn
BLUJIOBJIEHHBIX MOJIONLIX oOco6eil O6eJIOKPOBHOK  pBIGH
6eiy B nOpepenax 82-146 wmm. Haunbossmye YJOBH
6BUJIM B3SATH B 3anaflHOM, HKKHOM H Oro-BOCTOYHOM
yyacTkax weybdpa, a Haubonbwas YUCJIEHHOCTH OblIa
o6HapyXeHa Ha MeJIkoBoAhe ray6uHoi B 100-200 m.
Ha6mopajiace TUIMHYHAA KapTHHa OHEeBHOH
BEepTHKaJbHOW Murpauuu  puibel. Jlng  [HoJiydeHus
6osiee [ronHoro HabGopa [JlaHHLIX peKOMeHAyeTcHd,
4YTOOBH B Synyuem CBHEMKH [IpOBOAUNIUCH Ha
MEJIKOBOAHBIX Y4YacTKaxX, BKAKYas YYaCTKH BHYTDH
12-MUNBHONR 3OHHI.

* kR k k kK k kX X2 %
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DISTRIBUTION AND RELATIVE ABUNDANCE OF
JUVENILE ICEFISH (CHAMPSOCEPHALUS GUNNART)
’ 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 zomes : 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 :
S N .Y
st N ,
where §h = mean (in numbers) in h stratum
Nh = h stratum area
N = total strata area
Yst = gbundance index

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 1l.

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.



- 60 -

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 387.
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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
500-metre isobath would provide more complete data on the distribution and

abundance of the juvenile mackerel icefish.
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Table 1 : Juvenile mackerel icefish catches in relation to depth

(June-July 1985 trawl survey)

Total Mean catch per tow

Depth Tow catch in

m numbers numbers in numbers | in %
120-175 29 23556 812.2 83.5
176~225 18 1928 107.1 10.9
226-275 16 183 11.4 1.2
276~325 13 482 37.0 3.8
326~375 - - - -
376-425 4 0 0 0
426~475 1 6.0 0.6

Table 2 : Abundance indices for juvenile mackerel icefish

in the South Georgia shelf area in June~July 1985

Abundance indices

Depth range (m)

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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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 cutside 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. Scales
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 147 while

N. rossii and D. eleginoides were present only as
by-catch. 1In 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 II
to V with the majority at stage III. 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.

% k k % kR kX k& % %
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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

Résumé

Une étude sur des poissons a été entreprise en Géorgie
du sud de novembre 1985 a janvier 1986 dans le cadre du
programme continu de contrdle des stocks de poissons
mené par l'Institut de la Péche Maritime, Gdynis. Des
rabans de cul de maillage de deux tailles (47 et 60 mm)
ont été utilisés avec un chalut de fond de 32 meétres.
Des données de prise ont été relevées au cours de 249
traits a l'aide d'un maillage de 60 mm en dehors de la
zone protégée de 12 milles marins au large de la Géorgie
du Sud. Des traits d'échantillonnage, vy compris
quelques—uns effectués a l'intérieur de la zone de 12
milles marins ont été réalisés au moyen de rabans de cul
d'un maillage de 47 mm. Cinquante-six échantillons de
poissons ont été prélevés pour analyse biologique. Des
mesures de longueur de c¢ing especes, Champsocephalus
qunnari, Chaenocephalus aceratus, Pseudochaenichthys
georgianus, Notothenia gibberifrons et N. rossii
marmorata. ont été prises au hasard et des analyses
biologiques ont été réalisées en détail sur ces
espéces. Des écailles et des otolithes ont également
été prélevées pour déterminer l'dge des poissons. La
prise totale au moyen de maillages de 60 mm était de
1.305,4 tonnes avec une PUE moyenne de 1822 kg/heure.
C. qunnari était l'espéce dominante de la prise (62,5%),
C. aceratus, P. georgianus et N. gibberifrons, 7,5 a 14%
alors que N. rossii et D. eleginoides étaient présents
seulement en tant que prises secondaires. Dans les
prises d'échantillonnage, deux catégories de longueurs
de C. qunnari ont été découvertes avec des modes de 18
et 28 cm. La gamme de longueurs de C. aceratus était de
25 a 72 cm. P. georgianus était représenté par trois
catégories de longueurs: 20-24, 32-41 et 42-56 cm. N.
gibberifrons était également représenté par trois
catégories de longqueurs: 7-22/23, 22-31 et 31-49 cm. La
relation poids/longueur a été calculée pour toutes les
cing espéces. Les poissons des échantillons avaient
atteint les stades II & V de la maturité et la majorité
d'entre eux en eétaient au stade III. On a enregistré
une intensité alimentaire assez faible pour toutes les
espéces au début de l'expédition. Une hausse rapide de
1'intensité alimentaire de C. qunnari a été observée
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entre la seconde et la troisieme période de 10 jours en
décembre, alors que pour P. georqianus et C. aceratus,
on a enregistré une intensité alimentaire assez faible
pendant toute la période de 1'expédition. Quelques
comparaisons des paramétres observés ont pu étre
effectuées entre cette saison et la précédente.

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

K. Kreft, J. Szynaka
Polonia

Resumen

Se realizé una prospeccidén de peces en las agquas de
Georgia del Sur de noviembre 1985 a enero 1986 como
parte del programa continuo de control de la poblacidn
pesquera realizado por el Instituto de Pesquerias
Marinas, Gdynia. Se utilizaron coronas de dos tamanos
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 1la =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 nmillas
nauticas con coronas de arrastre de luz de malla de
47 mm. Se tomaron cincuenta y seils muestras de peces
para analisis bioldgicos. Se realizaron mediciones de
tamano al azar y andlisis biolégicos detallados de cinco
especies: Champsocephalus qunnari, Chaenocephalus
aceratus, Pseudochaenichthys georgianus, Notothenia
gibberifrons and N. rossii marmorata. Se recolectaron
también escamas y otolitos para determinacidn de
edades. La captura total con corcnas 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. georqianus y N. gibberifrons, 7.5% a 14%, mientras
que N. rossii y D. eleqginoides estuvieron presentes sodlo
como pesca accidental. En capturas de muestreo se
encontraron dos grupos de tamano de C. qunnari con
modos de 18 y 28 cm. El rango de tamano de C. aceratus
fue de 25-72 cm. P. georqianus estuvo representado por
tres grupos de ‘tamano: 20-24, 32-41 y 42-56 cm. N.
gibberifrons también estuvo representado por tres grupos
de tamano: 7-22/23, 22-31 y 31-49 cm. Se calcularon las
proporciones peso/tamano para cada 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
III. La intensidad de alimentacidén era relativamente
baja para todas las especies al comienzo de 1la
travesia. Se observdo un rdpido aumento en la intensidad
de ‘alimentacidén de C. gunnari entre el segqundo y el
tercer periodo de 10 dias en diciembre, mientras que
para P. georqgianus y C. aceratus ésta permanecidé baja
durante toda la travesia. Se obtuvieron algunas
comparaciones de los parametros observados entre esta
temporada y temporadas anteriores.

R T

[NPEABAPUTEJIbHBI OTYET [0 JAHHBIM BUOJIOTMUECKWUX HABJIOJEHWIA
M ACCJIEZIOBATEJIbCKOT'O MPOMBICJIA, COBPAHHEIM B PAMOHE IOKHO#
'EOPTHMMA BO BPEMA IUIABAHUA T/X "KAPUHA™
B CE30HE 1985/86 r.

K.KpedTt, W.XKuHaka
(Mon pma)

Peswome

C Hosa6ps 1985 r. no suBaps 1986 r. B BOAax
[OrHO M Teopruu IpPOBOAMIIACS cheMKa PhIG HBIX
3anacoB, UTO SBJAAETCS YaCThio MNPOJAOJIRAIENC S
IporpamMmMel MOHMTOPHHIA 3THX 3aMNaCOB, MPOBOJAMMOH
HucrurtyTom MOPCKOTIO MpomMeiciIa B T'npive .
Hcnonpsopanuch KYTKH C JABYyMSA pasMepaMyd dAUYeH
(47 u 60 MM) ¥ JOHHHIH TpaJyi ¢ BepxHe# mnopbopoi#
pnuHoit B 32 M. JlaHHbe mno yJioBy O6bUiM COOGpaHbl BO
BpeMmsa 249 TpaJieHu#t TpajsamMy -c syeein B 60 MM 3a
npepenaMy  12-MUJIBHOW OXPaHAEeMOW 30HHI BOKPYT
IokHo# TI'eopruu. [lpobHbie TpaJieHUS MNPOBOAUIUCH C
Ucrojip30BaHueM KyTKa ¢ sA4Yeeinr B 47 MM, BKIoYasd
HECKOJIBKO TpajleHH# BHYTpH 12-MunbHO# 30Hb. Jnsa
. nmpoBefleHWs OHOJIOrMYecKoro aHajiusa O6bUIO B3ATO

narsecar wecThb npob  pub. Briiy  npoBepeHh
BLI6 OPOYHBIE U3MEepeHUusd OJTUH H noppoOHbI#
OHOJIOFHYECKHUH aHanus OATH BHIIOB:
Chamsocephalus gunnari, Chaenocephalus
aceratus, Pseudochaenichthys georgianus,
Notothenia gibberifrons " N. __rossii
marmorata. s onpefleJIeHU s BO3pacTa TaKXe

coOGHpaNiuch Yemysa ¥ OTOJUTH. OBmMUHE YyJIOB KYyTKaMH
c pa3smepoM syed B 60 mm cocrtaBun 1305,4 TOHHH
nmpy¥ cpepgHeir  BenuuyuHe CPUE B 1822 kr/v9.
OCHOBHYIO 4YaCThb YJNoBa cocTaBuyg BUA C. qunnari
(62,5%), C. aceratus, P. georgianus 4 N.
gibberifrons - ot 7,5 pmo 14%, B TO BpeMsa Kak
N. rossii u D. eleqinoides BXOAUIU TOJNLKO
B npujoB. B npo6GHbIX ynoBax ObJIM OTMEeYeHH JIBE
pa3MepHeie rpynnel C. gqunnari - 18 u 28 cmMm.
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Pa3MepHbifi JManaszoH JiauH Yy C. aceratus Obul
25-72 CcM. P. georgianus 6bUI  [pPEeACTaBJIEH
TpeMs pa3MEpHHIMH [PpynmaMu: 20-24 cm, 32-41 cmMm
u 42-56 cm. N. gibberifrons O6bUI TpefCTaBJIEH
Takxe TpeMa Pa3MEpHHMH TrpynnamMu: 7-22/23 cmM,
22-31 ¢cM ¥ 31-49 cm. DBeiad BRIYUCJEHB BEJHYUHH
OTHOLWIEHMS Beca K JJIUHe [N BCEX MNSATH BHAOB.

Priba B npobax Haxoaunach Ha cCTafuax
nmosioBospesocty oT II  pgo V;  OONBHMHCTBO -
Ha cTaguu ITII. NHTEeHCUBHOCTS nUTaHus B

Hayajle [MJaBaHusg ObJla HOBOJBHO HM3KOH AN BCEX
nATY BHAOB. Pe3kuid POCT HUHTEHCUBHOCTHU MUTAHHUA
y C. qunnari 6L 3aMeyeH B KOHLe
BTOpOii—-Hayajie TpeTheh JAeKafgs pAekabpsA, Torja
kak pans P. georgianus ¥ C. aceratus oOHa
ocTaBaJjlach HU3KOH B NpoaoOKEHNE BCEro
niaaBaHU4A. [IlposegeHo HECKOJIbKO CpPaBHEHUH
BEeJYYUH  fapaMeTpoOB, MOJIYYEHHLIX B 3TOM H
npeAsagyIUX 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. Imn the
1985/86 season, the trawler Cariﬁa, 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 CCAMLR

conservation measures 1/III and 2/III.

MATERIALS AND METHODS

Catch data have been collected from 249 hauls. For biological
analysis 56 fish samples were taken. Bottom trawls with 32 m headrope 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 grdunds
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 10'(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 I). 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. 1In 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%Z. 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 II). 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



- 72 -

Fishing operations concentrated in the same subdivisions (56 and 61, Table
II) as in the 1985/86 season because the highest ylelds 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. gunnarl consisted of three species with similar shares : C. aceratus,

P. georgianus and N. gibberifrons.

LENGTH COMPOSITION

The total length of C. gunnari ranged from l4 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 (847,
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). 1In

the catches of the MT Carina made with a 60 mm mesh size trawl, the
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predominance of the same length/age groupl 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 1985/862. 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.

LENGTH-WEIGHT RELATIONSHIP

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 121).

The following equations are the results of these calculations

C. gunnari - W = 0.00141072 x 1>+
P. georgianus - W = 0.00475029 L3-179O3
C. aceratus - W = 0.000468096 x L3'68063
- W = 0.000679441 x 1°°°7088
N. rossii m. - W =10.0364521 x L2.74576
N. gibberifrons - W = 0.00302616 x 17077

1 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.

2

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 II 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).




MATURATION

The fish examined in samples were at maturity stages from II 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 II and III. In contrast, male specimens of
C. aceratus had their gonads at stages II 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 II and II1II. 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 II and II1 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., WN. gibberifrons fed on benthic

organisms. 1In 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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Catch rates (kg per hour fished) in the Polish commercial

Table 2
fishing MT Taurus 1983/84 and 1984/85 in the South Georgla
area, compared with CPUE values of MT Carina 1985/86
Species Subdiv. . © 55 56 60 © 61 62
Months X XI XII I | X XI XII I X XI XII. I X XX XI1 I X XI XII.
Seagons ' ‘
Champsocephalus 1983/84 350 1749 354 246 290 . 3751 1633 1082
gunnari . 1984/85- ' " 61. 205 ) 42 20 34 76
" 1985/86 120 25 3242 1073 94 525 694 1005| .80
Chaenocephalus 1983/84 94 ' 113 511 . 326 70 20 643
aceratus 1984/85 : 138 135 146 371 339 206 144
1985{86 A4O 95 309 266 55 113 290 237 . 11
Pseudochaenichthys 1983/84 937 828 438 394 170 : 33 1378
georgianus . 1984/85 91 483 191 301 516 303 42 .
‘1985/86 60 152 15 44 - 17 23 155 240 1M
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
Nototheni . 1983/84 45 52 399 60 | 1
'rossii mirmdrafa 1884/85 ’ 289 1146 189 890 235 223 280
: 1985/86 . 3 1 ) 31 34 1
Dissostichus 1983/84 . ‘
eleginoides 1984/85 . 2 1 8
1985/86 76 1
Miscglla§§o§s 132353@
maring Tishes o688 + 0 44 148 73 77 38 49 62 149
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Figure 1

Area of sampling and fishing operations of MT Carina : location

of sampling and search tows, boundaries of fishing grounds

(dotted line) and 12 Nm zone (dashed line).
99 are subdivisions by Everson (1984)
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Length-weight relationship for Notothenia rossii marmorata (NOR), Notothenia gibberifrons

(NOG) , Champsocephalus gunnari (ANI), Pseudochaenichthys georgianus (SGI) and Chaenocephalus

aceratus (SSI, males and females separately) from South Georgia (December - January 1985/86).
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gibberifrons). Roman numerals II-V are Maier's maturity

stages.
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1985/86)

Répartition des fréquences de longueurs et d'dges de
Pseudochaenichthys georgianus (Géorgie du Sud, 1983/84 -
1985/86)

Répartition des fréquences de longueurs et d'ages de

~ Chaenocephalus _aceratus (Géorgie du sSud, 1983/84 -

1985/86)

Répartition des fréquences de longueurs et d'dges de
Notothenia rossii marmorata (Géorgie du Sud, 1983/84 -
1985/86)

Répartition de la fréquence de 1'dge et de la longueur

de Notothenia gibberifrons (Géorgie du Sud, 1983/84 -
1985/86) ' ‘

Relation poids—longueur pour les espéces Notothenia

rossii marmorata (NOR), Notothenia gibberifrons (NOG),

Champsocephalus qunnari (ANI), Pseudochaenichthys

georgianus (SGI et Chaenocephalus aceratus (SSI) males

et femelles séparement) de la Géorgie du Sud

(décembre-janvier 1985/86)

Changements de maturité des gonades en novembre—janvier

1986 (ANI - Champsocephalus qunnari, SSI -
Chaenocephalus aceratus, SGIT - Pseudochaenichthys
georgianus, NOG -~ Notothenia gibberifrons). Les

chiffres romains II & V se référent aux étapes de

maturité selon Maier.

Changements dans la taille de l'estomac des poissons en

novembre-janvier 1985/86 (ANI - Champsocephalus qunnari,

sSI - cChaenocephalus aceratus, SGI - Pseudochaenichthys

georgianus, NOG - Notothenia gibberifrons).




Tabla 1

Tabla 2

Ilustracidn 1

Ilustracion 2

Ilustracioén 3

Ilustracién 4
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LISTA DE_TABLAS

patos sobre la captura y esfuerzo, M.T. Carina,

Georgia del sur, 1985/86

Indices de captura (kg pescado por hora) en la
embarcaciéﬁ comercial polaca MT Taurus durante
1983/84 y 1984/85 en el area de Georgia del Sur,
comparados con los valores de CPUE (Catch Per UuUnit

of Effort) de MT Carina durante 1985/86

Lista de Ilustraciones

Area de operaciones y de muestreo de pesca de MT
Carina : localizacién de los arrastres de muestreo y
de busqueda, limites de los terrenos de pesca (linea
punteada) y zona de 12 Nm (linea entrecortada). Los
nimeros 55-64 y 99 son subdivisiones hechas por

Emerson (1984)

Distribucidn de la frecuencia de talla de

Champsocephalus qunnari (Georgia del sur,

diciembre—enero de 1985/86). Las distribuciones
marcadas con una linea indican que el tamano de la
malla es de 60 mm, la linea punteada indica que el
tamano de la malla es de 47 mm; la "n" representa la
cantidad de peces medidos; la cantidad de muestras
se da entre paréntesis, y los nlmeros en circulos

son las subdivisiones hechas por Emerson (1984).

Distribucidén de la frecuencia de talla de
Champsocephalus aceratus (Georgia del Sur,
diciembre—enero 1985/86)

Distribucién de la frecuencia de talla de
pseudochaenichthys gqeorgianus, (Georgia del Sur,

diciembre~enero 1985/86)




Ilustracién

Ilustracion

Ilustraciodn

Ilustracién

Ilustracién

Ilustracion

Tlustracioén

Ilustracion

10

11
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Distribucidén de la frecuencia de la talla de

Notothenia rossii marmorata, (Georgia del Sur,

diciembre—enero 1985/86)

Distribucidén de la frecuencia de talla de Notothenia
gibberifrons (Georgia del Sur, diciembre—enero
1985/86)

Distribucion de frecuencia de talla y edad de
Champsocephalus qunnari (Georgia del Sur, 1983/84 -
1985/86)

pistrtibucién de frecuencia de talla y edad de
Pseudochaenichthys georgianus {Georgia del Sur
1983/84 - 1985/86)

pistribucién de frecuencia de talla y edad de
Chaenocephalus aceratus (Georgia del Sur, 1983/84 -
1985/86)

Distribucidén de la frecuencia de talla y edad de
Notothenia rossii marmorata (Georgia del Sur 1983/84
- 1985/86)

Distribucidén de la frecuencia de talla y edad de
Notothenia gibberifrons (Georgia del Sur 1983/84 -
1985/86)

Relacién talla—-peso de Notothenia rossii marmorata

(NOR), Notothenia gibberifrons (NOG),

Champsocephalus qunnari (ANI), Pseudochaenichthys

georgianus (SGI) y Chaenocephalus aceratus (ssI

machos y hembras separadamente) de Georgia del Sur
(diciembre—enero 1985/86)
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Tlustracién 13 cCambios en la madurez de las gdnadas de peces en

noviembre—enero 1986 (ANI - Champsocephalus gqunnari,

SST - Chaenocephalus aceratus, SGI -

pPseudochaenichthys georgianus, NOG - Notothenia

gibberifrons). Los numeros romanos II-V indican los

estados de madurez de Maier.

Tlustracion 14 cCambios en la llenura del estdmago de los peces en

Tabauna 1

Ta6auua 2

noviembre-enero 1985/86 (ANI - Champsochephalus
qunnari, SSI - Chaenocephalus aceratus, SGI -
Pseudochaenichthys georgianus, NOG - Notothenia
gibberifrons).

CITUCOK TABJIHI

JlaHHele MO YJIOBY M YCHAMAM, T/X "Kapuua', [OkuHan
Teoprus, 1985/86 r.

WHTEeHCHBHOCTSH BHIOBa (KI 3a YacC MNPOMBICNIA) Y MOJAbLCKOro
AX3ENbHOrO CYRHAa KOMMEPYECKOro MNpoMmbicia "Taypyc'" B
cesoHax 1983/84 u 1984/85 r.r. B paitoHe IOrHo# I'eopruu
B CpaBHEHHH C BeJuyuHamuy CPUE y T/x '"Kapuua" B
1985/86 r.




Pucynok 1

Pucyhnok 2

PucyHok 3

Pucyhnok 4

PucyHok 5

PucyHok 6

Pucynok 7

Pucyuorx 8
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CIMMCOK PUCYHKOB

Pajion B3ATHs npob u npomeicsia T/x "Kapuna': wmecrTa
BLIGOPOYHBEIX U IMOHMCKOBBIX TpaJieHU#H, TrPpaHHUUL MPOMBICIOBEIX
y4yacTKoB (NYHKTHPHAsf JIMHUA) ¥ 30HA B 12 MOPCKUX MHJIb
(mwrpux-nyHkTupHas JsuHua). Uudper 55-64 u 99 - yvyacTkH
no 3sepcony (1984 r.).

Pacnpepgenedre 1o vacToTe [JJAUHH p[na Champsocephalus
gunnari (I0xkHas Teoprus, pfexabpb-sgHBapb 1985/86 r.).
Pacnpepnenenue, IrnokasaHHOE CIJIOMHON JIMHUEH, OTHOCHTCSA K

Aa4ee pa3amepom 60 MM, ITPUX-NYHKTHUDPHAA JIUMHHA - dAUed
pasMepoM 47 MM; n - UYHCJO H3MEPEHHBIX Ppbb; KOJHYECTBO
npo6 xpaHo B cCckKobkax; LUPpel B KPYXKaxX - YYacTKH [0

dsepcony (1984 r.).

PacrnpepeneHde no yacTtoTe [JUHBL pisa  Chaenocephalus

aceratus (Ioxuas I'eoprus, gexkabpb-sHBapb 1985/86 r.).

Pacnpepgesiedye Mo 4YacToTe [NUHHB Jis Pseudochaenichthys

georgianus (IOkuasa I'eoprus, pgekaGpb-saHeaps 1985/86 r.).

Pacnpejenenue MO0 YacTOTe JAJHHBI JAJid Notothenia rossii

marmorata (IOxkuas I'eoprus, pgexabpb-suBapb 1985/86 r.).

Pacnpepenenye no 4yaCcToOTe JSTHHEBL ons Notothenia

gibberifrons (I0kHa A T'eoprusa, Jekabphr-sAHBaphb
1985/86 r.).

Pacnpefenedde N0 4acToTe [JWHBI ¥ BOo3pacTa A
champsocephalus qunnari (lOrHas Teoprus, 1983/84 -
1985/86 r.r.).

PacnpepelieEue no 4yacToTe LIV HB 7 Bo3spacTa ans
Pseudochaenichthys georgianus (IOkHa s T'eoprus,
1983/84 - 1985/86 r.r.).




Pucynok 9

Pucyuok 10

Pucyunok 11

Pucynok 12

PucyHok 13

Pucysok 14
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PacnpepesneHue 1o yacToTe JJIMHBI K  Bo3pacTta  Qas
Chaenocephalus aceratus (IOxkwas Teoprus, 1983/84 -
1985/86 r.r.)

PacnpepeneHue no  yacToTe AJMHH M Bo3pacTa  ANA
Notothenia rossii marmorata (IOkwas Teoprus, 1983/84
- 1985/86 r.r.).

Pacnpepesenue  mo yacToTe  pAAMHBL ¥ BO3pacTa A
Notothenia gibberifrons (l0xkuHas Teoprusa, 1983/84 -
1985/86 r.r.).

CooTHouleHHe MeXAYy [HJHHOX KM BecoM Yy Notothenia rossii

marmorata (NOR), Notothenia gibberifrons (NOG),
Champsocephalus qunnari {(ANI), Pseudochaenichthys

georgianus (SGI) u Chaenocephalus aceratus (SSI,

MYXCKHE U KEeHCKHe o0cobH OTHEJIbHO), [OJy4YeHHOE B
pafiode IOkHo#i T'eopruu (fHekabpb-AuBapb 1985/86 r.).

WaMmeneHUsa cCTeNeHU 3pesIOCTH roHapg poib B Hoabpe-fAekabpe

1986 r. (ANI — Champsocephalus gunnari, SSI -
Chaenocephalus aceratus, SGI - Pseudochaenichthys
georgianus, NOG - Notothenia gibberifrons). Pumckumu

qudpamy II - V yKa3aHbB CTeNeHu 3PpesocTH no Maiepy.

W3MeHeHUs cTelneHU HaMOJIHEHHd XedypkKa Ppei6 B Hosa6pe-

asupape 1985/86 r. (ANI - Champsocephalus qunnari, 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 CODEND

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

VNIRO

(U.R.S.S.) _ P
Résumé

Ce document présente des avis sur la détermination des facteurs
de sélectivité du maillage aux culs de chaluts utilisant un voile

spécial. Le modele et les caractéristiques techniques du voile sont

décrits.

Le document présente aussi une description d'une expérience menée
pour déterminer la mortalité accidentelle des poissons passant a

travers le cul de chalut.

Il contient également des propositions sur la standardisation
de la collecte et traitement des données pour les études sur la

sélectivité du maillage.
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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
determinacidén de factores de selectividad para coronas de
arrastre usando un forro especial. Se describe el disefio
y las especificaciones técnicas del forro.

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

Contiene asimismo, proposiciones de estandardizacidén de
recopilacion y manejo de datos para estudios de
selectividad de malla.
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METOZIOJIOTUSA CBOPA JAHHBIX 1O CEJIEKTHUBHOCTH TPAJIOB ¥ TPABMATHYECKO
I'MBEJY PHB, MPOME/NUX CKBO3b AYEID KYTKA

BHHUPO
(c.c.c.p.)

Pesiome

Pa6oTa COAEepXUT PEKOMEHJALHH [0 ONpeflesIeHHIo
CeJIeKTHBHBX CBOMCTB CETHOrO MOJIOTHa KyTKa Tpafia, ¢
MCNOJb30BaHHEM CINELMaIbHOIO0 PHOOYJIIOBUTENA.
OnUCHIBETCA KOHCTPYKLMA PHOOYJOBUTENS U €ro
TeXHUYECKHe apaMeTphl.

[lpyBOAMTCA OMHCAHUE BKCHEPUMEHTAa N0 ONpefelie HHIO
TpaBMaTHYEeCKOH rubenyu pei6, NpoWEAUHX CKBO3b AYelw
KyTKa TpaJa.

JlaloTcss peKoMeHpalMu Mo yYHudukauuu céopa H
06pabloOTKH [aHHBIX NPH NPOBeJEeHUH HCCJIIeJOBaHUi
CEJIEKTHBHOCTH TpaJioB.
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METOIOJIOTYA CEOPA JAHHHX IO CEJIEKXTUBHOCTH TPAJIOB
U TPABMATHYECKON I'MBEJU PHE,
NPOHEQIMX CKBO3b AYEIR KVTKA TPAJIOB

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

OCHAIMEHUWE TPAJIOBOI'O MEIMKA

OnpenelieHUE CeJIEKTHBHHX CBOWUCTB TpPajOBOI'O KYTKA

IOnsa ynepxaHHs DHO, OpoNemIHX Yyepes AYen, TPaJIOBHI Melox

OCHamaeTcs MeJIKOSTIeHHHEM DPHOOYJIOBUTEJIEM .

PHBOYIOBHTEINE COCTOHT K3 BHEMHEN YacTH IS YJIaBJIHBABHA
pHOE, OTCesAHHBHX H3 MellKa, M BHYTPeHHeu (puc. 1) g mnpeporspame-
HUS yXOOa PHO Yepe3 HHXHIOD IUIacThk TPalioBOT'O Memka. MaTepualn,
war siYed ¥ pasMepH PHOOYJIOBUTEJISI 3aBUCAT OT DAa3MEpPOB HIKHEH H
BepxHel¥ mJjacTed LMJIUHOPHYECKON YAacTH TpajIoBOI'O MellKa # CBA3aHH

C HHM COOTHONECHHAMH, NpPHUBEeNeHHHMH B Tabnuue 1.

BHemHASA ¥ BHYTPEHHSS YacTH PHOOYJIOBUTENH BHKPAWBATCH
U3 CeTHOro nojoTHa no fopme, noxaszsaHHo# Ha pHC, 1. Ipd goBYXpan-

HOM Mellke ¢4 -~ OguaMeTp HHTKH COOTBETCTBYHIHUMN ODHOPALHOW Ieiu.

Ileper YyCTAHOBKOHM DHOEOYJIOBHTENS TPAJIOBHM MeUWOK OCBOBOX-—
HawT OT MeJIKOsgYyeHHO¥ pyfallki, ocTanbHaAs OCHAaCTKa - HNOXWUIIMHH, KyX-

TEUINE, OapTYKU M IpyTHe YacTH — OCTawTCH 6e3 H3MeHeHHA.

BHYTpEHHAA YacCTk PHOOYJIOBUTEJISI BCTABJISAETCS B LHJIHHIDH-
YeCKVI0 YacThb Mellxa U IpHIIHBaeTcCs II0 BCEM dYeTHpeM KpoOMKaM K ero
HUXHeHn nnafH. [lepenHK B 3aM0HIOK KPOMKH 3TOM 4YacTH IJIUHOH hz,
PaBHOHM MHUPpHHE IIJIaCTH MelKa, NPHIOHBAKWT B XIYT, a O0OKOBHE KPOMKHUH
1., TpHIIEBAXT C PaBHOMEPHOM yCankoi, IIOCKOJIBKY HX IVIMHa Ha 0,5 m

2
fosIblle OIXMHH COOTBETCTBYKIEH KPOMKH MJIacTH.

BHelHKO wacThk PHOOYIOBUTENS INPHIHBANT CHapYXH K BEpX-
 He¥ 1mnacTy LUUNHHOPUYECKOH YacTHu Melka. KpoMxy h1, IoJinHa KOTOpOoH

Ha 30% 6Gornbille HNepernHell KPOMKU BepxXHel IacTH, IIPHUHBAKWT C pas-
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HOMEDPHO¥ yCagKoOH, INOCKONBKY HX IINKWHA Ha 0,5 M 6onple IuMHH

COOTBETCTBYWIEH KPOMKH IIJIacTH.

BHEWHK YacTb PHOOYJIOBUTEJNS NDHIIHBAKT CHApyXH X BepxXHeH
ONacTh IHJIMHOPHYECKOH YacCTH MewKa. KpoMky h]’ IJIHuHa KOTOPpOH Ha
30% Gonbme mnepemHedl KPOMKKH BepxHel nnacT, IIPHIHBAKNT C paBHO-
MEpHOK ycCanKoR. 3aTeM, HaduHas OT IepemHedl KPOMKH , TIIDHIIMBAKT
B XIYT 60OKOBHE KPOMKH Ha TJIUHY 24, PaBHYO JIMHE BepxXHeM ILjacTu

MemkKa.

Bucrynawmyn sa mpenesEl MemKa YacThk PHEOYIOBHUTENS H3CO-
TOBJIANT B ¢opMme LuaMHIOpa (Memka), OIS Yero ceTHoe HOJNOTHO C
KPOMKaMH h] u Z2 NONBOPAYUBAKT BHH3; 3aTeM KPOMKY hl C paB-—
HOMEPHOY ycapnKol NpuuBaikT K KOHIEBOM KpOMKEe BepxXHeH InacTH,
a KDPOMKY 22 COeNHUHANT WBOPKO¥ B XI'YT C BEHCTYIIAKMEN 3a IIpenesH

MelKa YacTbK KDOMKH ;-

[Io mepuMeTpy KOHEUHOH KPOMKM BHEmHEH YacTu DHEOYIOBUTE-
JI1 BHBASHBAKT MOJIYAYEH, Yepe3 KOTOPHE [IPONyCKawT (ajl IHaMeTpOoM
10~12 Mv (ra#iTaH) , KOTOPHEM nepen TpaBJeHUEM 3abg3HEalT KYTOK

DPHOOYJIOBHTEJSA .

B 3aBHCHMOCTH OT pasmepa Tpaja ¥ BEJHYUHH YJIOBa DPHEO-
YJIOBHTEJIb MOXHO OCHamaThb IOIEpPeYHHMH NpenoxXpaHUTesNbHHMY IOSCaMH
H IPONONBHEMH MNOXHJIMHAMU H3 KAaINpPOHOBOI'O (aja mguaMeTpoM 8-10 mm.
JonyckaeTcs IOCTaHOBKa He 6ojiee ABYX IIOSICOB M IIOXHJIUH, KOTOpPHE

OOJDKHE NPHIIMBATBLCA €6e3 ycanKH CeTHOro IIOJIOTHA .

O6mu¥ BULD TpPaJOBOTO MEMKAa C pHBOYIOBUTENEM IIOKa3aH Ha
puc.2. B cBsA3M C TeM, YTO gues TPaJIOBOTO MellKka, H3TOTOBIEHHOIO
H3 HOBOH Ieji¥, BHTAIHBAeTCH (3a CUET 3aTSKKH Y3JI0B H OCTATOUHON
medopmanuu KamnpoHa) , OO MIepBOro 3adyeTHOTOo TpaJieHUuss HOBHH Tpajio-—

BHH MEMNOK NOJDKEH IIPO6HTBL B SKCIIYATALuUW He MeHee 40 wu.
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OnpejpeneHHe TpasBMaTHYEeCKOM THbend pPHO, NpOoMNEenUHX CKBEO3b fAYen

KYyTKa TpalJla

B pesyibTare NPOXOXIEHUA 4Yepes AYeKn HekoTopas YacThk H3
OTCEesSHHHX KYTKOM DHO TpaBMHPYETCsS M norutaer. I[Ipu HCCIIenOBaHuu
IPHYMH TpaBMATHUYECKON ru6eiiu peb, YTOOH HCKJIOYHTE OOUONHUTENb-
HOe TpasBMHPOBAaHHE H yIOepXaTh pHO6, npouemunux CKBO3b KYTOK, H3TO-
TaBJIHBAT MEJKOSUYeHHHH IIOJNIYXEeCTKHE KOHTeMHep, KOTOpHM HamesBa-

T Ha KYTOK Tpaia (puc.3).

YTo6H NPpUNATE KOHTEeHHepyY LUNUHHIOpHUYeCKyn GopMy, IOcCamxy

MeJIKOSYeHHOT O HNOJOTHAa IeyaKT 3epKalbHOM.

B XOHEUHYKX YacTh KOHTeHHepa BHNHBAKT KOJBIO IHaAMETPOM
1,1-1,2 M, 1o HmepuMeTpy KOTOROTO NIPHKPEIIAKNT MNPYXHHUCTHE 3aMKH
13 HepxaBewmuX NNacTHH. KOHEeUHYH YacTh KOHTeMHepa 3aKpHBAaT
KPHIIKO, cocTosme#d u3 koyslia 1,1-1,2 M C HaTAHYTOH Ha Hero

MEeKOAUeHOH Iesbl.

Ilo mepuMeTpy IepenHedl KPOMKH KOHTelHepa BHBA3HBAT
ToJIYSYe¥, B KOTOPHE INPpOonyckKawT dan puamMeTpoM 8-10 MM, B K HeMy
yepes kaxpgue 25-30 cM DOOBA3HBAKT NeTid ¥3 daja muaMerTpoM
5-6 M. o nepUMeTpy KOHYCHO¥ YACTH KYTKa NpHuHBawT ¢as mua-
MeTpoM 5-6 MM, K KOTOpoMy Ha paccTogHuu 25-30 MM nomBA3HBAaWT
MeTaJIMUYeCKHE KOJIblla, Yepe3 KOTOpHEe NPCNyCKaKWT pPacHIyCKHHE IeT-—

JH I COoemHHEeHHs KOoHTellHepa ¢ KYTKoM (puc.4).

B mepejpHed wacTH KOHTelHepa Ha paccrtogsmH 0,5 M oT kpas
IpY IOMOmMY KOJIel, NPHCOeIUHASTCs CTAXKHOH KoHeln. YTOBH oTcoenu-—
HHUTDH KOHTeHHep OT KYTKa, HeOoOXOmuMO pa3pe3aThb @HKcnpymmnﬁ KO-
Hell, T[OCJIe Yero PaCCHNIaKnTCa [IeTJIeBHe COoemUuHEeHus, U K3 KOHTeH-
Hepa BHOUpPAKWT TPAJIOBHH MeEmOoK. YTOOH IPenoTBpaTHTh, BHXON PHO,
Ipomenmux CKBO3b fAYEl KYTKa, NEePEenHIK YacTk KOHTeHHepa 3aTATH-

BawT YIaBHEM KOHIIOM.
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B 3aBUCHMOCTH OT KOJHUYECTBA OTCESHHHIX DHO CeTHOH KOH-
TeHEep MOXHO OCHACTHUTBL IOBYMSA NOXHIMHaMH H3 KanpoHOBOIo ¢ana
ouaMeTpoM 5-6 MM, KOTOPHE NDHUIMBAKT 6e3 ycankd. PasMmep fuen
¥ mHaMeTp HUTeH CeTHOr'O IIOJIOTHa B KOHTeHHepe TakKue Xe, KakK B
PHOOYJIOBHTENE, NPUMEHSEMOM IDPH OLEHKe CEeJIeKTHBHHX CBOMCTB

TpaJoBOTO MellKa.

CBOP JHAHHEX

Ofmue ykas3aHusa

JaHHHEe IO H30HPpaTEesIbHOCTH TpPpaljlIoB COOBHPANT IOJS KaXIoro
BHOA IIPOMEICJIOBHX PpHO NpOBemeHHEeM CcepHH TpaneHuii. OmHa cepus
cocTouT u3 10 3aYeTHEX TpayieHu#, OPOMNOIKHTENBHOCTBI 60 MHH
Kaxnoe. 3aveTHHM CUUTaeTCa 6e3asBapHiiHoe TpajyieHue C yJIOBOM
He MeHee 100 xr. IJig KaXmoro BHOA IIPOMECJIOBHX PHO IO KaXIOMY
Ce30HY NPOBOIAT ONHY CEPHK TpasleHuit. TpajieHHs ONHON CEepHH Ipo-
BOOAT TpajiOM OnOHOM KOHCTPYKIHH. Kor'Da CYIOHO B OOWH M TOT Xe
ce30H paboTaeT B pa3HHX noapadoBax M B KaxIoM nompalioHe ob6laB-
IuBaeTCa OOUH M TOT Xe& BHIO DPHO, TO BO BCEeX HNompadoHax IIPOBOOAT

OOHY CEepH TpaJleHHH.

JaHHHe 1o uU30HpaTeNIEHOCTH TpaJja cobupawT B cnenymmeﬁ
IIOCJIenOBaATENILHOCTH :

1. H3MEpPAKNT BHYTPEHHHUH pasMep fAYeun B TPaJIOBOM KYTKe
(Do ¥ mocse Kaxmoro TPAJICHUN) ;

2. BHIIOJIHAKT TpaljleHHe;

3. mpH TpajJeHHU IP® [NOMOMH IUIAHIHMPDHOL'O Jjlara H3MepsT
CKOpPOCTE OYKCHUPOBKH Tpaja;

4. yJIOB K2 TPaJIOBOI'O Mellka BHUIHRBaeTCda Ha nany6y, a us
PHO6OYJIOBUTEJNS B OTHEJIBHHE EMKOCTH (OTropOXeHHHH yqaCToK na-
JIyBH, AMAKK ¥ T.IO.) ;

5. orbupanT NpPOOH pHO ¥ IPOHU3BONST HX aHaJIN3;

6. oObpabaTHBAWT IepBHYHHE IDaHHHE M 3aloJIHAKRT KapTOUKH

CeJIEKTHBHOCTH TpPAJIOBHX KYTKOB.
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HU3MepeHue fauen

duern B TpaJIOBOM MellKe HU3MEDSANT MpH IIOMOMKH Opudopa-—
myrna (puc.5). Myn npemncTasBiigerT co603 KJIMHOBHIOHYI ILJIACTHHY
TOJIMUHOK 2 MM, HMEWMYH Yepe3 Kaxnue 2 CM BHCOTH Tpanelounasib-
HHEe ¥ IpaAMOYIOJIbHHEe yvyacTKu. TpanenownalbHEE YYAaCTKH mMylia
CyXaKnTCsg IIO0 MHpHHEe Ha 2 CM yepes KaxIime 8 oM BrHcoTH. Ha myn
C OBYX CTOPOH IONEPEeYHHMH NapaJUulelbHEMH PHCKaMH HaHECeHH ne-
JIeHHA, COOTBETCTBYHIHE BHyTpeHHHM.pasmepaM sagen (B mM). Co
CTOPOHH OONBHIOI'O OCHORAHUA Myl HMEeeT PYKOATKY, CO CTODPOHH Ma-—
Joro - oTBepcTHe nuameTrpom 10 MM s NOOBeNMBAHUSA TI'Py3a IDHU
u3MepeHusaxXx. B cocTaB KOMIUIEKTA H3IMEPHTEJIBHHX IIPUOOPOB BXOOAT

OSTh MYINOB Pa3HOM mupuHH - oT 0 pmo 145 mm.

Homep myna 0 1 2 3 4
JuarnasoH 0-55 : 65-100 105-145
H3MEDPEeHHUsT, MM 30-80 S0-1

BHYTpeHHUN pasMep fAYeH onperendgrnT Iocje KaxIoro sauer-—
HOT'O TpayjieHHda, He nosrnHee ueM uepes 30 MHH IIOCJe HOObeMma Tpaja
IIPH IIOJIOXKHTEJIBHOH TeMllepaType BO3IOyXa. [IpuM OTPULATEJILHHX 'TeM-
neparypax HCHHETAHUN BHYTPEHHHUHHR pasMep A4YeHu olpenernseTrcs IIo
dopMmyTie: -

B = (1,0 + 0,0075756)31,
rge: B - HCTHUHHHE BHYTPEHHHH pasMep sSueH, MM;
t%- oTpuIlaTeNbHasd TeMIepaTtypa -Bosnyxa, C°,

B1— pasMep sf4YeM, HU3MepPeHHHH IPpH OTpUIIaATesNIbHOM TemieparType.

Aduen N3MepAKT TONBKO B BEepXHe{ CeJIeKTHUBHOH IUIACTHHe IH-
JIUHIPHYECKOH YacCTH TpajlOoBOIO MellKa IO PHOOYJIIOBUTEIEM HIH KOH-
TeiiHepoMm. [IpoMep OPOBOOUTCH B DPHANY, PAaCIOJOXEHHOM IIapajijiefIbHO
NPOIOJIBHOY OCH Mellka, OTCTOAmEM He MeHee ueM Ha 10 suen oT.Impo-
OOJIBHOM OCH MmMBOB, MNOXHJIMH H TOINeHaHToB. Bcero usmepserca 30

guer: 10 B Hauvane, 10 B cepennEe ¥ 10 B KoHIle MemKa. [Ipu HUszMe-—
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DeHUM IOBYXIPANHHX IOOJed C HHUTBI jguaMerpoMm 3,1 MM, M3 KOTOPHX
NpEeVMYymMEeCTBEHHO H3TOTOBISKNT TPAJIOBHE MEMKH, mMYyN BBOIAT B SYEIO

C ycunmeMm 5 xrc.

IIpu onpenenéHHH BHYTPEHHEro pasMepa fS4Yel B OIHOIIPAIHOM
CeTHOM IOJIOTHE Harpys3Ka myna YMeHbIaeTCs COOTBETCTBEHHO BIEBOE.
SAyesda mpH MH3MepeHHNH NOJIXHa pacTATHBATLBCS B HAIpaBJeHMH MUPHHH
CeTHOro nojoTHa (mo nnnﬁe KYTKa) TaxkuM o6pa3oM, YTOBH HUTH CO-
CenHHUX sfYed OoCcTaBaJIMCEk COBEPIEHHO  CBOBOMHHEHMH OT Harpysku. lpu
oTCuYeTe pasMepa sueHn obfpasywmyue ee HUTH IOJDKHE pacrnoiiararThbCs
InapajijlesIkHO PpHCKaM, HaHEeCeHHEM Ha [NOBEPXHOCTH myna. PesyibTaTH
U3MEepEeHHY IIPpU OTPHIIaTesIbHHX TeMIeparypax IIoclsle COOTBETCTBYKMEIr o

mepecueTa 3aHOCHAT B KapTOUKY CeJIEKTHMBHOCTH TpAaJiOoB.

Baarue npob

Maccy mo¥MaHHOM pPHOH OILEeHHMBAKT IO o6beMy yJoBa. H3 yio-
Ba Kaxoor'c TpaJjieHusa 6epyT OBE NPOOH: VIEepXaHHHX pHbO K3 Memxa U
OTCesSHHHX PHO H3 pHb6oyNoBuTeNns. IlIpuw yiloBax MeHee 0,5 T BCA pH-—
6a M3 TpajIOBOI'O MelKa HOeT Ha aHanus (MaccoBhHe 3aMeph) . Ecnu
yinoB npesmmaeT 0,5 T, u3 Hero oT6uparnT NOpoby IPpEMEPHO MacCcoH
0,5 7. O6paboTKy IIEpPBOH¥ U BTOPO# NIpo6, HX aHANXU3 NIPOBOLOAT OT-—

nenbHo. AHaAJIOTHUYHHE OpofH 6epyT HpH HCIOJNL3IOBAHHKM KOHTelHepa.

H3 11pob6 oTHHpawT pHO TeX BUIOB, OJA KOTODPHX ONpEeneNsnT
CeJIEKTHBHOCTE TPAaJIOBHIX KYTKOB U TpaBMaTHUYECKYK rH6efnb; OCTallb—
Hasg pHb6a CYMTaeTCs NPHIOBOM. OTHEJIEHHHE OT NPUJoBa NPOOH HOYT

Ha OHOJIOTHUYECKHHU aHalius.

BHONOTHUYECKHY aHanld3 YIEDXaHHHX M .OTCEeSHHHX XUBHX M IOIKONINX

PEIB

IIpy ananusze onpenendgrT (U3HOJOTHYEeCcKOe COCTOSHHEe H 3KC—
TepbEepHHE IIOKa3aTesd PHO, KOTOpHE BJIUSINT Ha YIepXuBaKmpe CBOH-

CTBa TpPAaJIOBHX KYTKOB.
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1. MaccoBHE IPOMepH IIPOMHCIIOBOE IPIMHHE DPHO (an ) npo-
H3BOOAT OT Hadajia pHUla OO0 KOHEeYHOM YacTH dJvemyHuaTor'o INOKPpOBa Ha

XBOCTOBOM IUJIABHHKE.

2. IlpoMepH o6me# MIuHE pPHOE (Lo) - OT HauvaJia PHJIA OO0 KOH-—

1ra Jiydeidl XBOCTOBOI'O IJIaBHHUKA.

3. @InuHy pHbO no CMuTy (Ls) H3IMEepAKT OT Havyayxa pHila 1o

PA3BWIKH XBOCTOBOTO IIABHUHKA.
U3 kaxmoo¥ NpobH HeoBXOOmHMO H3MepaTh He MeHee 500 pmib.

MaxcuManbHHN 06XBaT DPHO OPOMEDPANT CHelHaNBHEM IIPUBOopOM
(prc.6) , OTPeryIUpPOBAHHEM Ha 3aN0aHHYH INOCTOSHHYK HArpysky. JaH-
HHEe B6HOMETPHUEeCKHX IokKas3arTenei 1 obtmero 6HMONIOTHYSCKOr'o aHamusa

3aHOCAT B Tab6auim 2 H 3.

llokaszaTenu IJS ONpeneNeHHs BO3pacTa, Iojla ¥ CTajuu 3pe-—
JIOCTY T'OHam, CTEerneHH HAIOJIHEeHUS XeJlyIKa ¥ XHPHOCTH HNPHUBONATCS

B TIPHJIOKEHHAX .

Ecnu HayuHas T'pynna BKInYaeT QU3HOJIOTOB, HEOBXOOUMO HC—
CJZIegoOBaTh H3MeHeHHe coIepxaHHA nokazaTelsiel, XapaKTepus3sYIUx
KMU3HECIOCOBHOCTD PHO @' MONMUHON KHCJIOTH, TeMormnofiHa B KPOBH, TJH-
KOoI'eHa B IeuveHHW, KpeaTHHHHa, KpeaTuHPochaTa ¥ XoJjieCTEepPHHA B MH-

oIax.

I7s1 6MOXMMHUYECKHX aHallM30B UCHONL3YHT PHO, OTCesaHHHX
KYTKOM B Nocjenywmue OHU HUX BHIEPXMBAHuUA. Ha yuYeTHOH KapToOuke

HeOobxXOomuMO YKaszaThk MEeTOIL oIpelefyIeHUd TOor'0 HIH HHOI'O Inoxas3aTesd.

NEPBUYHAA OBPABOTKA JJAHHHX W 3AHOJIHEERUE KAPTOYKH CEJEKTHBHOCTH
TPAJIA ¥ TPABMATUUECKOW T'UBEJIX PHB

KapTouky CEJeKTHBHOCTH TPAaJIOBHX KYTKOB M TPaBMaTHYECKOH
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rubesyid pHO, NpomenmHX CKBO3b SYEK, 3aloJIHAT OTOeJIBHO Ha Kax-—
Ioe 3aveTHOe TpaJieHue.

Kaprouxa CeJyIeXTHUBHOCTH TpPalyioB

IJaTta TpaneHusa I'nmy6uBa TpaneHus, M
Bun pHOH CKOpOCTE TpaJieHusa, Y3JH
HazeBaHusg CyIHa BeTep, 6ayum

ParioH, xoopmHHATH BonHexue, Ganns
I'ny6uHa MOps, M TeMHepaTypa,OC

Topu30OHT Xoma Tpala BO3OyYxXa

Tun Tpana BOIH

TpasieHue N O6musi ynoB, T

BpeMmsa Hauasia TpaleHus IIpusios, T

IpOOONXUTENBHOCTE TpaJieHus

3anosiHeHue Tabaunus "3aMepH Suell B Memke". 3alucHBalT

OaHHHE OpoMepa fAYell, BHIIOJIHEHHHE IIocje TpalleHuda (MCTHHHHE) C
PHOOVJIOBUTEJISIMH U KOHTeliHepoM. HoMep sued OTCUHTHBAKT OT Iepern-—
He yvacTH Mellka. HuXe YyKa3HBAKT MaTepHall, H3 KOTOpOoro HU3T0OTOB-

JIEH MEemoK, ¥ HOMEep H3MepHTeNIbHOH mwiacTulH (myna) . (Taéna. 4).

3anonHeHue Tabauus "lpwioB"”. [lepevyUCnsioT OCHOBHHE BUIHE
pHG , cOCcTaBJIAomMUe NPWIOB. Maccy npunoBa B TPAJIOBOM MeEHKe onperne-—

JIAKT IIPpH IOMOONH. COOTHOIEHNWAI @

P
=1L
yn P1 y1 ’

Troe Vn - Macca INpuwilioBa B TPaJIOBOM MelKe, KI'C,
Pn - Macca IpuJjioBa B npobe B 1, krc,
P1 - ofmas Macca upobu B 1,xrc,
Y1 - obBmas Macca yiaoBa, Krc,

U sanucuHsanT B rpady "B memxe"., (Taén. 5).

JaHHEE BHMOJIOTHYECKOrQ aHain3a YIEepXaHHHX H OTCesSHHHX
PHOE repern 3aHeceHweM HX B Tabsuluy TIDPYNNUPYHT B COOTBETCTBHU

C pasMepoM pHb6. 3aTeM IONa KaxXOoro pasMepa MNOIOCYUTHBAKT YHCIHO
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oco6ell, M3IMEPSIT O6mMyX NPOMHCIJIOBYH IVIMHY ¥ JUIMHY o CMHTTY,
IepuMeTp PHOH B MaxCHMaJILHOM of6XBaTe, BHCOTY, TOJmMUHY Teja PHG,
obmyn H CpelHnKn Maccy, cpenHue 6ailJiH XUPDHOCTH M HATOJIHEHHS Xe-—

JIYOKOB, COOTHOWEHHe HOJOB (B %) M CpemHIN CTAOHK 3PeJIOCTH ToHam.

B rpade N 1 npocrasnsgerca ¢ uHTepsBasiom 0,5 u 1,0 cMm
PasMEepHHN DpAO BHUIA PHOH, IO OTHOWEHHKW K KOTOPOMY ONpPEenesisioT
H3bupaTelbHOCTE Tpana. llepsas cTpoka 3ToH Ipadul COOTBETCTBYET
MHMHMMaJIBHOM OJIMHE DHO6, NOCJenHAs CTpOkKa — MakKCHManbHONH. B rpa-
de 2 u 3 3anUCHBAKT OPOMHCIIOBHM pasMep PpH6 ¥ mWIuHY mo CMHTTY,
B rpadu 4, 5 ¥ 6 - JmaHHHE O IepuUMEeTpe pH6 B MaKCuUMaJIbHOM O6X-—

BaTe, BHCOTY M TOJIHHY Tejia PHOE.

B rpady 7 noMemwawnT IoKasaTeld cperHey MaccCH ONHO¥ pHOH
COOTBETCTBYHIETO pasMepa, LOJ9 Yero u3 [JaHHHX, nonyquHHx npu
aHanusze Opo6 BHEUPAKT HaHHHe S PHO Kaxnoro pasmepa, HOOCYH-—
THBAWT HX YHCJIO B obmyw Maccy. CpemHwKn Maccy ocobHu xaxJgoro pa-

3Mepa oNpemenduT OejleHHeM obmefl MaccH pHI6 Ha HX YHCJO.

B rpade 8 ykasHBaeTCs UYHCJO PHE Kaxmoro pasMmepa, yIOep-
KaHHHX TpaJIOBHM MemkoMm. Ipu ymose 6omnee 0,5 T, korma He BeHA
pHb6a u3 TPaJIoBOrC Mellka NOIOBepraeTcs aHajlu3y, YHCIO YIepXaHHHX

PHI6 oOmpenesisiuT IepecueToOM Pa3MepHOI'0 cocTaBa NPo6H Ha BeCh YJIOB.

JInsg xaXmod CTPOKHU YHCIIO PHO B TpaJIOBOM MeEUIKe KaXIOoro

pasMepa pacCYHTHBAKT IIo dopmyrie:

roe Ni - YHCcJo pHb pasMepa 7 B TPaJIOBOM MelKe,

HHIOEKC pasMepHOo# rpyuns pHG,

.
i

YB H_an - obmas Macca pHO DaHHOT'O BHIA B TpPaJjiOBOM MelKe
n B Ipobe, krc,

n. — YHCJO PpHO pasMepa 7 B npote.

O6mass Macca pHO BHIa, NS KOTOPOI'O OIpEenesiAwnT CeJIeKTHB-
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HOCThL, paBeH BeJWuYuHe yJoBa, HOJNYYEHHOH B pes3ynbTaTe TpayeHusd,
MHHYC Macca npujiopa. O6myx Maccy PpHO HaHHOTO Bnﬁa B rnipofe or-
pemesignT CYMMHPOBaHHeM MacC BCex pHO 3TOro Bapa, IIONYIYEHHHX
OpH aHajlu3e Ipo6H. YHcsao pHb KaxIoro pasmepa B npobe onpene-

JIAIT M3 JaHHHX 6HOJIOrHYECKOTO aHajlu3a HNpO6H.
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Ta6siuna 1. Packpo# TpajoBOro Melka

Bepxusaa ( HUXHSAST) PLI6OYIIOBUTEND
I71aCTEh IUIMHIDH ~
XapaKTepHCTHKA CecKOR wacTH Bﬂyzgiggﬂﬂ Bgzgggﬂ
TPAIOBOTO Melrka
HuTka TOKOTHJNBHAA

HOMEP 93,5 (TekcTwibHan)

OIuaMeTp, MM d dz = 0,65d
Mar suen, MM a a; = 0,65a
Kryr, M

mouHa 7 ZZ=Z+0,5M ZZ=1,ZZ

IHpHUHa h h2 = h h1=1,3h
BucTyrawnmada 4YacTb
PHOOYJIOBUTENSA B
XKTYyTe, M

OinHa ‘ 3=0,ZZ

mMUpPHHA h1+h3=2,6h,

e hzsz,sh



Tabnunua 2.

BuoMeTpHuecKkue IIoKaszaTeNd ¥ maHHHe o6mero 6HOJOTHYECKOr'O aHasusa

IbirHa pHb, CM E:Eg- S - gncnonm6 Hamon- | Xup- CaMumu CamMku
H
DHOH B Ha mUHa Cpenusas Mell- pPHBo- eHue ?OCTB cranus crTanus
obmag “POME™ IO Maxcu- |Tenma |Tema | MBCC2 | ke  ymomu-| XEYAKA ACPENT o, onocTm |, 3penmocTH
crnosass CMUTTY 9K3.,KT (cpen—- HAA) ,| % %
MaJIbEHOM | pHOH, | PHOH, Tene Hee) 6 ATTIEL roHaxn ToHar
obxBa~ MM MM 6 ’ (cpenuss)|, (cpenuss),
aJuis
Te, CM 6 anJsmn 6 ar1yIel
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Tab6nuna 3. laHHHEe OGHOJIOTHYECKOTO aHajiusa XHBHX H NOTUHU6mHMX PHO (Imocyie TpareHusa)
O6mas Macca,rr MosnoBO- HanronHeHue XUPHOCTS, | Bospacr,
®  moupa, oM 3pPEJIOCTE, | XEJIYHKOB, 6 aJUTE ronH PesyIbTaTH
n/m oftmas TIOPKU 6 aJIJIsl 6 aJIIIH pacuera
xus.t mor.*Y xus. mnor.| xueB. mor.| xuB. ©Or.| XWB. INOr. |XWB. IOC. |XUB. IIOT.
1 2 3 4 5 6 7 8 9 10 11 12 13 14
+/
++/XnBaﬁ pHb6a, OTcCesHHas KYTKOM Tpasa.

Puiba,

riorubilags B pelynkTaTe oTceBa.

A
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Ta6nuiia 4. 3amepsl f4YeH B MemKe Tpaja

1 BHyTpeHHHUH N! BayTpeHHu# R BHYTpPEeHHHH
mion (SIS TR mwew [PPRNCP TR muem |BONNESOC

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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a, a, a f
g, g, d
N\ N
3
I 1 0
N
Puc.l PacxpoeuHHl YepTex
PHOOYJIOBUTEIIA
4 * BHemHAa /1/ u BHyTpenusas /II/ vacTtH,
(]
N\ uunuHOpudeckad /ll/ u kxowycHas /1V/
i JacTd Memxa.

XS
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5 JRQSSSSEES

Puc.2 QO6mui BUI DPHOBOYIIOBUTENS

1l u 5 - BHemHAA U BHYTPEHHAS YaCTH PHEOYJOBUTeNS, 2 - TrafiTAH,
3-4 - uUIWHOPpHYecCKas M KOHyCHas YacTH TPaJIOBOTO Memkxa, 6 -
OIlymKa C KOJBIIOM XJIFA CMeHH KyTKa,/ — KYXTHIH,8 - 32muMTHOe

IpUCHIocoBieHne, 9 — CTPaxoBOYHHE CHUJIOBHE IIogca
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3
& rr
| 3.5 5’ 3.5 | 7o 6
I /
) » ‘ 93.5Ferx v | 1
) ! !
y% ' R [ N t
\
é /
2 \ 4 \\\i \ 7
Puc. 3 OTIenHO# TNONYXEeCTKHHU KOHTeHHEep
1 - xpemika, 2 - KoHTe#Hep, 3 - kxyxTenu, 4 - rpysH, 5 - 06pyY,
6 - cTaxHOB Tpoc, 7 — KYTOK Tpana, 8 - cOoenmdHUTelNbHHE NeTsH

R RIS RIIR,

AN AN ANARANCANNN,

Puc. 4 Cxema coenuHeHMNA KOHTeHHepa
C KYTKOM Tpasna
2 - KyTOK Tpana, 3 — CTSKHOH Tpoc, 4 - Kyx-
TEUIE , 5 — OUKCHUPYRHUN KOHEI, 6 U 7 — COemuHHUTENbHHE KOJIb-—

a ¥ neriam, 8 - day nepenHed KpoMmku, 9 u 10 - xonsua IJiA
CTEXHOTO KOoJabLa H WIH (HKCcaluUU COelHUHHUTEJIBHHEX IIeTelb.

1 - xoHTe#Hep,
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mT M

35 ]
30 J
= =
25
126
= Puc.. 5 Ipubop IOJnIa H3MEepeHHs
m— AIed — myll.
15
7o
O
8
?3 }‘:\waxw\ =
t
2 g Prc. 6 YCTpOHCTBO OJifd H3MEPEeHHA
- oepyMeTpa pHO6 IpH HOCTOSH-—
HOH HATrpy3kKe.
6 1 - cTaHWHa, 2 - CTOWKa, 3 — Hampas-
—\\\;” Aswmyus nas, 4- rpys, 5 - BU3HpP, 6 -
C mxana, 7 - perynatop "0", 8 - He#no-
1 HOBasg XHMIKa, 9 — HOOICTaBKa IJja PHOH.
5
|
4
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3
%_\\\ e //fi
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Construction of net.
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Data from biological analysis of live and dead fish (after

trawling).
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cylindrical (III) and conical (IV) parts of net.
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sections of liner; 2 - cod-line; 3-4 - cylindrical and
conical parts of trawl net; 6 - selvedge with ring for

changing codend; 7 - net floats; 8 - safety catch; 9 -

safety force belts.

Detachable semi-rigid container: 1 - 1id; 2 - container; 3
- net floats; 4 - weights; 5 — hoop; 6 — pursing ring; 7 -

trawl codend; 8 - connecting loops.

Diagram éhowing attachment of container to trawl codend: 1
— container; 2V— trawl codend; 3 - pursing ring; 4 - net
float; 5 — stop-rope; 6 and 7 — connecting rings and loops;
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Instrument for measuring mesh - gauge.
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Diagramme montrant la fixation du récipient au cul de
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connexion.
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arrastre; 3-4 — partes cilindrica y codnica de la red de
arrastre; 6 — borde de la red con anillo para cambiar la
corona; 7 flotadores de la red; 8 - pasador de segquridad;

9 - correas de fuerza de sequridad.

Recipiente semirigido desmontable: 1 - tapa; 2 -
recipiente; 3 - flotadores de la red; 4 - pesas; 5 — aro;
6 - anillo del morral; 7 - corona de la red de arrastre;

8 - argollas de enlace.
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Diagrama mostrando la fijacién 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 contencidén; 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-quia;

4 - peso; 5 — cursor; 6 - escala graduada; 7 - ajustador
de cero; 8 - alambre de nylon; 9 - soporte para depositar

los peces.

Cnucok Tabjuy

1 Packpo# TpajioBoro memka

2 Buomerpuueckue nokKa3saTesiy U JaHHEIE obmero

6uoJiIOr¥yeckoro aHalusa

3 JlaHHpie OGHOJIOI'MYECKOI'O aHajyusa XHUBBIX H norudmux  puid

(nocne TpaneHud)

4 3ameph f4Yey B Mellke Tpaja

CHUCOK PUCYHKOB

Packpoey4HbIit YyepTexX  PLIGOYJOBUTENA: BHEIIHAA (1)
BHYTPEHHSAA (11) YacTH, UUIUHApUYecKas (111)
kKoHycHass (IV) 4acTy MeluKa

O6uuit BuA poboyyosuTens: 1 ¥ 5 - BHEWHAA U BHYTPEHHAA
yacTH pei6oyJloBUTENsA, 2 - TraiTsaH, 3-4 - UUIMHApUYECKasd
U KOHycHas YacTH TpajoBOro Memxa,‘6 - onymkKa C KOJIBIOM
nnx' CMeHB  KyTKa, 7 - KYXTbUIH, 8 -  3alMTHOE

HPMCHOCOGHGHMG, 9 - cTpaXoOBOYHLIE CHJIOBHIE flOsAC2
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OTiHenHOH MOJYXEeCTKHH KoHTe#hHep: 1 - kpemika, 2 -
KOHTelHep, 3 - KyxTteumiu, 4 - rpy3s, 5 - obpyuy, 6 -

CTAXHOA Tpoc, 7 - KYTOK Tpasa, 8 - cCOe[AMHUTEJNbHHE MNEeTIH

CxeMa coe[MHEeHUs KOHTelHepa ¢ KyTkomM Tpajya: 1 -
KoHTeliHep, 2 - KYTOK Tpaja, 3 - CTSRHO#W Tpoc, 4 -
KYXThIb, 5 - dHkcHpyrowuid koHey, 6 U 7 - COEJHHHUTEJI bHBIE
konbya ¥ nerau, 8 - dan nepepHeir kpomku, 9 u 10 -
KoJiblia Ansd CTSRHOTO KoJIbLa " ans dukcayguu
COEIUHUTEJIbHBIX NEeTeNb

Mlpubop AN M3MepeHHUA A4Yel - mMyn

VcTpoficTBO [JiA HM3MEpEHus NepuMeTpa pel6 NpHU MOCTOSHHOH
Harpyske: 1 - cTaHuHa, 2 - cTo#kKa, 3 - HalpaBJAMHUHA
nas, 4 - rpys, 5 - Busup, 6 - mkana, 7 - PpEeryjaTop

"Oo", 8 - yejJIoHOBasd XMAKA, 9 - MOACTaBKaA AJd PHIOH
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DETECTION AND QUANTITATIVE ESTIMATION OF KRILL CONCENTRATIONS BY
HYDROACOUSTIC INSTRUMENTS

K.I. Yudanov
(U.5.5.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.
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DETECTION ET EVALUATION QUANTITATIVE DES CONCENTRATIONS DE KRILL A
L'AIDE D'APPAREILS HYDROACOUSTIQUES

K.I. Yudanov
(U.R.S5.5.)

Résumé

Les performances des appareils hydroacoustiques utilisés
actuellement pour la prospection des concentrations
dispersées ou localisées prés de la surface étant
limitées, on aboutit a la sous-estimation importante de
la biomasse du krill dans les réqions étudiées. La
detection des concentrations du krill prés de la surface
devient possible grice a l'application des transducteurs
remorqués. L'expédition internationale réalisée dans le
cadre du programme FIBEX a démontré la possibilité
réelle de la détection du krill dispersé a 1l'aide des
appareils hydroacoustiques sur le navire de recherche
odyssée. On a établi que le sonar SK~120 Simrads peut
enregistrer les spécimens isolés, le bateau étant en
marche et le TVG hors service, jusqu'a la profondeur de
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50 a 60 m. Selon les calculs théoriques, la portée de
détection du krill isolé pourrait étre considérablement
augmentée grice a l'élévation de la puissance acoustique.

* kA kK X % k% % %

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

K.I.Yudanowv

(U.R.S5.S8.)
Resumen
Las capacidades limitadas de los instrumentos
hidroacisticos existentes en la detecciodn 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 resuelta con la ayuda de antenas acdsticas
remolcadas. La posibilidad practica de detectar el
krill disperso por medio de instrumentos hidroaclsticos
fue establecida a bordo de la embarcacion de
investigacion Odissey durante la expedicidn
internacional que se realizara bajo del programa FIBEX.
Se demostrd que el aparato hidroacistico Simrad SK-120,
con el TGV desconectado, tiene la capacidad de registrar
krill individual a una profundidad de 50-60 m mientras
que la embarcacidén se encuentra en movimiento. Segidn
calculos tedricos, el radio de deteccion de especimenes
individuales puede ser aumentado considerablemente a
expensas de un aumento en el poder acistico de emision.

% % % % X X x % & K

OBHAPYXEHWE ¥ KOJMYECTBEHHAS OLEHKA KOHUEHTPAIMA KPWILA
T'HAPOAKYCTUYECKO# AINMAPATYPO#

K.H.l0gaHoB
(CCCP)
Pesiome
OrpanudyeHue BO3MOXHOCTEH CYIEC TBYIOIE i

rUpoakyCcTHYECKOH afnapaTyph M[pH OOGHapYXeHUH
pacCEesHHBIX ¥ MOBEDXHOCTHBIX KOHUEHTPaUud KpuiIs
NPUBOASAT K 3Ha4YUTEJNIbHOA He[ooUueHKe O6HOMACCH
Kpuns B obcneyeMnIX paioHaXx. 3apgaua
O6HApYXeHHs [MMOBEPXHOCTHHX KOHLEHTpAaLM#i KPHIA
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MOXeT OHTh pemieHa €  I[OMOIbLIO GYKCHPYEMBIX
aKyCTHYEeCKUX aHTeHH. I[IpakTuyeckas BO3MOXHOCTbH
o6HapYREeHU paccesHHHX KOHI{eHTpayui Kpunsg
rujipoakyCcTHYeCKO# annapaTypoi Obia ycTaHOBJIEHa
Ha 6opty HaY4YHO-UCCHeOBaTelibCKOI'0 cypgHa
"Opuccei'" BO BpeMs MeXAYHAapOAHOW 3KCHEAUHLUUH,
nposoauBlielicss B pamkax nporpammel PAWBEKC. Beuto
Jloka3aHo, 4YTO ruapoakyctudyecku# npubop "Cumpapg
CK-120" c O TKJIIOYE HHbIM VBP crnocofeH
pPerucTpUpoBaTh OTHAEeJ bHbIE ocobu KpHJIIa Ha
rny6uHe B 50-60 M, nmnoka CYAHO HaxoOUTCs B
asywxeHuu. CoryacHo TeOpPeTHYECKHM pacyeTaM 30HA
OOHapyXeHHus O T E&JI bHEBIX ocoben MOXeT OBIT b
3HAYUTEJ bHO yBenu4yeHa 3a cyerT AOBBIUEHYU A
MOMHOCTHY aKYCTHYECKOI'O HU3JIYUYEHUSA.

X

¥ ¥ X ¥ ¥ ¥ ¥ ¥ ¥
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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 ﬁo 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 seasoné 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 krill sometimes reaches tens of
thousands of specimens per cubic meter. 1In stormy weather, surface
aggregations of krill 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 greafly
depends on transmitter frequency. Thus, echo sounders operating at
comparatively low frequencies (20-30 kHz) are much less semsitive 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 D in fresh
water shrimp which resemble krill in form and structure. Figure 1 shows the
frequency dependence of the acoustic cross—section (o) 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 o. At frequencies of about 50 kHz, g 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
gsimilar. 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.z) 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 already know,
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concentrations rnear 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 pfeliminary
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 (rmax) can be made by the following formula :

0.2 gr
r - 10 8 max = P eysq
max ac
________ (1)
2
4
4 Ynax
where PaC = acoustic power, Wt ;
Yy = transducer axis concentration ;
P . . . 2
¢ = individual krill acoustic section, m
B = gpace acoustic attenuation, db/m ;
. . . 2
J = threshold intensity of echo signals on antenna, Wt/m

max

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

P =P . S (2)
ac spec
where PSpec = specific acoustic power limited by cavitation
2
threshold, Wt/cm
S = 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 ,

directivity angle 6 = 40, concentration coefficient y = 2500) submerged to
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5 m (draught) and the length of transmitted pulses less than 1 msec.,
specific power can be accepted as 15-20 Wt/cmz. 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 the range of detection of an individual krill 4.5 cm
long (o= 5 - 10_6m2). 4 By substituting Pac = 4500 Wt; Yy = 2500,

o=5:10°n% 7. =10%¢c/n% and B = 0.03 db/m in formula (1) we

min
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.

, . , 5 . e g1
As follows from our investigations ) for detecting individual
specimens with a low level of disturbance, the echo sounder directivity

angle in the horizontal plane must be

vess
IO (3)
r .f,
imp
where Viess = vessel speed, m/min. ;
r = depth of registration of the item, m ;

imp transmission repetition frequency, imp/min.
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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 (fimp = 96 imp/min) and 250 m
(fimp = 48 imp/min). The vessel speed was assumed to be 10 knots (VveSS =

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. 1In a rough sea, these blanks
become more frequent. This ihpedes detection of dispersed krill and
decreases the reliability of the estimation of their demsity 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 1in 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. 1In 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.
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0f 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.

6,7)

Our theoretical investigations show that with the use of high
frequency narrow beam hydroacoustic instruments, considerable interference
in Rayleigh's relationships due to coherent and multiple scattering should
be expécted 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 experiments show that such work can apparently be

done on experimentally caged krill concentrations.
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Figure 2 Echo gram of dispersed krill by SK-120
a) at low speed of the vessel

b) at a speed of 9 knots
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Figure 3 Dependence of the depth of detection of individual krill
for different ranges of the recorder on transducer

threshold directivity angle.




- 138 -

List of Figures

Figure 1 Dependence of freshwater shrimp acoustic section on

frequency (shrimp length - 4.5 cm).

Figure 2 Echo gram of dispersed krill by SK-120
a) at low speed of the vessel

b) at a speed of 9 knots
Figure 3 Dependence of the depth of detection of individual krill

for different ranges of the recorder on transducer

threshold directivity angle.

Liste des Figures

Fiqure 1 Dépendance de la section acoustique des crevettes
dteau douce sur la fréquence (longueur de la

crevette — 4,5 cm).

Figure 2 Echogramme du krill dispersé par SK-120
a) & vitesse lente du navire

b) a une vitesse de 9 noeuds

Figure 3 Dépendence de la profondeur de détection de krill
jndividuel pour différentes gammes de 1'enregistreur

sur le seuil d'angle de directivité du transducteur.




Ilustraciéon 1

Ilustracién 2

Ilustracidon 3

Pucynork 1

Pucywok 2

Pucynok 3

- 139 -

Lista de Ilustraciones

Dependencia de la seccidn aclistica de los camarones
de aqua fresca en la frecuencia (tamano del camardn -
4.5 cm).

Ecograma del krill disperso por medio de SK-120
a) con la embarcacidén a baja velocidad

b) a una velocidad de 9 nudos
Dependencia de la profundidad de deteccidén de krill

individual para diferentes gamas del reqgistro en el

umbral direccional del angulo del transductor.

Cnucok PUCYHKOB

3aBUCHMOCTD CeYeHUsd aKYCTHYECKOTI O CHrHaja,
OTpaXeHHOro O60KOMJIaBOM, OT YacTOTh BOJHH  (AJUHA

6okonnasa - 4,5 cMm).

JxorpaMMa pacCesHHOro KpuJs, mnosiyyexdHas '"CK-120"
a) npH Majod CKOpPOCTH CYQHHa,
6) npu ckKopocTd B 9 y3noB.

3aBUCUMOCTSL TJyOHHB OOHApPYXEHUA OJUHOYHOIO KpuUla OT
yryla [MoporoBo#i HalnpaBJIeHHOCTH Mnpeobpa3oBaTena [ANlA

pPa3JIMYHBIX [MANa30HOB 3aMHCHBAOMEr0 YCTPOWHCTBA.
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DETERMINATION OF ANTARCTIC KRILL ACOUSTIC BACK-SCATTERING CROSS—SECTION

V.A. Protaschuk and T.A. Lukashova
(U.S.5.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 authors have obtained the dependence of
the acoustic section of back-scattering of krill on its
length at a frequency of 120 kHz.

BN

DETERMINATION DE LA SECTION ACOUSTIQUE DIFFUSANTE INVERSE DU KRILL
ANTARCTIQUE

V.A. Protaschuk et T.A. Lukashova
(U.R.S.S.)

Résumé

Lorsque 1'ont veut déterminer la  densité des
concentrations du krill, il est nécessaire d'en
connaitre la section acoustique diffusante inverse.
Avec l'enregistrement résolvant du krill, la force de la
cible peut étre déterminée in situ par la mesure de
l'échosignal d'un spécimen isolé. Ayant calculé le
niveau moyen de diagramme de directivité du transducteur
et d'échosignal normalisé on peut d4éfinir la section
acoustique diffusante inverse du Kkrill. Le rapport
entre cette derniére et la taille du krill est établi
expérimentalement sur la fréquence de 120 kHz.
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DETERMINACION DEL CORTE TRANSVERSAL ACUSTICO DE RETRODISPERSION 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 aclUstico de retrodispersién de krill. La
fuerza objetivo se puede determinar en el lugar midiendo
la senal de eco de un especimen sefialada por el
instrumento hidroacistico. Es posible determinar el
corte transversal acustico de retrodispersion de krill
calculando el nivel medio del diagrama de directividad
de la antena y el nivel medio de la senal uniforme gde
eco. Por medio de experimentos, los autores han
obtenido la dependencia del corte transversal aclstico
de retrodispersion de krill con respecto a su tamafo a
una frecuencia de 120 kHz.

I O

ONPEAEJIEHWME CEYEHWA OBPATHOI'O PACCESHUA AKVCTHUUYECKOI'O CHUT'HAJIA,
OTPAXEHHOI'O AHTAPKTWUYECKHM KPWIIEM

B.A_llporamyk u T.A.Jlykamwosa
(Cccp)
Pe3iome

[lpy onpepeneHuy TMMJIOTHOCTH KOHUEHTpALUH KpPHAA
HeoOXoAHMO 3HATL CceyYyeHHe oOPaTHOro pacCesHUs

aKyCTHYECKOI'0 CHrHala, OTPaXeHHOro  KpWJIEeM.
Cunma nHenu MoxeT OHITH oONpefielieHa in situ
nyTem H3MepeHus HHTEHCHBHOCTH curHana,

OTPaXeHHOr o OJHOM 0Ccob6 b0 u pa3pemieHHOr o
rUpoaKkyCcTHYECKUM npubGopomM. BeicuMTaB CpefHU# |
YPOBEHb AHArPaMMbl HaNpPaBJEHHOCTY AHTEHHH Y |

cpeaHuil YpPOBEHb CTaHJapTH3HPOBAHHOM
HHTEHCHBHOCTH CUrHana, MOXHO OnpeyelIuT b
ceYyeHyue obpaTHOro paccesaHus aKYCTHYECKOI'O
CUrHana, OTPaXeHHOT o KpuJieM. C ITOMON] bIO
3KCIEPHMEHTOB aBTOpaMH o188 ¢ ornpejeseHa
3aBUCHMOCTH cCeyeHHus obpaTHOTO paccesHus

aKyCTHYECKOI'O CHTrHana, OTPaXeHHOIo KpujieM, OT
ero ayguHel npu yacrtorte B 120 kl'L.
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DETERMINATION OF ANTARCTIC KRILL ACOUSTIC

BACK~SCATTERING CROSS—-SECTION

by V.A. Protaschuk and T.A. Lukashova

Al1-Union Research Institute of Marine

Fisheries and Oceanographya (VNIRO)

17a Verkhnaya Krasndselskaya,
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 (QQ. It is possible to determine
Oy in situ by measuring the echo signal from an individual specimen

resolved by a hydroacoustic instrument.

The echo signal from an individual object is equal to

U2 =‘p2x2-p2'-'GL‘(8;o)icO ,
. 1Oo.zB-r (V) (1)

where p = acoustic pressure on antenna axis reduced to 1 m distance, Pa
X = antenna sensitivity in reception, V/Pa
u = amplification of the receiver
G(8,p) = directivity function
r = distance to the object, m
B = space attenuation of sound, dB/m
0, = acoustic cross section of back-scattering from individual object

) 2
on axis, 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 = (2)

2 4....0-2B.T .
g2 .x* +100:2 = G“(e.p)-co (m?)

2.
p2ax? .y’
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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 0, 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,

b=6C".q, (3)

where EO = mean acoustic back-scattering section for the given
concentration
G”(e,p) = mean level of directivity diagram corresponding to the

range of operation of the echo sounder for o,
b = mean value of the standardized echo signal.

=4 = L. . . '
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 :

0, = b/G*(6.p) )

Using the methods suggested by Lozow (1979), the mean level of directivity
for a narrow—directional antenna is determined by expression
(T,

L1 0%m (5)
G =

1§52 0%

where Om = maximum detection angle, rad
d
A

diameter of transducer, m

wave length, m.

With %ﬂ sinom€2.5 the maximum detection angle

2n G* min
d (6)
SN »

6m =

by substituting (6) into (5) we obtain

-1
- GYmin
G* = T

7
an G* ., 7
min
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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 om the minimal level of the directivity

diagram we obtain

/b
Gl* ' - ogmax / max ( 8)
min - .

[¢] min

o]

Measurements for a number of shrimp species (Sofoulis, 1978 and Samovolkin,

1981) established the dependence of acoustic back-scattering on the

length :
= 2 .
o, = aLk with Lk = A (9)
where Lk = object length
A = wave length

Assuming in our investigations a similar dependence, the minimal level of
the directivity diagram can be determined as

G*., ="k max ' max (10)
min  —

Lk bmin

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 :

12 %
_k max max (11)
Go = & - in Lk 2min
LZ 1
k max/ max -1
=2
Lk J2’m:|'.n

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.l 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 Pa/m, = 3.1 10_3 v/Pa/m, = 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
dependegcg of the maximum detection angle on the depth, standardized echo

max . )
signals = were used in calculations.

10

The attenuation coefficient was determined for conditions
characteristic of the Antarctic during the period of operation (temperature
lOC, salinity 34°/00) according to the methods described in the paper by
Clay and Nedvin (1980), at a frequency of 120 khz and B=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 :

o, = 0.36 .1 "7 (@) (12)
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-The closeness of the indices to 2 testifies to the validity of our
assumption that o, 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 L =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 coutinue 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
5- max, Cmin L, Stand- L. L o _ TS
x10 x10 x10 (cm) ard (cm) (cm) x10 (dB)
(m2) (mz) (mZ) 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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Figure 1 Dependence of acoustic back-scattering of krill om its length
at 120 kHz.
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Cnucok Tabnun

PeaynpTaTh H3MepeHHS OOpPaTHOro pacCesHUsS aKyCTHYECKOro
CHrHajla, OTPaXEHHOro OCOOLI KpHJIS, IO BeJUYUHE 3XO0-
CHMIrHaJja.

CnycoK PHCYHKOB

3aBHCHMOCTbH OOPATHOIO pacCesHUs aKyCTHYECKOTro CHrHajia,
OTPaXeHHOI'o KpUJieM, OT JJIMHH ocob6u kpuss npu 120 xI'.




- 153 -

SC~CAMLR-V/BG/24

CHOOSING DISTANCE BEIWEEN ACOUSTIC SURVEY TACKS

I.L Kalikhman, Z.I. Kizner,
B.R. Zaripov, W.D. Tesler
(U.S.S.R.)

Abstract

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

I.L. Kalikhman, Z.I. Kizner,
B.R. Zaripov, W.D. Tesler
(U.R.S5.5.)

Résumé

Un modéle mathématique a été utilisé pour démontrer que la
distance entre les bordées d'étude acoustique peut étre
raisonnablement sélectionnée en se basant sur 1'étendue type
de la région a l1l'étude, sur l'erreur relative permissible dans
l'estimation de la biomasse et sur le coefficient de variation
des valeurs de densité des concentrations de krill. Il est
recommandé que le critére suggéré soit appliqué dans les
études hydroacoustiques réelles.

“
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SELECCION DE DISTANCIA ENTRE LOS CAMBIOS DE RUMBO
DE LAS PROSPECCIONES ACUSTICAS

I.L. Kalikhman, Z.I. Kizner,
B.R. Zaripov, W.D. Tesler
(U.R.S.S.)

Resumen

Se utilizd un modelo matematico para demostrar que la
distancia entre los cambios de rumbo de las prospecciones
aclisticas se pueden seleccionar razonablemente basandose en
el tamano tipico en la reqgidén que se inspecciona, en el error
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relativo admisible en el calculo de la biomasa, y en el
coeficiente de variacidén de los valores de densidad de las

concentraciones de krill. Se recomienda que el criterio
sugerido se aplique en las prospecciones hidroaclsticas
reales.
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BHIEOP PACCTOSHUA MEXAY TAJICAMA NIPU AKVCTUYECKO# CBHBEMKE

W.Jl.Kanuxmasd, 3.M. KusHep,
b.P.3aprinos, B.J.Tecnep
(CCCP)

Pesiome

Ucnonesyercsa MaTeMaTH4YecKasd MoOJenb,
JeMOHCTpUpYlass, 4YTO PacCTOsSHUEe MeXAYy TrajicaMu
npu aKYCTHYECKO# CBhEMKE nejiecoobpasHo
BRIGHPATS, OCHOBBIBAfICH HAa  THIMHYHOM  pasMepe
obcreayeMoro paWoHa, JONYCTUMOH OTHOCHTENLHOH
MOrpellHoCTH B oleHke Ouomacch u kosdpuiHeHTe
BapyaluMy BeJHYUH I[UIOTHOCTH KOHIEHTpauud KPHJIIA.
PekomMennyeTcs [IpuMeHeHuWe npejanaraemsix
KpPHUTEPHUEB IpHU NpoOBEAEHUYU HaCTOAUMX
FrUPOaKYCTHUYECKHX CHEMOK.
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CHOOSING DISTANCE BEIWEEN ACOUSTIC SURVEY TACKS

I.L. Kalikhman, Z.I. Kizner, B.R. Zaripov, W.D. Tesler
All1-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
shouldvtherefore 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 al, 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 al, 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 :

_As (1)

£
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 Waé 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 957 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 §, v and
in real conditions. Biomass assessment error 6B includes two independent
components : hydroacoustical 6 and tactical 8. The tactical error can

H
therefore be found from the relationship

_ 2 2
s = V&% -3¢ (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 sﬁrveyed 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. 1If 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 0=90°). In the
case where the longitudinal and transversal directions cannot be identified
{concentrations are directed chaotically or are approximately round in
shape), k=1. 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 = Vks (3)

In the event that survey planners do not know the k—parameter, they
should assume k=1. TIf the results of a completed survey indicate that the
used biomass values of parameters S, v, k and o are not accurate, the
actual biomass assessment error may differ from the given one, and is

estimated by the formula

' 2 : (r\)')z
S = ||&g + ) (4)

S'Qé,cos o' + k'sin%a")

where 8', v', k' anda' are corrected values.
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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 errof
5B<30%, while the error of the hydroacoustic method applied to the survey
conditions 6H<ZOZ (Kalikhman, 1982). The area of the surveyed region
S=1O4 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 §= 302—20225202=0.2. Assuming k=1, we
use expression (3) to find a typical size 1=-VIBZ=IOO miles. Substituting
values v and 1 into formula (1) we find the distance between tacks
r=199~942-=15 miles.

3.0

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’=l.2x104 milesz;
variation coefficient v'=3.5; typical ratio of the concenfration
longitudinal size to the transverse size k'=2; angle between the tacks and
the longitudinal direction o' =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

5. <\[ 0.2% +|— (15-3.5)"

2
B 1 = 0.35=357

1.2-10”(%cosz45°+281n245°)j

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 §

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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Figure 1

Mathematical models of concentration density fields, and the
trajectories of hydroacoustical surveys. Darker range

proportional to density. Variation coefficient values : a — 3.1;
b - 3.2.
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Figure 2. Dependence of distance between tacks r/size area 1 ratio upon variation coefficient v under

different biomass assessment error 6 (empirical regression lines, and diagrams of approximating
function). The marks over values of v are field character (OP is one parch, S5 are separate
patches of the same size, SD are separate patches of different sizes, AS are aggregations

of patches of the same size, AD are aggregations of patches of different sizes). Values of §

(in percent) correspond to the ration r/1l used.
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List of Figures

Mathematical models of concentration density fields, and the
trajectories of hydroacoustical surveys. Darker range

proportional to density. Variation coefficient values : a - 3.1;

b - 3.2.

Dependence of distance between tacks r/size area l ratio upon
variation coefficient v under different biomass assessment error
§ (empirical regression lines, and diagrams of approximating
function). The marks over values of V are field character (OP is
one patch, SS are separate patches of the same size, SD are
separate patches of different sizes, AS are aggregations of
patches of the same size, AD are aggregations of patches of
different sizes). Values of § (in percent) correspond to the

ratio r/1 used.

Liste des Fiqures

Modeles mathématiques des <champs de densité de
concentration et trajectoires d'études
hydroacoustiques. Gamme plus foncée proportionnelle a
la densité. Valeurs de coefficient de variation

a-3,1; b - 3,2.

Dépendance de la relation r/l, distance entre les
bordées/taille de 1la zone, sur le coefficient de
variation v avec une erreur d'évaluation de biomasse
différente & (lignes de réqression empirique, et
diagrammes de fonction approximative). Les marques sur
les wvaleurs de v indiquent des aspects physiques (OP
est une tache, SS sont des taches séparées de la méme
taille, SD sont des taches séparées de tailles
différentes, AD sont des concentrations de taches de
différentes tailles). Les valeurs de & (en pourcentage)

correspondent a la relation r/l1 utilisée.
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Lista de Ilustraciones

Ilustracién 1 Modelos matematicos de los campos de concentracién de

densidad, y las trayectorias de las prospecciones
hidroacisticas. El campo mas oscuro es proporcional
a la densidad. Valores coeficientes de variacidn : a
- 3.1; b - 3.2.

Ilustracién 2 Dependencia de la distancia entre los cursos r/tamafio

Pucynok 1

PucyHok 2

del area "1 ratic" sobre el coeficiente de
variacién Vv bajo errores de evaluacién de diferentes
biomasas & (lineas de regresién empirica, y diagramas
de funcidén aproximativa). Las marcas sobre los
valores de v son caracteres de campo (OP es una
mancha, SS son manchas separadas del mismo tamaho, SD
son manchas separadas de distintos tamanos, AS son
grupos de manchas del mismo tamano, AD son grupos de
manchas de diferentes tamanos). Los valores de & (en

porcentaje) corresponden al radio r/l1 empleado.

CIMCOK DHCYHKOB

MaremaTH4YyecKue MoOpeu nosei 3HAYEeHUH MJOTHOCTH
KOHIEHTPAallHd M TPAaeKTOPHH T'HAPOAKYCTHYECKHX CHEMOK.
CTteneHbp 3aTeMHEHHUSA MPONOPHUMOHANIbHA NJOTHOCTH. 3HaYEHUS
kosdbuuueura Bapuauuu: a - 3,1; b - 3,2.

3aBUCHUMOCTh OTHOWMEHUS pPacCCTOAHHSA MexJay rajlcamMu, r, K
BeJIMUMHe rmiomaz4, 1, oT KkosdbunuenTa Bapualyuu, V ,
NMpH Ppa3JIMYHOW BeJSMUYMHE MOrpemHOCTH OLEeHKH 6K1oMacch, d
(3Mnupuvyeckue JUHUH perpeccuu " J¥arpaMmbl
anpokcuMupymen OyHkUuM). 3HAKK Hafg 3HadYeHUusMH V-
XapakTepHcTHkd ob6bekrta (OP - ofHO nATHO, S5 -
OTAEeJIbHBle NATHA OJHOro pasMepa, SD - OTHAENibHBEE [SATHA
Pa3HbIX  pa3Mepos, AS - arrperanu¥ nOATeH  OJAHOroO
pasmMepa, AD - arrperayguu NATEeH Ppa3HBX pa3MepoB).
3HavyeHus & (B INpOIEHTaX) COOTBETCTBYIOT MCIIOJb3YEMOMY
OTHOIIEHHIO r/1.
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SC~CAMLR-V/BG/37

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.

* kA x * h k& % %

PRINCIPES DIRECTEURS POUR LA PREPARATION DES RAPPORTS SUR LES ETUDES
HYDROACOUSTIQUES DU KRILL

I.L.Kalikhman
(U.R.S.5.)
' Résumé

Les principes directeurs proposés fourniraient 1'occasion
d'effectuer des analyses comparatives et des vérifications de
résultats obtenus lors des études échométriques sur les poissons et
le krill, ‘et permettraient l'établissement d'une banque de données
portant sur ces études. L'unification des données d'études
echométriques est orientée vers une recherche plus effective dans le
domaine de l'évaluation quantitative de la biomasse des organismes.

Ces principes directeurs contiennent une description des besoins
essentiels concernant la préparation des rapports sur les résultats
obtenus par les études échométriques. Il est donné en exemple la
préparation d'un rapport sur une étude hydroacoustique portant sur
le polygone VI qu'a effectué, dans le cadre de FIBEX, de janvier a
mars 1981 dans la mer du Scotia, le navire de recherche soviétique
'Odyssey’.
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PAUTAS PARA LA PREPARACION DE INFORMES DOBRE LAS PROSPECIONES
HIDROACUSTICAS DE KRILL

I.L.Kalikhman
(U.R.S.S5.)

Resumen

Las pautas propuestas proporcionarian una oportunidad de realizar
analisis comparativos y comprobar los resultados obtenidos durante
las prospecciones ecométricas de peces y krill, y de establecer un
banco de datos provenientes de estas prospecciones. La unificaciodn
de datos de prospeccion ecométrica esta dirigida hacia un incremento
de la eficiencia de tales investiqaciones en el campo de la
evaluacion cuantitativa de la biomasa de organismos.

Las pautas contienen una descripcion de los requisitos esenciales
para la preparacion de informes sobre los resultados de
prospecciones ecométricas. Se provee un ejemplo de la preparacion
de un informe de una prospeccidén hidroacustica llevada a cabo como
parte del FIBEX por el barco de investigacidén soviético "Odyssey"”,
durante el periodo de enero a marzo de 1981, en el Mar de Scotia, en

el poligono VI.
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VCTAHOBKY MO OTYETHOCTH MO THAPOAKYCTHUECKMM CBHEMKAM KPWIA

V.J.KanuxMas
(CCCP)

Pesome

HacTogmas HHCTPpYKUHA [ApeljaraetTcs C  HeJbO
NMOJIYYEeHHS BO3MOXHOCTY CPABHUTEJIBHOIO aHajlu3a H
NpoBEepKY  pPe3ynbTaToOB, MOJNIYYEeHHLIX BO  BpeMia
3XOMETPHUECKUX CBHEMOK DHOB KW KpuJIsdg, a Takxke
ki §: co3jaHusAa O6aHka  [aHHBIX TakKKX  CbHEeMOK.
Vuudukauusa HOAaHHBIX IXOMETPUHYECKHUX CHEMOK
HampaBJjieHa Ha noBbileHde 3>PPeKTUBHOCTH 23THUX
HCCJIeoOBaHUi# B 0O6JACTH KOJHYECTBEHHOH OUEHKY
6vuomMaccel OPraHU3MOB.

NHcTpykuud COZIEPXHUT onucaHue HeO0o6X0AUMBbIX
Tpeb6OBaHUN K OTYETHOCTH o pe3ynsraTtax
IXOMETPUUYECKHUX ChEMOK. [lpuBopguTtcsa npuMep
(o6pasewn) COCTaBIIEHUS OTYETHOCTH no
rUAPOaKyCTHYECKOH CBEMKE, . BHINOJIHEHHO#
COBETCKHMM HCCHeJ[oBaTelNbCKUM cypaHoM "Opucceit" B
mope CkoTusst B nepuoj sAHBapsi-mapra 1981 r. B
pamMkax FIBEX Ha noJjuroxHe VI.

* % % Ak k k k% %
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YCTAHOBKM IO OTYETHOCTHU
0 T'YMOPOAKYCTHUYECKKM CBEMKAM KPHUIIA

Beepgenue

B CcBA3KM C WHPOKHM BHeIpPeHHEM THIPOAKYCTUYECKOI'O MeTona
OIleHKH 6HOMAacc BO3pacTawT TpefoBaHUS K COOepXaHHK OTueToB 06
SXOMETPHUUECKHX CbhbeMKaxX. Ing Toro 4yTobH obBJIervYuTh CpaBHEHHE U
IIPOBEPKY Ppes3yJibTaTOB, CO3OaHHe 6aHKAa IDaHHHX M, B HTOr'e, IIOBHCHTL
5GPeKTUBHOCTE CBHEMOK, HeOOXOOUMO COCTAaBJIATE OTYETH IO €IHHOH

MeTOOHKE.

OTueT O IUOPOaKYCTUUECKOM CbeMKe IOOJIKeH, C OIIHOHU CcTOopo-—
HEl, YIOOBJIETBOPHATE OOMUM TpPeBOBAHHAM K peHCcOBEM oTueraMm (11, cC
IpyToR — B IIOJIHOH Mepe OoTpaxaTk crnenHdMNKY BHIIONMHEeHHHX HCCIero—
BaHU® [2]. HacTosamue MEeTOOHUESCKHE VKas3aHHA COoCTaBJIeHH C YUYeToOM

OBOHX B5TUX YCJIOBHUH H C HCIONB30BaHueM YIIOMAHY THX pab6orT.

TPEBOBAHMA K COJEPXKAHHIO OTUYETA

Ecnu skcnenuuusa Omia [NIOCBAMEeHa CJIaBHEM o06pasoM BXOMeT-—
PHUYECKOH CBeMKe, TO DPEeHCOBHH OTYeT He IOenuTCcs Ha I'JlaBH U COo-
ODepxuT paspens "Beemenue", "KpaTkuit nHeBHHk pelica", "XapaxTe-
PUCTHKA paloHa M O06beKTOB cveMku", "Annaparypa", "I'pamyHUpoBKa
mwKaJas HHTerpaTopa'", "lIpoeemeHHe cheMxku" m "PesynpTaTH"; OaHHHE
IIONYTHHX TIHUIOPOJIOTHYECKHX U rnnpoénondrnqecxnx pPaboT BXJIIKNYAWNT

B TpeTHH pa3snei.

Ecnu sxcnepgunus OHUla KOMIJIEKCHOM, TO IHAOPOJIOTHYECKHM,
TUNPOCHOJIOTHYECKUM H JOPYIUM HCCJIENOBAHHAM [IOCBAMAKT CIeuuanbHHEe
I'JIaBH PEeHCOBOTO OTYETAa, B KOTOPHX AT NOOPOBHYK XapaKTepHcTU-
Ky paroHa B O6BHEeKTOB CBHEMKH; B BTOM CHAyUYae UYeTHPE IOCJIeNHUX pa3-—
Oeryia cocTaBJgnT rnaBy "I'umpoakycTHUYECKHEe HcciiemoBaHua”, a gsa

IepBHX — ofmee IpenucicBHE.

Himxke CcOOpMYyIHPOBAHH TPEeBOBAHUS K CONEDXAHHIN KaXIoro
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pasjesia oTueTa O THUAPOAKYCTHUYUECKON CheMKe.
BseneHue

BoO BBEIEeHHH OalT KpaTkKoe OO60OCHOBaHMe BHOOpPa palfioHa H
CPOKOB CbHbEMKH, YKAa3HBAWT OCHOBAHHUA A OPraHU3allWH DXCIEIHILNH,
€ee I1eJyib W 3ajadu, COoCTaB HaAYYHOH IPYNIH, IIPUBOOAT MapmpyTHYIO

cxXeMy peuca.

KpaTxkuil nmHeBHHK pelca

B oTOM paszelle B XPOHONOTHYECKOM MOPSANKEe OIHCHBAKT Hau-

fosiee BaxHHEe paboTH ¥ COB6HTHA B pelice.

XapaxTepucTuka palicHa ¥ OO6bEeKTOB CheMKH

B oTOM pazspgersie NpUBOLOAT KpAaTKHE CBeNeHuA IIo 6HOJIOTUH
obciienyeMHx OOBEeXTOB, PACKDPHBAaKT OCOBEeHHOCTH IUHaAMHYECKOTO pe-
XuMa padioHa cbeMKH (QpOHTH, TI'DPAOWEHTH, BHXPH, ANBeJUIHHIU H
T.IO.) . ONHCHBAKWT BHOJIOTHYECKOE COCTOAHHE M HOBEeIeHUHe O6BLeKTOR,
BHIOOBOH H pa3MEepHHH COCTaB CKONIeHH#, IIOTOIY H IIPOMEICIIOBYIO

O0CTaHOBKY B MNepHon paboOTH >KCIEeNHUIIHH.
Annaparypa

B sTOM paspesie NpUBOLAT COCTABR aumapaTypH; Ha3HBAKWT
IpUMEHABMNECH THAPOAKYCTHUYECKHE M H3MepHTeslbHHe NpubopH, HH-
TerpaTopH. YKa3mBAaKWT BCEe HCHCOJB30OBAHHHE pexyMe paboTH anmnapa-
TYPH: B I'UOPOaKYCTHUYSCKOM Ipubtope — wacCTOTyY, MOMHOCTE HU3JIYYEHUS,
MHUPHHY JydYa, IOJUTEJIBHOCTE HUMIYIIBCOB, IOJNIOCY NOPOIIYCKaHUA, YCHUIIe-
HHe U 3aKOH BAPY; B HHTerpaTope - yCUJIeHUHue H [Dopor. Ecnu pexum’
paboTH H3MEHANH, TO YKAa3HBAWT NPHUYHUHY H3MeHeHHs. OMNUCHBAKWT CIO-
CO0 H3MEPEHUS 2JSKTPOAKYCTHUYECKOH INIOCTOSHHOM annapaTypH; IPpHBO-—
OAT 3HaAYEeHUd DJIeKTPOaAKYCTHUYEeCKOH IIOCTOAHHOM, IHOJIYVUIECHHHE B HaH-—
HOM pelice U IIPY NpelIsnymux H3MepeHuax. Eciu pacxXxoxpgeHHe cymecT-—

B@HHO H BHIIOJIHAJIH IIO3TallHHEe H3MepeHHdA 3JIEKTPHUYEeCKHX ¥ aKyCTH-
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YeckuX napaMeTpoB annapaTypH, TO NPHUBONAT PEe3YJLTATH DTHX

.
HU3MEepEeHuii.

T'pamgyvpoBka WKkalikl wHTEerparTopa

B sToM pasperyie NPHUBOLAT pPEe3yNbTaTH IIOSTANHON I'PaIyHDOB-—
KM WKaJH HHTEerpaTopa: Kos(ddHUIMEeHT NnoTepb BBUIY H3BHTOYHOTO 3a-
TYXaHUS 3BYyKa, YPOBEHBb HMYMOBHX IIOMEX,MacCy H aKyCTHUYECKOoe ceue-
Hue (Cuiy Leidu) ONWHOYHHKX O6BeKTOB, HHTErpasbHHI ¢akKTop Hanpas-—
JIEHHOCTH, LeHy QOeJIeHHs WKaJH HHTerpartopa. YKa3sBawT XapaKTep
pPeriucTpanul O6bEeKTOB IHUIPOAKYCTHUESCKHM NPHOOPOM, IMPUBOIAT Xa-—
pakTepHHe 3»Xor'paMvii. ECHIH OTIHEeNLHEE 3Tans I'PAfYUPOBKHU He BHIIOI-
HAA®, TO YKa3HBAKT MNPUYHHY ¥ O60CHOBHBAKT BHOODP KaXIOrO M3 HC-
NOJIR30BaAHHEX, HO HE H3MEpeHHHX IapaMeTpOB. ECJIH He BHIIOJHSIIN
IO TanHyw TpadyYUPOBKY, TO YKasl3HBAKT NIPpUYHHY. B 3TOM ciayuae
ONMHUCHBAaKWT CIIOCO6 CKBOB3HOH I'DAYHPOBKH KB NPUBONAT IOJIYUEHHOE
3HaYeH¥e IeHH NejieHus WMKaJH HHTerparopa. ECiIH B THIPOAKYCTH-
YecKO# CheMxe y4¥acTBOBAJIO HECKOJIBKO CYIOOB, TO NPUBOLAT pPEe3yib-
TaTH HHTEepIrpanyHUpPOBKH WMKall UHTerpaTOpOB, YCTAHOBJIEeHHHX Ha pas3-
HHX cyzmax (moJjie Koppessalpy 3HaveHUM IUIOTHOCTH, ypaBHeHHe per-
peccuu, KOOOPHUIHEHT KOPPesaslHH) . [IpUMeHHTEeJIBHO KO BCEeM usMe-

PEHHAM NPEencTaBIJIAINT HEOBXOOWMHE WININCTPATUBHHE MaTepHAaJIH.

IIpoBeneHe CBHEMKU

B sToM pazpgeryie HawT KpaTkoe onncaHHe.oco6eHHOCTeﬁ pac-
IpenesieHus O6BEKTOB (B ToJme BoOnH, BOIM3M NOBEPXHOCTH WK IHaA) .
VKasHBaNT CHOCO® H3MepeHHHA HAaNpaBJIeHWS B CKOPOCTH I'OCPH3CHTAaJIL—-
HHX ¥ BepTHKAJIBHHX MUTPalldil, NPpHBONAT pPEe3VJLTATH 3THUX H3Mepe-—
Huit. ECJA¥ CBbEeMKY BHIOJIHANH B YCJIOBHAX WMYMOBHX IIOMEX HJIH IIDU
HaIMuUWH 3BYKOPACCEHBaAWMHX CJIOEB, TO NPEICTaBJIAKNT XapaKTepHHE
SXOT'pPaMMH, HAKT OUEHKY BKJAIa MOJIE3HHX SXOCHCHANIOB M IIOMEX B
MoKasaHug HHTerpaTopa. [IpHBOOAT IIPUMEpPH pPACUYSTOB IIOBEPXHOCTHOH

o . o+
U OB6BbeMHOM IIJIOTHOCTH CKONJIeHHH, HCXOIHHE IaHHHEe ¥ pe3ynbTaTH

+ ”
Honpo6HocTH QUKCHPYIOT B XypHajle IHIPpOaKYCTHUYECKHX H3MepeHUuH.

.- 5
B nnonsoM o6bheMe pacueTH 3HadYeHUM IIJIOTHOCTU QUKCHDPYIT B XYp-

HaJle IUIPpOAKYCTHUECKHX HabJIomeHM.
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BHUYHCJIEHMH CTATHCTHYECKHX XapPaKTepHCTHK IOIA INIOTHOCTH. OB6oCHO-
BHIBAOT DPEXHMM CbHEMKM: HarpaBJIeHHe IOBHXEHHs, QOpMy TaJICOB, paccTo-
SHUEe MexOy raJjicaMH, HHTEepBaJyl HHTeIpPHPOBAaHHA, CKOPOCTDL IBUXEHUS
CyIHa ¥ BPEeMs CYTOK, B TeYeHHEe KOTOPOTO BHIIOJIHMIH T'HOPOAKYCTHUYEC—
Koe ob6crnenoBaHue. [IpencTaBiIgoT IUIAHNIET CBHEMKH: CEeTKY LalicoB,
O6pAaTHYKW IPOKJAOKY rajlcoB (HPUMEHHUTENIHHO K IBHXYDIHUMCS CKOIJIEHH-—
sIM) , 3HAUYEHHA MOBEPXHOCTHON IUIOTHOCTH Ha Trajicax, HU3OJHHUU IUIOT—
HOCTH MK TPaHULH JIOKAJLHHX mjomaneid. IpuBOIST pacqef OLIEHKHU
froMaccH OBCJIeNOBaHHHX O6BEKTOB, a TaKxe MNOBEePUTENBHOI'O MHTEepBa-

Jla B3TOH OUEHKH.
PesynpTaTH .

B sTOM pasznene CpaBHUBAKNT OLeHKY O6MOMAaCCH, pPe3yJIbLTaTH
IpenHOymuxX THIPOAKYCTHUYESCKHUX CHEMOK H ImaHHHEe O 3arnace, HoOJaydYeH-
HHE 6HOJIOTHUYECKHMH MeTOomaMu (OYTeM HKDPSHHX, JIUYHHOYHHKX HIH Tpa-
JIOBHIX CHEMOK, C HCIONL30BaAHUEM HJAHHHX NPOMHCHA ¥ T.X.). o BO3-
MOXHOCTH , AHaJH3UPYIT 3aKOHOMEPHOCTH 0O0pa30BaHUusdA, pacHperneyieHus
H pacrnana CKOIUIEHHH B 3aBHCHMOCTU OT NPUPOINHHX GaKTOpOB: OGHO-
THYECKHX (COCTOgHKHE KOPMOBOM 6a3H, BHOJIOIHUYECKOEe COCTOsSHHE
06BbeKTOB) M abuoTHYECKHX (IMHaAMHYeCKHe OCOB6eHHOCTH BOIOEeMa,
THOPOQHU3NUYECKHE ¥ TI'UIPOXUMHUECKHE XapaKTepUuCTHuKI) . JeanT BH-
BOL o IPABUIIBHOCTYU BHOOpa pa¥doHa, BpeMeHM U TaKTHKH CBbEMKH, O
OOCTOBEPHCCTH €€ pesynbTaToB. JawnT peKoMeHIalluu 110 BHOOPY ai-
mapaTypH M PEeXUMOB €€ paboTH NPUMEHHUTENILHO K O6CIemOoBaHHEHM OO8Bb—
eKTaM, a TaKkke IO COBEepHNEeHCTBOBAHUK TaKTHKH HaNhHeHMNX CbheMOK

DTHX OBLEKTORB.
O6pasen

OTYET O I'MAPOAKYCTHUECKOW CBHEMKE AHTAPKTUYECKOI'O KPUJIL
B MOPE CKOTHSI HA HIC "OIWCCEN" C SHBAPA IO MAPT 1981 r.

BeepeHue

Peiic HIC "Opmmcceu" B paMKax MexXOyHapOmHOM NPOIDaMMu
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HCCJIeDOBAHMYE aHTapKTHUYECKOTro xpuiig "¢aliexc" 6mUl opraHu3oBaH
IO PeHmeHHn Manmeosa.CCCP. MapmpyTHasa cxXxema pefica IpuBeneHa
Ha pHc. 1. I'UugpOoakyCTHYECKYH CbheMKY BHIIOJHAAH B Mope CKOTHda,
BaXHOM IPOMEICJIOBOM PaloHe, B IEePHON aHTapKTHYECKOTOo JieTa,
Korma Kpujiab obpasyerT cpaBHHTeano IIJIOTHHE HepeCTOBHEe CKoIljie- -

HUuA.

CrveMka 6rula MexmyHapomHoi; xpome HIC "Onmucce#", ee mpo-
Bopunu cyma IHP, o¢PI', CIIA, ApreHTHHH, Yuag u ADoHHUH. Beck o6c-
JenyeMeil pafioH O6HUI pPasfuT Ha ceMb NOJIHTOHOB HO YHCAY YYacTBO-—
BaBMHX CTPaH, Kaxnas M3 KOTOPHX BHIIOJHMANA CbEeMKY B Ipenenax

cBoero noaurosHa (puc. 2).

llesis CbeMKH - OlleHKa pachnpelesieHMsT U O6MOMaCCH AaHTapKTH-
YeCKOTO kpundg. Mg DOCTHUXEHUS LelH pellaJuch CJjelyimHue 3alavd:
H3MepeHye IIapaMeTPOB HCHOJb3YeMO¥ amnmnapaTyphli; IpajydpoBKa Mxa-—
JH HHTEerpaTopa; HHTeprpamyHpoBKa WKal DasiIMIHHYX MHTEIPaTOpOsB;
PEKOTHOCHUPOBOYHAA ChEeMKa; IHIPOJIOTHUYECKHE M THUIPOSHOJIOTHYECKHE
HCCoJlenoOBalHusg B palioHe CbeMKM; BCTpeua CHIeNHaJIMCTOB Pa3HHX CTpaH

O7s1 O6CyXOmeHusa pes3yibsTaToB.
CocTaB HayyHO¥ rpynmne: A.B.VBaHOB - HaualbHUK pelica,
B.B.lletpoB ~ cTapwui# HHxeHep, B.I'.CumopoB - uHxeHep, I'.J.Bacu-

JIbeB — HHXEeHeD.

KpaTku#i npHeBHUK peHca

19/X1 1980 Bruixon 3 CeBacCTONOJNS.

20-29/X1 Pazfopkxa 3KCHEOUHUHOHHOT'O HMymecTBa, ofto-
DPYIOBaHHe J1abOpaTOPHHX IOMEmMeHHH, IOIKJIIn-—
YeHue annapaTypH.

30/X1 IIpoxon uepes T'ubpanrap.

31/X1 1980-10/ 1981 Ilepexon uepes ATiaHTuveckuit oxeaH. llonyT-—
HHI TUIPOAKYCTHUECKHH [IOHUCK, Ha6JIomeHus

U3 IoOBOOHOro amnapara  "Cesep-2" Ha BO3-




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
27-28/1V
29/1y-5/y

6/V
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BHIIEHHOCTSX, KOHTDPOJIbHHE TpaleHHs, TpoMe-—

POYHHE paboTH.

HamepeHnus napaMerpoB anmapaTypH Ha CTOSH-

Ke B pa¥oHe KaHapCKHX OCTpPOBOB.
[lepexon uepes 2xBaTOp.
CrosHka B noptTy Puo-me Xauetipo.

HsyueHne pacupemeiesus u IOBEOEHUS KPHIIS
B Mope CKOTHA C HCHOJIB30BAHHEM I'HIOpPOaKycC-—
THYECKHX IIOHOOPOB M HNOIOBOOHOI'O alnaparta

"CeBep-2". BH60OD ONTHMAILHOTO pexuMa pa-

6OTH anmnapaTypH.

UzMmepeHne ypoOBHA MYyMOBHX IOMEX B Mope
CxoTus.

WHTerpanyupoBka C 3anamHOTepMaHCKUM CyIi-

HoM "BasnTep Xepsur".
PexOrHoCuupoOBOYHass CbeMka B Mope CKOTHS.
HeTanpHas cbeMka B Mope CKOTHS.

Bcrpeua CHEIUaNIHCTOB pas3HHX CTpaH Ha aHIr-
JIMACKOM TIOJNAPHOH cTaHuuu (o0-BOoB IOKHas

T'eoprusg) .

llepexon uyepes ATIAHTHYECKHN OKeal. NomyT-
HHH I'HOPOaKyCTHUYCCKHUX IIOUCK, HabJIIneHus

B3 NDOONBONHOr'C amnnapara "Cesep-2" Ha BO3-—
BHIIEHHOCTAX, IPOMEepHHEe pafoTH. O6patoTka

JAaHHHX ¥ HanucaHHe oTyYeTa.
poxon uepes T'ubpanrTap.

Illepexon B I'enyw. HamicahHue oTueTa.
Crosxukxa B I'enye.

Hepexon B CesacTonons. 3JaBeplieHHe oTYeTa.

IpubuTtie B CeBaCTONOND.
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XapaKTepHCTHKa paiioHa ¥ O6BEKTOB CHhEMKH

O6beKT. AHTAPKTHUYECKHN KPUJL - IPEeICTaBUTENI:L MaKpoO300-—
IVIaHKTOHA; BHemHe INIOXOX Ha KpeBeTkYy. [IpHHaAOJIeXHUT K OTPAIOY PakKo-
obpaszHuHx, HacuutHBaeT 11 Bumos. Haubosiee MOmMHHE CKOIJIEHUs ofpa-

BYéT BUI Euphausia superba Dana. O6uTaeT IpH TeMlIlepaTypax Humxe

mwioc 4°C. IuTaeTcs B OCHOBHOM OHATOMOBEMH BOIOPOCIHIAMH. MOXeT

nocrturaTtdk 60 v B ngnuHy. Ocofu pasHoONonH. CpenHAsS INIONOBHTOCTD
camMku - o 8 000 uxpuHOK. I[lepuoy pa3MHOXeHHs - ¢ HOA6pPA IO amn-
pesik ¢ MaKCuMyMoOoM B ¢eBpaJie. CIHYXHT Numell MIEKONHTAmUuX, pHO

K nTUn. fBageTcd LeHHHM NPONYKTOM NUTaHUS YeJyioBeka; 60oraT Hpo-
TEeUHOM, XHpaMu K BUTaMHUHaMH, OCOO6eHHO BUTaMuHHOM A. HcnomnnsyeT-—
CA I[Jii NPUTOTOBJIEHHA IIHOEBHX KOHCEPBOB, KOPMOBOM MYKH H JleKap-—

CTBEHHEX NpellapaTosB.

PanioH CbeMKH. AHTAPKTHYECKUH KPHJADb [HaCCHBHO MHIpHUDPYET

C TeueHwsaMH, [O3TOMY oOO6pas3oBaHHe, pacunpernesjie’Hye ¥ paclan CKOII-
JICHHUH B OOJIBHUION CTEIleHHM 3aBUCHT OT IOUHAMHUECKOTO pexmuMa BoIjoe-
Ma. Pexum Mopsa CKOTHUSA oIperdengseTcsa B3auMOoIeHCTBHEM IOBYX KpYII—
HHX OUHaMHYECKUX CHCTEeM: AHTAPKTHUECKOT'O LHPKYMIOINSAPDHOI'O Teuye-
HHUA, [DPOHHKAKMEero C cesepa, H [NOTOKA BOI MOpsa VYamjemnna, IpHXO-
oamux ¢ wra. HocrnenHue gBIAKNTCH I'JIABHEM padoHOM ob6uTaHUSa KDUIIA,
OCHOBON ero apeasjia. Ha yJacTke HENOCPEeICTBEHHOI'O B3auUMOIENCTBUS
9THX IHUHAMHYECKHX CHCTEM CO3[aeTCs Tak Ha3HBaeMmass BTopHUYHadA
¢poHTANBHAS 30Ha; B Hell, IJIaBHHM o6pasoM Ha nepudepum BUXpeH,

obpasywrcsa OCHOBHHE CKOHHEHHH‘KPHHH.

Illorona. B Mope CkoTusa npeobilamanT 3anagHee BeTpH, OnO—
HakKo B nepuol paboTH 3JKCIEOULUHH OpeBaliupoBasyl ceBepHHH. Cuna
BeTpa K BOJIHEHHEe MODPA U3MEeHAAHCE B OONBIHX Npere’siax; BpemeHamu
CHIla BeTpa HOOCTHIalla BOCBHMH 06aiiIoB, BOJIHEHHE MOpA — ceMu 6as-

JIOB .

Buojyioruueckoe cocTogHue. llonynanusa KpHias Haxonuwilach B

COCTOSAHHU HepecTa. B CKONJeHUH HNPHUCYTCTBOBANH IIOJIOBO3PEJIHE OCO-

6 ¥ MOJIOOL, BO3pacCT BapbHpOBaJl B 6ONbBNNX Hpereslax BBUIOY IJIUTENL-
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HOT'O CpOKa HKpoMeTaHHs. Haubosee MHTEeHCHBHEHM HepecT 6w B deB-—
pane. B 3T0O BpeMsI YHCJIO HEPECTHBUHXCS CaMOK PaBHAIOCH KOJIUUYECT-
BY [OJIOBO3ZpesHX camMmuoB. C Havasla MapTa OOHNYJASUIUAs B OCHOBHOM Hne-
pemria K I[IOCJIEHEePEeCTOBOMY COCTOSHHK; YHCIIO YYACTBYKOHUX B pasMHO-

XKeHHUH ocobel, OcOBeHHO caMiOB, CYDMEeCTBEHHO COKPATHIOCH.

IlloBemeHnue. BHIIOJHEHHHE B CBETJIOE BpPeMa CYTOK INIOOBOLOHHE

HabIWOeHUs H3 aBTOHOMHOI'O almnapara "Ceéep—Z" noxasajiy, 4YTO KpHib
O6pasoBHBAJI CTAaH, B KOTODPHX OCOBHM OPHEHTHPOBAJIMCEL ¥ pearuposa-—
JI1 Ha BHeIIHHe pa3ipaxurTesiu onHHaKOBo.‘HBnraTehbHaﬂ aKTHUBHOCTD
KpHJsia 6mia ciiabol, paclhnyruBaHHEe CYODHOM H OpYIHEM JiOBa CKa3HBa-
JIUCE He3HauvuuTesJJbHO. B TeMHOe BpemMda CYTOK CTAaH pacHamaJluch; XpWiIb

MONHMMAJICH K IIOBEDPXHOCTH H PacCCeHBaJICS.

PasMepHHR cocTas. B Ipollecce TUOPOAKYCTHUECKOMN CbeMKH

Pery’ssapHO BHIIOJHAAY KOHTDPOJILHHE OB6JIOBH IDPOMHEICJIOBHM TpajoMm TP/TM
36,6 Cc rOpUSOHTANbLHEM packpHTHeM 38 M, BepTuHkansBuM 15 M. Mo
pe3yibkTaTaM TpaJsieHUP Oonpenensaiii PasMepHHE COCTaB CKOIIEHUs. YC-
TAaHOBJIEHO, YTO Ha Pa3JHuUHHX ydvacTkax O6CIenoOBaHHOI'O paloHa pas-
MEPHH# COCTaB OBUI CPaBHUTENBHO HNOCTOAHHEM. I['mCcTorpamMMma paclipe-

OeJIeBus OJIWH KPpHJA NpHUBEeOceHa Ha pPHC. 3.

[IpoMmECTIOBasg O6CTaHOBKa. B meprnon paboTH 3SKCHENUINH B

B palioHe CbeMKH I[IPOMHCJIA He BBUIo. B6JHM3H o—-Ba MopnmBuHOBa pabo-
Tajay OBaJlaTh IDOOHBAKMMUX CYIOB. YiOBH mocturanu 10 T 3a uac

TpaJyieHusi. Bollee pe3ynbTaTHUBHEMH TpPaJleHUus OLUIH paHeM; HOYHOH BH-
JIOB COCTAaBJIAJ OKOJIO 15% cyTouHoOTro. lIlpoMeHcioBas of6cTaHoOBKa 6OmIia
HecTabWwlIbHON BBUIOY U3MEeHEHHH IIOrOIH H OHOJIOTHYECKOrO COCTOSHUSA
KpHUJIsg, OINHAKO B BONBIHHCTBE CJAYYAEB NO3BOJAJA HOOHBaWmUM cydaM

BHIIQJIHATE CYTOYHYK HODMY .

Anmnapartypa

CocTaB annapaTyphH. DXOMETPUUECKYH CbEMKY BHIIOJIHAIH C HC-

IoJb3oBadueM runpoJsiokaropa "CapraH" u umHTerparopa CHOPC.
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PexyMm paboTH anmnapaTypH. 'HOpoJsiokaTop — BEpPTHKAMNDLHHHN

TpaKT,vacrora 136 T, DMpPOKHUH¥ Jyd, NOJHAS MOMHOCTL, IJIUTENIbL-
HOCTBh HMIYJIBCOB 1 Mc, ocnabrneHue 20 pnb, BAPY BKIIOUEeHa, LENb
MHOXECTBEHHasA, PeryasATOop OanbHOCTH pmelicTBHa BAPY B nOsoXeHHH

10; uHTerpaTtop - ycuinenue 0 pB, nmopor 12 nB.>

IlapaMeTpH anmapaTtypH. 5/X11 1980 r. Ha cTosgHKe B palioHe

KaHapCKuX OCTPOBOB H3MEPAIH 3JIEKTPOAKYCTHUYECKYH ITOCTOSHHYW an—
IapaTyYPH NYTEM HHTEIDPHPOBAHHA 3XOCHIHAJIOB OT 0O6pasloBOIO CTAaIb-
Horo mapa pHamMeTpoM 100 mM. Ha wacToTe 136 kI akyCTHUECKOe ce-—

YeHUHe Wmapa b= 27,4 M2 . PaccTogHMe OT aHTeHHH mo mapa ¢ = 30 M.

[Ipu nIpoBEOeHHU HU3MEPEHHUN I'NOpOJIOKaTOp paboTasyl B pexume
"Ocna6nenne 0 OB", MHTerpaTop B pexuMme "3a omHy nocmuiky". B pac-
JeT Opasjy JIHWb HauboJblHe II0Kas3aHUusi, COOTBETCTBYKIHE pacloioxe-—
HUK 06pasuoBO¥ Lesu Ha aRyCanecxoﬁ ocu. llokazaHusa HHTEerparopa
M1 = 107. XapaktTepucTtHka BAPY U KpHBas IIOMPaBOYHOrO Ko3dduuUEH-—
Ta [NpUBEeOeHH Ha puc. 4 ¥ 5. DJIeXTPOaKkyCTHYECKYH IOCTOSHHYO pac-—
CUYUTHBAaNIHK C KOppeKLue Ha OTKJIOHEHMHe peallbHOT'O 3akoHa BAPY ot
TEeOpETHUYECKH Heof8XOoOuMCI'O; IIPEMEHHTEeNhHO K rayfuHe 30 M momnpa-
BOUHHYE ko3dduiiueHT paBeH 1,5. B pesyawTatTe

2 2

4T, 41.30%:107-1,5

C__ = = - = 6 6-108
2a & 27,410 4 6,6°10°,

TIo maEHHM H3MEepeHWil, BHIIOJHEHHHX B XOIe IpeIHIvIeHd s>xo-
CcpeMKH H 3a(UKCHPOBAHHHX B XYPHalle IHAPOAKYCTHYECKHUX H3IMepeHu#,
Csa = 8,7-108. C yueTOM pacXOXOeHHs 3HaueHui, cocrTasiaswmero 30%,
6-7/X11 1980 r. 6wu NPOBENEHH MNOSTanmHHEe KH3MEepeHHs BCeX IapaMeT-—
POB, HEOOXOINUMHX IJIA pacuyeTa 2DNeKTPOaKYCTHUYECKOH IIOCTOSHHOMN.
AKYCTHUYECKHE H3MEPEeHUSA BHIOJHANH C HCHOJAbB3IOBaHHeM TupodoHa
Tuna 8101 dupmu “"Bpioas ¥ Krep". B pesynbTaTe IIOJYYEHO: IJIUTENL-—
HOCTE MMIIYJIBCOB ¢C = 1,0 MC, KO30PHLIUMeHT YCHJIEHHA 3a IpenesyaMu

OeHCTBHA BAPY,#O = 1,8-102, panmbHOCTD meficTBHS BAPY rg = 350 M,

Il

NOCTOAHHAaA HHTerparopa Cy 234 1/B20, YYBCTBUTEJILHOCTE aHTEHH

o mpueMy =22 = 530 MxB/Ila, 3BYKOBOE IaBJjleHue p = 1,56-105 a,
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aKyCTUYeCKasa NOCTOAHHAsA rupposiokaropa C, = 6,8+10° B*Mm?. CpaB-
HeHHe C JaHHHMH OpeHOVIIHX H3MEepeHHH TOKasHBawnT, YTO 3JIEeKTpUuuec-—
KHe TapaMeTpH He H3MeHWIHCHh, a 3HadYeHHT akyCTHYECKHX HEeCKOJIBKO

CHHUBHUIIHNCE; HO-BHﬂHMOMY,‘STO 00bACHAETCA obpacTaHueM aHTEeHHH.

Ha wacToTe 136 kxI'lli KO3QPHIMEeHT IIPpOCTPRAaHCTBEHHOI'O 3aTy-
xaHusg B Bome o= 0,040 ngB/m [21.

C ucrnonb3oBaHHEM 3HAUEHHH, IOJYUYEeHHHX B pes3ysbTaTre Io-

STAlHHX H3MEpPEHHH, 2JIEKTPOaKyCTHUeCKas HNOCTOAHHAasg annapaTypH

/Lo u“a _ 1,0-8%2.101%.234-6,8-103

°a = 2,006,200 3502 400,2:0,040-350

8

6,6-10

3TOT PEe3YJABTAT IONTBEPXKIAST OAaHHHE H3IMEPEeHUH C HCHOMb-
30BaHUEeM O6pPa3slloBOro llapa. [IOCKOABKY HIPpH IPOBEINEeHHH B5XOCbhEeMKH
TUOPONIOKATOp paboTan B pexuMme "Ocnabrenue 20 gB", BIeKTpROaKyc—

TUYECKAasa IOCTOSHHAS anlapaTypH Csa = 6,6-106.

I'panyupoBKa WKaJH HHTerpaTopa

H3BHTOYHOE 3aTyxaHue 3BYKa. B palioHe CbeMKH ITHO OHJIIO

KaMeHHCTHM H HEPOBHEM; IONUI'OHA IOJS H3MEepPeHUHA H3OHTOYHOI'O 3a-
TYyXaHug 3BYyka He 6ruio. Ha uvacToTre 136 kI'll MCIONB30BATE O6pas-—
LOBHII map Henb3da. IosTOMY B pacueT bpaniu TabnuuyHHEe 3HaYeHHd
KosdduueHTa NMOTEPE: BBHAY H30HTOYUHOI'O 3aTyXaHUA 3BYXa B aspHpO-

BaHHOM HOPUIOBEPXHOCTHOM cJioe okeaHa [21].

VpoBeBp MyMOBHX nomex. 15-18/1 1981 r. B Mope CxoTHus

HU3MEPAIN YPOBEHb MYyMOBHX IOMeX IPHMEHHUTENBHO K pPa3IHdHEM 10—
TOOHHM YCJIOBHAM M CKOPOCTSM IIBHXEHHA CYIOHA C HCHOJIL3OBaHHEM
ragposiokaTtopa "Caprau" um mHTerparTopa CHOPC. PexuM paboTH H
napaMeTpH anrapaTypH: THIOPOJOKAaTOp - HNojoca npomycxasua 3 000
'y, redepaTop ¥ BAPY BHKJKUEeHH, ocinabieHue 10 nb, xos3dduumenT
YCHJIEHHS IO TOUKH MNOIKJIOUEHHA HHTerparopa At= 5-104; nHTerpa-
Top - nopor 0 mgB, TosymuHAa CI0A H = 99 M, 3Banyck BHYTPEHHUH,

o




- 177 -

2
ynciio mnocksiok n = 500, mocTosHHas HHETerpaTropa CH = 234 1/B"c.
IpuBeOeHHHI K aHTEeHHe YpPOBEHL MyMOBHX IOMEX Haxonund no dop-—

MyJie

18] = l ____CM

m /b 2hnCI/I

[mxB1.

PesynbTaTH H3MepeHHM IIperncTaBJIeHH B Tabia. 1.

Macca opHHO4YHOIrc o6bexTa. Omnpenendanachk IO pesyiabTaram

BHOJIOTHUYECKOH NPOO6H KOHTPOJIBHOI'O JIOBa. B pesyiakTaTe — CpenHas

mMacca W = 0,65 r.

OTpaxaTelyibHass CIOCOBHOCTE OINUHOYHOI'O of6bexTa. Oupenenyg-

Jlach Ha OCHOBE INAaHHHX 6a30BHX usMepenunit [2]1 ¢ yyeToM pasmMepHO-
IO cocTaBa CKorvieHu#. CpernHue IJIHHHE OO6BbeKTOB B KaXMoH I'pajalluid
pasMepHOro psma L., COOTBETCTBYWNHE aKyCTHUYECKHE CeYeHUT cf(Li)
M HNpOleHTHOE colepxaHue OO6DBEeKTOB KaxXnol rpamalluu n, MOaHH B

Tadn. 2.

YcpemHeHHOE 3HaueHHEe aKYCTHUSCKOTO CeUeHHHA

= 1 (3,0-1243,9-61+4,4-15+6,0-5+6,7-4+7,7+3) = 4,2-1076 nm°.
100 |

WHTerpanbHEE Q¢axToOp HamnpaBJIeHHoCTH. XapakTepHasa b5xorpa-

MMa IOpelcTaBjieHa Ha pHUC. 6.. CKOIUIEHHS KpWISA PEerHCTPHUPOBAJINCH

KaK MHOXECTBEeHHas Lelbk.HHTerpanbHHH (QakTop HAalIpasjieHHOCTH

=2,7-1073,

v 22 2.1,12
ard? T-172

ena neneHus WKaJIEl HHTerpaTopa. B mOpolecce THIPOAKyCTH-

YeckKol CbheMKU H3MEHAJIACh B 3aBHCHMOCTH OT CTENeHH 3aTyXaHud
3BYKa B a3PHPOBaAHHOM MHNPUIIOBEPXHOCTHOM CJIC€ OKeaHa. BOoNbIYI

YacThk BPEeEMeHH BOJIHEHHEe MOpA COCTaBJIAJIO 4 6anna, CYIOHO QOBHUIL a-
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JIOCE CO CKOPOCTDIO 8 Y3JIOB; MNPHMEHUTEHBHO K 3TOMY CiIyd¥an Ko3d-

punuesT noreps K, = 0,9. leHa meseHus WKaJIH HHTErparopa

c = 3,4iﬁ - 4173,43-0,65 = 414 T/MHHHZ.

2 .10 . .10 .10-3
CoaXoas 6,6-10°.0,9-4,2-107°,2,7-10

IIpy cymecTBeHHOM H3MeHeHUM NIOIOHHX YCJIOBHH ¥ CKOPOCTH
IBHXEHHA CYAHAa B BEJIHYHHY LOeHH OeJIeHHS MKAJE HHTeI'DaTopa BHOCH=-

JII HeOoOXOomHMYW IIONpaBKY.

HUuTeprpanyuposka. 19-20/1 1981 I'. B Meope CKOTHSA BHIOI-

HUJIH HHTEPIpaiyYUPOBKY WKAaJ HHTErpPaTOpPOB, YCTAaHOBJIEHHHX Ha HIIC
"Omuccei" ¥ Ha 3alafHOTEepPMaHCKOM cyrnHe "BambTep XepBur". B cBa-
SHM C HEepPaBHOMEPHOCTRBI PpaclIperesIeHHA KPUJad BLUIO HeOBXOImMMO, YTO-
Ol THOPOAKYCTHYECKHE NPHUO6OPH, K KOTOPHEM IONKJNYAaIHCh HHTeIpaTo-
PH, PEerUCTpUpPOBANM OOHH M Te Xe YUYaCTKH cKommenusg. C 3ToM Uebl
cyna CIedoBajii B KWIbBaTepe; NPUMEHHMOCTE: TaKo¥ MeTomHKu obyc-
JIOBJIUBAJIACH TEM, UYTO Ha BHICOKON wacTOTe KUIbBaTepHad CTDYH CO3~-
JaeT MEeHBIMYH HNOoMexy. VIS CHIKEeHHS IOMeXH IaJICH NPOKIaNHBaJIH
NEPINeHOUKYIAPHO TEeUeHHW; BHnepenu men "BaiabTep Xepsur", HUMeBHHH
Ménbmym ocanky . CKOPOCTE XOIa COCTaBlsUia 8 y3J0B, pPAacCcTOAHHe
Mexny cymamu 0,5 munu, obmas NPOTSKEHHOCTB TajicoB 25 MHIL, HH-
TepBalyl HHTerpuposaHus 0,5 mumm; 6euio cmesnaHo 50 oTcCUeToOB NOKa-

3aHUMY HHTerpatTopa.

Ilosle Kopperdnun 3HauYeHHH IUIOTHOCTH, IoNnydYeHHmx Ha HIIC
H
"Omuccen" (9) u "Banerep Xepsur" (?), npencrTaslledHo Ha pHC. 7.
YpaBHeHue perpeccCHu HuMeeT BHL

9 = 0,94%' + 48 T/MHHHZ.

T'paduk ypaBHEHUSA perpecCHH IpUBeneH Ha puc. 7. Kosddu-
IHeHT Koppensuuu r = 0,81; mockoneky r > 0,8, TOUHOCTL TpaIyu-—

POBKY IIKAJ MHTErpaTOPOB NpPpH3HAHA YIOOBISTBOPHTEJIBHOI.
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IIpoBeneHue CbheMKH

PexuMm cbeMku. B cBA3U C TeM, 4YTO B TeMHOEe BpeMsa CYTOK

PaAaCCesAHHHH KPHUJb IUIOXO PErHCTPHUPOBAJICA THIPOaKyCTHYECKHMH IpH-
fopaMil, CLBEEMKY BHIIOJHANY TOJBKO B cBeTJioe BpeMsi. CKOpOCTL OBH-
KEHUA CyImEa cocTamiana 6-9 y3/I0B B 3aBHCHMOCTH OT IOTOOH. HH-

TepBaljl HHTETPHPOBAHHUA PaBHAICS 15 MuIaM.

C 21/1 mo 10/11 1981 r. ODpOBOOWIH PEKOTHOCHUPOBOUHYI
CHEMKY; IWIAHOIET NpUBeideH Ha puc. 8. BHUIO YCTAHOBJAEHO, YTO B
obcisiemcBaHHOM pailioHe KDPHJIE IepXalJica HepaBHoMmepHo. YTobh onpe-
OeNHUT: PacCcTOSHHe MexOy TrajiCcaMH IOeTalibHOM CheMKH DacCuYBTaly
OYHKIHMIO KOPPEJSIIUHU CPaBHUTENbHO PaBHOMEPHOI'O NOJS INIOTHOCTH
CKOIUVIEHHH KPHWIIA Ha BTOPOM cCcTpaTe. IJIZ 3TOIO Ha OIHOM H3 yyac-
TKOB CBHEeMKH IIOKa3aHusg HHTerparopa CHUMalY yepes KaxoeHe nOBe
MHIIH NYTH; ofbmee uucio OTCYeTOB paBHanock 40. Uz rpaduxa Kop-
penanuoHHON OyHKIuH (pHc. 9) cluemyveT, YTO palHyC KOpPensUuH
r, = 20 mMunaMm.

C 11/11 no 19/l 1981 r. mpoBOmWIM ImeTalbHYI ébeMKy;
IIJIQHIIET TpHBENEeH Ha pHC. 8. PaccTogHHE MeXny COCeOHUMH Iapai-
JIeJIbHEMH TrajicaMy Ha IIepPBOM H BTOPOM CTpaTaxX COCTAaBJIAIIO OKOJIO
50 Muns; C yyeToM YepeIOoBaHUA TaJICOE 3UC3ArOM MOXHO CYHTATH,
YTO paccTofAHHEe Mexny raljicaMu paBHEajock 25 mmmnam. Ha TpeTtseM H
yeTBEPTOM CTpaTaxX IUIaHUPpOBajiid 60Jiee YaCTyI CETKY, Tak KakK TaM,

Habswmany 6oJsiee pes3KHe NepenarnH 3HaveHUuH IIJIOTHOCTH.

IUIOTHOCTE CKOIJIeHHH¥. B mnpoiecce IUnpoakyCTHYECKON Chbe-

MKH YPOBEHBL IWYMOBHX IIOMEX Ha aHTEeHHe He MpeBHmas 5 MxB; IoMexu
OTCEKaJIUCh IIOPOTOBHM YCTPOMCTBOM. BenuunHa SXOCHIHAJIOB 3Haum-—
TEeJIBHO [OpeBHmasia YypOBEHb NOMeX, HO3TOMY IIOKA3aHWA HHTEerparopa

He KOPPeKTHPOBAJIH.

IIpu nmuanasoHe paboTH rugponokartopa 0-150 M (wacrorTa

CIllenDOBaHUA HMMIIYJILCOB fH = 162 1/MHH) , CKOPOCTH OBUXEHHS CYIHa
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Ve = 8 y3JjiaMm, 1rokaszaHugx HHTerparopa M = 4622 nosepxHOCTHAA

INIOTHOCTDL CKOIUIEHHHA

CMv
?$= c  _ 414-.4622-8 =105 T/MHHHZ.

601fH 60-15-162

[Ipu ToymuHe ckomwieHus h = 20 M o6beMHas IIJIOTHOCTE

Py = 5s . 105 = 2,4 sx3./M0.

3,43wh  20-0,65-3,43

Buomacca cxomeHu#i. JaHHHe pacueTa 6HOMACCH METOIOM

M3O0JAHHUY IUIOTHOCTH NpPHBENEHH B Tabmx. 3.

3HaueHue t-pacnpeneneHus CThbeHTa, COOTBETCTBYyKMHUE
obmeMy UYHCJIY OTCYETOB IOKas3aHH# HHTerparopa, t (91) = 1,99.
IoBepHTEABHHY HWHTEPBAall OLEeHKH BuoMaCCH '

I = Wwht(m)6, = 18,2-102 * 1,99-0,71-105 = (18,2%1,4)10° r.

PesynsTarH

AHasIn3 OAaHHHEX CbhEeMKH. CYMMapHaH duoMacca aHTapKTHUYECKO—

'O Xpuwiada B Mope CKOTHA IO HaHHHM THIPOAKYCTHYECKON CbhbeMKH, BH-—
IIOoJIHeHHOH cypmamm CCCP, IIHP, oPI', CHIA, ApreHTHUHH, YHIM;H AINOHHH,

cocTasnsgeT 8 MiH. T.

CheMka Ioxkasajia, 4YToO IIPU O6CJemOBaHHUM aHTaApPKTHUYECKOTO
KpHuisa sdPexTHBHEES BHCOKOUYACTOTHHEe (6ormee 100 kxI'll) rUIpOaKyCcTH—
veckHe OpubophH. Ha BHCOKHX YacTOTaxX YCJOBHA perucrpanun 6sgaro-
npusaTHee (oTpaxaTenbHas CHOCO6HOCTE KPHJIS BHIIE, YPOBEHDL MYMOBHX
IOMexX HHXe); IpHMeHeHHe Y3KOrO Jiyua [NO3BOJSeT YeTyue ONpenesAThb

pPaHulEl CKOILIeHuH.

TUOPOJIOTUYSCKHME H THIPO6HOJOINYEeCKUMH HCCIISIOBaHU AMH
YCTAHOBJIEHO COBIameHHe I'DAHUIl CKOIJICHUH XPpUNa H ofnacTey ¢ Oon-—

PenersIeHHHM COOTHOWEHHEM KOHIeHTpalu¥ kxpeMHUS U docdopa. I3TOT
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pPe3yIbTAT NIO3BOJIAET OMNEPATHBHO HAXONUTH 6JIATOHPHUATHHE pafoHH

Oy TeM oIpeleiieHHs THIOPOXHMHYSCKHX XapaKTEepHCTHK.

PerynspHO BHIoJnHseMHe ¢ 1969 r. TpajloBHE CbHEMKH AT
OIIeHKY GHOMACCH B3pPOCJIOTO KpHJg B Mope CxoTtus — oT 20 mo 50
MIH. T. o a”Hajmoruy C MacCCOBHM BHIOM YEPHOMODCKOM KPEBETKH U
C yueTOM DPOJH KPWIA B aHTaApPKTHUYECKOH BKOCHCTEMEe NPHHSATO CuUuTa-
Th, YTO OONYCTHMHI BEUIOB KDWIA MOXeT cocTasndaTs 40-50% oT Be-
JIMYUHE 6HOMacCH B3pOCJHX ocobeit [3]. dakTHYECKHUMH BHUIOB KDPHJIISA
B ®»TOM padioHe He mnpeBmmaeT 400 THC. T. TakuMmM obpas3zoM, CTENEHB

SKCIIIyaTalll¥ HHYTOXHa.

CymecTBEHHOE OTIHUYMNE Dpe3ysbTaTrTa HacToameM I'HIOIpoaKyCTH-
YECKOH CbhbeMKHU OT aHHHX MHOTOJEeTHHX TPAJIOBHX CBEMOK, IO—BHIMN-
MOMY , QGBHCHHGTCH clenyomuM. B mnepHorn pabfoTH SKCIEenHIuy IuHa-—
MHUECKHUH pexuM Mops CKOTHSA HMeJI CYIleCTBeHHHEe OCOBEeHHOCTIH: He
XapaKTEepHHHY CHILHHHE CeBEPHHN BeTep BH23BaJl I'JIy60KOoe IIPOHHKHOBE-
Hye AHTAPKTHUYECKOI'O LHUPKYMIIOJISAPHOI'O TedeHHs B BOOH YaIonmenna,
YTO NPHBEJIO K PACUHPEHHK BTOPHYHOH (QPOHTANBHOM 30HH H CMEmEHHN
Buxped. CbeMKY IUIaHUPOBaNH 6e€3 yueTra 5THX OBCTOATEeNIBbCTB; B
pes3yapTaTe He OHUT Oo6cnenmOBaH pAn paiiosoB Mops CKoOTHS, 6iaronpu-—

ATHHX Ui OBpA30CBaHUSA CKOIUICHHM KPWUIIS.

PexoMeHnmanun. AHTaApKTHUYECKHY KDPHNIE Iiellecoobpas3Ho obcre-

OOBaATEL IIPH IIOMOME BHCOKOYACTOTHHX I'HOPOaKYCTHUECKUX IIPUGOPOB.
HeobxomuMo 3apaHee onpenerisTh MeCTOIOJOXKeHHE BUXPEeH BO BTOPHYU-
HOH (QPOHTaNIBHOMH 320HE; CLEMKY ClenyeT ILUIaHEHpOBaTh Tak, UYUTOOH
TaJICH repecexanu nepiudepufisne ydacTKH BHXPEHN, a TaKxe o6JIacTH

C BIIaroIpPHUATHON KOHIeHTpaunuel KpemHusa u dochdopa.

CnucoK HCIONL30BAHHON JIHTEpATYDPH

HHCTPpYKIUSA O IOpPAIKEe COCTaBJIEHUS PEeNCOBHX IIpOorpamM, PerHCOBHX

OTYETOB, TOINOBHX IUIaHOB IMPOBEIEeHUA MOPCKHX DKCHeOHIUH H
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OoTYeTOB 6acCCefHOBHX HAYYHO-HCCHENOBaATENLCKHUX HHCTUTYTOB H
YHOpAaBIEeHHN HNPOMECJIOBHX pa3Bemox. M., OHTU BHUPO, 1977, c.
32.

PyxoBOOCTBO IO HNPOBEOEHHUK THIOPOAKYCTHUYECKHX CbeMok. M., OHTHU
BHUPO, 1984, c.124.

Jwéumora, T.I'., B.B.lerBuosa. HexoTophe JaHHHE O KOJHYECTBE
KPHUJIZ B OTHEJIBHEHX pauoHax IXHOTO oOkKeaHa. PHOHOe XO3AHCTRO,
1980, N 11, c.21-25.
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Ta6nuua 1.

VpoBeHb IMyMOBBIX IToMeX (CM. MOACHEHHE B TeKcTe)

BoniHenne Mmops CxopocTs xXOOa Noxasanus YpOBEeHb IWyMO—
HHTerpatTopa BEIX IIOMeX ,MKB
MiTuns Opeind 39
3 6amna 8 y3Ji0B 971 5
Ta6nuna 2. QOTpaxaTesibHasg CNOCOGHOCTL OAMHOYHOro o6beKTa (cMm.
MOoSICHEHHE 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

n, % 12 61 15 5 4 3

Ta6numa 3. JlaHHele pacyeTa O4OMacChl CKOMJIeHH# (CM. I[OSACHEHUA B

TEeKCcTE)
IlapameTp ¥ rpapanuy Hroro
1 2 3

I'paHUYHEHE 3Ha4YeHUS IJIOTHOCTH, Or 145
T /Mgl < 145 pmo 275 > 275
U CJIO OTCYETOB IIOKasaHWP HH—
TerpaTopa m; h 41 33 17 91
CpepHee 3HaueHHe IJIOTHOCTH

., T/Mumng2 69 199 310

L
IucnepcHs 3HayeHUN IUIOTHOCTH
D,, (7/Muns2) 2, %103 2,27 3,71 1,62
Nnomame S, Mwis’ 6380 4730 1429 12539
Buomacca W,, T, x104 44 94 44 182
OumbKH OLleHKH OHOMaccCH Y
r, x104 4,7 5,0 1,4 7,1
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COUCOK PUCYHKOB

MapmpyTHas cxemMa peHca
Monurous pa6oTh Mo MexgyHapopgHo#t mporpamme PARBEKC

['icTorpavMmMa pachnpefielleHus JIUH ocobelt AHTApKTHYECKOTroO
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PyHKIUY KOppeJIsaiuu 3HAYEHUH NJIOTHOCTH CKOTMJIEHHHA
AHTapKTHYECKOTIO KpHIIA.
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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.1.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 gquantitative 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 configqurations. 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 confiquration 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 the
algorithmic lanquages ALGOL, FORTRAN or PL-1; for this the
utilisation of a rapid-operation computer is recommended.

* k% 2 X k% Kk % %

PRINCIPES METHODOLOGIQUES DIRECTEURS SUR L'EVALUATION DES
POSSIBILITES DE CHALUTAGE DU KRILL AU MOYEN DE MODELES
STATISTIQUES

Z.I.Kizner
(U.R.S.S.)

Résumé
Ce document présente une maniére d'aborder l'évaluation de

1'efficacité relative des engins de péche du krill au moyen de
modéles statistiques. La méthode Monte-Carlo, décrite dans les

ouvrages de Metropolis, N., Ulam, S.(1949) et Sobol, I. M.(1978) a
servi de base. La méthode Monte-Carlo est utile pour résoudre les -
problémes liés & l'évaluation quantitative de systémes stochastiques
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complexes, y compris l'évaluation des chaluts dans la péche de
krill. Cependant la méthode Monte—Carlo ne constitue pas, a elle
seule, une solution compléte au probléme posé. Ce document présente
une méthode pour l'évaluation comparative de 1l'efficacité des
chaluts de diverses configurations. L'algorithme utilisé pour
résoudre ce probléme est construit de telle sorte qu'il peut étre
appliqué sans modification aucune pour évaluer l'efficacité des
chaluts de toute confiquration et n'affecte que les renseignements
fournis.

Le document présente la formulation des axiomes décrivant la
situation idéale relative au processus par lequel le krill se prend
dans le chalut; ceci permet la formulation mathématique rigoureuse
du probléme et 1l'élaboration d'un alogarithme pour le résoudre. Le
document présente une description détaillée de 1'alogarithme
concernant l'évaluation de 1l'efficacité des chaluts. Cette
description comprend un module principal et le module RESOLV
(c'est-a-dire la résolution de plusieurs systémes composés de deux
équations linéaires et deux inégalités doubles).

L'alogarithme proposé peut étre réalisé a l'aide d'un ordinateur en
se servant des langues alogarithmiques ALGOL, FORTRAN ou PL-1. Pour
ce faire, il est recommandé d'utiliser un ordinateur a opération
rapide.

*
*
*
*

i.
*
%
5
*
*

PAUTAS METODOLOGICAS SOBRE LA EVALUACION DE LA CAPACIDAD DE ARRASTRE .
EN LA CAPTURA DE KRILL POR MEDIO DE MODELACION ESTADISTICA

Z.I1.Kizner

(U.R.S.S.)
Resumen

Este documento ofrece un enfoque para la evaluacidén de la relativa
eficiencia de los aparejos de pesca del krill por medio de
modelacién estadistica. El método Monte-—Carlo, que se describe en
los trabajos de Metropolis, N., Ulam, S. (1949) y Sobol, I. M.
(1978), se usa de base. El metodo Monte-Carlo es Util para resolver
problemas relacionados a la evaluacidon cuantitativa de sistemas
fortuitos complejos, incluyendo la evaluacién de la eficiencia de %
las redes de arrastre empleadas en la pesca de krill. Sin embargo,
el método Monte-Carlo por si mismo, no provee una solucidén completa i
al problema planteado. Este documento expone un método 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 alteracidn
para la evaluacidén de la eficiencia de las redes de arrastre de
cualquier configuracidn, y afecta sdlo la informacion de entrada.
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El documento formula axiomas que describen la situacidén ideal del
proceso de atrape de krill por la red; ello permite la formulacidn
matematica rigqurosa del problema y el desarrollo de un algoritmo
para su solucion. Se da una descripcidon detallada del algoritmo
para la evaluacidén de la eficiencia de las redes de arrastre de
krill, lo que incluye un moédulo principal y el mdédulo RESOLV (es
decir, la resolucién de varios sistemas, compuestos de dos
ecuaciones lineares y dos desiqualdades dobles).

El algoritmo propuesto puede ser realizado por computacidén en los
lenguajes algoritmicos ALGOL, FORTRAN o PL-1l; para ello, se
recomienda la utilizacidn de un sistema de computacidn de operaciodn
rapida.

*
bl
*
*
ok
%
b
*
b
*

METOAOJIOT'MYECKUE YCTAHOBKH [10 OIPEJEJIEHUIO METOAOM CTATHUCTUUYECKOIO
MOJAENMPOBAHWA VJIOBUCTOCTY CETHHIX [NOJIOTEH JJIA JIOBA KPWIIA

3.H.Kusnep
(CCCP)
Pesiome
[Ilpepnaraercsa nopxox K olpefeJsie HHUIO
CPaBHUTEJILHOH YJIOBHCTOCTH OpPYAHMHA Josa,
HCITOJI b3y EeMBIX Ha npoMeiciie Kpuns, METOLOM
CTATHCTHYECKOTO MOAeNTUpOBaAHUA. 3a OCHOBY

npuHaT MeTtof MoHTe-Kapsio, onucaHHui B paboTax
Metropolis, N, Ulam, S (194%9), Cobosns H. M.

(1978). Ycnonp3oBaHyue MeTofda MoHTe-Kapno
noJyie 3HO Ipu peme Uy 3ajgav, CBsI3aHHEBIX c
KOJHYECTBEHHLMHU oEeHKaMy CJTOXHBIX

CTOXaCTHYECKHX CHUCTEeM, B TOM HYHCJEe W 3a7ayy
YJIOBUCTOCTH CETHOI'O [IOJIOTHA [AJA JIOBA KPHIIA.
OpHako cam no cebe metond MoHTte-Kapno He
NMO3BOJIIET pPEWUTH B ILEJOM NOCTAaBJIEHHYIO 3ajauy.

B HacTosAme A pabore U3jaraercs METOJH
CPaBHUTENbHOH OLEeHKH YIOBUCTOCTH CeTHBIX
IOJIOTEH pPa3HIHBIX KoHbUrypaiui. Anroputm
pemieHus 3aJayd COCTaBJeH TakK, YTO OH [PUMEHUM
6es KakuX-Jubo H3MEHEHHH [ns OL[EHKH
YJIOBUCTOCTH CETHOI'O [MOJIOTHA JIo60# KOHPUTrypayuu
¥ OTpaxaeTcCs JIMIb Ha BXOAHOK WHPOpPMAI[HH.

B patore chopMyNIHPOBAHE AKCUOMBI, OIHCHIBAKOIHUE
HAeaJIM3alUI0 Mnpolecca 3axBaTa paykKoB CETHIO, YTO
rnosBoJsiseT 0aThb CTpOryi MaTeMaTHYeCKYIO
MOCTAHOBKY 3ajay¥d ¥ pa3paboTaTh ajJAroOpuTM ee
pelmeHus .
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Moppo6HO OMHCHBAeTCsA aJICOPUTM pemeHus 3afauy
onpefieleHUsT YJIOBHCTOCTH CETHHX [MOJIOTEH JANA
JoBa KPWJIA, BKJIOYAA TIOJOBHOW MOAYJIE H MOAYJNb
RESOLV (pemeHHe HECKOJIBKMX CHCTEM M3 [ABYX
JIMHEHHRX YpaBHEHHH M ABYX HBOWHBEIX HEpPaBEHCTB).

lpenioXeHHBI# aNropuTM MOXeT OHTh Ppeajiu30BaH C
nomompbio IBM Ha amroputMHuyeckux a3sikax AJIOI,
®OPTPAH wusnu PL-1, npu 3TOM pPeKOMeHAyeTcCHd
OpPMEHTHpPOBATLCA Ha OHCTpoAelcTaymue 3BM.

kA kX X X X X X %
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METOLOJIOTHYECKHE YCTAHOBKU IIO OHNPENEJIEHHUI) METOIOM
CTATUCTUYECKOI'O MOIEJIMPOBAHUA YJIOBUCTOCTH CETHHX IIOJIOTEH
OJisg JIOBA XPHUIIA

Z.I.Kizner,

Al1-Union Research Institute of Marine Fisheries
and Oceanography (VNIRO)

U.S.S5.R., Moscow B-140, Verkhnaya Krasnoselskaya,l7.

Beenenue

IIpy CcO3OaHHY TPaJicB Nepen KOHCTPYKTOpamu BCTaeT pAn
Cepbe3HHX NpobjemM: HOBHHN Tpan goixkeH OHTE YJIOBHCTEM, Kax MOXHO
MeHBIle BECHTDL U OKA3HBaTh BO3MOXHO MeHBIlee CONPOTHBIIEHHE IIPH
IBUXEHHKH B Bole. I'maBHad Lesb paszpaboryuka HOBOUO OpYIHS JIOBA
COCTOHT B TOM, YTOOH H3 HEKOTOpPOIo Habopa Bdsmomﬁmx KOHCTRYXKIHUH
BHOPATL ONTHUMAJIBHYH. HeTpyIHO MHNOHATH, 4YTO TakKas 3amada B obmeMm
cnyﬁae HEeKOppEeKTHa H IIOTOMY, CTPOIrO I'OBOPH, 6ecconep>xa'rem=ﬁa.+
Ha caMoM pene npolenyvpa BHbopa "onTHManbHOH" KOHCTPYKIIMH MOXET
BHTEH CBeIeHa K HEe3aBHCHUMO¥ OIeHKEe KaxXIoro U3 Tpex Ha3BaHHHX BH-—

e rnoxasaresiel U nocnenymmeﬁ ofobmanmell SKCIEPTHOI OLEHKEe.

OnpenenuT: MacCCy KOHKPETHOM KOHCTPYKIIMH HETPYIHO; IS
OLIeHKH CONPOTHBJIICHUA TpPAaJiOB Takxe pa3paboTaHm clenuasibHHE MeTOo-
o (1,5). Topasno TpylHee ONpenesiiTh YJIOBHCTOCTD TOCO HJIH HHOT'O
BHOA CETHOI'O NIOJIOTHA HJIH ODPYIHS JIoBa. OOHUYHO IJIA 3TOM Lenud co3-
namT OIHITHHE 06pasiH ¥ NPOBEPAKNT HX B pPeasyibHHX YCJOBHAX WIH B
criellMasibHHX 6GaccelHax. Co3maHHe ONHTHHX 06pa3lioB ¥ HUX DKCIepH-—

MeHTaNbHasg NPOBEpKa OBHYHO TPYIOOEMKH H HOpOIrH.

B pmaHHOW paboTe mnpenyaraeTcsa DKOHOMHYHHN MeTOn CpaBHH-
TeNbHOM OLIeHKH YJIOBUCTOCTH KPHUJIEBHX ceTell (TouHee, - CETHOIO
IOJIOTHA, MHCIIONB3YEMOTO HPH CO3IMaHHH KPHJIEBHX CeTel) NoCpencTBOM

cCepuH SKCISPHUMEHTOB Ha 2BM.

"B sToOl cBEsM xouercs NpuBecTH BHckazsHBaHue E.C.Bentuens(2) o
MHOT'OKPHTEPHAJILHHX 3alavax: "PemeHue, ofpamanmee B MaKCHMYM OIHH
KaxoH-TO NIoKasaTesdb, KaK OpaBuio, He ofpamaeT HH B MaKCUMYM, HH
B MUHUMYM npyrue. IosToMy uvacTo npumMeHsercsa GOpMYyNIHpPOBKaA: IOC—
TUTHYTB MaKCHMAJbBHOrO »ddexTa Npy¥ MUHUMANIBLHHX 3aTpaTax nperncras-
IsgeT cobo¥ He 6GoJjiee, uYeM (pa3y M IPU HaYUYHOM aHajH3e IoJDKHa OHTH

oT6pomena”.
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MéTon MalMHHOE "WrpH", Ha3HBaEMHI TakXe MeTOIOM CTaTHC-
THYECKOT'O MOOENUPOBAHHS (CTATHCTHYECKHX HCIHTAaHKY) , HIH METOIOM
MouTe-Kapno, 6HylI BBeOeH B MaTEMATHUYECKYH npakTHKy B 1949 r. C.
VinamoMm u IIx.HeMaHOM, XOTS IepBas Ny6JsUKanmys IO 3TOMY BOIPOCY

IprHaOJexuT MeTpornoiaucy #u Yiaamy (6).

C Teopue#l M BOSMOXHOCTHAMH DTOrO MeTOna 3HaKOMAT, Halpu-—

Mep, MoHorpaduu C.M.Epmakosa, I'.A.Muxaiuviosa (3) u U.M.Co6omna (4).

MeTon MoHTe-Kaprio OCO6eHHO IIOJNe3€eH B 33amavax, CBSISaHHHX
C KOJNUUYECTBEHHHMH OIleHKaAMH IeATEeNBHOCTHU CJIOXKHHX CTOXaCTHUECKUX
CHCTEM (Hanpnmep; CHCTEeM MacCCOBOTO OOCIYyXHMBaHHA) . K 3TOX kKare-
TOpPHH 3alady OTHOCUTCH H 3ajadva OLeHKH YJOBUCTOCTH CETHOI'O IOJIo-

THa »OJd JIOBJIH KPDHJIIA.

IlpennaraeMas MeTOHnHKa OHUTa paspaboraHa IO HHUIHMATHUBE
COTPpYOHHKA JabopaTopH¥ MexaHu3allMyd ¥ aBTOMaTH3alUHu HPOU3BOLCT-—
BEHHHX npolieccos BHUPO A.E.HuToOuKHHA, KOTOPOMY NpHHamIexala ca-

Ma Hzmes HCIONBL30BaTh 2BM nﬁﬁ YKa3aHHON LelH.

CYHIECTBO 3AIAYM M EE QOPMAJIM3AIINA

O6mana XapaKTepHUCTUKa 3anaudd

KoHdurypamud CeTHOTO IIOJIOTHA ONpenesideTcs BHIOM ero
fAyen. 3amada Xe IO CYMeCTBY COCTOUT B TOM, YTOOH NOCPenCTBOM
CepHy MalMHHHEX DKCIEPHUMEHTOEB IO 3afaHHON KOHOHIypaUUH XKpPHIeBOH
CeTH ONpEeIesiuTh €€ YJIOBHCTOCTDL KakK OYHKIHIO pasMepoB AYyer. MoxerT
CJIYYUTBCH, YTO CETh cocTour u3 OOHOPOIOHHX DJIEMEHTORB, Kamﬁmﬁ
13 KOTOPHX B CBOW oOUepenb NpencTaBiigeT coBoi Hafop HeOmMHAKOBHX
suyet (unm ux vacrTel) . B 5TO# cuTyauwu peub 6ymeT HOTH O pasme-

rax OOHOTO TaKor'o sjeMeHTa, a He OTIelIbHOH dg4YeH.

TMouATHO, 4YTO MeTon MoHTe-Kapso He INO3BOJIgeT TOYHO pe-—

MmHUTh Yamady. 31ech MOXHO I'OBOPUTE TOJIBKO OO0 OUEHKke YJIOBHCTOCTH.
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SACHO Takke H TO, 4UTO IIPH MaTeMaTHuecKo# (opMynHpOBke Hame¥ 3sa-—
Havyy ¥ BHpaObOTKE anropuTMa €€ pelleHHs Henb3ss OOOHTHCE 6e3 on-
penesIeHHOHM HIeanus3alpH Ipollecca 3axBaTa Kpuis ceTbkrn. 3To, 6e-
3YCJIOBHO, MHOJDKHO NPUBECTU K HCKAXEHUI OKOHUATEeNBHOI'O pes3yiasbTa-
Ta, OIOHakKO, BIOJIHE eCTeCTBEHHO HnojlaraThk, YTO OHO HOCHT CHCTeMa-—
THUYECKHH XapakxTep, H, CcliegoBaTesIbHO, IOJNYUYeHHas OIeHKa YJIOBHC—

TOCTH 6yOeT TEeM BHIIE, 4YeM 6oJblle HCTHHHAS YJIOBHCTOCTBL CETH.

UTak, Hsnaraemuﬁ HIXe MeTOI IIO3BOJIfZeT LaThk CpaBHUTENb-
HYI0 OLEHKY YJIOBHCTOCTH CETHHX IIOJIOTEH pPa3JIMYHHX KOHQHI'YpalluM,
U [NIOTOMY AaJIOPHUTM pPemeHM’sa 3amadvl COoCTaBjieH TakK, 4YTO OH IpUMeHUM
fes Kakux-amubo H3MeHEeHHH IJIA OLEeHKH YJIOBHCTOCTH CEeTHOI'O IOJIOT-
Ha J06on KoHOUTypauuu (M3MeHeHHe BUIa ceru’ oTpaxaeTrcs JUllb

Ha BXOIOHOM HHQODPMAIIHH) .

IaTh CTPOrYY MaTeMaTHYECKYI HNOCTaHOBKY Hallell s3amadyu u
pazpaboTaTk aNTOpPUTM €€ pPeleHHs MOXHO TOJIBKO IOCJe TOoro, Kak
cOOPMYIUPOBAHK THINOTE3H (aKCHOMH) , ONKWCHBAKMHE HIEasIu3alluio

npoiecca 3axBaTa Kpuisa ceTxod. llepeuncsiiM OCHOBHHE H3 HUX.

1. KpuBH3Ha Tpaljla CYNTAeTCs MaJiIof IO CpaBHEHHK C pas—
MepaMK syed M 06beKTOB JioBa (T.e.pauykoB), YTO IO3BOJSET pPac-
CMATPHUBATh B KaXIOM MalIMHHOM DSKCIEpUMEHTE OTHOCHUTENBHO Hebob-—

oK TIIJIOCKHM Y4YaCTOK CEeTHOTO IIOJIOTHA.

2. TponoseHHE pasMep JK60ro pauka IIpennosaraeTcs cy-
 MECTBEHHO 6éﬁbmHM, yeM ero nOonepevHHH paémep, a pasMepH fAYeH
(rmo mopAmOKy BEJHWUYWHHE) — CpPaBHUMH CO CpefHel IJIMHOM pavKoB.
5TO noO3BONSET B UHCJICHHOM DKCIEpPHUMEeHTEe MOIEeNHpOBaTh Teso pay-
Ka OTPE3KOM IPAMOM, KOTOpPHHN OyIeM B panbHedmeM Ha3HBaATh

UTOJIKOH.

3. CpenHas IWIOTHOCTDL TeJjia pauka 6JiM3Ka K IIJIOTHOCTH

. - ’ ,
B. manpHeimeM ciioBa "ceTn", "cerka" u- "ceTHoe NnOnoOTHO" 0603-

HavawT OOHO IIOHATHE.



- 202 -

MOPCKOM BOIH, IIO3TOMY KPHJIb HAXOIOHTCHA IO CYMEeCTBY BO B3BENIeH-—
HOM COCTOsiHHH. Ha 5TOM OCHOBaHHH TeJjiO pavyka MOIeJIMpyeTcs OoTpe3-
KOM, KOTODHM CJIydYalHHM O6pa3oM DACHOJIOXEH B NIPOCTpPaHCTBE W Ha-
XOOUTCSA B IIOKOE OO MOMEHTA COINPUKOCHOBEHHS C CEeThbio, IBUXymelcs
Ha HEero MNOCTYIAaTelbHO. BBHUNY OTHOCHTENBHOCTH HOBIKEHHUS MOXHO
TaKXe TIOBOPUTE O TAIeHHH HIOJNIKM Ha HAKJIOHHYI CETKY, NPH KOTOPOM
HCOJIKA HOBUXETCSA NOCTYyNaTenbHO (6e3 BpameHHs) B HanpaBJeHHH, na-

payiesIbHOM OCH QaxTHUYEeCKOI'O IOBUXKEHHA CeTKH.

4. IpemnonaraeTcs, YTO Kaxnas HUCOJKa-padvor JIM60 HpOXo-—
OAT CKBO3b CETKY, JIubo, O6ymyuu 3ajepxaHa e, ciuyckaercs HHuXe,
B IJIy6bk OpPYyIHA JiIOBa, OCBOOBOXIAS TaxXxHM o6pasoM SKCIepHMeHTAaJILHYIo
YaCcThk CEeTKH. DTO O3HavaeT, YUTO B HalleM 5KCHepHMEeHTe UYUCTHH ydac-—

TOK CeTH IOoCJIenoBaTeJIbHO BCTpedaeTcss C OJIKHO‘IHHMH UroJiKamMu .

5. CeTs cuuTaeTCsa COCTaBJASHHON U3 COBEPHNEHHO ONWHAKOBHX
BJIEeMEHTOB (KaXOHH M3 KOTOPHX MNPENCTaBlIZeT coBolt JHBo AISHKY,
60 Habop Pa3’HOPOINHHX SYEEK WM YacTel 3THX S4YeeK), Ha3HBaeMHX

HuUXe 6uIIepHoIoM ceTu. HHaue TOBOpPS, CeTh IperacTraBlifgeTCa Kak

HeKas CHCTeMa OTpPpEe3KOB HUTel, [NepuomHyecKas B OBYX HaOpaBJICHUAX .
9To noszBonseT "6pocaTh HIONKY" TakK, YTOBH ee LEeHTP NPOeKTHPO-

BajyiCsI BCerga B OOMH H TOT Xe O6HIIepHOI.

ONMCAHWE MATEMATHYECKON MOIEJIM, NOCTAHOBKA 3AIAUWM U STANH EE
PENIEHUA

I[IocTaHOBKA 3amadu

3anmaHH pasMepH O6HNepHOoma CeTHOIO noJioTHa TX u TZ no
IPOINONIBHOH U IIOIIEepevYHOM OCsM & H ;2 COOTBETCTBEHHO U BCE OT—
Pe3KH HUTH, COCTaBaswmHe 6umepuorn (xKooprHHaTaMH Havall B KOHIUOB
5THX OTPE3KOB) ; 3araHa Taxkxe IUIHHa HIOJKU D u yron &, cocrasii-
eMHﬁ.HHOQKOCTbm CeTKHN C IIJIOCKOCTBLI, INepHeHAUuKYJISPHOH OCH IBH-—

xeHus ("TOpH3OHTANBLHON INIOCKOCTBI") (puc. 1).
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HyXHO IIDOM3BECTH HEKOTOpOe 3apaHee He H3BE@CTHOE UHCIO N »xcne-

DUMEHTOB IO GPOCAHMI HTOJIKM Ha CEeTKY, B KaXHOM H3 KOTODHX HIOI™
Ka JIH6Oo ﬁpoxonHT CKBO3b CeTKY, JNH60 3aIepXuBaeTCs €K, IMONCYHTATh
yuesno NS “"yrmaueHX" SKCHEDPUMEHTOB, NPH KOTODRHX HIOJIKa 3anepxusa~

eTcH cCeTbl, K ONpEeNesHTb TaKHM O6pa3oM BEeJIMUHUHY
v = —"2_ . 100 ,

NperncTaBiIgumy® CO60# OLEHKY YJIOBUCTOCTH CEeTKH B NIDONEHTaxX. Yuc—-
sio NV OOMKHO GHTEL TaKUM, UTOBH OIeHKa U, omnpenejieHHas IO pe3ysib—
raTam N - 1 SKCIEpUMEHTOB, OTIMYasiach OT cienylmed, N-H OUSHKH

He GoJjiee, 4YeM Ha 3afaHHYIO BenuuuHy ER.

HsMeHAs C 3anaHHEM maroM nepuonsl 77X u Tz, [IOBTOPUTE
ONHMCAHHYIO BHIIE CEPHI BKCIEPHMEHTOB K ONPENesyIiTh TaKuM nyTeM
3aBHCHMOCTD YJIOBHCTOCTH OT II€PHOIOB CEeTKH ( ompeneneHHHX

pHTepBajlax KX 3HadueHHH) .

IlocrienoBaTEJIBHOCTD ne#icTBUY B OOHOM 3SKCIEPHMEHTE

1. BumepHoI CeTKM 3amaercs HaboOpOM KOODpIHHAT Hadanl U
KOHIIOB COCTAaBJAKMHUX ero Hurel (Ha IJIOCKOCTH CETKH ¢ B KoOprmHHa-
Tax x ¥ 2z, cM. puc. 1); 3amanTca Takxe T- H - nepuonu TX u T2

(pasMepn 6uIepHola HO OCAM & U 2 COOTBETCTBEHHO) .

2. Urosnka npepcraBinseTcs 4-Ma CAyYanHEMH 4YHCIIaMU:
S{,, P ,% ,%¥ ,(cm.puc. 1). BenuduHH §‘, P u¥ pasHOMEPHO
pacnpefeneHs B HHTepBamax 0 < fi <‘TX, 0 <Y < TZcosX,
0 < W <7 | BO3MOXHHE 3HaUYEHHUA VY szakjwueHH B HHTepBale
0 VY < éz ,IDHYEM Ha DTOT pas He caMm yron Y , a BenuuuHa
sin ¥ paBHOMEPHO pachpenesieHa B HHTepBalle 0 < sinY < 1.
llepeunCyIeHHEE YCJIOBHA O3HAYANT, UTO KaK BCEBO3MOXHHE IOJIOXKEe-
HHS IEeHTpPa TSKECTH HIOJIKM, TaKk W BCEBOBMOXHHE €€ HANPAaBIeHH:A

B IpOCTpaHCTBE PABHOBEPOSTHH.

3. IpoexTupyeMm Ha IUIOCKOCTH lI Hrosjky, 3aTremM = eunepuron



- 204 -

cerkn. OmnpemendeM YHCJA Nl uny pasMepH NpAMOYI'OJIBHOI'O Kycka

.
ceTKu (BHUHCIIeHHHE B nepuomax TX u TZ xak emuHHIAX H3MepeHus
LOJIWHH) , OOCTATOYHHE IJIS TOro, YTOGH NPOEKIWS HIOJKH Ha IUIOCKO-—
cTek II moMecTHIIachk Ha NPOeKIMH TaKoro Kycka ceTkH (cocroamero

us N,x N

1 P 6 HUIIepHOIOs) .

4 . BHSACHAEM, IepeceKaeTcs JIH IPOEeKIUs HCOJIKH C INpPOoeK-—
LIHMSMKH OTPE3KOB HHTH, COCTABISONNX BHOpaHHHM KYCOK ceTH (pemas
CepHio CHCTEM JBYX JIMHEHMHEX YpaBHEHHUN M OBYX JIBOWHHX HEpaBeHCTB) .
Ecnu rnepecedYeHWy HeT, TO 3akinYaeM, UTO HIOJIKa IPOmIia CKBO3b
ceTb. Takol SKCHEDUMEHT CUHTaeM HeynauHHM. B HDOTHBHOM Ciyuae

3allOMHHaeM BCe TOYKH IIlepecedYeHUuH.

5. HaxomuM TOT KOHEeI HUI'OJIKM, KOTOPHH MNepBHM IepecexaceT-—
Cs C TUIOCKOCTBI CeTKH U ouperesyigeM TY TOUKY nepeceqeanﬁ IpoeK-—
¥, XKOoTopas COOTBETCTBYET QaKTHUECKON TOUKEe NepeCcedYeHus HIoji-
KH C HeKdTOpOo# HUTBK ceTKkH (cM.puc. 2a), a ecsH HCoJKa najaeT
IwiammMs ¥ TaKHX TOYEK HEeCKOJIBKO, TO OJMXHKK K HaiJeHHOMYy IepBO-

MY KOHIY HTOJNKH.

6. HalimeHHas TOUKAa HIepeCeveHUS HICOJIKH C HHTBI €CTh TOou-
Ka, BOKDPYI KOTOPON HroJiKa 6ymeT IIOBOpavMBaTBCH II0L BO3OeNCTBH-
eM HaOBuUTaKnmelcs ceTH. ECHHM LEeHTPp TIOKEeCTH HUTOJKH COBIaJ C DTOH
TOUKON HJIKM OKAa3aJICa MeXIOy HeM M HalmeHHEM HIepPBEM KOHIIOM HIOJIKH,
TO OH YXe IIpomesi Yyepes IUIOCKOCTh CeTKH, H, ClIemoBaTesbHO, HIOJI-
Ka He 3aIepxuTCcsa HUTBI, a 3HAUUT, U 2TOT BKCIEepPUMEeHT HeyllaueH.
B 1IpoTHBHOM cJiydae HIOJIKa ONPOKHIHBaeTCA Ha IIJIOCKOCTB CETKH

(cMm. puc. 2a).

7. HaxomyM KOOpOMHATH OMNPOKHHYBIEHCS Ha IDIOCKOCTE C
UI'OJIKH K OTHCKHBaAEM TOYKH IepecedYeHus cOOCTBEHHO HTONIKH C HH-
TAMKM CETKH MEeTOIOM, OHNHCaHEHEM B n. 4. Ipu sSTOM npenmnojaraeTcs,
YTO IIPY OIPOKHOHBAHUU HIOJIKA BeleT cebs Kak TBepmoe TeJjo C
3aKpeIryIeHHOH TOYKOH, T.e. HOBOpaAYNBaceTCH BOKPYT TOYKH, Ha¥meH-

HOH B 1. 6, OoCTaBasCh BCe BpeMs B ONHOM U TOH Xe “"BepTHUKaIb-
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HOit" IJlockocTH (onpenenseMoll nepBoOHAYaJbHHM IIOJIOKSHHMEM HIOJIKH

H ee HpoeKnHell Ha IJIoCKOCThL II) .

8. EciM HI'OJIKa lIepeceKaeTcs C HEeKOTOpOoH HUTBLK B TOYKEe,
pacnoﬁomeHHoﬁ MeXny Ha¥OeHHEM B II. D IEepPBHM CBOHM‘KOHHOM u
TOUKOH, BOKPYT KOTOPOH OCYmMECTBIAeTCS NOBOPOT, TO 3TO 3HAYHUT,
YTO NPOH3OIUIO 3amemneHune (cM. puc. 26), B, ClemgoBaTeNlbHO,
HrosIka saxBaveHa CeTkoM. ECiM CymecTBYeT TOUKa epecedeHus
MexOy LeHTPOM HI'OJIKH B €e BTOPHM KOHIIOM, TO HIOJIKA OOHYHEM o6pa-
30M ONUpaeTCcd IO MeHbIel Mepe Ha IOBe HHTH H TakKXe YyIepXuBaeTcs
cerkoi (cM. puc. 2B). TOJBKO B 2THX IBYX CJIyYasX SKCIEPHMEHT
canaeTCHAynaquM. Bo BCex NpoYyHx CJydYaax HCOoJKa, oﬁpoanmeHCL
Ha IJIOCKOCTL, NPOOO/DKAeT IIOBOPAYMBATLECA H B KOHIE KOHUOB "mpo-
BajuBaeTCHA" CKBO3BL CETKY; €CTeCTBEHHO, Takoi sxcnepnmeﬁi OTHO-

CHTCA K KaTeI'OPHH HeYIOadYHHX.

BxopHas unHOpManus

1. KoHCTaHTH. D - myuHa uronxu (cm),
ol - yros Mexny IJIOCKOCTBEK CETKH M T'OPH30HTAaNBLHOH
wiockocTew N (B paxm),

TXO, TZO H TXJ, TZZ —- HavaJIbHHE W KOHEYHHEe IIeDHOIH
CeTKH 1o ocsaM X U Z,
NP - 4HCJIO OTPE3KOB HHUTH B OOHOM OuIepHOne,
NDX wm NDZ - 4wuUCIO H3MEHEeHHNH nepHorna no ocam X u 27,
VM - MakCHMalIbHO NOIYCTHMOE YHCJO BSKCIEPUMEHTOE,

ER - TOrpemHoOCTh BHUHCIeHu# yaoBucTocTH (B %) .

2., MaccuBH = KOOpOWHATH KOHLIOB HUTEH, COCTAaBJISIMUX
TJaBHHE 6unepuon ( B MM) : } _
lei) " Zl(i) - X-kooppHHaTa u Z-KoopIuHarTa
Hauana 71-To OTpe3Ka HHTH,
Xz(i) H Zz(i) - X-xoopOouHaTa ¥ Z~-KoopIouHara
KOHIla 7-I'O OTpe3skKa HuTHu (3mecs 7 = 1,...,NP).

3aMeuaHHe O crnocobax 3amaHus IJIaBHOrO 6Gumnepuoma. HyxHO
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MeTh B BHIOY, YTO OIHH H TOT Xe BHIO CeTH MOXeT 6HTb npencraB-—

JleH KaK COBOKYIIHOCTL ONHOTHIHHEHX O6HISpPHOTOB IO-DPa3HOMY .

Hanpumep, ceTh, IOKa3aHHYW Ha puc. 3, YOoGHO 3amaThs B
BUIe Habopa OBUIEPHOMNOB OIHHM K3 UeTHpPexX crnocobos (puc. 4). B
IaHHOM cnydae P = 4., Ecium B KauecTBe 6umepuoma CETKH, noxasaH-
HO# Ha pHC. 3, B3AT ee 3JIEMEeHT, Hso6pameﬂﬁmﬁ Ha puc. 4, a ero
pasMepH COOTBETCTBYIOT IOKas3aHHHM Ha pHc. 5a (uudépamm 1, 2, 3,
4 nokaszaH IOPSAOOK IIepecyeTa OTPE3KOB HHUTH), TO MAaCCHBH Xl(i),
Xz(i), Zl(i), Zz(i) IpencTaBgnT coboil kxoopnuHaTH Toduex 0, A,
B, C, I, B3ATHX B OIpPeNeJIcHHOM IIOPAOKE U IOBTOPEHHHX HYXHOE
yucyao pas (Tadnuua, BapuanT 1) . Ipumep MacCHBOB Xz(i), Xz(i),
Zl(i), Zz(i), COOTBETCTBYKMUX CJIyuamw, IIOKa3aHHOMy Ha puc. 56,

npuBeleH B Tabiauie (sapuasT 2).

BrnixopgHas uHdopMalus

PesyneTaTaMyl pacuyeTOB CJyXaT Tadbnulsl 3HaYeHUH YJIIOBUC -
TOCTH cCeTKH U, omubku F onpenesesus U K KOIHUECTBE 3KCIIEpPHUMEH—
ToB N (noTpe6oBaBmUXCA LJIS ONpPenesieHHs JAaHHOrO 3HadYeHus U) B
3aBHCHMOCTHU OT pasmepoB TX, TZ. Ha nevard: ciuenyeT TaKxe BHIOATDH

BCe BXOMHHE BEeJHYHHH M TeKymue 3HauveHusg TX u TZ.

AJITORUTM PENEHHA 3AIAYU

T'onoBHOY MOIYJIB

1. BBeCTH ¥ paclievaTaThk BCE BXOIHHE KOHCTAHTH H MacCH-—

BH (cMm. paspen "BxonmHas uHdopMmamusa') .
2. HX =-(TX1 - TXO)/NDX, H7 = (TZI —_TZO)/NDZt
3. Hawano muxsa no ILX ot 1 pjo NDX + 1, mar 1.

4. "PacTAxeHHEe CETKHM B HaIpaBJIeHWH OCH X:
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TX = TXO + HX-(LX - 1), EX = TX/TXO,
xl(z) = xl(z)-E'X, x2(7,) = .’22(‘L)‘EX

ons Bcex 7 = 1,...,0P.
5. Havamo uuwkmna no LZ or 1 mo NDZ + 1, mar 1.

6. "PacTaxeHue" CeTKH IIO OCH Z:
TZ = TZO + HZ-(L2-1), EZ = TZ/TZO,
zl(i) = zl(i)-EZ, zz(i) = zz(i)'EZ (mna Bcex

i = 1,...,NP).

7. NF = 0 (NF - CcUeTUHK YHCJa HeyImadHHX DKCIEePHMEHTOB) ,
WZ =0 (cMm. m. 29).
8. Hawaso nukia mo j or 1 mo NM, mar 1 (nosTopeHHe

SKCIEpHMEeHTa N0 6POCAHHUK HIOJIKH) .

9. [pousBeCcTH UYeTHpe CIAYYaHHHX YHCIa § ,Y? ,Yn 6 = sinVY,
Kaxmoe M3 KOTOPHX HBISETCH peajH3alliedl pPaBHOMEPHO paclIpernesieH-—
HOMN cJyiydaHOM BEJIMYHHH : §‘ - B uETepBase or 0 mo TX, { - or 0
mo TZ-cosX , ¢+ - or 0 mo 27, 6 - or 0 mo 1.

STH uYlcia He3aBHCHMH, T.e. OJIA HX peaym3alldy HYXHO HC-—
[IOJIL30BATDL YeTHpe Das3JIHYHEHX JaT4YHKa IICeBOOCJIYYaHEX PaBHOMEDHO

paclrapenesieHHEX dYHCell.

10. OmpeneneHHe MPOEKIHH KOHLOB HIOJIKH Ha IUIOCKOCTHE II,

IEPIeHNHUKYIAPHYO OCH IBIKEHHA:

%1 = % - _127— ~cos¥ - 0037"',»?2 .—-"‘e + —%— -cosY -cosY,
=N -2 sy siny =17+ D cosy-siny,
1 2 2 2

roe cos¥Y= V1 ~62 (mamommmM, wTO sin¥Y =6 - cm.m. 9).

11. IlpoBepxa Ha ciaydaill, Korjga HroJika nagaeT IOYTH OT-

BeCHO:
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ecnu ‘fiz - %1 | < 107°% l*?z.— N 1] < 107% , ro mnepenitu

K I. 29, uHaue - NPONOJIXHATS.

12 .lpoeknus CETKH Ha MJjockocThk II ¢ xoopaouHATaMH %, ¥:
'TY = TZ-costX,
y1(i) = zl(i)'coso(, yz(i) = zz(i)-cosc( (gnﬁ

Bcex 27 = 1 ,..., NP).

13. C 3arOTOBJEHHHMH BejuuuMHamu NP, TX, TV, ? 97 62,
Q1, 02 H MaCCuBaMu xl(i), xZ(i), yl(i), y2(i) (rme 27 = 1,...,

NP) BoOlTH B MOoOyJib RESOLV. Ha BHXOOE H3 HEro HMeeM YHCIIO K -
KOJIMYECTBO TOUYEK IMepecedeHHsI NPOeKIHH HIOJIKH C IpoeKIueil CeTKH
Ha miockocTdb II, Takxe maccusH X (M) u V(M) , (rme M = 1 ,¢.., K)

KOOpIOHHAT TOdYeK nepecedYeHusd.

14. Ecrm K = 0 (T.e. HeT mepecevyeHH#), TO NEPEHTH K

I. 29, HHavye - TPOIOOJDKHUTD.

15. OmpemesieHHe TOTO KOHIUA HI'OJIKH, KOTOPHN IEPBHM Ie-
pecexaeTCs C IUIOCKOCTBK ceTku (myHKTH 15 u 16) :

ecrm W > 7, To mepetitu kK mn. 17, uHHaAYe - NPOAOJIKHTH.

16. V=06, V,=(0,-0 ;) tg..

Ecqmu V > VJ , TO NEPBHM OKa3aJICA KOHel] HI'OJIKM C KO-
opnuHaTaMu f 111 01. B »TOM cryuae IepedTH K n. 17, HHave -

K 1. 18.

17. (lepBEM OKazajicd KOHeEU HIOJIKH C HHIOSKCOM 1) .

HosioxuTtb PRIS. 0 ¥ IpOCMOTPETh 3HaYeHHdA nepeMeHHOH

R

Vig, -mmn? s cn, - xa)?

mpu Bcex M = 1 ,..., K; BH6paTh Takoe 3HaueHue M (oBozHavaemoe

yepes MM), Ipr KOTOpoM R pocwHraer MHHHEMyMa, IOJOXHUTD:
' t
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XR = X(MM), ZR = Y(MM) /coscK ,

min(R) _ (& - xom))? + (n, - 1am))”.

HonydyeHHHE 30eCh BeNuYUHHE XR M ZR - 3TO KOOPOHHATH
TOUKHK Ha IiockocT# C, BOKDPYI KOToOpoH 6OyIeT HOBOpadYMBaTbhCA

urosixa. llepesitu x m. 19.

18. ([HepBHM oOKa3aJsICA KOHEIl MI'OJIKM C HHIEKCOM 2).

-1 ¥ NIPOCMOTpEeTH: 3HAUeHHs INepeMeHHOH

IIonnoXuTh PRiS

R

2 2
\/(§2-X(M)) + (g - ¥(M))
mpu Bcex M = 1 ,..., K; BHOGpaTbh Taxkoe 3HaueHHe M = MM, np# KO-

TOPOM R IOCTHCAeT MHHUMYMa, IOJIOKHUTD :
XR = X(MM), ZR = Y(MM)/coscc,

D= i< usx" \/(fz - X(uM))T + (g - Y(MM))

(Cvmicst BenuuuH XR u ZR TOT Xe, YTOo ¥ B m. 17).

19. TpoBepka MONOXEHHS "IHeHTpa TaxecTu" HTronku (ecrin

OH TIipoHesl uepes IUIOCKOCTE CeTKH, TO HIOJIKAa IIpoHOeT CKBO3b

ceTxKy) .

Ecnu D, 2 gucos)g, To nepeiitu k n. 29 (kaxk u B u. 10,

1
snecz cos Y = Vi -6 22, HHavYe — IPOXONIXKUTD.

20. ONpoKHUIHBAHHE HIOJKM Ha IJIOCKOCTL CeTKHU (BpameHue
BOKPYT' TOYKH CONPHKOCHOBeHHs (XR, ZR), HalOeHHOH B am.u. 17, 18,

. ¥ onpenesyicHue KOOpIHHAT KOHIIOB HI'OJNIKH Ha IUJIOCKOCTH C):

gz =;:.,?1/coso<, §A2A= ’72/00309
F=n/ (§,- &%+ (S, 3%

§1 = ZR + (§1 - ZR)-F, gz = ZR + (§2 - ZR)-F,
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?1 = XR + (Sl -~ XR)-F, ?2 = XR + (§2 - XR)-F.

21. Cerka Ha miockocTu C C koopnmuHartaMd x, 2 @
TY = TZ, Yl(i) = Zl(i), Y2(i) = Zg(i) (ms Bcex 2 = 1,...,NP).

22. C saroToBJeHHHMH BeyuuuHamu NP, TX, Ty’.fl"SZ’

N 4s 74 ¥ MaccuBamu @, (2), mz(i), y,(2), yo(i) (rme

2 =1 ,..., NP) BoxTH B MOOyn®s RESOLV. Ha BHXOOe H3 HEro HMe-
eM uHcio K — KOMHYECTBO TOUYEK IIepeCcedeHus HI'OJIKH c cerxon (Ha
miockocTy C) ¥ MacCHBH HX KooanHai (B ocsax ¢ u z): X(M),
y(M), rme M =1 ,..., K.

23. Havamno muxia nmo M or 1 mo K, mar 1 (mpocMoTp BCex

TOUEK IllepeCedYeHHuda HI'OJIKH C HHTAMHU CEeTKH) .

N
NS
w]
il

g = Y& - xm)® 4 (R - xan?,

(-
I

\/( §1 - xr)? + ( 7, - 7r)%

o
1l

2 2
Ve g, - xmn? + (0, - yan)

25. Ecym PRIS # 0, To mepedTH K n. 27, HHaue - Ipo-

OOJIXHTD .

26. Ecnu D2 < D3 HIIH D4 < D/2 (T.e. EMeeT MeCTO 3ameM-—

JeHHe WK OO6HYHas omnopa HroJKH), To nepeitu k n. 30, HHadYe -

K m. 28.

27. Ecm D2 < D/2 unu D4

26), To nepe#TtH k n. 30, HHave - NPOHOJDKUTE.

< D3 (cMEICTI TOT Xe, 4YTO B II.

28 . NpoposkeHHe LuKIa rno M (r.e. M = M + 1, nepenru

k . 24) wiu kxoHeu ero (ecam M = K).

29. Hromka He ymepxuBaeTcsa ceTkod (T.e. DaHHHN 3KCHEepH-—
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‘MeHT oKazalJlicsa HeYJIa‘IHEIM) .
NF = NF + 1,
W = NF/j,

PE = 100-(W - W, )/W, W, =W.

Ecnu PE < ER, TO mnepe#Td K n. 31, HHaYe - NPONOJIKUTE.
30. NpomonxeHue Lukaa no J (Tr.e. NpomorKeHHe CEepPHH DKC—
IIepUMEHTOB: J = J + 1, mepedTH K m. 9) mnu koHen ero (ecnu

J = NM).

31. OmpenesiceHHe BHXONHHX BeJIMYMH ONA TEeKYDHX DasMepos

punepuoma:
U (LX, LZ) = (1 - W)-100 - ynoBucTOCT® ceTH (B %),
E (LX, L[Z) = PE - ommbka pacuera BeJHUHHH U (LX,
Lz) (B %),
N (LX, L[Z) = J - 4HCJIO BKCIEPHMEHTOB CEepHH.

1l

32. HOponmommxeHue Hukia no LZ (r.e. LZ LZ + 1, nepeuTn

K m. 6) HIM KOHell ero (ecnn.LZ = NDZ + 1).

33. Hpomomxenue nuriga no LX (r.e. LX LX + 1, une-

pesitu k n. 4) wiu xoHen ero (ecmm I[X = NDX + 1).
34. TMewaTs Ta6mums sHavenwust U(LXY,LZ), E(LX,LZ), N(LX,LZ).
35. Kouern.

Momyiie RESOLV

Monyib RESOLV (pemeHHue HECKOJIbBKHX CHCTEM H3 OBYX JIH~
HeMHHX YpaBHEHHE ¥ OBYX IIBOMHHX HepaBeHCTB) . BxOOHEMH BenHYU-—

HaMi- IUIS TaHHOTO MOIYJIS CIyXaT KOHCTaHTH NP, TX, TY, § 17 § 92
Dl’ T72 ¥ MaCCHBH xl(i), xz(i), yz(i), yz(i), roe T = 1,...,

NP. OHH 3aroTaBJ/IUBAKNTCS B IOJIOBHOM MonyJie.
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BHIXOMHEE BEJMYMHH MOOYJS - KOHCTaHTa K — YHCIO Touex
. IlepecevYeHus W MACCHBH KOOpIHHAT 3THX Touek X(M) u Y(M),

M=1,..., K (oM. nm. 13 1 22 TOJOBHOIO MOOYJSA) .

1. K =0, X(M) = 0, Y(M) = 0mpu M =1 ,..., 100
(npenmonaraeTcs, YTO KOJHYECTBO TOUEK NEepecedyeHus HIOJIKH C
HUTAMU CETKH HJIH INPOEKLHH HIOJKH C NPOeKIuAMH HHTeH Ha Iwloc-

KocTs II He mpesmmaer 100).

2. KOS@@HHHGHTHAYDaBHeHHH UTOJIKHT A1x + B1y = C1

B rockocTy C WIH ee IMpOeKIHM B IUIoCkocTH Il:

A= Ry =My Bi= §5-8, ¢ = Sy "Qz)*'91f§2 - 3.

3. OmnpeneneHue pasMepOsB NZ b5 N2 IIPAMOYTOJIBHOI'O KYCKa
CeTKH WM ee Ipoekuuu (B mepHopmax), INOCTATOYHOTO IJIA TOTrO,

yTOOH Ha HEM IIOMEeCTHJIach HUTOJIKa WIH ee IIPOeKIHUA.

?11 = min( §1’ § 505 §22 = maax( §1’ %2)’
}?11 = min( 7 97 \?22 =maz( D, D 4l
iy o= [ 8§, /TX], iy = [ $,,/TX], G, = [ D, /1Y, G, = [ R,,/77],
roe CKo6ku [ ] o©6o3HavaKT Lenyld YacTh 4Yucaa §).
Nl =T, - 1y + 1, N2 = Jdg = J4 + 1.
4, Havamno uuxsia To MX ot 1 mo Nl’ mar 1 (nepe6op Bcex
IIEpHOOOB IO OCH X) .

5. M1 = MX + $1 -1

X
) B HEKOTOPHX aJIrOpHTMHMUYECKHX fA3HKaxX HMeeTCs OIepaTop B3ATHUSA

Lenoll YacTH OT MOIYJIS YHCJa C IpUCBOeHUEeM pe3yibTaTy 3Haxka
HCcxXoOHOro 4YHcina. Hpd NONMB30BAHHM SDTHM OIEpaTOPOM IJiS olpene-—
NeHNS HCTHHHOHN ILEJIOH YacTH OTPUIATENLHOI'O YHCia HeoBXOmuMo

oT pe3ynasTaTa OTHHMATh eImHUHHIY .
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6. Hauvano npuksia II0 MY or 1 no NZ' mar 1 (umepebop Bcex

IepHoNoOB MO OCH Y) .

7. M2 = MY + J 1 -.1.

8. Haugajsio nukna no <.,0T 1 mo NP (nepefop BCEX OTPE3KOB

1
HUTH B Ipenesiax omHoro 6unepuona) .

>
~d
Il

Xl(i) + TX-M P

713 P Xz(z) + TX*M

1’

QZ Yl(z) + TY-MZ, Q2 Y2(1) + TY'M

PE
10. KoaddHuIMeHTH ypaBHEHHUA -0 OTpe3Ka HHUTH Azx + B2y =
= C,. B nnockoctH C HWJIM ero NpOoeKUHuK B ImockocTH II:

2 |
Ay = Q; - Qg By =Py - Py, Cp=Py(Q) - Qy) + @y (Py -Py).

11. DET = AZ-BZ - AZ-BJ.

Ecnu DET < 10_6, TO mepedTH K n. 15, MHaUYe = IPOOOJIXUTE.

12, KOpeHb CHCTEMH - KOOPOHMHATH TOYKH IIEepECEeYeHHs NpA-
MEHIX , Ha KOTOPHX JI€eXaT HI'OJIKa U OTPEe30K HHUTH HJIIH HX IpoeKIIuu:
XCc = (01-32 - CZ-BJ)/DET,

YC = (CZ-AZ - C 'AZ)/DET.

1

13. IpoBepka nepeceyeHus COBCTBEHHO HI'OJIKM H OTpe3Ka HH-

TH HITH HX OPOEeKIUH.

13.1. Xll = mtn(xl, Xz), X22 max(Xl, XZ)’

Y = min(YZ, Y

11 ), Y =max(Y1_, .Y)-

2" 22 2

13.2. Ecnu §11 7 '§22, TO mepeidTd XK . 13.4, uHaue -

NPOIOJIKHTE .

13.3. Ecnn 1?11 < yC < r?22, To mepeittu k n.13.5, uHaue-

- x 1. 15.
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%22, To mepeliTH K n. 13.5,

TO nepeitd x n. 13.7, uHaue -

122, To mepedTH kK n. 14, uHHaue -
X22, TO mepedTH k n. 14, uHave -
= YC.

nmo 7 (r.e. ¢ = © + 1, nepe#TH

= NP) .

mo MY (r.e. MY = MY + 1, TepeHTH

no Mx (r.e. MX

MX + 1, TepeHTH

N1)°

13.4. Ecnu gll < x¢ <
HHaue - x n. 15.
13.5. Eénn X, # X22,
- IPONOJDKUTE .
13.6. Ecnu Yll < ye <
- x mm. 15.
13.7. Ecnu Xll < x¢ <
- x . 15.
14, K =K + 1, A
X(K) = XC, Y(K)
15. IpomoJpkeRHe LIHuKIIa
K . 9) wnu koHel ero (ecnu 1
16. lpopmosoDxkeHHE LHUKIA
x 1. 7) wnmi xoHer ero (ecnu MY = NZ)'
17 . IpopnosmkeHue LHKJIIA
K 1. 5) wmnu koser ero (ecynu MX
3aknwyeHue

IpenJioXeHHHY B PYKOBOICTBE &JIFOPUTM MOXET BHTDL peanu-~-

30BaH C IOMOmMBK 3BM BTOPRPOI'O HII
MHYECKHX S3Hkax AJIIT0JI, OOPTPAH

U TpeTherc HnoKOJIeHHuA Ha aJITOpPHUT—

unu PL - 1. ClenyeT TOJBKO

¥MeTh B BHOY, 4YTO MHOr'OKpaTHas HMHTAIKA Ipouecca 3axBaTa KpHII

ceThblo, OCYymMecTBlsAeMasa aJll'OpPUuTMOM, TpebyeT foNIBpIIX 3arpatr Ma-

MMHHOI'O BPEMEeHH, H IOTOMY HMee

6HCcTpomelicTBymMHue DBM.

C yxa3aHHEM 00CTOATEND

T CMEICJI OpPUEHTHPOBATBLCHA Ha

CTBOM CBf3aHO 3ajaHuHe OBYX

Kasarochk O6H 3aMeHAKmMX IPYI Ipyra BXOIHHX Benuuud NM u ER
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(cM. pazpmen "BxonHas mHQopmauus", n. 1). 3TO cpesylaHo OJs TOro,
YTOGH HMMETbh BO3MOXHOCTE INpPEeKpaTHTE: CUeT [OCje IIpOBEedeHus 3a-
maHHOro (mpemenpbHOro) uvucia SKCHépHMEHTOB, maxe ecnu Tpebye-
Masi TOYHOCTb ONpeTeNIeHHA YJIOBHCTOCTH U He HOCTUTHYTA, BeIO®
yeM BHIIE TOYHOCTEL pacueTa, TeM 6oJjblee YHCJIO 3KCINEePUMeHTOB
HeoB6xOomuUMO. 3Has CBOM pecypC MamMHHOIO BPEMEHH H packon Bpe-
MEeHH Ha OOUH SKCIEePHUMEeHT, HcciaemoBaTend 6e3 Tpyna OnpemeitT

Bennuubey VM.
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Ta6nuua 1 [TpuMe pH MaCCHBOB Xl(i), Xz(i), Zl(i) o
Zz(i) nnAa OBYyX BapUaHTOB H3obpaxeHusa ceTH c

nmomonpio 6unepuonos (Puc. 5 a, 6)

KoopauHAaTH BapuaHT 1 BapuaHT 2
OA AB AC AD AB BC CD DA
%1 o 7 7 7 7 0 7 14
21 0 15 15 15 0 15 20 15
X, 7 0 14 14 o 7 14 7
z, 15 20 20 0 15 20 15 0
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Puc.l OcHOBHHE OBO3HaAYEHUSA

C - MIJIOCKOCT® CeTXH C KoopauHarammu X u 2 ,

I - IJIOCKOCTE,IIEePNeHOuKyNApHas OCH IIBHXEHHS C KOOpOu-
HataMu X 1 Vv ,

¢ - yron Mexnmy IwiockocTsmd C ¥ II,T.e.Mexny ocamul nlY ,

W - yroJI MexXIy HI'OJIKOHW U OJIOCKOCTRhH II ¢ KOOpIIMHAT HHMM
OCsaAMU,

W —~ yronm MexOy HOpoeKUHed HTONKH Ha IUIOCKOCT®: II B OCEHI,

§7— KOOPOUHATH NPOEKIWH LeuTpa HUTONKA / IIeHTPpa TAKeCTH
pauxa / Ha IUockocTu II , B ocaxXuly .

a 6] B
C ., C
v 7 % 8o, o s
U o4
/
PR n 77\ u &0
7 s I s
s 7

Puc.2 BapHaHTH B3aUMOJEMCTBUH HIOJIKHU
H CeTKHU -
a - nomopoT, 6 - 3amemMiIeHue, B - IpocTadg onopa,

M - uronka, C - IUIOCKOCTE ceTkHu, I — nenrp uronku, II -~ Todyka

nosopora, BO - BepxHaa onopa, O- OIOpH.
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Puc.3 (CxeMaTHUeCKoe H306paxeHHe CEeTHOI'O NIOJIOTHAa

a 6 B T

R, MM
a
20 B c
2 A 3 '
15 |- =3 '
VANV
A |
! |
|
0] I
7 14 &7

Puc.5 PasMepH 3JIEMEHTOB OHIIEPOUIOB
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List of Tables

Table 1 Examples of arrays Xl(i), Xz(i), Zl(i) and
A Zz(i) for two methods of representing a net using
biperiods (Fig. 5 a,6).

List of Figures

Fig.l Legend: -

C - net plane with coordinates x and z:

I - plane perpendicular to the axis of motion with
coordinates x and y; ‘

A - angle between the planes C and [I, i.e. between the
axes z and'y:

5ﬂ- angle between the needle and plane [l with reference
axes;

SL— angle between the projection of the needle onto the
.plane Il and the axis:

g,lz— coordinates of the projection of the needle centre

(centre of gravity of crustacean) onto plane Il with

axes x and y.
Fig.2 Possible needle-net interactions:
a - turn, 6 - jamming, B - simple support,
W - needle, C - net plane, Il - needle centre,
1 - turning point, BO - upper support, O - supports.
Fig. 3 Schematic representation of net

Fig. 4 Net biperiods (see Fig. 3)

Fig. 5 Size of biperiod elements




Tableau 1

Fig. 1

Fig. 2

Fig. 3
Fig. 4

Fig. 5

- 220 -~

Liste des tableaux

Exemples de tableaux Xl(i), xz(i), Zl(i) et
Zz(i) pour deux méthodes de représentation d'un filet

utilisant des bipériodes (Fig. 5a, b).

Liste des Fiqures

Légende
¢ - Plan de filet avec coordonnées x et z;
O - Plan perpendiculaire & 1l'axe de mouvement avec

coordonnées x et Y; 4
0. - BAngle entre les plans C et II, c'est-a-dire entre

les axes z et y;

Y - BAngle entre l'aiquille et le planIl avec axes de
référence;
& - Angle entre la projection de 1'aiguille sur le

plan II et 1l'axe;
E,n- Coordonnées de la projection du centre de
1'aiquille (centre de gravité des crustaces) sur

le plan Il avec axes x et ¥y;
possibilités d'interactions entre l'aiquille et le filet:
a - tour, & - blocage, B - simple support,
U - aiquille, C - plan de filet, I|- centre de l'aiquille
I - pivot, BO - support supérieur, O — supports.
Représentation schématique du filet

Bipériodés du filet (voir Fig. 3)

Taille des éléments bipériodes



Tabla 1

Fig. 1

Fig.

Fig.

Fiqg.

Figqg.

3

4

5

Ejemplo
zz(i)pa

biperio
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Lista de Tablas

s de ordenamientos Xl(i), xz(i), zl(i) Y
ra dos métodos de representar una red usando

dos (Fig. 5 a,fd).

Lista de Fiquras

plano de la red con coordenadas X y Z;

plano perpendicular al eje de movimiento con
coordenadas x e Y; ‘
angulo entre los planos C y II, ‘es decir entre los
ejes z e Y3

adngulo entre la aquja y el plano II con ejes de
referencia;

adngulo entre la proyeccién de la aguja sobre el
plano II y el eje;

coordenadas de la proyeccién del centro de la aguja
(centro de gravedad de crustaceo) sobre el plano I

con los ejes X e y.

Posibles interacciones agquja-red:

a- llave, & - obturacién, B - soporte simple,

" - aquja, C - plano de la red, Il - centro de la aguja,

II - punto de retorno, BO - soporte superior, O - soportes.

Representacién esquematica de la red

Biperiodos de la red (véase Fig. 3)

Tamafo

de los elementos de biperiodo



Ta6nua 1

Puc.

Puc.

ch.
Puc.

Puc.

1

OcHoBHHE 0O0O3Ha4YeHUd

C -
n-

BapuaHTH B3aUMONEHCTBUA HIOJIKH ¥ CETKH:

a -

nosopoT, 6 - 3anmemiieHHe, B - [pocTasa onopa,
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CIMTUCOK TABJIHI

[Tpume pot MaCCHBOB Xl(i), Xz(i), Zl(i)
Zz(i) ons OBYX BapHaHTOB yus3oGpaxeHusa ceTH
nomoupo 6unepuopoB (Puc. 5 a, 6)

CITHCoK PHCYHKOB

MJIOCKOCTh CE€TKH C KOOPAMHATAMHU X U Z,
MJIOCKOCTb, nepneHauKynsapHasd oCH ABHXEHU A c
KoOpAMHaTaM¥ X M Yy, .

yron mexpy miockoctamu C u I, T.e. Mexpy ocamMu z M
Y

yrojg MexAy urojiko# u nyockocThio Il ¢ KoopAMHATHHMHU
OCAMH,

yroJ Mexpay MNnpoekuuei Hrojky Ha mjgockoctsh II ¥ ocho,
KOOpAMHATH MpPOeKUHH LeHTpa Uronky (LeHTpa TAKECTH
payka) Ha mjiockocTH [I, B ocsax x u Y.

U - uromnka, C - mjockocTb ceTk4, L - LEeHTP HroJKkH,

m-

TOoYyka nosopoTa, BO - BepxHss omopa, O - onopsl.

CxemaTHyeckoe H300paxeHUe CeTHOIro MNOJIOTHa

Bunepuonan cetku (cMm. Puc. 3)

PasMepsl 3JIeMEHTOB OHIIEPHOMOB.
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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

Juvenile Antarctic krill (Euphausia superba) were fed
Phaeodactylum tricornutum, at concentrations ranging
from 0.0-5.0 mgC 1-!., 1Intermoult period (IP) decreased,
but an increment of body length per moult (ABL) of
juvenile krill increased, up to a concentration of

1.0 mgC 1 L. No further effect of food concentrations
on IP or ABL was seen at concentration beyond

1.0 mgC 1 . IP plateaued at 23.8 days and ABL, 1.l4mm.
From these results, maximum daily growth rate (ABL/IP)
of juvenile krill was calculated to be 0.047 mm day 1
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 CROISSANCE DE KRILL JUVENILE ANTARCTIQUE
ALIMENTE EN LABORATOIRE EN UTILISANT DIFFERENTES CONCENTRATIONS DE
DIATOME PHAENODACTYLUM TRICCRNUTUM

T. Ikeda, P.G. Thomas
(Australie)

Résumeé

Le krill juvénile antarctique (Euphausia superba) a éteé
alimenté au Phaenodactylum tricornutum en concentrations
allant de 0.0-5.0 mgC 17!. La période d'entremue (IP)
a diminué mais la longueur corporelle par mue (ABL) du
krill juvénile a augmenté jusqu'a une concentration de
1.0 mgc 171, Aucun autre effet de concentrations
alimentaires sur IP or ABL n'a été observé a des
concentrations au-delad de 1.0 mgc 171, IP a atteint
un plateau a 23,8 jours et ABL, & 1.14 mm. A partir de
ces résultats, le taux de croissance maximum par jour
(ABL/IP) du krill juvénile a été calculé comme étant de
0,047 mm par jourl ce qui est trop lent pour
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supporter l'hypothése de longévité de 2 ans de cette
espéce en mer. Les conditions de croissance du krill
dans l'océan Austral sont examinées et une attention
particuliére est apportée a la concentration
d'alimentation disponible.

Note: Le texte intégral de ce document sera publié dans la revue
Polar Biology (1987) sous le titre ci-dessus

Rapport original en anglais.
Ak ok k k% k% % X

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 alimenté krill juvenil Antartico (Euphausia superba)
con Phaenodactylum tricornutum, en concentraciones
fluctuando entre 0.0-5.0 mgc 171. El periodo
intermedio entre cambios de piel (IP) disminuyo, pero un
incremento del tamafio del cuerpo por cambio de piel
(ABL) de krill juvenil aumentd, hasta llegar a una
concentracién de 1.0 mgc 171. No se observé efecto
adicional de las concentraciones de alimento en el IP o
ABL a concentraciones mayores de 1.0 mgC 1-1. El 1IP
culmindé a los 23.8 dias y el ABL fue de 1.14 mm. (N.
del T.: en el grafico de IP) A partir de estos
resultados, se calculd que la tasa maxima de crecimiento
diario (ABL/IP) de krill juvenil fue de 0.047 mm por
dia—l, 1la cual es demasiado lenta para mantener la
duracién de vida de dos afos postulada para este animal
en la regidn. Se discuten las condiciones de
crecimiento del krill en el Océano Austral, con especial
referencia a la concentracién de alimento disponible.

Nota: El texto completo de este documento sera publicado bajo el
titulo indicado arriba en Polar Biology (1987)

Informe original en inglés.
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WHTEPBAJI MEXJY JMHbKO# M POCT MOJIOAY AHTAPKTUYECKOT'O KPWJIA
B JIABOPATOPUYM MPY KOPMIIEHMA JUATOMESMM PHAENODACTYLUM
TRICORNUTUM PA3JIHYHO# KOHLEHTPAILMK

T.Hkepga, N.T.Tomac
(ABcTpanus)

Pe 3ioMme

[fpou3BOAMIIOCH KOPMJIEHHE MOJIOAM AHTApPKTHYECKOro
Kpunsa (Euphausia superba) Phaenodactylum
tricornutum HpH KOHLEHTpaluax OT 0,0 nio

5.0 mMr/n. Jlnuna uHTepBaya Mexpy JauHbkod (IP)
cokpaimaJjachs, HO HabJuogajioCh yBeJIHYeHHUe
npUpocTa B JJIMHY MOJIOABIX ocolGe# Kpusis  3a
kaxayio Jauebky ( A BL) [0 KOHHEHTPaLuH B 1,0
mr/sn. Ilpy KOHUeHTpalUUAX CBHIIE 1,0 mr/n He
Habmofajoch BO3JedCTBUA KOHLUEHTpalUuu Nuly Ha

IP 28147 A BL. BenuuuHa iP AOCTHrIIA -
MaKCHMyMa 3a 23,8 cytok, a ABL - npu-
1,14 ~mm. Ilo »3TuM pe3ynbTaTaM ObJla [oJy4YeHa
MakcuMalibHasd BeJIUYKHA exXeJHeBHOro InpupocTa

( ABL/IP) wMoJyopbix ocobe#t Kpuisi B 0,047 MM B
JeHb, HO BTO CJHIKOM HH3KO JANA MNOATBEPRAEHUA
FYnNoTess o 2-JeTHel MNpOJOJDRUTENIBHOCTH XKH3HHU
3TOrO opraHysmMa B €CTECTBEHHBIX YCJIOBHAX.
O6cyxpgaloTcs  ycJoBMsA  pocTa Kpuaa B lOKHOM
OKeaHe, obpamasa ocoboe BHUMaHHE Ha
KOHI[EHTpaL}I UMeloHeica MMUIK.

[IpuMeyaHye: MOJHBHE TEKCT 3TOro poknaga 6ypeTr onyO6yjukoBaH NOA
BRIIEYKa3aHHLIM 3aroJsioskoM B ''[lomap Baiosomxu' (1987 r.)

OpuruwHan : AHIJIHHUCKUU
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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.)

Résumé

Ce document présente un examen de la structure par tailles des
populations de E. superba par rapport a leur habitat, sur la base
d'une analyse des données originales recueillies par l'auteur au
cours de la saison de 1981 dans la région de la Péninsule
Antarctique et des Iles Shetland du Sud, de données recueillies par
d'autres chercheurs au cours de FIBEX, ainsi que d'autres sources
plus anciennes.

Le document présente une réponse a la question de savoir s'il existe
ou non une correspondance entre les groupes de taille de E. superba
et les groupes d'dge. Il est démontré que les groupes de taille du
krill ne constituent pas un phénoméne saisonnier mais que dans une
certaine mesure ils correspondent & des séries de spécimens dont
1'éclosion a eu lieu au méme moment et qui ont évolué dans des
conditions semblables. Des hypotheses sont formulées pour ce qui
concerne l'dge et la croissance d'E. superba; en plus sont citées
des données basées sur l'expérience et qui ont trait aux taux de
croissance du krill par rapport aux conditions alimentaires, aux
facteurs liés a la température et & d'autres facteurs biotiques et
abiotiques.

Le document décrit les possibilités de trouver une solution au
probléme de l'dge et de la taille 4'E. superba grice a l'étude de
l'uniformité génétique, morphologique et physiologique du krill au
sein des groupes de taille et entre ceux—ci.

L'entiére clarification de la question des structures par ages des
populations d'E. superba peut s'effectuer par la comparaison des
résultats d'études portant sur la variabilité spatiale et temporelle
du krill, l'application de modéles de la croissance sous diverses
conditions et des recherches menées dans les domaines physiologiques
et chimiques.

 k k k k Xk k% X %
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PROBLEMAS DE DETERMINACION DE ESTRUCTURA POR EDADES EN LA POBLACION
DE EUPHAUSIA SUPERBA DANA USANDO UN EJEMPLO DEL AREA DE LA PENINSULA
ANTARTICA Y AGUAS ADYACENTES '

V.A.Spiridonov

(U.R.8.5.)
Resumen

Este documento examina la estructura de las poblaciones por tamano
de E. Superba en relacién con su habitat, basandose en un analisis
de datos originales, recopilados por el autor durante la temporada
de 1981 en la regién 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 dque concierne la
correspondencia o no correspondencia de los gqrupos por tamano de
E. Superba con sus grupos por edad. Se demuestra, que los grupos
por tamano de krill no son un fendmeno temporal, pero que hasta
cierto punto corresponden a conjuntos de especimenes que
eclosionaron al mismo tiempo y que se desarrollaron bajo condiciones
similares. Se formulan hipétesis con respecto a la edad y el
crecimiento de E. Superba; ademas, se citan datos ciertos sobre las
tasas de crecimiento de krill en relacién a las condiciones
alimentarias, los factores de temperatura y otros factores abidticos
y biodticos. '

Se definen posibilidades para la elucidacidn de la problematica de
edad y tamafio de E. Superba mediante el estudio de la uniformidad
genética, morfoldégica y fisioldgica del krill dentro de los grupos
por tamafio y de ellos entre si.

Es posible lograr el esclarecimiento total del tema de estructura
por edades de la poblacién de E. Superba mediante la comparacién de
los resultados de estudios de variabilidad espacial y temporal en la
composicién de tamafios del krill, de la modelacién del crecimiento
bajo diversas condiciones y de las investigaciones fisioldgicas Yy
quimicas. ’
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PACCMOTPEHHE ITPOBJIEM OMNPEAEJIEHAS BO3PACTHO# CTPYKTYPH
EUPHAUSTIA SUPERBA DANA HA OCHOBE JIAHHREIX, ITOJIVYUEHHEIX
B PAAOHE AHTAPKTWUYECKOI'O MOJIVOCTPOBA ¥ BJIY3JIEXAMKX AKBATOPHﬁX

B.A.CnupuIOHOB

(c.c.c.r.)
Pespome

Ha OCHOBE aHanysa OPHUIHHAJ bHBIX JAaHHHX,
MoJIYYeHHBIX aBTOpOoM B ce30H 1981 r. B paioHax
AHTApPKTHYECKOTI O nosyoCTpoOBa U IORHBIX
HeTnaHACKKX OCTPOBOB, a TakKXe HAaHHBIX [ApYrux
HccyefgoBaTeNe, MNOJNydYeHHHX B nepuox FIBEX, u

boJiee PaHHHX JNUTEPaTYPHHIX HCTOYHHKOB
paccMaTpuBaeTCsa pa3MepHas CTPYKTypa HONYyJsUUYU
E. superba B CBA3YU Cc YCJIOB U AMH cpenuss
OOKHTAHUA.

PemaeTcs BOMpPOC, COOTBETCTBYIOT JH pa3MepHbe
rpymnne E. superba BO3pacCTHHM rpynmnam.
[loka3axo, YyTO pa3MepHbIe FpY sl pPayKoB
npeAcTaBaAlOT co060#i He Ce30HHHA deHoOMEeH, HO B
onpeneyieHHOH CTeneHy OHHU COOTBETCTBYIOT
COBOKYIHOCTAM oco6ei, TNOSBUBIIUXCHA Ha  CBET
NpUMEPHO B OJHO ¥ TO Xe& BpPeMs ¥ pa3BUBABHKXCHA
B CXOMAHBIX YCJIOBUAX.

dopmMyNUPpYIOTCA TIHNOTE3s O Bo3pacTe U pocTe E.
superba, a TaKxe NpUBORATCSA daKkTHYEeCKHUE
JaHHBIE CKOPOCTH poCcTa pPaykoB B CBS3H C
YCJIOBUAMU [THTAHUA, TeMnepaTypHeM ¢aKTopoM H
ApY UMy 64OXHUMHYECKUMHU H abHOTHYECCKHMH
dakTOpaMu.

OnpepensioTca  NEepCHEeKTHBH  U3YYEeHUA  NpoOJIEeMu

Bo3pacTa " pocTa E. superba nyTeMm
HccllefloBaHUifT reHetuyeckoi, mMopponoruyeckon u
bu3HONIOrHYEeCKO# OJHOPOAHOCTH paykoB B Ipejetiax
pa3sMepHeIX Frpynn 4 Mexay Humu. OKoHYaTesnbHasd
ACHOCThL B BOIIPpOCE& © BO3pacTHOW CTpPYKType
nmonynsAayuuu E. superba MoXeT ObTh HAOCTHUI'HYTa

npu CONOCTaBJIEHUH pe3ynhrTaToOB H3y4dYeHUs

NMPOCTPAHCTBEHHO 74 BpeMeHHO#’ H3MEHYUBOCTH

pa3MepHOro cocTaBa paykoB, MoJAeJHpPOBaHUSA pocCTa

B Pa3HBRIX YCJHOBUAX ¥ OUIHONOro-6HOXUMHYECKUX

HCcHeoOBaHUA.

*
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PACCMOTPEHUE IIPOBJIEM ONPENEJIEHUS
BO3SPACTHOH CTPYKTYPH EUPHAUSIA SUPERBA DANA
HA OCHOBE JIAHHBHX, HOJNVYEHHHX B PAHOHE
AHTAPKTHYECKOI'O HOJIVOCTPOBA U BJIU3JIEXAIMX AKBATOPUAX

HccrnenmoBaHusg XHU3HEHHOO IUKJA 5Bdaysuul, M B TOM YHCIe

Euphausia superba, OCHOBaHH IJIABHEM 0O6pasoOM Ha CTATHCTHYECKOM

aHaju3e MOJIEBHX JaHHHX O pasMepax H 3pejlocTH padykoB (Mauchline,
Fisher, 1969, Mauchline, 1980) . HpoeHTHdUKAIIUA IIOKOJIEHUN Y BU-
OOB BEICOKHX H YMEpPeHHHX MHPpOT OHBaeT OCHOBaHa OOHYHO Ha IHKax
pasMepHHX (IIeTepCeHOBCKHX) THUcTOorpaMM. DTH IIHKH BO3HHKAWT OT-—
TOr'O, YTO TaKHM XHBOTHHM CBONCTBeHEH LNOBOJLHO OUPaHHUEHHHMN ne-
DPHOX Pa3MHOXEHUA M pocTa. PasBUBaWTCHA, IIpaBraa, H ﬁpyrne nonxo-
IOH — COCTaBJIeHHE CXeM pocTa, OCHOBAHHHX Ha HEKOTOPHX TeopeTH-
YeCKHX COOBpaxXeHUsXx M aHaJoruax (Mauchline, 1980), uaydeHue
OU3HONOTHYECKUX HHOUKATOPOB Bo3pacTa (Ettershank, 1984), BHpa-
mUBaHUe paykoB B axBapHyMax, HauuHas C caMilX PaHHUX CcTanuy pas-
BUTHA (Ikeda, 1985), OnHAaKO, OHH eme He IOJIYUYHIIH HDMHPOKOro paci-

pPOCTpaHeHuss, W HOeTalbHOHI OlIeHKHW ux He IpoBereHOo.

PauHue mpccremoBaTeNu XU3HEHHOTO IuKJIA E.superba IIpUxoO-—
OAT K BHBOIY O IIPEHMYNECTBEHHO NBYXTOIOUYHOM ILIHKJIE 3TOI'C BHIA;
UHHEMH CJIOBaMH, K KOHIY BTOPOI'O IOla XHU3HK pPaukKyl OOCTHUTraWT IIJIMHH
oxoJsio 45-50 MM, co3peBawT H Pa3MHOXATCH, HOCJE HepecTa IIpOoHuC—
XOOUT DAMMUHALUA 60Jblledl yacTw ocobeir (Ruud, 1932, Bargmann,1945,
Nemoto, 1958). B TO Xe BpeMs MaTepHAaJH BaprmaiH #© HeMOTO mno3-
BOJIANHU npennonaraTé, YTO pavxKaM, HacendAwmuM 60Jiee BHCOKHE MUPOTH
CBOMCTBEHEH 6oJiee MemJeHHHM pocT. Ix.Mapp (1962) cuuran, 4uTo B
IIPUMATEePUKOBEX MOPAX E.superba TpeByeTCs IPUMEpHO TPHU rdna o
TOI'O, YTOGH IJOCTHUYBL INPHMEpHO TakKoI'o pasMepa, IO KOTOpOITo obu-
TaTenu 6oJiee HH3KUX MNUPOT HOCTHUTAKNT 3a OBa roja, pasMHOXEHHEe
IPOHCXOOKT, TakKWM O6pa3oMm, Ha YeTBepTHH rom xu3Eu. B.I'.UBaHOB
(1970) mpuBen cBHOeTeNbCTBA TOTO, YTO H B Mope CKOTUR — OTHO-
CHTeNBHO HU3KOIMMPOTHON YaCTH apeala — PavKu JOCTUrawnT 3pPejIoCTH
B Macce Ha 4YeTBEepPTHH I'OL ¥ BHCKaszajl ybexmeHHe, 4TO sia'cnwya—

LU XapakKTepHa OAd BUIA B LejioM. JeTanbHHM aHaly3 MHUPOTHOHU
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H3MEHUMBOCTH POCTOBHX XapaKTepHCTuK O6mux maH H.A.MakuHTomem (1972),
KOTOPHHM IoKas3aJyli TaKxe BO3MOXHOCTB Memreﬂepaunoﬂﬂux Bapuauui
TEMIIOB pocTa. Ero JaHHHe y6exzawT B TOM, UTO Jaxe B OTHOCUTEJIb-—
HO HH3KOWMPOTHHX palioHax OTHeNbHHE IOKOJIeHUs PasBUBAKTCA IO cxe—
Me TpexsieTHEero UHKJja, M TOorga B HHHE I'OOH IIOSBIAETCA TaK Ha3H-
BaeMas MPOMEXYTOUYHas IPyIHla PaAavYkKoB pasMepaMH (B JIETHHI Ce30H)
okono 40 mMm. Bce xe MakuHHTOmD nonaran, YTO B O6meM OBYXJIETHHUH

nuxya 6oJsiee TUNHYEH OJIS E.superba pgaxe B BHCOKOIMPOTHHX BOIaX.

HceriemopaHusi, HPOBOOHBHWMNECS B IIOCJIeOHHE T'OOH, IoKasaly,
YTO B BHCOKOMHUPOTHON AHTAPKTHKE IpPOMEXyTOdYHas Tpylnrna CoCTaBisg-
€T NOCTOSHHHK KOMIOHEHT IONYJAAIMM E.superba (Honxernxos, 1973,
JIOJDKEHKOB ¥ Ip., B Ievaru, Fevolden,1980, Maxapos, CuHcoesBa,
1983, sSiegel, 1983). Hpénnonaraewcg, YTO JIMIIL VIS CpPaBHHETeNL-—
HO HefOJNBION YaCTU TaKUX PavuKOB XapaKTepHO coapeBaHHe~ha Tpe-
THH TOn XH3HH, OOJPMHHCTBO CcO3peBaeT B 6oJjiee cTaplleM BO3pacTe

(Kikuno, Kawamura, 1983, MakapoB u nOp., 1985).

IpUUYHHE H3MEHUYMBOCTH CKOPOCTH DPOCTa M CO3pPeBaHUuA E.su-
perba 3axINYawTCsa, OYEBHIOHO, B pasHoobpaszdu nedcTBHA (akTopoOB
CperH Ha akKBaTOPHH €TI0 apeana. lIpexine BCero 5T0O CPOKU OCBOOOXK-—
IOEHHS NOBEPXHOCTH BOIHE OT JIEOSHOTO IIOKPOBA, onpénenﬂmmne B CBOW
ouepens IepHon Pas3BUTHA @ﬁfonnaaxrona - OCHOBHOH numH PadYKoB.
SToT nepuon eCTEeCTBeHHHM O6pa3oM YMEeHBIaeTCsa C yBeJjMYeHueM Mu-
POTH, OOHAKO, CYMEeCTBOBaHHEe Tax HasHBaeMoro sBjleHHs "oasmca",
BO3HHKAWMEIro B TeX HJIM HHHX yYacTKaX NPHOPEeXHHX BHCOKOWMPOTHHX
BOI CE30HHOTO YCKOpPEeHHA pa3BHTHUS IUIaHKTOHa (Makapos u ﬁp., 1982,
1985) MOXET IPUBOIOUTEL K TOMY, YTO U B NPHUMATEPUKOBHX BOOax OH

MOXeT OHTE OOCTaTOYHO IIPOHNOJDKHUTENIeH.

Bropasa rpyuna ¢axToOpoOB, BIHAKNOUX Ha .CKOPOCTBL pocCcTa, CBA—
3aHa C TeMHaepaTypoi. ObmeussecTHOe JsS MNOUKWIOTEPMHEX XU BOTHHX
3aMeIyIeHHe CKOPOCTH POCTa IpM NOHMXEeHHM TeMIepaTYDH CpenH Yy
PaKoo6pa3HHX BHpaxXaeTCA B YBEIHYECHHUU npononmnrenbﬁocmn MexIIH -
HeuHoro nukija (Xmenesa, Iony6es, 1984), uTo mokaszaHO ¥ ONsg

E.superba {Polech, Denys, 1982, cM. Tab6n.1).
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KpoMe 3HauUTENbHOH NPOCTPaHCTBEHHON HM3MEHYHBOCTH CKO-—
POCTH poOCTa CYNECTBYET eme pAn O6CTOATENHCTB, OCJIOXKHAKIUMX yC-—
TaHOBJIEHHE PpPas3MEepHO-BO3PACTHHX COOTBETCTBHI. U3BecTHO, UTO
0co6H E.superba MOTYT HE TOABKO PacTH, HO KW YMEHBNATBECH B JUIU-
Hy. Takoro pola OTPHIATENBHHN DPOCT HABI0OaceTcs B aKBapHaslbHHX
DKCIEPUMEHTAaxX IIpH TOJIOHNAHMH HJH HEeOOoCTaTOUHOH ofecnedueHHOCTH
numeit (o0630p cM. Buchholz, 1983). IpemnoyaraeTcs, YTO HNOIOGHOE
yKOopauuBaHue TeJyla PAYKOoB MNPOHCXOOHWT ¥ B Ipupome — B Hebnaro-
IPUATHEE nepurn roma (Ikeda, Dixon, 1982, Ettershank, 1984).

HTak, ecyH mpexne oJlaralH, YTO OTHEepEeCTUBIleeCs NOKOoJIe-—
'Hue B Macce OTMHpaeT, TO Temnepb Kak nojesHe (Makxapos, 1975,1976,
1983a), Tax u JjabopaTopHHe HcclenoBaHus (Denys, McWhinnie, 1982)
IIOKa3HBAKT, YTO CKOpee BCEro MHOI'Me OCO6H PasMHOXAKWTCS B Teue-
HHe II0 MeHbllell Mepe OBYX Ce30HOB. Bojiee ueM OIHOKpaTHOe co3pe-
BaHHe QOOJDKHO OKa3HBaTh 3aMeljflmee BO3OeHCTBHE Ha pPOCT, OXHaxo,
B TOM CUTYAalluM, KOrma HeJNb3sd HOCTATOYHO YBEpPEeHHO OTJIMYUTE BlIep-—
BHE HEepecTYWMUX ocofell OT NMOBTOPHO ﬁepecmymmnx, 5TO. BO3IEHCT-—

BHe He NommaeTCHda OLeHKe.

O6men3BeCTHH, HAaKOHEIl, CJOXHOCTH TPaKTOBKH pa3MepHOTrO
cocTaBa IpU CMelleHHH 5Bday3uuL, OOHTABUKHX B Pa3HHX BOHaxX (Mau-
chline, Fisher,'l969). 5TO cMemeHHe H OBYCJIOBIEHHOE MM yMHome—
HHEe IIHKOB pPa3MEepHHX KPHBHX NPHBOOUT K NPDaKTUUYECKOHW HEBO3MOXKHOC-
TH OAaTh BO3PACTHYN HHTEPIPETAallH Pa3MEpPHHX I'PYIN B €IOUHUUHOH

npoGe_paqKos.

BrmecKa3aHHOTO JOCTATOYHO, YTOGH IOHATH, noueMy 6Bosee
YeM IOJIYBEKOBOE CTATHCTHYECKOE H3YUSHHE paéMepOB E.superba B
MOJIeBHX cbBopax He najio OIHO3HAaYHHX OTBETOB Ha BONPOC O BO3pa-
CTHON CTPYKTYpe HONYJAALMH DTOTO BHIa. ONHAKO DPasMEpHHE KpUBHE
O-IpEeXHEeMY OCTawnTCsS OCHOBHHM HHCTDYMEHTOM IIONYJIAUMOHHHX HC—
crenoBaHuil sBdaysuun. HUxe Mu HONMHTAEMCHA OAThk O630p M OOCYIOHUTH
NpUMEHEHHEe STOI'0 MeToma K H3YYEeHUI E.superba B BOJax, OMHBaW-—
mUX ceBepo-3ananHoe nobepexbe AHTAPKTHYECKO'O IOJNYOCTPOBa, a
Takxe B BOIax s3anagHoi vacTh Mopsa CkoTusi. B BTOM palioHe 3a Io-—

clenHHe OecATb JiIeT NPOBOIMIINCE, IIOXany#, HauboJsiee HHTEHCUBHHE
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HCCJIeDOBAHUS aHTapKTHYEeCKOoro Kpuia (Sarhaghe et al., 1978, Ja-
zdzewski et al., 1978, Makapos, 1979, Wolnomiejski et al., 1982,
T'epmanosuu, Jiw6uMmoBa, 1983, Guzman, 1983, Hempel,,K 1983, Raku-
sa-Susczewski, Lipski, 1985, Siegel, 1986, Sarhaghe, 1986) .

PaccMOTPHUM BKPaTIEe ero 6HOJIOTO—OKeaHoTpaduIeCcKUe YCIJIOBHI.

2.0COBEHHOCTH OKEAHOTPAOWUECKUX YCJIIOBUH B PANOHE AHTAPKTHUEC-
KOT'0 NOJIYOCTPOBA

PduzuYecCKHue U OHOTHUECKHe YCJOBUA paloHa AHTApKTUYECKO-
IO IOJIYOCTPOBA XAPAKTEPH3YHTCH 3HAUYHTENBHOH HEeOOHOPOIOHOCTBI,
30eCh BCTPEYawTCsa H B3AaHMONEMCTBYHT BOIH DPaBHOI'O INPOHUCXOXIOEHUA,
Tax HasHBaeMble MOAUQHUKALMKN AHTAPKTHUYECKHX BOL (BramuMupcKas H
op., 1976, MaRapOB, MacneHHukoB, 1980, BorpmauoB u gp., 1980a,6,
MakapoB ¥ mp., 1982). 2T0, BO-NEepPBHX, OTHOCHUTEJIBHO TeIUIHEe, He-
HapoJi'O 3aKpHBawmuecsi JIBOOM HJIM BOBCE CBOOOIHHE OTO JIbOa BOLH
IKHOM BeTBU AHTAPKTHUECKOTO lHpKyMIONspHoro TeueHus (AIT),
PacCIpoCTpaHAKMHEeCs M3 KrOo-BOCTOYHOI'O THXOOKeaHCKoro baccefiHa.
PasBuTHe 6HOCE30HHHX INPOIECCOB B cHcTeMe AUT cremyeT 3aKOHO-
MepHOoCTAM (QeHOoJIorudYeckoi BosHH Ix.T.Xapra (Hart, 1942) c moc-
TeneHHHM 3anas’gHBa’HldeM CPOKOB Beretraumuu QUTOILJIAHKTOHA B MHPOT-
HOM HamnpaBJseHuu (Makapos u pnp., 1982). KxHyw nepudepuio AT
CcoCTaBJIAKNT CMemaHHe BOIH BTOPHUYHHX QpPOHTaJBHHX 30H (BO3),
o6JlafanmuxX PANOM CHenudUIYeCKHMX YepT B Da3BUTHH QUTOIUIAHKTOHA.
3HAUWTENbHOE KOJHYECTBO QOHUTOIUIAHKTOHA MOXET, B YaCTHOCTH, COX-
PaHATBECA TaM M TOrZa, KOrJa B OKPYXaKmMUX BOLAX BereTaluoOHHHEe
NpoleccH yXe 3aBepmeHH (Baamumupckasi, 1982, Hamy HabGIOOeHHA B
XX peiice HIC "AxamemMux KHunosuu" y AHTAPKTHUECKOT'O IIOJIYOCTPO-

Ba, anpens 1982 r.).

I[IpubtpexHee BoOH AHTApPKTHUYECKOrO IIOJIYOoCTpoBa H 6nH3ne"
KamUX OCTPOBOB BeCbMa HeOIDHOPOOHH IIO CBOUM OHBHKO—XHUMHUIECKUM
M 6UOJIOIHYECKHM OCOBeHHOCTAM. BomH, NpHMHKAKMHE K CeBepHOMY
TIo6epexpr 3alnamHoON rpynnH OXHEX meTnaHnCKHx OCTPORBOB, apxune-
nara Ilanmepa, CCTpOBOBZBHCKO HUCHOEHTHBAKWT 3HAUHTEJIBHO® BJIHAHHE

AIIlT ¥ B HHHE TOOH OBHXYTCS B TOM Xe HAIpPaBJIEHHH, YUTO H DTO Te-
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yeHue (BorpmavoB u mp., 1980a, Makapos u mnp., 1982). IpubpexHue
pParioHH ceBepo-3allanHo¥ okoHewHocTH llosyocTposa (H-OB‘TpHHHTH;
o-Ba J'OpBunt XysHBWIL, MopmBuHOBa (mam BiedaHT, 2TOT nociaen-—
HUII B MeHBIIEell CTEeINeHH) HaXONATCH oI BO3melcTBHEM BOX MOps V-
spnenna (Clowes, 1934, Bormasos u mp., 1980a,6, NonyaxToB M IOp.,
1983, Heywood, 1985). BomH MOopsa Yanmessa, CMemHBasichk B of6lac-
TH LeHTPalbHOH KOTJIOBHHH NpOJuBa BpaHcdunma c Bopmamu menbda AH-
TApPKTHIECKOTO IIOJIYOCTPOBAa, BXONAMHMH B HNPOJIMB C KIO-BOCTOKA,
obpasywnT coSCTBeHéﬂe OpaHCOWIDOBCKHEe BOOH. 4YacTh HX OBUXETCHA
BIOOJIb HXHOI'O nofepexbsa apxunenara [OxHHX [MeTiaHOCKHX O-BOB (B
BHOEe Y3KOIO CTPYHHOTO TeueHHS) K CeBepy-BOCTOKY. Y O.MopmBuHO-
Ba, B3auMoOmeucTBYA C Bomamu AT u Mopsa Yanmesnna, 6HH ﬁamw Ha-
qaJjo oGpaaosaHnm cMemaHux Bon Mops Ckotus (Clowes, 1934, Bor-
ODaHoB U mOp., 1980a, sievers, 1982). B cBoeM HauMmeHee TParchop-
MHPOBAaHHOM BHIOe BOOH Y3OOyJUla PacCIOpPOCTPAaHSWNTCS B NpojauBe Bpan-
counpa BOJHN3H HNobepexba MI~0Ba TPUHUTH, HO HACKOJIBKO IaleKOo HIeT

X IMNIPOHHKHOBEHHE K Hro-3anany IIoKa He sICHO.

Parion zanamHoro menkda AHTaApKTHUeCcKOTr'c odyocTpoBa-npo-
nuBa bBpadcdunnma XapakTepusyeTcs SHAUUTENBHHM HEIOCTOAHCTBOM (B
MeXI'OLOBOM IUlaHe) CBOHX JIEHOBHX YCJIOBHM, CPOKOB BereTaluu QuTo-
IJIAHKTOHA ¥ BHCOKOH CTeneHbo "naTHHcTOoCTH" U HepaBHOMEPHOCTH
ero pas3BHTHA (MakapoB M Op., 1982). Iiia Hero xXapaKTepHO sBIe-—
HHe "oasuca", oTMeYaBmNErocs y OCTPOBOB apxunesnara lamepa, B
3anapgHoON vacTH npofinBa BpaHcdminma, y Oxamx [MeTnasICKHX O—-OB
(MakapoB u Op., 1982).

BosBpamasack XK BOOAM MODPSA stnenna,'owmeTHM, YTO OCHOB-
HOHM HX IOTOK, HNPHXOOAOMHN C Hra—-idro-BOCTOKa, MIOBOpadYuBaeT B
ceBepo—3anajgHol vacTu MOpA K EOCToxy n obpasyeTr T.H. Y3Innenni-
OoBCKUl npeitd (Marr, 1962, Mackintbsh, 1972)} OTH BOIOH, CHIBHO
MeaHIDHUDPYHMHUE , COCTaBJIAKT TPeTHM OCHOBHO¥ KOMIIOHEHT CMemaHHHX
BOm B®3 Mmops Cxotus (Bormanos ¥ mp., 19806, stein, 1981). Ilo
CpaBHeHHK Cc BomaMu AT B cucTemMe VYaOOelJIOBCKOI'O ﬁpeﬁ@a Haénm—'
LaeTcsa cCymecTBeHHOe 3anas3limBaHue BeCeHHero paéBnTnﬂ IJIaHKTOH -

HOro coofmecTBa M 6oJjiee mno3mHee HACTYIUIEHHE OCEeHHero 6uoceso-
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Ha (BrnagumMupckas B mp., 1976, Bmanumupckas, 1982).

3.PASMEPHAA CTPVKTVPA NONVIALIIUU EUPHAUSIA SUPERBA

Ipy BCeM pPa3’HOO6pPA3HH pPa3MEPOB H (QH3HOJIOIHYECKOI'O COC—
TOAHHUA OCOfel B NONyJALHM E.superba CYmMecTBYKNT TPH QCHOBHHE
pasMepHO—-BO3pacTHHE IPYHIE, KOTOpHE TPYIOHO CIyTaThk IPYyr C IpY-
FOM: JIHYHHKM, MOJIOOb H B3DOCJHe ocobu (Fraser,1936, Bargman,
1945, Marr, 1962, Mackintosh, 1972, Maxapos, 1980, 1983).
Aganu3 OHHaMUKH COCTaBa M PacCIpOCTPaHeHUs JIMYMHOK E.superba B
paccMaTpuBaeMOM PEruoHe BHXOINUT 3a Ipenesml INaHHOK pabortH. Xa-—
PaKTEPUCTHKY H paclHpoCTpaHeHHe pa3MEepHHX TI'PYIN MOJIOOU U B3pOC-—
JIHX XUBOTHHX CIEeUMHaJIbHO MCCIenoBaJiuch MakaposaMm (1979, 1980).
B nocrnepHee BpeMda NOABUJIMCH HOBHE OaHHHE, HaHOONBMHUN HKHTepecC
U3 KOTOPHX HNPENCTAaBJAKT MaTepuansH 60Jiee HWAN MeHee cnaxbOHHHx
Ha6JomeHu BO BpeMa FIBEX B fesBpasie 1981 r (Hempel, 1983, BIO-
MAsSs, 1981, Retamal a.Quitana, 1982, Wolnomeiski et al., 1982,
Kosy0oB ¥ np., 1983). 3TH maHHHE YaCTHUYHO mpencTrasjeHH B Taén.t,

Tme BCe pasMepH MIPpHBOOATCH o cTaHmapTy 1 (Vauchline, 1981).

PasMepn MOJIOODH B paloHe AHTApKTHUYECKOI'O I—-Ba ¥ Ipuie-
Xamux vacTax MopeH CKOTHR X Yonmesna CHJIBHO BapbUpYHT. OHa GBH-
BaeT IpencTaBlieHa Pa3JINYHHMH IIO MonaanﬁM pasMepaM, HO CXOIHH-
MH IO QHU3UOJIOTHYECKOMY COCTasHuw rpynnamu (Maxapos, 1979, 1980,
1983, Kock a.Stein, 1977, 1978, Jazdzewski et al., 1978, Nast,
1982, Siegel, 1982,,1986, Fevolden a.George, 1984).

B neTHUi#t ce30H (AHBapb-dpeBpanb) Haubonee KDYIHHE HBe-
HUJILHEHE pavyku (pasMepoM oxosiio 35-40 mmMm) Q6uqu OHBAWT IIPHYDPO-—
YeHH K BOJaM IOKHONU mepudepuu AT u ceBepo-3anany oT o.llerpa 1
(Maxapos, 1979) wmnu K CMeWaHHHEM Bonmam Bd3 .MOps CKOTHHv(MaKapOB,
1980, Kozmor u mp., 19283 puc.1E,Brinton a;Antezana, 1984) .
B Bonmax y>nnesuloBCKOr'O mpelda y IOKHEX OpPKHEHCKHX O—-BOB pasMe-
PH MOJIOOH OOHYHO MeHblWle (Maxapos, 1980, Brinton a.Antezana,
1984) ,CcoBCEM MeJIKHe pauky, pasMepaMud oxoso .20 MM, 6HiIu O6HApPY-—

xeHH B (QeBpane u Mapre 1981 r B HeTpachPOpMHPOBAHHHX BOIaAX MO-—
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psa Yampmerisia, INOCTYNAKIMHX H3 ero IJIYOHMHHEX PadoHOB HJM paclipo-
CTPaHAKMUXCS B BOCTOYHYK YacTh NpoiuBa bBpaHcdumiama (Nast, 1982,
Siegel, 1982). CinemyeT OTMETHTH, UTO B MOope CKOTHH PauvKH TakKoro
pasMepa BCTpeYawnTcd TOJBKO BECHO¥H, B Havane NepHola HHTEeHCHB-
Horo pocra (Maxkapoms, 1980). V nobepexna apxunenara [anMepa 'H
[OxHEX [eTIaHOCKUX O—-BOB -pasMepH MOJIOOU CWIBHO BapUpyWT, HO OH-—
BaKwT O6BHYHO MeHbBIEe, ueM B b6oJiee MOPHCTHX BoIax K cemBepy (Makxa-
poB, 1979, Kock a.Stein, 1977, 1978, .Jazdzewski et al., 1978,
Siegel, 1986). PadOHH MaccCoOBOM BCTPEUASMOCTH MOJIOOYU pacnojara-
ITCHA B LIeJIOM XHee 30HH KOHIEHTPHPOBAHHA B3POCIHX ocoﬁeﬁ+, B
patioHax, HIpuijexamux k o6epery Hnn‘nonaepmenﬁmx CHJIBLHOMY BJIIMAHHI
Y5 IOMOJJIOBOMODCKHX BOJ; 3TO TakK Ha3mBaeMoe "pasmenbHoe CymecT-
(Maxrxr, 1962, Maxapos, 1970, 1979, 1980). O=no

BOBaHME IOKOJIEHUH
nomTBEepXOaeTCa MNPaKTHYECKH BCEeMH HCCJlefoBaTeNiaMu, paboTaBmuMH
B pajloHe AHTApKTHYECKOro n-Ba (Jazdzewski et al., 1978, Nast,
1982, Gusman, 1983, Fevolden a.George, 1984). Pa3znesieHHEe IIOKO-
JeHn#i, ecTeCTBeHHO, He HOCUT abCONOTHOIO XapakKTepa: B3pOCJHe
ocobu BCTpevawTCsa TaM, I'me OHBaeT MHOI'O MOJIOOU, H, no KpanHe
Mepe, B HECKOJIBKHX ydYacTKaxX B IIpereslaXx pacCMaTpUBaeMoro peruo-
Ha KOHLEeHTpal¥H MOJIONOM CIOBHHYTH K CeBepHOR I'paHHUIE apeana.
Takasa xapTUHa HablawgaeTcda B WIO—~BOCTOYHON yacTH Mopsa CKOTHA
(Maxapos, 1980, Koznos ® gp., 1983, Brinton, Antezana, 1984,
AdaHacres, MacrneHHukoB, 1983, Foster, Middleton, 1984), rme
IPOHCXOOHT CBOeo6pasHoe "pasMuBaHHe" BTOPUUHOH GpPOHTANBHOW 30-
HH, a Takxe B Mope BesumcrayseHa, B palioHe o-Ba Ilerpa 1 (Maka-
poB, 1979). IlocienHee TaxKxe MOXeT OHTE CBA3aHO C BHHEOCOM BOI

¢ wra (Ens-Camen, 1977, MacneHHHROB, 1980), xXoTs aHaIU3 I'eOCT-~
poduueCcKON LHUPKYJIAIKH €er'0 NOoKa He BHasigeT (BorpmaHoB ¥ Ip.,
1980a) .

BapocrnHie padykKd B JIETHHE IepuHoln OOEHUHO BEBAIOT npencras-

+ T'OBOPHTE O Pa300mMeHUU MOKOJIeHu# MHMMeeT CMEICII TOJIBKO IIPUMeHH~
TeNbHO K HEKOTOpOMY oO60Co6ieHHOMY paitoHy (Makapos, ChHcoes, 1983).
B xHOH dWacTH MoOps Ys3jmeiwia, HanpuMep, MOTYT OHTEBE CBOM 3aKOHO-

MEpPHOCTH PacCHpOCTPaHeHHs MOJIOONH ¥ B3POCJHX ocobeif.
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JIeHH TpeMf—-JYeTHPBEMA pasMepHEMH I'DYIIIaM{d, kKaxnas u3 koropﬁx
HMeeT CBOK XapaKTepHYH 06/IaCcTh PacHpoCTpaHeHus (MaxapQB, 1979,
1980) . I[IOCKONBKY B,paBHHé ronm‘ﬂasnmneﬂnﬁ MOOaJIbHHE DpasMeps CoO
OTBETCTBYWMUX T'PYNN OHJIM HOBOJBHO CXOXHH, 6yneM o603HAvYaTh
puMck¥uMH nudpamu, CcuUHTas Mosionk rpynmnoi |. I'pynna |1, wix npo-
MexyTouHas (c MomanbHEMM pasMepaMu B sHBape-deBpasie okxoso 40 mm)
orMeuasiach HIpexne Bcero B npHubpexHHx palioHax (Jazdzewski et al.,
1978, Maxapor, 1978, Witek, 1979). IIlo Mepe NPOIBUXEHHUA B MOPHC-
TYI0 YaCTk aKBaTOPUU [OJIA OCoOB6eH »TOH Ipyrnns 3aKOHOMEPHO YMEeHb-—
maercsas (Te e aBTopm, Maxapos, 1980). JlaHHHE MHPOKON CBHEMKH
1981 roma B LeJioM HOATBEPANIH OpHYpPOUeHHOCTE: Tpynmu 1)1 X npu-
6pexnin. HexoTOpHe OkeaHuUeCcKHe palfioHH MOopa Ysnnesria, roe 6una
3HauYuTes bHa OOJS BTUX ocobelt (pHc.1r) Bce Xe O6HJIM DPACIOJIOXEeHH
CpPaBHUTENILHO Henmalleko oT Gepera. Torpa xe B JeTHe-OCeHHUH ce-
30H 1981 . 3HaAYUTENBHO majiee K BOCTOKY (BOBBHEEHHOCTB Mom)
NpOMEeXyTouyHasi Ipymnna E.superba B Bomax YaImesJIOBCKOTO npeHda

He BHOenssiack (MaxapoB, CHcoeBa, 1983). C6opu, BHIIOJHEHHHE C
[IOMOmMb CbEMKH IOKAa3HBAKT, YTO B MECTaX CBOEH IOCTOSHHOH BCT-—
pevaeMOoCTH IIPOMEXYTOUYHAas I'pylna BHBaeT Ha NOPAIOK MHOTOUHC-
JIeHHEee pauyKoB 6ojiee KpynHoro pasmepa (Siegel, 1986). CocTosa-
HHE B3peJIoCTHU ocobed rpynns |1 oxapakTepH30BaTh LOOBOJBHO CJIOX—
HO. H3BecTHH Kak CraydYay, KOI[a OHH B JIETHHH I[IEepPHOI OKa3HBaJUCh
HenoJjioBospenuMu (Makapos, 1979), Tax M cUTyalHH, kKorma OHHU
yyacTBoBaimu B Hepecte (Makapos, 1976, Siegel, 1982, Hamm Hab-
JICOeHHsS B paloHe o.MopmsuHoBa B 1981 r.) . Ilo padoTam Xe Hccae-
mopaTejielt, HCIONB3YKIMHX Yepesuyp YIPOMEeHHYI TexXHHKY onpernese-
HUS cTamuil spesyiocTH (Jazdzewski et al. 1978, Stepnik, 1982,
Wolnomiejski et al., 1982), BOBCe HEBO3MOXHO CYIOHUTH o npupome
PAYKOB IPOMEXYTOUHOHN I'DYIIH B palioHe AHTAPKTHUYECKOTO MNOJIYOC-—
TPpOBa. V

Tpynnat 111 ¥ 1Y ¢ MOOayIibHEMH pas3MepaMd COOTBETCTBEHHO
45-50 MM - ®TO pauku, C KOTOPHMH CBS3aHH TpalydllHOHHHE mpemcTa-
BJIGHUS O B3POCJIOM I[IOJIOBO3PEJSIOM E.superba. B psmoe ClIy4aeB OHU
OKa3HBAaWTCA HNPOCTPAHCTBEHHO pa3obmeHH. Tak, B 30He K 3anany

OT AHTapKTHYECKOI'O INOJYOCTPOBA JIETOM 1977/78 rr. gojlee Kpym-
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HHe oco6H Trpynnu 1Y BHNIM CBA3aHH C BOmamH IXHON nepudepuwm ANT,
a rpynna 111 ¢ BomamMu Mops BesutuHcraysenHa (Makapos, 1979).
AHAJOTHYHHE COOTHOMEHHS DPA3MEpPOB Ha NPOTSKEHUH DAOa JIET IpOoC—
JIeXUBajich Y E.superba, mpeiijyomero B cMemlaHHX Bomax BO3 (mme-
NOMUX 3HaYUTENBHYH Jonw Bopn AIlT) ® BOmax Y3OmeJUIOBCKOr'o mpedda
(Maxapos, 1980). B mpubpexHHX palioHax pons rpynn 111 u |V 6m-
Jla, ‘KaK IIPaBHJIO, HEBHCOKAa, HJIX 3TH I'PYNNH TaM BOBCE& OTCYTCTBO-
Banu (Makapos, 1979, Jazdzewski et al., 1978, Witek, 1979).
Jerom 1981 r., omHakKO, IpH 3aMeTHO¥ TeHIOEHIIMKM KPYNHHX pPadkos,
COOTBETCTBYWIHX IIO pasMepaM rpynne 1V, k npeo6namaHHUlw B CHC-
Teme ANT (puc. 1a1,r1,n, e) , OHH COCTABJANIK SHAYUTEIBHYH IOJI0
B I'PYINNHpPOBKax E.superba kak y 6epera, Tak ¥ B BOHZaxX Mops Yan-
nesuma (puc. 1a2,3,B1,r2). B pane pallOHOB ,NOIIBEpXEHHHX BJIMAHHK
BOL Mopsa Yammenna, rpyurms }11 @ 1Y npucyTCcTBOBaIH IIPHMEPHO B

pPaBHOM COOTHOmMEHHH (pHC. 161,81).

Kpome rpymnn (1]l ¥ |V uHorpma 6mBaeT o6ocobrieHa rpylna
HauboJsiee KPYIHHX ocobell ¢ MomansHHMH pasMmepamu 56-60 mMm, oOHa
BeCcbMa HEMHOI'OYHKCJIEHHA, BCTpPeYaeTcs OBHYHO TONBKO B IepBOH IO-
JIOBUHE JIeTa, a 3aTeM He IpociexuBaeTrcia. Ee oTMeyasix B CMellaH-—
HHX Bomax Mopsa CKOTHUf, a Takxe B palioHe npojnusa BpaHcodunna

(KozsioB M gp., 1983, Siegel, 1986).

4. COOTBETCTBYKT JIM PA3SMEPHHE I'PYHIIH BO3PACTHEM?

Ho pa3BHBaeMHM celfuac pANOM YUEHHX MNDENCTAaBIEHHSM pas-
MEpHHE I'DYINH E.superba B Ce30HHOM OTHOMEHUH HEYCTOMYHBE; YKO-
POUYEHHEe TeJjla B OCEeHHe-3MMHUE NepHOn NIPUBOINHUT K BHpPasBHUBaAHHUI
pasMepHux psnoB (Ikeda, Dixon, 1982 Ettershank, 1984) . Hexo-
TOpHE MNONTBEPKNESHHA STOMY MOXHO HaMTH B KDYIJIOTOOUUYHHX HaBiio-
JeHHUAX 3a pasmepHHM cocTaBoM E.superba B 3anuBe AgMupalTencT-
Ba (o.KuHr-Ixopnx) (Stepnik, 1982) u pesyjabTaTax CbLEMOK B IIpO-—
Jiuse BpaHcdunma B Mae-HioHe (Guzman, 1983). OmHaAxO, OTMedYeHHHEe
B 5TUX paboTax H3MEHEHUS MOTr'YT OHTBL cjerncTBHeM OTMHpaHHug OCO-
6ell CcTapmWKIO IIOKOJIEHHS M pocTa 6ollee MeJIKUX PauvKoB, OponoJIxa-—-

HIMerocs OCeHbK. B TO Xe BpeMsa B OpYTHX paloHax - o.l0kHas I'eop-
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THS, BOIH K ceBepy OT Mops CompyXecTBa — Ha NPOTTKEHHH pana
JleT B NO3OHE-OCEHHUN M 3UMHHI IepPHON Y KPWIs Habjaomanach Jo-—
BOJILHO YCTOHMUHBAA pasMepHaf CTDPYKTYPa C XOPOMO BHOEISOMUMUCH
rpynmnamu (JaTorypckui, 1973, Jlarorypckuit u mp., 1983, MacrneH-—
HUKOB ¥ Op., 1983, Acees, Py6HHm§eﬂH, 1983) . Habmwomesrus npo-
MEICJIOBHX CYIOB 3a& DPAn JieT (1980-1984) CBHﬂeTeanTBymT.O TOM,
YTO 3OecCh OTUYETJIMBHE pasMepHHE IPYNNH COXPaHAKTCH BIUIOTE IO
HIOHS, KOI'Da IIPOHCXOINUT OKOHYATEJIbHOE 3aloJIHeHHEe IPHOCTPOBHHX

BOI JIBIOIOM.

CleflyeT 3aMeTHUTh, YTO CaMO CYmMeCTBOBaHHE OTPHIATENIbHO~
IO POCTa B NPHPOLE HeNb3A CYHUTATE JoKa3aHHmM. HemasBHHe HCcienmo-
BaHMA IOKA3aJi, YTO XOTS B SHUMHHX YCJOBHUAX YV E.superba Hpomos-
XawTca JHHBKM, HX YacToTa OOJIXHA OHTBL CYMeCTBEHHO MeHbIe, YeM
netoM (Morris, Priddle, 1984%. HaxamiuBaloTCA TaKxe Ha6IIHOIOEeHHS
3a NUTaHHEM PadvKOB B HEGNAarONPHATHHI! IepHop rona. Bce OHM mom-—
TBépmnamT ONIIOPTYHUCTHUSCKYHN TAKTHUKY IMHUTAHHA 5TOTO BHIA C MO3-—
IDHeH OCeHH IO paHHe¥d BeCHH - HCHOJL30BaHMUE B HUMY 30O0ILNIAaHKTO-
Ha (IIasnos, 1971), nmerputa (Guzman, 1983, Morris,Priddle, 1984),
JIemoBHIX BOmopocisell (Hamner et al., 1983,VCHHpHﬂOHOB u gp., 1985).
B HacToAmee BpeMs OOHH K3 OCHOBOIOJIOXHHUKOB KOHIEnuwu "yKopoue-
Hua Tena" T. Hxena (1985) cxioHgeTcs B IONB3Y TOTLO, YUTO B NpPU-
POOHHX INONYJIALMUAX E.superba B BHMHee BpeMs HMMeeT MECTO CKopee

3aMemyieHHe, OCTaHOBKAa DPOCTA, HEXelNyW OTPUIATENBHHM POCT.

C yueTOM BCer'o BHIIeCKa3aHHOT'O NpencTaBigeTcs ybenuTenb-
HEM, YTO pPas3MepHHEe I'PYIIIE OPeICcTaB/sNT Ccoboi He Ce30HHER deHO-
MéH, HO B OIpeIeJsIeHHOH CTENeHH COOTBETCTBYWT Pa3HHM KOI'OpTaMm
paukos (rnonm xoropToil 3xecs HOHHMAETCA COBOKYIIHOCTE oOcobei,
IIOABUBIIUXCS Ha CBET INPHUMEPHO B OINHO B TO Xe& BpeMsi ¥ pas3BHUBaB-—

MHXCsA B CXOOHHX YCHOBHHX).

5. POCT W BO3PACT EUPHAUSIA SUPERBA: QAKTH U T'UIQOTE3H

TPagUIIMOHHHN CIIOCO6 HHTenpeTaldud IOJIUMOONaIbHHX (cMe-—

[MaHHX) pPasMepHHX pacnpenesieHHH COCTOHT B IPHUNHCHBAHUK Kaxmoi
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mMome ( miH, ecsm NPHMEHAWTCH KaKHe—Juto crelualbHHe MeTonH
aHanu3a, KOMIOHEHTe C HOpMaJIbHEM pacrnpemereHHeM) OTJINYHOTO OT
OpYyTUX TaKMX IPynn Bo3pacra. HccrnemosarenH, Hnymné II0 5TOMY
INYyTH, [NOCTEIEeHHO AOBOLAT MaKCHUMAaJILHHHN BOo3pacT E.superba no 6+
net (Ivanov, 1970, Acees, 1983, siegel, 1986). DTH Pe3yJbLTATH
npennosararnT OHCTPHE POCT MOJIOOH H 3HaAUYHTENBHOE 3aMelsieHHe poc—
Ta XUBOTHHX, IIPOHCXOAAmMEero 4YacTEW Ha TpeTH#, a B OoJsplleH cTe-
IIeHH Ha 4YeTBepTHH rong Xus3HH. K DOmoOHEM BHBOIXAM Ha OCHOBaHUHU
COOGCTBEHHHX M JIHTEPATYPHHX SKCIEPHMEHTaJIbHEHX MaTEepHaJIOB IpU-—
Xon uUT. Takxe Uxema (1985) .

OnHakoO, BapHabesyIbHOCTB CKOPOCTH DPOCTa NOL BIUSHUEM Te-—
MIepaTypH, YCJIOBHM NHTAHWA, KaKUX-TO Ipyrux daxTtoposB (wadn.1,
cM. Takxe Buchholz, 1983, Ikeda, 1985) HO3BOJANT OYMAaTh, UYTO
OeJyIo OBCTOHUT He COBCEM Tak. B 3ToOM CBA3U NPEICTABIAKT HHTepec
B Haly¥ OII€HKH OUYEBUIHOTO (no,MaKHHTomy, 1972) pocTa PaAUYKOB
(Tabsn.2). | '

JaHHEHEe, NOJIYUEHHHEe B XOIe TpeX MNOoCHenoBaTeNbHHX CbhbeMOK
B KI'O-BOCTOYHOM YacCTH Mopsti CxoTus (FIBEX, paMoHH C-D) mokasa-
JII, YTO pasMepHas CTPYKTYpa kxpung (OBe OCHOBHHE TPYMIIE: KpPYII—
Hasg MoJIoOb ¥ B3POCJEE pauku rpynmd |V - pumc. le) npaxTudecku
He MeHsaJIach, pPasjiuuusg Xe B pasMepax >Bdaysuun BIIOJIHE MOIJIH
6HTE OTHECEeHH Ha cueT pocta ssBdayszuun (Kosmnos u mOp., 1983).
BEiu TONCUHTAHH CpeOHUuEe pasMepH XHBOTHHX IO CJleOymuM I'byninaM-
MOJIOHB, B3POCJEHE CaMiEl M CaMkH. JlocTOBepHOe YBeJIMYeHHe pasMe-—
pOB,B‘nepHon CO BTOPOH pnexaps SHBapd IO NEepPBYW Iexany despand
IPOMU30MII0 BO BCEX DTHX IpPYyNNaxX. B crnempyomui nHTepBan BpeMeHn
(Tabisi.2) B3pOCHHE OCO6H OB6HADYXMIU OTCYTCTBHe OUEBUIHOI'O DPOC-—
Ta, B TO BPEeMs KaK pas3MepH MOJOOH MNIPOIOOJDKAJIX YBEeJINYHBATBHCSH.
PaccuHTaHHHE CKOPOCTH POCTa, KaK MOXHO 3aMeTuTds (Tab6n.2) mo-
BOJIBHO BeJIHKH . ClenyeT yuecTh Takxe, 4YTO 5TH LaHHHEe OTHOCHTCS
K IIepuony 3aBepleHUusa HepecTa E.superba. 3HauHUTeJbHadg Xe& BDJIUMH-—
HaIlUg OTHEepeCTHBIMXCA ocobel nperncraBigeT coboi, nbeHnnmomy,
OeRCcTBUTENbHHN ¢akT. He ocTaHasIuBasfCh Ha e€e INpHYHHAX, IIOOPO6-—

HO ob6cyxmaeMulX MakapoBuM (1983a) oTmMeTruM, uTO B CHJIY H3BECTHOH



- 242 -

3aBHCHMOCTH BDHEPreTHYeCcKux norpebHocTedr oT Beca Tejla, CMEePTHO-
CcThk 6oJiee KPYIIHHX ocobedl MOxXeT 6HRTE 3HauuTesNnbHeld. Pan Habmone-—
HuY Taxxe CBHIOETENBCTBYWT O 60oJjiee BHCTPOH IIO0 CpaBHEHHI C caM-
KaMi [OCJIEHepeCcTOBOM 3JIUMHHALIMKM camuosB (Marr, 1962,Makapos,
1983a) . [o®ToOMYy He HCKJNYEHO, UYTO NpercTaBJiIeHHHe B Tabnuue 2
CKOPOCTH POCTa B3POCJIHX ocobel, OCOBeHHO CcaMIOB, CYODMECTBEHHO
3aHmKEeHH - Tubtend (6oJee KPYIHHX ocofell MacKHpYeT POCT 6o0Jee
Menkux. Tak win HHaue, HO KaXeTcs SCHHM,. YTO B CEeBEepPHOH YacTH
CBOEro apeana E.superba pacTeT OOCTaTOYHO OGHCTPO LA TOIrO,
YTOBH ero POCT MOr 6HTBL OIMCcaH KJjaccHuecKoil cxeMoit (Bargmann,

1945, Mackntosh, 1972).

B TO Xe BpeMs CymecTBOBaHHe 60Jiee NPOINOJDKUTEJILHOI'O XH-—
3HEHHOI'O LMKJIa B NPHMAaTEpPUKOBHX BOIax He BH3HBaeT COMHEeHHH. 3TH
OB6CTOATENILCTBA, a TaKXe yCcToMuuBasg KapTHHA NPOCTPaHCTBEHHOIO
pasmesleHus PasMEepHHX I'DYNN NeNalT IJIsg MOWX KOJIer ¥ MeHs 6oiee
NPUBJIEKATENLHEM HHOM IIO CpaBHEHHK C nomxonoM "pasMepHas T'pyiia
=BO3pacTHOH KnaCC"+HYTB OIlEHKM BO3PACTHOTO COCTaBa MONYJIRIINH
E.superba. 3T0 T.H. "reorpaduveckuit momxon", paszBuBaeMmmii P.P,
MaxaposuaM (19836) . OH ocHOBaH Ha OleHKe 4YHCia B COOTHOWEHUS
pPasMepHHX TPYNN, YYUTHBAEMHX 60Jiee HJIM MeHee OIHOBPEeMeHHO Ha
BONBMHUX aKBaTOPHUAX. OODHOBPEMEHHO MNPOBOIUTCS COOTHECEHHE 3TUX
ocofeHHOCTE! C pacnpocTpaHeHHWeM BOL pas3HHx Mompuduxaumii. Kaxmas
TakKasg BOHNA XapaKTepu3yeTcs CBoell CoBCTBEHHOM IHHaMHKOM 6Hoce-
30HHHX npoueccon. llonpoéyeM HaTys HHTepHpeTaluld pasMepHEM IpPYII-—

iaM, PacCMOTPEHHHM B pasfejie 3 B paMKaxXx STOH MUKPOIaApamuTMH .

[lo rumotese Makaposa (1979, 1980) ocobu rpyam 111 u 1V -

3TO OINHOBO3PACTHHEe (2+jIeT) KOropTH OBYX THIIOB. boJjiee XPYIEHE

+ECTeCTBEHHO, CTOPOHHHKH 3TOrO MNOAXOIa YUYHTHBAKT HNPOCTPAHCTBEH-
HOEe pésoneHne PAUKOB PAa3HHX pasMepHHX IpyHn. Insg ero o6bsacHe-—
HES  OpemiojaraeTca MUTpanus KPYHNHOI'O B3POCJIOIO E.superba B OKe-
aHUUYEeCKHe pavoHH (Siegel, 1986). Mexmny TeM, MacmrTad MU NPOTIKEH-
HOCTB 3TOH MHUTpPAIM¥ MOT'YT OHTE 3HAUYUTENIBHH Ha QOHEe OTHOCHTENIb-
HO Cnaforo OBHXEHHS NPHGPeXHHX BOI, HO HecpaBHuMH ¢ mpedid¢oMm pau-

KOB B IOXHEX cTpysax ALNT.
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PauYKH pasBHBAKWTCA U3 MoJonu, Ipehdyiomeldr ¢ BomamMu IOKHOM
nepudepun AT (unu CeBEepHOU Y3IONesIOBCKOIrO ppeida), 6Gonee
MeJIKHue HNPenCTaBJIANT CyOIONYJIAIlHNI OTKPHTHX BOI MOps BesuimHcra-
y3eHa HJIM OCHOBHOM YacTH VYoOnesuioBCKoro mpelida. CymecTBYIOT U
Kaxue~-nubo COMHEHHS B IOCTATOYHOCTH Taxkoil TpakToBku rpynm 111
u 1Y? Ipexne Bcero, ofe 3TH IPYIIH MOTYT, KakK MH BHOEIH, BCT-—
pevaThCsa BMECTe B BOIax MOps Yanmeinya ¥ Y caMoro 6epera (s
cCoueTaHHH C IIPOMEXYTOUHOH rpYNriod). 3To MoxeT OHTL, KOHEUHO,
pPes3ysjerTaTOM CMeNeHHS BOJM, HeCYIHX pa3Hue cyGnonynHuHH pPauKkosB,
KOoTOpoe, 6e3YCJIOBHO, MO-DPa3HOMY INPOSBIAETCH B pasHHe T'OOH H
ce30HH. OmHako, Ha HMemeMCs B HacTodmee BpeMd B JiMuTepartype
MaTepuaJse NPOOEMOHCTPHPOBATE 3TO OUEHB TPYOHO, Takxe, Kak
ype3BHYANHO CJIOKHO OOKa3aTh, YTO I'DYIIIH 11} 111 u 1Y nperncra-
BJISIOT COOOH IOCNeNOBaTesIbHHE I[IOKOJIeHuss. OCHOBHas HeolpemesieH—

HOCTB CBA3aHa C INPOHCXOXOeHueM rpynnu 171. .

B camMoM pmerne, ecCJiH IHOABJIEHHE IIPOMEeXYTOYHOM TIDYINH B
OKPaMNHHHX MOPSAX BOCTOUHOM AHTAPKTHUIH 6oJiee HUNIHA MeHee IIOHATHO
C NMO3UUHH XPAaTKOBPEMEHHOCTH IE€pHOIIa POCTa B BHCOKOWUPOTHHX
Bomax (Marr, 1962, JOJXEeHKOB M OpP., B IedYaTH), TO y IOxHEX
NleTnaHOICKUX O-BOB YCJIOBUS poCTa MOIYT OHTB HHUUYTH He xyke,
yeM, HamnpuMep, B BOoOax YOIOOeJJIOBCKOTO npelda B €ro CeBepHOH
JacTH. MQHOnb, 3aJepKuBanmascsa 30eck, MOXET IOCTHIaThb K KOHIY
neTa-oCeHH MOOBOJIBHO 3HAYHWTENbHHX pasmepoB (puc. 16, B, Step-
nik, 1982), H HeT OCOOBHX OCHOBaHHIi COMHEBATLCH B TOM, YTO K
crlengyromeMy JieTy TAaKoI'o pofa paukyh CIOCO6HH noéwnqb pasmMepoB

rpynn 111 unmz gaxe 1V.

MoxeT 6HTL, Ipynna 11 ODPOMCXOIMT OT HEKOTOPOH 060CO6—
JIEHHOH TpPYHUIHPOBKH E.superba, pasMHOxXawmelcss B KOHUe JieTa—-oce-
Hb. HepecT E.superba melCTBHTENBHO OYEHb PACTAHYT, MOXEeT IpO-
HCXON#UTH, B YacTHOCTH, H B MapTe, ﬁ B anpene (Bargmann, 1945,
Maxapos, 1974, 1983a), omHako, IJig GoNpliell YacTH apeaya BULa
KaKOR-TH60 OCOGHN OCCHHHUN IIHK IIOSABJIEHUA PaHHUX. JIHYHHOK

HeusBecTeH (Fraser, 1936, Mackintosh, 1972, Makapos, 1974,
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Witek et al., 1982).+

Crnepywmee Of6bACHEHHE BCTpPeYaeMOCTH rpynms 11 y cesepo-
3anagHol OKOHEUYHOCTH AHTApKTHUYECKOI'O II—-Ba COCTOWT B HIpenroyo-
KeHHH, YTO 2TH pPadykyd B MaccCe pa3BUBAWTCH B HIpHOpPEXbEe BHCOKO—
IHUPOTHHX paloHOB AHTApKTHUYECKOI'O II—Ba - y IOKHEIX O—-BOB ApPXH-—
nesnara llammepa, o-BoB bBucko, o.Anenenn, 3emnu AneKCaHIpa 1,
IOCTATOYHO HO3OHO OCBOBOXIANMHUXCS OTO Jbna (Maxkapos, 1979), u
IIEPEeHOCATCA TEYeHHEM B GoJjiee ceBepHHeEe palioHH. TO, 4YTO IIpoMe-
XYTOUHAS T'PYIIa B YKas3aHHHX MecTaX pasBuUBaeTCs, He BH3HBaeT
COMHEHHM, OIOHAKO, €e pacnpocTpaHeHHe K BOCTOKY IpenrnoJjaraer
HHTEHCHUBHYK CHCTEMY TeueHH# B Ipubpexbe AHTAPKTUUECKOI'O II-Ba.
V3BecTHO, OOHAKO, YTO B Te I'OIH, KOIHa CeBEePO—-BOCTOYHHHN Ie-
pPEeHOC IpHBPEexHHX BOL 6EHJI ocob6eHHO BHpaxeHd (1977/78 rr., Ma-
KapoB ¥ Ip., 1982), palioH MaccoBOll BCTpeuaeMOCTH rpymnnH 11
He 3axBaTHBan OxHEx [MeTIaHICKUX O-BOEB, OrpaHHqHBaHCB nputd-
pexbeM Apxunenara llanmepa (Maxapos, 1979) . Boofme, MOXHO IIO-
J1araTtdk, 4YTO mpedd mocTaTOYHO KPYIHHX DAauKOB B CNabHX ¥ HeyCcToH-

UHBHX IPHUBPEXHHX IOTOKAaX HNOBOJIBHO OrpaHHYEeH.

ChoopMyIupyeEM, IHODTOMY, €He OOHO NpenloJsioxeHHe., Kax
yXe BHJIO OTMEeYeHO, C BOIaMu Mopsa Ysomersia, B IVIyOHHHHEHX pado-
HaxXx KOTOPOr'o HepecT CYmeCTBeHHO 3amnasnusaeT (Fevolden, 1980,
Siegel, 1983) MOXeT PacCIpPOCTPaHATBCS OUEHB MeJIKad MOJIOOD
E.superba. B KOHIe JleTa 5TH DPadvkKy ¥ MOJIONb, DPA3BUBABIASACH B
6oJjlee HH3KHX WHPOTaAX, MOILYT ospaBOBHBaTb IBe HemepeKpHBaKmue-—
cA no pasMepaMm rpynnH.HaésopmeHns B 3ajiuBe ApgMupanTedcTBa
(stepnik, 1982) [awT OCHOBaHHe NOJaraThk, 4YTO IOZOB6HOE OCEeH-
Hee IOABJIEHHE OUYEeHbh MEeJIKOM MOJIOOH COCTaBJIgeT IOJA paioHa
nposinBa Bpaucdunnma - OxHHX [eTHaHOCKHUX O—BOB OOHUHOE HABJIEHHE.

BO3MOXHO, 5TH pauki DAacCUpPOCTDAHSKWTCS X Hajiblle Ha BOCTOK, On-—

- ‘ B
[Ipeobiiamalue JIMUYUHOK CTANHUM KJIUITOMHC B 3HMHHUN NIepHOL B
BOoJax K ceBepy oT Mops CompyxecTBa (Acees, Py6unmrentn, 1983)
YXa3HBaeT Ha BO3MOXHOCTL HOONOJIHHTEJSIBHOTO OCEeHHEero mnepuoja

pPasMHOXEHHUS Ha CeBepHON mnepudepHu apeana.
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Haxo, IpencTaBUTh OeTalli 2TOI'0 pacClHpoCTpaHEeHHs NpH HenocTaTrTod=-
HOM 3HaAHHH LIUPKYJIAIIHRA Bon'nOBoano'cnomao.'C PaBHHM YCHEexoM
MOXHO NPEeAnosOXHUTE BCTPEYHHN INepeHOC MOJIOOH H3 rnyénaamx pai-
OHOB MoOpsA BemnHHCrayseHa Ha CeBepO—-BOCTOK. He HCkIwueHO, 4YTO
EMeHHO 6Jiarogaps 2TOMY nepeHocy MH Habsmomayi B anpene 1982 r
(XX sxcrnemuuus HIC "Axapemux KHunosuu") 6oJsiblive KOHUEHTpPAUHU
oueHb Menxoi (20-22 mM) Mononmu B IpHBpexbe Apxunenara nanmepa.+
Tax unu HHavye, HO HMEHHO OCEHHHUH UK MEJIKOH MOJIOOH B HpPONHBE
BpaHncduima, y IOxHEx DeTnaHICKHX O-BOB H Apxumnenara [lanMmepa
CKOpee BCEero OTBETCTBEHEH 3a BeceHHe-JieTHee IOABJIeHHWe B BTUX

parioHax IpOMeXYyTOYHOH pas3MepHoOH rIpymmsl E.superba.

Ipu TO¥ MHOT'OYHCJIEHHOCTH,KOTODOH MOXET IOCTHUIATh 3Ta
TpyIla, JIerKO OONYCTUTL, YTO KakKasg—-TO YacThk €€ YWISHOB XUBeT
YeTBEpPTHI ¥ NATHH I'OL, CPaBHHBAACH IO pa3Mepam C IOBYXJIeTHMMH
ocobamu rpynn 111 u 1Y u3 oxeaHHueCKux pafioHoB. TaxuMm o6pazoM,
STH I'PYINH, BCpPEeYeHHHE TaM, I'IOe HMMeeT MeCTO CMemeHRue menbOoBHX,
Y3OIEIUIOBCKUX WIH OKEAHHYECKHX BOM, MOTYT HMMETh OYeHb CIIOKHYI
Pa3sHOBO3PACTHY NPHPONY, BKINYAA PAUvKOB TPEeTBErO I'Ola XU3HYU,
SaHECEHHHX C BONAMM HHU3KOUWMDOTHOTO WM CeBEPO—-Y3IINe/VIOBCKOTO
IIPOHCXOXIOEeHUsT ( a TakkXe BHPOCHHX Ha MecTe, B CEBEpHOM IIpHO—
Pexbe AHTApPKTHUECKOI'O II-Ba) H ocobeill cTaplero, Ha ron~OBa BO3-—

pacTa, PasBUBIHXCA H3 OCOBEH IIPOMEXYTOYHOM TPpPYIINH.

6 . HEKOTOPHE HNEPCIEKTUBH

PaccMOTpEeHHHE THIIOTE3H O COOTBETCTBHH Pa3MEpPHO® CTDYK-—
TYPH BO3PACTHOHN IMHNOIYJSIINYU B OGOJNBIIMHCTBE CBOEM HE HCKIKNYAKnT I}
IpYT mpyra, HU OOHa H3 HUX He JoKasaHa HCcUeplnHBame, HO HU

OOHY HEeNb3fA TaKKe M ONPOBEPTHYTH.

— ,

CTtouT, OmHaAKO 3aMeTHTh, YTO 3TH Padku IO COCTaBy usodepMeH-
TOB, OKa3aJINCk BeCbMa OJH3KH B3POCIEHM ocobsaM H3 paroHa IOXHHX
OpkHelckux o-BoB (TpyBennep u pmp. 1983), rjie pacnpocTpaHs-—

JIUCh BOIH Y3OOSJUIOBCKOTO IIDOUCXOXICHUS.
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UTO6H OKOHUATENBLHO OLEHHTDH BKJAL ABJICHHS OTPUIATENb-
Horo pocrta B Q(OopMHUPOBaHMHE pasMepHON CTPYKTYPH IIONYJASAIIHNH E.su-
perba crlnelyeT NPOBeCTH IeTalNibHHE HCCJenOoBaHus JIMHEK M NUTaHUSA
PavKOB B 3UMHUE nepuon (uTo yxe HavaTo paboToit Moppuca u Hpun-
mia, 1984).

Heo6xomuMe HOBHE IerTalbHEHEe 6HOJIOro-—oOKeaHorpadudueckue
CBEEMKH Ha WMHPOKOH aKBaTOPHH, OXBAaTHBAKMWEe B pPaBHO¥ Mepe Bce
obuTanmue TaM I'pYINH E.superba. TONBEKC .C HNOMOHBK TaKHX CbeMOK
MOXHO IOGHUTBCS Xopomeil "npuBsa3Ku" OCOBEeHHOCTEH pocTa pavkos
K YCJIOBHAM CcpepH. bBynymue CbeMKH IIOMOTYT, B YaCTHOCTH, OTBETHTH
Ha BOIPOC, CBf3aHO JII MaCCOBOE paclIpocTpaHeHhHue rpymnns 1V B
npubpexHHKX paioHax lojJyocTpoBa C H3MeHeHusMH B cucTeMe AT,
a "BosHa" MeNnKoM MOJIOOM OCEHB - C YaCTHYHHM OTKJIOHEHUEM 3a-—
TIaHO¥ BeTBHU Y3IOEJJIOBCKOI'O KPYrOBOpOTa B IPOAUB BpaHcdunma
M x OxHEM [MleTnaHOCKUM O—BaM HIIH OBUXeHUEeM WenbdOoOBHX BOI AHTA-
PKTHYECKOI'O II—-Ba OT 3eMiin AsiexcaHigpa 1 B o.Anesiefil K ceBepo-

BOCTOKY .

Onmpasch Ha OIEeHKH OCOBEHHOCTEe! poCTa B ONpereseHHHX
YCJIOBUAX , MOXHO CMOLEJIMPOBATE POCT E.superba Ha NPOTAXKEHUHU
BCcel XHU3HM M CPaBHUTEL (IIOMECHAYHO) IOJIYUYEHHHE pe3yJIBLTATH C
MHOT'OJIETHEMH HaGINIeHHAMHM 3a MOIasIbHEMM pasMepamu. Haubosiee
IIEPCHEeKTUBHHM NYTEM K 3TOMY HaM Ipen-TaBiseTcs nonxor Jhx.Mox-
JnHa (Mauchline, 1980), OCHOBaHHHINM Ha OBYX YPaBHEHUSX, OIHO
M3 KOTOPHX OIHCHBAaeT H3MEHEHHE IpPOIOJDKHTEIBHOCTH MEeXIHHEUHO-
IO IepHola B 3aBHCHMOCTH OT pPasMepcB, a Ipyroe =— IpHpocTa 3a
JUHBKY. A pajlpHedmedl peTanusalluy B STH yPaBHEHUS HeobxomuMo
BEECTH HNapaMeTphl, CBA34dHHHE C BJAHSHHEM TeMIepaTypPH H YCJOBHH
IMUTAHUS B OIPENeJIeHHHX MeCTOOBHUTaHHuAX, T.e. MOODUPHKAUMAX aH—
TapKTHYECKUX BOZ, & TaKXe YCTAHOBUTbL HEKOTOPHE HavasbHHE YCJIOo-—

BHS — CPOKH IIOABJICHHA JIMYHHOK B OnpenesieHHHX padoHax.

IIpencTaBaseTCHa Ielecoobpas3HEM HCCHenNoBaTh IeHeTuyec-—
Ky, MOPQOJIOTHUYECKYI U OPH3UOJOTUYECKYH OOHOPONHOCTH PadYKOEB B

npenejiaXx pasMepHHX IPYIT H Mexny HuMH. Ha »TOM NyTH YXe IOCTI-—
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THYTH ONpereleHHHEe pe3yiibTaTH (U3ydeHHe meTasell CTPOeHHS pen-—
POOYKTHUBHOM CHCTEeMH Ha MakKpOaHaATOMHUECKOM YpPpOBHe - Maxapos,
1975, 1983a).

CnenuanbHOTO KOMMEHTAapHus 3acllyXHBawT padboTH IO onpene-
JISHHI COJIepXaHHA B TKAHAX JIHUNOQYLUHHOBHX IUTMEHTOB — HHOUKATO—

POB QHU3HONOTUYECKOI'o: Bo3pacTa (Ettershank, 1983, 1984)

ConepxaHue JUNIOPYCUHHA B TKAHAX OTIOENBHEHX PavKoOB Ccpa-
BHHBAaJIOCh IDTTEPHEHKOM C MOPOOMETPHUSCKHMH IOKa3aTelnsdaMH, 4YTO
IIO3BOJIHJIO OOHAPYXHUTL B €IOUHHUYHON Npobe (B3sATOM, CyHOs IO KOOD-
IMiHaTaM, B palioHe AHTAPKTHUYECKON JuUBepreHunuu B Mope Conpyxect-
Ba) OBE YEeTKO BHOSIAKMUECH c MIOMOMEI THCKPHUMHHAHTHOI'O aHalusa
rpynns. Hcronone3oBaHue MHOTIOMEPHOM CTATHCTHKH NO3BOJISET OOOUTUCH
U 6e3 OHOXMMHYECKHX TeCTOB, OHaKo, paclo3HaBaHue rpyﬁn B 3TOM
cllydae byOeT HOCUTh MeHee CTAaTHCTHUYECKH HaJexXHHH XapaxTep.

Ilpu aTOM B MOpOONOTHMH IOJjHHa Tesja He paccmanHBanaCB, BUIHMO,
BCJISOCTBHH YOexIeHHsa aBTopa B TOM, UTO OHa MOXEeT H3IMEeHATLCSH
Kax YTOmHO,a, Mexmy TeM, NpocTOoH rpaduvyeckuit aHaius TOH dac-—
TH IPO6H, UYTO KH3y4YaJiack STTepmeHkoM (1984, fig.l) mnoxasHBaerT
KakK pas NpHCYTCTBHE JBYX TIDPYIN B3POCJHHX CaMOK - IIPOMEXYTOYHOH
H OCHOBHOM. Tak¥Mm o6pa3oM, BHBOI O BO3MOXHOCTH COCYMECTBOBAHHA
IBYX ITOKOJIEHHI IIOJIOBO3PENIOro E.superba HaxonmuT, Kaxk 6ynro,
Y6eOUTEeNbHYH WUINCTpaluKn. OmHaKo, IIPUMEeHeHue MeToma BO3ZpacT-
HEX IIMTMEHTOB K BHOOpKe pauxkoB K3 3anusa lpopca mgano bosee
HeoxunmaHHEHe pe3ynbTaTtH (Ettrshink, 1983)., H3 286 HccaenosaH-
HHX ocoben 39.9% uMelT, NHO MHEHHK DTTepmeHka, BO3pacT 2+,
35.7% - 3+, 14.3% - 4+, 4.5% - 5+ u 5.6% - 6+ JyeTr. B TO Xe
BpeMs M3BECTHO, 4YTO IJis paioHa Mops CoImpyxecTBa xXapaxTepHa
SHavYUTeNbHaAd MexXromoBas KH3IMEHUYUBOCTE THIPOJIOUHYECKHX YCJIO-
BHII, B YaCTHOCTH mnpdTHme cMmemeHsHng AT ¥ 30HH AHTApKTHUYEC—
KO musBepreHnuK. IIpy 5TOM MOXET IIPOHUCXONHTL CMemeHue cy6ho~
nynauui paukoB (AceeB um Op., 1986), Hacensomux OKeaHHYeCKue
u npubpexHee BOIH, ¥, TaKUM o6pa3oM, pa3inuusg B KPOBHe coﬁep-
KAHUA JUTIODYCHHHA MOT'YT HMETb He BO3DACTHYM, a MEXIONYJIAIHOH-

HY®0 OpUpony. HcHonb30BaHHEe BO3PaCTHHX NUIMEHTOB [IpencTaBlgeT-—
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Csi, KOHEYHO, BeCbMa NEepCHeXTHUBHHM [JIF H3YUCHHS INONYJIAIUN

E.superba, oOfHaxo, TpebyeT panbHelmel MeTOOUUYECKOH paspa-

60OTKH.

OxOHUaTesNbHadg SCHOCTL B BONPOCE O BO3PACTHOH CTPYKTY-
pe HNONyJAlUMM MOXeT, OUeBHIOHO, OHTHL JOCTHITHYTA TOJIBKO IIDH

COMOCTABJIEHHY PE3YJBTATOB H3YYEHHS NPOCTPAHCTBEHHOH M BpeMeH-
HO¥ H3MEHUHBOCTH pasMepHOI'O cocTaBa padykKoB, MOIOESIHDPOBAaHHUSA DOC-

Ta B Pa3HHX YCJOBHAX H QU3NOJIOTO—-BHOXHUMHUECKHX HCCJIeNOBaHHH.
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Tab6yauna 1.

‘no JaHHEHM aKBapHaJIbHHX 3SKCIIepHMEHTOB

CKOpoOCTE poCTa H NPONONKUTENIBHOCTL MEXWIWHEUHHX HHTEepBaJyiIoOB Euphausia superba

0

PasMmepH T, Yenosusg MexIVMHEeUHHHR CxopocThs IIpuMeyaHu g HcToOUuHHK
XUBOTHHIX OCBEeMeHHWe IuUTaHuag uHHTeppan(T) pocTa(MM/neHs)
(v} (mum)
20-33 T0 He KOH- CMeHa 12-17 Makxc.y OBYx OTMEUeHH criyuyau Mackintosh,
TPONIUPOBa~ BOIH M=13.5%1.0 ocobeit OTPHUIIATEIBHOTO 1967
Jlachk, B 0.07-0.14 pocTa
TEeMHOTEe
22-30 0.70, KkyabpTy—- 20%1.8 Maxc.0.034 He BHaBneHo CcBs~ Murano et al.,
B TeMHOTe pa 31 HOpomoJixuTesb— 1979
‘ HOCTH MeXJIHHeu-
HOT'O HHTepBaJla
C pasMepamu pau-
OB 5, MHOTrOYHC-
JIeHHHE Criyyaud oT-—
pHLlaATEIBHOI'O POCTa
16-34 —_—— TOo Xe u T=0.0175 Maxc. (y Lepx - IONMHa Ka—- Segawa et al.,
duTonna— Lcepx+1.1826 IOBYX Hau-— parnakca, BTOpoe 1983
HKTOH U3 6oJiee OHIC— YypaBHeHUe IVIg
Toxutic— - T=0.0245 TpOpacTy- foree KPYITHHX
KOT'O Lepx+ mux ocodeyr) ocobelr
3aJ1iBa +1.1226 0.031~-0.033
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Tabsuiza 1. [IponomxeHue

PasmMmepH TO, Ycnosusa MexIvuHedHRH CxopocrTsh IIpuMevaHu s UCTOUYHHUK
XUBOTHHX OCBemMeHHe nuTaHuag uHTrepsan(T) pocrTa (MM/ens)
(vm) (mum)

22-30 -1.50 a) .KyJas—- a-6) .26.8+2,.3 OueHbL MajHe CKO-— Ikeda,
TIOCTOSSHHOE Typa BO- B) .29.6+2.7 poOCTH pocTa Yy NH- Dixon,
ocBemeHue nopocien Tawnmuxcss ocobeir, 1982

6) .uCcKyCcT- OTPHIATENbHHNE pPOCT

BeHHHH XOPM Yy ToJsionamnmux

s pHO
24.7-  -0.5° cM.Tkeda, 22-29.8 0.024-0.070 Ikeda et al.
46.8 Dixon, (Maxc. B cepun 1985

1982b us 4-6 yxuHex)

20~42 0.128 duTomwianxk~ 20.1 Makc. 0.037- JocTosepHas cBf3b Poleck,
0.970 TOH M3 18.87 0.068 MTPONOJIKUTENBbHOC— Denys,
4.48 paioHna 12.48 TH MEeXJIHHeYHOTO 1982
‘ CTaHIIuH HHTepBanac:c pas-—

ITanMmep : MepaMH .
nmo 20 mn

B3BECH Ha
oco6y 3 pa-
3a B IEHB
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IokHas I'eoprus

oTpuIlaTenbHEMN
yocT

Ta6nuna 1. [IpomoixeHHe

PasMepH TO, YecnioBus MexIIMHeYHHN CKopoCTh lIpuMeyaHusa HcrouHuk

XUBOTHHIX OCBeMeHHe NHUTaHus uUHTepsasn(T) pocTa(MM/neHsn)

(»m) (mHm)

20-30 T0 He IIpoTOK 10-17 0.023-0.171 V¥V paukoB pas- Morris,
KOHTpO~— BOIH U3 M=0.141 MepaMHl OXOJIO Xeck, 1984
IupoBa- 3anusBa 29MM Habsmoman-—
Jachk KembepneHum, CsI, B OCHOBHOM,

- 79t -




Ta6nuita 2. CxopocTh ouyeBHIHOTO (apparent) pocTa Euphausia superba, BHUMCIIeHHad IO HaHHEM
1981 r.

'IIOBTODHHX ckeMokx HIIC "Onucce#" B mro-socTovHoO¥ vacTu Mopsa CKOTHS,

Cpoku 15.01-8.02 8.02-17.02 15.01-17.02
KonuuecTBO
nHei 23 8 31
Monones B LesoM 0.106%0.02 0.165%0.035 0.118%*0.02
Mosnons, caMuu HEe paccyYHTHBAaNIH 0.180%0.05 He paccuyTHBAaJIH
He pacCYuTHBAJIN 0.180*0.04 He paCCYHTHBaIH

CkopocTs pocTa

MM/DeHb

Monons, CaMKH
Bapocimie caMud

B3pocrnue caMKu

0.04%0.02

0.107%0.02

OUEeBHUIOHHHI pPOCT

oTCcyrcereyeT

~Hé pacCUYHTHBaIH -

- €92 -
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- — 1,n=1649 -~ 2,n=708
13 ——= 2,n=600 » ~ A
5
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5 _

PucvHox 1.

PasMepHHIl COCTaB Euphausea superba B paticHe AHTapKTHIeC—

KOO NOoNyocTpoBa M B Mope CxoTHA B KOHIE sHBapa-MapTe 1981 r.
s obecnederus Gonablledt CPaBHUMOCTH HaHHHX HCIIOJNIE30BAHHE TOJIBKO
MaTepHass IeJIeBHX JIOBOB (IO IpPenBapUTEesIbHO O6HapYKEeHHHEM CKOIUIe-
HuaM) . PuMckuMM IudpamMu OB603HaUeHH pa3sMepHHE I'DYIIIE (o6bsCHE—
HEUA B TekcTe). O603HaYEHHS K DPHCYHKY DOMEmeHH B O6BmeM CrHCKe

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 dgrowth 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 Fiqures

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
target catches (from swarms detected beforehand) was used. Size

categories (see text for explanation) are shown in Roman numerals.

Length according to 1lst Standard (Mauchline, 1981). Data

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. (Mordvihov Is.) area:l - 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
Walter Hervig (Anon., 1981).




- 266 -

D - south-west Scotia Sea, north-west Weddell Sea (from
data of FRV Walter 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. Holmberq, Anon., 1981): 1 - area to the north-east of

the archipelago; 2 - area to the west of the archipelago.

F - squth—east Scotia Sea (by Kozlov et al, 1983): 1 - HFZ

area: 2 -~ northern outermost part of the area.

Liste des Tableaux

Tableau 1 Taux de croissance et intervalle de mue de Euphausia
superba a partir des données obtenues au cours d'études

expérimentales réalisées sur place.

Tableau 2 Taux de croissance apparent de Euphausia superba calculé

3 partir des données obtenues pendant une série d'études
réalisées a plusieurs reprises par le navire de
recherche et de péche Odyssée, dans le sud-est de la Mer
du Scotia en 1981.

Liste des Fiqures

Fiqure 1

Composition par tailles de Euphausia superba dans la

zone de la Péninsule Antarctique et la Mer du Scotia de la fin du
mois de janvier au mois de mars 198l. Pour &étre en mesure de
comparer ces données, seules les informations obtenues sur les
prises «cibles (sur les bancs détectés auparavant) ont été
utilisées. Les catégories de taille (voir texte pour explication)

figurent en chiffres romains.
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Longueur selon le ler standard (Mauchline 1981). Les

données anonymes (198l) ont été converties.

A - eaux au nord-ouest de 1'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 - Détroit de Bransfield, en particulier la partie
centrale; 1 - février (par Retamal, Quintana, 1982); 2 - mars (par

Wolnomiejski et autres, 1982).

C ~ Zone de 1'Ile Eléphant (Ile de Mordvinov):
1 - nord-ouest du littoral de 1'ile (fin janvier/début février) a
partir des données obtenues par le navire de recherche et de péche
odyssée; 2 - nord de 1l'ile, & partir des données obtenues par le

- navire de recherche et de péche Walter Herviq (Anonyme, 1981).

D - sud-ouest de la Mer du Scotia, nord-ouest de la Mer
de Weddell (& partir des données obtenues par le navire de recherche

et de péche Walter Herviq, anonyme, 1981): 1 - zone frontale élevée

ouest (ZFE) de la Mer du Scotia; 2 - nord-ouest de la Mer de Weddell.

E — zone autour des Orcades du Sud (& partir des données

obtenues par le navire de recherche Eduardo L. Holmbergq, anonyme,

1981): 1 - zone au nord-est de l'archipel; 2 - zone a l'ouest de

1tarchipel.

F - sud-est de la Mer du Scotia (par Koziov et autres,

1983): 1 — zone ZFE; 2 - partie extréme—nord de la zone.
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Lista de Tablas

Tabla 1. Tasa de crecimiento e intervalo de cambio de piel de

Euphausia superba a partir de los datos obtenidos durante

experimentos in situ.

Tabla 2. Tasa de crecimiento aparente de Euphausia _superba

calculada a partir de datos obtenidos durante un conjunto
de prospecciones repetidas llevadas a cabo por el FRV

Odissey en el sureste del Mar de Escocia en 1981.

Lista de Fiquras

Fiqura 1.

La composicién 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 los datos puedan ser
comparados, se utilizé U(nicamente informacién de las capturas
objetivo (de los cardimenes detectados de antemano). Las categorias
de tamanos (véase el texto para su explicacidén) se muestran en

numeros romanos.

El tamano segin el ler estandard (Mauchline, 1981). Los

datos procedentes de Anon. (1981) han sido convertidos.

A - las aquas hacia el noroeste del Archipiélago de

Palmer (por Wolnomiejski y otros, 1982): 1 - el area hacia el
noroeste del Archipiélago de Palmer: 2 - las aguas alrededor del

Archipiélago de Palmer.

B - El estrecho de Bransfield, especialmente la parte
central: 1 - Febrero (de Retamal, Quintana, 1982); 2 - Marzo (de

Wolnomiejski 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 Odissey; 2 - el norte de
la isla, a partir de los datos del FRV Walter Herviq (Anon., 1981)

D - El suroceste del Mar de Escocia, el noroeste del mar

de Weddell (a partir de los datos del FRV wWalter Hervig, Anon.,

1981): 1 — zona frontal occidental de altura en el Mar de Escocia;

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. Holmberdq,

Anon., 1981): 1 — el area hacia el noroeste del archipiélagoﬁ 2 - el

area hacia el oeste del archipiélago.

F - el sureste del Mar de Escocia (de Kozlov y otros,

1983): 1 — el area HFZ; 2 — el extremo septentrional del area.

Crnumcok Ta€Jiu,

Ta6nuna 1. CKOpOCTb pocTa U NPOIOOIDXHTENIBHOCTD MENJINHEeYHHX

KHTepBajoB Euphausia superba IO HAHHEM aKBapHalbHEX

DKCIIEPDHMEHTOB

Taénuna 2. CKOPOCTE OYEBHIHOT'O (apparent) pocTa Euphausia superba,

BHUKCJIEHHAs IO JaHHHM MOBTOPHHIX CBHEMOK HIC “"Omucceit"

B WCO-BOCTOYHON uyacTu Mopa Cxkxorus, 1981 r.
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Cnucox PHCYHKOB

PucyHox 1.

PasMepHHE CcoOCTaR Euphausea superba B paloHe AHTapkTHueC—

KOO IIONyoCTpoBa M B Mope CKOTHS B KOHIEe sHBapsa-MapTe 1981 r.
Ina ofecneueHusa Ooblied CPaBHUMOCTH ITaHHHX HCIONB30BAHH TOIBKO
MaTepHasns leJIeBHX JIOBOB (IO NpernBapHTesIEHO OBHapyXeHHHM CKOoIie-—
HuAM) . PEMCKMMM LHdpaMM o603HaYeHH pasMepHHe CpyNnnH (oBbaAcHe-

HUA B TexKcTe).

IsmHa no cra’Hpmapty 1 (Mauchline, 1981) .IJanHHe HO Anon.,

(1981) mawTcsa B mnepecuere.

A - BOOH X CeBepo-3arnany oT apxunenara llanoMepa (rmo wol-
nomiejski et al,1982): 1- paltoH K cesepo-3amnany oOT apxunesnara

laneMmepa, 2- HNpUOGPeXHEE BOOH apxXulenara llajnbMepa.

B - nposiiB BpaHcOuima, B OCHOBHOM lleHTpanbHasg 4YacTb: 1 -
peBpany (o Retamal,Quintana,1982) ,2 - MapT ( 1O Wolnomiejs-
ki et al,1982).

C - pation o.MopmeuHoBa (2medanT): 1—- kK cesepo-szanajgy u
Wro-3amnany oT Hobepexbd OCTpoBa (KoHell sHBaps-Havallo despasis)
o Marepuasiam HIC "Omucceit", 2- K ceBepy OT OCTPOBA& - IIO Mare-

puanam HIC "BansTep Xepsur" (Anon.,1981).

D - pwro-salnanHas vacTh Mopsa CxkoTuda, CceBepo—3alarnHag dacTh
Mops Yspmmeivia (mo MmaTepmanaMm HIIC "BaneTep XepBur" ,Anon.,1981) :
{ - samnanmHas wacThb paiioHa BO3 mopsa CKOTHUA, 2 - ceBepo-—-3ananHas

vacTh Mopsa Yapneiuia.

E - padiod IOxHEIX OpKHeHCKHX OCTPOBOB ( mo Marepuamnam HHUC
"Snoyapno J.XonemBepr" ,Anon.,1981): 1 - padioH K CeBepO~BOCTOKY

OT apxumnernara, 2 - paloH K 3amany OT apxune’snara.

F - OTO-BOCTOuUHas uacTh Mops Ckotusa ( mo Koznos u HD.,

1983) : 1 - patioH B®3, 2 - ceBepHas nepudepus 3TOT'O 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) 6 : 233-236.

VARIATIONS GENETIQUES ET STRUCTURE DEMOGRAPHIQUE DU KRILL DE LA
REGION DE LA BAIE DE PRYDZ DANS LES EAUX DE L'ANTARCTIQUE

C.M. Macbonald, R. Williams et M. Adams
(Australie)

Résumeé

Des échantillons de krill antarctique E. superba on
été prélevés dans six endroits situés prés de la Bale
de Prydz et ont été analysés électrophorétiquement en
vue de détecter la variation & base génétique des \
protéines. Des analyses de répartitions d'alleles a |l
quatre lieux polymorphiques n'indiquent  aucune |
évidence d'hétérogénéité appréciable, un résultat qui \
est compatible avec 1'hypothése selon laquelle tous \
les échantillons proviendraient d'une colonie |
reproductrice de krill unique. Les résultats de
cette étude s'accordent étroitement avec les données
génétiques relevées au cours d'autres études sur le
krill dans le secteur antarctique de l'océan Austral,
suggérant que les stocks de Kkrill sur une surface
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d'au moins 6000 kilométres des eaux antarctiques
proviennent d'une population unique
s'inter-reproduisant.

Note: Le texte intégral de ce document est publié sous le titre
ci-dessus dans Polar Bioloqy (1986) 6 : 233-236).

Rapport original en anglais.

At s M M
LA

VARIACIONES GENETICAS Y ESTRUCTURA DE LAS POBLACIONES DE KRILL EN
- LAS AGUAS ANTARTICAS DE LA REGION DE LA BAHIA PRYDZ

C.M. Macbonald, R. Williams y M. Adams
(Australia)

Resumen

Se han analizado electroforéticamente muestras de krill
antartico E. superba dec seis localidades cercanas a la
Bahia Prydz para detectar la variacién de proteinas de
base genética. Los andlisis de las distribuciones de
allele en cuatro "loci" polimérficos no muestran ninguna
evidencia importante de hetereogeneidad, siendo un
resultado consecuente con la hipdtesis de que todas las
muestras provinieron de una misma poblacioén reproductiva
de krill. Los resultados de este estudio concuerdan
exactamente con los datos genéticos de otros estudios
sobre krill en el sector antartico del Océano Austral,
lo cual sugiere que las reservas de krill de por lo
menos 6000 kildmetros de agquas antarticas provienen de
una misma poblacién cruzada.

Nota : El texto completo de este documento se publica bajo el titulo
susodicho en Biologia Polar (Polar Bioloqy) (1986) 6 : 233-236

Informe original en inglés.

36 M M M M AL a2 3z A A2
A TR TR S A

'TEHETHMUYECKAS M3MEHUMBOCTb ¥ CTPYKTYPA MONVJIALUMK KPWI,
OBWUTAIIETO B AHTAPKTHMYECKKHX BOZAX B PAMOHE 3AJIMBA [IPIOAC

K.M.MakgoHang, P. Yunssamc u M. Apamc
(ABCcTpanus)

PesoMe

[lpo6bl  aHTApPKTHYECKOTO Kkpujis E. superba,
B3ATHE Ha WEeCTH yuyacTkax BOGau3u 3anusa Ilpiofc,
aHaNM3UpPOBANKUCh METOAOM 3jeKkTpodopesa C LEJIBO
oOHapYXeHUs B HUX redHeTH4YeckH BHI3BAHHOMH
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H3MEHYUBOCTH cofepXaHuA npoTeuHa. AHanu3sl
pacnpejiesieHus ajulesieii Ha YeThpPeX MOJUMOPPHBIX
Jokycax He yKa3bIBaloT Ha KaKylo-Ju60
3HAYUTEN bHYIO reTeporeHHOCTb - BHIBOJT,

COOTBETCTBYIONUH IMpPEeANOJIOREHHIO, YTO BCe MNpoLH
GbUTH MOJNIyYeHH OT OJAHO# ¥ TOH Xe pa3MHOXaleHcs
HONYNALMU Kpuisi. Pe3yspTaThl 3TOro MCCIAE[OBaHUA
GJIM3KO CXOASITCA C reHeTHYEeCKUMU [aHHBHIMH JpYyTHx
HCCle[[OBaHUA KpHIAs B AaTJAHTHYECKOM CEKToOpe

IoxHOT O okeaHa, " 3TO flaeT OCHOBaHUA
npeanonaraTh, ~ YTO 3anacs KpuJIA,
pacrnpocTpaHeHHbe B BOZaX AHTaApKTHKH Ha

akBaTopuu pasMepoMm cBbite 6000 KB. KHWIJIOMETPOB,
NPOMCXOAAT OT OAHOH W  TOR IKe  3aMKHYTOH
NONYJIALKHU. -

[IlpuMeyaHue: [loJiHBIH TEKCT 3TOH paboTH ony6JIMKOBAaH nojg
BhOleyKa3aHHBM 3arojioekoM B XypHaje 'llonap Baitomomru'"
(1986 r.) 6; crTp. 233-236.

OpuruHan : AHTJIHHCKHHA
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SC-CAMLR-V/BG/25

DIFFERENTIATION OF INDEPENDENT POPULATIONS OF ANTARCTIC KRILL

U.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 cyclonice
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.

X kK kK kR %k %

DIFFERENCIATION ENTRE LES POPULATIONS ' INDEPENDANTES DE KRILL
ANTARCTIQUE

U.R.S.S.

Résumeé

Les opérations commerciales de péche de krill ont
récemment suscité un certain intérét parmi plusieurs
pays. Pour mettre en place un systéme de gestion
efficace de la péche de krill, il est nécessaire
d'acquérir des connaissances sur la structure
démographique du krill. Un bref examen des études
récentes sur la variabilité morphophysiologique et
génétique du krill et la circulation des eaux
antarctiques est entrepris. En se basant sur cet
examen, on suggére qu'il existe probablement une seule
population de E. superba dans l'ocean Austral,
sous-divisée en plusieurs sous-populations
indépendantes. Le nombre de <ces sous-populations
devrait correspondre au nombre de circulations d'eau
cycloniques quasi-stationnaires. A présent, un minimum
de six circulations d'eau cycloniques stables peuvent
8tre détectées et au moins deux ou trois d'entre elles
pourraient constituer 1'habitat de sous—populations
indépendantes de krill. Une proposition relative a de
prochaines études sur la structure démographique du
krill est présentée. '

&~ & pY3
X X ¥ ¥ XY KX ¥R
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DIFERENCIACION DE POBLACIONES INDEPENDIENTES DE KRILL ANTARTICO

U.R.S.S.

Resumen

Recientemente varios paises han mostrado interés en la

pesca comercial de krill. Se necesita una comprension

de la estructura de la poblaciéon de krill para

establecer una administracion efectiva de las pesquerias

de krill. Se da un breve resumen de estudios recientes

sobre variabilidad genética y morfo-fisioldgica de krill

y sobre la circulacién de aguas la regidén Antartica.

Sobre la base de esta revisidn se presume la existencia

de una poblacién mixta de E. superba en el Océano
Austral, subdividida en varias sub-poblaciones

independientes. Se parte de la suposicion que la

cantidad de dichas sub-poblaciones corresponda al nimero
de circulaciones cicldénicas cuasi-estacionarias de las’
aquas. Actualmente, pueden encontrarse por lo menos
seis circulaciones ciclonicas estables y por lo menos

dos o 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.

EEEEEEEERERE:

JIMOOEPEHIMALMS HE3SABUCHMBIX [ONYJIALNA AHTAPKTUYECKOTO KPWJIA

CCCP
Pesiome

B nocnefHee BpeMs HECKOJbKO CTPaH MpPOABUIIO
3aMHTEPECOBAaHHOCThL B  KOMMEPYECKOM  [POMBICIE
KpunsA. Jlns ycTaHOBJIEHUS MPaBUJILHOIO YMpaBJEeHHA
NPOMEICJIOM KpHJIsi TpebyeTcs MOHHMaHHue CTPYKTYpH
momynayuu kpuns. Cpenad KpaTkuii o630p HoBeHmux
pa6oT Mo TreHeTHyeckoi ¥ Mopdo-PH3UOIOrHUECKOH |
K3MEHYUBOCTH KpUJa u UUPKYJISIUY
aHTapKTHyeckux Box. Ha ocHose 3Toro ob6sopa
fenaercs MNpeJloJiOXeHHe O TOM, 4YTO, BO3MOXHO, B
IORHOM OKeaHe HMeeTCs OJjHAa COCTaBHad MONyJNAUHSA

E. superba, pasfessniancs Ha HECKOJIbKO
HEe3aBUCHUMBIX MOAMonynauuit. OxUpgaeTcH, YTO HHCJIO
3THX MOAIONY AU COOTBETCTBYET YHCIy
KBa3¥CTalMOHaPHbBIX LHUKJIOHUYECKUX BOJIHBIX

nupkyaauui. Ha JgaHHEIE MOMEHT MOXHO BBHIAEJHTDH
Kak MWHMMYM IeCTb CTabUJbHEHX IUKJIOHUUYECKHX
BOJHBIX LMPKYJNAUUA, W MO KpaiHed Mepe [ABE HIHU
TPH #3 HUX MOryT ObITh XabuTaTaM¥y HE3aBUCHMBIX
NOANONYNAUUA Kpuias. BeickasbiBaeTCad NPEAJIOREHHE
o Oyaymux HCcJIeJOBaHUAX MO BOMpocy CTPYKTYPH
NONYSALUUA KpUJA.
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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 underexploited.

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 betweén individuals inhabiting different areas within

the distribution range.

Until recently it has been customary to assume that in the Southerm
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 localizéd
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
morphophysiblogical 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.
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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 sﬁggest 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 morth 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 &ominant
role of horizontal circulation in the transport of the larvae to the
Weddeil 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°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 transforms into the well—known Weddell Drift, i.e. 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 circulationms 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 occurrence of
independent populations may exist in other smaller-scale circulations
cannot be ruled out. Undoubtedly, there is some more OT 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 patterm :

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

Abstract

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.
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PROGRAMME INTERNATIONAL DE CONTROLE ET DE RECHERCHE APPLIQUEE DE LA
CCAMLR, ZONE PRIORITAIRE DE LA BAIE DE PRIDZ

Australie
Résumé

Les grandes lignes d'un projet de recherche scientifique
proposé par 1'Australie en contribution aux cing
premiéres années d'un programme international de
contrdle et de recherche appliquée de la CCAMLR dans la
Baie Pridz sont exposées. Une attention particuliére
est apportée a la partie de la communauté marine basée
sur le krill de la Bale de Prydz et également a la
partie de la communaute marine du Plateau de Kerguelen
basée sur les poissons et calmars.
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PROGRAMA  INTERNACIONAL DE INVESTIGACION APLICADA Y CONTROL DE
CCVRMA, AREA PRIORITARIA EN LA BAHIA PRYDZ

Australia

Resumen

Se da una resefia de una contribucién de investigacion
cientifica propuesta por Australia dirigida a los
primeros cinco afios de un Programa Internacional de
Investigacién Aplicada y Control, de CCRVMA, en el area
de la Bahia Prydz. El énfasis estd puesto en la parte
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basada en krill de la comunidad marina en el area de la
Bahia Prydz. También se da algo de atencidén a la parte
basada en peces y calamares de la comunidad marina de 1la
‘meseta de Kerquelén.
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MEXIVHAPOZIHAS MPOT'PAMMA AHTKOM'a IO MPAKTUYECKUM MCCJIEAOBAHWAM
Y MOHUTOPWHIY B PAJOHE MMEPBOCTEMNEHHO# BAXHOCTH - 3AJIMBE [PIGAC

AscTpanus
Peawome

B of6mux 4epTax ONUCHIBAETCSA MpejnojaraeMasd
Hay4YHo-MHCccllejoBaTeybckasa pab6oTa Kak BKJIA[
ABcTpandy 3a nepBhie  MNAThH JIeT  NPOBEJAEHHA
MexayHapoAgHO# MporpaMmel AHTKOM'a o
NpakTHYECKHM HCCINEefOBaHUAM U MOHHUTOPHUHIY B
pajioHe 3anuBa [lpogc. Ocoboe BHUMaAHHE YJLEJIEHO
3aBUCANEH OT KPHJIS 4YacTH MOPCKOro cooOmecTBa B
pajione 3anuBa [lpiogc. HekoTopoe BHHMaHHE TakKxe
yresleHo 3aBucsamei oT peibel M KajgbMapa 4YacTH
Mopckoro coobmecrtra njgatro Kepresex.
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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 Foufth

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 regionm,
which covers the area of 55—850E 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,

¢. test hypotheses concerning the direct and indirect effects 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.

e 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 systemn.

e 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 iﬁdicate 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 II, ADBEX I and II) 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

their 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. 1In 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 dufing 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 thereAbe
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. 1In 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. 1In the case of the Group IV stock'(morg 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 seals 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 cﬁanges 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 dedicated 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 II. 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)

Résumé

Le présent document expose les grandes lignes d'un
plan stylisé dont le but est de mettre au point le
systéme de prise de décisions a objectifs multiples
nécessaire a 1l'aménagement efficace de 1'écosystéme
marin de 1l'Antarctique conformément aux conditions de
1'Article II de la CCAMLR. Huit attributs ont été
jdentifiés (but, description, variables, motivations,
limites temporelles, étapes temporelles, restrictions
et données) dans le but de fournir un schéma
directeur pour le développement de simulations
appropriées des interactions importantes = de
1'écosystéme marin de 1'Antarctique et pour faciliter
la formulation d'un protocole approprié a la prise de
décisions & des fins d'aménagement.

Note: Les tableaux de ce document ont été traduits et figurent

intégralement 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 disenado para orientar la toma de decisiones con
respecto a una serie de objetivos, esencial para la
administracién efectiva del ecosistema marino antartico,
hacia los requisitos del Articulo II de la CCRVMA. Se
han identificado ocho secciones (propdsito, descripcién,
variables, fuerzas de empuje, limites de tiempo, etapas
de tiempo, limitaciones y datos) con la intencidn de
proveer una base para el desarrollo de simulaciones
apropiadas de las interacciones importantes del
ecosistema marino antartico y para facilitar 1la
preparacién 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.
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MOJEJIMPOBAHWE ¥ NPUHATHE PENEHW#A:
KOMIMOHEHTH PEXMMA VIIPABJIEHUS AHTKOM'a

A.T.M.Musnep
(Iornas Adpuka)
Pesmome

B HacTosmeM  JOKYMEHTE KpaTKO  ONUCHBAETCH
CTHJIM30BaHHAd cCXema, 3ajyMaHHas [AA CO3JaHHuA

KOMMJIEKCHOH CHCTEeMb NPUHATHUSA peneHui,
HeoO6XOUMOH [ s$PeKTHBHOTO ynpaBJIeHU s
MOPCKO# 3KocHCcTeMoH AHTapkTHKM B paMkax CTaThy
11 Kousenuuu. BeUTO BHAENEHO BOCEMb KPHTEPHEB
(Ha3HayeHWe, ONUcCaHye, TMNepeMeHHbEe, [BHXYUHE
CUJIHI, CpoOKH, NPOAOJIRKUTEIBHOCTb 3Tanos,
OorpaHUUeHHs M JaHHble) KaK MONbiTKa MNPEeACTaBUTH
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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

INTRODUCTION

Various authors (e.g. Beddington and de la Mare 1984; Sissenwine
1984; Butterworth 1986) have recognised that to achieve the objectives of
CCAMLR Article II 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 35_31_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 II 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
modéllers 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 II. 1In keepingiwith 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 approéch 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

sedbirds) 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 II 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 II) to ensure that the fisheries industries (both fishing activity .
and consumer demand) is reasonably stable over some given period of time
while ensuring thé restoration of populations depleted in the past and
precluding the disruption of ecosystem functioning. In these terms,
Article II 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 1t 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—objectivehdecision
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 differént 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
multitrophic factors. In terms of CCAMLR, it is necessary to specifically
consider predators in view of the requirements in Article II 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" 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 recruitmenﬁ,

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 g&_gl_(l986) fof 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 modeliing
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 exploriﬁg 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 contfol
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. 1In 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 bé 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 wouid 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. 1In
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 variénce 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 II is
inconceivable given the general lack of understanding of the various

inter-relationships and of ecritical 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 populations
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 ﬁodel 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). 1In 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.
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(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 diffefent 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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DRIVING FORCES

TIME HORIZON

Table 2. Attributes for three models appropriate to Cell C of
the decision-making schema illustrated in Table 1.
MODEL 3A
PURPOSE To provide insight into predator population control
measures.
DESCRIPTION Speculative single species predator simulation model.
VARIABLES Predator biomass.

Prey biomass and fishing.

5 years.

TIME STEPS 1 year unless there is a seasonal influence on the
population.

CONSTRAINTS Data limited.

DATA Predator population sizes and dynamics, consumption
rates, diet analysis.

MODEL 3B

PURPOSE To provide insight into predator population enhancement.

DESCRIPTION Speculative single species predator—-prey simulation
model.

VARIABLES Predator and prey biomass.

DRIVING FORCES

TIME HORIZON

TIME STEPS

CONSTRAINTS

DATA

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 amalysis.
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MODEL 3C

PURPOSE

DESCRIPTION
VARIABLES
DRIVING FORCES
TIME HORIZON

TIME STEPS

CONSTRAINTS

DATA

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, consumption
rates, diet analysis.
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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

B,F

levels of fishing

Estimation of potential
krill yields under
conditions of
uncertainty of key
paramaters.

Assessment of alter-
native harvest
strategies.

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.

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 CELL PURPOSE DESCRIPTION

Yield-per—recruit | E Estimation of desirable | 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.

Speculative
simulation model.

Speculative
simulation model.

Linear programme.
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Tableau 1. Schéma de prise de décisions

OBJECTIF Espéces| Espéces multiples | Prédateurs Industrie

simples| = isotrophiques et proies et poissons

Ecologique A B Cc D
Economique

et social E F G H
Aménagenent

contrdle et

recherche I J K L
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Tableau 2. Attributs pour trois modeles appropriés a la cellule c du

schéma relatif & la prise de décisions illustré au
Tableau 1.

MODELE 3A

BUT Permettre de comprendre les mesures de contrdle
démographique des prédateurs.

DESCRIPTION Modéle spéculatif de simulation a espéce unique
de prédateurs. :

VARIABLES Biomasse des prédateurs.

MOTIVATIONS Biomasse des proies et péche.

PERIODE LIMITE 5 ans.

ETAPES

TEMPORELLES 1 an a moins que la populatgion ne soit soumise a
une influence saisonniére.

RESTRICTIONS Données limitées.

DONNEES Tailles et dynamique des populations de
prédateurs, taux de‘consommation et analyse du
régime alimentaire.

MODELE 3B

BUT Permettre de comprendre l'accroissement
démographique des prédateurs.

DESCRIPTION ' Modéle spéculatif de simulation & espéce unique
de prédateurs-proies.

VARIABLES Biomasse des prédateurs et proies.

MOTIVATIONS Capture des prédateurs et proies.

PERIODE LIMITE
ETAPES

| TEMPORELLES
RESTRICTIONS

DONNEES

5 ans.

1 an a moins que la population ne soit soumise a
une influence saisonniére.

Données limitées.

Tailles et dynamique des populations de

prédateurs et de proies, taux de consommation et
analyse du régime alimentaire des prédateurs.
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MODELE 3C

BUT

DESCRIPTION

VARIABLES
MOTIVATIONS
PERIODE LIMITE

ETAPES
TEMPORELLES

RESTRICTIONS

DONNEES

Explorer les mécanismes éventuels influengant
1'abondance des prédateurs dans le systéme.

Modéle spéculatif de simulation a espéces
multiples de prédateurs.

Biomasse des prédateurs.
Biomasses des proles et capture.
5 ans.

1 an a moins que la population ne soit soumise
une influence saisonniere.

Données limitées.
Tailles et dynamique des populations de

prédateurs, taux de consommation et analyse du
régime alimentaire.

Q-
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iellement utiles des

ressources de krill

antarctique et comment les incorporer dans le schéma de prise de

décisions sur 1'aménagement. Les cellules se rapportent au
Tableau 1.
MODELE CELLULE BUT DESCRIPTION
Modéle du rendement Estimation des niveaux Modéle de simulation
par recrue E souhaitables de péche déterministe,
spéculatif et par
structures d'age
Modeéle d'évaluation Estimation des Modele de simulation
du risque E, X rendements potentiels stochastique et par
stochastique du krill dans des structures d'age
conditions d'incertitude | Monte Carlo
des parametres clés
Modéle de simulation Evaluation d'autres Modele spéculatif et
de la population de E,I stratégies de capture stochastique par
krill structures d'age
avec une sous-
programme economique
Modeéle a espéces Estimation du rendement | Modéle de prédictions
multiples de prise F des espéces combinées basé sur la régression
et d'effort
Modéle —un prédateur, Etude de la dynamique Modéle spéculatif
deux proies C prédateur—-proie de simulation
Modele de la Examen du remplacement Modele spéculatif
dynamique B,F d'espéces dans les de simulation
de la péche prises
Modele Estimation des Programme linéaire
d'optimisation E rendements d'espeéces
linéaire combinées maximum du

point de vue économique
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Tabla 1 Esquema de toma de decisiones.

CAMPO DE Especies Multiespecies | Depredador Industria
OBJETIVOS individuales| isotrdéficas Yy presa Y peces
Ecoldgico A B C D
Econdmico

y Social . E F G M
Control de

Administracion

e Investigacidn| I J K L
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Tabla 2. Secciones de tres modelos correspondientes a la Célula C
del esquema de toma de decisiones, 1lustrado en la
Tabla 1.
MODELO 3A
PROPOSITO Proporcionar una percepcion clara sobre las medidas
de control de las poblaciones de depredadores.
DESCRIPCION Modelo tedrico monoespecifico de simulacidn de
depredadores.
VARIABLES Biomasa de depredadores.
FUERZAS DE
EMPUJE Biomasa de depredadores y pesca.
LIMITE DE
TIEMPO 5 anos.
ETAPAS DE
TIEMPO 1 afio a menos que haya una influencia estacional
sobre las reservas.
LIMITACIONES Datos limitados
DATOS Tamafio y dindamica de las poblaciones de
depredadores, indices de consumo, analisis de la
dieta.
MODELO 3B
PROPOSITO Proporcionar una percepcion clara sobre el aumento
de las poblaciones de depredadores.
DESCRIPCION Modelo tedrico monoespecifico de simulacidn de
depredadores-presa.
VARIABLES Biomasa de depredador-presa.
FUERZAS DE
EMPUJE Recoleccidn de depredador y presa.
LIMITE DE
TIEMPO 5 anos.
ETAPAS DE
TIEMPO 1 afio a menos que haya una influencia estacional
sobre las poblaciones.
LIMITACIONES Datos limitados.
DATOS Tamano y dinamica de las poblaciones de

depredadores, indices de consumo de depredador y
andlisis de la dieta.
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MODELO 3C

PROPOSITO

DESCRIPCION

VARIABLES

FUERZAS DE
EMPUJE

LIMITE DE
TIEMPO

ETAPAS DE
TIEMPO

LIMITACIONES

DATOS

Investigar los posibles mecanismos que influencian
la abundancia de los depredadores en el sistema.

Modelo tedrico multi-especifico de simulacién de
depredadores.

Biomasa de depredadores.
Biomasas de depredadores y recoleccion.
5 anos.

1 afio a menos que haya una influencia estacional
sobre la reserva.

patos limitados.

Tamafno y dindmica de las reservas de depredadores,
indices de consumo, andlisis de la dieta.
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Tabla 3 . Modelos de recurso de krill antartico de posible
utilidad y dénde podrian ubicarse en el propuesto
esquema de decisiones administrativas. Las células se
refieren a la Tabla 1.

MODELO CELULA PROPOSITO DESCRIPCION
Modelo de Célculo de los Modelo de simulacidn
rendimiento niveles deseables determinativo,
por resta- de pesca teérico y
blecimiento |E estructurado por edad
Modelo de Calculo de los Modelo de simulacion
evaluacién los posibles Monte Carlo, de
de riesqo rendimientos de krill | reservas y
de reservas |E, I bajo condiciones de estructurado por edad
incertidumbre con
respecto a los
parametros claves
Modelo de Evaluacion de Modelo tedrico de
simulacidn estrategias reservas, estructurado
de la alternativas de por edad, con una
poblacidn recoleccion subrutina de economia
de krill E, I
Modelo Calculo de Modelo de prediccion
multi- rendimiento de basado en la regresion
especifico especies
de captura combinadas
y escuerzo |F
Modelo de un Exploracién de la Modelo de simulacidn
depredador, dinamica de especulativo
dos presas |C depredador—-presa
Modelo de la Examinacidn del Modelo de simulacidn
dinamica de reemplazo de las especulativo
la pesca B. F especies en las
capturas
Modelo de Calculo de los Programa linear
optimizacidn rendimientos de ‘
linear E especies combinadas
economicamente optimos
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Ta6nuua 1. CxeMa NPUHATHSA PelleHUH.

PAMKH opuoBupo- M3orpoduye- XHIMHUKY U [TpomMeIC €T
Bas MOJeJlb ckas MHOFo- XepTaa "H poiba
L{EJIb BHpoBas
Mojieslb
dkosoruyeckue A B C D
BOMNPOCH
JKoHOMHYECKHE H E F G H

couyalibHEle BOMPOCH

BonmpocH YmnpaBJI€HHUA, I J K L
MOHUTOPUHIra U
HccliefoBaHui
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‘Ta6suuna 2. Kpurepuu Tpex MojeJie#i, COOTBETCTBYIOMUX 3DJIEMEHTY nen

cxembl MPUHATHA pelmeHui, NPUBEJEHHOH B Ta6auye 1.

MOAEJb 3A
HA3HAYEHUE

OMYCAHHUE

[TEPEMEHHHIE
JBVXVIME CWJILI
CPOKH

NTPOZOJIKUTEJIb -
HOCTb 3TAIIOB

JlaTs MOHMMaHHE CYMHOCTH Mep MO KOHTPOJI©O Haj
MONyJALUAMY XUMHUKOB.

TunoTeTHYeckas OAHOBUAOBAs MOAeNb, HMUTHpYMAsd
MONYJISALMIO XHIMHKKOB

Buomacca NONyJNAUUY XUIHHKOB
Buomacca MONYJSLUUYU XePTB H ITPOMBICEJ
5 ner

1 rop, ecyy TOJNbKO He HalbJuogaeTcs CE30HHBIX BO3fie -
CTBHMH Ha HNONYyJNALHIO.

OI'PAHUYEHHUA OrpaHM4YeHHOE KOJIMYECTBO JaHHBIX

JAHHBIE PasMepsl ¥ JHHAMMKa MONYJALUY XHIHUKOB, YPOBEHB
noTpebiieHus, aHajJu3 pexXUMa NUTAHUA.

MOZEJIb 3B

HA3SHAYEHHUE JlaTs  MOHHMaHHUE nmpolecca  yYBeJHYEHUS  MOMYyJALHHA
XHUIHUKOB :

OMMMCAHHUE TunoreTuyeckasd OJHOBHAOBaA  MO[EJb, UMUTHPYIOLA A
B3aUMOAENHCTBHE XMIMHUK-XKEPTBa

NMEPEMEHHBIE ByoMacca MONyNALUUY XUIMHHUKOB U XEPTB

JBVRVIME CWJEI
CPOKH

MPOZAOJIRUTEIb -
HOCTb 3TAIIOB

OT'PAHUYEHHUA
JIAHHBIE

BoUJ1OB XMIHKKOB M XepTB
5 ner

1 ropg, ecay TOJILKO He HabmofaeTCa CEe30HHHX BO3JEi-
CTBHH Ha MNONYJNALHUIO

OrpaHuueHHOE KOJIHYECTBO JaHHBIX

Pasmephl ¥ [AMHaMuKa NOMYJNsANMA XHUIMHUHKOB M XEPTBH,
YpOBHHM MOTpEe6IIeHHS ¥ aHal¥3 PeXHMa NUTAHUA XHUIHHKOB




MOZAEJb 3C
HA3HAYEHHE

ONMUCAHHUE

NMEPEMEHHBIE
JBWXVIIUE CHIIBI
CPOKH

[TPOZIOJERKUTEID -
HOCTb 3TAIIOB

OT'PAHUYEHKA
JAHHBIE
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HUccnenosaTh BO3MOXHEIE MEXaHU3IMH, BJIKAKOHE Ha
YUCJIEHHOCTH XWIMHHKOB B CHCTEME

IF'nnoTeTHYeckasd MHOrOBHAOBasA MOAENb, HMHTHpYIOUAS
NONyNsLHY XUIHUKOB

BuomMacca monynAUMA XUIHUKOB
Buomacca xepTBH ¥ OO6JIOB
5 Jner

1 rop, ecnu TOJNBKO He HabiiofaeTCs CE30HHBIX BO3feH-
CTBHA Ha NONYyJAUUH

OrpaHuyeHHOE KOJUYECTBO HNAHHBIX

PasMepel ¥ [MHAMMKA MONYJSLUHA = XUNHUKOB, YDPOBEHb
noTpeblieHUsn, aHaliu3 pexuMa HNUTaHHUL.
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Tabauua 3. [MoTenyuanpHo fnoJjie 3Hele MO eJsTH '3amaca
AHTApPKTHYECKOr0 KPpHJIS ¥ HX BO3MOXHOE MeCcTO B
npepJlaraeMod cxeMe MNPUHATHUSA PelleHUH MO YNpapJIeHHO.
dnmemMeHTH cXeM - Kak yka3aHo B Tabuunpe 1.

MOZEJb 3JIEMEHT HA3HAYEHHUE OINMUCAHHE

Mopens ysioBa Ha
eIMHULY MOMOJIHEHUS

CroxacTuyeckas MoO-
JleNib OLleHKH
OMNacHOCTH

UMuTaymMoHHas MO-
JieJib MOMyNsUUH
KpUJIs

MHorosupgoBsasda Mofesnb F

3aBUCHMOCTH YJIOB-
YCHAUSA

Monmens B3auMopeicT- C

BUSA OAMH BUJ XHI{-
HUKOB-JIBa BHUJa
XKEepTB

Mongens puUHaMUKH
poMBICIIa

Mopens nuHedHOH
ONMTHMU3ALUHU

PacyeT xesiaTes bHBIX
ypOBHEH IMpoOMBICIA

PacyeT nmoreHUManb-
HO¥ BeJIHYKWHE BHUIOBA
KPHJIA NPpH HaJUYHU
HeonpeeJeHHOCTH B
KJIOYEBEIX fapaMeTpax

OLueHKa anbTEPHATUB-
HBIX CTpaTeruy JoBa

PacyeT BenmuuUYUHH BLHI-

JJoBa CBA3aHHBIX BUOOB

UccnenoBaHue AUHaMH-

K4 B3auMOAEHCTBHUHA
XHUI{HUK -RKepTBa

HU3yuyeHne 3amenerus
BHAOB B YJioBax

PocT 3KOHOMHYECKH
ONITHMEJIbHEIX YPOBHEH
BBUIOBA CBA3aHHHX
BHAORB

HeTepMHHHCTHYECKASA
runoreTyyeckas
UMUTALHOHHA A MO~
[fens, NOCTpoeHHasd
no BO3PacCTHLEM
floka3aTenaaM

CrtoxacTuyeckas
HMUTAL{MOHHAR MO-
nens '"Moure-Kap-
Jo'", fnocTpoeHHasd
10 BO3PaCTHHM MO-
KasaTenaMm

CroxacTuyeckass ry-
noTeTHyeckas MoO-
Jenb, TIIOCTpPOEHHasd
M0 BO3PaCTHLIM MO-
KasaTensaM, C B3KO-
HOMHYECKOH IOAIPO-
rpaMMoit

[lporHosupylmas Mo-
Jens BO3BpaTa K
NPEXHEMY COCTOSHHUIO

Tunortetuuveckasn
HMHTAI[HOHHAA
MoJneNb

TunoreTHyeckasn
HMHTaLHOHHA]
MofieN b

JIuneitHass nporpammMa
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SOME PRINCIPLES FOR FISHERIES REGULATION FROM AN ECOSYSTEM PERSPECTIVE

W.R. 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.

* % k% k k% &k X k&

QUELQUES PRINCIPES SUR LA REGLEMENTATION DE LA PECHE
DU POINT DE VUE DE L'ECOSYSTEME

W.K. de la Mare
{Australie)

Résumé

Le présent document examine quelques  principes
susceptibles d'étre considérés pour 1l'élaboration d'un
systéme de réglementation de la péche du point de vue de
l'écosystéme, conformément a la Convention pour la
Conservation de la Faune et la Flore Marines de
1'Antarctique. En vue d'élaborer une réqlementation, il
est important de définir des objectifs subsidiaires
offrant une interprétation scientifique plus stricte que
les grands principes de conservation stipulés par la
Convention. Un aspect important de ces objectifs
subsidiaires est qu'ils soient posés en termes de
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quantités pouvant étre estimées d'une maniere fiable,
permettant ainsi 1'évaluation du niveau de la
réalisation des objectifs. Les avantages d'une méthode
de réglementation par retour d'information sont
examinés. Cependant, du fait des deélais dans la
détection 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 1l'abondance d'un stock soit
évaluée préalablement a 1l'expansion importante

d'opérations de péche. La conception d'un systéme de
réglementation est une tdche complexe nécessitant une
analyse fonctionnelle. L'utilité d'études par
simulation des procédures possibles de gestion est
briévement examinée.

=<

ALGUNOS PRINCIPIOS PARA LA REGLAMENTACION DE LA PESCA
DESDE UNA PERSPECTIVA DEL ECOSISTEMA

W.K. de la Mare
(Australia)

Resumen

Este documento trata sobre algqunos de los principios a
ser considerados durante la elaboracién de una
estructura para la reglamentacién de la pesca desde una
perspectiva del ecosistema, de acuerdo con la Convencion
sobre la Conservacién de los Recursos Vivos Marinos
Antarticos. Una tarea importante en dicha elaboracidn
es obtener objetivos secundarios para la reglamentacidn,
que tengan una interpretacién cientifica mas exacta que
los amplios principios de conservacién establecidos en
la Convenciodn. Una condicidén importante 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 qué
grado se estan logrando dichos objetivos. Se plantean
las ventajas de utilizar un método en el que se aporten
datos sobre la reglamentacién. Sin embargo, debido a
los retrasos en detectar y corregir los errores en los
indices de explotacidén, es importante que los niveles
iniciales de explotacién sean eficazmente valederos.
Esto precisa que se obtengan con anticipacién los
calculos de abundancia de wuna reserva antes del
desarrollo considerable de la pesca. La preparacidn de
una estructura reguladora es una tarea compleja que
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implica el analisis de sistemas. ©Se debate brevemente
sobre la utilidad de los estudios de simulacro de los
posibles procedimientos de administracidn.

FE S I

HEKOTOPHE MNPWHUWUIE PETYJIMPOBAHUS [1POMBICJIIA
C 3KOCHCTEMHOs TOYKW 3PEHHA

V.K. pe na Map
(AscTpanus)

Pe3iome

B pokymMeHTe OOCYXQAIOTCA HEKOTOPHE MNPUHUUIIEH,
KOTOpHIE cCcJjiefiyeT NpHHUMATL BO BHHUMaHUe [IpHU
pa3paboTke OCHOB  PperyJiMpoBaHUsA  [poMeCciia C
3KOCHCTEMHOH TOYKH 3peHKsA, B COOTBETCTBUU C
KouBeHUNWel 0 cOXpaHEHHH MOPCKHX XHUBEIX pPecypcoB
AHTapkTHKH. Baxuo#t 3ajaveit Takod pa3paboTKy
ABNIAETCSHA BHISIBJIEHHE JOMOJIHUTET BHBIX nesnei
peryliypoBaHus, Yy KOTOpPHX OylneT ©GoJjiee XecTkas
Hay4yHas UHTeprnpeTalua, uYeM YHIOMHHamUecs B |
KouBeHUUY mMKpPOKHE MNPUHLMUIE COXPpaHEeHHA. BaxHBEM |
KayecTBOM, KOTOPEM JIOJDRHBI obnazars

HOIOJHUTEN bHEIE  LeJid, HABJAAeTcA TO, YTO' OHU

BHIPAXAIOTCSA KOJMYECTBEHHBIMU dakTOopaMy, KOTOPHE

MOTryT ORIT, 4YEeTKO oNnpefefleHn, TIMO3BOJAA TaKUM

06pa3oM ONpefeNIuTh CTeleHb IMPpUBIMIREHUA K ITHUM

ngenam. O6cyxpaloTcs npeuMyHleCcTBa peryJjupoBaHu#,

[MOCTPOEHHOr O Ha mMeToje o6paTHOroO oToKa

JOaHHBIX . OnHako BCHAE[ACTBUE 3afiepxrek B

OOHApYXKEHHH M MHCIOpaBJIEHUWH MNOrpemlHoCTEeH Npu

onpefieieHUH UHTEHCUBHOCTH 2KCIUIyaTallU¥ BaxHoO,

YyTOO6H KCXOIHBIE YPOBHHU IKCIIyaTaluuu ] 38) 871

NOTEHLKAJIBHO YCTORYUBEIMY . 3To norpebyeTr

MOJIYYEeHUs OLEeHOK YHCJIEeHHOCTH 3amnaca [0 Hayaja

CYmeCcTBEHHOro Ppa3BUTUA Inpomeiciia. PaspaboTka

OCHOB peryjiupoBaHusa - CJIOKRHAA 3ajgaya,

Tpebyoias HCIONb30BAHUA CHCTEMHOIo aHajiysa.

KpaTko oO6cyxpmaeTcsd InoJib3a H3Y4YeHUA Mojesei

BO3MOXHOWX METOAMKY YIpPaBJIEHUA.

¥ ¥ F X ¥ ¥ XX ¥ X
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SOME PRINCIPLES FOR FISHERIES REGULATION
FROM AN ECOSYSTEM PERSPECTIVE

INTRODUCTION

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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(¢) 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 6f 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

resourcese.

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
animals 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 knowleage nor the tools. 1In 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. 1In particular, there is
difficulty of interpreting article II 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 krill 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, 1986&). 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 concernm, a
population decline in salps might not be regarded in the same light as the
decline of a commercialyy 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; Pielou, 1981;
Rigler, 1982; Bender, Case and Gilpin, 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 (CCAMIR,
1986).

APPROACHES TO THE REGULATION OF FISHERIES

Following Walters 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 comservation 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. 1In 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'

(Walter, 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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Tt 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; Walters 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 compoﬁent 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 consefvation 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
of the stock was somewhat higher at xopt' Similarly; suppose that some

predator 1s to be maintained at a level above Ym and to have a desirable

in

level of Yopt' Thus the input to the system is Xopt
output is the observed values of X and Y. Feedback control would lead to

and Y , and its
opt

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 1s 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 that 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 approéch 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
énimals 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 pelagic fisheries such as krill 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-ares,
in a (perhaps randomly selected) proportion of which fishing could be as
intense as desired by the fishing industry; the unexploited 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 ffom 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 Hilborn
(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 adopfiqn by the

Commission.
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MANAGEMENT AND UNCERTAINTY : THE EXAMPLE OF SOUTH GEORGIA

J.A. Gulland
(U.K.)

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 any one 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 matterse.
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AMENAGEMENT ET INCERTITUDE: L'EXEMPLE DE LA GEORGIE DU SUD

J.A. Gulland
Royaume-Uni

Résumé

Les décisions relatives a l'aménagement de la péche sont
souvent prises dans un climat d'incertitude pour ce qui
est des avis scientifiques. Il est difficile de parer a
une telle incertitude méme si une recherche plus
approfondie devrait permettre d'en limiter 1'étendue.
Il serait utile de déterminer comment la CCAMLR
pourrait améliorer son aptitude a prendre des décisions
dans un climat d'incertitude. D'aprés les articles IX
2(f) et Xv 2(e,d) de 1la Convention de la CCAMLR, on
déduit qu'une comparaison entre Jles effets immédiats et
a long terme de toute mesure proposée et ceux de toute
autre mesure (y compris les effets de 1'inaction),
devrait permettre de formuler des directives selon
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lesquelles des avis qui - tiendraient compte de
1'incertitude pourraient étre donnés. Cette question a
été étudiée dans le cadre spécifique de la péche de
Notothenia rossii autour de la Géorgie du Sud, mais les
principes examinés pourraient également étre appliqués
aux autres problémes d'aménagement.

¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ XY

ADMINISTRACION E INCERTIDUMBRE: EL EJEMPLO DE GEORGIA DEL SUR

J.A. Gulland
(Reino Unido)

Resumen

Las decisiones sobre administracién de pesqueria son a
menudo hechas con cierto grado de incertidumbre en
términos de recomendaciones cientificas. Es poco
probable que dicha incertidumbre pueda ser evitada aun
cuando la investigacién adicional deberia reducirla.
Parece 1Util considerar maneras en gque CCRVMA puede
mejorar su capacidad de tomar decisiones frente a la
incertidumbre. A partir de un exdmen de los Articulos
IX 2(f) y XV 2(e,d) de la Convencién de CCRVMA se
desprende que una comparaciéon de los efectos inmediatos
y a largo plazo que resultan de cualquier medida
propuesta con aquellos de cualquier otra medida
(incluyendo los efectos de no tomar accién alguna),
podria proveer un procedimiento para proporcionar
recomendaciones que podrian ajustarse con la
incertidumbre. La cuestion esta dirigida
especificamente en términos de la pesca de Notothenia
rossii alrededor de Georgia del Sur, pero los principios
dnalizados pueden ser relevantes otros temas de
administracidn.
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VIIPABJIEHME ¥ HEOMPEJEJIEHHOCTb - INPUMEP IOKHO# T'EOPI'MH

Jor.A.Tanmaup
(CoenuneHHoe KoposeBcTBO)

Pesiome

PemeHus B o6iacTu YMNpaBJIEHWS MPOMBICJIOM YacToO
fenapTcs npu HaJIUUHH HEKOTOPOH
" HeoNnpeJeJIEHHOCTH B Hayy4HoO " 060CHOBAaHHBIX
NpenoXeHUAX. ITOH HeoNpefeNIEeHHOCTH BPAR JIH
MOXHO u3bexaTs, HecMOTPp#A Ha TO, 4yTO
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nocyeayuye HCCIefOBaHUsA HOJDKHB YMEHBUHTh €€
creneds. [lpefpcraBnsgeTcs MNOJIE3HEIMH PacCMOTPETH
nyTy YJHNYyYWIeHHss mpolecca NPHHATHA AHTKOM' oM
pewleHui#t NpPY HaJNU4YUM¥ Takoi HeomnpejeseHHOCTH. W3
uaydyenus Cratesr IX 2 (f) u XV 2 (e.d)
Kousenuyuu AHTKOM'a cunepyer, YTO CpaBHeHHUE
He3aMe[JUTeNbHOro ¥ [JOJrOoCPOYHOr0 Ppe3yJnbTaTOB
peficTBUA Kako#-;mu60 OJJHOH MepHl C  TaKOBHMY
moboil Apyroi Tako# Meps (BKJo4as pe3ynbTaT INpH
OTCYTCTBUHM KaKUX-JIUO60O [AeHCTBMH) MOXET IPpUBECTH

K CO3JlaHHO nopsaaka BHIPA6OTKHU TaKuX
NpEeANOXEHUH, KoTOopele OYAYT  YYHUTHIBATH  3TY
HeoNnpeJeJIEHHOCTb. dtoT BONpoOC CTaBUTCH

KOHKPETHO B IPUMEHEHHH K NpoMeiciy Notothenia
rossii B paiioHe [OkHo#t I'eopruyu, HO pa3oOpaHHBE
APUHLUMNM MOPYT oOKasaThCsg INPHUMEHUMBIMH K K
APYTUM BOINpoCaM yHpaBJIEeHUSA.
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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 afe more complex than the state of the
Notothenia stock e.g. the impact of krill 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



- 345 -

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 any one
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=0.11,
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=0.1)
could 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 apparentlybuniform 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 pericd 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 1ife span of 104 species of fish, mostly of temperate waters.
467% had maximum ages over 10 years and 197 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 recrultment 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 éntirely 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 rejeét

the hypothesis.

The 1oné 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 yéars 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. 1If 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=0.1 or 0.2, then the stock could sustain it, and recruitment
would remain at current levels. If average recrultment is 0.5 million
(i.e. the average of 1978 and 1979), and Y/R about 500 gms, this would give
sustained yilelds 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 accumﬁlation. 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 tabulétion 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 poséible, 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),mthe 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 analysils 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. 1In 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, 1f the stocks
are heavily fished and 1ong—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. 1In 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 likley 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 poésibly 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. 1In 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. Walters (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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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.
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PROPOSITIONS SOVIETIQUES POUR UN PROGRAMME DE CONTROLE DE
L'ECOSYSTEME DANS LA MER DU COMMONWEALTH ET LA BAIE DE PRYDZ

U.R.S.S.
" Résumeé

Les grandes lignes d'un programme international en
coopération au sein de la CCAMLR et portant sur le
contrdle de l'écosystéme dans la baie de Prydz ont été
proposées. Les éléments principaux du programme
consistent en des observations. d'espéces proies et
prédatrices, y compris les espéces indicatrices et
paramétres convenus ainsi que les conditions du milieu. |
Les études générales comprennent des examens |
hydrologiques et hydrochimiques ainsi que des |
observations sur le phytoplancton. Il est recommandé de i
normaliser toutes les études et techniques
d'échantillonnage et que toutes les activités relatives
a la recherche soient coordonnées par les membres de la
CCAMLR y participant. L'ensemble du programme devrait
étre coordonné et supervisé par le Comité 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 PRY¥DZ

U.R.S.5.

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 1incluyendo especies 1indicadoras vy
parametros, asi como también condiciones ambientales.
Los estudios de base incluyen prospecciones hidroldgicas
e hidroquimicas, asi como también observaciones del
fitoplancton. Se recomienda que todas las prospecciones
y técnicas de muestreo deberian ser estandardizadas y
que todas las actividades de investigacion deberian ser
coordinadas por Miembros participantes de CCRVMA. El
programa total deberia ser coordinado y supervisado por
el Comité Cientifico de CCRVMA.
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NPEJJIOXEHMS COBETCKOI'O COIO3A 10 [MPOI'PAMME MOHMTOPUHI'A 3KOCHUCTEME
B MOPE COAPYXECTBA ¥ 3AJMBE IPIO/C

CCCP
Pesome

llpensiaraercs obua s HaMeTKa COBMECTHOM
‘MeXAYHapoO/JHOH [fporpammel AHTKOM!'a no
MOHHTOPHUHIY B3KOCHUCTeMs B pajioHe 3asusa llpiogc.
OcCHOBHBIMY COC TaBJSAIOMUMY 3TOH MpoTI paMMel
ABNSIOTCA  HabJlogeHue  Ha[  BHAAMHU-XEePTBaAMH U
BUIAMU - XHUIHUKAMY , BKJOYas  BbIZEJIEHHBIE  BHABI-
HHAMKATOPH ¥ mapaMeTpel, a Takxe HabJIofeHue 3a

COCTOSAHUEM  OKpYXawmei  cpefsl. B  nporpammy
npefiBapUTES bHBIX HcclegoBaHUM BXOOAT
ruiposioryyeckue ¥ TIHAPOXUMHYECKHE CHEMKH, a
Takxe HaGJIole HU A Haf dUTONMITAHKTOHOM.

PexomengyeTcss, uTOOH BCE CBEMKH U TEeXHHKa
B3ATHA npod ObNIY CTAHKAPTH3OBAHH U YTOOBI BCHA
ucciaenpoBaTenbcKkas AeATeJIBHOCTD 6rlna
CKoOpAUHUpPOBaHa yvacTBylomumu uienHamuy AHTKOM'a.
Bcsa nporpamma B LeJIOM JAOJDKHA KOOPAMHHPOBATHLCSHA
U MPOBOAUTHCHA noxg HabNgeHUEM Hayusoro
komuTetra 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 concermns

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

uideline for integrating members' efforts. It therefore seems expedient
g g g P

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

l.

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. superba production is

the basis for the functioning of the ecosystem.

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).

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.




- 358 -

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 monitbring) H
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-III/INF.1ll), 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, etec). 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 (NHA) 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 Cl4 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 wWere

selected as prey species to be monitored in the Commonwealth Sea ecosystem.

It should, however, be borme 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 abundaﬁce 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. 1In 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
559 - 850E, 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°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
lo, while that between stations should not exceed 0.5°. 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.SQA.)

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%Z 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 Nationmal Oceanic and Atmospheric
Administration (NOAA) will develop and implement the
AMIR 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 and 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 U.S. Department of Commerce in January, 1986.

Original report in English.

% % % h kX K% X %

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, Ministére américain du Commerce
(ETATS-UNIS)

Résumé

Le Programme Américain de la Faune et la Flore
Marines de 1l'Antarctique (AMLR) est un programme
national destiné a fournir les informations
nécessaires & la ligne de conduite américaine
concernant la conservation et 1'aménagement des
ressources marines vivantes dans les zones océaniques
entourant 1l'Antarctique. Le programme soutient la
participation américaine aux travaux de la Commission
et du Comité Scientifique de la Convention sur la
Conservation de la Faune et la Flore Marines de
1'Antarctique (CCAMLR), responsable de
l1'établissement du systeéme d'aménagement des
ressources vivantes de 1l'écosystéme antarctique pari
le biais de la coopération internationale. La '
participation américaine a pour but de réaliser
l'objectif de la Convention en ce qui concerne la
conservation des ressources marines vivantes de
1'Antarctique.

La loi de 1984 traitant de la Convention sur la
Conservation de la Faune et la Flore Marines de
1'Antarctique (P.L. 98-623) a été signée par le
Président Reagan le 8 novembre 1984 faisant entrer en
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viqueur les articles de la CCAMLR pour les
Etats-Unis. Le Congrés a estimé que des programmes
de recherche fondamentale et dirigée concernant les
ressources marines vivantes de l'Antarctique étaient
essentiels a la réalisation 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 Secretaire d'Etat et
les responsables des autres ministéres et
organisations appropriés des Etats-Unis, continuera a

offrir son soutien aux études de recherche .

fondamentale sur 1'écosystéme marin de 1l'Antarctique
dans le cadre du Programme Antarctique des Etats-Unis;
(B) Le Ministre chargé du Commerce, en consultation
avec le Directeur de la Fondation Nationale de la
Science, le Secrétaire d'Etat et les responsables
d'autres organisations fédérales appropriées,
concevront et dirigeront un programme de recherche

scientifique dirigée en coordination avec le

Programme Antarctique des Etats-Unis".

Le programme américain de recherche dirigée est défini par
ce plan de développement du programme.

La présence de grandes flottes de péche a déja contribué 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
été réduits a 10% de leurs leurs niveaux originaux. Le
repeuplement des stocks de baleines décimés est en partie
fonction de la présence continue de krill sur les lieux

riches en nourriture de l'océan Austral.

En collaboration avec les agences gouvernementales et le

secteur privé, le Service National de Péche Maritime
(NMFS) de 1'Administration Nationale Océanique et
Atmosphérique (NOAR) développera et mettra en viqueur. le
Programme AMLR qui met l'accent sur la recherche dirigée
entreprise dans le but précis de permettre la conservation
des ressources marines vivantes de 1'écosystéme

antarctique, objectif principal de la CCAMLR. Le .

Programme AMLR représente une contribution américaine aux !
efforts internationaux de recherche en commun prévus et

1

entrepris par les pays membres de la CCAMLR en soutien aux '

objectifs de la Convention.

Le Programme AMLR américain est congu de maniére a
apporter un complément au Programme américain de la
Recherche en Antarctique (USARP) de recherche fondamentale
géré par la Fondation Nationale de la Science (NSF), et a
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pour but d'assurer la productivité optimale de la totalité
des efforts scientifiques américains en Antarctique par la
collaboration étroite entre les deux programmes sur le
plan des projets de travaux et des travaux en commun, le
cas échéant.

L'objectif principal du programme de recherche dirigée des
Etats-Unis est de fournir les informations nécessaires a
la détection, au contrdle et a la prédiction des effets de
la ‘péche et des activités associées sur les espéces
cibles, dépendantes et voisines et sur les populations des
ressources marines vivantes de l'Antarctique ainsi que sur
l'écosystéme/les écosystémes dont 1ils font partie. Les
études menées en soutien aux objectifs du programme AMLR
comprennent: (1) des évaluations des données de prise et
d'effort et des données biologiques s'y rapportant pour
déterminer et contrdler les effets de la péche a la fois
sur les espéces cibles et sur les espéces constituant la
prise secondaire lors des opérations commerciales de
péche; (2) des études biologiques pour confirmer ‘la
fiabilité des données biologiques et de prise et d'effort
fournies par les pays engagés dans des activités
commerciales de péche dans la zone de la Convention et
pour évaluer l'efficacité des mesures de conservation
mises en oeuvre ou prévues par la Commission pour la
Conservation de la Faune et la Flore Marines de
1'Antarctique; (3) des études de base et des
échantillonnages périodiques pour détecter et contrdler la
variation naturelle et 1les changements éventuels causés
par la péche dans les eléments clés de 1'écosystéme marin
de 1'Antarctique, y compris le plancton, le krill, les
poissons, les phoques, les baleines, les calmars et les
oiseaux de mer; et (4) la préparation et la mise en oeuvre
de programmes multinationaux coordonnés de recherche et
d'expériences destinés & tester et développer des
techniques d'étude standard, approfondir les connaissances
sur la structure et la dynamique de l'écosystéme marin de
1'Antarctique, et vérifier les hypothéses concernant les
effets directs et indirects des différents niveaux et
stratégies de péche.

Il est question, dans le cadre du Programme AMLR,
d'affréter un navire de recherche capable de d'opérer dans
les eaux de l'Antarctique pendant une péricde de 180 jours
chaque année.

Note : Le texte intégral de ce document a été publié sous le titre
: ci-dessus par le Ministére américain 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 Antéarticos
de los Estados Unidos (AMLR) es un programa nacional
que proporciona informacién para la politica de los
Estados Unidos c¢on respecto a la conservacién y
administracién de los recursos vivos marinos
antarticos en las a&reas oceanicas que rodean la
Antartida. Este programa respalda la participacidn
de los Estados Unidos en la Comisién y el Comité
Cientifico de la Convencidén para la Conservacion de
los Recursos Vivos Marinos Antarticos (CCRVMA), que
estableciera el sistema para la administracidn de los
recursos vivos del ecosistema antartico por medio de
la cooperacién internacional. La participacién de
los Estados Unidos tiene por objeto la realizacidn de
los objetivos de la Convencidén con respecto a la
conservacidén de los recursos vivos marinos Antarticos.

El Acta de 1984, P.L. 98-623, de la Convencion de los
Recursos Vivos Marinos Antarticos, fue decretada ley
por el Presidente Reagan el 8 de noviembre de 1984,
implementando la CCRVMA para los Estados Unidos. El
Congreso considerd 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

implementacidn efectiva de los objetivos de CCRVMA.

La Seccidén 312 del Acta indica, entre otras cosas,
que:

"(A) El Director de la Fundacidén Nacional de
Ciencias (National Science Foundation), en
consulta con el Secretario de Estado y 1los
directivos de otros departamentos y agencias
competentes de los Estados Unidos, continuaran
respaldando las operaciones de investigacién
basica del ecosistema marino de la Antéartida
como parte del Programa Antartico de los Estados
Unidos;

{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, disenaran

y conduciran un programa de investigacidn
cientifica dirigida, en coordinacién con el
Programa Antartico de los Estados Unidos."
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El Programa de investigqacidn 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 explotacién de las
reservas de peces antarticos. 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 alimentaciodn del Océano Austral.

El Servicio Nacional de Pesca Marina (NMFS) de 1la
Administracién Nacional Océanico-Atmosférica (NOAA),
en cooperacién con otras agencias gubernamentales y
el sector privado, desarrollara e implementara el
Programa AMLR, que resalta la investigacién dirigida
emprendida con el propdsito especifico de proveer
para la conservacion de los recursos vivos marinos
del Ecosistema Antartico, 1la meta primordial de
CCRVMA. El Programa AMLR viene a ser la contribucidn
de los Estados Unidos en los esfuerzos
internacionales conjuntos de investigacidon que se
estan planeando y 1llevando a cabo por los paises
miembros de la CCRVMA, respaldando a los objetivos de
la Convenciédn.

El Programa AMLR de los Estados Unidos esta disenado
para complementar el Programa de Investigaciodn
Antartica de los Estados Unidos (USARP) de
investigacion basica, administrado por la Fundacién
Nacional de Ciencias (NSAF), con el objetivo de
elevar al maximo la productividad del esfuerzo
cientifico total de los Estados Unidos en la
Antartida, por medio de una estrecha coordinacidén en
el planeamiento y del trabajo cooperativo entre los
dos programas.

El objetivo principal del programa de investigacidn
dirigida de los Estados Unidos es proporcionar la
informacién 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 Antarticos, asi como también 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 bioldgicos relacionados para determinar y
controlar los efectos de la pesca en tanto las
especies objetivo como a las especies que son
capturadas por accidente durante las operaciones de
pesca comercial; (2) las prospecciones bioldgicas
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para confirmar la fiabilidad de 1la captura, esfuerzo
y datos bioldgicos afines proporcionados por los
paises que se dedican a las operaciones comerciales
en el Area de la Convencién y para evaluar la
efectividad de las medidas de conservacidn aprobadas
o consideradas por la Comisién para la Conservaciodn
de los Recursos Vivos Marinos Antarticos; (3)
prospecciones de base y muestreos periddicos para
detectar y controlar la variacién natural y los
posibles cambios causados por la recoleccidén en los
componentes claves del ecosistema marino Antartico,
incluidos el plancton, krill, peces, focas, ballenas,
calamar, y aves marinas; y (4) el planeamiento e
implementacidén de los programas Yy experimentos
multinacionales coordinados de investigacién para
examinar y desarrollar técnicas de prospeccidn
normales, mejorar el conocimiento de la estructura y
dinadmica del ecosistema marino antértico, y para
examinar la hipdtesis con relacidn a los efectos
directos e indirectos de los distintos niveles vy
estrategias de recoleccidn.

La resena del Programa AMLR en este informe planea la
contratacién de una embarcacién dedicada a la
investiqacidén con la capacidad de operar en las aguas
antarticas por un periodo de 180 dias cada ano.

Nota : El texto completo de este documento fue publicado bajo el
titulo susodicho por el Departamento de Comercio de los
EE.UU. en enero de 1986.

Informe original en inglés.
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LEJIEHATIPABJIEHHHE WCCJIEZOBAHMSA. MOPCKHWE XUBHE PECYPCH
AHTAPKTHKM (AMLR). [JAH PA3PABOTKU IMPOTPAMMH.

VrnpaBJjieHHe MO0 BONPOCAM HayYK{ ¥ TEXHOJIOTruH,
NMFS, NOAA, Muuucrtepcrso Toprosayu CIIA

(CHA)
Pesome
Mporpamma CIHA no  Bompocy MOPCKHUX  XRUBBIX
pecypcos AHTapkTukud  (AMLR) -  HayuoHalbHad
nporpamma, npefocTaBJAIa A HEOO6XOAUMYIO |

wadopmanuo Juis  pa3paboTku monuTuku CIA B
obJlacTy¥  CcoXpaHeHWs M  yNpaBJIEHUS  MOPCKHUMU
XUBLIMM pecypcaMM B CONpPefeJibHEIX ¢ AHTapKTHAOH
aKBaTOpUAX. 3JTa nporpamMmMa Takke HanpaBjeHa Ha
o6ecneuenue yyactusa CIHA B pabore Komuccuu ¢
Hayuy#oro komuTeTa - opraHoB KoHBeHunu o
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COXPAaHEHUH MOPCKHX IKHBBIX PpEeCcyYpcoB AHTapKTUKH
(CCAMLR), co3jlaBluei nyTeM MeXZYHapogHOI'O
COTpPYZHHYECTBA cUcTeMy ynpaBJIeHU A XU BHIMU
pecypcamu 3KocucTembl AHTapKTHkK. Yyactue CIHA
HanpaBJIEeHO Ha npoBefleHKe B XHU3Hb - Heny
KouseHuuu, UMEIomeR  OTHOWEeHHe K  cOXpaHeHHio
MOPCKHX XHUBBIX pecypCoB AHTapKTHUKHU.

3akoH 1984 r. o KoHBeHUMH OO MOPCKHM XHBLEIM
pecypcam AHTAapKTHKH, P.L. 98-623, (6134}
nopnucad npesupeHToM PefiraHoM M BCTYNHI B
peicreue 8 Hoabps 1984 r., ob6a3piBad, TakuM
ob6pazom, CoepuHennble lltaTel BHEIMOJHATE I[IOJIOKEHMSA
Kousenuuu. KoHrpecc npumesn K  BBIBOAY, UTO
IIpOTI paMMsl LeJieHanpaBJIe HHbIX " OCHOBHBIX
HCCIIe[JOBAHUI, Kacapimuecs MOPCKHUX RKUBBIX
pecypcoB AHTapKTHKH, HeOOXOAUMHB AJAS LOCTHREHHUS
geru CHA - s>dbexTHBHOro BHIIOMHEHUA 3ajay,
nocraBjaeHHBIX KoHBeHUHeH.

Cratba 312 3akoHa npefnyceBaeT, TOMMMO
NPOYEro, YTO :

“(A) JlupexkTop HauuoHayibHOI'c HAYYHOTrO
doHpia B KOHCYJIbTAl KU c
rocyflapcTBEHHLHM CeKpeTapeM M rJjlaBaMy
APYIMX 3aUHTEepPEeCOBaHHHIX MUHHCTEDCTSB
U YUYpeRAEeHUH CoenMHEHHEIX lltaTos

JIOJDREH MPpOAOJIRATb OKa3bBaThH
NONAEPKKY BXOAAmMEed B AHTAPKTHYECKYIO
NMporpaMMy CoeiHEe HHBIX litaTos
OCHOBHOH Hay4YHO-UCCJIeOBaTEeJIbCKOH
patore mno H3YYEHHIO MOPCKOM

3KoCHUCTEeMb AHTAPKTHKH;

(B) MuHHCTpP TOProBJIM B KOHCYJNbTaUUHU
¢ pupekTopoM HalpuoHallbHOI'O Hay4YHOI'O
doHga, TrocynapcTBeHHBM CeKpeTapeM H
rjiaBaMu ApPYyrux 3aUHTEpEeCOBaHHEIX
de e pas bHEIX YYpexAeHHH JOJDREH
pa3paboTaTh 4  HPOBECTH  Nporpammy
HeneHanpapAeHHBIX Hay YHBIX
uccaepoBaHui, corJtacoBaHHKIX c
AHTapkTHyeckoi# nporpammoi CIIA'".

lporpaMMa IleJleHanpaBieHHbXx Hccaeposauui  CHA
obycnaBnuaeTcsa craegyiomum [lmaHom  pa3paboTKH
nporpamMmet.

lpucyTcTBUE KPYMHBIX PHGONOBHEIX GIOTUNKHA YyXKe
BHI3BAJIO Yype 3IMEePHYIO 3KCIIyaTaluio 3anacos
aHTapkTu4yeckux pei6. Ilpepnomaraetcs, 4Yto 3a 50
net, wmexay 1930 u 1980 rr., nomyJsauguu CHHUX
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KHTOB, <¢HUHBAJNOB, Cei#BaJoB U KUTOB-ropbauey
COKPaATHIIUCH ao 10% HUX NnepBOHaYajibHO#
yycJeHHocTH. BoccTaHOBIEeHHEe HCTONEHHBIX 3aracos
KHTOB 3aBUCHUT YacCTHYHO oT npopoJnRaKieic a
JNOCTYNHOCTH KpuJsg B 6oraThix NHTaHUeM pafioHax
IOkHOrO OKeaHa.

HanmoHasnpHas chyx6a MOPCKOIo fMpomeicia (NMFS)
HayuoHanmbHOTO YynpaBJieHUA MO OKeaHy U aTMocdepe

(NOAA) B COTpPYAHUHUECTBE c OPY'UMU
IpaBHUTENbCTBEHHLMY YUYPEX[AEeHUSAMU, a Takxe C
YaC THHIM CEKTOpOM, paspaboTaeT U BHEPUT
[Iporpammy AMLR, Aenaniyo yrop Ha

HeJieHanpaBJieHHble HCCJIeOBaHUA, NpeflpUHUMaeMbe
crneyuanbHO ¢ uUenrio obecrneyeHud dPpeKTHBHOTIO
COXPpAaHEeHUsd MOPCKUX IXHUBHIX pecypCoOB 3KOCUCTEMH
AHTApPKTHKH, YTO U ABJAAETCS OCHOBHOH 3ajayeii
Kousenuuu. Ilporpamma AMLR 3ajyMaHa KaK BKJafg
CIIA B mnpoBefl€HHE COBMECTHBIX MEXAYHapPOAHBIX.
nporpaMM HCCJIeOBaHUK, KOTOpbE IMJAHUPYIOTCA H
NpOBOAATCA CTpaHaMHU-4JieHaMH AHTKOM' a B
nognepxky ueneid KounseHuuu.

[Mporpamma AMLR ClIA cocTaBJyieHa TakuM ob6pa3om,
yToGbl  JONOJIHATHL OCHOBHbe pabote [lporpammer
AHTApKTUYECKUX uccneposanun  CHIA (USARP),
npoBofsaumedcs nox PpykosoacTBoM HalnuMoHanmsHOro
Hay4dyHoro doHzaa (NSF) c [eJIbl0  U3BJEYEHUS
MaKCUMaJlbHON [MOJIB3K OT BHNONMHAeMblX CIIA HayuHbIX
pa6oT B AHTapKTHKe MNyTeM 4YeTKOH KOOPAMHALUU B
NJIAaHUPOBAHUK ¥  COTPYAHHUECTBA MeXAy  JABYyM#A
nporpaMMamMd, rjge »To Ileliecoobpa3sHo.

OcHoBHO#  Hesbio [porpamMmbl LeJieHanpaBJIe HHBIX
HCCJIeAOBAaHHH CoeguHEHHBIX litaTos ABIAETCH
obecrneyeHue wHpopMaLMHu, HeobXoAUMO# nnsa

o6HapyXeHHusd, MOHUTOPHHIA U NpeABHYKCIIEHU A
BO3JI€HCTBUA NNpOMBICHT 2 " CBSI3aHHOH c HHUM
NeATEeNbHOCTH Ha 006 BEKTHI JloBa, a TaKXe
3aBUCANKE OT HUX U CBSI3aHHBlE C HUMK BHUAB U
nonynsauuu, BXOAAHME B COCTAB MOPCKHUX IKUBBIX
pecypcoB AHTapKTHKH ¥ SBJSIOIHUECHd YacThO ee
3KOCHCTEMH. Pa6oTH, npoBoasmuecs nas
BHIOJIHEHUSA LeJjied nporpaMMel AMLR, BKJIOYAOT:

(1) oueHKY QaHHBIX MO YJOBY H YCHJI4AM, a TaKke
CBA3aHHBIX C HHUMU OHOJIOrHYECKHUX HAHHBIX, C LEJIbIo
onpefieJIeHHsT XU MOHUTOPHUHra BO3[EHCTBHA [POMEICI]A
Kak Ha o06bBbeKTHl JioBRa, TaK W Ha BUMAH, BXoAfAmUe B
COCTaB [MpHJIOBA MpH [MPOBEJIEHUU KOMMEPYECKHX
NPOMBICHIOBRX ornepanui; (2) OHosorvyeckume ChLEMKHU
JJs  TOATBEPXIAEHUA  JOCTOBEPHOCTH  JAAHHBIX MO
yJOBY M YCUJIHAM, a TakKXe CBA3aHHRIX C HHUMU
6GHOJIOTYYECKUX JaHHBIX, NPe[CTaBJIfE€MbIX CTpaHaMy,
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KOTOpPHE MPOBOJAT KOMMepYyecKue olepaluu B 30HE

AeRCcTBHUA KouBeHuuu, u it &34 onpejelieHU R
3¢pPeKTUBHOCTH Mep IO COXPAHEHWI0, BBEJICHHBIX WY
paccMaTpyUBaEeMbIX Komuccuest no COXpPaHEHHIO

MOPCKMX XHUBEIX pecypcoB AHTapkTHku; (3) cbeMKH
Jnsi  c6opa OCHOBHBIX [JaHHeRIX U NepUofUvYecKoe
B3sgTHe Inpob6 C nHeNkbo OOHApPYXREHHA ¥ MOHHTOPHHTra
€CTEeCTBEHHOH W3MEHYUBOCTH H B O 3MOXKHBIX
W3MEeHeHUH, BhI3LIBAEMBIX [POMBICJIOM, B  KJIOYEBHIX
KOMIIOHEHTaX  MOPCKO#  3KkocucTeMbl AHTAPKTHKH,
BKJIOYAs MJAaHKTOH, Kpuib, PpHO, TIONEHeHl, KHUTOB,
KajlbMapoB M MoOpckux nTHi; 4 (4) ruiaHupoBaHue H

BHITOJIHEHUE CKOOPAMHHUPOBAHHBIX .  MEXAYHapOJHHX
nporpamm ycclie[oBaHui u 3KCIIEpPUMEHTOB ,
HaleJie HHLIX Ha NpoBEpKYy u pa3paboTKy
CTaHNapTHOFO MeToAa [IpOBEJIEHUST CBHEMOK,

pacumypeHye 3HaHMA O CTPYKTYpe ¥  [AMHaAMUKeE
MOPCKO# 3KOCHCTEMB  AHTapKTHKY u [IpOBEDPKY
FUNOTE3 OTHOCHTEJNIBHO NpAMOI'o ¥  KOCBEHHOI'O.
BO3JIefiCTBHUA pa3JIMUHRX YPOBHEH M CTpaTerui Jiosa.

OnucaHHaA B 3TOM oT4yeTe lporpamma  AMLR

npejnojyiaraeT dpaxToBaHue HaY4YHO -
HcclefoBaTEeNbCKOr0 CyJHa, KOTOpPOE€ 3aHWMaJIoCh
68l UCKJIIIOYHUTEJI bHO HCCJIeJOBaHUAMHU no 3TOWH

nporpamMmMe ¥ 6pt0 O crnocobGHO ofepHpoBaTh B
Bofgax AHTapKTHKH exerofgHo B TeudeHue 180 gnHedn.

Mlpumeyanue: [lonHB TEKCT HacToAWEero AOKyMeHTa 6bl1 ONMYOGJIMKOBAH NOJ
BhIIEYKAa3aHHLIM  3arojiloBkoM MHHHCTEpPCTBOM TOPrOBJH CliA

B sHBape 1986 r.

OpuTruHan : AHPJIHUCKHUH
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