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1. Introduction

This manual details the essential elements of successful assessment and management
approaches of relevance to the Caspian Sea. It aims to be generic, but provides relevant examples
for the Caspian Sea where possible. For those already familiar with Caspian Sea data gathering,
assessment and management approaches, this manual should be used as an aide mémoire. For
those unfamiliar, this manual provides the basics of best practice approaches. Given the limited
space available this document does not aim to be exhaustive, but readers should refer to the
additional reading listed at the end of many of the sections for further information. Many of these
references can be obtained on-line. An alternative potential source is the FAO in Rome.

The assessment and management of stocks in the Caspian Sea faces a number of unique
challenges. Damming of rivers and resultant losses of spawning grounds, fluctuations in sea
level, high fishing pressure, pollution and ecosystem changes have all adversely affected fish
stocks, in particular Caspian sturgeon (Acipenser spp. and Huso huso; Khodorevskaya and
Novikova, 1997; Khodorevskaya et al., 2002; Kizina, 2003; Sutton et al., 2005; Karayev, 2006).
The anadromous nature of Caspian sturgeon further complicates its management, widening the
geographic areas of concern beyond the Caspian Sea itself, out to the catchment areas of the
river basins. However, readers should note that this manual does not concentrate on sturgeon
alone. Management must also cope with a range of fishing activities on a number of species,
from offshore (commercial style) ventures to inshore and riverine artisanal fishing important
for local communities. The data from these sources are variable in quality and coverage.
Management is therefore operating under considerable uncertainty.

This manual aims to provide the reader with an understanding of best practice in data collection,
and how to ensure that the data are representative of the entire population (section 2). These
themes are repeated throughout the manual, but readers should refer to that section initially.
Best practice within assessment approaches appropriate for Caspian Sea stocks are detailed
in section 3, which concentrates on the use of trawl and acoustic surveys to obtain a relative
index of species abundance. Other methods of assessing stocks are also discussed, as well
as methods to cope with uncertainty in the estimates of total removals from the stock. Finally,
section 4 presents best practice for sustainable management and stock recovery within the
framework of the Precautionary Approach.

Details of appropriate statistical methods within the areas of interest are presented. To assist
understanding, readers are urged to refer to texts on biostatistics, including “Biometry” by
Sokal and Rohlf (1995) that contains both the theory behind approaches and useful examples
of their use on data, “Sampling Techniques” by Cochran (1977), and “Sampling” by Thompson
(1992). The book of Hart and Reynolds (2002) also provides an excellent manual for fish stock
assessment.



1. BBenenue

B mpenmnaraemoii myOnuKanuy M3JI0KEHBI OCHOBHBIE AJIEMEHTBI XOPOIIO 3apEKOMEHAOBABIIUX ceOs B
MHUPOBOH TNPAKTUKE MOAXOO0B K OIIEHKE M YIPABICHHUIO 3ariacaMy POMBICIOBBIX BHIOB pbIO. [TyOnukaus
HOCHUT OOILCO3HAKOMHTENbHBIA XapaKTep, OJAHAKO B HEKOTOPBIX €€ pasiesiax NPUBOAATCS IPUMEPHI,
HMMEIOIUE HETOCPEACTBEHHOE OTHOIICHHWE K M3YYEHHIO BOTHBIX OunopecypcoB Kacmus. CrienuaiucTsl,
3HAaKOMbIE ¢ IpUMeHseMbIMH Ha Kacrum moaxomamu K cOOpy JaHHBIX, OIICHKE 3allacoB M YIPABICHHIO
MIPOMBICIIOM, MOTYT MCIIOJIb30BaTh MpeiaraeMyto padboTy B KauecTBE CpaBouyHOro nocobus. Jliust Mmenee
MOATOTOBJICHHBIX YUTaTeNel OymLyT MpeacTaBiIsITh HHTEPEC U3IOKEHHBIE B Pa0OTe OCHOBBI COBPEMEHHOMN
MPAaKTUKU CBIPHEBBIX PBIOOXO3IHCTBEHHBIX HccieqoBaHul. OrpaHndyeHHBIH 00beM IyONUKanuu He
MO3BOJIMJI TIPE/ICTABUTh HA €€ CTPAHUIaX BeCh METOANYECKHI apCeHal COBPEMEHHOH PhIO0X03HCTBEHHON
HayK{, MOITOMY JJI YHUTaTeNell B KOHIIE MHOTHX pa3JeioB MPUBOJATCS CCHUIKM Ha JIOTOJHUTENBHYIO
auTepatypy. MHOTHE U3 pEKOMEHAYEMbIX pPa0OT MOTYT OBITh ONy4YeHbl Yepe3 MHTepHeT. ATbTepHATUBHBIM
HMCTOYHHUKOM CHeIMalIbHON nuTeparypsl siBisercas DAO.

Onenka W ympaBieHue 3amacamu pbl0 Kacnmiickoro Mopsi CONpSsDKEHBI € PsiIOM  CHenu(UYeCKuX
TpynHocTel. HeratnBHoe Bo3zieiicTBIE Ha 3amachkl, 0COOCHHO 3amachl KaCUICKUX 0ceTpoBbIX (Acipenser
spp. u Huso huso; Xonopesckas u Hosukosa, 1997; Xomopesckas u np., 2002; Kuszuna, 2003; Sutton et
al., 2005; Karayev, 2006, cM. mpuiioxXeHHe 1 paszes 7), oka3ajio 3aperyJupoBaHUe PeK U BBI3BAHHOE UM
COKpaIlleHHE TUIOLIaId HEPECTUIINI, a TaKKe KoJeOaHHsI YPOBHS MOpSI, YpEe3MEPHBIN MPEcc MPOMBICIA,
3arpsi3HEHHE BOJHOW cpelsl M M3MEHeHMs: B dkocucteme Kacmus. AHagpoMHas mpupoja OCETPOBBIX
BHOCHT JIOTIOJTHUTEJIbHBIE CJIOKHOCTH B YIIPABJICHUE X 3aIIacaMH, IIOCKOJIbKY apean THX BUIOB BHIXOAUT
3a mpenensl Kacnuiickoro Mops U pacipocTpaHseTcsi Ha pailoHbl BogocOopa B OacceiiHax BMaAaloOLIUX
B Hero pek. Yurarenb, OHAKO, JOIDKEH 3aMETUTh, YTO B JIAHHOHM MyOIUKAalUU 3aTPOHYTHI MPOOIEMbI HE
TOJIBKO OCETPOBBIX BUJIOB PHIO. YIpaBlieHHE JOKHO PACIPOCTPAHATHCS U Ha JPyrue 0OBEKThl MOPCKOTO
(TIPOMBINIJICHHOTO), a TaKKe MPUOPEKHOTO M PEYHOTO PHIOOIOBCTBA, MMEIOMIMX BaKHOE 3HAUYCHHE JUIS
MECTHOTO HacelleHHs. JlaHHbIe, ToTy4YaeMble C 3TUX IPOMBICIIOB, aJIEKO HE BCET/a OTIINYAIOTCS KaueCTBOM
U TIOJHOTOM, MO3TOMY yIpaBiieHHE PbIO0TOBCTBOM Ha KacmuiickoM Mope OCyIIECTBISIETCS B YCIOBHAX
3HAUYUTETIHHON HEONPEAEICHHOCTH.

I'maBHas Ocib M0COOHUS — O3HAKOMUTE YHUTATENS C COBPEMCHHBIMU MCTOAAMU c6opa JaHHBIX U C TEM, KaK
):[O6I/ITI:C}1, 4TOOBI ATU JaHHBbIC ObLIH PeOpPEC3CHTATUBHBIMU JIS1 BCeit H3y‘laeMOI>i NnomyJsanuu. Paznuunbie
ACIEKTHI ATOM TEMaTUKH BCTPCUAIOTCA BO BCEX pasaciiax JTaHHOM Hy6J'H/IKaIII/II/I, OJHAaKO Ha4YaThb UX U3YyUYCHUC
CJICAYCT C pasaciia 2. COBpeMGHHaH opraHu3anus pa60T B o0macTu OILICHKH 3aI1acoB, MpUMCHHUMAA I
MPOMBICIIOBBIX pI:I6 KaCHI/Iﬂ, HOL[pO6HO OIIKMCaHa B pa3ejic 3, B KOTOPOM JCJIACTCs YIIOP Ha UCITIOJIb30BaAHUN
TpaJ’IOBOI‘/'I n aKYCTHQCCKOﬁ CbCMKHU I TOJYUYCHUSA OTHOCUTCIIBHBIX HWHJACKCOB YHUCJICHHOCTHU 3aliaca.
O6cy>i<z[a}0Tc>1 " Apyruc METOAbl OLICHKHU 3artaca, a TaKxe CIIOCOOKI yueTa HCONPCACICHHOCTHU IMPU OLICHKE
BbLIIOBA. I/L HAKOHCII, B pa3acic 4 npeaACTaBJICHBI COBPEMCHHBIC METO/bL YCTOﬁqHBOFO yOpaBJICHUA U
BOCCTAaHOBJICHHA 3al1aCOB, OCHOBAHHBIC HA MMPUHIHUIIAX MMPEIOCTOPOKHOI0O Moaxoaa.

B mocobum mocratouHo MOAPOOHO OMHUCAHBI CTAaTUCTHYECKHE METOIbl, HALICAIINEC MPUMEHEHUE B
paMKax paccMarpuBaeMol TeMaTHKH. UToObI 00leryuTh yCBOGHHE Marepuana, YNTaTelio MpeaiaracTcs
00paTuThCs K yueOHMKaM Mo OuocTaTtucTuke, Bkitoyas «buomerputo» Cokana u Ponda (Sokal and Rohlf,
1995), B KOTOpOIi N3JIOKEHA TEOPHS PA3TUYHBIX MTOJXOA0B U MIPUBOIATCS IPUMEPHI UX HCIIONb30BaHUs Ha
peanbHBIX AaHHBIX; «Bbi0opounsie metoab» Koxpana (Cochran, 1977) u «Bribopounoe obcnenoBanue»
Tomcona (Thompson, 1992). XopomuimM pyKoBOICTBOM IO OILICHKE 3aI1acOB SIBJISIETCS TAK)KEe KHUTa XapTra u
Peitnonzca (Hart and Reynolds, 2002).



2. Data collection

Data collection for fisheries assessment and management can be carried out in a number of
ways, including surveys (sections 2.3 and 2.4), which have been used for sturgeon species and
kilka in the Caspian Sea, and by sampling catches (section 2.1). Basic sampling theory holds for
all data-collection approaches.

2.1 Sampling catches, effort, CPUE and size

In principle, there are two data collection methods: complete enumeration, and sampling. For
estimating the total annual catch, complete enumeration would be ideal, but it is far beyond the
budget of most fisheries research centres. An appropriate sampling system is therefore required
to provide representative data that can be raised to the total fishery.

2.1.1 Sampling basics

Scientific sampling

Sampling is essential to describe a population too big to permit the observation of every individual
member. Scientific sampling requires that there be a relationship between the population and
the sample. Two philosophies for this are (Thompson, 1992):

e Design-based sampling, in which the relationship is a probabilistic rule for selecting
individuals for observation; e.g. simple random sampling. Statistics are design-unbiased,
i.e. they are expected to fall around the true value with repeated sampling.

e Model-based sampling, in which the population is a hypothetical construct based on a
mathematical model whose parameters are estimated from the observed individuals; the
model includes random errors, e; e.g. Age = f(Length) + ¢ . It allows the model to be fitted
with no assumptions about the sampling. The estimated parameters are model-unbiased,
i.e. they are unbiased if the model is true and complete.

A random sample is usually suitable for fitting a model, whereas a sample taken to optimize the
fit of a model is likely to be biased and inefficient for estimating descriptive statistics. Further,
sampling design is more or less within the control of the sampler, depending on practical
constraints, whereas incomplete knowledge of the important explanatory variables needed to
model a fishery without bias probably cannot be rectified easily by a modeller. Modelling is an
important research tool in fisheries science, but a design-based approach based on the best
practical approximation to a probability sampling scheme is felt to be best for the collection of
basic fisheries statistics.



2. CO0op naHHBIX

COop JMaHHBIX JJIS OICHKU M YIPABICHUS DPHIOHBIMH 3allaCaMU MOXKET OCYIIECTBISITECS Pa3HBIMU
croco0aMu, BKIIFOYas CheMKH (pasaesnsl 2.3 u 2.4), KOTOpbIC MPUMEHSIFOTCS JIJISl OCETPOBBIX M KUJIBKH Ha
Kacrnuu, u BeiOOpouHOE 00cCiea0BaHue yiaoBoB (pasaen 2.1). B ocHOBe Bcex MomxooB K cOOpY JAaHHBIX
JISKHUT 0a30Basi TEOPHsI BEIOOPOUYHOTO METO/IA.

2.1 BoiOopounoe oGcienoBaHue U 00beM MPOOLI

B mpunnumne, cymiectByeT jaBa MeTola cOOpa JAHHBIX: CIUIONIHOE OOCIEOBaHHE H BBIOOPOYHOE
obcnemoBanne. CIUIONTHOE 00CIeIoBaHNe OBIII0 OBl HACATBHBIM MIJIS OTICHKH OOIIEro TOJ0BOTO YiIOBa, HO
JUTsl OOJIBIIIMHCTBA HAYYHBIX PhIOOXO3SICTBEHHBIX IIEHTPOB 3TO CIUIIKOM JIOPOTOCTOSIIEE UCCIICIOBAaHHE.
[TosTOMYy B KaXXJJOM KOHKPETHOM CiIydae CIIeyeT HCIOJIbh30BaTh MPUEMIIEMbBIH BBHIOOPOUYHBIH METO/,
MO3BOJISTIIONIMN MOJYYHUTh TIPEICTABUTENBHBIC JaHHBIE, KOTOPHIMH MOXKHO OXapaKkTepH30BaTh BECh
MIPOMBICEIT.

2.1.1 Teopus svibopouroco memooa

Hayunwtii oméop npoo

Bb100poYHBII METOT HEOOXOAMM JJISt H3YUCHUS MTOMYIISIMN B TEX CIy4asiX, KOTIa €€ pa3Mephl He MO3BOJISIOT
obecreunTsh HAOIONEeHNE 3a KaKI0i 0co0bt0. Hayunslit 0TOOp 1pod TpeOyeT, ITOOBI MeX Ty TOYIISAIHCH
1 TpoOO¥ CyIIecTBOBaNa ONpeJelieHHas 3aBUCHUMOCTb. J[JIsl 3TOr0 HMCHONB3YIOTCS JIBa HICONOTHUECKU
pasubeix moaxoma (Thompson, 1992):

e [IpomemypHbIit TOAXOM, IPH KOTOPOM dTa 3aBUCUMOCTD TIPECTABIISAET COOOH TPABHIIO CITyJaifHOTO
oTOopa ocolOeit B BEIOOPKY, HAIpUMeEp, TPOCTOH ciaydaiHbIii 0T00p. HecMemeHHOCTh CTaTHCTHK,
HaWEHHBIX IO JTOM cXeMe, oOecrmeunBaeTcs CIocoOOM oTOopa Mmpod, T.e. OXKHUAAETCS, YTO
BBIOOPOYHBIE 3HAYEHHUS HM3y4aeMOUH CTaTHCTUKH OyIyT pacrojararbcs BOKPYT €€ HCTHHHOU
BEJTMYNHBI.

e MoenbHbI MOAXO0/, COIIACHO KOTOPOMY MOMYJISIUS TPEACTaBISET COOOH THIIOTETHYECKYIO
KOHCTPYKIINIO, OCHOBAaHHYIO Ha MaTeMaTHIECKOW MOJEIH, TTapaMeTphl KOTOPOH OI[EHUBAIOTCA 110
pe3ynbTaraM aHajn3a o0CIeTOBaHHBIX 0coOeit. Takas MOIeNbh BKITIOUACT CIyYalHYIO OIINOKY, €;

nanpumep, Bospacm = f([iuna) + €. D10 MO3BOIAET OCYMIECTBIATH TOATOHKY MOIETH O3 KaKMX-

00 MOMYIIESHUH, KaCcaloIMNUXCsl TIPOIeaypsl oToopa mpod. ONIEeHKH MapaMeTpoB B dTOM CIydae

He OyAayT cofiep)kaTh CHCTEMaTWYeCKHWX OIIMOOK, BBI3BAHHBIX CAaMOW MOJENBIO; TOYHEE, OHU

OyIyT HECMENIEHHBIMHU TIPU YCJIOBHHU, YTO MOJIENb JOCTATOYHO KOPPEKTHO W TIOJHO OIMCHIBAET

TIOIMYJIAIHIO.

Crydaifnass mpo6a OOBIYHO TTOAXOAWT YISl TIOATOHKH MOJETH, B TO BpeMs Kak Impoda, B3sATas s
ONITUMHM3AIIUH ITOJITOHKH, MOXKET OKa3aThCs CMEIIEHHOH 1 Hea(()EeKTUBHOM JIJTsI OIICHUBAHMS OITUCATEIILHBIX
cTatucTuK. bonee TOro, ImiaHUpOBaHUE BBIOOPOYHOTO OOCIICIOBAHUS B 3aBHCHMOCTH OT MPAKTHYCCKUX
OTpaHWUYCHHU B OMPENCICHHON CTENMEeHH KOHTPOIUPYETCSl MCCIEeNOBAaTEIsIMH, TOTJa Kak pa3paboT4HK
MOJIETTH HE BCETIa CIOCOOCH C JICTKOCTBIO PEIINTh TpoOiieMy nedummra WHOOPMAMH O KITFOUEBBIX
MEPEMEHHBIX, HEOOXOMUMBIX IS KOPPEKTHOTO MOJICIUPOBAHUS TPOMBICTa. MOJCTUPOBAHUE CITYXKUT
B2)XHBIM WHCTPYMEHTOM HCCIICIOBAHUSI B PBHIOOXO3SHCTBCHHOW HAyKe, OMHAKO Ui cOOpa OCHOBHBIX
MIPOMBICIIOBBIX CTATHCTHK, TIOXOXKE, HANOOJIee ONPABIaHHOM SBISIETCS CIICIIHATH3UPOBAHHAST BEIOOPOYHAs
TIpoTIeIypa, HAMTYdIIIM 00pa3oM oOecTiedrBaromias Ha MPakTHKe CITyYalHbIN XapakTep mpoo,



The population

The population to be sampled and the nature of its individual members, called the sampling units
(s.u.), should be carefully considered before designing a fishery sampling scheme. The observable
population (i.e. the sample) will be a subset of the population of interest. For example, the
population of interest may comprise all vessels in the fleet, but the observable population may only
consist of those vessels that are accessible nearby. A link between the population of interest and
observable population must be assumed. The population of interest, the observable subset,
and the assumed link between them should be stated explicitly in any sampling report.

Randomization

Random selection of sampling units is preferable, but often very difficult to achieve. However,
randomization should be strived for. By sampling fish as nearly as possible at random, factors
influencing the length of fish present can be expected to have the same proportional effects on
the sample. Achieving the best approximation to randomization in different practical situations
is discussed in section 2.1.4.

Information
Fishery sampling is costly, so as much information should be taken from each sampling unit as
possible. Information provided about the population by a single sampling unit depends on:

e The number of variables measured on the sampling unit, e.g. length, age, and maturity
may all be measured for each fish drawn from a catch.

e The relationships between variables, e.g. fish length is related to age. Observed values
of different variables should be stored and analysed together for each sampling unit so
that these relationships are preserved. If not, information is lost.

e The precision of measurement. A large measurement variance could negate the benefits
of an elaborate sampling design carried out with much cost and effort.

e \Whether the sampling unit was selected at random or by conscious choice. In the latter
case, some information provided by the sampling unit relates to the method of choosing,
i.e. to the bias, not to the population.

e The variance, o2 of sampling units in the population; the information provided by a
sampling unit is proportional to 1/ 6%. o2 is estimated by the sample variance, s°.

The information provided about a population by a sample of n > 1 sampling units depends on:

e Whether the sampling units were drawn independently or in a pattern. The variance of
the sample mean is estimated by s?/n, where n is the number of sampling units in the
sample, but this is only true if sampling units were drawn independently. Sampling units
that are close together in space or time tend to be more similar than sampling units
that are distant. Compartmentalized populations are common, e.g. fish arranged in a
market by size category. Statistical sampling schemes, such as stratified and multistage
sampling, are designed to isolate the variance among compartments; the sampling units
are located independently and randomly within them.



H3yuaemasn nonynayus

Bcs umeromtasicst nHpopmanyst 00 U3ydaeMo# MOMyISIN | IPUPOJIE €€ OTACIBHBIX 0CO0CH, Ha3bIBaeMbIX
anemenmamu 8b160pxku (S.U.), TOJDKHBI OBITH TIIATEIBHO MTPOAHAIU3UPOBAHEI IIEPE/l HA4aJIoM pa3paboTKu
mpoteaypel orbopa npob. Jocmynuas Onsi mabrawodenus nonyrayus (T.e. BBIOOPKA) SBISETCS YacThIO
uzyuaemou nonyiayuu. Hanpumep, paccMarpruBaeMast OIS MOXKET 00JIaBIMBaThCS BCeM (IIOTOM, a
HaOIoaeMast HOMyJISIIUS — TOJIBKO YaCThIO CYJIOB, BBIICICHHBIX IS IPOBECHUS NCCIEI0BaHUI. Mex Ty
U3y4aeMOoi NOMyJsIIue 1 ee HaOloaeMoi YacThi0 HEOOXOIMMO MPEAONIOKHUTH OTIPEACTICHHYIO CBS3b.

I/I3yqaeMasI nomnyjidanus, e Ha6J'IIOI[a€MaH HJacCThb U moJApasymMeBacMas CBA3b MCKAY HHUMHU JTOJI’KHBI OBITh
HO,I[pO6H0 OIIMCaHbI B KAXXIA0OM OTUECTE O BLI6OpOLIH0M O6CJ'IC,Z[0BaHI/II/I.

Panoomuzauusn

[IpeamouTnreneH ciry4aiHblii 0OTOOP 3JIEMEHTOB BBIOOPKH, HO 3TOTO YaCTO OBIBAET OYECHB TPYIHO JTOOUTHCS.
K sTomy, omHako, cienyer cTpeMuThes. Eciu oT0op nmpo6 npulnmkaeTcst K CilydaiiHOW IPOIeIype, MOXKHO
OXUJaarb, 4ToO Q)aKTOpBI, BJIMAOIINEC HA JJIMHY pI)I6 B TNOMIYJISIIHUH, OKa3bIBAIOT TAKOC K€ BJIMAHHUC W Ha
peIO B mpobe. B pasnerne 2.1.4 o0cykaaercs BOMPOC O TOM, KaK JJOOUTHCS HAWUIYUIIETO MPUOINKCHUS K
ciry4yaitHoMYy (paHJIOMHU3UPOBAHHOMY ) TIPOIIecCy 0TOOPA AIEMEHTOB BRIOOPKH B PA3IMUHBIX MPAKTHUSCKUX
CUTyalusx.

Hugpopmayus
CTOMMOCTh BBIOOPOYHOTO OOCIEOBaHUSI PHIOHBIX PECYPCOB JIOCTATOYHO BHICOKA, MTO3TOMY OT Ka)KIOH

€IMHMILIBI BEIOOPKH HEOOXOIMMO TOJTydaTh MaKCUMaJIbHO BO3MOXKHBIH 00beM nHpopmannu. Uapopmanus
0 TIOITYJISILIUY, IOTy4YEHHAsl OT OHOW eTMHMIIBI BEBIOOPKH, 3aBUCHT OT

e  KOJHMYECTBA MEPEMEHHBIX, U3MEPSIEMBbIX 10 KayKIOH €IMHHIIE BEIOOPKHU; HAPUMED, [UTHHY, BO3PACT
U CTAMIO MOJOBO3PEIIOCTH MOKHO ONPENEISATh ISl KasKA0H 0COOH, U3bATON U3 YJI0Ba;

e CBs3eH MEXAy NEepeMEHHBIMH; HampuMep, JJIMHA PhIOBI cBsizaHa ¢ Bo3pacToM. HabmromeHHble
3HAUEHMS PA3IMYHBIX MEPEMEHHBIX OT KaKAOH EeIUHMLBI  BBIOOPKH JOJDKHBI XPAaHUTBHCS H
aHAJIM3UPOBATHCS BMECTE; B MPOTHUBHOM Cilydae HH(POPMALHSI MOXKET ObITh yTepsiHa;

e TOYHOCTH M3MepeHuil. bonbmas aucnepcus (6onbinoi pa3dpoc) M3MEPEHUI MOXKET CBECTH Ha
HET JIOCTOMHCTBA CaMOM COBEPIIEHHON CXeMbI 0TOOpa P00, Ha peasn3aliio KOTOPOH 3aTpadeHbl
3HAUUTEIIbHBIC CPEACTBA U YCHIIUS;

e ToOro, Obljia TN €AMHHUIA BHIOOPKU OTOOpaHa CIyd4ailHO WJIM CO3HATeNbHO. B mocnemHem ciydae
4acTh HHPOPMALNH, TIOIYUYECHHON U3 €IMHMLIBI BHIOOPKH, Oy/IET CBsI3aHa ¢ METOIOM 0TOOpa mpod
(T.€. CO CMEIICHUEM), a HE C U3y4aeMOW NOMYJISLUCH;

e JIUCTIEPCHH, G2, €IMHHI BHIOOPKH W3 M3ydaeMOW MOMyIAUMH; HH(OpMAIMs, MOJyYeHHas OT
eIMHUIIBI BRIOOPKH, MpoNopiroHanbHa 1/62. Jluciepcus 62 OlEeHUBAETCS ¢ TTOMOMIBIO BHIGOPOYHOI
nMcnepcuu, .

Wndopmanust o momymnsauuy, NOIXyYeHHas U3 MpoObl, cocrosmeld u3 N > 1 exuHuIl BBIOOPKH, 3aBUCUT
OT TOTO, OTOMpAJIUCh JIM MPOOBI HE3aBUCHUMO WJIM IO ONpeneNeHHON cxeme. Jucmepcus BBIOOPOYHOIO
CPE/IHETO OLIEHHBAETCS 1O (hopMyte S2/N , Tae N — YUCII0 €MHMIL BHIOOPKH B IIPOOE; OHAKO 3TO BBIPAKEHHE
BEPHO TOJBKO B TOM Cllydae, €ClM €IMHHUIBI BBIOOPKHM OTOMpaluch He3aBUCHMO. EnnHuIBI BBHIOOpKH,
OnM3KHMe ApYT K APYTY BO BPEMEHH MJIM MPOCTPAHCTBE, OOBIYHO cofepikaT Ooiee CX0Kyro HH(OpMAaLHIO,
YeM OTJaJICHHbIE €IWHMLBI BBIOOPKH. B mpakTHKe BBIOOPOYHBIX OOCIEJOBAHMH YacTO HPUXOAMUTCS
CTaJIKUBAThCSl C TMOMYJSIIMAMH, YK€ pa3leleHHbIMH Ha ONpElesICHHbIE MMOIMHOXKECTBA, HAallpUMep, Ha
PBIHKE pBIOY pa3fensioT MO pa3MepHbIM KareropusMm. CTaTucTHdeckue cxembl oTOopa mpod, Harmpumep,
cTpaTu(UIMPOBAHHBIM 1 MHOTOCTYIIEHYAThII 0TOOP, pa3paboTaHbl I TOT0, YTOObI 000COOUTH AUCIIEPCUH
B 3TUX IMOAMHOXKECTBAX (CTpaTax); ANHHULBI BEBIOOPKH OTOUPAIOTCS B KXKAOM U3 HUX CITyYailiHBIM 00pa3oM
1 HE3aBHCUMO OT IPyTUX CTpar.
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The number, n, of sampling units to include in a sample is usually a matter of taking as large an n
as possible with the available sampling staff and resources. A more scientific approach requires
decisions about the minimum acceptable precision, and the confidence level needed for a state-
ment about whether the precision was achieved. These values may then be applied to sample
size formulae, e.g. Thompson (1992, chapter 4; see box below), assuming that all sampling units
are independently drawn.



OOBIYHO cUUTAETCS, YTO YUCIO SAUHUI] BBIOOPKH, N, KOTOPBIE CIENyeT BKIIOYUThH B MPOOY, JOIKHO OBITH
MaKCUMaJIbHBIM C Y4€TOM HMMEIOIIUXCS PECYpPCOB M HAy4YHO-TEXHHYECKOro nepcoHana. bonee HayuHbIN
MOAXO K 3TOMY BOIIPOCY TpeOyeT MpeaBapUTEIbHOTO pPEeIleHHs BOMPOca 0 MHUHUMAIBHO MPHUEMIIEMOM
YPOBHE TOYHOCTH, & TAK)KE BEJIMYMHE JOBEPUTEIHHOTO MHTEPBAJIA, MIO3BOJISIOIIETO0 YCTAHOBHUTD, ObLIa JIN
JIOCTUTHYTa TpeOyemas TOUHOCTh. 3aTeM 3TH 3HaYCHUSI MOYKHO BBECTH B (POPMYJTYy OLIEHKH 00beMa MpoOBI,
Harpumep, B popmyny Tomcona (Thompson, 1992, rasa 4; cM. HUKE), TIPH JTOMYIIEHUH, YTO BCE €TUHULIBI
BBIOOPKH OTOOpaHbI HE3aBUCHMO.
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Estimating sample size (based on Thompson, 1992)

A population parameter 0 (e.g. population mean) is to be estimated using an estimator 0 .
The aim is for the estimate to be close to the true value with high probability.
-6

If the estimator € is an unbiased normally distributed estimator of 6, then —5
var

has a normal distribution. Using z to denote the upper o/2 point of the standard normal
distribution,

P{|¢9—9| >z]=PQ€—9|> zwlvariéi)za

var(@

Variance of the estimator 6 decreases with increasing sample size n, so if the sample size

is increased far enough, z\/var(H)Sd , where d is the maximum allowable difference

between the estimate and the true value.

When estimating a population mean with simple random sampling, the sample mean y

. . . . . , — N —n)o?
is an unbiased estimator of the population mean u with variance , Var(y)z%
n

where N is population size, n is sample size, and o2 the population variance. Setting

(N_nj§=d
N n

and solving for n gives the necessary sample size:

N 1 B 1
(4 1) 1 1
+—| T
z%6% N n, N
where
7°c 2
N, = g

If the population size N is large relative to the sample size n, so that the finite population
correction factor can be ignored, the formula for sample size simplifies to n,.

For sampling designs more complex than simple random sampling, sample size can
generally be selected in the same way, with sample size determined so that the half-width
of the confidence interval equals the specified distance.




Ouenka oovema npoowt no Tomcony (Thompson, 1992)

[onmynsaumonHbI mapamerp € (HarpuMep, MOMYISIIUOHHOE CPeTHEee) MOKHO OICHHTH, MCIIONbB3YS

otenky 6 . Ilenb — mosydyeHue OLEHKH apaMeTpa, KOTopast ¢ BBICOKON BEPOSTHOCTHIO MAKCHMAJIbHO
MpHUONIMKEeHa K ICTHHHOMY 3HA4€HHIO 3TOTO TapaMeTpa.

Ecnu onienka 0 sBIsieTCS HECMENEHHOMW HOPMAJIBHO PACIIPENEIEHHOM OIIEHKOM 6§, TOT/Ia OTHOIIIEHHE
-6

lvariéi TaKxke OyleT MMeTh HopMaJibHOE pacipeeneHne. O003HauYMM Yepe3 Z BEPXHIOIO TPaHULLY

0/2 cTaHAapTHOTO HOPMAJILHOTO pacipeaenenus. Torna,

P %>z =PQ5—«9|>' Zwlvariéi)za
var|@

Jucniepcusi oneHku 6 cHKaeTcs pu yBeInYeHHH 00beMa BEIOOPKH N, II03TOMY, €CJIH 00bEM ITPOOBI

JIOCTATOYHO BEJIHK, Z+/ Vari@i <d, rae d — MakCUMAaNbHO JOMYCTHMAs PA3HOCTh MEKIAY UCTHHHBIM
3HAYEHUEM [1apaMeTpa U €ro OLECHKON

Ilpu omeHke cpegHEed BEIWYWHBI TOMYJSAIIMN C TIOMOIIBIO TPOCTOTO CIyYaHOTO OTOOpa Mpoo,

BBIOOPOYHOE CpeiHee Y BIISETCSA HECMENIEHHOMN OLEHKOM CpeTHEN BEMYNHbI ITOMYIISIUH L C JUCTIED
2
o — (N - n)O'
CHUCHU var y e —
Nn

OLICHKH YMCJICHHOCTHU IOITYJIAINHU.

, TIC N — 9UCICHHOCTD nomnyJjsiuuu, N — 00BeEM BI:I60pKI/I, a (52 —Aucrepcus

HaiiTi nckoMyto orieHKy o0bemMa BEIOOPKH () MOXKHO, 3aIiCaB YpaBHEHUE

M pCIINB €ro OTHOCHUTEJIBHO N : 1 1

e 2 .2

Eciu uncnennocTs nomysisiiiny N BeJTuKa 110 CpaBHEHHUIO ¢ 00beMOM ITPOOBI N, TAK YTO OKOHYATEIILHBIM
MONPABOYHBIM KOAPPHUIIMEHTOM MOXKHO MPpeHeOpedb, - popmMyJia OIleHKH 00beMa IpoObl YIIPOIaeTcst
J10 BBIDAKEHHUs [T pacuera N

Ecnu cxema oT6opa npo0 ciioxkHee, 4eM MPOCTOH CitydaiHblil 0TOOp, 00beM BEIOOPKH OOBIYHO MOKHO
paccumTarb TeM ke crocoOoM, mpuyeM 00beM MPOOBI OMpPEACISIETCsl U3 YCIOBUS, YTOOBI MOJIOBUHA
IIUPUHBI JOBEPUTEILHOTO HHTEPBAJIa PaBHUIACh HEKOTOPOMY 3apaHee OIpeeICHHOMY 3HaUCHHUIO.




As an example, we try to identify the sample size needed to estimate the mean length of
a large fish population within 1 cm of the true mean with 95% confidence (o = 0.05). The
variance from previous samples thought to be representative of the population distribution
is 52.2 cm. Given the large population size, the formula for n, can be used. This gives:

2y %
- w —200.53 ~ 201

0

where the constant 1.960 is the upper a = 0.025 point of the standard normal distribution.

If relative error (r), the difference between the estimate and the true value, divided by the
true value, is of interest, then the following criterion must be met:

p |5_0|>r <a
0

To estimate the population mean u to within ru of the true value with probability 1-a, the
sample size formula is:

If v represents the coefficient of variation for the population, i.e.y =—, the sample size
formula can be written:
1

r +i
z%y> N

Therefore, the coefficient of variation is the population guantity on which sample size
depends when relative precision is to be controlled.

n=




Hanpumep, tpeOyercst onpenenuts 00beM BBIOOPKH, HEOOXOAMMBIN JIJISl OLEHKU CPEIHEH JJIMHBI
0Cco0M B KPYIHOH MOMYJSALUKN PbIO ¢ TOYHOCTBIO A0 | CM OT HCTHHHOTO CPEIHETO 3HAUCHHS JJIMHBI
pu AoBepuTenbHOl BeposTHOCTH 95% (a = 0.05). [lucnepcusi, paccuuTaHHas MO MPEAbITYIINM
BBIOOpKaM, KOTOpasi, Kak IMpeAroaracTcs, XapakTepu3yeT pacrpeaesieHue JJTUH 0co0ei B MOMYJISIINH,
cocraBisieT 52,2 cM. YUHTBIBas, YTO MOMYJISIIKS TOCTaTOUYHO BEJTUKA, MOXKHO MPUMEHUTH (HOpMyITy
nis Ny, Otcroza:

2y %
| (L960°)"22_y00 65,

0

rme 1,960 — TabnuuHOoe 3HAUYEHHWE Z NJs paccMaTpUBaeMbIX yciaoBuil (95%-ii moBepUTEIHHOMN
BEPOSTHOCTH M CTaHJAPTU30BAHHOTO HOPMAJILHOTO pacIpeeleHus).

Ecnu mpencraBnsier wHTEpeC OTHOCHUTENbHAS MOTPEHTHOCTH (), T.e. Pa3HOCTh MEXAY OICHKOW U
UCTUHHBIM 3HAYCHUEM IapaMmeTpa, JeJieHHas Ha €ro MCTUHHOE 3HaueHUe, HEOOXOIMMO COOJIIOCTH
CIICAYIOIINE KPUTCPHH:
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O0beM BBIOOPKH, HEOOXOIMMBIH AJIsl OTICHKH CPEAHET0 3HAYCHHS BETTMYHNHBI IOMYIISAINH {4 C OITHOKOM,
HE TIPEBBIMIAIONICH OTHOCUTENHHYIO IOTPEITHOCTh I ¢ BEPOSTHOCTHIO l—a, pacCUUTHIBAETCS II0

thopmye: 1
=
rey 1
2 2t
o) N
Ecnu 0003HaunTh Yepe3 y KoapPULUUEHT BapHaLuy HOMyIAnuy, T.e. ¥ = —, GopMyna Ui OLEHKH
o0bema TIpoObI OyzieT IMETh BU:
1
N=———=
- 1
z%y* N

CrenoBaresbHO, €CIIM CTaBUTCS 33]1a9a KOHTPOJIISI OTHOCHTEIBHOM TOYHOCTH, KO3 (DUIIMEHT BapHaIiK
CJIElyeT PacCMaTpUBaTh B Ka4eCTBE MOMYJISIUOHHON XapaKTePUCTUKH, OT KOTOPOH 3aBHCUT O00bEM
BEIOOPKH.




2.1.2 Sampling designs

Thompson (1992) describes a wide variety of statistical sampling designs and estimation formulae
to go with them. Sampling designs likely to be suitable for fisheries work are listed below.

Simple random sampling without replacement

Simple random sampling means that each sample of n different sampling units drawn from a
population of N has an equal probability of selection. Random numbers are used to pick sampling
units ‘without replacement’, i.e. so that no unit can occur more than once in a sample. Simple
random sampling may be used on whole populations, on pre-defined subsets of them, e.g. within
sampling strata, or within a multi-stage sampling scheme (see below). Simple random sampling
is a sensible sampling scheme when there is no prior information about the likely values of the
variable of interest on different sampling units. If such information is available and reliable, it can
be used to design other sampling schemes that would deliver better precision per observation.
Simple random sampling is satisfactory when you have no interest in variation of the variable
over time or space. It has the valuable advantages of being simple to implement and to estimate
from. Simple random samples are often adequate for fitting models, or for ‘post-stratification’
after sampling if there is a need to look at results by some variable such as e.g. age or sex.

Simple random sampling with replacement

Simple random sampling ‘with replacement’ means that an individual sampling unit is replaced
in the population whenever it is drawn for the sample. Thus, a sampling unit may occur more
than once in any sample. With replacement, each possible sequence of n sampling units has
equal probability. This approach is useful when the possibility of repeated observations on
one individual sampling unit is needed, e.g. to draw multiple catches from one location for
observation.

Sampling with probability proportional to size

Certain ‘large’ sampling units may display a larger value of the variable of interest than ‘small’
sampling units. With sampling with probability proportional to size, every sampling unit is
assigned a probability of drawing that is proportional to the expected value of the variable of
interest. This approach should only be used if the information to assign selection probabilities is
reliable. Otherwise, it should not be used.

Systematic sampling

In this scheme, there is a fixed distance or number of sampling units between each sampling
unit selected for the sample, e.g. where a measurement is taken every x hours, fish are surveyed
over a grid of geographic points. Bias can occur in statistical estimates if:

e Trends or patterns in the variable of interest may mean that the sampling grid finds more
high values than low, or vice versa.

e Periodicity in the variable of a wavelength comparable to the grid interval may mean that
most of the observations fall at the high or low part of the oscillations. This type of bias
is called ‘aliasing’.



2.1.2 Cxemwvl ombopa npod

Tomcon (Thompson, 1992) npuBOIUT ONKMCaHWsS MHOTOYMCIEHHBIX CXEM BBIOOPOYHOTO OOCIIEIOBAHUS U
(hopmyel 17151 00paOOTKH MOTyYEHHBIX pe3yabTaToB. Hinke mepedyrciers HEKOTOPBIE CXeMBI, TPUMEHIMBIE
B PBIOOXO3SHCTBEHHBIX UCCIICIOBAHUH.

Ilpocmoii cnyuaiinsiit omoop npood 6e3 eozepauienus

[IpocToii ciyuaitablii 0TO0p MPOO 03HAYACT, UTO KaXKJasi U3 N eMHUL] BHIOOPKU OTOUpaeTCs U3 MOMYISIIUT
yrcaeHHocThIo N 0cobeil ¢ oanHakoBoi BeposTHOCTHIO. [Tpu opMupoBanny BEIOOPKH «0e3 BO3BpAILICHHSD»
HCTIONIB3YIOTCS CITy4YaiHble Yrciia, Onaroaapst YeMy HU OJlHa €JMHUIA BEIOOPKU HE MOXKET OKa3aThes B pode
Oonee omnoro pasa. [IpocToil ciyyaifHbli 0TOOP MPOO MOXKET MPUMEHSITHCS ISl BCEW MOMYJISIIINH, JUIS
3apaHee Onpe/esICHHbIX MOMHOKECTB MOMYJISIIMN UK B pAMKaX CXeMbl MHOTOCTYIIEHUATOro 0TOOpa mpod
(cm. Huke). [IpocToii ciyuaitablii 0TOOp MPOO — ATO JOCTATOYHO UYBCTBHUTENBbHASI cXeMa (DOPMHUPOBAHUS
BBIOOPKH, KOT/Ia OTCYTCTBYET NMpeABapUTeIbHas HHPOPMALHSI O BOSMOKHBIX 3HAUYCHUSX PACCMaTPUBAEMBIX
MEpPEMEHHBIX B Pa3HBIX eMHUIAX BBIOOpKU. Eciu Takas nHdopmanus nMeeTcs U OHa HaJie)KHa, €€ MOKHO
WCTIONIB30BaTh ISl pa3paboTKH JAPYrHX cxeM oTOopa mpol, KOTOpble oOecrednBaroT 0ojiee BBICOKYIO
TOYHOCTH Kaxxoro HabmromeHus. [IpocToil ciyuyaifHblii OTOOp AaeT YIOBJIETBOPHUTEIBHBIC PE3YNIBTaThI
B TeX CilydYasX, KOIJla pacCMaTpHBaIOTCA M3MEHEHMs paccMaTpHBaeMOW NEepeMEHHOM BO BPEMEHH WIIN
pocTpaHcTBe. bonbIINM MPenMyIIecTBOM METO/1A SIBISETCS TO, YTO OH NMPOCT B IPUMEHEHUH U TTO3BOJISIET
WCTIOJIB30BATh MPOCTBIE TPOLEAYPHI Ui 00paObOTKH MOJTYYEHHBIX C €ro MOMOUIbIO JaHHBIX. [IpocThie
cilydyaifHble TpoOBbl OOBIYHO MOAXOIAT JUIS TMOATOHKH MOAEICH WM Ui «IOCTCTpaTh(UKalum) Mocie
3aBepILIEeHHUS BLIOOPOYHOTO 00CIEIOBaHUS, €CIIH BO3ZHUKAET HEOOXOAMMOCTh 03HAKOMUTBCSA C Pe3yabTaTaMu
BBIOOPOYHOTO aHaIM3a KAKOH-TO KOHKPETHON MepeMEHHOH, TaKoi, KaK, HapuMep, BO3PacT WX TOI.

IIpocmoii cnyuaiinsiit omoop npoo ¢ éo3epauieHuem

[Ipocroii cimyuaitHpii 0TOOp MPOO «C BO3BpAIICHWEM» O3HAYAET, YTO Ka)K/1as €IUHHIIA BHIOOPKHU IOCIe
peructpanuy U 00CIeI0BaHUs BCETa BO3BpAIIaeTcs B MomyIsiuio. CienoBarenbHoO, OTACTbHAS SMHAIIA
BBIOOPKH MOXKET BCTPETHUTHCS B JIFOOOW TpoOe Ooiree omHoro pasa. Ilpm Takom cmocobe oTdopa mpod
BEPOSATHOCTB MOSBICHUS JTF0O0H BO3MOXKHOH MOCIIEAOBATEIFHOCTH U3 N €IMHHII BIOOPKH OJTMHAKOBA. DTOT
MTOJTXO]] OIIpaBJaH, Korma TpeOyeTcss 00ecedyuTh BOSMOKHOCTh ITOBTOPHBIX HAOMIONEHUH OmpeeieHHON
€IMHUIIBI BEIOOPKH, HAIPUMep, ITyTeM MHOTOKPAaTHOTO TIOBTOPEHUS 00JI0Ba OTHOTO M TOTO YK€ YJ4acTKa.

Omoéop npo6, npu KOMOpPoOM 6epoOAMHOCHb RPONOPUUOHATILHA 00beMY 8bl00PKU

HexoTopbie «kpyITHBIE» eIMHHIIBI BHIOOPKX MOTYT ITOKa3bIBaTh 00JIee BEICOKOE 3HAYCHUE paccMaTpUBaeMOi
MepEeMEeHHOM, YyeM «Meinkue». [Ipu or6ope mpol, mpu KOTOPOM BEPOSITHOCTH MPOIOPIHMOHATIBHA pa3Mepy,
K10l eIUHHIE BHIOOPKM TPHCBAaUBACTCS BEPOSTHOCTh BhIOOpa (IMOMMKH), MPONOPLHOHATbHAS
0KM/1a€MOMY 3HaYE€HHUIO pacCMaTpUBAEMOil IepeMeHHON. DTOT MOAX0I MOKHO HCIIOIb30BaTh TOJIBKO B TOM
citydae, eciu HH(opMaius, Heooxoanmast sl 000CHOBaHUSI TAKMX BEPOSTHOCTEH, Hazie)kHa. B mpoTuBHOM
Clly4ae IPUMEHSATh €ro He PeKOMEHIYeTCsl.

Cucmemamuueckuii omoop npoo

B a10i1 cxeme oTOOp eAMHHUIT BHIOOPKH OCYIIECTBISETCS CHCTEMAaTHYECKH Yepe3 paBHBIC MPOMEKYTKH,
HanpuMep, U3MEPEeHUs] OCYIIECTBIAIOTCS KaXKIble X 4YacoB; YJIOBHI OepyTcs B ONpEIeNeHHBIX TOYKaX
(craHnmsx) reorpaduueckoll CETKH cheMOK. CTaTHCTHYECKHe OIIEHKH MOTYT OKa3aTbCs CMEIlEHHBIMHU,
€CIIH:

® TCH/CHIINY MITH 3aKOHOMEPHOCTH B U3MEHEHUIX pacCMaTPHBAEMBIX IIEPEMEHHBIX CBHIETEIbCTBYIOT
0 TOM, YTO HCIIONIb3yeMasl cxeMa oTOopa mpod MPHUBOIUT K 3aBBIICHUIO 3HAYEHUH ITePEeMEHHBIX,
WM HA000pOT, - K WX 3aHIKEHHUIO,

® [IepUOAUYHOCTh3HAUCHU I U3yuaeMOi IEpEMEHHOM C JITTUHOM BOJIHBI, COITOCTAaBUMOM C PACCTOSHUEM
MEX/Ty CTAaHIIMSIMH, MOJKET 03HA4YaTh, YTO OOJIBIMHCTBO HAOMIOEHNH OTHOCUTCS K BepXHEeMY (MIn
HIDKHEMY) TUAMa30Hy dTHX KoieOaHwi. Takoi THI CMeIeHns Ha3bIBACTCA «HCKAKESHHEM.



Stratified sampling
Samplers often compartmentalize a population into geographic, temporal or biological (e.g.
length) sampling ‘strata’:

e To distribute observational effort evenly over space and time.
e To use prior information about variation of the variable of interest, to improve the
efficiency of the survey for estimating an overall mean and variance.

Stratum boundaries should be located so that the within-stratum variances are as small as
possible; i.e. locate the boundaries where discontinuities, or the steepest gradients, occur in the
variable of interest. Efficiency is also affected by the sample sizes allocated to each stratum.
Proportional allocation assigns an equal number of observations per unit area or time. It is often a
sensible choice when stratification is for the first reason. Optimal allocation assigns observations
to each stratum in proportion to its size and its within-stratum standard deviation. This makes
sense when stratification is for the second reason.

Stratified random sampling schemes require that at least two sampling units be located in every
stratum in order that overall variance can be estimated. In practice though, two sampling units
do not give a reliable estimate of a within-stratum variance even if there are no missing values,
and many more than two sampling units are preferable. There is a danger that a requirement
to estimate a variance will lead to oversampling of the least variable strata, causing expensive
inefficiency. Strata can be thought of as a luxury: keep their number to a minimum when
you do not have large resources for sampling, and settle for less geographic and/or temporal
information. The estimates will then be more precise and dependable.

Multistage sampling

Fisheries scientists frequently encounter hierarchically structured populations; an example is
fish within catches within fishing trips. These can be sampled by simple random sampling
ignoring the hierarchical structure, but this is often difficult. A more convenient procedure is to
draw a sample of ‘primary’ sampling unit at the highest level first, then a sample of ‘secondary’
sampling unit from each principle sampling unit drawn, and so on. Having sampled in this way,
standard formulae are available for estimation of the mean and variance at each level. Theory
also exists to examine the variance at each level and to adjust sample allocations among levels
to improve efficiency.

Optimization of sampling

Optimizing sampling is difficult, because sample survey design is often tightly constrained by
geographic and logistical factors, and because fishery surveys tend to be concerned with more
than one species. A survey that is optimal for one species could be hopelessly inefficient
for another owing to different geographic distributions, etc. A multivariate approach may be
possible. However, ease and reliability of implementation tend to have more relevance to the
design of fishery surveys than statistical efficiency.



Cmpamugpuyuposanuulii omoop npoo

[Tpn npoBeneHHH BHIOOPOYHOTO OOCIIENOBAHMS TMOMYISIMI0O YacTO pa3OMBAalOT Ha Teorpaduyeckue,
BPEMEHHBIE WJIH OHOJIOTHYEeCKUE (HAIpUMep, C YY4ETOM JNTMHBI 0CO0el) BRIOOPOYHBIE «CTPAThDy (CIION) AJIS
TOI0, YTOOBI

® pachpeneauTh HaOMIOACHNS PABHOMEPHO BO BPEMEHH U IPOCTPAHCTBE;

®  UCIIOJIB30BATh paHee MOIYUYCHHYIO0 HHPOPMAIHIO 00 H3MEHEHUSIX PACCMaTPUBAEMOM NTepEeMEHHOM
JU1s1 TTIOBBILIEHUS 3 PEKTHUBHOCTH CHEMOK, OCYIIECTBISIEMBIX C LIEIbI0 HAXOXKICHHUS TeHEPATIBHOTO
CPEIHEro 3HAUYCHMs PACCMaTPUBAEMOM EPEMEHHON U €€ IUCTIEPCHU.

['panuubl Mexay CTpaTaMu OOJDKHBI yCTAHAaBIMBATHCS TakKUM 00pa3oM, 4TOObI pa3dpoc 3HaYeHUH
Ha0II012eMOro NapamMeTpa BHYTPHU KaX 101 cTpaThl ObLT KaK MOXKHO MeHbIIE. [l 3TOro rpaHuLbl cienyeT
COOTHOCHTB C TOUYKaMH, B KOTOPBIX HAOIIOAAETCS IMOO0 Pa3phiB IOCIEI0BATEILHOCTH 3HAYEHUH TapaMeTpa,
00 pe3koe M3MEHEHHE B MX TpeHzae. D((PEeKTUBHOCTh METOAA TAKKE 3aBHCUT OT 00beMa BBIOODKH B
Kax0i «crparey. [IponopunonansHoe pacnpeaenacHne HaOMIOACHNH TOpa3yMeBaeT PaBHOE KOJIMYECTBO
HAOMIOAEHUH Ha €QWHULY IUIOLIaId MM BpPEeMEHH. DTOT crmocol Ienecoo0pasHO MPHUMEHSTh, KOrzna
HEOOXOIUMOCTb CTpaTu(UKALNHU IPOIUKTOBAHA HAPYLLICHUEM [I0CIIe0BATEIbHOCTH 3HAYEHUH TapaMeTpa.
OnrtumaneHOE pacrpeeneHie HabII0ACHU I oAPa3yMeBaeT, YTO KOJIMYECTBO HAOMIONCHUHN B KXKJOH CTpaTe
MIPONOPLIMOHAIBHO pa3Mepy CTPaThl M CTAHAAPTHOMY OTKJIOHEHHIO B HEH paccMaTpuBaeMOro napamerpa.
3TO UMEET CMBICII, KOTZa CTpaTU(HUKaLUsI BHIOOPKH BbI3BaHA BTOPOM U3 YIIOMSHYTHIX BBIIIE IPHYUH.

CrparuupoBaHHbIi CIIy4aliHBI O0TOOp MpoO TpeOyeT, YTOOBI M3 KaXKIOTO «CII0e» OTOMpalloch HE
MeHee JIByX eIMHHI] BBIOOPKH, YTO MO3BOJISIET OLICHUTH FeHEpAbHYIO auctepcuro. Ha npakruke, onxHako,
JBYX €IMHHIl HEJOCTATOYHO JUIA HAJIS)KHOH OLEHKH IHCIEPCHU BHYTPH CIIOS, JaKe NMPU OTCYTCTBHU
MPOITYIIEHHBIX 3HAYECHUH, IMOITOMY JKENATeNFHO B KaKIOM CJIO€ OpaTh TOpas3fo OOJbIIe JBYX €IUHHMI]
BBIOOpKH. CyIIECTBYeT OMAaCHOCTh, YTO HEOOXOAMMOCTH OLCHKH AWCIIEPCHUH TPHBENET K U30BITOYHOMY
quciTy HaOMIONCHUH U1l HaMEHee M3MEHUMBOTO «CJIOS», YTO BBI30BET HEONpaBIaHHBIN pocT 3arpar. K
«CJIOSIMY CIIEyeT OTHOCHTBCS KaK K POCKOIIH: CBOIUTH X YHCIIO K MUHUMYMY, KOT/Ia CPE/ICTBA, OTBEICHHBIS
Ha BBIOOPOYHOE 00CIeI0BaHUE, OTPAHNYCHBI, 1 YCTaHABIMBATh UX I'PAHUIIBI HA OCHOBE, 110 BO3MO)KHOCTH,
MeHee TOJTHOM reorpadMueckoil W/wiau BpeMeHHOW nH(popmanuu. B sToM ciyyae ouenku OymayT Oonee
TOYHBIMH M HaJICKHBIMU.

Mmnozocmynenuamutit omoop npoo

B pBIOOX03SHICTBEHHBIX HCCICIOBAHUAX YACTO MPUXOAUTCS CTAJIKUBATHCS C MOMYJSIHMIMHU, IMEIONINMHU
HepapXUyecKylo CTPYKTypy; HampumMep, ocoOu, HaO/I0gaeMble B YIIOBE, B3SITOM B TIPOMBICIIOBOM peHice.
MoskHO 0TOHMpATh M3 HUX MPOOBI IO CXEMe MPOCTOTO CITy4aifHOrO 0TOOpa, UTHOPHPYS HX HEPAPXUIECKYTO
CTPYKTYPY, HO 3a4aCTyI0 3TO CIIOXKHO cJienaTh. bonee ynobHas npoueaypa 3akito4aeTcs B TOM, 4TO CHavyasa
OepeTcs mpobda «IepBUYHON» €AMHHUIBI BRBIOOPKH Ha CAMOM BBICOKOM YPOBHE, 3aTeM — IIpo0a «BTOPUYHON
€JIMHUIIBI BEIOOPKH M3 KaXKI0W TIEPBUYHON €TMHUIIBI BBIOOPKH U T.71. [Tpn TakoM oTdope nmpod 1ist ONEHKH
CPEIHEero MW JUCTepCHH Ha KaKJOM YPOBHE MOXHO BOCIOJIB30BATHCS CTaHAAPTHBIMH  (OpPMyJaMHu.
CymiecTByeT Takxke TeopHs IS aHAJIM3a TUCIIEPCHUHU Ha KaX/I0M YPOBHE M ONTHUMU3AINH PacpeieieH s
po0 MEXKAY YPOBHSIMH JJIsl IOBBIIICHUS 3PPEKTUBHOCTH BHIOOPOYHOTO 00CIICIOBAHMS.

Onmumuszayus 6b100pPoUH020 00C1€008aAHUSA

Ontumuszanus BIOOPOYHOrO 00CIEAOBaHMS NPEACTABIsET COOOH BecbMa TPYAHYIO 3a/ady, MOCKOJIBKY
IUTaH MPOBEICHUS ChbEMKH OOBIYHO CHIIBHO 3aBHUCHUT OT TeorpaMuecKux M MaTepuabHO-TEXHUYECKHX
OTpaHMYCHHMH, a TaKXKe M3-32 PaclpOCTPAHCHHOIO CTPEMJICHHS OPHEHTHUPOBATH CHEMKY Ha H3ydCHHE
Cpa3y HECKOJbKHX BUAOB PbIO. CheMKa, ONTUMAJbHAS Ul OJHOTO BHA, MOJKET OKa3aTbCsl aOCOIOTHO
Hea(pheKTUBHON U1l APYroro, HapUMep, U3-3a PasInYHOrO MPOCTPAHCTBEHHOIO paclpee/iCHHs] BUIOB
U TIO0 IPYTUM NPHUYUHAM. MHOTOBHIOBOH MOJIXOA K OPraHU3alMi CbEMKHU B IPUHLUIIEC BO3MOXKEH. OTHAKO
Ipu pa3paboTKe MIaHa ChbeMKU 00eCedeHne MPOCTOTH U IPYTUX HEOOXOIUMBIX YCIOBUH €€ YCHEIIHOTO
OCYILIECTBIICHHSI OKa3bIBAIOTCS BAXKHEE, YEM CTaTUCTHUeCcKask 3(pHEeKTUBHOCTD.



Trials of intensive sample collections of either continuous samples of large size or repeated
samples of smaller size are recommended to audit the quality of the sampling. Using this type
of trial allows the assumption that the perception of the population is unaffected by the sampling
regime.

2.1.3 Estimating precision

A precisely estimated statistic is here taken as one that falls closely around a fixed value on
repeated sampling. An accurately estimated statistic is one that falls closely around the true
value for the population on repeated sampling. The sample variance of the statistic estimates
precision; it estimates accuracy only if the sample and the estimation formula are unbiased. The
mean square error is the sample variance plus the square of the bias. It estimates accuracy,
but because the bias is seldom estimable in fisheries work, it is little used and the concept of
precision measured as 1/(sample variance) is of more use. Sample variance can be estimated
from analytical formulae given in sampling texts. An important assumption is that every
observation is made independently (cf. section 2.1.1), which will usually be the case if sampling
is randomized and in accordance with an established statistical sampling scheme. If not, the
analytical formulae are likely to overestimate sampling precision.

The bootstrap is a computerized method that works by repeatedly sampling with replacement
(re-sampling) from an existing sample on the assumption that that sample is a good representation
of the population (Efron and Tibshirani, 1993). The re-sampling should preferably follow the actual
sampling process in all details. By repeating the re-sampling many times, a distribution is formed
for the statistics of interest from which variances and confidence intervals can be estimated.
Programming such a bootstrap can be complicated, and running it may take appreciable time,
particularly for large samples. There is little point in undertaking the work if the original sample
is thought to be seriously biased towards one locality, time period, or circumstance.

2.1.4 Information sources

Our ability to assess and forecast fish stocks and to understand migrations and processes
regulating their success depends on our knowledge of the fisheries and biology of the target
species. Total landings and total effort of a fishing fleet each year must often be estimated
by a sampling procedure, because collection of perfect data (a census) is too expensive or
impractical. Note that fisheries-independent surveys are discussed elsewhere in this document
(sections 2.3 and 2.4). A range of approaches is used around the Caspian Sea. The Iranian
approach involves gathering census information on catches, gears and number of vessels, as
well as catches reported directly. The countries of the former Soviet Union (including Russia)
annually assess biologically sound TAC levels for all commercially important species in the
Caspian Sea. The assessments are based on system analyses of historical and annually updated
recent information from the fisheries, stock biology, and environmental characteristics.

Sampling methods, formulae, and models used should be recorded in brief documents,
here called ‘Standard Operating Procedures’ (SOPs). One individual can then take over a
data-gathering task from another without varying procedures or, if procedures should be updated
for some reason, a record can be kept of what changes are made and of when they occurred,
as can be crucial for evaluating time-series. The SOPs should be available to all groups so that
the scientific value of the sampling results may be better assessed.



YToOBl KOHTPOIMPOBATH KAUYECTBO BHIOOPOUHOH MpOLEAYpHI, PEKOMEHIYETCS MPOBOANUTH €€ JOCTaTOYHO
WHTEHCHUBHO: JIN0O ITyTeM HEMPEPBHIBHOTO ()OPMHUPOBAHMS BEIOOPKU OOIBLIOr0 00beMa, THO0 ITyTEM B3STHUS
MaJIbIX IOBTOPHBIX BBIOOPOK. MOXKHO MPENNONIOKUTh, YTO MPH TAKOM BBIOOPOUYHOM 00CIIeIOBaHUH OTOOD
mpo0 He BAMSAET Ha COCTOSHHUE H3y4aeMOH MOMYJISIHU.

2.1.3 Tounocms npoyedypol oyenku

ITonq TOYHO OILIEHEHHOW CTAaTHUCTUKOW 3l1€Ch MOJpa3yMeBaeTCsl CTATUCTHKA, 3HAYEHUS KOTOPOW Mpu
YBEIMYEHUH YHUCIIa TPOO TPHUOIIKAIOTCS K HEKOTOpoW (uKcHpoBaHHOW BenwmuwHe. [lom mpaBHIIBHO
OIICHEHHOW CTATHUCTHKOHN IOpa3yMeBaeTCsl CTATHCTHKA, 3HAYCHHWS KOTOPOW TIPH YBEIMYEHHH YHCIa
mpo0 mpHOMImKArTCs K €€ MCTUHHOMY 3HAueHWIO Ul JaHHOW momyisinuu. Beibopodnas nucmepcus
paccMarpuBaeMOi CTaTUCTHUKH SIBIISIETCS MEPOI TOYHOCTH; €CIIN cama BRIOOPKA B (popMyJia OIEHKH HE Taf0T
CMEIIEHUS, TO OHa MOXKET CIIY>)KHTh MEPOH MPAaBHILHOCTH (COCTOSTEHLHOCTH) onleHkn. CpenHuit KBaapar
OIMMOKU paBeH CyMMe BBIOOPOYHOM NWCHEPCHH M KBaJpaTa CMEUICHHs. JTa BEIMYMHA XapaKTepU3yeT
TOYHOCTH OIIEHKH, HO TIOCKOJIBKY B PBIOOXO3SIICTBEHHBIX HCCIEOBAHUSAX CMEIIEeHHEe B OONBIIMHCTBE
CITy4aeB BBIYUCINTH HE YAeTCs, OHA PEIKO MCIIONB3yeTCS B 9TOM KadecTBe. J[ist 3Toro vare ucronp3yeTcs
BenmuuuHa 1/(BeIOOpOUHAs mmcriepcrs). BBIOOpOUHYIO IHCIIEPCHI0 MOXKHO OICGHHTH TIO (opMysam,
MIpUBEIEHHBIM B Y4eOHUKaX 10 BEIOOpOTHOMY 00cienoBannto. [1pru 3TOM BaXKHBIM TOTYIIIEHUEM SIBIIAETCS
HE3aBUCHUMOCTH Ka)K0T0 HaOmroneHus (cM. pazmen 2.1.1), 9To cripaBeaiIuBO TOIBKO ITPH CITyIaitHOM 0TOOpe
po0, BHITTOTHEHHOM B COOTBETCTBHH CO CTATUCTHYECKN KOPPEKTHOM CXeMO# BEIOOPOYHOTO 00CIeTOBAHNSI.
B npotuBHOM citydae ecTh BEpPOSITHOCTh, YTO aHAIINTHYECKAst (pOpMysia MOXKET 1aTh 3aBBIIICHHYIO OIIEHKY
BBIOOPOYHOM TOUHOCTH.

«byTcTpem» - KOMITHBIOTEPH30BAHHBI METON, KOTOPBIM OCHOBAaH Ha IIOBTOPHOM OTOOpe Tpod ¢
3aMernIeHneM (TepeBBIOOPKE) M3 CYMIECTBYIOMESH MPOOBI MPU MOMYIIEHWH, YTO 3Ta Mpobda JOCTaTOYHO
XOPOIIIO TIpe/iCTaBIsAeT paccmarpuBaemyto momyssuio (Efron and Tibshirani, 1993). XKenarensHo, uToOBI
TIepeBEIOOPOTHAS TIPOIIEAYPa AeTATEHO OBTOPsiIa (DakTHIeCKuit 0T00p 1Mpo0. C MOMOIIEI0 MHOTOKPATHOTO
MTOBTOPHOTO 0TOOpa Mpod (GopMHUpYyeTCss CTATHCTUYECKOE PacIpeelieHue OIEHUBAeMON CTaTHCTHKH, U3
KOTOPOTO MOKHO OIPEENNUTh JUCTIEPCHIO U JOBEPHUTEIbHBIN HHTEpBal. [IporpaMmupoBanme mpoueaypsl
OyTcTpena MOKET OKa3aThCs CIOKHBIM; a €€ pean3alis MOXKET 3aHATh 3HAYUTENFHOE BpEeMs, 0COOCHHO
B ciayyae OonmpImmx BHIOOPOK. [109TOMY HET cMBICHA MPOBOAUTH TaKyl0 TPYIOEMKYIO pabOTy, €CH eCTh
MTOJIO3PEHNE, YTO HWCXOAHAs BHIOOpKA 3HAYUTENHHO CMEIeHa OTHOCHTENIFHO ONpEeAeNIeHHOTO paioHa,
Teproa BPeMEHH HIIH APYTUX 00CTOATETLCTB 0TOOpa Mpoo.

2.1.4 Hcmoynuku ungopmayuu

Hama cnocoOHOCTh OLIEHMBATh W MPOTHO3MPOBATH 3amachkl pbl0, MOHMMATh MEXaHU3Mbl MUTPaLUi U
JIPYTUX KU3HEHHO BAYKHBIX JUIS AKCIUTYaTHPYEMBIX MOMYISIHUNA MPOLIECCOB 3aBUCAT OT HAIllero 3HaHUS
0COOEHHOCTEH OMONIOTHH LENEBBIX BUJOB U HX mpombicia. OLeHKa o0mero rogoBoro yiaoBa v 0OIIEro
YCHJIHS PBIOOTIOBHOTO (hJIOTA YaCTO BBIMOIHSAETCS C IOMOILBIO BHIOOPOYHOTO 00CIIeJ0BaHHS, TOCKOIIBKY cOOp
HAeaJbHbIX JaHHBIX (CIUIOMIHOE 0OCIeNOBaHUE) — JIMO0 CIUIIKOM JTOPOTOCTOSIIIAs], JTUO0 HEepaKTUIHAsS
nponenypa. Heo6xoquMo OTMETUTB, YTO B IAHHOM IOCOOMH OOCYXIAIOTCS U CHEMKH, HE CBA3aHHBIC C
npomsicioM (pazaenst 2.3 u 2.4). Ha Kacniuu ucnosns3yercs ps noaxonos. Tak, MpaHCKUI MOAXOA COCTOUT
B 0000meHn HHPOPMALMHK IO yJIOBaM, OPYIUSIM JIOBA M PHIOOJIOBHBIM Cy/laM, MOJYYSHHOW U3 Pa3HBIX
nctouHukoB. Poccuss u apyrue crpanbl ObiBmiero CCCP exxerogHo pas3padbaThIBalOT TaK Ha3bIBaeMble
ouonoruueckue odocHoBanus 00beMoB OLY ams Bcex mpombIcioBbix BUA0B Kacnmiickoro mopsi. B ocHoBe
000CHOBAHUH JIGKHUT CUCTEMHBIN aHAIN3 €KEr0HO MOTOIHIEMOM HH(POpMALUU O TPOMBICIIE, OUOJIOTHU 1
cpeze oOMTaHus STHX BUOB 32 BCIO HCTOPUIO HAOIIONCHUH.

Hcnonezyembie MeTOBI 0TOOPa P00, pacueTHbIE POPMYITBI K MOJIEIIN PEKOMEHTYETCsI KPaTKO OIMCHIBATH B
JOKyMEHTax, KOTOpbIe faiee OyayT Ha3biBaThcst «CTanaapTHeie pabouue npouenyps» (SOP). [Ipu Hanuauu
TAKOTO JTOKYMEHTa JIF000H CrienuaaicT MOKET IPUHSTH OT APYTOro CHEeHUANINCTa 3aJaHue MO MOATOTOBKE
WHPOPMAIMOHHBIX MaTepuanoB 0e3 M3MEHEHHUS! MPEANUCAHHBIX MPOLENyp, WM, €CIH M0 KaKoW-InOo
MIPUYHMHE 3TH POLERyphl TpeOyeTcs 00HOBHUTH, TO B SOP nomkHa OBITH cliesiaHa 3alich O CyTH U BpeMEHHU



Landings

The ‘population of interest’ (cf. section 2.1.1) can be defined by whether sampling is directed
at a stock, or a time-area stratum. In practice, only those fish accessible for sampling form the
‘observable population’. Models assumed to link the observable fish to the total landings
and thence to the fish in the population of interest should be discussed and documented
in a Standard Operating Procedure (SOP) before undertaking any expensive sampling.
Possible linking models might be:

e ‘observable landings per unit effort are the same as the total landings per unit effort’.
Effort can then be used as a raising factor.
e 'All fish >X cm were retained’ implying that landings = the catch >X cm.

The method to select landing events to sample should be decided in advance so that it may be
used consistently. A complication is that we often do not know in advance when, or how many,
landings will occur. The timing of landings might be influenced by season, day of the week, or
location. Systematically sampling every other Wednesday could result in bias from one or more
of these factors. Randomizing the sampling days within a sampling period, €.g. a quarter or year,
offers less scope for bias except that those frequently fishing will be encountered more often.
The identity of the population of interest (cf. 2.1.1) is important here. If it is "total landings’,
then randomly choosing sampling days is a reasonable policy because infrequent and frequent
fishers are expected to be represented in the sample in the same proportions as they occur in
the population. If, on the other hand, it is "total stock of fish’, frequent fishers may represent a
bias. The population of interest and the sampling scheme should both be documented in
a SOP.

When sampling landings for biological characteristics, a number of techniques can be used,
particularly where those biological characteristics vary according to the size of fish:

1. Estimate the characteristic on all fish in the original sample.

2. Remove a random subsample of fish from each of a set of length classes and estimate
the characteristic for these fish only’.

3. Remove a subsample without regard to length, and fit a model.

Option (1) provides the biggest sample, but processing fish will require time and facilities. Also,
most frequent sizes might be relatively oversampled. Options (2) and (3) are suitable when
subsampling is restricted. Option (2) is often used to develop age-length keys (see section 2.5.4,
and Lai, 1993). It could also be used to estimate maturity- or weight-at-length. Subsampling a
fixed number of fish from each length class is relatively easy to implement, but may not be the
most efficient practice (Lai, 1993). There is no model or major assumptions, but the large number
of values to be estimated can result in low sampling precision, particularly if subsample sizes
are small. The double sampling involved in this procedure complicates a statistical analysis to

T Thompson (1992, p143) refers to this as ‘double sampling for stratification’.



HW3MEHEHHUH, TIOCKOIBKY 9TO MOXKET UMETh pellaroliee 3HaueHne sl GopMUpoBaHUsl BpEMEHHBIX PSJIOB.
Hoctyn x CTaHZapTHBIM pabO4YMM NpOLEAYpaM JODKEH OBITh OTKPBITHIM, YTOOBI MOKHO OBUIO JydYllle
OLIEHUTH HAYYHYIO 3HAYMMOCTB PE3yNbTaTOB BEIOOPOUHOTO 00CIEeI0BaHHS.

Buviepyzku

Omnpenenenne TepMHHA «U3ydaeMast MOmyJsiiush (M. pazzaer 2.1.1) 3aBUCHT OT TOTO, OCYIIECTBISICTCS JIH
0TOOP IPOO K3 3araca Uitk 13 HEKOTOPOT'O MPOCTPAHCTBEHHO-BPEMEHHOTO ¢10s1. Ha npakTrke «HaOIonaeMy o
MOMYJISIIINIOY» 00Pa3yIoT TOIBKO PhIOBI, JOCTYIHBIC JUIS BbUIOBA. MOJENH, NMPeAHA3HAYCHHBIC IS CBSI3U
HaO0JIF0IaeMOM COBOKYITHOCTH PHIO ¢ OOIITUMU BRITPY3KaMH, U CIICIOBATEIILHO, CO BCEMH 0COOSIMH H3ydIacMOM
MOMYJISIIIAY, JIOJDKHBI OBITH PACCMOTPEHBI U ONMcaHbl B « CTaHJAPTHRIX pab0UYMX MPOIEILypaxy.
B03MOXHBIMH MOJICJISIMU CBSI3H MOTYT OBITh:

e  ‘HaOmomaeMble BBITPY3KHU HA SAMHUILY YCHIIHS - TO KE CAMOE, YTO ¥ OOIINE BBITPY3KH HA SAUHUILY
YCHIIHS 5 YCUITUE MOXKHO 3aTEM HCTIONB30BaTh B KAYECTBE «IIOBBINIAIONIET0» KOAPPHUIINEHTA;

e yTBepxkIcHUE ‘B yrmoBax ocraBisunch Bce 0co0u >X M’ MOJpa3yMeBaeT, YTO BBITPY3KH COCTOSIT
u3 peIO JyMHOM 60mmee X cM.

Croco6 oT60opa mpo06 13 BEITPY30K TOJDKEH OBITE ONIPEACIICH 3apaHee, YTOOBI €70 MOYKHO OBLITO HCIIOTh30BATh
MOCTOSTHHO. CIIOKHOCTB 3aKJIIOYAaeTCS B TOM, YTO 3a4acTyl0 MBI HE 3HAeM, KOTZA WM KakK OyayT B3STHI
MHOTHE YIIOBBL. BpeMs 710Ba MOKET M3MEHSIThCA TI0 Ce30HaM, JHSIM HEAETH WU B 3aBUCHMOCTH OT paiioHa
npombicia. CucTeMaTHIecKuii 0TOOp P00, MPON3BOANMBIN, HAIIPUMED, Yepe3 Cpemy, MOKET ITPUBECTH K
CMEITICHHUIO M3-3a UTHOPUPOBAHUS MTePEUNCICHHBIX (hakTopoB. CIydaifHbIi BEIOOP AHEH M1t oTOOpa mpod
B TE€UEHHUE BCETO Nepro/a BEIOOPOTHOTO 00CIeT0OBaHNS, HAPIMED, B TEIEHUE KBapTaja WM rofia, Cy)KaeT
MacIITa0bl MMOTPEITHOCTHA C TOW JIMIIb OTOBOPKOH, YTO YJOBHI T€X PHIOAKOB, KOTOPHIE BEAYT JIOB YaCTO,
OyIyT "aIe BCTPEUaThCsl B BRLIOOPOYHOM 00CIeIOBaHNH. 3/1eCh BAXKHOE 3HAYCHUE UMEET UACHTU(DUKAIINS
n3ydaeMoi mommyssiuu (cM. pasaen 2.1.1). Ecinu aTo «o01mast, nitm cyMMapHasi, BRITpy3Kay, IIeIeco00pa3Ho
BBIOMpATh THU OTOOpa MPOO MPOU3BOILHO, IMOCKOJIBKY OKHIAETCS, YTO BHITPY3KH PHIOAKOB, BEHYITUX
MIPOMBICET YacTO, ¥ PHIOAKOB, PEKO YIACTBYIOIINX B POMBICIIE, OyIyT MPEICTABICHBI B BHIOOPKE B TEX JKE
COOTHOIIICHUSX, UYTO U TIPU 00JIOBE N3yIaeMOU MOy iy, Eciu ske, ¢ ApyToi CTOPOHEI, 3TO «OOTITHii 3armac
pBIO», TO TIPOOBI M3 BRITPY30K PHIOAKOB, YACTO BHIXOASAIINX HA JIOB, MOTYT SIBUTHCS TPUYHUHON CMEIICHUS
B OIlEHKE MCKOMOTro mapaMerpa. OnrcaHue u3ydaeMol MOMyISAIUN U CXeMbI 0TOOpa Mmpod 3aHOCATCS B
CranmapTabie pabodne MPOEayPHI.

Jlnist onpeienieHust OMONIOTUIECKUX XapaKTEPUCTHK IO PE3yJIbTaTaM BBIOOPOUHOTO 00CIIeI0BaHNUS BBITPY30K,
0COOCHHO €CITH 3TH XapaKTePUCTUKN MEHSIOTCS B 3aBUCHMOCTH OT pazMepa 0co0u, MOXKHO UCITONIB30BaTh
PSAI CTIOCOOOB:

1. OueHHTH UCKOMYIO XapaKTEPUCTHKY TI0 BCEM PhIOaM B HCXOIHOM Tpooe.

2. B3aTh cnyvaiiHyl0 MOJBBIOOPKY pPBhIO M3 KaXKIOr0 pa3MepHOro Kiiacca M OIEHHUTh HCKOMYIO
XapaKTEPUCTHKY TONBKO 110 9TUM phibam?,

3. B3sTh moaBeIi00OpKy 0€30THOCHTEIIBHO JUIHHBI PHIO M MOCTPOUTH MOJICIID.

Bapuant (1) obecmeunBaeT camyro KpyIHYIO BBIOOPKY, OMHAKo €€ 00paboTka TpeOyeT BpEeMEHU H
obopynosanus. Kpome TOro, 4acTo MOBTOPSIIOIIUECS Pa3Mephl MOTYT CIHIIIKOM YaCTO MOMAIaTh B BBIOOPKY.
Ecmn moBTOpHBINA 0TOOp mpod orpanwdeH, mpuemiembl (2) u (3) BapuaHThL. BTOpoli BapmaHT 4YacTo
HCITIONIB3YETCS I HAaXOXKISHHUS KITI09a BO3pacT — mrHa (cM. pazmen 2.5.4 u Lai, 1993). Ero MoxxHO Taxke
WCTIOJIb30BATh JIJIsi OIIEHKH 3aBHCUMOCTH MAacChl OCOOHM WIIM BO3pPACTa HACTYIUICHHS TIOJIOBOHM 3perocTd
ot JunHbL [Iporenypa moBTOpHOTO 0TOOpa ONMPEIeICHHOTO KOJMYECTBa PhIO M3 KaXKIO0T0 Kllacca JITHBI
OTHOCHTEJILHO MPOCTa, OHAKO HE BCeTna sBIseTCS caMbIM 3 dekTuBHBIM criocodom (Lai, 1993). B ero
OCHOBE HET HU MOJICIH, HH CKOJIbKO-HUOYIIb CEPbE3HBIX JOMYIICHUH, HO OONBIIOE KOJMYECTBO BEINYHH,
KOTOpPbIE HY>KHO OIICHUTh, MOXKET TIPUBECTH K HU3KOW BHIOOPOYHOW TOYHOCTH, OCOOCHHO €CITU 00BEMBI
MTOBTOPHBIX TTPo0 Maiel. J[BoitHOW 0TOOp TPOO B 3TOH MpOIEAYPE OCIOKHICT CTATHCTUYSCKUN aHAIH3,

! Tomcon (Thompson, 1992, cTp.143) Ha3bIBAET 3TO «IBYKPATHBIM OTOOPOM MPOO JUIS CTPATH(UKALIMI.



estimate standard errors. Option (3) requires that care be taken to ensure that the choice of fish
for the subsample is not influenced by their size. Fitting a model is likely to require estimation
of fewer parameters than estimation of mean values for many size classes (option 2), and the
estimation can therefore be done with better precision. Disadvantages are that a model has to
be assumed, and rare size groups are likely to be poorly represented in the subsample.

Logbooks

Where commercial vessels operate, logbooks can be used. A successful logbook scheme
should provide low-cost information on quantities of fish retained for landing, fishing effort,
landings per unit effort (LPUE), fishing strategies, and details of fishing vessels. There may
also be opportunities to collect additional useful data, e.g. on quantities of fish discarded and
therefore catch? per unit effort (CPUE).

Where only some vessels use logbooks, the possibility for bias then arises if, for some reason,
vessels without logbooks fish differently from those that do. Some randomization of the vessels
selected, with frequent changes, would help reduce biased inferences about the fleet as a whole
that could result from repeatedly logging the same subset of vessels. \Whatever the reason for
incomplete logbook coverage of a fishery, raising results from the observed vessels to the total
fleet is needed to estimate total landings and effort (but not to estimate average LPUE).

At the end of a trip, a check should be made to see whether the total landed quantity recorded
for commercial sale matches the total quantities retained from each set. A systematic estimation
error could easily arise, particularly if weighing equipment is not used on board. If so, the
logbook records of daily quantities retained should be adjusted proportionally so that their sum
matches the total landed weight (less any quantities known to have been lost during the trip).
The adjustment factor should be recorded with the data.

The days in which a vessel was searching for fish but unable to catch any must be considered as
fishing days. It is often misunderstood that fishing days mean only the days that yield catches.
Scouting for fish is one type of fishing activity. Therefore, the logbook must be designed and
instructions added to report activities, i.e. what the fishing vessels were doing on days when
no catches were made. Whether the vessel was dodging bad weather or static through gear
malfunction, was moving from one fishing ground to another, or was looking for a school of fish
makes a difference in counting fishing days.

2.2 Estimating total catch statistics
To understand the status of a stock, knowledge on the level of removals (catch) is required.
The sampling approaches detailed in section 2.1 are designed to provide a subsample from the

total removals. In this section, the approaches required to raise those samples up to the total
removals from the population by the whole fishery are presented.

2 'Catch’ is here understood to refer to retained + discarded fish.



MO3BOJISIIOLINN OLUEHNUTh CTaHIapTHBIE omKuOKu. BapuanT (3) TpeOyer rapaHTuii, 4To Ha BBIOOP PBIO A
MTOBTOPHO MPOOBI HE OKa3bIBAIOT BIUSHUS UX pasMepsl. [locTpoeHne Moaenu, BEposITHO, TOTpeOyeT OLIEHKU
MEHBIIETO KOJMYECTBA MapaMeTpOB, YeM OLEHKa CPEeJHEr0 3HaueHHs JUIS JII0OOro BO3pacTHOTO Kiacca
(BapuaHT (2)), MOITOMY OLICHKY MCKOMBIX OMOJIOTHYECKUX XapaKTEePUCTUK MOKHO BBITIOJIHUTH C Ooiee
BBICOKOM TOYHOCTBI0. HeocTaTku Mo/ieny 3akiIro4atoTes B TOM, YTO OHa OCHOBaHa Ha JIOMYIIEHUSAX, U YTO
HEMHOTOYHCIICHHBIE pa3MEpHbIE IPYIIIbI OyIyT, BEPOSTHO, c1a00 MpeACTaBlIeHBI B TOBTOPHO Mpoode.

Cyooesuvie scypuanst

Tawm, rie paboTaroT KOMMEpUYEeCcKHe Cya, JUss cOopa HHPOPMAIMH MOXKHO HCIIOIh30BaTh CY/IOBBIC KYPHAIBI.
VYermeniHoe HCIMOJIb30BaHUE CYJIOBBIX JKYypHAJIOB TO3BOJISIET MPH MalbIX 3arparax coOparh OobIioe
KOJIMYECTBO MH(OpMAIIMU: TaHHBIE O BBITPY3KaX, MPOMBICIIOBOM YCHIINH, BRITPY3KaxX Ha CAUHUILY YCUITUS
(LPUE), cTparerusx pbl00I0OBCTBA U TTOAPOOHBIC

JIAHHBIC O MPOMBICIOBBIX CyJax. MOXKET MOSBHTHCS BO3MOXKHOCTH €OOpa JOTIONIHUTEIBHBIX TOJIE3HBIX
JaHHBIX, HanmpuMmep, 00 oObeMax BHIOpPOCAa PHIO U, CIIel0BaTeNbHO, 00 YI0BE? Ha EAMHUIY YCHIHS
(CPUE).

Korna cynoBbie kypHaIbl BEAyTCsl HE Ha BCEX CYJlaX, BO3HUKAET BEPOSTHOCTh MOSBICHUS MOTPEIIHOCTH,
€CJIM 0 KaKOW-JINOO MPUYHHE Cy/ia, HE BEAYIUE KyPHAIIOB, UCTIONB3YIOT HHYIO TEXHOJIOTHIO MPOMBICIIA.
CryvaiiHpI BBIOOp CYZIOB JUIS aHAM3a MX CYJAOBBIX JKypHAJIOB IOMOXET CHH3HTH TOTPEITHOCTH B
nHpopMaIK 0 (GIoTe B [EJIOM, KOTOPbIE MOTYT BO3HHKHYTH M3-3a TIOBTOPHOTO y4YeTa OJHOTO M TOTO JKe
MOJIMHOXeCTBa cy/10B. KakoBa Obl HU OblIIa PUYMHA, IO KOTOPOH JKypPHAIII 3aITOJTHSIOTCS HE Ha BCEX Cy/ax,
JUTST OTIeHKH 00111ero yioBa u ycwins (Ho He oneHkH cpennero LPUE) HeoO0XomuMo MOMyYHTh TaHHEIE C
00CIIeIOBAHHBIX CY/IOB U 3KCTPANONINPOBATh X HA BECh (IIOT.

B xomrie peiica HeOOXOMUMO TPOBEPHUTH, COOTBETCTBYET JIM OOIIHI 00BEM BBITPY30K, O(DOPMIICHHBIX IS
MPOJIaKH, CYMME YJIOBOB, OCTAaBIICHHBIX Ha OOPTY Cy/IHA TMOCJE 3aBEPIICHUS TPOMBICIOBBIX OIEpPAIIH.
Jlerko MOXeT BO3HUKHYTh CHCTEMATHYECKas TIOTPEITHOCTh OICHKH, OCOOCHHO €CJIM HE MCIOIh30BAIOCh
BecoBoe 000pynoBaHus. B 3ToM ciydyae oTMeueHHbIE B KypHAJIE THEBHBIC OCTABICHHBIC YIIOBBI JIOJDKHBI
OBITH TIPOIOPIIMOHAIILHO CKOPPEKTHPOBAHBI, YTOOBI MX CyMMa COOTBETCTBOBaia OOIIEH Macce yioBa
(MHHYC OOBEMBI, YTpaueHHbIE BO BpeMsl TPAHCIOPTHPOBKH). BmecTe ¢ NaHHBIMH CJEoyeT yKasaTb
KOPPEKTUPYIOMHHA KOIPDHUITUSHT.

JlHu, KOTOpBIE CYIHO TIPOBEJO B TMOWCKE KOCSKOB, JOJDKHBI CUMTATHCA MPOMBICIOBBIMH. CyIecTByeT
pacmpocTpaHeHHOe 320y I€HNE, YTO IPOMBICIIOBBIMU CYUTAIOTCS TOJBKO JTHU, KOT/Ia TIPON3BOIUTCS JIOB.
[Touck prIOBI — OMH W3 BUAOB MPOMBICIOBON JEATENHHOCTH. [103TOMY COOTBETCTBYIOIIME MHCTPYKIIHH,
Kacaroluecs BEICHUS CYIOBOTO )KypHala, TOJKHBI TIPeaycMaTpUBaTh 3aHECEHNE B )KypHAJI HHPOpMAIUN
0 paboTe CyzHa ¥ B T€ IHHU, KOT/Ia OTCYTCTBOBAJIN YNIOBBL. MHpOpManys o ToM, TIOMaNo JIn CYTHO B TUIOXHE
MTOTOIHBIE YCIOBHS, OBUIH JI OCTAHOBKH H3-32 OTKa3a 000pyIOBaHU, HAXOIUIOCH JIH CYJHO Ha Mepexo/ie
W3 OHOTO TIPOMBICIIOBOTO paiioHa B IPYTOil WM 3aHUMAJIOCh TIOMCKOM PBIOBI, JOJDKHA YUYUTHIBATHCS TIPU
MojICUeTe JIHEU MpoMBbICIa.

2.2 OrieHka CTAaTHCTUK 00LEro BLLJIOBA

YToOBl OLEHHUTH COCTOSIHUE 3araca, HeOOXOOMMO 3HAaTh YPOBEHb IPOMBICIOBOrO M3bSATHA. llomxomsl k
oTO0py mpo0, monpoOHO omKcaHHbIE B pasnene 2.1, mpegHa3sHaueHb! Ui B3STHS BHIOOPOK U3 0O0IIEro
yioBa. B aToM pazaene mpuBOAATCS METOJBI, TO3BOJIAIONINE IEPECYUTATh 3TH BEIOOPKM Ha OOIIMH YIIOB,
B3STHII Ha pacCMaTpHUBaEMOM IIPOMBICIIE.

2 3jech moj «yI0BOM» TIOHUMAeTCs 0011ee KOTMUECTBO MOMMaHHOM PHIObI, BKIIOYAs BHIOPOCHI.



2.2.1 Estimating for the observable population

Estimation of means, totals, and variances from samples can be achieved with the standard
estimation formulae appropriate to the sampling scheme used (section 2.1.2). The estimated
statistics then apply to the observable population (cf. section 2.1.1) without additional raising.
Using inappropriate formulae would risk biasing the results. Two examples are given to clarify
these statements in a fishery context:

1. Suppose that n landings are sampled approximately randomly (simple random sampling
without replacement) from N made by the fleet during a quarter of a year, and total num-
bers of fish, y, and length frequency distributions are estimated for each observed land-

ing. The mean number per landing is Y = Z% and the estimated total landed number
for the fleetis Y = YN (Thompson, 1992, eq. 8, chapter 2). The raising factor is therefore

I\%_ It could be used to raise the LFD as well if required.

2. Alogbook survey in which not all vessels could be logged. The annual results for vlogged

vessels should be available directly from the logs. They would be raised by \% to allow
for the missing vessels.

Additional information can be brought into estimation by modelling using either a ratio estimator
or a regression estimator (Thompson, 1992, chapters 7 and 8). Both are slightly design-biased,
but model-unbiased.

For example (1), suppose that the total tonnage landed, W, is known. It can be argued that the
relative tonnages, w, of landings for the sample of n and for the total give a more precise raising
factor than numbers of landings, because they give more information about the overall activities.
A ratio rather than a regression estimator is appropriate if zero landed numbers always weigh
zero tonnes, and positive landed numbers are proportional to tonnage. The ratio estimate of total

numbers landed is Y5 =W.Y>_y/> w. The raising factor is /Z:W.

For the logbook example (2), a raising factor based on numbers of vessels logged and in the
total fleet uses no information about the fishing powers of the different vessels and can often
be improved. Other estimators could be based on engine power or another effort measure, or on
quantities of one or more species landed by the sampled and total components. The choice will
often depend on the information available and on whether the same information is being used
in a linked way in an analysis of the fishery or stock.

Whichever estimation and raising formulae are used in preparing estimates, they should
be documented in the SOP for the sampling programme.



2.2.1 Ilpoyedypa oyenxu 015 HabOIOOAEMOU NONYAAYUU

Bocrnonp30BaBmuch pe3yibpTaraMi BBIOOPKH, CpPEIHHE, CyMMapHbIe 3HAYCHHUS W JUCIEPCHH MOXKHO
paccumTarh ¢ TMOMOIIBIO CTaHJAPTHBIX (OPMYI, COOTBETCTBYIONIMX HCIOJL30BAHHOW cXeMe OoTOopa
po0 (pazmen 2.1.2). IloaydeHHBIC CTATUCTUKH OYyIyT CIPABEUTMBEI TSI HAOMIOMAEMOM TOIYIISAIIAN (CM.
pasmen 2.1.1) 6e3 momoaHHUTENBHOTO TepecueTa. [IpuMenenne Gopmyir, He OTBEYAIOIIHX IUIAHY CHEMOK,
YBEIMYMBACT PUCK CMEIICHUS OIICHOK. Hyke MpHBeIeHbI Ba TIpUMepa, TOSICHSIONINE 3T YTBEPXKICHHS B
KOHTEKCTE PhIOOIOBCTBA:

1. IlpenmonoxwM, 9TO TPOBOMMJICS CIyYalHBIH OTOOpP MPoO W3 N BEITPY30K OT HMX OOIIETO
rxonmaectBa N (MMpOCTOH CIy9aiHBIN 0TOOP MPobd Oe3 BO3BpAIICHHUS ), IOTYISHHBIX BCEM (PIIOTOM
3a KBapTall, MpuIeM JUTsS KaKI0H 00CIIeI0BAHHON BHITPY3KH OICHUBAIOCH 00IIee KOTHYECTBO PHIO

Y ¥ 9acTOTHOE pacrpeleneHue ux JiuuH. CpeHee 3HaueHHEe Yrcia pel0 B BRITPY3Kke Y = Z %

, @ OIIEHKa YHUCICHHOCTH PbIO B BBITpy3ke Bcero ¢uora Y = YN (Thompson, 1992, yp.8, riasa

2). CrenoBarebHO, TIOBBITIAIONTHI KOA(h(GUIINEHT paBeH N/ IIpu HEOOXOAMMOCTH €r0 MOXKHO
HCITONIB30BATh TS IepecdeTa 4acTOTHOTO pactpeneneHus ;mua (LFD).

2. PaccmoTrpuM ciydaif, Korjga MO KaKMM-TO NMPWYMHAM HE yAaloch OOCIENOBaTh KYPHAIBI BCEX
CYZIOB, paOOTaBIINX Ha JTaHHOM IPOMBICIE. | 0/I0BbIEe pe3ynbTaThl MPOMBICTA V 00CIEI0BaHHBIX
CYZIOB JTOCTYIIHBI HETIOCPEICTBEHHO W3 KypHAJIOB. I ydeTa mpomyIeHHbIX CY/IOB 9TH JTaHHBIE

YBCIHNYUBAIOTCA B \% pas.

[Ipumensist MopeaMpoBaHue, a TOUHEE, OLICHOYHYO (PYHKIHMIO B BUIE OTHOLICHUS WIIM YPaBHEHHS PErPECCH,
B MIPOLIEYPE OLIEHKH MOKHO HCIIOJIB30BaTh JIOMOJIHUTENbHY0 HHpopMatuio (Thompson, 1992, rmasel 7 u
8). B 00oux ciyuasix cMeleHne, BEI3BAHHOE BEIOPAaHHON MOJEIBIO, OTCYTCTBYET.

Paccmotpum ipumep (1) B peariosnoxkeHnu, 4To U3BECTEH 0OLIHIA Bec BCeX BHITPY30K, W. MoKHO 10Ka3arh,
YTO Beca BBI'PY30K, W, OTHOCUTEIBHO IPoOBI 00beMOM N 0co0eH 1 OTHOCUTEJIBHO BCETO 3araca AatoT oosee
TOYHOE 3HAYCHUE MTOBBIIIAIOIIET0 KO3 GHUINEHTA, YeM YHCIEHHOCTH BBITPY30K, IIOCKOJIBKY OHU COIEPIKUT
Oosipie mHpOpManMu 00 OOIIEH pe3ylbTaTUBHOCTH paccMaTpuBaeMoOro Inpomsbicia. Ecin HyneBas
YHCJICHHOCTh YJIOBA COCTABIISICT HOJIb TOHH, @ HEHYJIEBasl - IPONOPLHOHAIbHA 00LIEMy BeCy BBITPY3KH,
[IPUMEHMMA MPONOPLUOHAIBHAS, a HE perpeccuoHHast oueHka. OYHKIUS OLEHKU OOIIeH YMCIEHHOCTH

BBI'PY3KH B BHe OTHoueHUs umeeT dpopmy: Y .o =W.Z y / ZW, rae %W - TOBBILIAIOLINN

k03 punreHT.

B npumepe (2) nosimaronuii KO3QQUIHUEHT OCHOBAH HA JAaHHBIX, IOJYYCHHBIX M3 CYIOBBIX KypHAJIOB
o0ciieioBaHHBIX CcynoB. OH HE yYUTHIBACT MH(OPMALHIO O MPOMBICIOBOI MOIIHOCTH OTICJIBHBIX CYIOB
Bcero ¢oTa, UCIOIb3yeMOTo Ha pacCMaTprBaeMOM HPOMBICIE, U IT03TOMY YacTO MOXKET OBITh YJIy4IICH.
Hpyrue oneHouHble (PyHKIUU MOTYT OIMPAThCSl HA JaHHBIE O MOIIHOCTH JBUraTeiei MM APYTHe MEpbl
IIPOMBICIIOBOTO  YCHJIMSI; HA KOJMYECTBO OCOOCH OIHOTO MJIM HECKOJIIBKUX BHIOB, MOINABIINX B BBIOOPKY
1 B OOIIyIO BBITPY3KY, a TaKXKe Ha oOIIue MoKa3arenu. BeiOop QyHKIMU 4acTO 3aBUCHUT OT JOCTYIHOMH
nHGOPMALMK U OT TOT'0, UCIIONIB3YETCS JIM 3Ta HH(POpMaLKs IPU aHAIN3€E TIPOMBICIIA WU 3ar1aca.

Bcee pacHCTHLBIC (I)OpMy.]'IBI, HCIIOJIb30BAHHBIC B IMPOLCAYPEC OLUCHHUBAHUSA, NOJIZKHBI OBITH IIPpUBCACHLI B
OTYCTC.



2.2.2 Estimating for the population of interest

The observable population will probably be a subset of the population of interest (section 2.1.1),
and a relationship between the two has to be assumed (and documented in an SOP). The
relationship may be a simple raising factor or something more elaborate but, in either case,
estimation is purely a modelling exercise that does not involve design-based sampling theory.
The models should be reviewed whenever new information becomes available.

A common but non-straightforward raising problem arises when the observable population for
sampling is all or part of the fishing effort, but the population of interest is the stock of fish in a
geographic region over a given time period, e.g. a 'time-area stratum’. Two questions arise:

1. Did the effort applied in the time-area stratum provide a satisfactory sample of the fish
stock there?
2. Was a part of the fishing effort expended outside the stratum?

The first question requires an analysis of fishing patterns and fishing gears in use. If effort
is distributed fairly uniformly over the stratum, and used similar fishing gear, a good sample
was obtained. More likely though, part of the effort was focused on different, relatively small
localities and used different gears having different selectivity properties. There may also have
been seasonal changes in fishing patterns. Options for dealing with these problems include:

e A model to estimate the effects of non-uniform sampling (Campbell, 2004). A Bayesian
approach is worth considering because prior distributions for important parameters used
in the model can be adjusted to reflect uncertainty about their values.

e Down-weighting results from heavily fished, small localities so that they do not dominate
the estimates for the time-area stratum.

e Filling in missing data for subareas or sub-periods with data from previous periods or
from neighbouring strata.

e Ignore all the irregularities and treat as a random sample.

All options carry a high risk of bias. Also, the bias could itself follow a trend over time, resulting
in distortion of time-series. A further danger is that data from certain useful locations will be used
more than once, causing dependence among results, and possibly exaggerating the effects of
errors. The chosen solution and the reasons for choosing it should be documented in an SOP or
in any report of the estimation procedure.

The second question is usually easier to deal with. The best solution is to disaggregate data to
individual events that can be assigned to the correct stratum. A quicker solution is to estimate
for each the proportion of effort applied within each stratum.



2.2.2 Oyenka nonynsiyuu

Habmonaemast mormymsius Ckopee BCero OyAeT MPpeICTaBIsITh COO0H HEKOTOPOE TOAMHOKECTBO U3ydaeMOn
romyssuH (pazmen 2.1.1); Mexay KOTOPBIME HE0OXOIUMO MTPEATIONIOKHTH CYIIIECTBOBAHNE OTIPEICICHHOM
3aBUCUMOCTH. CBSI3b MOXKET OBITh BBIpAKCHA Yepe3 MPOCTOM MOBBIMIAIOMINN KOA(D(GUIINEHT WIIH YTO-TO
Ooree cI0KHOE, HO B JTFOOOM cITydae MpoIieypa OleHKH SBISETCS HCKITIOYNTENBHO MOACTHFHBIM ITPUMEPOM,
B KOTOPOM HE HCIIONB3YETCSA TEOPHS IIAaHNPOBAHUS BEIOOPOIHOTO 00CIIEI0BAHUS.

Korma Bce mim 9acTh TPOMBICIIOBBIX YCHITUH MPUKIIAABIBAIOTCS K HAOIIOAACMON TOMYIISAIIAN, W3 KOTOPOM
OcepyTcst TIpOOBI, a W3ydaeMasl ITOMYJISAIUS TPEACTaBIsIeT cOOON 3amac phlO, HAXOASAIIMICSI B TaHHOM
paiioHe B TeYeHHE JAaHHOTO TEPHOia BPEMEHH, T.€. «IIPOCTPAHCTBEHHO-BPEMEHHYIO CTPATy», BOSHHKAET
pacmpocTpaHeHHas, HO HETpUBHANbHas TpolieMa, CBA3aHHAs C OMpEAeJICHHEM TIOBBIMAIOIIETO
kodddunrenTa. BosHUKAIOT 1Ba Bompoca:

1. OOecrmeunmBaeT M yCWIHE, TPWIOKEHHOE K «IIPOCTPAHCTBECHHO-BPEMEHHOW  CTparey,
peTpe3eHTaTUBHYIO BEIOOPKY M3 HAXOAIIETOCS TaM 3araca peio?
2. PacmpocTpansiercs JId 4acTh TPOMBICIIOBOTO YCHIIHSI 32 TIPEICIBI OTOM cTpaThl?

OTBeT Ha MEepBBIA BOMPOC TPeOyeT aHaIM3a CTPYKTYPHI MPOMBICTIA U HCIIONB3YeMbIX Opyaui oBa. Ecmu
YCHIIME pacTpeNiesieTcs B CII0e JOCTAaTOYHO PAaBHOMEPHO W WCIOIB3YIOTCS aHAJIOTHYHBIC OPYAHS JIOBa,
BBIOOpPKA Oy/IeT TOCTATOYHO MPECTABUTENHHON. O0JIee BEPOSITHO, OHAKO, UTO YACTh 3aTPadeHHOTO YCHITUS
ObLTa MPUIIO’KEHA K Pa3HBIM, OTHOCHUTEIHHO HEOONBIIMM y9acTKaM; M HCIIOb30BANCh Pa3HBIE OPYIUs
JI0Ba, 0ONamaroNIe pa3HoOW CEIeKTHBHOCTHIO. B CTPYKTypy MpPOMBICIA MOTIIM OBITh BHECEHBI CE30HHBIC
n3MeHeHHs. Bo3aMO)KHBIE BapHaHTHI PEIISHHS STHX TIPOOIEM BKITIOYAFOT:

e lcnonp3oBaHWE MOJICTHUPOBAHUS JIIsl OLEHKH BO3JCHCTBHUS HEpaBHOMEPHOTo oTOopa mpod
(Campbell, 2004). B sTom caywaii 3acinyKABaeT BHUMAaHUS OalleCOBCKHIM TIOIXO, MOCKOIBKY
WCXOJIHBIC PACHpPEACTICHUS KIIOUEBBIX IapaMeTPOB, HCIOIb3YEeMbIX B MOJICIH, MOXHO
CKOPPEKTHPOBATh TAKMM 00pa30M, YTOOBI OHH OTPa)Kalll HEOMPEACICHHOCTh UX 3HAYCHUH.

e CHmWKEHHE, C ITOMOIIBI0 BECOBBIX KOA(D(GHUIIMEHTOB, PE3YIBTATOB, IMOTYUCHHBIX IS HEOOIBITNX
YYaCTKOB C HHTEHCHBHBIM ITPOMBICIIOM, YTOOBI OHH HE JIOMUHUPOBAIIN HAJl OCTATBHBIMHU OIEHKAMH,
MOJTYYEHHBIMH JJIsl IAHHOTO MPOCTPAHCTBEHHO-BPEMEHHOTO CIIOSI.

e 3aroyHEeHUE MPOMYCKOB B JIAHHBIX JUIsi HEOOJBIIUX MOAPAOHOB WM BPEMEHHBIX HHTEPBAIOB
JIAHHBIMH, TOTYYCHHBIMH JUTS TIPEANICCTBYIONIUX TEPUOJIOB MITH COCETHUX CIIOCB.

° [Ipenebpexenne BceMHu HapyIICHHSIMH TIPH 0TOOpe TpoOBI M 00paboTka ee Kak CIIydailHOM
BBEIOOPKH.

Bce BapuaHTBI COXpaHSIOT BBICOKHI PUCK MTOTyYEHHUS] CMEIIEHHBIX OlleHOK. Kpome Toro, camo cMerienne
MOXKET MEHSTHCS B COOTBETCTBHH C HEKOTOPHIM BPEMEHHBIM TPEHJOM , MPHUBOASIIAM K HCKaKEHHUIO
COOTBETCTBYIOIINX BpeMEHHBIX psAA0B. Ellle o/iHa 0mTacHOCTH 3aKITI0YaETCs B TOM, YTO JaHHBIE, TOTyYeHHBIE
Ha HEKOTOPBIX yHOOHBIX ydacTKaX, MOTYT OBITh MCITONB30BaHbl HEOMHOKPATHO, UTO CIENAET Pe3yabTaThl
B3aMIMO3aBHCHMBIMH 1, BO3MOJKHO, YCHIIUT BIUSHUE OMHOOK. BRIOpaHHBIN BapHaHT PEeNICHHUS U TPHIHUHBI
CIETaHHOTO BHIOOPA TOJHKHBI OBITH U3JI0KEHBI B MJIH B JTFOOOM OTYETE O TIPOIIEyPE OIEHKH.

OTBeT Ha BTOPOH BOIIPOC HAWTH 0OBIYHO Tipoiie. Hammyuiiee perieHre 3akiiouaeTces B pa3aelieHHN JaHHBIX
Ha OTJCNIbHBIC COOBITHS, KOTOPHIE MOTYT OBITH OTHECEHBI K KOPPEKTHO BRIOpaHHOM cTpare. boiee Op1cTpoe
pellieHHe COCTOUT B OLICHKE JIOJIEH YCHITHSI, IPUIIOKCHHBIX B KaX IO CTpare.



2.3 Acoustic approaches

Acoustic surveys are often conducted to investigate a large volume of water. The non-invasive
nature of this method as well as the ability to sample the water column continuously and over
large areas make it a relatively cheap, accurate and useful tool for evaluating fish biomass.
Although the northern and central Caspian littoral states have experimented with the use of
acoustic surveys in the Caspian Sea, this technique still appears to be at an experimental stage
in the area (CITES, 2004). In theory, however, Caspian Sea ichthyofauna lends itself to acoustic
sampling. Species of commercial interest can be divided into two groups, pelagic and demersal.
The pelagic species, such as Clupeonella and Alosa, should be easily detectable owing to their
schooling behaviour and likely availability to sonar equipment. Of the demersal species, sturgeons
are the main species of interest. These too should be acoustically distinguishable owing to the
likely characteristic acoustic mark from the large swimbladder. Additionally, the relative species
paucity in this body of water should make species identification of acoustic marks easier.

This section is largely a summary of the currently most general and in-depth publication on
fisheries acoustics by MacLennan and Simmonds (1992) and Simmonds and MacLennan (2005).
It is beyond the scope of this manual to go into the details of the physics behind the acoustic
technigues and some basic understanding of fisheries acoustics by the reader is assumed.

2.3.1 Equipment

Recording equipment

For surveys exploring fish biomass and distribution, scientific fisheries acoustic equipment
such as split-beam echosounders is recommended. The typical frequency of echosounders
used in fisheries applications is 38 kHz, but the use of a combination of frequencies should be
considered. Each species gives a different acoustic mark depending on the frequency used,
which can permit more-accurate species discrimination (Korneliussen and Ona, 2003). Typically,
water depths >20 m are suitable for fisheries acoustic methods using 38-120 kHz frequencies.
Large shallow areas (e.g. in the northern Caspian) are less suitable for conventional acoustic
surveying, and higher frequency sounders would be more appropriate there. Acoustic sampling
of the demersal fish in the deep basin of the central Caspian would be best undertaken with
lower frequencies. However, most species of interest are not known in these depths, and
conventional frequencies will suffice to investigate the upper pelagic parts of the water column
in the area.

The most commonly used scientific echosounders are the Simrad EK500 and the newer EKG0,
which are characterized by an accurate time-varied gain (TVG) amplifier, which ensures that the
same fish density will produce the same signal at any depth range. A variety of other sounders
is also available for scientific data collection, e.g. various models from BioSonics, Furuno, HTI,
and Kaijo. For details on the application and suitability of various echosounders it should be first
confirmed which sounders are supported by the chosen data-processing software.

It is essential that output of a GPS antenna feeds into the fishing sounder to add a spatial
stamp. In addition, the use of motion compensators is highly recommended, to compensate for
inevitable ship movement (heave, pitch, and roll).



2.3 AkycTnuyeckue MeTOAbl

AxycTuueckasi ChbeMKa 4acTo MPOBOIUTCS JUIS HCCIICTOBaHUS OONBIIMX akBaTtopuil. braromapsi cBoeit
HEMHBA3UBHOU MPUPO/JIE, & TAKKE CIIOCOOHOCTH MPOCMATPHUBATH TONIILY BOJIbI HEMPEPHIBHO U HA OONBIION
aKBaTOPHM, 3TOT METOJ SBJSIETCS OTHOCHUTEIBHO JCUICBBIM, TOYHBIM M IOJE3HBIM HHCTPYMEHTOM
JUIs OLeHKH Ouomaccel pbi0. XoTs mpubpeskHbie rocyaapctBa CeBepHoro u IeHtpanbHoro Kacmust, u
9KCTIIEPUMEHTHUPOBAIIN € UCMOB30BAHUEM aKyCTHYECKHX ChEMOK Ha MOpPE, 9TOT BHJ ChEMOK, 10 MHEHHIO
skcnieproB CUTEC (CITES, 2004), Bce eme HaxomuTcs B JKCIIEPHUMEHTAJIbHOW cTamuu. B Teopuw,
ofHako, uxtuodayHa Kacmuiickoro Mopsi BIOJIHE MOAXOAUT JJSI U3YUCHHS C MOMOIIbIO aKyCTHUCCKUX
cbeMOK. [IpoMbIciiOBBIC BUbI Kacmust MOXKHO pa3aeuTh Ha JBE IPYIIIbL: MeJarn4ecKue U IeMepcalibHbIC.
IMenarnueckue Buabl, Takue kak Clupeonella u Alosa, merko mommaroTcst oOHapyKeHHIO Onaromaps
CTaHOMY TMOBEJCHUIO U JIOCTYIHOCTH JJIsl TUApOJOKaropa. M3 memMepcanbHbIX BUIOB OCOOBIH MHTEpeC
MPECTABNISIOT OCETPOBBIC PHIOBL. X MOXKHO pacmo3HaTh Oiaroaapsi KpyrmHoMY IMJIaBaTeIbHOMY My3bIPIO,
KOTOPBIF 00YCIOBIMBACT XapakTepHYI (OpMY OTPaKCHHOW  aKycTHYecko BoiHBL. Kpome Toro,
MaJIOYMCICHHOCTD (TIPOCTPAHCTBEHHAS PA3PSHKEHHOCTD) 3THX PBIO B BOJIOEME 00JIeryaeT X akyCTHUECKYO
HICHTA(DUKAIINIO.

JlaHHBIM pasjen SBJISETCsA, B OCHOBHOM, 0030pOM OOLIMX M CIENHAIbHBIX IyOmukanuii MakJInHHaHa
u Cummonnca (MacLennan and Simmonds, 1992; Simmonds and MacLennan, 2005), mMOCBSIIEHHBIX
UCIIOJIB30BAHMIO THAPOAKYCTHKH B phI00IOBCTBE. Onucanue pU3nuecKuX AeTaaell akyCTHIECKMX METOIOB
BBIXOJIMT 38 PAMKH HACTOSIIETO MOCOOMs, MOCKOJIBKY TPEIIONAraeTcs, YT0 YUTATENb y)KE UMEET 00IIee
npecTaBieHre 00 STHX METOAX.

2.3.1 Obopyoosanue

Pezucmpupyrowee ob6opyoosanue

B cremkax, HarpaBIieHHBIX Ha N3y4YeHHE OMOMACCHI H PACIIPE/ISICHUs PbI0, pEKOMEHIYETCs HCIIOIb30BaTh
9XOJIOTHI C pacIeTIeHHbIM JTy4oM. CTaHIapTHAS YacTOTa SXOIOTOB, IPUMEHSIEMBIX B PHIOOX03SHCTBEHHBIX
WCCIeNIOBaHUAX, cocTaBisieT 38 k[T, HO BO3MOXKHO W COYETaHWE Pa3HBIX YacTOT. B 3aBUCHMOCTH OT
WCTIONB3yEMOH YaCTOTHI, KaXKIbI HM3y4YaeMbI BHUJ HMEET OIPENEICHHBIH aKyCTHUYECKH «IOPTPET»,
KOTOpBIN oOecrieunBaeT Gosiee TouHoe pacnosnasBanue BunoB (Korneliussen and Ona, 2003). OGbruHO Ha
m1yOouHax >20 M IPUMEHSIOTCS aKyCTHYECKUE METO/IBI, HCIIONIB3YIOIINE YaCTOTHI B tuana3one 38—120 kI 'm.
CranmapTHas aKycTHYecKas CheMKa MEHee MPHUTOHA JIUIS YCIOBUIH OOITUPHOTO MEKOBOABS (HAIIpHMep,
Ha ceBepe Kacmus); 31ech MCHONb3yrOT OoJjiee BHICOKOYACTOTHBIE 3XOJIOTHI. [l aKyCTHYECKOW CheMKHU
JIEeMepCalbHBIX BHJIOB B TIIYOOKOBOJHOW YacTW LEHTpaidbHOro Kacmus onTUMallbHbI HHU3KHE YaCTOTHI.
[TockonbKy B 3TOM paiioHe OOJBIIMHCTBO M3y4YaeMbBIX BHJIOB Ha OONBIIMX TITyOWHAX HE BCTpEYaeTcs,
JUTSL aKyCTUYECKOTO MCCIIEOBaHUSI BEPXHHUX CJIOEB TENIarnalii 3/1eCh MOYKHO HCIOIb30BaTh CTaHIAPTHBIC
YaCTOTHI.

HaubGornee momymsipHbIME Hay4YHBIME 9X0J10TaMu siBsitoTest «Simrad EKS500» u ero Gonee HOBast MOZielb,
EK60, ykoMrekToBaHHas yCHWJINTENEM C TepeMeHHbIM Kodddumuentom ycunenus (TVG), 6naromaps
KOTOPOMY CKOIUICHHE PBIO OHOHM ¥ TOM K€ IJIOTHOCTH JIaeT OJJMHAKOBBIH OTPayKEHHBIH CUTHAI B JTFOOOM
JIMaTa3oHe UcCiIeayeMbIX DIyOuH. MMeeTcs memnslil psja U APYruX 9XOJO0TOB, MCIOIB3YEMBIX Ul cOopa
HAyYHBIX JaHHBIX, HAPUMED, PA3IMYHbIC MOJETH KoMIanuii «BioSonics», «Furunoy», «HTI» u «Kaijoy.
JInst eTa’spHOTO CYXKJIEHHS O NPUMEHHMOCTH W TIPUTOJHOCTH Pas3HBIX MOJAENEH THAPOIIOKATOPOB
CHayaJla HY)KHO YCTaHOBHTb, KaKHe MOJEIH THAPOJIOKATOPOB IOJICP)KUBAIOT BEIOPAaHHOE MPOrpaMMHOE
obecrnieueHue s 00pabOTKH TaHHBIX.

Hnst obecrnieueHust TOUHOU reorpaduyeckoil «IpUBSI3KMY) JAHHBIX HEOOXOIUMO, YTOOBI K 3XO0JOTY ObuIa
MOAKIIIOUYEHa HaBuranuonnas cucrema GPS. Kpome Toro, mpu paboTe ¢ ruApoaKyCcTHUECKOHN anmnaparypoi
CJIEyeT MPUMEHSTh YCIOKOUTENN KauK{, YTOObl YMEHBIINTh HEN30EKHYIO0 HEYCTOHUMBOCTh (OABEM Ha
BOJIHE, KWJIEBYIO M OOPTOBYIO KauKy) CyJIHA.



A relatively new tool in the fast-developing field of fisheries acoustics is the multibeam sonar
(Mayer et al., 2002). Although its application is well established for swathe bathymetry studies
of the seabed, new applications have been developed for fisheries acoustics. For example, the
Simrad EM3002 records water column as well as seabed backscatter data, and it will undoubtedly
prove an increasingly useful tool for fisheries studies.

Processing equipment

A variety of products is available on the market. Over the past few decades processing has
moved on from paper charts to sophisticated digital processing software, such as Simrad's
BI500 and Sonardata’'s EchoView. The latter has the advantage that it can also incorporate
scanning sonar and multibeam data.

2.3.2 Calibration

To be able to use recorded fisheries acoustic data for echo integration, i.e. biomass estimation,
it is essential that the echosounders are frequently calibrated with a reference target of
known target strength. ICES recommends calibration before and after each survey (Foote et
al., 1987), and this is particularly important for the Caspian Sea. Owing to the varying physical
properties of the water, care should be taken to ensure that regionally correct values for salinity
and temperature (affecting sound speed and absorption) are used. The calibration procedure
described by Foote et al. (1987) is still regarded as the standard approach. A standard reference
target is suspended below the transducer, supported by the minimum amount of additional
material to avoid unwanted reflections. Three suspension lines are attached to the web, and by
adjustment of the lengths of the lines, the sphere can be moved to any point in the transducer
beam. A small winch or rod is used to adjust the lengths of the support lines. For further details
on the practice of calibration, see Foote et al. (1987), MacLennan and Simmonds (1992) and
Simmonds and MacLennan (2005). Transducer suppliers also provide detailed protocols.

2.3.3 Survey design

Survey objectives are to estimate biomass and distribution of the pelagic and demersal
commercially harvested species. Acoustic estimation of fish abundance has much in common
with other survey methods used in fisheries research. The sampling strategy and protocols
for data collection should be designed to provide the most accurate information that can be
obtained within the limits set by the available resources. It is likely, in fact recommended, that
any acoustic surveys in the Caspian Sea will be combined with trawl surveys. The data collected
during such surveys will come from various sources, such as the echo-integrator, the echogram,
and/or the numbers of fish from single-target counts. Examination of fish catches will indicate
the proportion of different species present, and their size distribution, which is important for
target strengths, which are size-dependent.

Various Caspian littoral states should consider organizing individual surveys in their own
(territorial) waters of the Caspian. To get most meaningful large-scale information out of these
surveys, it is advisable that the states work collaboratively to achieve effective coordination.
There are a number of specific issues to consider:



OTHOCHTENBHO HOBBIM MPUOOPOM B OBICTPO Pa3BHBAIOLICHCS OOJACTH MPOMBICIOBONW THAPOAKYCTHKH
sBJIsIeTCS MHOTOITy4eBoi axonot (Mayer et al., 2002). XoTs 3X070ThI 3TOrO THIIA YKE JaBHO MIPUMEHSIOTCS
IUIsl CTICLMAIM3UPOBAHHBIX HCCIECAOBAaHUNH MOPCKOTO JIHA, CPaBHUTENFHO HEJaBHO OBUTM pa3paOoTaHbI
UX HOBBIC MOIU(HKAIMU Ul MPOMBILIIICHHOTO phidonoBcTBa. Hampumep, «Simrad EM3002» criocoben
pPErucTpUpOBaTh CUTHAJBI, OTPAKEHHBIE KaK OT LieJed B TONIE BOABL, TaK M OT Mopckoro ngHa. Her
COMHEHHH, 4TO ATOT NPUOOpP MMEET XOPOIIHe NEePCIEKTUBBI AJIsl UCIIOIB30BAHUS B PHIOOX03IHCTBEHHBIX
HCCIIEIOBAHUAX.

Oobopyoosanue onsa 06padomku 0aGHHBIX

Ha pwiHKe TipeacTaBiieH OOMNBINON BBIOOP CPEACTB 00pabOTKH THUAPOAKYyCTHUECKONW WH(popMannu. 3a
MOCIIeTHIE HECKOIIBKO JIECSTUIeTHI 00padoTKa JaHHBIX MPOIIUIA ITyTh OT HCIOIB30BaHUs OYMaXKHBIX KapT
JI0 CITOYKHOTO IIH(POBOTO MPOrpaMMHOTO obecreuenws, Takoro kak B1500 kommanuu Simrad u EchoView
kommanun Sonardata. ITociennee obnagaer TeM MPEHMMYIIECTBOM, YTO MOXET 0OpadaThIBaTh IaHHBIC,
MOJyYEHHbIE KaK C MOMOIIBI0 KPYTOBOTO, TAK ¥ MHOTOJIyYEBOTO THJIPOJIOKATOPA.

2.3.2 Kamubposra

YToObl akycTHUECKHE JaHHBIE MOXKHO OBLJIO MCIOJIb30BaTh ISl 000OIIEHHs TaHHBIX ChEMKH, HAalpuMep,
OLIEHKH OMOMacchl, He0OXo1nMa yacTas KaaTuOpoBKa 9X0JIOTOB OTHOCHTENILHO STATIOHHOM LENU C U3BECTHOM
cunoit 1ienu. MKEC pekoMeHyeT MPOBOAUTH KaIMOPOBKY 10 W mociie kaxaoi chemku (Foote et al.,
1987), uto nmeetr ocoboe 3HaUeHUE B yCI0BHUIX Kacnuiickoro Mopsi. YUUTbhIBas TOT (aKT, 4TO PU3HUECKUE
XapaKTEPUCTHKH BOABI MEHSIOTCS, MPH KanuOpOBKe HEOOXOmMMO oOpaimiaTh BHUMaHHE Ha TO, YTOOBI
HCTIOJIb30BAJIUCH TOUHBIE TSI KOHKPETHOTO pErHOHA 3HAUYEHHSI COJICHOCTH M TEMIIEPATyPhI BOJBI, OT KOTOPBIX
3aBUCUT CKOPOCTH MPOXOXKJICHHS CHT'Hajla M TOTNIOLIeHre 3ByKa. lIpouenypa KaanOpOBKH, ONMUCAHHAS
®ytom u np. (Foote et al., 1987), u B Hamm qHM siBisieTcs: oOmenpuHsaTol. [Iporenypa 3akmouaercs
B cieaytomeM. CraHnapTHas KOHTPOJbHAs elb B Bue cepbl MOABELIIMBACTCS MO Mpeodpa3oBaresieM
(u3nmyyareneM) ¢ MHUHUMAaJbHBIM HCIOJBb30BAaHHEM JONOJIHUTENIBHOTO MaTepHuaia, 4ToObl H30eXaTb
HEXKeJaTeIbHbIX OTpakeHH curHana. K cdepe NpUKpemsitoTess TpH TPOca, Peryaupys JIIHHY KOTODBIX,
MOXHO TiepeMeniath cdepy B JIOOYI0 TOUKY aKyCTH4ecKol ocu mpeoOpaszosareis. [y peryrmmpoBKU
UCTIONIB3YIOTCsl HeOoMbIue JeOeIKn WIn crienuanbHble perdard. bonee monpodHo kanuOpoBKa omucaHa
y @yta u ap. (Foote et al., 1987), a rakxe y MaxJlennana u Cummonzaca (MacLennan and Simmonds,
1992; Simmonds and MacLennan, 2005). IlogpoOHble MHCTPYKUHMH IO NPOBEACHUIO KaIUOPOBKH
MPEAOCTABISIOTCS TAKKE MOCTABIIUKAMU IPeoOpa3oBaTeei.

2.3.3 Cxema cvemku

Ienmn cbeMKHM — TOJNYYUTh OIEHKY OMOMAcChl M PACHpENCICHUS TEeIarudyeckuX M JAeMepCaibHBIX
MIPOMBICIIOBBIX BHJIOB. AKYCTHYECKAsl OLIEHKA YHCICHHOCTH PHIO UMEET MHOTO OOIIETO C JPYTHMU METOaMHU
ChEMKH, HCIOJIb3YEMbIMH B PHIOOX03sHCTBEHHBIX UccleoBaHusIX. CTparerus BBIOOPOUYHOT0 00CIIeIOBAHUS
W WHCTPYKIIMU TI0 cOOpy MaHHBIX JOJDKHBI pa3pabdaThIBaThCS TaKUM 00pa3oM, YTOOBI OOECIICYHTH
nojly4eHue HaubOoliee TOYHOW MHPOPMAIMH C YYETOM HMEIOIIMXCS pecypcoB. Pexomenmyercs, 4ToObBI
TMOObIe aKyCTUYECKHE CheMKH Ha Kacruu oObequHSIINCh ¢ TpaloBbiMU. JlaHHBIe, cCOOpaHHbIE BO BpeMs
TaKUX KOMIUIEKCHBIX DKCIIEAUIIMA, OyIyT MOCTYNAaTh U3 Pa3HbIX NCTOUHHKOB, TAKUX KaK dXOUHTErPaTophl,
9XOTPaMMbI W/HJIM YUCICHHOCTh PhIO, OLIEHEHHAs! MpPHU MOJCYETe OMUHOUYHBIX Iienei. M3yueHune ynoBoB
MO3BOJIUT OTIPENIENIUTh WX BUIOBYIO CTPYKTYPY M pacrpesesieHne 0co0ei Mo pasMepHBIM TPYIIIaM, YTo
UMeeT BaXKHOE 3HAueHHWEe JUIS MHTEPIPETAllMd OTPAKEHHBIX CHUTHAJIOB, KOTOPhIE 3aBHCAT OT pasMepa
esnei.

[Ipukacrmiickne cTpaHbl IOJKHBI MPEyCMaTPUBATh MPOBEACHNE ChEMOK B CBOMX (TEPPHUTOPHUATHHBIX)
Bonax. Jyis MOJMydYeHHs ¢ TIOMOIIBIO0 ATHX CHhEMOK TPUTOTHOW JII COBMECTHOTO KPYITHOMACIITaOHOTO
aHan3anH(pOpMaIu CTpaHaM clieAyeT padboTaTh B TECHOM COTPYIHHUYECTBE, UTOOBI TOOUTHCS 2 (heKTHBHOM
KOOpAWHAINH YCHIHH. B 3T0# CBSI3M HEOOXOIUMO pacCMOTPETh PsJl KOHKPETHBIX BOIIPOCOB:



Availability of vessels and timing of survey.

Allocation of responsibilities for areas to be surveyed.

Common sounder and calibration protocols.

Common protocols for acoustic data collection.

Common procedures for biological sampling and treatment of samples.
Provision of data in common format.

Common reporting style.

Preparation of combined estimates.

Although some of these issues will be addressed in this section, the specific details will have
to be agreed among the states.

In the case of multi-vessel surveys, each vessel covers part of the area occupied by the stock(s),
and the results are combined to produce a single estimate of abundance. A common practice
is to conduct an inter-ship comparison. Although not an absolute calibration, this technique is
a useful method of checking that there is no great difference in the respective measurement
capabilities, which might occur for instance if one vessel causes more fish avoidance through
having a worse noise signature, thus consistently indicating a lower abundance for the same
fish ensemble (MaclLennan and Simmonds, 1992; Simmonds and MaclLennan, 2005). The same
principle underlies the recommendation that vessels should survey with a constant speed,
because greater speed tends to cause increased noise.

There are differing views as to whether the cruise track should be designed as a systematic or
a randomized grid, and the best design depends on what is known about the distribution and
behaviour of the target species, and the kind of information required for the survey (MacLennan
and Simmonds, 1992; Arrhenius et al., 2000; Simmonds and MaclLennan, 2005). As a Caspian
Sea survey should gather both qualitative and quantitative information, an evenly spaced track
is recommended, with parallel transects perpendicular to the coast or seabed bathymetry. In
the survey design, special consideration should be given to fish movements, to reduce time-
bias attributable to schools moving in the same direction as the survey vessel or survey. This
can be accomplished by, for example, surveying alternate (odd) transects in one direction and
subsequently return sampling the unsampled (even) transects. It is also worth noting that the
bathymetry of the Caspian Sea extends to great depths. A survey could therefore be limited to
the “shallower"” areas (to 200 m), with only every other transect extending to deeper water.

2.4 Trawl survey design

The objectives of trawl surveys range from exploration of an area to determine the distribution
and relative abundance of fish and commercial feasibility of various gear and fishing methods, to
stock monitoring and resource appraisal.

Monitoring surveys help assess the effects of fishing on stocks by providing quantitative
measures of the fluctuations in relative abundance and structure (age and size) of major stocks,
which are free of the many sources of bias inherent in commercial fishery statistics (Grosslein,
1969). For example, commercial fishing practice changes in response to market demand and fish
availability (degree of aggregation in many cases), so commercial catch-per-unit-effort (CPUE)
data may not provide reliable indices of absolute population abundance for any extended period
of years. In addition, commercial gear and fish detection methods change from time to time,



Hannuue cynoB 1 cCpoku NpoBeIeHUs] ChbEMOK.

Pacnipenenenue oTBETCTBEHHOCTH IO pailoHaM ChEMOK.

EnvHble MHCTPYKIMU 1O SKCIUTyaTalluy 9X0JI0Ta U €ro KaauOpoBKe.
EnvHble MHCTPYKIMU 1O MPEACTABICHUIO aKYCTUYECKHUX JTaHHBIX.
Enunble nHCTPYKIMU IO OTOOPY OMOJIOTHYECKUX MPOO U MX 00paboTke.
[IpencraBnenue JaHHBIX B eIMHOM (opmare.

OOmmii CTUIb OTYETHOCTH.

[ToaroroBka 0OBETUHEHHBIX OLIEHOK.

XOTS B ATOM pasaeie u 6y)1}/T paccMaTpuBarOTCAd HEKOTOPBIC U3 NMEPCUNCIICHHBIX BOIIPOCOB, KOHKPETHBIC
JCTaJIn JOJI?KHBI OBITH COIIACOBAHBI HA MCKTOCYAapCTBEHHOM YPOBHE.

Ecnu cheMka mpoBOAMTCS HA HECKOJNBKHX CylaX, TO KaKA0e CyIHO 0OCienyeT 4acTh pailoHa, B KOTOPOM
pacmpeneneHbl M3ydaeMble 3amachl, a 3aTeM pe3yJabTaThl padoThl OTHECNBHBIX CYIOB OOBEIUHSIOTCS
IUI TIOJTyYeHHs €IWHCTBEHHOM OLEHKHM YHCIEHHOCTH. [IpMHSATO MpoOBOAWTH CpaBHEHHE pPE3YNbTATOB,
MOJTYYEeHHBIX Pa3HBIMHU CY/IOB, YYaCTBOBABIIMX B CheMKe. XOTS 3Ta MpoLenypa U He SBISETCS, CTPOro
TOBOpsI, KaJHMOPOBKOHM, TeM HE MEHee, 3TO YIOOHBIH CrOCO0 BBISBICHUS pa3iMYuil B M3MEPUTEIHHON
CIOCOOHOCTH CYIOB, KOTOpbIe MOTYT BO3HUKHYTb, HAIIpUMEp, €CIH TIOXHE HIYMOBBIC XapaKTEPUCTHKH
OJIHOTO W3 CYJIOB IPUBOAAT K OOJIBIIEMY, YEM APYTHUE CyNa, PACIYTHBAHHUIO PHIOBI, BCJIECICTBHE YETO 3alUCH
ATOTO Cy/HA MOKAXYT OOoJiee HU3KYIO YHCIEHHOCTh TOro e ckoruteHus pbid (MacLennan and Simmonds,
1992; Simmonds and MacLennan, 2005). Te ke cooOpaxkeHHs Jie)KaT U B OCHOBE PEKOMEH/AIMHU, YTO
Cyaa JOJDKHBI TPOBOAUTH CHEMKY C HEKOTOPOH TIOCTOSIHHOM CKOPOCTBIO, IOCKOJIBKY YBETHYCHUE CKOPOCTH
MOXXET BBI3BaTh MOBBIIICHUE IIIyMa.

CyIIecTBYIOT pa3jIMuHble TOYKU 3PEHHS MO BOIPOCY O TOM, JOJDKHO JIH CYIHO, BBIMOJHSIOIIEE CHEMKY,
JIBUTaThCs1 [0 CUCTEMATHYeCKO HITH TPOM3BOJILHOM ceTKe rajicoB. Hammydimii Mapiupy T ABUKEHHS 3aBUCHT
OT TOTO, YTO U3BECTHO O PACTIPE/ICTICHUH U IOBEICHUH M3y4aeMbIX BUJIOB, & TAKXKE OT JApyroil HH(opmaimy,
HeoOXomuMoii [yt ycnenrHoro nposeneHus cbeMku (MacLennan and Simmonds, 1992; Arrhenius et
al., 2000; Simmonds and MacLennan, 2005). Tlockonbky B skcrneauusx B KacnuiickoM Mope D0/bKHA
cOOMpaThCs U KAaYeCTBCHHAs, U KOJIMYECTBEHHAs MH(pOpMALUs, PEKOMEHIYEeTCSl TUIAHUPOBATh MapLIPyT
ChEMKH TaKuM 00pa3oM, YTOOBI TajiChl MPOXOAMIN Yepe3 PaBHBIC PACCTOSHUS, NPHUYEM MapasieibHbIC
pa3pe3bl JOIKHBI OBITH EPIICHANKYIISPHBI OeperoBoil UM win u3obaram. [Ipu miaHUpOBaHUH CHEMKH
Heo0xonuMo oopararh 0co00e BHUMaHKE Ha IIEPEMEICHUE PO, YTOOBI CHU3UTh BPEMEHH) 'O TOTPEITHOCTD,
CBSI3aHHYIO C MEPEMEIIECHUEM KOCSKOB B HAIPaBICHUH JBIKCHHS UCCIIEIOBATEIbCKOTO CyIHA BO BpPEMs
CBEMKH. DTOTO MOXHO JJOOUTHCS, HAIIPUMEP, MTPOXOsl HEYETHBIC Pa3pe3bl B OJHOM HAIpPaBJICHUH, a 3aTeM
BBITIOJIHSASL ChEMKY 110 OCTaBIIMMCSI YETHBIM paspe3am. CreayeT TakkKe OTMETHTh, 4To B Kacmmiickom
MOpE MMEIOTCS 3HAYUTENbHbIE ITyOUHBI. [103TOMY ChEMKY MOXKHO OIPaHHYHUTH «00JIee MEIKOBOIHBIMI
yuyactkamu (10 200 M), TIe TOIbKO KaXIblii BTOPOIl pa3pe3 JOCTHraeT OOJIBIINX IITyOUH.

2.4 IlnanupoBaHHe TPAJIOBOIl CbeMKH

[enu TpanoBoi CheMKH MOTYT MEHSTBCS OT U3YUYCHUS] HEKOTOPOTO paiioHa JJisl ONEHKH pacrpe/elieHus U
OTHOCHTEIHLHOW YHUCIICHHOCTH PBIO, TIPOMBICTIOBOM d(h(DEKTUBHOCTH pa3IMIHBIX OPYAHMH U CITOCOOOB JIOBA,
JI0 MOHUTOPUHTA COCTOSIHUS 3aI1aCOB U OIICHKH PECYPCOB.

He moxBeprasich BMUAHNWIO MHOTHX MCTOYHUKOB TOTPEIIHOCTH, BHOCAIINX MCKAKEHUS B IMPOMBICIOBYIO
craructuky (Grosslein, 1969), cbeMKH ¢ 1eTbI0 MOHUTOPHHTA TOMOTAlOT OIIEHUTDH BO3IEHCTBHE ITPOMBICIIA
Ha 3amachl, TO3BOJAS TIONYYHTh KOJMYECTBEHHBIC IPEACTABICHUS 00 W3MEHEHHSX OTHOCHTEIHHOU
YUCIEHHOCTH W Pa3MEpHO-BO3PACTHOW CTPYKTYpHI OCHOBHBIX 3amacoB. Hampumep, mpakTuka
MIPOMBIIIUIEHHOTO PHIOOIOBCTBA MEHSETCSI B COOTBETCTBHH CO CIIPOCOM U HAIMYHEM PECYPCOB (BO MHOTHX
CIy4asfx - MIIOTHOCTHIO WX KOHIIEHTPAIWH), TO3TOMY JaHHBIE MPOMBINUICHHOCTH 00 YIIOBE Ha €IUHHILY
yenust (CPUE) MoryT He SBISTHCS HaISKHBIMU TIOKa3aTeIISIMA a0COTIOTHON YUCICHHOCTH MOMYJISIITHH 3a
000 TPOAOIKUTENBHBIN TEPHO/T BpeMeHH. Kpome Toro, mpoMBIIIIIEHHbBIE OPY/IHs JIOBA M METO/IBI TOHUCKa
PBIOHBIX CKOTUICHHI BpeMs OT BpEMEHU MEHSIOTCSI, TPUBOIS K M3MeHEeHIIM B TaHHBIX 110 CPUE, xoTopbie



resulting in changes in CPUE which are difficult to evaluate. Properly conducted trawl surveys on
research vessels are free of such biases because they use strictly standardized trawls and fishing
methods, and because trawling is done at random (or systematic) pre-selected locations.

While there are many advantages to trawl surveys, it is important to keep their role in perspective.
They are in many cases a necessary supplement to commercial statistics, but they cannot
provide information on the size and composition of commercial catches, which is critical to any
assessment of the effects of fishing. Care must be taken to make the best use of available
resources in a proper mix of sampling commercial catches and conducting trawl surveys. In
order to obtain the full benefits of research surveys, it is necessary that they be conducted
regularly every year, and this represents a large investment in terms of research vessel time and
scientific manpower. To ensure that the results justify the cost of a long time-series of surveys,
it is important that the design of the survey is appropriate to meet its major objectives. While
generic guidelines have been produced for the design and implementation of trawl surveys (e.g.
Grosslein and Laurec, 1982), each country or region should produce its own survey manual,
tailored to its own specific characteristics and unique needs, and utilize its directives.

2.4.1 Survey design

The aim of a survey design is to balance the need to obtain as precise an estimate of biomass
as possible with financial and practical limitations. Essential characteristics of surveys include
the use of standardized trawl gear and regular annual or seasonal sampling over the entire region
inhabited by the priority fish stocks, taking into account their migration patterns.

The first step in survey design is to list all objectives of the survey, then to identify the specific
data requirements and priority for each objective. These objectives will dictate the general
design of the survey in terms of area, seasonal coverage, gear, etc., and all these must then
be balanced against practical constraints such as available vessels and gear, and manpower.
The choice of trawl is one of the most important decisions, and an optimum traw! design will
depend on the size and type of vessel, available manpower, major species sought (demersal,
semi-pelagic, etc.), type of bottom to be trawled, etc. The mesh size in the codend of the trawl
should ensure that smaller fish than usual in commercial catches are retained.

The second step is the choice of area, season(s), depth range, and habitat types to sample, on
the basis of the distribution of species or population of interest. Where a long time-series of
data is to be collected, possible shifts in fish distribution should be accounted for. As many of
the principal species (in terms of biomass) of potential interest as possible should be sampled.
Pelagic and demersal species should be considered (many pelagic fish are vulnerable to bottom
trawls at certain times of day in some seasons), and an adequate geographic and depth range
should be covered to account for probable future expansion of fisheries. Sampling intensity can
be adapted over time, with the edge of the survey area sampled lightly at the beginning of the
time-series, and then intensified later as required.

Once the objectives of the survey (in terms of area, season, depth range, or habitat type) and
mode of sampling (trawl type, vessel, etc.) are specified, the total area to be sampled can be
divided into equal-size non-overlapping sampling units. The area (e.g. of seabed) swept by a
single trawl haul ultimately represents the basic sample unit. Relative to the total area of the
survey this is likely to be very small. In practice, therefore, each sampling unit is often defined



B pe3yJibTaTe C TPYAOM MOAJAIOTCS OIICHKE. | paMOTHO BBITIONIHEHHAsI HAyYHO-UCCIIE0BATEIbCKas TPAJIOBast
cbeMKa cBOOOJHA OT MOJOOHBIX MPOOJIEM, MMOCKOJIBKY MCIIONB3YET CTPOTO CTaHAAPTU3UPOBAHHBIC TPAJIBI
U CHOCcoOBI JIOBA, a TAKXKE MOTOMY, YTO TPAJICHHS BBITIOJIHSAIOTCS Ha MIPOU3BOJIBHO (MM MO OTpEeeeHHON
cucTeMe) OTOOpaHHBIX Y4acTKax.

TpanoBbie chbeMKH 007aJal0T MHOKECTBOM JOCTOMHCTB, OJHAKO HEOOXOIMMO COXPaHUTh UX POJb B
PBIOOXO3AHCTBEHHBIX HCCIIENOBAHUSAX U HA MEPCIEKTHBY. BO MHOTHX cly4asx WX pe3yJbTaTbl SBISIFOTCS
HEOOXOJUMBIM JIOTIOJTHEHHEM K MPOMBICIIOBOM CTaTHCTHKE, OJHAKO OHM HE MOTYT JaTh MH(POPMAIHIO O
BEJIMYMHE U COCTABE MPOMBIIIJIEHHBIX YJIOBOB, KOTOpAas HMEET BaKHOE 3HAUEHHUE /IS OLIEHKH Pa3INYHbIX
(dhopm BiIMsAHUS MpoMbIcia Ha 3anac. Cieayer ynensiars 0co0oe BHUMaHUE ONTUMAIbHOMY HCIIOJIb30BaHHUIO
pecypcoB, BBIJIEICHHBIX Ha TIPOBEACHUE UCCIIEIOBAHUM, ITyTEM COUYETaHMs 0TOOpa MPOO U3 KOMMEPUYECKHX
YJIOBOB M BBITIOJIHEHHS TPaJOBBIX CHEMOK. UTOOBI MakCHMajbHO HCIIOIB30BaTh BCE IMPEUMYIIECTBA
Hay4YHBIX CHEMOK, HEOOXOAMMO MPOBOAUTH X PErYISPHO KaXKIBIA TOM, a 3TO MpeAroaraeT OoblIne
KalHUTaJOBIOKEHNsI B TEPMHHAX HEOOXOAWMOIO Uil CheMOK CYJIOBOTO BPEMEHH U JIIOACKHX PECypCOB.
YrtoObl pacxombl HA TONYyYEHHE C TOMOIIBIO CHEMKH MHOTOJIETHUX PSIIOB JaHHBIX OBUTH ONpaBAaHbI,
Ba)KHO, UTOOBI CXeMa €€ MPOBEACHUS OTBEYaa OCHOBHBIM ITOCTABICHHBIM LIESM. XOTs 10 TUIAHUPOBAHHIO
U MIPOBEJICHUIO TPAJOBBIX ChEMOK M UMEIOTCS 00IIe pyKoBoCTBa (Hanpumep, e.g. Grosslein and Laurec,
1982), xaskaasi cTpaHa WM PEervoH AOJDKHBI pa3padoTaTh cOOCTBEHHBIE TIOCOOUS MO CHEMKaM C yUETOM
BHYTPEHHUX 0COOEHHOCTEW M MOTPEOHOCTEN U CIE0BATh UX TIOJIOKCHHUSIM.

2.4.1 [lranuposanue cvoemru

Lenp mmaHWpOBaHWS CHEMKH 3aKIIIOYAE€TCSI B TOM, YTOOBI OOECTHEYUTh OallaHC MEXOY CTpEeMIICHHEM
MIONTyYUTh KaK MOXHO OoJiee TOYHYIO OIIEHKY OWoMacchl 3amaca M (DMHAHCOBBIMH M TPAKTHYECKUMU
orpanndeHusIMHA. OCHOBHBIE XapaKTEPUCTUKN CHEMOK BKIIOYAIOT HMCIIOIB30BaHHME CTAHIAPTHBIX TPAJIOB
W pEeryisipHOE TOJ0BOE WIIM CE30HHOE BHIOOpOYHOE 00CIEeI0BaHNE BCETO PaiioHa, B KOTOPOM OOWTAaIOT
M3ydaeMbIe 3aIachl peI0, C yIeTOM ITyTeH MX MUTPAITHA.

Ha nepBoM 3Tare miiaHupOBaHHS ChEMKH CIIEAYEeT COCTABHUTH IMIEPEUCHb BCEX IIeIeH PEeICTOSIIEH CheMKH,
3aTeM yCTaHOBHTH OCOOBIE TPEOOBAHWS K MAaHHBIM W MPHOPUTETHOCTH KKIOW IENH. DTH IENH OyIyT
OTIPEIeIISITH OOIIUH TIAaH CheMKH, BKITFOUAst pAiOH U CPOKH TIPOBEICHUS ChEMKH, UCTIONIb3yEMbIE OPYIIUS JIOBA
U T.JI.; ¥ BCE ATO 3aTe€M JIOJDKHO OBITh COOTHECEHO C TIPAKTHYECKUMH OTPAHUYCHUSIMH, TAKUMH KaK HATUUNe
HEOOXOIMMBIX CY/IOB, OPY/IHI JIOBA U CIIEIMAIMCTOB. BBIOOp Tpana — oiHO 13 HanboJiee BaXKHBIX PEIICHUN;
OINITUMAaJIbHAsT KOHCTPYKIUS Tpasia OyJeT 3aBUCETh OT Pa3MEPOB M THIIA CY[HA, OIbITA ¥ KBATH(QHKAIIUH
HMEFOIIUXCSI CTICIIMATMCTOB, OCHOBHBIX HCCIIEYEMbIX BHJIOB (JIOHHBIC, «TIONYIEIarHuecKue» 1 Jp.), THIIA
MOPCKOTO JIHAa W T.J1. Pa3Mep siuen B KyTKe Tpaja JOJDKEH 00eCIeUnTh yAepKaHHe MEHBIINX 10 pa3Mepy
pBIO, YeM B KOMMEPYECKHX YIOBaX.

BTtopoii sTtanm — BeIOOp pailioHa M CPOKOB CHEMOK, THana3oHa TIIYOWH M YYacTKOB, Ha KOTOPBIX OydeT
MPOU3BOAUTHCS 0TOOP MPOO. BHIOOP OCyIIiecTBIsIETCS HA OCHOBE U3BECTHOTO PACTIPEICIICHUS HCCIIEyEMOTO
BHUJIa WK NTOMYJIsiiu. Ecim B 3a1a4y cheMOK BXOIUT cOOp MHOTOJIETHHUX PSJIOB JAHHBIX, HY>KHO YUUTHIBATH
BO3MOXKHBIC M3MEHEHHUSI B pacrpeneneHun pbid. HeoOxoquMo BKIIOYaTh B TUIAH ChEMKH MaKCHMaJbHO
BO3MOXKHOE YHCJIO OCHOBHBIX (C TOYKHM 3pEHHsI OMOMACChl HMX 3alacoB) BUJIOB, IPEICTABISIONINX
MOTEHIMANTBHBIA HHTepec. [IpH TIIaHUPOBaHUK CHEMKH CJIeyeT MPUHUMATh BO BHUMaHUE OCOOCHHOCTH
MOBEJICHUS TIENIarnYeCKUX U JIEMEPCATBHBIX BUJIOB (MHOTHE MEJarHueCcKUue BUJIbI PhIO B HEKOTOPBIE CE30HBI
B ONpeNeNIeHHOe BpeMsl CYTOK YSI3BUMBI JIJISl JIOHHOTO Tpaja), a TaKKe aJIeKBaTHOCTh reorpaduieckoro
1 0aTUMETPUUYECKOTO JHATa30HOB WCCICAOBAHUN, MPEANoIaracMomMy B OymylieM paclIupeHUIO 30HBI
MIPOMBICIIOBBIX orepanuii. MTHTeHCHBHOCTH 0TOOpa Mpo0d MOKHO BITOCIIEACTBUH CKOPPEKTUPOBATH: HAYAB
0TOMPATH MPOOBI C MATOH HHTEHCUBHOCTHIO Y TPAHUIIBI paiioHa HCCIIEIOBaHUH, 3aTeM (TI0 Mepe HAKOTUICHHSI
“H(pOPMAIIIH ) TTOBBIIIATE HHTEHCUBHOCTE 10 HEOOXOIUMOTO YPOBHSI.

Korma memn cwemku (B TepMHWHAX paiioHa, Ce30HA, QUara3oHa TIIYOWH WM THIA CPeasl OOWTaHUS
WCCIIEyeMOTO BHA) W TPOMBICIOBO-TEXHUYECKHE YCIOBHUS €€ TPOBENCHHs (THUM Tpaia, CyaHa U [Ip.)
OTIpeNIeIIeHbI, BECh PaiioH CheMOK MOKHO pa30nTh Ha OMUHAKOBBIE IO pa3Mepy HelepeceKaromunecs y9acTKH



by a square or rectangle just large enough so that a standard trawl haul in any direction from the
centre point will stay within the rectangle. The sampling units are then grouped into larger areas
(usually called strata) whose geographic and depth boundaries are chosen on the basis of the
density distribution of the fish. The process of stratification is treated in more detail in the section
on stratified random sampling (section 2.1.2). The complete list of all sampling units is called the
frame in sampling theory, and is equal to the total survey area in this case. Normally just one
traw! haul is made in one sampling unit. The manner in which these sampling units (hereafter
called trawl stations) are selected is crucial in the design of trawl surveys.

Proper sample design can provide measures of relative abundance (CPUE) that are unbiased in
the sense that they are representative of the entire population of interest and can be compared
from one year or season to the next. It is also important to have a statistically valid measure
of the sampling errors associated with the mean catch per haul index, to help interpret the
significance of differences observed between areas, seasons, and years.

Random pre-selection of trawl station locations is required. However, the optimum selection
procedure to maximize precision of indices for a given number of hauls will depend on the
specific survey objectives and prior knowledge of the density distribution of major species
through time and space. Strata within a stratified sampling regime are usually based upon the
density distribution of fish, so areas with high/medium/low densities are separated. Optimum
allocation of trawl stations between strata is generally in proportion to the standard deviation of
catch levels within the strata multiplied by the stratum size. Where the strata are not too small,
allocation of trawl locations at random is usually preferred, because it is easy to calculate a valid
estimate of variance and there is no risk of bias; the possible improvement in precision, if any, of
systematic as opposed to random sampling will be small. At a larger geographic scale, stratified
sampling will generally be more precise than systematic sampling.

For bottom trawl surveys, known areas of untrawlable seabed should be excluded in advance
from the survey area in the stratification scheme. Careful records should be kept on locations
of new rough-bottom areas encountered during each survey, with appropriate revisions in the
sampling strata. Repair or replacement of gear plus lost time can be costly when attempting to
trawl on rough substrata.

The number of randomly located trawls within a stratum can be proportional to stratum area. A
two-stage adaptive sampling scheme can be used, with more stations placed into strata with
large variation in catches. Surveys can be adapted over time, with strata grouped to allocate
effort more efficiently, or a higher proportion of stations placed in high-density areas. Trawl
duration can be optimized to minimize variance, but must remain practical.

Schnute and Haigh (2003) developed a convenient simulation model, based on the compound
binomial-gamma distribution, to assist the planning and design of trawl surveys. It allows
estimation of potential variances, tow-allocation strategies to be investigated, and potential



— eAMHUYHBIE TUIOIAAN BHIOOpOYHOro oOcienoBanus (chemku). Ilmomane (HampuMep, MOPCKOTO JHA),
MpOTpaJIeHHAs 332 OAHO TPaJCHHE, B KOHEUHOM CYETe, MPEACTABISIET COO0I OCHOBHYIO €AMHUILY BHIOOPKH.
Ckopee Bcero, OHa OKaKeTCs HE3HAYMTENBbHOM MO CPAaBHEHHUIO ¢ OOIIeH mmomansio cheMku. [loatomy
Ha MPAaKTUKE KaXIasi eAMHUYHAS IJI0MIAb BEIOOPOYHOrO 00CIeJ0BaHHS YaCTO YCTaHABIMBACTCSA B BHIIE
KBaJpara WU NPSIMOYTOJbHUKA, JTOCTaTOYHO OONBIIOro, YTOOBI CTaHAAPTHOE TPAJCHHUE, BBHIIOIHEHHOE
B JI0OOM HampaBlIeHHMH W3 €ro IEHTPa, HEe BBIIUIO 3a TPAaHHULbI 3TOr0 NPSMOYrojibHHKA. EnnHUYHBIE
IUIOINAAN OOBETUHSIOTCS B O0Jiee KpYIHbIE palioHbI (0OBIYHO HAa3bIBAEMBIC «CTpaTaMmu»), Teorpaduueckue
U OaTUMETPUUYECKUE TPAHUIBI KOTOPBIX BBIOMPAIOTCS MCXOAS M3 IUIOTHOCTHOTO pPacHpeieieHusi polo.
[Iponecc crparnpukanmuy AETaNbHO paccCMaTpHBaeTCS B paslesie O CTPaTHU(OUIMPOBAHHOM CIy4aliHOM
otoope mpod (pazzmen 2.1.2). B paccmaTpuBaeMoM ciydae MojHasi COBOKYIHOCTh €IMHUYHBIX TUIOLIAeH
COOTBETCTBYET BCEH IUIOMIagu paiioHa cbheMOK. OOBIYHO B OTHOM €JMHWYHOW IUIOIIAAW BBIIOTHSCTCS
TOJNBKO OJHO TpaseHne. Crocol, ¢ MOMOLIBIO KOTOPOTO BEIOUPAIOTCS STH SAMHUYHBIC TUIOLIA M, SBISETCS
peLIaoIUM MTPH TIAHUPOBAHUH TPATOBBIX CHEMOK.

[IpaBunbHas cxema oTOopa mpoO MO3BOJISET MOJTYUYHUTH OLEHKH OTHOocHuTenbHOH uuciaeHHoctu (CPUE),
KOTOpBIE HE COJIepKAT CMEIIEHUS B TOM CMBICJIE, YTO OHU MPECTABIAIOT BCIO UCCIEAYEMYIO MOMYJIALHIO,
W MX 3HAYEHHs, IOJyYeHHbIC B pa3HbIe TOABI WM CE30HBI, OyIyT CpaBHHMBL. Takke BaKHO HMETh
CTaTUCTUYECKH OOOCHOBAHHYIO MEpy OIIMOOK BBIOOPKH, CBSI3aHHBIX CO CPEIHUM 3HAY€HHEM HHIEKCa
«yJOB Ha TpaJEHHUE», YTO MOMOXET WHTEPIPETUPOBATh 3HAYMMOCTH HAOIIONCHHBIX Pa3IHUMA MEXKIy
paiioHaMu, ce30HaMH U IrojlaMHu.

TpeOyercsi, 4TOOBI peBapUTEILHBIN BEIOOP TPANOBBIX CTAaHIUHN ObLT ciydailHbIM. OTHAKO ONTUMAIIbHAS
mporenypa BeIOOpa, MO3BOJSIIONIAS MOTYYUTh MAKCHMAaJIbHO TOYHBIE MHICKCHI AJIS 3aJaHHOTO YHWCIa
TpajieHnH, OyJeT 3aBUCETh OT KOHKPETHBIX LeJiel CheMKH M UMerollelicss HHpopManruu O IIOTHOCTHOM
pacmpeneneHud OCHOBHBIX BHJIOB BO BpeMEHH U NpocTpaHcTBe. MneHTuukauus cioeB mnpu
WCTIOJIb30BAHUHU CTPATU(GHUIHUPOBAHHOTO PEKUMa 0TOOpa Mpod OOBIYHO OCHOBBIBAETCS HA INIOTHOCTHOM
pacnpeneneHuy pbl0, U4TO MO3BOJSIET pa3AeiIuTh PailOHbI UCCIEOBaHUI Ha PaOHBI C BBICOKOM, cpeqHen
W HU3KOW TUIOTHOCTBIO PBIOHBIX CKOIIEHWH. ONTHMalbHOE pa3MeleHHE TPAIOBBIX CTAHIHHA MEXKIY
CTparaMd OOBIYHO MPONOPLHMOHATIBHO CTaHAAPTHOMY OTKJIOHEHHIO 3HAYE€HHWH YJIOBOB B JAHHOM CJIOE,
YMHOXEHHOMY Ha pasmep 3Toro cjiosi. Eciu cTpaThl He CIMIIKOM Maiibl, 00BIYHO OoJiee MpeanodTHTEIbHO
MIPOM3BOJIBHOE Pa3MELICHNE TPAIOBBIX CTAHLIMH, TOTOMY YTO B 3TOM CJIydyae MPOLIe MOTYYHTh 3HAYHNMYIO
OLIEHKY JMCTIEPCHU M HET pUCKa cMelleHus. Eciu U ecTh BO3MOXKHOCTB MOBBICUTH TOYHOCTH OLIEHOK, TO
Takasi BO3SMOYKHOCTbH ITPH UCTIOJIb30BAHUU CUCTEMAaTHYECKOTO 0TOOpa Mpo0 MO CPaBHEHHUIO CO CITyYaiHbIM,
Oynet HeBenuka. [Ipu Gompumx reorpaduyeckux MaciTabax CbeMKU CTPaTH(PHULIUPOBAHHBINA OTOOP MPob
OOBIYHO JaeT OoJiee TOUHBIC PE3yIbTaThl, YeM CUCTEMaTHYeCKHH.

HpI/I BBIIIOJIHCHUKU CBEMOK C IOMOLIBIO JOHHOIO Tpajla M3 CXCEMbI CTpaTI/I(i)I/IKaL[I/II/I HYXXHO 3apaHce
HUCKIIFOYUTL YYaCTKHU, HCIPUTOAHBIC IJIA pa6OTLI OTUM THUIIOM TpaJla HU3-3a ocobeHHOCTEH MOPCKOI'0O
JHa. HeO6XOI[I/IMO THIATCIIBHO PEruCTpupoOBaTh 06Hapy>KeHHBIC B IpoHecce CbEMOK «Hey,[[O6HBIe» JUUIsL
AOHHOTI'O TpaJjia y4aCTKU U BHOCHUTL COOTBECTCTBYIOINEC U3MCHCHUA B BbI6OpOIIHLIe CTpaThbl. HpI/I IIOIIBITKax
HCIOJIB30BAaTh JOHHBIC TPAJbl HAa TAKUX YYaCTKaX MOTEPHU BPEMCHU HA 3aMCHY WJIM PEMOHT Tpaja MOT'YT
MPUBECTU K 3HAYUTCIIbHBIM HEOIIPAaBAAHHBIM PaCXOAaM.

KonuuecTBo IMPOU3BOJIBHO PACIIOJIOXKCHHBIX TPAaJTOBBIX CTaHIIUMA B T paHuLIax OIHOMU CTPAaTbl MOXCT OBITH
MIpOMmoOpHHUOHAJIBHO TIOMIAAN CTPAThI. MoO’XHO HCIIOJIB30BaTh ABYXOTAIIHYI0 aJalITUBHYIO CXEMY BI:I60pKI/I,
npu KOTOpOﬁ 0oJIbIIIEE YUCTIO CTaHLII/Iﬁ BBITIIOJIHAIOT B CTPATax, B KOTOPBIX Ha6J'HO,I[aCTCH 0oIIbIION pa36poc
B BCJIMYMUHE YJIOBOB. CbeMKH MOXHO KOPPCKTUPOBATHL B MPOLICCCE UX BLINTOJIHCHUA, OGLGILI/IH}DI CTpaTkl C
OCJIIbIO Ooitee 3(1)(1)CKTI/IBHOI‘O pacipeaciicHus YCI/IJII/Iﬁ WJIW BBIIIOJIHAA 6OJ'H>].LIy}O YacCTb 3allJTAaHUPOBAHHBIX
CTaHIUI Ha y4acCTKaxcC BBICOKOM IIJIOTHOCTBIO 3a1acoB. MOXKHO TaKKe OINITUMH3UPOBATH ITPOAOJIZKUTCIIBHOCTDL
CHhEMOK, 4TOOBI CHU3UTh AUCTICPCUIO N0 PA3YMHBIX MPCACIIOB.

Jnst oOnerdenus TuiaHUpoBaHUsl TpajoBbix cbeMok Ilurore m Xeiir (Schnute and Haigh, 2003)
NPEUIOKHIIHN YIOOHYI0 HIMUTAIIHOHHYIO MOJIENIb, OCHOBAHHYIO Ha KOMOMHAIIMU OMHOMHUAILHOTO M raMMa-
pacnpenenenusi. OHa TMO3BOJISICT OLCHUTH IOTEHIMANIBHBIC JUCIEPCHH, MCCIEIOBATh CTPATETHH MO



survey results to be explored. In the 1980s Russian scientists (Kizner et al., 1983, Kizner, 1989)
developed and applied methodologies for the optimization of trawl and acoustic surveys, based
on a model of dynamic distribution fields with variable density, imitating changes in fish stocks
in time and space.

All procedures and designs for surveys should be published as Standard Operating
Procedures (SOPs). These SOPs should include the standard routine procedures to be
undertaken upon arrival at a survey station. The length of a haul should be standardized
throughout the survey, as the catchability of species and sizes will depend on the trawl duration.
The SOP should therefore include the method used to determine the duration of the tow (e.g.
winch stop to winch start, trawl on bottom to start of winches, etc.) to ensure consistency and
comparability between years.

2.4.2 Designing an international research survey

The main issue in designing an international research survey is standardization. Best practice
is to develop a group to monitor and advise on the process, comprising representatives from all
interested countries. Part of that group’s terms of reference should be to ensure standardization
of gears and protocols, addressing issues related to technical aspects of the gears, including
technical specification and gear performance monitoring. Prior to initiation of the survey, the
group should develop Standard Operating Procedures (SOPs) for the surveys, within a manual
that should be followed by all survey participants. This also includes standardization of species
identification, including the development and dissemination of user-friendly keys (including
photographic keys) for problematic taxa, and development of common databases for (suitably
anonymized) information — this standardizes the formats and data collection.

Any changes to the SOP (e.g. gear design, tow length) need to be calibrated against the previous
design (section 2.4.3) so that changes can be incorporated into subsequent results, to assure
continuity of the time-series.

The issue of who pays for surveys is difficult to answer. In ICES, the International Bottom Trawl
Survey (IBTS) is funded by the European Union, acting as a central body (into which all parties
contribute money). In other cases, cost may be proportional to the scale of the commercial catch,
economic value of the resource, and area of territorial waters (and hence area to be surveyed).
Where distribution is uneven, international agreement on the most equitable approach should be
considered.

A key issue is the consolidation of data into a single easily accessible archived database. This
will assist in the development of a common format for data collection. Systems already exist for
the eastern Baltic Sea upon which approaches for the Caspian Sea could be based. The data
should be housed in an appropriate location, from which reliable and secure internet access
could be provided.



pacrnpeieNcHUI0 TPAICHUH U M3YYHTh OXKUJIaeMbIe Pe3yNbTarhl cheMku. Panee, B 80-X romax mpomuioro
CTOJICTUSI POCCHIICKMMH CIIeIMAINCTaMu Obla pa3paboTaHa U anpoOUpoBaHa Ha MPAKTUKE METOIOJIOTHS
ONTHUMU3AIMU YYETHBIX TPAIOBO-aKyCTUYCCKUX CHEMOK Ha OCHOBE JMHAMHYECKOW MOJICNIU TMOJIS C
[IEPEMEHHOM TUNIOTHOCTHI0, UMUTHPYFOIIECH M3MEHEHUS OIICHMBAEMOTO 3ariaca BO BpEMEHH U ITPOCTPAHCTBE
(Kuznep u ap., 1983, Kuznep, 1989).

Bce npouenypsl u cXeMbl ChEMOK JTOJKHBI OBITH 0popmiteHbI B BUe «CTaHIAPTHBIX Pad0unX MPOLEAYyp»
(SOP). B HuX AOMKHBI BKJIIOYAThCSl CTAHAAPTHBIC TPOLIEAYPHI, KOTOPHIM HYKHO CJIE€0BaTh MO MPHOBITUH
Ha MECTO BBINOJIHEHUS TPaJoBOW cTaHUWHU. [IOCKONBKY pe3yiabTaTUBHOCTH TpAJlEHHs 3aBUCHUT OT €ro
MPOIOKUTETILHOCTH, BPEMsi OAHOTO TPAJCHUSI JOJHKHO OBITh CTaHAAPTHBIM B TEUEHHE BCEH CHEMKH.
[Tostomy B CTaHzapTHBIX MPOLEAYpax J0JbKeH ObITh MPUBEIEH CIIOCO0 ONpeieNeH sl BpEMEHU TPaIeHUs
(HanmpuMmep, OT OCTaHOBKHU JIeOEIKH 10 BO30OHOBJIEHHUS ee paboThl, OT MOCTAHOBKM Tpaja B pabouee
MOJIOKEHHE Ha JTHE JI0 Hayasla ero BBIOOPKH U T.J1.), YTOOBI 00€CIIEUNTh COTNIACOBAHHOCTb U COMTOCTAaBUMOCTh
pe3yabTaTOB 32 Pa3HbIE TOABI.

2.4.2 [lhanuposanue mexncoyHapoOHOl HAYYHOU CbeMKU

[Ipu uTanEpoBaHUN MEKIYHAPOTHOW HAYIHOW CHEMKH TJIABHOW MPOOIIEMOH SBISETCS CTaHIApTH3ALIHS.
[IpaxTrKa MOKa3bIBAET, YTO ONTHMAJIHHBIM PEIIEHUEM SBIISIETCS CO3IaHUE TPYTIITHI, KOTOpast OyAeT CeANTh
3a MPOIECCOM U 1aBaTh KOHCYJIBTAIINH; B €€ COCTAB OJDKHBI BOUTH ITPEICTABUTENN BCEX 3aNHTEPECOBAHHBIX
cTpaH. B TexHW4eckoe 3aaHue TPYMIBI JOJDKHBI BOMTH Takue MyHKTHI, KaKk 00ecliedeHne CTaHAapTHOTO
000pyIOBaHMs ¥ IPOTOKOJIOB, PEIIIEHNE BOTIPOCOB, CBI3aHHBIX C TEXHUYECKUMH acTIeKTaMi 000pyI0BaHuS,
BKJTFOYAst TEXHUYECKYIO CTIeNN(DUKALINIO 1 KOHTPOJIb PadoThl 00opymoBaHusl. Jlo Hauaa 3aruraHnpOBaHHON
ChEMKH IpyIIa I0/KHA paspaborars «CraHmapTHbie padoune mnpoueaypb» (SOP) B Buae mocoOwus,
KOTOPHIM JOJDKHBI PYKOBOJCTBOBAaThCSI BCE YYAaCTHHUKM cheMKd. Cioma Takke BXOAWT CTaHIAPTHBIN
MTOJIXO/] K OTPEIEIEHUIO BHJIOB, BKIIIOUasi pa3pabOTKy M pacmpoCTpaHEHHE YIOOHBIX UIS TIONH30BaTENs
OTIO3HABATENLHBIX KITIOUeH (B TOM uucie (oTorpaduuecKux KITFoUeH ) 1T IpOOJIEMHBIX TAKCOHOB, a TAKKE
pa3paboTka 001X 6a3 JaHHBIX T 00e3IMUeHHON HH(HOPMAIINH, - 3TO CTAaHAAPTUIUPYET GopMaThl U cOOp
TAHHBIX.

JIroOble W3MEHEHHsT B CTaHJAPTHOW MpOIEAype ChEeMOK (HampuMep, KOHCTPYKIMH OpYIUsl JIOBa,
MPOJIOIKUTETIHHOCTH TPAJICHHUs1) JTOJDKHBI MPOXOIUTh KaTHOPOBKY OTHOCHUTEIBHO TPEABIIYIICH CXEMbI
cheMKH (paznen 2.4.3), ITo0BI MOYKHO OBIIIO BHECTH HEOOXOIMMBIE KOPPEKTHUBHI B 00JIee TIO3IHUE PE3YITHTAThI
1 00eCIeuuTh [eIOCTHOCTh BPEMEHHBIX PSIJIOB.

JIoCTaToyHO CIOXKHBIM OCTAETCs BOIPOC 00 MCTOYHHMKAX WM MOPSIKe (GUHAHCHPOBAHUS MEKTYHAPOITHBIX
chemok. B MKEC mexayHapomHbie TOHHBIE TpajoBbie cheMku (IBTS) ommaunBarorcst EBpomneiickum
Coro30M, KOTOpBIH JIGHCTBYEeT B KauecCTBE LEHTPAILHOTO OpraHa, (PMHAHCUPYEMOTO BCEMHU CTpaHAMU-
yneHamMu Coro3za. B Jpyrux ciydasx BeNWYHMHA HAIMOHAIBHBIX 3aTpar Ha MPOBEJCHUE CHEMOK MOXKET
YCTaHABJIMBATHLCS MMPONOPIIMOHATBHO MacTabaM KOMMEPUECKOTO MPOMBICIIA, IKOHOMUYECKOW CTOMMOCTH
PECYPCOB W IUIOMIAJH TEPPUTOPUATBHBIX BOJ (ClIeIOBATENLHO, paiioHa cheMKH). Eciu pacnpeneneHue
BKJIQJIOB YYAaCTHUKOB OKAa3bIBACTCS HEPABHOMEPHBIM, CIIEYyEeT PACCMOTPETh BOMPOC O 3aKIFOYCHUHU
MEXTYHAPOJJHOTO COTIIAICHHS O HanOoJee CIpaBeInBOM IMOJIX0/IE K KOJUIEKTHBHOMY (DMHAHCHPOBAHHIO
CHEMOK.

KirroueBoit MOMEHT — 00BeqMHEHIE TaHHBIX B €AUHYTO 0a3y TAaHHBIX CO CBOOOIHBIM TOCTYIIOM. DTO ITO3BOIUT
pa3paborath equHBINA GopMaT A cOopa JaHHBIX. Takas CUCTeMa, OIBIT CO3MAHHS KOTOPOH MOJKHO OBLIO
OBI MCITOJIB30BaTh T Kacmuiickoro Mopsi, y)ke CyIIeCTBYeT IJIsi BOCTOYHONW YacTH baiaTHIICKOTO MOpS.
CobpaHHble TaHHBIE CIEAYET XPAHUTh B MECTE, U3 KOTOPOTO MOKHO 00€CTIEUNTh HA e KHBIN 1 3aIUIICHHBII
noctyn B UHTepHeT.



2.4.3 Survey calibration

When survey gears or vessels are changed during the development of a time-series of data, it
is important to compare the efficiency and selectivity of old and new gears and vessels, and to
adjust catch species composition and other estimates accordingly using conversion factors (by
length). These factors allow the catches taken prior to the change to be compared directly with
those of the new gear.

Calibration factors can be developed through two main approaches: paired hauls where stations
close in time and space are selected, on the assumption that fish density is the same in both
places, and area-based methods, in which the fish density and size structure are assumed to be
the same within particular strata. In both cases, the conversion factor is based on common sta-
tistical methods, being log-normally distributed catches combined with linear models accounting
for gear and location and haul effects, or the relationship between the CPUE of the two gears
(see further reading).

2.4.4 Escapement

During annual trawl surveys, catchability is assumed constant. Use of standard survey gear and
sampling methods implies that the sampling gear always catches the same proportion of all fish
accessible to it. Even if there is escapement, it is assumed to be proportional and hence that
bias is consistent. Results then provide a good relative abundance estimate. However, at low
fish densities, fish behaviour may be different from fish in larger schools. This could increase
escapement, affecting estimates of catchability and indices of stock abundance. This is a poten-
tial issue for sturgeon in the Caspian Sea, given decreasing stock sizes.

Underwater video recordings can provide information on the behavioural dynamics of species
in front of survey trawls (Godo et al, 1999). Surveys under differing conditions of species
abundance, different developmental stages, different environmental conditions, etc., are
required to indicate whether escapement is constant or not. Underwater conditions must also
be suitable, with a level of turbidity (for example) low enough to observe behaviour properly.

Modifications to the trawl gear in light of the video evidence, for example adding bag trawls
underneath the main trawl to capture downward-escaping fish passing under the footrope, can
be used to evaluate the relationship between fish density and survey catchability. Calibration
experiments can then be performed (section 2.4.3). Readings of catchability effects by size can
also be taken directly from video, if images are suitable (Albert et al., 2003).

Summing the catch data from the standard trawl with modifications to eliminate escapement
can approximate density of fish in the trawl mouth. Trawl efficiency is the ratio of the catch
in the unmodified traw! (e.g. the main codend) to the sum of catches from the main trawl +
modifications. Density effects can be examined graphically, or through linear modelling (Godga
et al., 1999).

While the swept area is assumed constant throughout a survey, it may change with depth
(Koeller, 1991; von Szalay and Somerton, 2005). This has the potential to bias estimates and
influence escapement. Where possible, use of electronic automatic trawl opening systems (e.g.
SCANMAR) is recommended.



2.4.3 Kanubposrka cvemok

Ecmu B mepuos GopMupoBaHusl BpeMEHHbIX PSIIOB MPOHM3OILIN W3MEHEHUS! B THUIAX HCIONB3YEMbIX B
ChEeMKE THIIaX OpPYAWH JIOBA WJIH, BYKHO CPaBHUTH 3(P(HEKTUBHOCTH M CEIEKTUBHOCTH CTAPBIX M HOBBIX
OPY/IUiA JIOBA W CYJIOB, U 3aT€M CKOPPEKTHPOBATh BHJIOBOI COCTaB YIIOBa M JAPYTHE OICHKH C MOMOIIBIO
K03 GUIINEHTOB TepecdeTa. DT Kod(D(PUIIMEHTHI MTO3BOJISIOT CPAaBHUBATD YIIOBHI, ITOJIYICHHBIC 10 M TTOCIIE
BHECEHHS U3MCHEHUH B TIPOMBICIIOBO-TEXHHYECKOE 00ECTICUCHUE ChEMOK.

CymecTBYIOT JJBa OCHOBHBIX ITOX0/a K BBIBOY KAIMOPOBOYHBIX KOI(D(PHUIIMEHTOB: CIBOCHHBIE TPAJICHUS,
KOTJIa CTAHINH, OM3KHE 10 BPEMEHU W MECTY, BRIOMPAIOTCS W3 MPEOIOKEHHUS, YTO TUIOTHOCT PBHIO Ha
00enX CTaHIMAX OJUHAKOBA; U TIPOCTPAHCTBEHHO paclpe/ie]IeHHbIE METO/IbI, B KOTOPBIX IOApa3yMeBaeTcs,
YTO B IIpEIeIIax OMHOM M TOW K€ CTPATHI ITIOTHOCTE M Pa3MEPHBIHN COCTaB PBIO HE MEHSIOTCS. B 0001X cirydasx
TepecyeTHHIN KoA((UITMEHT OCHOBAH Ha OOIIENPHUHATHIX CTATUCTHYECKHE METO/aX, KOTOPBIE MO3BOJISIOT
00BETMHAUTD JJOTHOPMAJIHHO PACIpeeIeHHbIC YIIOBHI C IMHEHHBIMU MOJAEIISIMHU, YIUTHIBAIOIIINMH BIIUSHUE
Opyaus JIOBa, MECTA W XapaKTePUCTUK TpaJieHWs, Win CcBsi3b Mexay 3HadeHussMu CPUE mns nByx Tumos
Tpana (CM. JOTIOJIHUTEILHYIO JINTEPATypy).

2.4.4 Vx00 pviovl uz mpana

HpennonaraeTca, YTO BO BpEMsA CIKEIOAHLIX TPAJIOBBIX CHEMOK YJIOBUCTOCTH MHOCTOAHHA. HpI/IMCHCHI/IG
CTaHAAPTHBIX OpyﬂI/Iﬁ JJOBa 1 METOJI0B 0T6opa Hp06 MMoApPa3syMeBacT, YTO OpyAHs JIOBA BCCT/la 3aXBAThIBAOT
OIMHAKOBYIO JJOJIFO BCEX pLI6, HaxXogsAIIKUXCsA B 30HC UX ﬂeﬁCTBHﬂ. I[axce €CIIM U Ha6HIOI[a€TC$1 yxon pLI6
U3 30HBI JICHCTBUS opyaud JioBa, MpEAIojaracTcd, 4To 3TO OHNPCACIICHHAsA N0Jid, II03TOMY yCTOﬁ‘IHBO
CMCUICHHUEC, CBI3aHHOC C YXOIOM. HpI/I OTUX MPEANOJIOKCHUAX PE3YIIbTAaThl pPacuCcTOB 00€eCcIeynBaT
XOpOoUIyr0 OTHOCUTCIIbHYIO OLICHKY YMCJIICHHOCTHU. OL[HEIKO npu HHU3KON IUIOTHOCTH pI:I6 HUX IMOBCIACHHUC
MOXCT OTIIMYAThCA OT IMOBCACHHA B KPYIIHBIX KOCAKaXx. Yxo;:[ Ipu 3TOM MOXKCET BO3pacCTU, YTO BJIMACT
Ha OLCHKY YJOBUCTOCTH M MHACKC YHCJICHHOCTH 3aliaca. HOTCHHI/I&HLHO 9TO MOXET Ha6J'IIOZ[aTLC$I npu
CbCMKax OCETPOBLIX B Kacnuiickom MOp€, YUUTBIBAss CHUKCHHUEC UX 3allaCOB.

Wudopmanmio o qMHAMUKE TOBEICHHS BUIOB TIEPE TPAJIOM MOXKET JAaTh MOABOAHAs BuaeockeMka (Godg
et al., 1999). TpeOyercsi NPOBECTH TaKUE MCCIICNOBAaHMS MPU Pa3HON YMCICHHOCTH BHIOB, Ha Pa3sHBIX
CTaJusIX pa3BUTHS, IPH PA3HBIX YCIOBUSAX OKPYXKAIOLICH CPEelbl U T.J., YTOOBI OMPEACTHUTH, SBISETCS JIH
TEMIT yX0Aa KOHCTAHTOW miau HeT. Hy)HO Tarxke, 4ToOBbl YCIOBHS BHJCOCHEMKH OBLIM MPHEMIIEMBIMH,
T.€. YTOOBI, HAIPUMEP, MPO3PaYHOCTh BOABI ObliIa TOCTATOUYHO XOpOLIel /i HaOMIoAeHHs 3a TIOBEICHUEM
pBIO.

[lo pesynpraraM BUACOJAHHBIX MOXXHO MOIMGHUIMPOBATH Tpal, HAIIPUMEP, 3aKPEHMUTh MOA OCHOBHBIM
TPaJIOM JOTIOJIHUTEIBHBINH («MEIIOK»), YTOOBI YNEPKHBATh PhIO, YXOMSIIMX W3 Tpaja MoJ €ro HWKHEH
moA0Opoi. DTO MO3BOJMUT YCTAHOBHUTH CBS3b MEXKAY IIyOMHON HaXOKICHHUS PHIO M YIOBHUCTOCTBIO Tpasa
BO BpeMs cbeMku (pazzen 2.4.3). Eciam kauecTBO M300pa)KeHUsS! TOCTaTOYHO BBICOKOE, 3aBHCHMOCTH
YJIOBHCTOCTH OT pa3Mepa pbI0 MOKHO OIpPEACNATh HEMoCpeAcTBeHHO ¢ Buaeosammcu (Alibert et al.,
2003).

CymMupyst 1aHHble 00 yJI0BE CTaHIAPTHOTO Tpasa, MOTM(UIIMPOBAHHOIO Ul CHMIKEHHs YXO/a PhIOHI,
MOKHO TIOJTYYHTh MPUOIHKEHHOE 3HaYE€HHE TUIOTHOCTH PhIO B yCThe Tpaia. DHHEKTHBHOCTH Tpasa paBHa
OTHOIIEHHUIO YJIOBa B HCXOIHOM Tpajie (HalpuMep, B OCHOBHOM KYTKE) K CYMME YJIOBOB OCHOBHOTO Tpasia
U ero MoxuQuKaiyu. BiusHue MmIoTHOCTH MOKHO MCCIIEI0BaTh rpa@UyecKd MM METOJaMHU JIMHEHHOTO
mozenuposanust (Godg et al., 1999).

XoTs MmII0IIalb CTaHIAPTHOTO TPaJieHUs (y4acTOK, MPOTPAJICHHBIN CTaHIAPTHBIM TPAJIOM 3a CTaHIAAPTHOE
BpeMsi TpaJICHHs1) CYUTACTCS TOCTOSTHHOM B TEUCHHE BCEH CheMKH, OHA MOYKET MEHSAThC ¢ IryorHoi (Koeller,
1991; von Szalay and Somerton, 2005). TloTeHIIaaBHO 3TO MOXET MOBIUATH HA yXOJ PbIOBI U3 Tpaja
MIPUBECTH K CMEILICHUIO OIICHOK. [T03TOMY TaM, I71e BO3MOXKHO, PEKOMEH 1y ETCS ITOIb30BaThCS QIEKTPOHHBIMHU
ABTOMATH3MPOBAaHHBIMU CHCTEMaMH KOHTPOJIsL packpeiTust Tpana (Hanpumep, SCANMAR).



The stock assessment of sturgeon using trawl surveys of the shallower northern Caspian
Sea has encountered problems related to the value of the catchability coefficients chosen
for the trawl surveys. Alternative methods using passive gears, e.g. ring nets and fixed nets,
for scientific surveys in this region have been suggested (Gerasimov et al., 2005). However,
before implementation, the new methodology should be calibrated with the existing trawl
survey methods to assure consistency and comparability with the existing historical time-series
indices.

2.4.5 Data collection

The data to be recorded are determined by the methods through which the survey objectives are
to be achieved; e.g. swept area method, length frequency analysis, age-structured assessments.
In general, the data will include the gear specifications, haul-specific time and position at start
and end of the tow, warp length, wing spread, bottom type, and depth. The catch record should
include total weight caught, species composition by weight, and biological information for the
selected key species.

Often it will not be possible to collect all the desired biological information at every station. The
most important information must be collected first, and lower priority data collected as time
allows. The minimum information at each station should include an accurate estimate of the
total weight and the length frequency of major species; a small sample may suffice to estimate
weight and length frequency for species of lower priority. Other biological studies (e.g. stomach
contents) can use up much time and manpower. Reasonable limits on these types of sampling
should be established in order to ensure that the basic population survey is adequately covered.
Growth and mortality estimates of recruited sizes can often be obtained more cheaply from
routine sampling of commercial catches.

Properly designed sampling procedures applied over a time-series of surveys can provide
extremely valuable information even if the amount of sampling is small on any one survey,
e.g. information on age and size at maturity, seasonal development of gonads, and qualitative
observations on food of major predators. Making a list of all long-term survey objectives makes
it less likely that important types of sampling may be omitted.

2.4.6 Further reading

Lewy, P., Nielsen, J. R., and Hovgard, H. 2004. Survey gear calibration independent of spatial
fish distribution. Canadian Journal of Fisheries and Aquatic Sciences, 61: 636-647.

Pelletier, D. 1998. Intercalibration of research survey vessels in fisheries: a review and an
application. Canadian Journal of Fisheries and Aquatic Sciences, 55: 2672-2690.

2.5 Estimating catch-at-age

The majority of analytical stock assessments use age-based models (section 3.7). Obtaining age
data by reading hard parts (Section 2.6) to supply these models is costly. In contrast, catch-at-
length data are usually more plentiful, because collecting length information is relatively cheap.
Length can provide some information on the age structure of the population, because age and
length are correlated. However, there remains a need to convert catch-at-length into catch-at-
age. This section details the approaches to collect appropriate length frequency data (sections
2.5.1 and 2.5.2). Approaches to convert catch-at-length to catch-at-age are detailed (sections
2.5.3-2.5.5).



[Ipu oreHKe 3amacoB OCETPOBBIX IO PE3yJibTaTaM TPAIOBBIX CheMOK Ha MenkoBoabe CeBepHoro Kacrus
BO3HUKAET psiJi MpoOJieM, CBI3aHHBIX, B YACTHOCTH, C BHIOOPOM (OIIEHKOM) KOA(DPUIIMEHTA yIOBUCTOCTH
Tpana. J[nst pemreHus 3Toil mpoOIeMbl OBUT MPEJIOKEH albTePHATUBHBIA METOJ YUYETHBIX CHEMOK C
UCIIOJIb30BAHUEM MTACCUBHBIX OPYIMH JIOBA - 0OKUIHBIX U CTaBHBIX ceteil (Gerasimov et al., 2005). Oqnako
repe; BHEAPESHUEM AITOH HOBOW METOJOJIOTMU B TMPAKTHUKY CHIPhEBBIX HCCIIEOBAaHUN ee He0OXOIMMO
OTKaTUOpPOBaTh OTHOCUTEIHHO TPAJUIMOHHBIX METOJOB ChEMOK, YTOOBI OOECIIEYHTH CONOCTaBHMOCTH
PE3yIBTATOB C MMEIOIUMHUCS UCTOPUUSCKHUMH BPEMEHHbIMHE PSIIaMU UHJICKCOB 3araca.

2.4.5 Coop danHbvix

Mertozpl TOCTHXKEHHS LeNed ChbeMKH (HampuMep, METOA MPOTPaJeHHOMW IUIOMIaa, aHalu3 YacTOTHOTO
pacrnpeneneHus JUIMHbI 0CO0eH, OlIeHKa BO3PACTHOM CTPYKTYPbI YJIIOBOB) ONPEICISIOT, COOp KAaKUX HIMEHHO
JaHHBIX OyleT OCYIIECTBISATHCS BO BpeMsl CheMKH. OOBIYHO JaHHBIE BKIIOUAIOT CIEUUPHUKALUIO OpyAui
J0Ba, BpeMs TpaJieHWs, KOOPAWHATHI Hauala U OKOHYAHUS TPaJeHUs, JJIUHY BacpoB, TOPU30HTAIBLHOE
pacKpeITHE Tpajia, TUIl MOPCKOTO THA U rTyouny. MHdopManus o yaoBam BKIIIOUaeT 00N Bec HOHMaHHON
PBIOBI, BUZOBOI COCTAB IO BeCy U OMOJIOTHYECKHE JaHHbIE 00 OTACIBbHBIX OCHOBHBIX BUIAX.

YacTo He ymaeTcs Ha KaKAOH CTaHIMU coOparh BCIO HYKHYIO OHOornueckyro mHpopmanuioo. CHayana
cienyer cobuparh Hambosee BaKHYIO MH(POpPMAIMIO, a MEHEe 3Ha4MMble AaHHbBIC, - €CIM IO3BOJIUT
BpeMs. MuHUManbHas MHPOpMANKs Ha KaXIOW CTaHUMHM JODKHA BKIIOYATh TOYHYIO OLIEHKY OOIIero
Beca M YaCTOTHOE pacrpeiesieHle AJIHH 0co0eil OCHOBHBIX BHIOB; HEOOIBIION MPOOBI MOXKET OKa3aThCs
JOCTaTOYHO, YTOOBI OLIEHUTH BEC M Pa3MEPHBIN COCTaB MEHEee MPUOPUTETHBIX BUAOB. Jpyrue Gnonornueckue
HccleoBaHusl (HampuMep, aHajiu3 COJACPKUMOIO >KENyIKOB), MOTYT TOTpeOoBaTh OOJBIIMX 3arpar
BpeMeHH U ycunuii. CleayeT yCTaHOBUTD pa3yMHbIE MPEAEb Il IPOBEACHUS STHX BHOB BEIOOPOUHOTO
o0cnenoBaHusl, YTOObI 00ECIEYUTh BHIIIOJHEHUE BCEX OCHOBHBIX 3a[a4H YUYETHOH cheMKH. OLEHKH pocTa
U CMEPTHOCTH PEKPYTOB, OyJIeT MEHee JOPOrOCTOSILEH, €CIH BBITOJIHUTH €€ BO BpeMsI peTyJIsIpHOTroO 0TOopa
po0 U3 MPOMBIIIICHHBIX YIOBOB.

Xopomo cIUTaHUpOBaHHBIE MPOLEAYPHl 0TOOpa NpoO, NpuMeHseMble 51 (POPMHUPOBAHHUS MHOTOJETHHX
BPEMEHHBIX PSI0B, MO3BOJISIOT MOTYYUTh HHPOPMALIMIO OTPOMHON Ba)KHOCTH, AK€ eCH 001Ul 00beM
po0, B3ATHIX BO BpeMst OJHOH U3 CheMOK, HeBeJInK. Hanpumep, nHpopmaiuio o Bo3pacte u pa3mMepe ocodeit
MIpY HACTYIUIEHNH TOJIOBOM 3pEJIOCTH, CE30HHOCTH Pa3BUTHA FOHAl M KaUYeCTBEHHbIE JaHHBIE 110 MTUTAHUIO
OCHOBHBIX XHMITHMKOB. COCTaBJIEHHE CITMCKA BCEX IIeJIe MHOTOJIETHUX CHEMOK CHIDKAET BEPOSITHOCTh
TOTO, YTO OyAYT yIyILEHBI Ba’KHBIE BUbI BHIOOPOYHOTO 00CIIEI0BAHUSI.

2.4.6  JlononnumenvHas aumepamypa

Lewy, P., Nielsen, J. R.and Hovgard, H. 2004. Survey gear calibration independent of spatial fish distribution.
Canadian Journal of Fisheries and Aquatic Sciences, 61: 636—647.

Pelletier, D. 1998. Intercalibration of research survey vessels in fisheries: a review and an application.
Canadian Journal of Fisheries and Aquatic Sciences, 55: 2672-2690.

2.5 OueHka BO3pacTHOIO COCTABA YJI0BOB

B OonplIMHCTBE aHATUTUYECKHX HPOLEAYP OLIEHKH 3alacoB HCIONB3YIOTCS MOJAEIH, OCHOBaHHBIC Ha
BO3pacTHOM cocTaBe yioBOB (pasznen 3.7). OmpeneneHue Bo3pacTa MO PETUCTPUPYIOLIUM CTPYKTypaMm
(pa3zmen 2.6) st UCIIONB30BAHUS B ATUX MOJEISX SIBISETCS TOPOrOCTOsIIel nmpouenypoil. M Hanportus,
JaHHBIX O BO3PACTHOM COCTaBe yJI0Ba OOBIYHO MHOTO, IIOTOMY 4TO cOOp HH(OpMALIHK O pa3MEPHOM COCTABE
00XOIUTCS OTHOCHUTENBHO JieleBo. J[iHa MoXeT AaTh HH()OPMALIUIO O BO3PACTHON CTPYKTYPE MOIMYJISLNH,
MOCKOJIbKY BO3pPAacT M JJIMHA CBSI3aHBI MEXKAY co0oil. OmHako AJsl 3TOro HeoOXOAMMO MpeoOpa3oBaTh
JTaHHBIE O Pa3MEPHOM COCTaBE yJI0Ba B JaHHBIE O BO3PACTHOM cOCTaBe. B HacTosdIeM pa3zesne OnmuchIBatoTCs
MOAXO/IBI K COOPY JaHHBIX O pa3MEPHOM cOocTaBe yioBa (paszaensl 2.5.1-2.5.2). [Tloaxoas! k npeoOpa3oBaHUIo
JTAaHHBIX O pa3MEPHOM COCTaBE B JaHHBIE O BO3PACTHOM IPUBEACHHI B pa3aenax 2.5.3-2.5.5.



2.5.1 Sampling for length frequency data

The location in which length frequency data were sampled should be noted with the data. Fish
should be sampled at random (see section 2.1.2), regardless of size. If fish are already pre-sorted
by size and/or species, each pre-sorted section of the catch should be sampled independently,
then raised to the catch of that size category. Assuming random samples from the population,
the formulae presented in section 2.1.1 can be used to identify appropriate sample sizes per
unit.

The ideal location for measuring fish is at the point of capture. All associated information (location,
date, etc.) can then be recorded with accuracy. If samples are taken at a market, it is essential
that the samplers have access to the necessary information to identify the correct origin of fish
from which any sample is taken. This may be from the fishing log, or through conversation with
the vendor. Even with this information, identification of the exact location of the catch may be
impossible.

2.5.2 Data processing

Where a random sample of a specific unit within the stratum of sampling is taken, this needs to
be combined and raised to the level of the fleet/population. \Where catches were pre-sorted by
size, etc., prior to sampling and subsamples were taken, (sub)samples should first be raised to
the catch of the pre-sorted categories (section 2.2).

2.5.3 Age or cohort slicing

Age slicing divides a catch length range into different ages, partitioning it into catch-at-age. Size
distributions are separated into age classes by assuming that there are distinct lengths which
separate adjoining age classes. These lengths can be defined in a number of ways, often the
length half-way between mean lengths-at-age predicted from a growth curve. This assumes
equal variability in lengths at neighbouring ages. Whichever approach is used to select dividing
lengths, it should be clearly stated, along with the growth curve used.

Age slicing is easy to use. However, it requires a number of assumptions, including that there is
no overlap in length between cohorts. This assumption is not likely to be true, and hence there
is the potential to overestimate the strength of a weak year class and to underestimate a strong
year class. There also tends to be considerable overlap in length-at-age at older ages, biasing the
number of older fish estimated.

2.5.4 Age-Length Keys [ALKs)

Age-Length Keys (ALKs) are commonly used in the Caspian Sea to derive estimates of age
structure. An ALK represents a matrix detailing the probability that a fish of a given length is of
a particular age. They allow larger samples of fish only measured for length to be distributed
over age groups according to the key. Use of ALKs assumes that the sample of aged fish and
the sample of fish measured for length are random samples from the same population. Then,
the probability that a fish is of a particular age, given its length, is the same for both samples.
Indeed, the ALK should be applied to length data from the same time period, because variability
in recruitment and survivorship at age will change the age-length composition over time. A single
ALK should only be applied to size data from a number of years if growth is reasonably stationary,



2.5.1 Omobop npob ons oyenku wacmommno2o pacnpeoeieHus OJiuH 0cooell

[Ipu npencTaBieHU: JaHHBIX O YACTOTHOM PACIpE/ICNICHHH JUTHH B YIOBE HEOOXOIMMO YKa3bIBATH MECTO
otbopa mpod. Ocobu 0TOMPAFOTCS TPOU3BOILHO (CM. pasmen 2.1.2), He3aBUCUMO OT pa3Mmepa. Eciu prIOb
YK€ PacCOPTUPOBAHBI MO pa3Mepy W/WIM BHIAM, MPOOBI U3 KAKIOH OTCOPTUPOBAHHOW YACTH YIOBA
HYXHO OpaTh OT/ICIBHO U 3aTeM MePECUUTHIBATH HA BEIIMUUHY BCETO YJIOBa JAHHOW pa3sMEpHON KaTerOPHH.
Jonyckasi, 4To 0TOOp MPOO W3 TMOMYJSIMU OCYIIECTBISICTCS CIy4YalHBIM 00pa3oM, JIJIsl ONpeIeiIeHuUs
MIPUEMIIEMOTO 00BheMa BEIOOPKH MOYKHO HCITONIB30BaTh (hOpMyITbl U3 pazmena 2.1.1.

B upeane peid m3MepsroT Ha MeCTe TMTOMMKA. BCIO CBS3aHHYIO C TPOIEAYPOH M3MEpEeHHS WH(GOPMAIIUIO
(MecToTONOKEeHHE, ATy U JIp.) HY)KHO PEerHCTpUpOBaTh. Eciu mpoOs! 6epyTcs Ha pHIHKE, KpaliHe Ba)KHO
TTOJIYIUTh BCIO HEOOXOMUMYIO WH(OPMAIHIO y TPOAABIA, YTOOBI OMPENCTUTEH MPOUCXOKICHNUE PHIOHI,
13 KOTOpOii O6epyTcst MpoObl. ITO MOXKHO CJIENaTh, 03HAKOMHUBIIIHCH C TPOMBICTIOBBIM JKypHAJIOM, WA U3
Oecensl ¢ mpomaBroM. OqHAKO aXe MPHU HATWYUH dTOH MHPOPMAIIMK OMPENEINTh TOYHOE MECTO YJIOBa
OyIeT, BEpPOsSTHO, HEBO3ZMOXKHO.

2.5.2 Obpabomka OaHHbIX

Ecnu u3 ctannapTHOM eIMHUYHOM IUIOIIAIU ChEMKH, PACIIONOXKEHHOM B TpaHNLIAX ONpPEAETICHHON CTPAaThI,
Oepercst crmydvaifHas mpoOa, ee HEOOXOOUMO MEepPEeCYUTaTh HAa BEIMUMHY BCEH MOIMYISALUH WM OOIIEro
MIPOMBIIUIEHHOTO BBUIOBA. ECIU yIOBBI ObIT TIpeiBApUTENFHO PACCOPTUPOBAHBI 110 pa3Mepy U T.IL., TO JI0
TOT0, KaKk OyayT 0ToOpaHbl MPOOBI, WX CIEAYET, IPEXk/e BCEro, MepecunTarh Ha BEJTHMYUHY OOILIEro yaoBa
pBIO paccMmaTpuBaeMbIX pa3MepHBIX KaTeropuil (pasaen 2.2).

2.5.3 Jlenenue na 6o3pacmuvie epynnvl, uiu KO2Opnivl

Jenenue yimoBa Ha pa3HbIe BO3PACTHBIE TPYIIIBL, TPE0Opa3yeT ero B yI0BHI 10 Bo3pactaM. COBOKYITHOCTH PhIO
Pa3HBIX Pa3MEpPOB MOXKHO PA3IENUTh HA BO3PACTHBIE KIIACCHI, JOMYCKas, YTO CYIIECTBYIOT OIMPEIeIICHHBIC
3HAYEHUs JUIMHBI, KOTOPBIE SIBISIFOTCS TPAHWIIAMH MEXKIY COCEIHHMH BO3PACTHBIMH TPYITIaMH. ODTH
3HAYEHUST MOYKHO OTIPEIENIUTh PA3INYHBIMHU CII0CO0aMH, HAPUMeEp, KaK JIUTHHY, paBHYIO CpEIHEH BETHINHE
JUTAH PBIO B IByX BO3pacTax, HAlIEHHBIX 11O KPUBOM pocTa. DTO MpEAIIoaraeT paBHbIe KOIeOaHNs JITHHBI
ocobeil B cocemnux Bo3pacTax. Kakoil ObI MOJXOA HM HWCTONB30BAJICS MPH BHIOOpPE TPaHWYHBIX IJINH,
CJIEZTyeT YeTKO OIpEe/IeNUTh, Kakasi IMEHHO KpUBas pocTa OblIa HCITONb30BaHa.

Jlenenue Ha BO3pacTHBIE TPYMITBI OOBIYHO HE BBI3BIBACT 3aTpynHeHHH. OHAKO OHO OMWpaeTcs Ha s
TOTTYIIEHUH, BKITIOYast TO, YTO MEXAY KOTOPTaMH OTCYTCTBYIOT Ja)Ke YaCTUYHBIE COBMAJICHUS T10 JITHHE.
OTO TPEeanoiImKeHHe NAJIeKO OT WCTHHBI, TIOATOMY BO3HHKAET BEPOSTHOCTH TEPEONEHKH YHCICHHOCTH
caboit BO3pacTHOM TPYyNITHl M HEMOOIICHKH CHIIBHON BO3pacTHOU Tpynmsl. KpoMe Toro, n3-3a 3aMeIIeHUs
JIUHEHHOTO POCTa B CTAPIINX BO3PACTHBIX TPYIaX, BOSHUKAET TEHICHINS K 3HAUNTEIIbHOMY COBIQ/ICHUIO
pa3MepoB, YTO MPUBOJUT K TIOTPEIIHOCTSIM B OIIEHKAX WX YHCICHHOCTH.

2.5.4  Pasmepno-eéo3pacmuoi kuou (ALK)

Kitoun Bozpact-mmHa (ALK) gacto ncnons3ytorest Ha Kacruu 171st OLeHKH BO3PAaCTHOM CTPYKTYphl. OHU
MPEACTABISIIOT cO00W MaTpPHUILy BEPOSITHOCTEH COOTBETCTBHUS OCOOM ONMPEACICHHON JTMHBI KOHKPETHOMY
Bo3pacty. I[lpumenenne ALK mno3BosisieT orpaHuuuTbh 0OpaOOTKy OONBIIMX MPOO TOJIBKO MpPOMEpaMHU
JUIMHBI, YTOOBI 3aTeM C WX MOMOILIBIO paclpelesiuTh MONaBmKX B Mpoly ocobeil mo Bozpactam. Ilpu
ucnons3oBannu ALK moznpasymeBaeTcs, 4Tto mpoOsl, MpenHa3HaYeHHbIE U ONpeIelieHus BO3pacTta U
JUIsL ©3MEPEHUS! JUTHHBI, SIBISIOTCS CIIy4aiHBIMU IpoOaMH U3 OAHOM Nomyisinuy. Toraa BeposSTHOCTH TOTO,
41O pbIOa OMpeeIeHHON ITMHBI OTHOCUTCS K ONpPEAEICHHON BO3pacTHOH rpyIme, OyJeT oAnHaKoBa A
obenx npoO. JeictBurensHo, ALK Hy)KHO MpUMEHSTH K JaHHBIM IO JJHHE, OTHOCSAIIMMCS K OJHOMY
MEpUOAY BPEMEHH, MOTOMY YTO KOJCOaHUsI MOMOIHEHNSI U BBKMBAEMOCTH TIO0 BO3PACTaM CO BPEMEHEM
M3MEHSAT pa3MepHO-BO3pacTHOM cocTaB. OauH U TOT ke ALK MOXHO NpUMEHSTH K pa3MEepHBIM JTaHHBIM
B TEUYEHHE HECKOJBKHX JIET TOJIBKO B TOM CIIydae, €CIM POCT ObLI OTHOCUTENBHO CTAOMIIBHBIM; IIPH 3TOM



and the approach of Kimura and Chikuni (1987) is used (see below). Suitable justification should
be presented for multi-seasonal or multi-annual application of ALKs, because there could be
serious bias.

When developing an ALK, length-stratified sampling is required to ensure that the required
number of fish (determined by the variability of length-at-age) is available over all length groups.
Developing ALKs is laborious, so optimal collection of information is desirable. Formulae exist to
estimate the number of age determinations and length measurements necessary to guarantee
a given level of accuracy (e.g. Oeberst, 2000). Care must be taken because considerable biases
can result where the ALK does not contain data for all length groups in the length distribution,
particularly at large size where individuals may be distributed over a wide range of ages.

A number of developments to ALKs have been put forward. Kimura and Chikuni (1987) outlined
an extension of the ALK approach, iteratively determining the age structure from a length sample
using the key from a different sample. The method can work well where the distributions of
size for each age are close to those in the length frequency, but convergence can be slow. The
reader is referred to that paper for more information.

2.5.5 MULTIFAN

MULTIFAN (Fournier et al., 1990; an extension of Schnute and Fournier, 1980; http://www.mul-
tifan-cl.org/) is a likelihood-based analytical method for estimating growth and age composition
parameters from multiple length frequency data sets. It uses a mixture of distributions approach,
and allows the inclusion of biological constraints within the model. MULTIFAN makes a number
of key assumptions, as described by Fournier et al. (1990). These are that 1) there is a normal
distribution of lengths within each age class, around a mean length at age; 2) standard deviation
of mean length at age varies as a simple function of that mean; and 3) growth follows the von
Bertalanffy growth function.

The program varies the von Bertalanffy parameters and the number of age classes, and com-
pares resulting fits of the probability of observing a fish at a given length interval so defined with
the observed proportion of fish, using a log-likelihood function. The parameters estimated are 1)
proportions within a sample at age; 2) mean length of the first age group; 3) mean length of the
last age group; 4) von Bertalanffy parameter K; 5) two parameters predicting the pattern of the
standard deviation of length at age; 6) a parameter related to the overall variance of the sampling
errors in the length frequency datasets; and 7) a parameter describing the age-dependent selec-
tivity of the fishing process. If the age of the first age class is unavailable, MULTIFAN assumes
that t, is zero.

MULTIFAN is sensitive to the time interval chosen between samples, and the characteristics
of catchability and selectivity in the data. There may also be a tendency to group the final age
classes if mean lengths-at-age are not greatly different, or if there are small percentages of fish
in those size ranges. Care must be taken not to constrain the bounds on mean lengths too great-
ly, particularly where growth variability is great. However, bounds must be sufficiently tight to
ensure that the correct age class is associated with a mode. Care must also be taken to specify
a sufficient parameter space for the program to search. This will help prevent identification of
local minima during the search.



npumensiercs moaxoa Kumyper u Uukynu (Kimura and Chikuni, 1987) (cm. nuxke). JIist IpOAOIKUTEIEHOTO
(muoTroneTHero) mpumeneHns ALK He0OX0IUMO COOTBETCTBYIOIIEE 0O0CHOBAHKE, TOCKOIBKY 3TO MOXKET
MPUBECTH K CEPHE3HBIM OIITHOKAM.

[Tpu pazpaborke ALK crpatuduuupoBaHHbli 10 JJTMHAM 0TOOP MPOO BBHIMOIHAJICS TAKUM 00pa3oM, 4TOObI
B Ipo0ax MpUCYTCTBOBAJIN HEOOXOANMBIE KOJIMUECTBA PO BCEX pa3MEpHBIX Ipynil. TpedyeMble KonudecTBa
OTIPEENSIOTCA 110 pe3yabTraTaM aHalu3a BapuaOeIbHOCTH JUIMH ocobeld mo Bo3pactaM. Pazpaborka ALK
SIBIISIETCS. TPYAOEMKOH 3amadeil, TOATOMY JKelaTelbHO COOMparh ONTHUMAIbHOE KOJMYECTBO MCXOIHOU
nHpopmanuu. CymiecTBYIOT crenuaibHble (GOPMYJbl A OLEHKH KOJIMYeCTBa ONpEACIeHUI Bo3pacTta
W M3MEPEHUH IJIMHBI, HEOOXOAMMBIX Ul TOTO, YTOOBI TapaHTUPOBATH 3aJaHHBIH YPOBEHb TOUYHOCTH
(manpumep, e.g. Oeberst, 2000). MoryT BO3HHKHYTh CyIllecTBEHHbIC omOKu, eciin ALK oxBarbiBaeT He
BCE pa3MEpHBIE IPYMIIbl, MPUCYTCTBYIOIIUE B IPoOe, 0COOEHHO CTapIIie pa3MepHbIe TPYIIIbI, B KOTOPHIX
0co0u MOTYT OBITh pacHpeseiIeHbl B IIMPOKOM Auara3oHe Bo3pacToB. B aTom ciiyuae obocHoBanue ALK
TpeOyeT 0co00ro BHUMaHUSI.

[Tonxon, OCHOBaHHBIN Ha MPUMEHEHHH Pa3MEPHO-BO3PACTHBIX KIIFOYEH, MOCTOSHHO COBEPIICHCTBYETCH.
Kumypa n Yukynu (Kimura and Chikuni, 1987) npennoxunm Moaupukanuro, MpeacTaBIsIOny0 co0oi
UTEPATUBHYIO MPOLEAYPY IS OLIEHKU BO3PACTHOM CTPYKTYPBI 10 Pe3y/IbTaTaM aHajIn3a pa3MepHOM IpoObI
¢ ucnosnp3oBanueM ALK u3 npyroii mpoOsl. Metox 3(eKTUBEH B Cilydasx, KOTJa pacripeaeieH s JINH
B Ka)KJIOM BO3pacTe OJIHM3KO K YaCTOTHBIM PAaCHpEIe/ICHUSIM UTUHBL; OJJHAKO CXOAMMOCTH TOH MPOLETyphI
MOXXET OBbITh ME/IICHHOH.

2.5.5 MULTIFAN

MULTIFAN (Fournier et al., 1990; pa3sutue padotst Schnute and Fournier, 1980) http://www.multifan-cl.
0rg/) siBsIeTCS aHATUTHYECKUM METOIOM OLEHKH POCTa M TapaMeTPOB BO3PACTHOTO COCTaBa, OCHOBAHHBIH
Ha MPUHIUIE TPaBIONOJ00HS U UCTIONB3YIOIIUI Pa3HOPOJHbBIE JaHHBIE O YAaCTOTE BCTPEYAEMOCTH UINH
ocobeil. B MeTone ncrnonp3yercss KOMOMHUPOBAaHHBIN MOAXOJ K TIOCTPOCHUIO YACTOTHBIX PacpeneneHuH
U peaju30BaHa BO3MOXKHOCTh BKIIOUCHHS B Mojenb Ouonormyeckux orpannuennii. MULTIFAN
mpeayCcMaTpuBaeT psja BakHbIX gomnyineHuii (Fournier et al., 1990): 1) B kaxxmom Bo3pacTte pacmpeaeacHne
JUTMHBI 0C00€i BOKPYT UX CPEAHEH IUTMHBI TOMYMHSAETCS HOPMAJIbHOMY 3aKOHY; 2) CTaHAapTHOE OTKIIOHEHUE
cpeaHel JUIMHBI 0co0eil B KayKA0H BO3PACTHOH IpyIine U3MEHSIETCs Kak MpocTasi QyHKLHUS STOr0 CPEAHEro
3HauUeHHS; 3) IMHEWHBIN POCT PbIO MPOUCXOAUT MO ypaBHEHHUIO pocTa bepranangu.

[IporpamMmMHOe 0OecrieueHIe ITOT0 METO/Ia, B AITOPUTME KOTOPOTO UCIIONIb30BaHA (PYHKIHS TPABAOTION00uS
IUIs. JIOTHOPMAJIBHOTO paclpelesieHns, MO3BOJIsIeT HM3MEHSATh NapamMeTpbl ypaBHeHHs bepramangu u
KOJIMYECTBO BO3PACTHBIX IPYII ¥ CPAaBHUBATH MOIyUYEHHBIE B PE3YJbTaTe BEPOSTHOCTH MONAJaHusl OCOOH B
3aJaHHBIN pa3MEPHbII AUana3oH ¢ HaOMIOAEHHOH Joel pbId 13 3Toro nHTepBana. [Ipu sTom oneHUBalOTCS
CIIeyIOIIMe TapaMeTpbl: 1) A0IM BO3PAcTHBIX TPy B mpobe; 2) cpedHsist AIMHA OCOOEH Miaiei
BO3PACTHOM IpymIibl; 3) cpequsisl JuInHa ocoOel crapiieil Bo3pacTHo# rpymnisl; 4) mapameTrp K ypaBHeHuUs
Bepranandu; 5) nBa mapamerpa MpeANoNaraeMoro pacrpeiefeHHus CTaHJapTHOTO OTKJIOHEHHMS IJTUHBI
o Bo3pactaM; 6) mapaMeTp, CB3aHHBIN ¢ 00Iel aucnepcueil ommnOoK BEIOOPKU B TAHHBIX 110 YacTOTE
BCTPEYAEMOCTH JJIMH OCO0eH; 7) mapameTp, ONMHMCHIBAIOLIMN 3aBHCAIIYI0 OT BO3pPAcTa CEIEKTUBHOCTH
npombicia. Eciau mo kakum-1u60 npudrnHaM BO3pacT nepBoid Bo3pacTHol rpynmsl He ykazan, MULTIFAN
npupaBHUBaeT napamerp t) ypasuenus beprananpu mymo.

MULTIFAN 4yBcTBHTEJIEH K BpeMEHHOMY HHTEPBATY MEKAY MPOOaMH U K XapaKTEPUCTHKaM YIOBHCTOCTH
U CENIeKTUBHOCTHU OpyAuii J1oBa. [ [pu ncnonb30BaHUM METOAA AOIYCTHMO 00bEAMHUTD CTapIIre BO3PACTHBIE
IPYIIIBL, €CIU CPEJHHUE AJMHBI 0COOCH B 3TUX TpyINax Majo 3aBUCST OT BO3PAcTa WIIM €CIIU JOJS PhIO
B 3TOM pa3MepHOM Juana3oHe HeBenuka. HeoOxommmo oOpamaTh 0oco0oe BHUMaHHE Ha TO, YTOOBI HE
CJIMIIKOM ECTKO MPUBS3BIBATH TPAHUIBI Pa3MEPHBIX JHANa30HOB K CPEAHUM JJIMHAM 0CO0eH, 0COOCHHO
npu OONBIIUX pa3IUYMAX B TeMIax pocrta. Tem He MeHee, IpaHHILbl JOJKHBI OBITh JOCTATOYHO Y3KHMHU,
9T0OBI 00ECIEYNTh COOTBETCTBHE BO3PACTHOTO Kjacca MONANbHOMY 3HaueHHIo JnuHbL. [Ipn pacuerax
¢ nomorbto MULTIFAN Heo0xoquMo Takke 3aJaTh JOCTATOYHO OOJBIIOE MPOCTPAHCTBO MapameTpoB,
B paMKax KOTOPOTo MmporpamMma OyIeT MCKaTh PEeleHHs. JTO MO3BOJMUT MPEAOTBPATUTH PACIO3HABAHUE
JIOKaJIbHOTO MUHUMYyMa BO BpeMsl [TIOUCKA.



2.5.6 Further reading

Baird, J. W. 1983. A method to select optimum numbers for aging in a stratified approach.
In: Sampling commercial catches of marine fish and invertebrates. /n Sampling Commercial
Catches of Marine Fish and Invertebrates, pp. 161-164. Ed. by W. G. Doubleday and D. Rivard.
Canadian Special Publication of Fisheries and Aquatic Sciences, 66.

Gavaris, S. and Gavaris, C. A. 1983. Estimation of catch at age and its variance for groundfish
stocks in the Newfoundland region. /n Sampling Commercial Catches of Marine Fish and
Invertebrates, pp. 178-182. Ed. by W. G. Doubleday and D. Rivard. Canadian Special Publication
of Fisheries and Aquatic Sciences, 66.

2.6 Hard parts

Where hard parts show marks laid down at a regular time-interval, they can be used to age fish.
Marks may be on a seasonal or annual scale (macro-increments), and comprise an opaque and
translucent band that can be seen under a light microscope. Marks may also be laid down on a
daily basis (micro-increments), which can be particularly useful when ageing larvae and juveniles.
These require high-power microscopy or scanning electron microscopy to view. The formation
and biomineralization of growth bands depends on many metabolic and environmental factors,
including climate, migration, and nutrition. It is recommended that the nomenclature detailed
in Kalish et al. (1995) be used when reporting all studies.

2.6.1 Validation

Before increments in hard parts can be used for routine ageing, they must be validated (Beamish
and McFarlane, 1983), confirming the periodicity of band formation to ensure that they can be
used for accurate age reading. Failure to validate ages can lead to considerable errors in stock
assessments.

Validation can be achieved through back-calculation and marginal increment analysis. However,
the most conclusive approach is through mark-recapture techniques, including the use of
markers such as oxytetracycline (Rien and Beamesderfer, 1994). Strontium chloride (SrCl,)
can also be used where potential health concerns rule out the use of oxytetracycline. SrCl,
marks in sectioned otoliths can be seen under scanning electron microscopes with a Robinson
backscatter detector (Clear et al., 2000). Care must be taken to ensure that there is no change in
the pattern of growth following the marking procedure. It must be stated whether validation
was achieved in any study presented. There is also need to specify the ages for which
validation has been achieved.

2.6.2 Sampling for hard parts

A wide range of different hard parts has been used to age fish species. These include otoliths
(generally sagittae, as used for kilka), scales (as used for kilka and mullet), fin spines (as used for
sturgeon), and vertebrae (for some Gobiidae). Spines can be removed without major damage to
the fish, which is a particular advantage where purchase of the fish in high value fisheries would
otherwise be necessary to examine other hard parts.



2.5.6 [ononnumenvnas numepamypa
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2.6 Perucrpupymromme CTpyKTypbI

Ecnu Ha peructpupyroulmx CTPyKTypax uepe3 peryiaspHble MPOMEKYTKH BpPEMEHH OTKJIAJbIBAIOTCS
METKH, UX MOXXHO HCIOJIB30BaTh JUIS ONpenesieHus Bo3pacTa pbl0. OTMETKH MOTYT OBITh CE30HHBIMHU
WM TOAOBBIMH (MaKpO-TIPHPOCT) U MPEACTABISATH COOOH TEMHBbIE MaTOBBIE U MOTYNPO3pauyHble MOJIOCKH,
KOTOPBIE MO’KHO PACCMOTPETh B OOBIYHBIN ONTHYECKUH MHUKPOCKOIN. METKH TakKe MOTYT OTKJIaJIbIBaThCs
©XKeHEBHO (MHUKPO-TIPUPOCT), YTO OCOOECHHO yAOOHO TpH ONpeAesieHHH BO3pacTa JWYMHOK U MOJIOIH.
115t n3yueHHs moCieAHuX TpeOyeTcss MOIIHBIA ONTUYECKHI MUKPOCKOIT MITH CKAHUPYIOIIUH JIEKTPOHHBIN
MuKpockon. O0pa3oBaHue 1 OMOMUHEPANIN3alUsl POCTOBBIX KOJICIl 3aBUCUT OT MHOTHX METa0OIHYECKHX
U 9KOJIOTUYECKHX (DAaKTOPOB, BKIIOYAsl KIMMAT, MHTPALMI0O U MUTaHUE. XOPOUIMM CIIPABOYHHKOM IO
BOIIPOCAM, CBSI3aHHBIM C OIPE/ICIICHHEM BO3pacTa, MOXKET CIIykuTh padora Kamuma u ap. (Kalish et al.,
1995).

2.6.1 [lposepra unpopmamusHocmu 603paACMHBIX MEMOK

[Mpesx/ie ueM KMCIOJb30BaTh 00pa3oBaHKs Ha PETUCTPUPYIONIMX CTPYKTYpax s OTpPEIEICHUs] BO3pacTa,
HEOOXOMMMO BHHMATeIbHO MX u3yunth (Beamish and McFarlane, 1983), 4ToOBI MOATBEPANTH, YTO
MEPUOANYHOCTH 00Pa30BaHUS POCTOBBIX METOK MAPAHTUPYET MX MPUTOIHOCTH JUIS TOYHOTO OTIPEIEIICHUS
BO3pacTta. Eciti Takoe moATBEepIKICHHE HE TIOIYYEHO, TO MOXKET MPUBECTH K 3HAYMTEIBHBIM OIITHOKAM MPH
OIICHKE 3aIacoB.

[IpoBepuTh 3TO MOXKHO C TOMOIIBIO OOpATHBIX PACUMCICHUHA W aHAIM3a MapTUHAIBHBIX MPUPOCTOB
pocToBbIX MeTOK. OIHAKO HarOoIee Ha ISKHBIN TTOIX0J] COCTOUT B ITPOBEJICHUN MEUCHHUS C TIOMOIIBIO TAKUX
MapkepoB, kak okcurerpanukiana (Rien and Beamesderfer, 1994). MokHO Take HCIIOIB30BATh XJIOPHI
crponnus (SrCl,), ecnu npuMeHeHHe OKCUTETPAIMKIIMHA HCKITIOYAETCs O CO0OpaKeHHAM MOTEHINANBHOH
onacHoCTH s 310poBbs. Crenpl SICl, Ha crinmax 0TONMTOB MOKHO HAOMIONATE B HMEKTPOHHbIH MHKPOCKOTI
¢ IeTekTopoM obparHoro paccemBanus Poouncona (Clear et al., 2000). Heobxomnumo 1mo3a00TUTECS, YTOORI
B XapakTepe pocTa TOocie MEUeHHs He TPOM30III0 HUKAKMX WM3MEHEHHH. B oTderax Mo ompeneneHuro
BO3pacTa cJeayeT YKa3blBaTh, MPOBOAMIIACH JIM Takas MPOBEPKa, M €CIH MPOBOJAMIACH — YTOUHHUTD, JJIS
KaKhX UMEHHO BO3PACTHBIX TPYIIIL.

2.6.2 Omobop npob pecucmpupyiowux cmpyKmyp

Jnst ompeneneHus Bo3pacTa MOXHO HCIIONB30BAaTh CaMble Pa3iIMyHbIE TBEPJAbIC YacTH Tesla PBIOBI. DTO
OTONUTHl (OOBIYHO CIIyXOBBIE KaMHH, KaK, HalpUMep, Y KHIbKH), demrysl (HCIONb3yeTcs Y KUIbKH H
ke(aneBbIX), CIIMHHON TUIAaBHUK (MCIIONB3YETCS Y OCETPOBBIX), @ TaKKe MO3BOHKU (MCIIONB3YIOTCS Y
HEKOTOPBIX BHJIOB OBIYKOB). JIydr COMHHOTO TNIABHUKA MOYKHO M3BSITh 0€3 0c000ro Bpeaa IJist phiObl. DTO
SIBIISIETCS 0COOCHHO OOJBIIMM MPEUMYIECTBOM B TE€X CIIydasX, KOI/Ia U3-32 HEBO3MOXHOCTH ONPEACIITh
BO3PACT MO MJIABHUKAM, TPUXOAUTCS HECTH 3HAYUTEIbHBIE PACXO/IbI HA TIOKYTIKY PBIOBL, YTOOBI UCTIOJIB30BATh
JUTS 9TOM 1eNU IpYTHe PETUCTPUPYIOILINE CTPYKTYPBHI.



Specific information must be collected corresponding to the individual from which the hard
parts were taken, including species, a specific fish identification number (allowing samples to be
traced back to the individual fish), specimen length and weight, date, fishing area (catch location
by latitude and longitude or defined geographical area, e.g. river), country to which samples
correspond, and additional biological information (e.g. sex, maturity).

Fin spine sampling

Pectoral fin spines are often used for sturgeon (e.g. Stevenson and Secor, 1999), although care
must be taken that species do not suffer from prolonged bleeding. They can be removed at
the point of articulation and air-dried, before sectioning less than one centimetre distal to the
articulation point. Soft tissue adhering to the spines can be allowed to decompose naturally.
Fin spines can be preserved dry in a paper envelope, which should be kept in a cool place
(refrigerated). The specimen data or identification number must appear on the envelope.

Otolith sampling

There are a number of techniques for otolith removal, including taking a transverse head section
(making a cut in the upper part or back of the head), frontal head section (passing above the
eye and parallel to the major axis of the fish), or through the gill cavity (which can reduce visible
damage to valuable fish). Otoliths are best stored dry in a tube or in an envelope. The specimen
data or identification number must appear on the envelope or tube.

2.6.3 Reading

Reading prepared hard parts develops an integer age for an individual fish, and by reference
to the length of that individual, a length-at-age. Ages are developed relative to an assigned
‘birthday’ for a species. The birthday is usually related to the spawning period for a species.
When ageing relative to a birthday, a complete annual ring will not be counted until this date is
passed. For example, if the birthday were 1 June, a fish with a third annual ring that was just
completed would be counted as a two-year-old until caught on or after 1 June.

Generally, readers should not be provided with additional information on the fish (e.g. length,
date of capture), to avoid bias. Date of capture may be important when assigning ages around
the birthday of the species.

A simple measure of the precision of hard-part age estimates from multiple readers is the
individual average percentage error (IAPE). This can be calculated as:

100 & 1 &1 X=X,
IAPE === =y 11
Db

=l NMia j

where N is the number of fish aged, R is the number of readings, Xij is the ith age determination
of the jth fish, and X; is the mean age calculated for the jth fish.



[To kaxx ol 0co0u, OT KOTOPOH B3sTa TPOOA PETUCTPUPYIOIIUX CTPYKTYP, HEOOXOAMMO COOpaTh KOHKPETHBIE
JaHHbIC, BKIIOYas Ha3BaHHWE BHIA, WHIWBHUIYAJbHBIH HICHTU(UKALIMOHHBIA HOMEp (YTO IMO3BOJISET
MPOCIIEANTh MPOoOy A0 KOHKPETHOH PBHIOBI), IUIMHY M BeC 0CcOOM, JaTy M MECTO MOMMKH (KOOPIMHATHI
WIN OIIpeJeNICHHbIN reorpaduueckuii 0OBEKT, HAIpUMep, PeKa), CTpaHy, K KOTOpOW OTHOCUTCS Mpoda u
JOTIOJTHUTENBHYIO OMOJIOrHYeCcKy 0 HH(opManuio (Hanpumep, Mo, CTaausl OJIOBOW 3pETOCTH).

Omoop npo6 nyueii nnagHuKa

Jlnst ompenesieHHsl BO3pacTa y OCETPOBBIX PBIO YaCTO HCHONB3YIOTCS MaprHHAJIbHBIC JIydd TPYIHOTO
mraBHuKa (Hampumep, Stevenson and Secor, 1999). IIpu sToMm, ogHako, Hy»Ha 0cobast 0CTOPOKHOCTS,
4yToOBI HE BBI3BATH JUTUTEIBHOE KpoBOTeueHHe. JIydm MOXKHO OTCEKaTh Ha PACCTOSIHUU MEHEE OJHOTO
CaHTHUMETpa OT MECTa COWICHEHHS, IPEIBAPUTEIILHO OOHAKUB X B MECTE Pa3pesa U MOJICYIINB Ha BO3yXE.
[Ipu >TOM JOMyCKaeTcsi ECTECTBEHHOE pa3/ieliecHue MATKUX TKaHEH, MPHUJICTAIOIIUX K JIyvaM TUIaBHHKA.
OTcedeHHbIE TyYH TUIABHHKA CIEIYeT XPaHUTh B CYXOM BHJEC B OyMa)KHOM KOHBEPTE, TIOMEIICHHOM B
MPOXJIATHOE TTOMEIICHNEe (XOJIOAMIBbHYI0 Kamepy). Ha koHBepTe HE0OXOmMMMO yKasaTh IaTy oTOOpa WIIH
HIeHTU(UKAITMOHHBIN HOMEpP 00pasia.

Omoop npo6 omonumos

CymiecTByeT psJ METOIOB M3BATHS OTOJIMTOB, BKIIIOYAS MOMEPEYHOE CEYCHHE TOJIOBHI (B BEpPXHEW HIIH
3aJHel YacTH TOJIOBbI), (PPOHTAIILHOE CEUCHHE TOJIOBHI (HaJ| II1a30M, MapajieIbHO OCHOBHON OCH PHIOBI)
WK depes3 xKabepHyIo MOIOCTh (3TO MOKET YMEHBIINTE BUAUMOE TTOBPEXKICHUE IIEHHON phIObI). OTOMUTHI
JydIlle BCETO XpaHUTh B MPOOMpPKe MM KOHBepTe. Ha mpoOupke mim KOHBEpTE HEOOXOAMMO MPOCTABUTH
JaTy WK UIeHTU(UKAIMOHHBIH HOMEp o0pasia.

2.6.3 Ymenue sozpacma

W3ydenne MOATOTOBIEHHBIX OOPAa3MOB PETHUCTPUPYIOMIUX CTPYKTYpP TO3BOJISIET OIPENENUTh BO3PACT
KOHKPETHOU 0CO0H, a ¢ yI€TOM U3BECTHOM IITMHBI TOW 0COOH, - COOTHOIIIEHWE BO3pPACT - ITHUHA. Bo3pact
oTIpenensieTcss OTHOCUTENBHO YCTAaHOBIEHHOTO «JIHSA POXACHUS» 0CO0H. JleHb pokIeHus: 00ObIYHO CBsI3aH
C HepeCTOBBIM TieproioM Buaa. Korma Bo3pacT onpenensercs 1Mo OTHOMICHHIO KO THIO POXKICHUS, TIOTHOE
TO/IOBO€ KOJIBIIO YUUTHIBACTCS TOJBKO IMOCIE HACTYIUICHHUS 3TOW AaThl. Hampumep, eciu eHb pOXIACHUS
— 1 utoHs, PBIOBI C TPETHUM, TOJIBKO YTO C(HOPMUPOBABIIMMCS KOJBIIOM OYIyT CIMTATHCS ABYXJIETKAMH J0
HACTyIJIeHUs | HUroHS.

OO0BI9HO, 9TOOBI M30€XKaTh OMMNOOK TIPH OMPEICIICHUHA BO3PACTa, MCCISAOBATEIN HE JODKHBI MONTyJaTh
JIOCTYII K TOTIOJTHUTEIHPHON HHpOpMAITIH 00 0cobu (HarmpruMep, 0 JUTHHE PHIOBI WIIH JaTe e TIOMMKH). Jlata
MOUMKH MOKET UMETh BaKHOE 3HAUCHHE JIJISl OTIPEIeNICHHs BO3PACTa, €CIIH BO3PACT OKa3bIBACTCS OIU3KUM
K JIaTe JTHsI POXKICHUS TaHHOH 0COOH.

[Ipoctas Mepa TOYHOCTH OIPEICICHUS BO3pacTa IO PETUCTPUPYIONIMM CTPYKTYypaM HECKOIbKHMHU
CTICITHATICTaMH TIPEJCTABIIIET COO0M MHINBHUIYAIbHYIO CPEIHIOI MOTPEeNrHOCTh B mporenTax ( |APE).
OnHa paccuuThIBaeTCs 1Mo hopMyIie:

100 8| 1 &I X=X
IAPE === =y L1},
Nz Rz X

= N j

rme N — komudgecTBO 0co0ei, OTOOpPaHHBIX IS OIPECICHIS BO3pacTa; R — KOMWYeCcTBO ONpeneneHuni; Xij
— i-Toe orpeieneHre BO3pacTa j-Toi phIObL; a Xj — Cpe/IHUIA BO3PACT, PACCYUTAHHBIN IS |-TOH PHIOHI.



2.6.4 Microconstituent analyses

Microconstituent analysis refers to the examination of trace elements occurring in hard parts
(Arai et al., 2002). Particular elements are incorporated into otoliths (and fin spines, although
they are not metabolically inert) in direct proportion to their availability in ambient water or
food. Therefore, fish from different locations may incorporate different mixtures of elements in
their hard parts, forming an elemental fingerprint unique to the area/stock. Analysis of otolith
microconstituents therefore has the potential to measure a number of life history characteristics.
They may be used for validation, and to study homing fidelity, nursery origins (where juvenile
otoliths are examined), stock structure, migration rates etc. For example, strontium : calcium
ratios have been used to reconstruct the chronology of migration among salinity environments
for diadromous salmonids (Zimmerman, 2005).

2.6.5 Further reading

Panfili, J., De Pontual, H., Troadec, H., and Wright, P. J. (Eds). 2002. Manual of Fish
Sclerochronology. Ifremer—IRD Co-edition, Brest, France. 464 pp.



2.6.4 Ananuz MuKpoOKOMnoOHeHmog

AHanu3 MUKPOKOMITIOHEHTOB O3HAUaeT MCCIIEIOBAHNE CIIEIOB PA3IMIHBIX JIEMEHTOB B PETUCTPUPYIOIITIX
crpykrypax (Arai etal., 2002). OTaensHbIe 37IEMEHTHI BXOAAT B COCTAB OTOIHUTOB (¥ Iydei MITaBHUKOB, XOTSI
MeTaboNINYeCcKr OHM M He HHEPTHHI) MPSAMO MPOTIOPIHOHAIFHO MX HAJHYHUIO B Boje wiu muie. [loatomy
y pbi0 W3 pa3HBIX PalilOHOB PETHUCTPUPYIONIME CTPYKTYPHl MOTYT MMETh pPa3HBII COCTaB 3JEMEHTOB,
00pasyronmx JJIEMEHTHBINH «OTIIEYaTOK», CBOWCTBEHHBIH HCKIIOUUTEIHLHO IAHHOMY paioHy/3amacy.
[ToaToMy TOTEHIMANBFHO aHAJIN3 MHUKPOKOMITOHEHTOB OTOJHMTOB MOXXHO HCIIONB30BaTh JJISI M3MEPEHUS
psma XapaKTepUCTHK KUIHEHHOTO ITUKJIIa PhI0. MIX MOKHO MCTIOIB30BaTh /IS MPOBEPKH HHPOPMATHBHOCTH
BO3PACTHBIX KOJEI, IS H3YYEeHUST MHCTUHKTA «XOMIHTA, TIPOUCXOKICHHUS MOJIOIH (€CIH HUCCIEAYIOTCS
OTOJUTHI MaJIbKOB), CTPYKTYPHI 3a1acoB, CKOPOCTH MHUTpanuy u Ap. Hampumep, COOTHOIIEHHE CTPOHITHUS
Y KaJblUA TPUMEHSJIOCH TIPH BOCCO3JAHUHM XPOHOJOTHH MHUTPAINH (IMaIpOMHBIX) JIOCOCEBBIX PHIO B
conenoit cpene (Zimmerman, 2005).

2.6.5 Jlononnumenvuas aumepamypa

Panfili, J., de Pontual, H., Troadec, H., and Wright, P. J. (Eds). 2002. Manual of Fish Sclerochronology.
Brest, France. Ifremer—IRD co-edition. 464 pp.
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3. Stock assessment

The objective of fish stock assessment is to estimate the current status of exploited stocks, and
to predict what will happen in terms of future yields, biomass levels (sustainability) and value of
the catch if the level of fishing effort remains the same or is changed by management (section
4). This section details a number of ways in which current status can be assessed. Available data
and national approaches to assessment discussed in the Sustainable Management of Caspian
Fisheries Programme (October 2005) are presented in Tables 1 and 2.
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Llenb OIEHKM 3armacoB 3aKJIIOYACTCSl B ONPEACICHUH TEKYIIEro COCTOSHUS AKCILTyaTHPYEMBIX 3allacoB
U TIPOTHO3MPOBAHUM TEPCIEKTHB B TEPMUHAX OyIyIIUX YIIOBOB, YpOBHEW OuMomacchl (yCTOHYMBOCTH)
U CTOMMOCTH YJOBA, €CIM YPOBCHb IPOMBICIOBOTO YCHJIUSI OCTQHETCSl MPEKHUM WM HU3MECHUTCS B
COOTBETCTBHU C IPUMEHsieMbIM ynpasieHueM (Pasnen 4). B nannoM pasnerne paccMaTpuBaeTcst HECKOJIBKO
METO/IOB OIICHKHU TEKYIIETO COCTOSHUS 3anaca. JJoCTyHbIe JaHHbIe M HAIIMOHABHBIC MOAXObI K OL[CHKE
3amacoB, 00CYyKIaBIIuecs B paMkax [IporpaMmbl yCTOHYMBOTO yrpaBieHHs KACITMHCKHM PBHIOOJIOBCTBOM
(oxTs16ps 2005 1), IpencTasneHsl B Tabnmuuax 1 u 2.
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3.1 Acoustic data processing
3.1.1 Echograms

The echogram is a pictorial representation of an echosounder’s output. Raw data recorded on
acoustic surveys tend not to be directly suitable for processing. First, the echograms will need
cleaning, which is usually possible in the processing software. Areas where the vessel has
slowed down for turning, shooting gear (e.g. trawl), etc., need to be excluded. Also the echoes
from fish close to the bottom are liable to coincide with the much stronger echo from the seabed.
It is important to ensure that the seabed echo is excluded from the integration. If it is even partly
integrated, the result is a huge overestimation of fish density. Exclusion is usually achieved by
creating a bottom line, which may be offset by a few decimetres from the sounder-detected
bottom. The same applies to the “surface”, i.e. the top of the echogram. Bad weather can cause
aeration at the top of the echogram, and these marks will equally overestimate fish density.
Again, creating a surface line above which data are excluded resolves this. Additionally, a signal
threshold can be applied to remove ‘noise’, i.e. unwanted signals produced by echo sounder,
whether it is electronic noise in equipment, acoustic reverberation or the merged echoes
from non-target species. This noise obscures the smaller echoes that should be measured. By
applying a signal threshold, any echo smaller than the proportion will be excluded.

The next phase is to identify targets of interest in the echogram and to use the information for
stock assessment. For the purpose of this manual we distinguish between two approaches to
obtain quantitative information from the echogram. Target counting is likely to be most useful
for individual (non-schooling) targets such as sturgeon. The second approach integrates the
acoustic energy of a selected area and is likely to be more applicable to schooling fish or fish
aggregations. Both approaches can be adapted in parallel for a given dataset (MaclLennan and
Simmonds, 1992; Simmonds and MacLennan, 2005).

e Target counting. \When fish are well separated from each other, it may be possible to
detect the echoes from individual fish. Enumeration of these echoes might be used
to determine the density of fish within the acoustic beam, so it is important also to
determine the sampled volume within which the targets are counted (Foote, 1991).
The echoes can also provide information about the fish size distribution. If echoes from
two or more fish are received at the same time, it is not possible to determine a usable
target strength (TS), and echoes must be ignored. To obtain good estimates of the TS it
is advisable to measure TS when the mean density of the observed fish is low enough,
and if the width of the TS distribution is sufficiently narrow to ensure that the proportion
of errors due to coincident multiple targets is acceptably small.

e Echo integration. The echo integrator is normally implemented in software within the
echosounder or processing computer. The integrator sums or interprets the energy Iin
echoes returned from selected parts of the echogram, such as selected depth strata or
polygons drawn around marks. The echo-integrator sums the echo energy by squaring
digitized voltages sampled by the echosounder, then summing the results with respect to
time or distance, over depth intervals corresponding to the depth channels or polygons.
When little information is known about the acoustic characteristics or signatures of the
species present, echo integration can be done on a coarse scale by creating horizontally
stratified depth layers from the seabed. Densities can then be split up to species or
genus level by separating the acoustic energy based on the species composition of the
catch (see below). Alternatively, when species are acoustically distinguishable in schools,
an echogram can be scrutinized and target clusters selected by drawing polygons around
the fish aggregations.



3.1 OOpaboTka aKyCTHYECKHUX JAHHBIX

3.1.1 Oxoepamma

Oxorpamma — 3T0 rpaUuecKkoe NpeICTaBIeHUE Pe3yNbTaToB paboThl 3xosioTa. [lepBUUHbBIE HaHHBIE,
3alMCaHHBIC BO BPEMS aKyCTUUECKOH ChbEMKH, HE MOJAAI0TCS] HENOCPEACTBEHHOH 00paboTke. Bo-mepBhIx,
9XOTPAMMBI HY>KHO «UHUCTUTBY, YTO OOBIYHO OCYIIECTBIISIETCS C MOMOILBIO CHENHUATBHOTO IPOTPAMMHOIO
obecrieueHust. VICKII04atoTCsl y4acTKH, Ha KOTOPBIX CYIHO CHU3MJIO CKOPOCTD JJISl BHIIIOJIHEHHS [TOBOPOTA,
[IOCTAaHOBKH OpYZUS JIOBa (HarpuMep, Tpajia) u ap. Kpome Toro, 3xocuruai ot pel0, HaXOISIUXCS Yy AHA,
MOXET COBIIAJaTh ¢ ropasao 0ojee CUIbHBIM 3XOCUTHAJIOM OT MOPCKOTO AHA. BaxkHO yOeqUTHCS B TOM, YTO
9XOCHUTHAJI MOPCKOTO JIHA UCKIIIOUEH U3 CYMMapHOro curana. Jlaxke eciiv OH NPUCYTCTBYET B HEM TOJIBKO
YaCTUYHO, TUIOTHOCTH PbIO OyAeT 3HAUYUTEIHHO IEPEOLCHEHa. DTOr0 MOXKHO TOOUTHCS, CO3aB YCIOBHYIO
«JIMHHUIO JTHAa», KOTOpas Ha HECKOJBKO JELMMETPOB BBILIE JIMHUM JIHA, OOHAPY>KEHHOTO 3X0JI0TOM. To e
OTHOCHUTCSI U K KIIOBEPXHOCTH», T.€. BEPXHEW 4aCTH XOrpaMMbl. [1110X1e morogHsle yciaoBus OKa3bIBAIOT
a’panuio B BEpXHEH 4acTH SXOIPaMMBl, YTO IIPUBOIAT K TAKOH K€ MEepPEeOLeHKe TUIOTHOCTH PhIO. 1 B 3TOM
cllyyae peruTh npoliieMy HOMOXET CO31aHHUE «JIMHUU MIOBEPXHOCTUY U UCKIIIOUCHHUE U3 3XOIPaMMBbI BCEX
3amucei Bollie 3Tol TMHUU. Kpome Toro, MOKHO HCTIONB30BaTh IOPOrOBOE 3HAUEHHE CUTHAJIA, YTOOBI yOpaTh
«IIyM», T.€. HeKeJIaTeIbHbIE CUTHAJIbI, CTCHEPUPOBAHHBIE CAMUM 3XO0JOTOM, BKIIIOUYAsl 3JICKTPOHHBIE IIIyMBI
000pyIOBaHMs, aKyCTHUECKYIO peBepOepaliiio WM CMEIIaHHBIN CUTHAJ OT HELEJIEBhIX BUIOB. DTOT LIyM
CKpbIBaeT Oosiee ciiadble MoJIe3HbIE CUTHAJIBI, KOTOPbIE TOJDKHBI OBITh U3MepeHbl. [I[puMeHeHne moporoBoro
CHUrHaJIa MO3BOJISIET HCKITIOUUTD JII000H CUTHAJI, MEHBILIHH ONPEeICHHOTO 3HaYCHUSI.

Crnenyrommid 3Tan — WACHTU(UKAIMS [elIeid HWCCIENOBaHUS Ha 3XOTpaMMe W HCIIONB30BaHHME ATOH
nH(poOpMaIMK Ui OLEHKM 3amacoB. B 3Tol paboTe MBI BBLIENSEM JBa IOIXOJa K ITONyYEHUIO
KOJINYECTBEHHOU I/IH(I)OpMaI_II/II/I U3 5X0IrpaMMBlI. HeHOCpe,I[CTBeHHHﬁ MOACYCT, BEPOATHO, HaI/I60J'I€6 y/:[06eH
JUTS OTAENBHBIX (He CTalHBIX) IIeliel, TaKUX, KaK 0CeTpOoBbIe. BTOpOii moX01 HHTETpUPYET aKyCTHUECKYIO
OHEPTUro BI>I6paHHOF0 y4acCTKa 1, BEPOATHO, 6onee IMPUMCHUM K KOCAKaM HUJIN 60J'IL]J_II/IM CKOITJICHUAM pI)I6.
O0a momxoma MOKHO a/IaliTUPOBATh MapajulebHO I UMEIOIIerocs MaccuBa naHHbIX (MacLennan and
Simmonds, 1992; Simmonds and MacLennan, 2005).

e [Iloxcuer meseii. Korga peiObl HaXomsATCsl HA TOCTAaTOYHOM PACCTOSIHUM APYT OT APYra, MOXHO
pa3nuyarh 3XOCHUTHAJBI OT OTAENBbHBIX pbIO. [lomcuer 3THX CUrHaJIOB MOXKHO HCIOJIB30BATh
JUIs ONIPEAEJICHUS MJIOTHOCTH PbIO B aKyCTHYECKOM JIydye, MOITOMY BAXKHO TAKXKE ONPENeNIUTD
o0beM 00CJIEIOBAaHHOW 3XOJOTOM BOABI, B KOTOPOM IIOJICUMTHIBAIOTCS OOHApYKEHHBIC LEIH
(Foote, 1991). Dxocuraambsl MOTYT JaTh HH()OPMAITUIO O pa3MEpPHOM pacrpeaeieHnn poid. Ecmu
9XOCUTHAJIBI OT JIBYX WM Ooyiee pbIO MOITy4YEHBI OZHOBPEMEHHO, ONPEACTUTH TOJIE3HYIO CHILY
e (TS) HEBO3MOXKHO, TMOATOMY SXOCHTHAJIAMH HEOOXOAMMO TpeHeOpedb. UToObl MONy4HuTh
XOpOLIYIO OLICHKY TS, PeKOMEHIYETCSl M3MepATh 1S, Korjga CpenHssl IUVIOTHOCTh HaOII0AaeMbIX
PBIO AOCTATOYHO HU3KA, M €CJIN IIMPUHA pacrpeesieHus 1S 10CTaTOuHO Maja, YTOObI 00eCIeunTh
MIPUEMIIEMO MaJTyIO JAOJIIO OTPEIIHOCTH, BEI3BAHHYIO COBIIAJICHUEM MHOTOYHMCICHHBIX LIEJICH.

e Dxounrterpauusi. OYHKIUS HHTETPUPOBAHUS OTPAKEHHBIX CUTHAJIOB OOBIYHO BBOOUTCS B
[IPOrpaMMHOE 00€eCIIeueHHE 3X0I0Ta WIIN KOMITBIOTEPa, Ha KOTOPOM 00padaThIBaeTCsl IOCTYIAIOLIAs
OT 5X0J10Ta MH(OpMaLKsl. DXOMHTErpaTop CyMMHUPYET WM HHTEPIIPETUPYET FHEPTHIO OTPAKEHHBIX
CUTHAJIOB HA ONPEACICHHBIX yYacTKax 5XOIpaMM, HalpUMeEp, COOTBETCTBYIOIINX BHIOPAHHOMY
IUana3oHy DIyOuHbl. VHTErpatop CyMMHpPYeT MHTEHCUBHOCTH SXOCHUTHAJIOB, TPHHATHIX
THIPOJIOKATOPOM U IIPEICTABICHHBIX B BUJIE KBAAPaTOB OLK(POBAHHBIX 3HAYCHUH NX HAPSKESHUS,
a 3aTeM CyMMHpPYET HOJyYeHHbIE PEe3ylbTaThl 10 BPEMEHH WMJIM PACCTOSHUIO B COOTBETCTBHHM C
BbIOpaHHBIMH IOJMTOHAMK MM JuanazoHamu rnyOuH.. Korma mmeercs mano undopmaunuu o6
aKyCTHUYECKUX XapaKTePUCTHKAX UCCIIeTYyEMbIX BUOB, MHTEIPALMS SXOCUTHAJIOB OCYILIECTBIISIETCS
B YKPYHHEHHOM MacliTa0e, ¢ IMOMOIIbIO BBIACICHHUS TOPU30HTAIBHO CTPaTU(UIHMPOBAHHBIX IO
IyOuHe ClloeB, HAauMHasi OT MOpcKoro AHa. [lomydeHHbIe TaKMM 00pa30M INIOTHOCTH OOHAPYKEHHBIX
CKOIUICHUI MO>KHO Pa3OUTh 110 BUIAM WIIM poJaM pbIO MyTeM pa3lesieHHs aKyCTHUECKON SHEprun
C Y4eTOM BHMJOBOTO COCTaBa yjoBa (CM. HIKe). Ecian oTaenbHbIe BUABI B KOCAKAX aKyCTHYECKU



The elementary distance sampling unit (EDSU) is the length of cruise track along which the
acoustic measurements are averaged to give one sample. The survey is conducted by collecting
a series of samples from contiguous sections of track, each 1 EDSU long. Each sample is
considered to be representative of the fish density at the centre of the corresponding EDSU
(MacLennan and Simmonds, 1992; Simmonds and MaclLennan, 2005). This could be set as a
distance or time interval, and its size depends on survey length.

3.1.2 Species target strength

The TS is a logarithmic measure of the proportion of the incident® energy backscattered by the
target. It is essential for biomass and fish number calculations. Species- and length-specific
values of TS are available in the literature (see Table 3); they can be calculated or they can be
obtained in situ during an acoustic survey. As many commercially targeted species are endemic
to the Caspian Sea, the use of existing TS relationships in the literature might not be suitable.
It should be determined whether obtaining in situ TS estimates for the different species is pos-
sible. Alternatively, TS can be calculated using length and or weight information from the trawl
catch.

The TS of one fish of length L is:

TS,=Db,+ m_ log(L),
or alternatively:

TS, = (20logL + b,),
b, . b,,and m_being constant for a given species n (see Table 3 for examples from literature for
species related to those in the Caspian Sea). If these TSs are not available for Caspian species,
values may be available for similar species (e.g. clupeids) from the literature.

The TS of 1 kg of fish has the same form, with different constants:

TS, =b, +m, log(L).

Target shape and orientation

With the exception of a perfectly spherical target, or one that is very small
compared with a wavelength, the scattered sound field depends on the target's
shape and its position relative to the incident wave direction. The TS is still defined
in the same way, but generally is a function of shape and orientation as well as
the material properties of the target. The dominant reflecting organ of fish is the
swimbladder, but also the body. The TS of such an object is strongly influenced
by tilt angle (MacLennan and Simmonds, 1992; Simmonds and MaclLennan,
2005).

3 The energy transmitted by the transducer.



HCPpAa3JINIUMBI, IPUMCHACTCA aJ'H:TepHaTI/IBHHﬁ MOAXO/: MOCJIC TIIATCIBHOTO U3YUCHU S 3XOTPaMMBbI
LECJICBLIC I'PYIILI BBIACIAIOTCA HAa HeH MMyTEM 3aKJIHOUYCHUA B MHOT'OYT'OJIbHUKH.

Onemenrtapublii unTepBan ycpenenusi (EDSU) — aTo mpoiijeHHOE CYTHOM PacCTOSHHE, YCPEIHEHHOE
3HAUEHHE aKyCTHYECKHX 3aMEpPOB BAOJIb KOTOPOTO CUYHMTAETCS OAHOH MpoOoil. CheMKa BBITOIHIETCS
MOCPENICTBOM OTOOpa Cepur MpoO M3 CMEKHBIX YyYacTKOB MO Kypcy cyaHa, anuHoil | EDSU kaxmbrid.
Cunraercs, 4To Kax1as mpoda XapaKTepu3yeT INIOTHOCTH PBIO B LIEHTPE COOTBETCTBYIOIETO YJIEMEHTapHOTO
yuactka ycpeanenus (MacLennan and Simmonds, 1992; Simmonds and MacLennan, 2005). Dta Benuunna
MOXeET OBITh TPE/CTaBIICHa B BHUJIE BPEMEHHOIO MJIM Pa3MEPHOTO MHTEpBaja, a €¢ 3Ha4eHHE 3aBUCHT OT
MPOTSKEHHOCTU ChEMKH.

3.1.2 Cuna yenu

Cuna nemu (TS) — norapupmMudeckas Mepa JOIKM SHEPIUM Majalolieil 3ByKOBOH BONHBIS, OTpaKeHHOM

nensio. OHa WMEET CYIIECTBEHHOE 3HAUYCHWE IS pacdeTa OMOMACChl M YHUCICHHOCTH PbHIO. 3HAUYCHUS
TS a1 KOHKPETHBIX BUAOB M JUIMH IPUBOAATCSA B JUTeparype (CM. TaOJMIly); UX MOXKHO PacCUMTATh
WINA OTPENEeNIUTh Ha MeCTe, BO BPEMs aKyCTHYECKOW CheMKH. [T0CKOIbKY MHOTHE TIPOMBICIIOBBIC BHIBI
Kacnuiickoro Mopsi SIBISIFOTCS DHJEMUKAMH, IPUBEICHHBIC B JIMTEpaType 3HAUCHHS 1S MOTYT OKa3aThCs
JUIs HUX HerpreMieMbiMU. HeoOXoauMo BBISICHUTH, BO3MOXKHO JIH OIEHUTH TS JUIsl Pa3liMuHbIX BHJIOB Ha
MecTe. AJBTEPHATHBHYIO OLICHKY TS MOXHO PacCUYMTaTh HA OCHOBE MH(OPMAIMK O JUIMHE /WX Macce
PBIO, TIOYYEHHOH U3 TPAJOBBIX YIOBOB.

TS oano# peiObI uIHHOM L cocTaBiser:

TS,=b,+ m_ log(L),
Wnu:

TS, = (20logL + b,),
b,, by, © M, - KOHCTaHTHI ANl KOHKPETHOTO BUAA N (CM.TabMIMIly, B KOTOPOH MPUBEICHBI IMTEPATyPHbIE
MPUMEPHI JIJIsl BUJIOB, POJCTBEHHBIX KACIUHCKUM). Eciu Jsi HEKOTOPBIX KAaCMUHUCKUX BHIOB 3HAYCHUS
CHJIBI T[EJTH OTCYTCTBYIOT, MOJKHO BOCIIONIB30BaThCsl BEJIMUMHAMH 1S, IPUBEICHHBIMH B JIUTEPAType JUIS
CXOKUX BUIOB (HAIp., IS CEITbICBEIX).

dopmyna st oteHKd TS 1 Kr pbIObI KIMEET TOT YK€ BH/I, HO IPYTHE MOCTOSHHBIC:

TS,,=b,, +m, log(L).

(I)opMa U OpUEHTAlUA HEJIN

3a HMCKIIIOYCHHEM a0COJIIOTHO CQEepUYEeCKOM IeJu WIM TOW, KOTOpas OYeHb Maja I10
CPaBHEHHUIO C JUIMHOM BOJIHBI, TIOJIE€ PACCEsSHUS 3BYKa 3aBUCUT OT (DOPMBI IEJIM M €€
MIOJIOKEHHUS B IPOCTPAHCTBE OTHOCUTEIHHO HAIPABJICHUS MTAAI0IEH 3ByKOBOM BOJTHBL. OT
3TOTO 3aBHCHUT U CUJIA IISJIM, OJTHAKO OOBIYHO OHA pACCMATPHUBAETCS KakK (DYHKIIHS HE TOIBKO
(hOpMBI U yIJIa HAKJIOHA, HO TAK)KE M CBOMCTB TKaHEH 11eJd. [ JTaBHBIM OTpaKaroIuM OPraHOM
PBIOBI SIBISICTCS TJIABATENbHBIN My3BIPh, OJHAKO OOJBIIOE 3HAYCHHWE B DTOM KOHTEKCTE
MMeeT | Teno pbiobl. Ha cuiy 1ienn Takoro o0bekra OONbIIOE BIUSHUE OKA3bIBACT YIOJ
MEXIy IEHTPAJIbHONW OCBIO Tea PBHIOBI W HANpPABICHUEM PACIPOCTPAHEHHS 3BYKOBOM
BoiHbl (MacLennan and Simmonds, 1992; Simmonds and MacLennan, 2005).

3 5Heprus, H3TydaeMasi aHTEHHON THIPOIOKATOPA.
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3.1.3 Abundance estimation

As mentioned earlier, for fish aggregations in schools or layers, the density is usually too high
for echo counting to give reliable estimates of fish abundance. The alternative technique of
echo-integration has proved to be generally applicable as a means of estimating the quantity
of fish or other scatterers in the acoustic beam, whether or not the received signal contains
overlapping echoes. Echo-integrators have been used to study many fish, and examples relevant
for this study are clupeoids (Aksland, 1986; Bailey et al., 1998), salmonids (Mulligan and Kieser,
1986), and various species in freshwater (Duncan and Kubecka, 1996; Rudstam et al., 1999).
The accuracy of echo integration depends critically on having well-calibrated instruments with a
stable performance, good data on the scattering properties of fish, and knowledge of acoustic
propagation losses in water.

The area backscattering coefficient (s,) is a measure for the energy returned from a layer
between two depths in the water column (stratum) in an EDSU. Most echo-integrators provide
data in terms of the integration of one or more layers. A scaled version of s, (m2/m?) is the
nautical area scattering coefficient (NASC), for which we use the symbol s, (m%/nautical mile?).
The conversion formula is s, = 4n (1852)? 5.

Next, the target strength can be used to calculate the spherical cross section, O (m?), of 1 kg
fish weight according to the formula:

S =47 10 (TS/10),

This in turn is used to calculate the constant of integration (C) according to:

w . :
C= — x 1075 where w is the weight (g).
(6}
To calculate biomass (t per nautical mile?) for depth layer or stratum i we multiply the constant
of integration by the NASC by the area (A, in nautical mile?):

B,=Cs,A.
The total biomass is the sum of the biomass values for the whole survey area.
3.1.4 Species composition

As mentioned above, measurements of the TS of fish in situ may be made if equipment such
as a split-beam sounder is available. Although target strengths between genera likely differ,
those of different species within a genus could be similar and will need ground-truthing using
pelagic and/or bottom trawls. Trawls will also shed light on school composition in terms of age
and length categories, as well as mixed species aggregations. Using catch data from trawls we
can calculate an equivalent acoustic energy that can be used to compare against the observed
acoustic backscatter (s,). For this we need from the catch:

e (Catch numbers
e Mean length from catches
e Length-dependent TS relationship for each species.



3.1.3 Oyenxa uucnennocmu

Kak y>xe yIoMHHAIO0Ch paHee, ITIOTHOCTH PHIO B KOCSKAX HITH CIIOSIX OOBIYHO CITHIITKOM BEJTHKA JUTS TIO/ICYETa
I10 XOTpaMMe, YTOOBI IaTh HAICHKHBIC OLCHKH YUCIICHHOCTH PhIO. AJIBTEPHATHBHBIN METO] SXOMHTETPAIInH
OOBIYHO TIPUMEHHUM [UTsl OICHKH KOJMYECTBA PHIO MM APYTUX OTPAKAIOIINX OOBEKTOB B aKyCTHYSCKOM
Jyde, BHE 3aBHCHMOCTH OT TOTO, CONCPYKUT JIM MOJYYCHHBIH CHUTHAJ HAKJIAIbIBAIOIIHECS XOCHTHAJIbI.
DXOUHTETPATOPHI UCTIOIB30BATUCH JIUTSI HCCIIEOBAHMS MHOTHX PbIO; 3/16Ch YMECTHO MPUBECTH MTPUMEPHI
cempaeBbix (Aksland, 1986; Bailey et al., 1998), nococessix (Mulligan and Kieser, 1986), u pasnn4nbie
BUIBI pecHOBOAHLIX pei6 (Duncan and Kubecka, 1996; Rudstam et al., 1999). TogHOCTh S5XOMHTETpAIUH
CYIIIECTBEHHO 3aBUCUT OT XOPOIICH KaTHOPOBKH MPUOOPOB, CTAOMIBHOTO KadecTBa UX PaOOTHI, XOPOIITHX
JIAHHBIX O PACCEHUBAOIIMX XapaKTEPUCTUKAX PBIO U 3HAHUS SHEPTETUIECKUX OTEPh ITPU PACTIPOCTPAHECHUH
aKyCTHYECKHUX BOJIH B BOJIC.

Koadpuument mnoBepxHOCTHOTO paccesHust (S,) SBISAETCS MEPOH SHEPIUM, OTPAKEHHOM CIIOEM,
OTPAaHUYCHHBIM ONPEICICHHBIM TUaNa3oHoOM TiTyOWH, W TmpoTsokeHHOCTRI0O 1 EDSU. BonsmmHCTBO
AXOWHTETPATOPOB TO3BOJSAIOT TMOMyYaTh JaHHBIC, MPOCYMMHPOBAHHBIE /IS OIHOTO WM OoJiee CIIOEB.
Macmrabuposannoii Bepcuei S, (Mm%/m?) sBasercsa koapduiment nosepxHocTHoro paccestaus (NASC),
HpUBEIEHHBIH K KBaJPaTHOM MOpCKOii Musie (NM 2 ), 1711 0003HAYEHHS KOTOPOTO MCHOJb3yETCsS CUMBO S A
(m?/nm 2). dopmyia mepecuera: S, = 4m (1852)%s,.

2
Cuity e MOYKHO MCTIONB30BaTh IS pacdera mpoduiis chepruiaecKoro CeueHus, Ogp (m?) 1 xr pBIOHI IO
hopmyme:

- TS/10
Gy =4g 10 (TS/10),

Ota popmyIa, B CBOIO 0Yepe/ib, UCIOIB3YETCs JUIS OIEHKU KOHCTaHThI HHTEerpupoBanus? C:

W
C=—x10°% rmew-—BecB rpammax.
(¢
Yro6bl paccuuTath GHoMaccy phid (1/NM?), 0GHApyKEHHBIX B HEKOTOPOM CJIO€ |, JOCTATOYHO YMHOKHTH
KOHCTaHTy UHTerpupoBanus Ha kodpduiuent NASC u Ha miomans 51oro cnos A; (NM 2):

B,=CS,A.
O6ma51 Ouomacca PpaCCUUTHIBACTCA KaK CyMMa 3HAYEHUI OMOMACCHI JJIA BCeH HCCHGZLOB&HHOﬁ Iomaau.

3.1.4 Buooeou cocmas

Kak orMeuanoch BbIllIe, €CITH B PACIIOPSHKEHUM HCCIIEIOBATENICH MMeeTcss Heo0XoMuMoe 000pyIoBaHue,
HaIpUMep, FXOJIOT ¢ PACIICIUICHHBIM JIYYOM, TO TS MOKHO M3MEPHUTh Ha MecTe. XOTs 3HAUCHUS CHJIBI LIEITH Y
0c00eii pa3HbIX OMOJOTHYECKUX POJOB OYIyT, BEPOSITHO, Pa3IMYHbI, Y BUJIOB OHOTO POIa OHU MOTYT OBITh
CXOKHUMH, 9TO Tpe6yeT KOHTPOJIA PE3YIbTATOB aKYCTHYCCKHUX CHEMOK C ITOMOMIBIO MEJIarn4eCKux I/I/I/I.HI/I
JOHHBIX TpPaJOB. KpOMe TOTO, TPAJTOBBIC YJIOBBI TAKXKC IMO3BOJIAIOT ITPOACHUTDH BO3paCTHOI>i u paSMeprIﬁ
COCTaB KaK OAHOBHIOBBIX KOCAKOB, TaAK W CMCIIAHHBIX CKOIUIEHUI pBI6. HaHHBIe 110 TpaJIOBBIM YJIOBaM
Jar0T BO3MOXXHOCTE pacCuUUTaTbh S9KBUBAJICHTHYIO aKYCTHYCCKYIO SOHEPIrU0, KOTOPYIO MOXXHO MCIIOJIB30BaTh
JUTSA CPABHEHUSI C HAOFOIAEMBIM TIOBEPXHOCTHBIM PACCESHUEM (S, ). JIJ15 5TOr0 HYKHBI CIIEYIONINE TAHHBIE
00 ymoBax:

e KomnuecTBo 0c0o0€H B yIIOBax.
e Cpennss qHa oco0Oel B yIoBax.
e  3aBHUCHUMOCTH IS OT JUIMHBI 0CO0EH ([T KaXKI0r0 BHJIA).



Calculation:

—_

Mean length of fish from catch data.

2. Convert to a TS using TS =20 LoglL + b, where b is a specific value for each species (see
Table 3 for values of related species).

3. Calculate the expected backscatter from one fish of that species using the species-specific
TS and equation o , = 4110519,

4. Multiply the backscatter of one fish (species specific) by the number of fish caught in the
trawl: NASC equivalent (of catch, i.e. expected acoustic energy) = number of fish x o,.

5. For comparison with the observed NASC, we might also want to standardize this by the

swept area of the trawl, because the observed NASC is already a standardized density value

whereas the trawl catch in number is not. To make it a comparable density we divide by the

swept area.

Swept area = Tow length x door spread.
Standardized NASC equivalent = (number of fish x csp)/swept area

The partitioning of the relationship between observed acoustics and equivalent acoustics (based
on the catch) can subsequently be used to interpolate species biomass between the stations.

Abundance estimations based on fisheries acoustics vary, inter alia, with availability to sampling
equipment. Factors such as diurnal variation in fish size, fish position in the water column,
and difference in distribution by size class should be considered because they can bias
volume calculations and fish stock assessments. Additionally, some pelagic fish species are
often found near the surface at certain times of the day, out of reach of hull-mounted vertical
echosounders; this will require adaptability in the field. Seasonal differences in distribution and
abundance (particularly in the case of anadromous species) have to be taken into account, and
communications with local fishers and scientists should provide information on peak recruitment
and spawning seasons and locations.

3.1.5 Other acoustics

Although the emphasis of this acoustic manual is on the application of acoustic research in
fisheries science, progress has been made in the identification and biomass and/or density
estimations of micronekton and plankton (including krill; Kizner, 1988). For such taxa, the
traditional ideas of echo-counting cannot be used because the targets are too small and their
echoes too weak, although numerous. Wideband or multi-frequency measurements are more
likely to reveal the size and structure of planktonic targets (Stanton et al., 1996). Some TS
measurements have been reported for gelatinous plankton such as jellyfish (Wiebe et al., 1990;
Mutlu, 1996) and it should be possible to incorporate density and/or biomass estimates for the
resident Caspian species (see Table 3 for measured parameters).



HOCHC,[[OB&TGHLHOCTL PacyeToOB:

1. BBIUKCIUTE CPEAHIOK UTHHY PhIO U3 JaHHBIX 00 YJIOBaX
2. IlpeobpazoBark cpeaHiO0 AIUHY B cruty 1enu (TS) ¢ moMombso GopMyIibL:

TS =20 Log L + b, rae b — xoHkpeTHOE 3HAYCHME U151 KAXI0TO BUa (CM. TaOMUIly 3HaueHui b mis
POJCTBEHHBIX BUIOB).

3. Paccuurarn AKyCTUYCCKOC CCUCHUC O6paTHOFO pacceaHus O,Z[HOP'I pI:I6LI JaHHOro Buaa € IOMOIIBIO
BHUA0OBOI'O 3HAYCHU TSwu YpaBHCHUS:
Gy = 4m10(T10)

4. YMHOXUTDH AKyCTUYCCKOC CCHCHUC OGpaTHOFO paccedaHus OI[HOP'I pI:I6LI (3Ha‘lCHI/Ie JJI1 JAHHOT'O BI/I}_'[a)
Ha 9ucjio pr6 B TPaJIOBOM YJIOBC:

OkeuBaneHT NASC 715t yioBa (T.e. oknaaeMasi BeIMYHHA aKyCTHYECKOM DHEPTUH) = KOJMYECTBO PHIO

X Gsp'

5. Jnsa cpaBuenus ¢ nadbmoneHHbiM NASC MOXKHO CTaHIapTH30BaTh 3TOT MOKa3aTelb MO NPOTPaleHHOH
Iomaau, notomy uro Hadbmoneunsiii NASC siBisieTcst yke cTaHIapTH30BaHHBIM 3HAY€HUEM IJIOTHOCTH,
B OTJIMYHE OT YHCIEHHOCTH PBIO B TPAIOBOM ylIoBe. UTOOBI MOTYYHUTh CPABHUMYIO IUIOTHOCTD, CIIEAYET
pasnenuts NASC Ha npoTpalieHHYIO MIO0MaIb.

[Iporpanennas miomiane = [IpOTSIKEHHOCTh TPAJICHUS X PACCTOSHUE MEKIY TPAJIOBBIMH JIOCKAMH.
CranpaprusupoBanHblil 3kprBasieHT NASC = (koauuecTBo pbIio X Gsp) / IpOTpaeHHAS TUIOIIATb.

Paznenenue cBsa3u Mexxay HaOIIOAaEMON aKyCTHKOW M SKBUBAJIEHTHOM aKyCTHKOM (OCHOBaHHOH Ha yJIOBE)
MOYXHO BITOCJIC/ICTBUH MCIIOJIb30BATH [Tl MHTEPIIOSIMN OMOMacChl BUAOB MEXKIY CTAaHLIUSMHU.

OLICHKI/I YHCJICHHOCTH, OCHOBAHHBIC Ha HpOMBICJ'IOBOfI AKyCTHUKEC, MCHAIOTCA, IMOMHUMO IIpOYCro, B
3aBUCUMOCTU OT AOCTYIIHOCTH pLI6 JJI1 UMCIOIICTOCS O60py)10BaHI/I$I. H€O6XOZ[I/IMO YUUTBIBATH TAKUC
q)aKTOpLI, KaK CYTOYHBIC U3BMCHCHU A Pa3MEPOB KOCSIKOB pI:IG, IIOJIOXKCHUE pLI6 U pa3jinvius B pacClipeaC/ICHUU
pI:I6 110 PasMCPHLIM I'pyIiliaM, IMOCKOJbKY OHU MOTYT BHCCTHU IMOI'PCIIHOCTL B OLICHKY 3aI1aCOB. KpOMe TOTO,
B OIMPEACJICHHOC BPEMsS CYTOK HEKOTOPBIC MNEJIAarn4eCKue BUJIbL pI)I6 HaxXoAATCsA 'y MOBEPXHOCTHU U OBITH
HEAOCTYIIHBIMU JJI1 06Hapy>KCHI/ISI CMOHTHUPOBAHHBIMU Ha KOPITYCE€ CyAHAa BCPTUKAJIbHBIMU 3XOJIOTAMMU.
910 Tpe6yeT KOPPCKIHMHU B IMOJICBBIX YCJIOBHUAX. CHG,I[yeT TAKXKC NPUHATHL BO BHUMAHUEC CE30HHLIC PA3JIMYUA
B pacnpeaciICHUU U YUCIICHHOCTU pLI6 (OCO6CHHO B Cliy4dac C aHaAPpOMHBLIMU BI/II[aMI/I); KOHCYJIbTAlluu C
MECTHBIMHA pBI6aKaMI/I " YUYCHBIMU OaOyT I/IH(l)OpMaI_[I/I}O O IMUKC MOIMOJIHCHUS, CE30HaX HEPECTA U paﬁOHaX
KOHILICHTPAlUN N3y4acMbIX BUIOB.

3.1.5 Jlpyeue nanpasnenus akycmueckux ucciedo8anul

XoTs ynop B 3TOM paszziesie AejaeTcsl Ha MPUMEHEHWH aKyCTHYeCKHX METONOB Ui M3YyYeHHs 3alacoB
pBIO, ompeneneH bl Mporpece AOCTUTHYT B MACHTU(HUKALNH, 8 TaKKe OLEHKE IUIOTHOCTH M OHOMAacChl
IUIAHKTOHA, MUKPOHEKTOHa M Kpwis (Hamp., Kizner, 1988). TpanuunoHHbIe TPUHIMITBI THAPOIOKAIIMU
HETIPUEMJIEMBI JUISl THX TAKCOHOB, TIOCKOJIBKY LEITH CIHMIIKOM MaJibl U UX 9XOCHTHAJbI CIHIIKOM CJA0BI,
XOTSl 1 MHOTOUMCIIEHHBI. [IpuMeHeHne mM1poKOMOIOCHBIX M MHOTOYACTOTHBIX U3MEPEHHI AaeT Oomblie
IIAHCOB MOJIyYHTh HEOOXOAMMBIC CBEACHHS O pa3Mepax M CTPYKType IUIaHKTOHHBIX meneil (Stanton et
al., 1996). Coobmianocs 00 usmepenuu cunbl nenu (TS) Takux BuaoB, kak memy3sl (Wiebe et al. 1990;
Mutlu, 1996). Ha ocHoBe yke u3BecTHONH MH(POPMALIUH MOKHO OBLIO OBbI TIONBITATHCS MOTYYUTH OLIEHKU
IUIOTHOCTHU M/MIIH OMOMACCHI sl OCEeUTBIX Kacuiickux BUA0B (cM. Tabmumy 3).



As already noted, several of the commercial species of interest in the Caspian Sea are
anadromous. Acoustics approaches lend themselves to assessment of the biomass of adult
stocks migrating to spawning grounds within the rivers, and the biomass of juveniles travelling
down the rivers to the Caspian Sea. The use of acoustic approaches within estuaries at the
appropriate time of year will allow the estimation of those values with minimal impact to either
the spawning stock or the natural juvenile recruitment when compared with the static nets often
used to assess this. Indeed, the gear can be left in place to obtain a time-series of estimates.
It is often difficult to apply traditional echosounding methods in shallow waters, because areas
near the surface and the bottom are missed using these vertical methods. Where the width
of the river largely exceeds the depth, a fixed horizontal sonar can be appropriate (MaclLennan
and Simmonds, 1992; Simmonds and MaclLennan, 2005). Although this technique has many
advantages, a range of practical problems has been summarized by MaclLennan and Simmonds
(1992) and Simmonds and MaclLennan (2005):

e static equipment will affect the horizontal distribution of the species of interest, which
may result in decreasing densities at short range and changes in orientation of the fish
(and subsequently the TS). Furthermore, the vertical profile of the beam may be distorted
by stratification of the water (e.g. thermocline).

e boundary echoes may occur. These can be direct reverberation from the bottom and/or
the surface, or multi-path reflections from targets of interest, i.e. the signal from target
contains two echoes with a time delay (one on the direct path from Target to receiver,
and other via the longer path that includes a boundary reflection).

3.2 Trawl survey data analysis

Once completed, trawl survey data can be assessed to estimate the total fish biomass available.
This can be done through the ‘swept area’ estimation method, with accompanying estimates of
precision.

3.2.1 Swept area estimation
The area swept by a trawl (a) can be calculated from:

a=D *hr*X2
D=V*t,

where V is the velocity of the trawl over the ground when trawling, hr the length of the headrope,
t the time spent trawling, and X2 is the fraction of the headrope length, (hr), equal to the width
of the path swept by the trawl — the “wing spread”, hr*X2. For bottom trawls, a value of 0.5
is often used for X2 (Sparre and Venema, 1998). Catch per unit area (CPUA) is estimated by
dividing the catch weight by the swept area. The use of the estimate of swept area assumes
that the bridles of the trawl have no herding effect, while the wing spread is known to vary
with hauling speed, weather, current velocity and direction, and warp length. Use of electronic
sensors (e.g. SCANMAR gear) may improve wing-spread estimates. Escapement may also be
considered (section 2.4.4).

Where exact positions of the start and end of the haul are available, the distance (D) covered can
be estimated in units of nautical miles (nm) as:

D =60% \/(La‘[1 ~Lat,)* +(Lon, —Lon, ) *cos* (0.5 *(Lat, + Lat,)) |

where Lat, is the latitude at the start of haul (degrees), Lat, is the latitude at the end of haul
(degrees), Lon, is the longitude at the start of haul (degrees) and Lon, is the longitude at the end
of haul (degrees).



Kak y»e 0TMe4anoch, HECKOJIBKO IPOMBICIIOBBIX BUI0B Ha Kacmuu SIBIISIOTCS aHAIPOMHBIMU. AKYCTHUECKAs
ChEeMKa MO3BOJISIET OIICHUTh OMOMACCY B3POCIBIX 0CO0EH, MUTPHUPYIOIINX HA YYACTKH HArysia B peKax, a
TaKxke OMOMaccy MOJIOIH, cKaThiBatomielicss B Kacmuiickoe Mope mo pekam. [IpuMeHeHHe aKyCTHUECKON
ChEMKHU B JIENBTaX B COOTBETCTBYIOIIECE BPEMS TOa MO3BOJIUT OMPEACIUTh ITH MOKA3aTEd ¢ MEHBIITUM
BO3/ICHCTBHEM Ha HEPECTAIIMIACS 3armac Wik €CTECTBEHHOE TMOTONHEHHE 10 CPABHEHHIO CO CTaBHBIMHU
ceTsMu. MOJKHO YCTAHOBHUTD 3TO OPY/IHUE JIOBA, YTOOBI MOJYUYUTh BPEMEHHBIC PAIBI JAHHBIX. HacTo TPYIHO
MPUMEHSITh TPATUIIMOHHBIA 9XOJOT HAa MEIKOBOJBE, MOCKONbKY W3 BEPTUKAIBLHOW CHEMKH yOHpaeTcs
MOBEPXHOCTh W JHO. ECiM HMIMpHUHA PEKU 3HAYMTENHHO MPEBBINIACT TIYOHHHO, MOYXHO HCIOJB30BATH
CTalMOHAPHBINA TOPU30HTANBHBIN 5x010T (MacLennan and Simmonds, 1992; Simmonds and MacLennan,
2005). XoTst 3Ta TEXHOJOTHS HMEET PSi MPEHMYIIECTB, €CTh CICAYIONIME MPAKTUYSCKHE MPOOIEMBbI
(MacLennan and Simmonds, 1992; Simmonds and MacLennan, 2005):

e CranuoHapHoe 000pyI0BaHHE MOBIUACT HA TOPU3OHTAIBHOE pacnpedeneHie COOTBETCTBYIOIIETO
BHJA, YTO MOXET IMPHUBECTH K CHIDKCHHIO IUIOTHOCTH W HM3MEHEHHMSM B OPHUEHTALUH PBIO
(Bnocnencteun TS). Bonee Toro, BepTHKanbHBII NPO(UIb aKyCTHUECKOTO JTyda MOKET H3MEHSIThCS
13-3a CTPaTU(QHUKALUHN BOJBI (TEPMOKIIMHA).

e  MoXeT BO3HHUKHYTb TPAaHUYHOE 9X0. DTO MOKET OBITh OTPaKEHUE OT JAHA W/WUJIHM TIOBEPXHOCTH MU
OTpa)kK€HHUE OT LM B pa3HBIX HAIPABIECHUSAX, T.€. CHTHAJI, UICXOAALINH OT LIEJIH, MOKET COIEPKaTh
JIBa 9Xa C 3aJICPXKKOH 110 BpeMEHH (OIMH MPSIMOI CUT'HAJ OT LM K IPHEMHOMY YCTPOHCTBY, APYTOH
— OKPY’KHBIH, C TPAHUYHBIM OTPaKEHUEM).

3.2 AHanu3 pe3yJbTaTOB TPAJI0BOH CHEMKH

ITocne 3aBeprieHUST TPAIOBOM CHEMKH IMOJyYCHHBIC JaHHBIE MOXKHO HCIIOIB30BaTh JJIA OIEHKH OOIICH
OmoMacchl peId. DTO MOXKHO CIEIATh METOJOM ILIOMAACH ¢ COMyTCTBYIONUMHI OIICHKAMHU TOYHOCTH.

3.2.1 Memoo nnowaoeti

[IpoTpaneHHyto oAk (&) MOKHO PACCYMTATh 110 CIEAYIONICH hopMmyrie:

a=D *hr*X2
D=Vt

rae V — CKOpOCTb Tpajia MpH MPOBEICHUH CheMKH, NI — [TiHA BepXHei moa0opsl, t — BpeMst TpaieHus, a X2
—OTHOIIEHHE IIMPHHBI 3aXBara Tpaia («pa3Maxa KpbUIbEB») K AJTMHE BEPXHEH MOAOOPHI; IIUpHHA 3aXBara
= hr*X2. JIns moHHBIX TPAJIOB YacTO HCHONIB3yeTCs 3HaueHne X2, pasHoe 0.5 (Sparre and Venema, 1998).
VnoB Ha eaununy mwiomaan (CPUA) oneHuBaeTcst Kak BeC yJoBa, JeJCHHbBIH Ha MTPOTPAJICHHYIO TUIOIIA/Ib.
[Ipu ucnonp3oBaHMK METONA IUIOIIAACH MOApa3yMeBAeTCs, YTO KaOenu Tpajia He BbI3BIBAIOT d(dekT
CKOCSTYMBaHMA (T.€. MOBBIIICHNE KOHIEHTPALUH PBIO B yCThE Tpajia), TOra KaK U3BECTHO, YTO PACCTOSIHUE
MEXIY KPBUIBSMH Tpajla MOKET MEHSATHCS B 3aBHCUMOCTH OT CKOPOCTH TpPAaJICHUS, MTOTOABI, CKOPOCTH U
HanpaBJeHHs TSUSHHUS, a TAK)Ke JUTMHBI BaepoB. [[prMeHeHne 371eKTpOHHBIX JaTYNKOB (HallpUMep, CHCTEMBI
SCANMAR) MOXeT yny4IIuTh OIIEHKY pa3Maxa KpblIbeB Tpajia. MOXKHO TakKe y4eCTb M yXOI PhIObI U3
Tpana (pasnen 2.4.4).

Ecnu ecte TOuHBIE KOOpAMHATHI Hayala M KOHIA TPAJCHUS, MOXKHO ONPEACIHTH MOKPHITOE TPajioM
paccrosiaue (D) B MOPCKUX MHJISIX (NM):

D=60% \/(Lat1 —Lat,)* + (Lon, — Lon,)* *cos”(0.5 * (Lat, + Lat,)) ,

e Lat, — mmpora Havyana Tpanenus (B rpaaycax), Lat, — mupora okonyanus Tpanenus (B rpagycax), Lon;
— JIOJIrOTa Havasa TpajeHus (B rpaaycax) u Lon, — nonrora okoH4aHus TpajeHus (B rpaaycax).



If exact positions are not available, but the velocity and course together with the direction and
speed of the current are, then the distance (nm) covered per hour can be calculated from:

D =JVS? +CS? +2*VS * CS *cos(dirV — dirC),

where VS is the velocity of the vessel (knots = nautical mile/h), CS the current velocity (knots),
dirV the course of the vessel (degrees) and dirC is the current direction (degrees).

3.2.2 Biomass estimation by the swept area method

If Cw is the catch weight in a haul and Cw/t the catch weight per hour (t being the time spent
trawling in hours) and a the area swept, then alt is the area swept per hour and

Cw/i _Cw kg nautical mile ™
a/t a

is the catch in weight per unit area. Where X1 is the fraction of the biomass in the effective path

swept by the trawl which is retained in the gear, and Cw/a is the mean catch per unit area of
all hauls, the average biomass per unit area, b, is:

Cw/a
X1
If A nm? is the total size of area under investigation, then the total biomass B in area A is:

b= kg nautical mile2.

_(Cw/a)*A
X1

B

An issue is the value of X1 used. Commonly this lies between 0.5 and 1. Obviously, use of
a value of 0.5 doubles the estimate of biomass compared with that obtained using X1 = 1.
Duration of the trawl can also affect X1. Some species may be herded by the trawl, soon tire
and get captured, while others can swim in front of the trawl for longer and avoid capture. The
duration of the trawl must therefore be standardized so that results from different trawls can be
compared. Issues with changing catchability and escapement have been discussed in section
2.4.4.

As total biomass (B) is estimated from a number of random hauls (n hauls), and assuming that
X1 is 1 (so giving a minimum estimate of biomass), total biomass and an estimate of precision
can be calculated. Let Ca(i) be the catch (in weight) per unit of area of haul i, where i =1,2,...,n
and A, is the area of stratum j. The estimate of biomass (b) for each stratum (j) is then:

and the variance:



Ecnu tounpix KOOpAUHAT HET, HO U3BECTHBI CKOPOCTh, KypC, HANIPaBJICHUC U CKOPOCTb TCUCHHUA, MOKHO
paccunuTatb PAaCCTOAHUE B MOPCKUX MUIIAX (nm), MOKPbIBAEMOC 3a 4YacC TpaJICHUA, II0 cne;[y}omeﬁ

hopmye:

D =[VS* +CS?> + 2% VS * CS * cos(dirV — dirC) ,

rae VS — ckopocTb cynHa (B y3nax; 1ysen = mn/h), CS — ckopocts Teyenus (B y3nax), dirV — kype cyana (B
rpanycax) u dirC — HanpaBnenue TedeHus (B rpamycax).

3.2.2 Oyenxa buomaccwyt Memooom niowdoet

Ecnu Cw — Bec yioBa 3a tpasienue, Cw/t — Bec ysoBa 3a yac Tpanenus (t — Bpems TpajeHus B 4yacax), a —
MpoTpajeHHas TIOIIab, Toraa a/t — miomiaab, MPOTpaICHHAS 3a Yac, U BEC YJI0Ba HA CAUHUILY TIOIIAIN
pacCUHTHIBAETCS IO PopMyIIe:

Cw/t :ngnm,z
al/t a

Ecmu X1 — gomns 6GmomMaccs! 3amaca Ha MPOTPaJICHHOH TIIOMIAIH, KOTOpask OCTAeTCs B Tpaje (T.e. monagacet

BynoB), Cw/a - cpemnnii ynoB Ha eQMHHILY IPOTPaICHHOMN ILIOLIAH, TO CPEIHss GHoMacca 3amaca Ha
eMHUIY Tomaam, b, cocTaBur:

—— = kg nm=.

Eciu A mn? — obmias  mIomanb HCCieayeMoro paifona, odmas 6uomacca 3amaca B Ha mmomanu A
COCTaBIISICT:

_(Cw/a)*A
X1

B

Bo3nukaer Bompoc, kakoi mopkHa ObITh BenmmunHa X1. OOBIYHO OHA JEKHUT B mpenenax ot 0.5 mo 1.
O4eBUIHO, UTO UCIIOIB30BaHNE B paccueTax 3HaueHus (.5 yaBanBaeT OIeHKY OMOMACCHI IT0 CpaBHEHUIO ¢ X1
= 1. [IpoOIKUTENBHOCTD TpalieHHs Takke BiusieT Ha X1. OcoOu HEKOTOPBIX BUJIOB CKOCSUHUBAIOTCS TIePe]
TPAaJIOM, BCKOPE YCTAIOT ¥ MOMAAI0T B YJIOB, TOTJA KaK OCOOH JPYTUX BUJIOB MOTYT IUIBITH MEPE TPAIOM
JoNbIIe ¥ M30ekaTh MOUMKH. [103TOMY TPOJOIKUTENBHOCTh TPaJeHHs CIeIyeT CTaHIAapTU3UPOBATH,
4TOOBI MOYKHO OBLIO CPABHUBATH PE3YNIBTATHI, MMOMYYCHHBIE JIJISl PA3JIMYHBIX TPAJIOB. BOmpockl, cBsI3aHHbIe

C W3MEHEHHEM YIOBHCTOCTH OpPYAHWH JIOBa M TEMIIOB BBIXOJA PBHIOBI M3 Tpajia, OOCYKIAJNCh B pasiele
24.4.

[IpuauMas BO BHUMaHHE, YTO OIICHKA 001Iei 6momacchl (B) ocymecTBisIeTcs o pe3ybraTaM HEKOTOPOTO
YUCTa CIYYalHBIX TpaneHwi (N TpaneHuit), U mpenmnonaras, yto X1 paBeH 1 (4To maeT MUHUMAIHHYIO
OTICHKY OMOMAcCHhI), MO’KHO PACCUHUTATh OOTIYI0 OroMaccy 3amaca U TOYHOCTD ITOTy9IeHHOU orleHKH. [1ycTh
Ca(i) — ymoB (B Bece) Ha eIUHMITY TUIOIIAIH TpajeHus i, tae i = 1,2,....,n u A, — iowmank cios J.B aToM
cirydae onenka 6uomaccerl (D) mmst kaxkmoro cios (j) paBHa:

A 1 & A
b.=—L*=*) Ca(i)=—-*Ca,
' X1 n Iz_; 2 X1

a Iucrepeust:



A 2
VAR(,) = {711} *

Total biomass (B) is then:

and the variance:
n A.
VAR(B) = ZVAR(bj)*(T‘)2 ;

=1
where A is the total area of all strata.
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3.3 CPUE and surplus production models

This section comments on the use of fishery-dependent data for landings or catch per unit effort
(LPUE or CPUE respectively) as indices of relative abundance of fish (Fszli, 2002), and their use
in surplus production models. Surplus production models can be used to determine the optimum
level of effort — e.g. effort that produces maximum sustainable yield (MSY) without affecting
the long-term productivity of the stock. However, issues with MSY must be recognized in both
single-species (Sissenwine, 1978) and multispecies context (Sutton et al, 2005) — see also
section 4.4.1.

The LPUE or CPUE data usually represent a time-series of years, and usually come from
sampling the commercial fishery. CPUE is usually taken to be proportional to numbers of fish,
N, in the stock present in an area:

CPUE = q.N.

The constant of proportionality, g, is called the ‘catchability’. The equation could be re-written
with subscripts, I, to refer to specific length classes if required. Strong assumptions are inherent
in the general relationship (Maunder and Punt, 2004), e.g.

e Mean CPUE is estimated for the same time period, depths, and geographic region as
those supporting the N fish of the stock.

e (is constant under all fishing conditions.

e ( does not vary with N.



*ni_l* il[Ca(i)—@]z.

Torna obmas 6uomacca (B) cocrasurt:

a €€ JUCIICPCUs:

VAR(B) = ZH:VAR(bj)*(%)z ,

=1
rae A — oOmiast IUIOIaah BCETO CIIOS.
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3.3 VYiaoB Ha MPOMBICJIOBO€ YCHJIME U MPOAYKIUOHHBIC MO1€/IN

B namHOM paszmene paccMaTpuBarOTCS BOIPOCHI cOOpa W MEPBUYHON OOpaOOTKM NMAHHBIX O BBITPY3Kax
WM yJIOBaX Ha €AWHHUILy TmpombicioBoro ycwims (coorBerctBeHHo, LPUE um CPUE), kak mHaekcax
otHOcUTenbHON wmcneHHocTH poIo (Fszli, 2002) m wx wWCmonb30BaHUSA B MPOMYKIIMOHHBIX MOJEIISIX
(Mozmensx mprOaBOYHON MPOMYKIHH). [IpOMyKITMOHHBIE MOJIETM MOTYT MIPUMEHSTHCS Ul ONpeesIeHUs
ONITUMAJIFHOTO YPOBHS YCHIIWS, HAIIPAMEP, YCHIIUS, KOTOPOE MPOAYIIUPYET MaKCUMATbHBIN YCTONIUBHIT
ynoB (MSY) u He oKa3bIBaeT HETATHBHOTO BIHSHUS Ha JTOJITOCPOYHYIO IPOIYKTHBHOCTS 3amaca. [Ipu atom
BOITPOCHI, CBsi3aHHbIe ¢ MSY, MOIKHBI paccMaTpUBaThCs Kak B OJHOBHI0BOM (Sissenwine, 1978), Tak u B
MHOTOBHI0BOM KoHTeKcTe (Sutton et al., 2005) — cm. takxke pasnen 4.4.1

Hannpie o LPUE nni CPUE 0661910 ipeAcTaBIsI0T cO00i BpeMeHHBIE PSABI C IaroM 1 rou popMupyroTes
C IOMOUIBIO aHAIM3a NPOMBICIOBBIX ya0BOB. OObluHO mpuHHMMaercs, uro CPUE mnpomnopuuonanexn
yncnenHoctH 3amaca (N) B HEKOTOpOM paiione:

CPUE = qg.N.

Kos(duieHT nponopuoHaaIbHOCTH ( Ha3biBaeTCst KOO(GOUIMEHTOM YIaBIMBAEMOCTH™. ITO ypaBHEHHE
MOKHO ITEPEITHCATH ¢ OACTPOYHBIM HHIAEKCOM |, 4TOOBI IPH HEOOXOMMOCTH OTHECTH €10 K OTPEIETIEHHBIM
pasMepHBIM Tpymnmam. OOliee COOTHOLIEHHE OyIeT CIPaBeUIMBO MPH BHIMOJIHEHUH Psjia CEPbE3HBIX
nonyiennit (Maunder and Punt, 2004), B wacTHOCTH:

e C(Cpemnee CPUE onennBaercst Ui TeX ke BPEMEHHOTO WHTEpBaja, TIIyOWH M reorpaduiecKkoro
paiioHa, KOTOpbIe COOTBETCTBYIOT 3a11acy YUCICHHOCTHIO N,

e (] IOCTOSIHEH JJIsl JIIOOBIX YCIOBUIl TPOMBICTA,

e ( He MeHsercs ¢ u3MeHeHueM N.

* He MyTaTh ¢ KOIDPuyueHmom yiosucmocmu oOpyaus jiosa (IIpuM. pejl.).



The difference between LPUE and CPUE unfortunately creates further uncertainty if no
information about discard mortality (due to minimum size limits or commercial pressures) or
other losses or unreported landings of fish is available. When estimating abundance as an index
based on mean LPUE or CPUE by time—-area strata, it is necessary to consider many factors,

e.g.

e whether fishing covered the same area as the stock;

e whether fishing covered the same depths as the stock;

e what the effects of migrations, both horizontally and vertically, would be on local
abundance (or q);

e whether fish aggregate and become less catchable at low stock numbers; and

e whether the fishing technologies and strategies are sufficiently stable to assume that
g is constant. A gradual improvement in the fishing power and hence in g might result
from improved equipment or fishing practices. This is referred to as ‘technological
creep’.

The fourth bullet, which can result in the CPUE of shoaling species being artificially high, or
reducing more rapidly, is relevant for kilka in the Caspian Sea. Clear answers to these questions
are seldom available, so it will be necessary either to accept the proportionality assumption
with great caution, or to undertake modelling to try to improve LPUE or CPUE as an index of
abundance (Xiao et al., 2004, part I). Regression trees offer another, less prescriptive, model-
based approach.

3.3.1 Standardizing CPUE

The use of time-series of CPUE data as a measure of abundance assumes that effort is
proportional to fishing mortality and that this proportionality remains constant over time. Before
time-series of CPUE data are applied to surplus production models, therefore, the measure of
effort should be standardized to ensure that the levels of effort are comparable.

Modelling of CPUEs is a research exercise. The predictor variables usually have to be selected
from a long list of possibilities that should include the interactions among the variables. Omission
of one important variable could cause the model to perform erratically when used to predict
outside the time or space frame of the observations used to fit the model. Prior biological
knowledge is the best guide for an initial selection of predictor variables that can subsequently
be refined by statistical methods (Burnham and Anderson, 2002). An approach to avoid is that of
stepwise selection through all available variables. This is because the statistical significance of a
predictor with one set of data and one set of additional predictors will often change substantially
when slightly different conditions prevail. The distribution of ‘error’ (= observed — fitted) values
around the model has to be chosen from several statistical possibilities that include allowance
for zero CPUE values. The modelling method has to be chosen to suit the error distribution.
The simplest situation is when log(CPUE) can be treated as approximately normally distributed
around a linear model with zeros ignored; least squares linear regression methods, described in
many textbooks, are then suitable. Other distributions, e.g. Poisson, would require a Generalized
Linear Model (McCullagh and Nelder, 1989). Non-linear relationships can be estimated with



Paznuune mexny LPUE u CPUE co3naert, k coxalieHuto, eie OoJbIIyr HEONMpPeAeIeHHOCTh, €CIIH HET
uH(popMAIK O BBIOpOCaxX (BBI3BAHHBIX OTPAaHHUCHUSMH HAa MUHUMAIBHYHK) MPOMBICIOBYIO MEpy WU
KOMMEPUYECKAMHU COOOPKCHHUSIMHU), & TAKKE IPYTHUX MOTEPSIX MM HEYYTCHHOM BbLIOBe. Korma oreHka
YuCIeHHOCTU OcHOBbIBaeTcs Ha 3HaueHusix LPUE umu CPUE, ycpenHEHHBIX MO MPOCTPaHCTBEHHO-
BPEMEHHBIM CIIOSIM, HEOOXOIUMO YUUTHIBATH MHOKECTBO (DaKTOPOB, HATIPUMED:

® [OJHOCTBIO JIM COBMAAAET paiioH MIPOMBICIIA ¢ PAHOHOM OOMTaHHS 3amaca;

e OXBaThIBACT JIM IPOMBICEN T€ K€ ITyOHUHBI, Ha KOTOPBIX OOUTAET 3amac;

e KaKOBO BIUSHHME TOPH3OHTAIBHBIX W BEPTHKAJIbHBIX MHUIPALMi HAa YMCIECHHOCTh B palioHE
npombicia (M Ha K03()(UIHEHT yIaBIMBaeMOCTH (]);

e  coOuparoTCst I PHIOBI B KOCSKU M CTAHOBATCS JIM OHU MEHEe YSA3BUMbIMHU ISl IPOMBICIIA MTPU
MaJloi YHCJIEHHOCTH 3aIlaca;

® JJOCTAaTOYHO JIM CTaOWJIbHBI TIPOMBICIIOBBIE TEXHOJIOTUU U CTPATETUH, YTOOBI MPEIION0KHUTD,
yro ( sBiusieTcs KoHcraHTOoH. (IlocnmemoBaTenpHOE MOBBIIEHHWE MPOMBICIOBOM MOIIHOCTH,
a cleaoBaTelbHO, U (], MOKET OBITH OOYCIIOBIEHO COBEPUICHCTBOBAaHHMEM OOOpPYIOBAHUS H
MIPOMBICIIOBOTO OIBITA. DTOT MPOLIECC HA3BIBACTCS «TEXHOJIOTUYECKON TOI3YUECTHION. )

YeTBepThlil M3 MPUBEICHHBIX BbINIC (PAKTOPOB, KOTOPBIA B CIy4yae CTAWHBIX PbIO MOXET MPHUBECTH K
HCKYCCTBEHHO 3aBBIIICHHBIM WU, HA00OPOT, - CyIIECTBEHHO 3aHIkeHHbIM 3HaueHusM CPUE, akryaneH,
B YaCTHOCTH, I KACMUICKUX KUJIeK. Ha mepeuncieHHbIe BBIIIE BOIPOCH PEIKO MOXKHO TIOTYYHTh SICHBIC
OTBETBI, IOATOMY HEOOXOAMMO JHO0 MPUHUMATH JIOMYIICHHE O MPOMOPIMOHAIBHOCTH YJIOBOB Ha YCHIIUE
BEJIMUYMHE 3araca ¢ O0JIBIION OCTOPOKHOCTHIO, JTHOO0 C TIOMOIIBI0 MOJICIIMPOBAHUS TIOMBITATHCS YAYUIIUTh
snauerns LPUE unu CPUE kak uHmekcoB yucieHHOCTH 3amaca (Xiao et al., 2004, gacts 1). Emie oaum,
MEHEE CTPOTHI MOJIX0/l, OCHOBAH Ha MOCTPOSHUH PETPECCUOHHBIX MOJICIICH.

3.3.1 Cmanoapmuszayus CPUE

[Ipumenenne BpemerHsX psaoB CPUE B kauecTBe MephI YHCICHHOCTH ITOAPA3YMEBAET, UYTO IIPOMBICTIOBOE
yCWIIME TIPOTIOPIHMOHAIBFHO MPOMBICIOBOM CMEPTHOCTH M YTO 3Ta MPOMOPIHOHAIBHOCTh C TEYCHHEM
BPEMEHH OCTAaeTCs MOoCTOsSHHOW. CreoBareabHO, TIPEKIE YeM HCIONb30BaTh BpeMeHHBIe psiasl CPUE
B MPOAYKIIMOHHBIX MOJETSAX, MEpa MPOMBICIIOBOTO YCHIJIHS IOJDKHA OBITh CTaHAAPTH3UPOBAHA, YTOOBI
00eCneunTh CONOCTAaBUMOCTh 3HAYSHHUH yCHITHSI.

MonemupoBanne CPUE sBnseTcs HaydHBIM HCCieIoBaHUEM. lIpenmnKTOpHBIE TEepeMEHHBIE OOBITHO
MIPUXOANTCS BBIOUPATh U3 JUIMHHOTO CTIHCKA KaHAWJATOB, YUYMUTHIBAs M B3aMMOCBS3H MeX1y HUMH. Ecin
XOTS OBI OJTHA M3 BAYKHBIX TIEPEMEHHBIX Oy/IET YIYIIIeHA, TO MOKET IPUBECTH K HEKOPPEKTHBIM PE3yIIbTaTaM
MIPOTHOCTHYECKNX MOJIETHHBIX PACUETOB 3a MpeeslaMi BPEMEHHOTO M MTPOCTPAHCTBEHHOTO TUara3oHa
HaOIONEHNH, KOTOphle OBUIM WCIIONB30BaHBl ISl TapaMeTpHU3allid W HACTPOWKHA Moxenw. Jlydmmm
PYKOBOACTBOM JUTS IEPBOHAYAIEHOTO 0TOOPA MPETUKTOPHBIX TEPEMEHHBIX, KOTOPBIN B IT0CIEICTBHUH MOYKHO
OyZeT yTOUYHUTH C ITOMOIIBIO CTATUCTHYECKNX METOJIOB, SBISAIOTCS paHee HAKOIUIEHHBbIE OMOIIOTHYECKHE
suanus (Burnham and Anderson, 2002). TToaxo, KOTOPOTo ClIeAyeT n36erarh,- MOIIaroBsii 0TOOD 110 BCeM
MMEIOITIMCS TIEPEMEHHBIM. JTO CBSI3aHO C TeM, YTO CTATUCTHUYECKAas 3HAaYMMOCTH MPEANKTOpPA C OTHUM
HabOPOM JaHHBIX W OXHUM HAOOPOM JAOMOJHUTEIHHBIX MPEAUKTOPOB YaCTO 3HAYUTEIFHO MEHSAETCS Jake
NP HE3HAYMTEIFHOM N3MEHEHUH Tpeolmagaromux ycaosuii. HeoOXoammo BEIOpaTh 3aK0H pacIipe/ieeHus
OIMOKY MoieNH (= HaOII0AeHHOE — MOZIETTbHOE 3HAUEHHE) M3 HECKOJIBKUX CTATUCTUYECKNX BOZMOKHOCTEH,
KOTOPBIC BKIIFOUAIOT JOIYCTUMOCTH HyNeBbIX 3HaueHnii CPUE. Meronm MomennpoBaHUs BBIOMpPAETCS B
COOTBETCTBHHU C pactpeienenneM omnoku. B mpocreiinieii cutyannu nepemennas |0g(CPUE) mpuGimkeHHO
MOXKET CUUTATHCSI HOPMAIBHO pacIpeaesIeHHON OTHOCHTEIHLHO JTUHEHHOW MOIeH 03 HyJICBBIX 3HAUCHUH.
B sToM crmydae mpruemMieMbl TMHEHHBIE PETPecCHOHHBIE MOJIENTH, OCHOBAHHBIE Ha METOJIe HAMMEHBIITHX
KBaJI[paToOB M OIMHCAHHBIE BO MHOTHX y4deOHWKax. /[pyruwe pacmpeneneHwns, HampuMmep, paclpeneieHne



Generalized Additive Models (Hastie and Tibshirani, 1990). They require a decision on the
degree of flexibility to be allowed in the fitted curves, in addition to specification of the model
function. Differential weighting of observations having different degrees of reliability is another
consideration for modelling (Cotter and Buckland, 2004). A useful general summary of modelling
theory in a fisheries context is that of Venables and Dichmont (2004).

Given all this flexibility associated with modelling approaches to standardization of
LPUE and CPUE, it is essential that those reporting the results of modelling work should
summarize all the choices and assumptions made and, as far as possible, explain the
reasons for them. The resulting diagnostic plots (e.g. residuals, QQ plots) should also
be presented to demonstrate appropriate selection of model and error structure. General
understanding of the foundations of a modelling study and of its strengths and weaknesses is
of considerable assistance when weighing up the information it produces for the purposes of
assessment and management of a stock.

CPUE data may also be available from fishery-independent sources such as research vessel
surveys. The advantage of these is that they are not influenced by commercial decisions about
fishing locations and times, or, if well standardized and documented in SOPs, by changes of fish-
ing gear and technique over time. The disadvantages of such surveys are that they are unlikely
to cover the whole area occupied by a stock, and that the degree of overlap may itself vary with
season and migrations, and possibly also annually. The design of the survey is also important. A
systematic grid, for example, will be poor for finding fish when the stock is small and aggregated
in localized concentrations that fall between the nodes of the grid. Generally, survey abundance
indices are likely to have greater variance than mean LPUE values from a widespread commer-
cial fishery. They are also likely to be biased because of the mismatch between locations of fish
and survey observation points. Use of a time-series of survey results requires the assumption
that survey bias is constant over time.

3.3.2 Analysis of CPUE

Details of the classical approaches (e.g. Schaeffer, Fox, Gulland, Munro and Thompson) can be
found in most fisheries textbooks (e.g. Hart and Reynolds, 2002). Computer packages, such
as CEDA (Holden et al., 1995a) and FiSAT (Gayanillo et al., 1994) are also readily available to fit
these models to CPUE data.

Many approaches incorporate biological information within the models. Delay difference models
for population biomass over time consist of process models for survival, growth, and recruitment,
which are substituted into a general equation defining population biomass. Generally, three
assumptions are made: 1) that growth in mean body weight at age can be described through a
linear relationship; 2) all fish that are of an age fully vulnerable to fishing (i.e. knife-edge selection)
and older are equally vulnerable; and 3) all fish of this age and older have the same annual natural
mortality. The basic equations are:



ITyaccona, TpeOyroT HCmonb30BaHus 0000menHow nuHeino momenu (GLM) (McCullagh and Nelder,
1989). HenuHeitHbIe 3aBUCUMOCTH MOYKHO OILICHUBATh C TIOMOIIbI0 OOOOIICHHBIX aJMTHBHBIX MOJEIEH
(GAM) (Hastie and Tibshirani, 1990). [1pu ux ucnonbp30BaHUN TOMUMO CIIEIH(DUKALNN HCIIOIB3YEMBIX B
Mozenu GyHKIui TpeOyeTcs 3a1aBaTh CTeeHb TMOKOCTH, KOTOPOI MOTYT 00J1a/IaTh KPUBBIE, IIOCTPOCHHBIE
C MOMOIIBI0 Mojenu. Elne OAHUM NpPUIOKEHHEM MOJACIUPOBAaHHS SBIsieTCS auddepeHImanisHoe
B3BEIHIMBAHUEC HAOMIONCHUH, 00Jamaromux pasHbiMu cTerneHsmu HaaexHoctu (Cotter and Buckland,
2004). Iloneznoe 0600IIEHHE TEOPUH MOACTUPOBAHHS B KOHTEKCTE PHIOOXO3SICTBEHHBIX HCCIIEAOBAHUI
BeimonHmIH Benadmns u Jlnamont (Venables and Dichmont, 2004).

VYuuThIBas THOKOCTH MOAX0A0B MoaennpoBanus k cranaapruzanuu LPUE u CPUE, B otuete o pe3ynbsraTax
MOJICTTUPOBaHUS KpaiiHe BayKHO M3JI0KHUTH BCE IPUHSATHIE TOMYLIEHHSI M, HACKOJIBKO 3TO BO3MOKHO, OOBSICHUTh
CTOSIILIME 32 HUMHU MIPUYHMHBL. B oTdeTe Takke AOJKHBI ObITh MPEACTABICHBI HTOTOBBIC JHATHOCTHYECKUE
rpaduxu (Harmpumep, rpaduku octaTkoB U rpaduku QQ), 4TOOBI MOATBEPANTH IPABOMOYHOCTH BBEIOOpA
MOJIETT U CTPYKTYpPbl OIIMOKH. 3HaHWE TEOPETUYECKHX OCHOB MaTEeMaTHYECKOTO MOJAEIHPOBAHHS, €T0
CHJIBHBIX U CJ1a0BIX CTOPOH OKa3bIBa€T OOJIBIIYIO IOMOLIb IPH aHAIN3€ UMEIoIeicss HH(DOPMAaLUK C LETbIO

OLICHKH 3aIllaCoOB 1 YIIPABJICHUS UMU.

JHannbie o CPUE MOHO TaksKe MOTy4UTh U3 HCTOYHUKOB, HE CBS3aHHBIX C TPOMBIIUICHHBIM PHIOOIOBCTBOM,
HampuMep, U3 MaTepuajoB HAy4YHBIX CbeMOK. lIpenMyIecTBO MOCIEeTHUX 3aKiodaeTcs B TOM, UTO
Ha HUX HE BIHAIOT MPOU3BOJICTBEHHBIE PELIEHHUsS O BPEMEHU U MecTe JoBa, Wi, ecnu 3HaueHus CPUE
CTaHJapTH3UPOBaHbI U BHeCeHBI B SOP, - u3MeHeHust B Opyausx U crnocobax jtoBa. HemocTaTtok HaydHBIX
CBHEMOK COCTOUT B TOM, YTO OHH BPSIJ JIM CMOTYT OXBaTUTh BECh apeal 3araca, 1 4To CTENEeHb 0XBaTa MOXKET
MEHSTBCS B 3aBUCUMOCTH OT CE€30Ha U MUIpAllMii U, BO3MOXHO, Jlaxke exxeroqHo. [ImanupoBanue creMKu
TaKXe UTpaeT BaXXHYI0 posib. Hanpumep, cucremarnueckas (He MpOU3BOIIbHAS) CETKA ChEMKH OKa3bIBAETCS
Manod3(ekTUBHOM 115 MOMcKa HEOOIBLIOT0, COCTOSIIETO U3 JIOKAJIbHBIX KOHIIEHTPALMH 3armaca, eciiy 3TH
KOHIEHTPALUU OKa3alInCh MEKAY y3JlaMH ceTKH. B obuiem ciyuae, moay4eHHbIE B X0A€ HAyYHOH ChEMKHU
WH/IEKCHl YHCIEHHOCTH OYIyT, BEPOSITHO, UMETh OoJiee BBHICOKYIO THUCIIEPCHIO, YeM CpEIHHE 3HAYCHUS
CPUE, nony4eHHbIe C KPyTHOMACIITA0OHOTO MPOMBICIIA. DTH WHAEKCHI TaKKe OyIyT, BEPOSTHO, CMELICHBI
13-32 HECOOTBETCTBUSI MEKAY MPOCTPAHCTBEHHBIM PACHpEACICHUEM PBIO M KOOpAMHATAMHU TPaJICHHH.
Hcnonb3oBanne BpeMEHHuIX PSAJOB PE3yNbTaTOB ChEMKH TpeOyeT NOMyLIeHHs, YTO CHUCTEMaTHYecKas
MIOTPEIIHOCTh ChEMKH ITOCTOSTHHA BO BPEMEHHU.

3.3.2 Ananuz CPUE

ITonpoOHOE ommcanme KIACCHYSCKHX TOAXOMOB, Hampumep, momxomoB llledepa, dokca, ['ammanna,
Manpo u Tomcona (Schaefer, Fox, Gulland, Munro and Thompson) MoxHO HalWTH B OOJIBIIHHCTBE
PBHIOOXO3SHCTBEHHBIX YueOHMKOB (Hampumep, Hart and Reynolds, 2002). JIiist TOCTpOeHUs STHX MOEeh
o nauasiM CPUE nMeeTcst IerkooCTyITHOe mporpaMmMmuoe obecreuenwe, B yactaocti, CEDA (Holden et
al., 1995a) u FiSAT (Gayanillo et al., 1994).

MHorue Toxxo/bpl BKIIOYAIOT B MOJENM Ouojormdeckyro uHpopmanuioo. Mojgenu ¢ 3ama3abiBaHHEM,
NpeHa3HAuYCHHBIC JUIS ONMMCAHUS JHHAMHKH OWOMAcChl MOMYJSIMH, COCTOSAT W3 Mojelei («monenei
Mporiecca) BEDKUBAHUS, POCTA M TIOMOIHEHHSI, KOTOPbIE MOJICTABIISIOTCS B 00IIee ypaBHEHHE OMOMACCHI
nomyasiiyu. JIist 3Toro oObIMHO MPHHUMAIOTCS TPH JOMYIICHUS: 1) POCT B TEpPMHHAX «BEC 0COOM IO
BO3pacTamMm» MOYXKHO OITMCATh JIMHEHHBIM ypaBHEHHEM; 2) Bce 0COOM, HauWHas ¢ HEKOTOPOTO BO3pacra
W CTapIie TMOTHOCTBIO YSI3BUMBI JUIS IPOMEBICTA; 3) BCE OCOOW, HAYMHAs C HEKOTOPOTO BO3pacTa H
cTapliie, UMCIOT OIUHAKOBYIO TOJOBYIO €CTECTBEHHYIO CMepPTHOCTh. OCHOBHBIE YpaBHEHHUS MOJCTH C
3arna3/IbIBAHUECM
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where t is the time in years,gt the modelled biomass at time t, Bia the modelled biomass at
time t-1, r the intrinsic rate of population increase, k the population carrying capacity, C,_, the

observed catch at time t-1, Ct the predicted catch at time t, g the catchability coefficient, and E,
is the fishing effort at time t.

Gabbasov et al. (submitted) has developed a dynamic model examining the important processes
affecting the population dynamics of sturgeon. The model simulates the dynamics of four
age groups and describes the migratory behaviour between sea and river of each age group.
The model can be applied to simulate scenarios of stock dynamics accounting for alternative
management and/or environmental regimes. When fitted to retrospective abundance and catch
data, the model can forecast future stock abundance and catches.

Stock reduction analysis is a developed form of a delay-difference model (Quinn and Deriso,
1999). The method uses biologically meaningful parameters and information for time delays
attributable to growth and recruitment to predict the basic biomass dynamics of populations
without requiring information on age structure. Therefore it can be considered to be a conceptual
hybrid between dynamic surplus production and full age-based models (Hilborn and Walters,
1992). A description of the general approach can be found in Kimura and Tagart (1982) and
Kimura (1988). The stock reduction model used is part of program suite (PMOD) developed by
Francis (1992, 1993). This software forms part of the larger computer package CASAL (http://
www.niwascience.co.nz/ncfa/tools/casal). Stochastic stock reduction analyses aim to provide
probability distributions for stock size over time under alternative hypotheses about unfished
recruitment rates and variability around assumed stock-recruitment relationships. These can be
expanded through re-sampling Monte Carlo simulation trials using likelihood weights (sampling-
importance re-sampling method), moving towards fully Bayesian state-space assessment
modelling, allowing visualization of how much the data help to reduce uncertainty about historical
fishing impacts and stock status (Walters et al., 2006).

Considerable changes in effort within the dataset are required for the models to function
appropriately. This allows the methods to optimize model fits appropriately. However, the way
in which the effort and CPUE or LPUE data change is also important. Where data are available
from early in the fishery, and the effort level is continually increased, CPUE data often decrease
monotonically. This ‘one-way trip’ provides little information for the models, despite considerable
ranges of effort in the data. Care must always be taken when fitting stock reduction models,
therefore, and appropriate diagnostic outputs should be presented with all model fits.
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e t — Bpems B rogax, Bt - mogenupyemas 6uomacca B ront, Bt - Momenupyemas Gromacca B rox t—1,
' — BHYTPEHHSS CKOPOCTh SKCIIOHEHIIMAILHOTO POCTa Momyisiiui, K — eMKocTh cpenbl (T.e. GHomacca
JIEBCTBEHHOH MOMYJIAINH, KOTOPYIO MOXET MOANEPKUBATL cpena oouranus), C,, - hakTnyeckui ynos B

ron t-1, C¢ - mporuosupyemslii ynoB Ha Tox t,  — ko> UIMEHT ynapmBaeMocTH, E, — HakommenHoe
MIPOMBICIIOBOE yCHIIHE B TOj t.

M.T'a66acoB ¢ coarpamu (Gabbasov et al., B meuarn) npemaoKuIM THHAMHAYECKYIO MOJEND, KOTOPYIO
MOYKHO TIPUMEHUTH JIs MCCIEIOBaHNS HanOoJee BaKHBIX MPOIECCOB, BIHUSIOMINX Ha MOMYIISIIHOHHYIO
TUHAMHKY OCeTpOBbIX. OHA UMUTHPYET JMHAMUKY YETHIPEX BO3PACTHBIX TPYIII U OMHCHIBACT TIOBEACHNE
KaXJIOM M3 3TUX TPYNN BO BpeMsl UX MUTPAIU MEXAY peKor 1 MopeM. Monesib MOXXKHO MTPUMEHSITh s
pa3paboTKH CIIEHApHeB AWHAMHUKHN TOMYJSINH C YYETOM Pa3IUYHBIX aJbTEPHATHB YIIPABICHUS /WA
9KOJIOTHUECKHUX PEXUMOB. [Ipy HamMYnMM MaHHBIX O YMCICHHOCTH W YIIOBaX 3a MPOILIBIE TOABI, MOIENb
MOKET OBITh MCIIONB30BaHa JIJIsl TIPOTHO3MPOBAHUS OXKUIAEMOHN YMCIEHHOCTH TOMYJISIHA U BO3MOXKHBIX
YIIOBOB.

Mopenb CHIKEHUS 3armaca sIBJIsIeTCS pa3BUTHEM MOJIEIH ¢ 3amasasiBanreM (Quinn and Deriso, 1999). B atom
METOJIE MCTIOB3YIOTCA OMOIOTHYECKH 3HAYNMBbIE TTapaMeTphl U HHPOPMAIIUs IS OTIPEIeIeHUS 3aIePIKKN
BO BPEMEHH, CBA3aHHOM C ITPOIIECCaMH POCTA U TIOTTOTHEHHsI. MeTO/T TO3BOJISIET TIPOTHO3UPOBATH JHHAMUKY
001eit bmoMacchl OMYIISIAH, He TpeOyst nH(OpMAIIK 0 BO3PACTHOH CTPYKType. MeTom MOKHO CUUTATh
KOHIICTITYaJIbHBIM THOPHIOM TWHAMHYECKHUX MPOAYKIIMOHHBIX MOJIETIEH M METOIOB aHAIHM3a BO3PACTHOTO
cocrasa yiosoB (Hilborn and Walters 1992). B pa6orax Kumypsr n Tarapra (Kimura and Tagart, 1982)
u Kumypsr (Kimura, 1988) npusoautest obiee omvcanue moaxoaa. Mozeas CHIDKEHHS 3araca sBJIsIeTCs
9acThI0 KOMITbIOTepHO# mporpammbel (PMOD), paspaborannoit ®psncucom (Francis, 1992, 1993). B
CBOIO Ouepesib, 9Ta IMporpaMMa — 4acTh Oojiee KpYyImHOro makera mpukiaagasix mporpamm CASAL (http:/
www.niwascience.co.nz/ncfa/tools/casal). CroxacTuueckuii aHaaM3 CHIKCHHS 3araca MpeIHa3HaueH Ui
HaXOXKJACHUS pacrpeie]IeHHi BEpOITHOCTEH OIEHKH BETMYMHBI 3araca BO BPEMEHH TS allbTePHATHBHBIX
THIIOTE3 O TEMIIAaX ITOTIOTHEHHUS 1 N3MEHYMBOCTH ITPEIITOIaraéMbIX 3aBHCUMOCTEH 3arac — MOTIOTHEHNE. DTOT
aHaJIM3 MOYKHO PaCIIMPHUTE C TIOMOIIBIO MeTomxa MonTte-Kapio u, majee, mepexofs 3aTeM K 0aiieCOBCKOMY
MO/JISITUPOBAHUIO, TTO3BOJISIONIEMY OICHUTH KOJMYECTBO JMAHHBIX, KOTOpOe TpeOyeTcs IS YMEHBIICHUS
HEOTPEICTICHHOCTH, CBSI3aHHOM ¢ MHOTOJIETHUM BIIHSIHHEM MPOMBICIA Ha cocTostHue 3amacos (Walters et
al., 2006).

J1 KOppEeKTHOTO HCITONB30BaHMS TEPEYNCICHHBIX BBIIIE Mofeniell TpeOyeTcsi, 9YTOObI B HMEIOIINXCS
JAHHBIX 110 TIPOMBICIIOBOMY YCHIIHIO HAOIOIaINCh 3HAYUTEITFHBIE MEXTOA0BEIE KOJIEOaHHS. DTO TTO3BOJISIET
00ecneunTh ONTHMAJBHYI0 TOATOHKY MOjAenH. BaxHo, omHako, M TO, KakUM 00pa3oM H3MEHSIOTCS
nmaHHbIe 110 TpoMbIcioBEIM yernusMm 1 CPUE  (wm LPUE). Hanmpumep, eciin mMeroTes TaHHbIe ¢ Hadama
TIPOMBICITA, KOTOPBIE TIOKA3bIBAIOT TOCTOSHHBIA POCT ycuius, To nanabie 1o CPUE 0OBIYHO MOHOTOHHO
yMeHbIIatoTcs. Takas «1opora B OTHOM HaIlpaBISHUI» AaeT Majo WH(GOPMAIMH TSI MOJIeTIeH, HeCMOTpS
Ha OOJBIION JHMara3oH W3MEHEHHs BEJIMYWHBI MPOMBICIoBOTO ycmmus. [loaTromy HeoOXoamMo Bcerna c
OONBIITIM BHIMaHUEM OTHOCHUTHCA K TIOATOHKE (HACTPOMKE) MOJIesIel CHIDKEHHS 3araca, a B OTYET CIeyeT
MTOMeETIaTh Pe3yIbTaThl COOTBETCTBYIOIIECH JHATHOCTHKH.



3.4 Mass-balance models

Mass-balance models are founded on a static description of the ecosystem assuming mass-
balance between production, mortality and metabolic losses. Biological species are aggregated
into functional groups linked through the consumption matrix. Development of this matrix
requires the potentially intensive collection of information on feeding habits and quantities.
These data may also feed into multispecies models such as MSVPA (section 3.7.2).

As an example, trophic models based on Ecopath with Ecosim methodology (http://www.
ecopath.org/) are widely used for the quantification of food webs and analyses of ecosystem
dynamics (Christensen et al., 2000). Ecopath with Ecosim comes in three parts: Ecopath — a
static, mass-balanced snapshot of the system; Ecosim — a time dynamic simulation module for
policy exploration; and Ecospace — a spatial and temporal dynamic module primarily designed
for exploring impact and placement of protected areas. The model also allows dynamic
simulations in time and space, as well as fitting to time-series, and evaluation of fisheries
management scenarios. The Ecopath with Ecosim approach is relatively simple to apply and
provides a broad perspective for ecosystem analyses. It includes functional groups, which are
not routinely assessed by working groups of international commissions, and helps to evaluate
their importance for the system. Hatchery populations can also be modelled within Ecosim, and
hatchery production can be varied over time using time forcing functions.

Trophic-based approaches have been used to study the ecosystem of the Caspian Sea.
Investigations of food available for commercial fish stocks, which is related to the carrying
capacity, have been carried out (Karpyuk and Sokolskiy, 2006). Ecopath with Ecosim has been
used successfully to model trophic cascade, gelatinous plankton expansions (of jellyfish Aurelia
autita and the alien ctenophore Mnemiopsis leidyi) and shifts in ecosystem health in the Black
Sea (Daskalov, 2000, 2002; EUROGEL, 2006). Model experiments including forcing factors like
eutrophication, fishing, and invasions of ctenophores M. leidyi and Beroe ovata have simulated
past and possible future changes in this system.

3.5 Modelling growth

Modelling growth is the determination of body size as a function of age. Age can often be
determined through the counting of annual rings in hard parts including otoliths or fin spines
(section 2.6), or alternatively through the collection of length frequency data and the conversion
of these data into age compositions.

Note that comparing the fits of different equations to the same data and identifying the best
fitting model does not imply that the model best describes biological growth. The results merely
show which model best fits the data that have been collected. Further data collection may result
in an alternative model fitting better.



3.4 Bajaancosbie MOIeIH

BanancoBble MOzienM OCHOBaHBI Ha CTATHUECKOM OIUCAHWUHU IKOCHCTEMBI B MPEIIONOKEHUN 0 OanaHce
Macc B XOjie TMPOIIECCOB MPOAYLUPOBAHHS OPTAaHUYECKOTO BEIIEeCTBA, C OJHOW CTOPOHBI, M MPOIIECCOB
CMEpPTHOCTH M MeTabonm3Ma, ¢ Apyro. B 3Tux Mopensx OWONOTHYECKHE BHUJBI arperupyrorcsi B
(yHKIIMOHAIILHBIE TPYIIIBI, CBSI3aHHBIC Yepe3 Marpuily norpednenus. Co3nanue 3Tod MaTpuipl TpedyeT
WHTEHCUBHOTO cO0pa nHpopMaIu 00 0COOCHHOCTIX M KOJIMYECTBEHHBIX XapaKTePUCTHKAX MUTaHUS. DTH
JTAaHHBIC MOXKHO TAK)KE MCII0JIb30BaTh B TAKUX MHOTOBHJIOBBIX Mojieisix, kak MS VPA (paznen 3.7.2).

Hampumep, st KOMHYECTBEHHOM OIICHKH THIIEBHIX IIETIeH 1 aHann3a TuHaMuKd skocuctemsl (Christensen
et al., 2000) mMOBCEMECTHO WCIONB3YIOTCSA TPOGHUUECKHE MOJETH, OCHOBAHHBIE HA METOMOIOTHAX
ECOPATH u ECOSIM (http://www.ecopath.org/). Monenshbiit kommekc ECOPATH / ECOSIM cocrout
u3 tpex uacreii: ECOPATH - crarmdeckas, cOanaHcupoBaHHasi 1o Macce mMojeib cucrembr; ECOSIM -
JUHAMHYECKAN MMUTAITMOHHBIA MOYJIb JIJIsl aHAJIM3a MOJUTHKH dKCIuTyarauu sxkocuctembl; 1 ECOPACE
- TPOCTPAHCTBEHHbI M BpPEMEHHON AMHAMUYECKHUI MOAYNb, pa3paboTaHHBIN, B MEPBYIO Ouepenb s
W3YYCHHSI BIUSHUS Ha DKOCHCTEMY 3alPETHHIX PAOHOB (3aIIOBETHUKOB) M UX pacmojoxeHus. Kommieke
MO3BOJISIET OCYIIECTBIATh JUHAMUYECKOC HWMUTAIMOHHOE MOACIHUPOBAHUE TMPOCTPAHCTBCHHBIX W
BPEMEHHBIX MPOIECCOB, & TAKKE HACTPOWUKY MOJENEH MO BPEMEHHBIM psiaM U pa3palbOTKy CIICHApHEB
ynpasnenus: poioonosectBoM. [lomxonq ECOPATH / ECOSIM  oTHOCHTENBHO MPOCT B NMPUMEHEHHH U
o0yaaeT MIMPOKUMH BO3MOXKHOCTSMHU JIJIsi 3KOCUCTEMHOTo aHanu3a. OH BKJIIOUAET B PacCMOTpPEHHUE
(D)YHKIIMOHAJIbHBIC TPYIIbI, OOBIYHO HE OICHHBACMbIC B PabOYMX IPYyIMIax MEKIyHAPOIAHBIX KOMHCCHUH,
U TIOMOTaeT ONPEACTUTh UX 3HAYMMOCTh JiJIsi u3ydaemoi skocucteMbl. C momoinbio ECOSIM moxHO
TaK)Ke MOJICIUPOBATh YUCICHHOCTh OYIyIIUX MOKOJCHHUH, a UX MPOLYKI[UI0 MOKHO MEHSTh BO BPEMCHH,
UCTIOJB3YS JIJISl 3TOTO BPEMEHHbIE BBIHYKIAIOIIHE (DYHKIHH,

Mopnenu TpoduuecKUX B3anMOACHCTBHIA IPUMEHSIIIICH [J1sl U3y YeHus akocrcTeMbl Kacriuiickoro Mopst. Beutn
BBITTOJTHEHBI UCCIICIOBAHHSI KOPMOBOU 0a3bl IPOMBICIIOBBIX BHIOB PBIO, KOTOpPasi BO MHOTOM OTIpEJIEIIsieT
emkocth cpenibl (Kapmtok M. U., Cokonbekuii A. @., 2006). Metononorus ECOPATH u ECOSIM ycneriao
UCITOJTb30BAaJIACh JIJIsl MOACTMPOBAHHS TPOPHUUIESCKOM HepapXUH, IKCTIAHCHH JKEJIETEIIOTO IUTAHKTOHA (METy3bI
Aurelia autita u Bcenenma rpebHeBruka Mnemiopsis leidyi), a Takyke U3MEHEHHUI B COCTOSIHUM YKOCHUCTEMbI
UYepnoro mopst (Daskalov, 2000, 2002; EUROGEL, 2006). MonenbHble SKCIIEPHUMEHTHI, IPOBECHHBIC
¢ yueroM (opcupyronmx (HaxkTopoB: 3BTpOdHUKAINU, PHIOOIOBCTBA, Beenenus rpedbueBuxoB M. leidyi
u Beroe ovata, mo3BoiIIM CMOZICIHMPOBATh KaK MPOILIbIE, TAaK U BO3MOXKHBIC B OyayllleM H3MEHEHHS B
IKOCHUCTEME.

3.5 MopeaupoBaHue pocTa

MopnenupoBaHue pocTa - 3TO BbIpaXKEHUE pa3Mepa Tejla 0codu B BUIE GyHKIMU Bo3pacTa. Hacto Bo3zpact
MOXHO OINPEIEIIUTD IyTEeM I10JICUeTa TOAOBBIX KOJICI] HA PETHCTPUPYIOIINX CTPYKTYPAX, BKIIIOUYAst OTOIUTHI
WIN TUIAaBHUKOBBIE JIyuu (paszzen 2.6), Wi aJbTepHaTUBHBIM CHOCOOOM, TIOCPEACTBOM cOOpa AaHHBIX O
YaCTOTHOM PacIpeAesIeHUH JUIMHBI 0c00ei 1 mpeoOpa3oBaHusl ITUX JaHHBIX B BO3PACTHOM COCTaB.

Heo0xonuMo oTMETHTB, YTO MOATOHKA PA3IMYHBIX YPAaBHEHUH K OJHHM TEM K€ JaHHBIM U BBISIBIICHUE
HanOoJee ynauyHO MOJOTHAHHOW MOJIENH HE O3HAYaeT, YTO 3Ta MOAEb ONMCHIBACT OMOIIOTHUECKUI POCT
HamIy4iuM oOpas3oM. PesynbraTsl mpocTO MOKA3bIBAIOT, KakKas MOAEIb JIy4dlle BCEro COOTBETCTBYET
cOOpaHHbBIM JaHHBIM. JlanpHemuii cOop TaHHBIX MOXET IPUBECTH K TOMY, UTO JIyUIIeH OKaXeTcs Apyrast
MOJICTIb.



3.5.1 The von Bertalanffy growth equation

Length-at-age data can be fitted to growth equations to estimate parameters important for stock
assessment and management. Generally, a von Bertalanffy growth equation is fitted to the
data (von Bertalanffy, 1934). This equation satisfies two important criteria, fitting most of the
observed data of fish growth, and being readily incorporated into stock assessment models. This
model expresses the length L as a function of the age of the fish t:

L, :Lw[l —e () ] )

where L, is the length at age t, L the asymptotic length, K the coefficient of growth, and t; is
the theoretical age at zero length.

Growth equations can be fitted to hard-part-derived length-at-age data through least squares
methods, or likelihood approaches (Kimura, 1980). In either case, the standard errors of the
parameters should be presented.

Care should be taken when interpreting growth parameter estimates, because they are
strongly affected by the quality and quantity of data available. Issues arise because of a lack
of smaller younger individuals through gear selectivity, and larger individuals through historical
fishing pressure. Failure to include larger, older individuals reduces the information on the L
parameter of the von Bertalanffy growth equation, while a lack of younger individuals reduces
the information on the K parameter. Considerable uncertainty can result, which is transferred
to stock assessments when these growth parameters are used. A range of methods to cope
with this has been used, including setting the value of t, to be zero (thereby constraining
the estimates of both L and K). If this approach is used, it must be clearly documented and
justified when presenting the parameter estimates. Bayesian approaches (e.g. through the use
of WinBUGS - http://www.mrc-bsu.cam.ac.uk/bugs/) can also be used. Prior distributions for
the growth parameters can be set based upon estimates derived for the same species from
different areas, or similar species from the same area, or for L based upon historical knowledge
of the largest fish caught from the population. The prior and posterior distributions should be
documented with resulting estimates.

3.5.2 Growth from tagging data

Growth parameters can be estimated from tagging data using non-linear estimation procedures
with the equation of Fabens (1965):

C.=(L.-L)1-e )+e,,

where C; is the change in weight from tagging to recovery of the ith fish recovered, L, its length
at tagging, t; its time between tagging and recovery, and g is its deviation from the mean growth
curve. A number of alternative equations have been developed to analyse tagging data, e.qg.
Sainsbury (1980) and Francis (1988).

3.5.3 Seasonal growth

The growth of species with clear seasonal patterns in growth can be analysed using a
seasonalized von Bertalanffy growth equation (Pitcher and Macdonald, 1973):



3.5.1 Vpasuenue pocma bepmananghu

JlaHHBIC JUTMHA-BO3PACT MOXKHO WCIIOJB30BaTh JIJISl MOJATOHKH YPAaBHEHWH POCTa, YTOOBI ONPENCIUTh
napamMeTphl, BaXKHbIC JJIsI OIICHKH M yrpapieHus 3armacamu. OOBIMHO IMOJ] TaKWE JAHHBIC TTOATOHSIETCS
ypaBHeHue pocta bepramandu (von Bertalanffy, 1934). VYpaBHeHHME yIOBIETBOPSECT IBYM Ba)KHBIM
KPUTEPHSM: ITOIXOIUT JUIsI OONBINUHCTBA HAOMFOCHHBIX JJAHHBIX O POCTE PBIO U JIETKO BBOIUTCS B MOJICITH
OTICHKH 3aI1acoB. ITO YpaBHEHHE BRIpaXkaeT [UIHMHY L B Bume (GyHKIINN BO3pacTa phIOHL:

L, =LJi-e*0w)],

rie L, — amuna B Bo3pacre t, L - acumnrorrueckas jumnHa, K — koodumuent pocra, a t, — reopeTudeckuit
BO3pAcCT, COOTBETCTBYIOLIHH HYJIEBOH JITHHE OCOOU.

[TapameTps! ypaBHEHHH POCTAa MOKHO PACCUUTATh M0 AAHHBIM BO3PACT-IUIMHA, IIOJYYECHHBIM U3 aHAJIN3A
PETUCTPUPYIOLIUX CTPYKTYp, C IMOMOLIBIO METOJa HAUMEHBIIMX KBAaJAparoB WM APYIUX IOAXOIOB,
HCToNB3yronMX mpuHimn npaspononodus (Kimura, 1980). B mroboM ciiydae HEOOXOAUMO —YyKa3bIBATH
CTaHJapTHBIC OTMOKHU B MapaMeTpax MOIyuYeHHbBIX YPaBHEHHH.

K uHTEepmperanun OIEHOK MapaMeTpoB pocTa CleayeT MOAXOAUTh ¢ 0CO00H OCTOPOKHOCTBIO, TOTOMY
YTO OHHM B 3HAYUTEIHHON CTENEHM 3aBUCST OT KauecTBa M KOJMYECTBA JIOCTYIHBIX JaHHBIX. [IpoOrnembl
BO3HHUKAIOT B CBSI3U C MAJIBIM KOJIMYECTBOM MOJIOJIU B YJIOBE M3-3a CEJIEKTUBHOCTH OPYIMH JIOBA M KPYITHBIX
oco0eil - 3-3a MHOTOJIETHETO Ipecca nmpomMbicia. OTCYyTCTBHE IaHHBIX O 00JIee KPYIHBIX U CTapbIX 0CO0sX
yMeHbIIaeT MH(OopMaIuIo, HEOOXOIMMY!IO JUIsl TIOTy4YEHHUs JOCTOBEPHOM OLIEHKH napameTpa L ypaBHeHus
Bepranangu, Torna kak OTCyTCTBHE MOJIOAM YMEHBIIAeT MH(OpMALNIO, HEOOXOAMMYIO JIUIsl HAJIeKHOTO
onpenenenus napamerpa K. B pesynbrare MoxeT BOZHUKHYTh 3HaUNTENbHAs HEOIIPEIEIIEHHOCTh, KOTOpast
MIEPEHOCUTCS] Ha OLIEHKY 3aIllacoB, €CJIM B pacyeTax HCIOJIB3YIOTCA MapaMmeTpsl pocta. g perieHus
3TOH MpOOGJIEMBI MPHUBIIEKAKOTCS PA3IMYHbIE CIIOCOOBI, B YaCTHOCTH, NPUCBOEHHE t HYIEBOrO 3HAYEHHS,
4TO CHIKAeT HeompeneneHHOCTh oneHok L u K. Ilpumenenume 5TOro Merofa MOKHO IOAPOOHO
JIOKYMEHTHPOBAThCSI M OOOCHOBBIBATHCA TIPU IPEJCTABIEHUH OIIEHOK IapaMeTpoB. MOXKHO Tarxke
UCIIOJIb30BaTh OaiiecoOBCKUE MOAXO/bI (Hampumep, ¢ momomibio makera WinBUGS — http://www.mrc-bsu.
cam.ac.uk/bugs/). Pacnipenenenus mapaMeTpoB pOCTa MOXKHO YCTaHOBHUTBH allpHOPH HAa OCHOBE OIICHOK,
MIOJTyYEHHBIX JJIS OIHUX M TeX K€ BHUJOB, HO M3 PA3HBIX PAlOHOB, WJIM JJIS CXOKHUX BUJOB M3 OJHOTO
paiiona. J{nsa L mpenBapurenbHas OLEHKA MOXET OBITh IOJYYEHA, MCXOAS M3 MCTOPUYECKMX JAHHBIX
0 caMOW KpYHHOH 0coOM, BBUIOBJICHHOW W3 AaHHOW momynsinud. [IpeaBapuTeNbHbIE M MOCIEIYFOIINE
pacnpeneneHust JOHKHBI ObITh 3aJJOKYMEHTHPOBAHBI BMECTE C HTOTOBBIMH OIIEHKAMHU.

3.5.2 Pocm no oannvim meuenus

[TapameTpsl pocTa MOKHO OLEHUTH MO JAHHBIM MEYEHUS C MOMOIIBI0 HEJTMHEHHOH MPOIEAYPhl OLIEHKH C
ncrnoibp3oBanueM ypaBHeHust Pabdenca (Fabens, 1965):

C.=(L.-L)1-e*)+e,,

e Ci — M3MEHCHUE Beca C MOMEHTA MEUEHHSI 0 MOMEHTA MIOBTOPHOM MMOMMKH i-Of BBUTIOBICHHOM 0COOH,
Li — €€ [JIMHa BO BpCMs MCUCHUA, ti — BpeMA MCKAY MCUCHHUEM U TOBTOPHBIM BbBIJIOBOM, ei — OTKJIOHE€HHUE OT
KPHUBOH yCpeIHEHHOTO pocTa. J{Jist aHann3a JaHHBIX MEYCHHUs pa3padoTaH psill albTEPHATUBHBIX YPaBHEHHH,
Harpumep, ypasuenus Ceiincoepu (Sainsbury, 1980) u ®paucuca (Francis, 1988).

3.5.3  Ceszonnviti pocm

JUuist TIpOBEJIEHUS aHAJIM3a POCTa BUJIOB, HMEIOIINX BBIPAKCHHBIE CE30HHBIE TIEPUOJBI PA3BUTHS, MOYKHO
UCIIOJIb30BaTh ypaBHeHue bepramandu, agantupoBanHoe K ce3oHam pocra (Pitcher and Macdonald,
1973):
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where t, is the “summer point” and C is the “amplitude” (both values between 0 and 1). At the
time of year equal to the fraction t, of the year that has passed, the growth rate is highest. Where
C =0, there is no seasonality in the growth rate.

Schmalgauzen’s model (Schmalgauzen, 1984) relates size (mass) at time t (M,) with the initial
mass (M,) and a growth rate (a(t)):

1

Mt:M0>|<2a ,

where. a,, = a, + kt, a, is the initial period of the doubling of mass and k is the moderating ratio
of increase, This equation is based upon the logic of increasing mass in a multicellular organism
through the increase and division of cells, which slows down over time. It should be noted that
the formula is applicable only for the standard conditions for an increase in the organism. It does
not consider variations, related to a change in feeding, etc.

Length-based estimation processes rely on the assumption that a sampled length frequency
consists of a number of age classes. An overall length frequency distribution is therefore the
result of a number of (assumed normally distributed) length frequencies for each age class.
However, where growth is slow and individual variability in growth is large, these modes can
overlap considerably (Figure 3.4.1). Care must be taken where knowledge of the life history
characteristics of the species in question indicates these patterns.

a. Length frequencv b. Age structure
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Figure 3.4.1. a) Length frequency and b) underlying age structure (years) derived from random
otolith samples of Lethrinus mahsena.

The maijority of methods based upon length frequency data use the assumption of age-specific
modes in the length frequency data, and/or the progression of these modes through time, to
estimate growth parameters. These methods include:
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e t, — «ietnss Toukay, C — «ammmryna» (00e BenmuunHbl M3MeHsAOTCs oT 0 10 1). MakcnmanbHas
CKOPOCTh pocTa Habmonaercs npu t, papaom nose t, npeasiayniero roxa. [pu C = 0, sddexr cezonnoctu
B CKOPOCTH POCTa OTCYTCTBYET.

Monens IlImanbraysena (1984) ceasbiBaer maccy ocobu B MOMeHT Bpemenu t (M,) ¢ HauanbHOR Maccoi
(M) 1 cropocThIO pocTa (a(t)):

1

M, =M, * 2%,

e aq = a, + kt, 8, — HauaIbHBIH MEPHON YIBOEHUS MAcChl, a K —koa(puiment. IT0 ypaBHEHHE OCHOBAHO
HA JIOTHKE YBEJIMYEHUS MAcCChl B MHOTOKJIETOUHOM OpPraHU3ME IOCPEJACTBOM POCTAa U JIECIEHUS KIETOK,
IPOIIECCOB, KOTOPBIE 3aMEIUISIOTCS cO BpeMeHeM. HeoOxoqmMo 0TMETHTD, 4To GopMysia MPUMEHUMA TOIHKO
JUIsL CITydasi CTaHAapTHBIX YCIIOBHUH pocTa opranu3ma. OHa He YYHTBIBAeT KoJieOaHUH POCTa, CBSI3aHHBIX C
U3MEHEHMSIMU B IUTAHUU U IPYTUMU IPUYUHAMU.

[Iporienypsl OlLleHKH, OCHOBaHHBIE Ha JJIMHE OCOOEH, OmMparoTcs Ha JOMYIICeHHWe, YTO YacTOTHOE
pacnpeneneHne IUH B MpoOe (opMHUpyeTcs 0COOIMH HECKONBKMX BO3PACTHBIX KiaccoB. [lpm sTom
JIOTTYIIIEHUH 00I1Iee 9aCTOTHOE pacTpeiesIieHHe ITHMHBI SBIISETCSI CYMMapHBIM Pe3yJabTaToOM paclpeieeHui
JUTAHBI (TTPEIoiaraeTcsi, - HOPMAIBHBIX PACIpEeIeHHH) TSl KakJoTO0 BO3pacTHOTO kiacca. OmHaKo
MIPH MEIUICHHOM POCTE ¥ CYIIECTBEHHOW HWHIWBUIYAIbHONH W3MEHYHBOCTH POCTa OCOOEH MOABI ATHX
pacmpeneneHnii MOTYT 3HAuMTeNbHO TepeKkphiBarbes (puc. 3.4.1). TpeOyercss ocobast 0CTOPOKHOCTH
MIPH WHTEPIIPETaluy JTaHHBIX I10 JUTHHE, €CIM 3HAaHWEe MHOTOJIETHHUX OMOJOTHYECKHX XapaKTEPUCTHK
WCCIIETyeMBIX BHJIOB YKa3bIBAET HA CYIIECTBOBAHHE ITOJJOOHBIX 0COOEHHOCTEH.

a) Pacipenenenne mImHBI 0) Bo3pactHas cTpykTypa
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Puc. 3.4.1. a) Pactipenenenne mmnHer, 0) Bo3pacTHas CTPYKTypa (B ToAax), IMOMydeHHas M3 CIyYailHbIX
mpo6 oronmros Lethrinus mahsena.

BonbImHCTBO METOIOB OLIEHKH TapaMETPOB POCTA, OCHOBAHHBIX HA JAHHBIX O YACTOTHOM paclpeieIeHuN
JUTAHBL, NCTIOJIB3YIOT Oy IIIEHUE O CYIIIE CTBOBAHU T BO3PACTHBIX 0COOEHHOCTEH BYaCTOTHOM PacTIpeieICHUN
JUTAHBI, W/WIA IPOTPECCUPOBAHUH ITHX 0COOEHHOCTEN CO BpeMEeHEeM, JTH METO/Ibl BKITIOYAIOT:



e Bhattacharya’s method: splitting a composite distribution into separate normal
distributions (Bhattacharya, 1967). This method uses the fact that a normal distribution
(and hence numbers at length of a cohort) is transformed into a straight line when
numbers-at-length are replaced by their logarithms and differences are calculated
between consecutive logarithmic values.

e FElectronic LEngth Frequency ANalysis (ELEFAN; Pauly, 1987) uses the number and
positions of peaks in a single or series of length frequencies to estimate growth. Growth
curves, derived through a specified growth model and using growth parameter sets
selected from a specified range, are fitted. The coincidence between observed and
expected modes in length frequency distribution(s) is used to indicate the suitability of
that growth parameter set.

e Projection matrix method (PROJMAT) uses a modification of a method originally used
to forecast catch at length by projecting length compositions forward in time (Shepherd,
1987). In this method, a ‘projection matrix’ is derived to project length classes through
time, using a given set of growth parameters and growth equation.

e MULTIFAN (Fournier et al., 1990) assesses growth through the analysis of multiple
length frequency data sets, using a maximum likelihood estimation procedure. Using
a number of length frequency distributions to produce global parameter estimates, the
number of significant age classes that can be resolved (and, hence, analysis sensitivity)
is increased. The model again assumes that lengths in each age class can be described
by normal distributions.

Many other methods are available. Approaches are used in computer packages including FISAT
(Gayanillo et al., 1994) and LFDA (Holden et al., 1995b).

3.5.6 Reporting estimates
When reporting growth parameter estimates, the following information should be provided:

e The method used to estimate the parameters
e The age range and hence potential impacts on growth parameter estimates
e \Where possible, the uncertainty around the growth parameter estimates

3.6 Estimating mortality and yield per recruit

Length- and age-based approaches, including VPA (section 3.7), ultimately estimate the mortality
suffered by the fish population either overall (total mortality), or split into natural and fishing
mortality, potentially by age class. In this section, estimation of total and natural mortality is the
focus. The methods do not require estimates of total catch from the population, and hence can
be used as a relative measure of overall mortality that can be assessed for trends over time.
They do not provide estimates of population size (see section 3.7). The development of yield-
per-recruit estimates is also discussed.



o Memoo bxammauapbs: NeIEHUE CIOKHOTO pACHpPEICIICHUS Ha OTACIbHBIE HOPMAJIbHBIC
pacnpenencuus (Bhattacharya, 1967). B wmerogae wucmons3yeTcs TO OOCTOSITENBCTBO, HYTO
HOpMaJIBHOE paciipe/iesienue (1, ClieoBaTeIbHO, KOJMYECTBO 0CO0eH pa3HbIX Pa3MepOB B KOTOPTE)
peoOpasyercs B MPSMYIO JIMHUIO, €CIIM YUCIIEHHOCTH 0CO0eH, CrpyNIUPOBaHHBIC TI0 pa3MepaM,
3aMEHUTh HMX JIorapu(MaMy ¥ BBIYHUCIUTH Pa3HOCTH MEKIY MOCICIOBATEIBHBIMU 3HAYCHUSIMU
ATHUX JIOTapU(PMOB.

o Dnexkmpounstii ananusz wacmomnozo pacnpeoenenus oaunwvt (ELEFAN; Pauly, 1987) nyis oneHku
pOCTa yYUTHIBAET KOJIUYECTBO U PACIIOJIOKCHUE MMHUKOB B OJUHOYHOM WJIM B CEPUH YaCTOTHBIX
pacnpenencHuii JyuuHBL. Ha ocHOBe HabOopa 3HAYeHHW MApaMETPOB pPOCTa, OTOOpPAHHBIX U3
HEKOTOPOTO JTUAITa30Ha, C TOMOIIBIO OMIPE/ICIICHHOM MOJICH CTPOSITCS KpHBbie pocta. CoBIaieHNe
MEX/1y HAaOTIOIaeMbIMU U PACUETHBIMU MOJIAMH YaCTOTHBIX PACIIPE/ICIICHNH (WK pacTpeIeTICHHII)
JUTMHBI CITY)KUT KPUTEPUEM JUIS CY)KACHUS O TIPUTOHOCTH UCIIOIb30BAHHBIX 3HAYCHUH TapaMeTPOB
pocra.

o Memoo npoznocmuueckou mampuupst (PROIJMAT) wucnonesyer moauukanuioo MeToja,
W3HAYaJILHO MPUMEHSIBILIETOCS JJIs1 TPOTHO3UPOBAHUS YIIOBOB MO Pa3MEPHBIM TPYIIIaM C TIOMOIIBIO
IKCTPAIOJIAIMH PA3MEPHOTO COCTaBa Ha 3aanHyo nepcrnektuBy (Shepherd, 1987). B atom metose
«IPOTHOCTUYECKAST MATPUIIA» CO3/IAETCS C LENbI MPOTrHO3MPOBAHUS YHCICHHOCTH Pa3MEPHBIX
TpyTIIL, TPU KOTOPOM HCIIOJIB3YETCs 3aJIaHHBIA HA0Op mapaMeTpoB M YPaBHEHUH pOCTa.

e MULTIFAN (Fournier et al., 1990) oneHuBaeT pocT myTeM aHAIN3a MHOTOYHCIICHHBIX HA0OPOB
JTAaHHBIX 0 YACTOTHOM PaCIpeICICHUHN JJTUHBI C IPUBJICYCHUEM TIPOIIE Y PhI OLICHKH MAKCUMAJILHOTO
npapnononodus. Mcrnonp30BaHHEe MHOTMX YaCTOTHBIX PACIPEISICHUN JUIMHBI IS TOJY4YCHUS
00O0OIICHHBIX OIIEHOK I1apaMeTPOB IMOBBIIIACT KOJIMYECTBO BKIIOYAEMBIX B aHAJIN3 BaKHBIX
BO3pacCTHBIX TPy, a, CICIOBATEIbHO, U YYBCTBUTEILHOCTh aHan3a. B aTOM MeTone, Kak U B
PAaCCMOTPEHHBIX paHee, MPHUHSATO JIOMYIICHUE, YTO PacHpeesieHUe JIUH B KaxI0H BO3pacTHOU
IPYTIe MOXHO OIKCATh C MOMOIIBI0 HOPMAJIBHOTO PaCIpeICICHHUS.

CyIecTBYIOT U JIPYTHe METO/BI aHAIN3a PAa3MEPHOTO COCTaBa. Pa3iIMyHbIe MOAXO0/IbI UCTIONB3YIOTCS B psizie
MaKeTOB MPUKIIAJHBIX Mporpamm, B yactHocTd, B FiISAT (Gayanillo et al., 1994) u LFDA (Holden et al.,
1995b).

3.5.6 Omuemul 0 pe3yromamax oyenKu

B ordyerax o pe3ynprarax OIEHKH MapaMeTpOB pPOCTa HEOOXOJMMO TPHBOIUTH CIEAYIOIIYIO
nHpOpMaIHIo:

®  METO[l OIICHKH TTapaMeTPOB;

® paccMmaTpuBaeMBIii BO3pacTHOW IWAIa3oH, a 3HAYWT, W BO3MOXHOE €T0 BIIMSHHC HAa OICHKH
mapaMeTpOB POCTa;

e  KOT/a 3TO BO3MOKHO, JIUISI HAMIEHHBIX MTapaMeTPOB POCTa MMPUBOIUTE OIICHKH HEOIIPEICIICHHOCTH.

3.6 OueHka CMEPTHOCTHU M YJIOBa HA PEKPYTAa

[Tomxoapl, OCHOBaHHBIC Ha aHAJINM3E Pa3MEPHOW M BO3PACTHOW CTPYKTyp yioBa, Bkirouass VPA (pasmen
3.7), B KOHEUHOM CUETE OIICHUBAIOT CMEPTHOCTh MOMYJISIUN PHIO TIO OTACIBHBIM BO3PACTHBIM TPYIIIAM:
00 OOIIYIH0 CMEPTHOCTh, JINOO pa3/iebHO €CTECTBEHHYIO M IPOMBICIOBYI0 CMEPTHOCTH. B naHHOM
paszesie OCHOBHOE BHHMaHUE yIEJICHO OleHKe OOIIel U eCTECTBEHHON CMepTHOCTeH. PaccMarpuBaembie
3/1eCh METOJIbl He TPEOYIOT OLIEHKH OOIIEro BBUIOBA M3 TOIMYJISIIMHA M MO3TOMY CITY’KaT JUIS ONPEIeIICHUs
OTHOCHUTEILHOW Mepbl OOIIEH CMEPTHOCTU, OIICHKY KOTOPOM MOXHO HCIIOJB30BaTh JUIsl BBISIBICHUS
BPEMEHHbIX TPEHAOB. DTU METO/bI HE MO3BOJISIIOT MOITYYUTh OLEHKY BEIUYUHBI MOMYISLIUU (CM. pa3ien
3.7). B nanHOM pasjiene Takxe 00CYKIIAIOTCsl METO/IbI OIICHKH yJI0Ba Ha PEKpyTa.



3.6.1 Total mortality from CPUE data

Total mortality can be estimated when estimates of the number of fish in a cohort are available
from two different periods of the exploited phase, t1 and t2:

P *ln(N(tl)j_
2-t1 | N(2)

Only the ratio between N(t1) and N(t2) is needed, and hence CPUE, which is assumed to
be proportional to the number of fish in the sea, can be used with some knowledge of the
catchability coefficient (q):

N(11) _ q*N(11) _ CPUE(1)
N(t2) a*N(t2) CPUE(z2)

and the equation for Z can then be rearranged. For vessel surveys, where q is kept constant,
this is relatively straightforward. Where age data are available, the numbers of fish caught per
unit of effort of each age group (cohort) can be determined directly. Where commercial data

are used, CPUE is commonly an average value (CPUE) over a longer period (e.g. monthly,
quarterly, annual):

CPUE(t1,12) = ¢ * N(11,2) ,
being the catch of a cohort during the period from t1 to t2 divided by the effort in that period.
3.6.2 Linearized catch curves

The linearized catch curve graphically represents the logarithms of numbers caught against age.
Where ages of fish can be readily obtained, this is straightforward. Where only length data are
collected, a growth curve must be used to convert length into age.

Where there is a constant time interval (i.e. t2-t1 is constant, e.g. 1), the catch equations simplify
to:

InC(t,t+At)=g—-Z*t
where
g=d+In[l—exp(-z*(12-11))] .

The catch data (e.g. number caught in year y of age between tand t+1 years; Cly, t, t+1) can then
be linearized by taking the natural logarithm. Younger ages may not be fully exploited, and hence
will not lie on the line of the catch curve. Assuming that recruitment and other parameters have
remained constant (a strong assumption!), the gradient of the straight line through the remaining
points is then -Z. Methods to cope with variable time intervals, likely when length-converted
catch curves are used, are reported in most fisheries assessment texts and fisheries software
packages.



3.6.1 Ob6was cmepmuocmo no dannvim CPUE

Orenky obmeit cMepTHOCTH (Z) MOYKHO TIOJTYYHTb, €CITH UMEIOTCS OTICHKH KOJIMYECTBA PHIO B HEKOTOPOM
ITOKOJICHUH (KOTOPTE) 3a JBa Pa3HBIX IMEpHOIa TPOMBICIIOBOM CTaInuM €ro Ku3HH, {1 1 12:

1 Nt

*In|

T 2-d  \N@2)

Jus pacyera Z nocrarouHo 3HaTh Toibko cooTHomeHune N(t1) u N(12). CremoBarensHO, 3Has BEIIUYHHY
ko3¢ dunmenta yinosucroctu ((), Mmoxkao BMecto N ucnonszoBats CPUE, KOTOpBIH MPennonoKUuTeIbHO
MPOTMOPIUOHANIEH KOJIMYECTBY PBIO B Mope. DTO TO3BOJSET MPeoOpa3oBaTh BBHIPAXKECHUE B CKOOKAx
CIICTYIOIUM 00Pa3oM:

N(tl) _ g*N(11) _ CPUE(tl)
N(t2) a*N(12) CPUE(:2)

B citydae HayuHBIX ChEMOK, KOI/Ia ( SIBJISETCSI KOHCTAHTOM, ’TO OTHOCHUTEIBHO NMPOCTONH MeTol. Ecin ecTh
JAHHBIE O BO3PACTE, MOYKHO HEMOCPEACTBEHHO OMPEAETUTH KOTMIECTBO PhIO KaX /10 BO3PACTHOM TPyIITIBI
(xoroptsl) Ha equaMNy ycwnus. [Ipu mcmonb3oBanum mpombIcioBeiX HaHHBIX CPUE 00bIYHO sBIISiETCS

CPEIHUM 3HaYCHUEM ‘CPUE) 3a JUITATENBHBIN Iepro/ (HarpuMep, 3a MecsIl, KBapTall, Toj):

CPUE(11,12) = ¢ * N(11,12),

U pacCUMTHIBAETCS KaK yJIOB M3 paccMaTrpuBaeMoil reHepanuu 3a nepuon ¢ tl mo t2, neneHHsli Ha
MIPOMBICIIOBOE YCHIINE, 3aTPaue€HHOE 3a ATOT MEPHOI.

3.6.2 Jluneapuszuposanmvie Kpuswvie yn06a

JluHeapu3oBaHHAs KpWBas YJOBa IpEJCTaBIsAeT coOoi rpaduk orapudpma YHCIECHHOCTH YIOBa TIO
Bo3pacTtaM. Ecnmu mmMeercss mHpOpMaIus 0 BO3pacTe phi0, MOCTPOEHUE KPHBO HE BBI3BIBAET HUKAKHX
TpyaHocTed. Ecnm mMeroTcs TONMbKO JaHHBIE O JuIMHE ocoOel, I mpeoOpa3oBaHUs UTMHBI B BO3PACT
HEOOXOAMMO HCTIONIb30BaTh KPUBYIO POCTA.

[Ipu mocTostHHOM BpeMeHHOM UHTEpBale (T.e., 12—t1 - koHcTaHTa, paBHas, HapuMep, 1) ypaBHEHHE yI0Ba
YIIPOIIAETCS 10 CIeayIomien (hopMyIbL:

InC(t,t+At)=g—-Z*t,
e
g =d+In[l—exp(-z*(r2-11))] .

Jannbie 00 ynoBe (Hampumep, YJIOB B rox Y pei0 B Bo3pacte ¢ t mo t+1 jer; C(y, t, t+1)) moxHO
3aTeM JIMHEapU3UpOBaTh, MEpPeHsi K UX HATypaJbHbIM Jorapupmam. Miaamme BO3PaCTHBIC TPYIIIBI
IKCIUTYaTUPYIOTCSl HE TIOJHOCTBIO, TIO9TOMY OHH HE BKJIIOYAIOTCS B KpUBYIO yioBa. Jlomyckas, 4To
[IOTIOJIHEHNE W JIPyTHe TapaMeTphl OCTAlOTCS TOCTOSHHBIMH, HAKJIOH MPSIMOH, MPOBEACHHOW depe3
ocTaBIIMECs TOYKH, OyneT paBeH —Z. B OoJbIIMHCTBE y4eOHUKOB IO OILIEHKE DPHIOHBIX 3allacoB U B
MIPUKJIATHOM TPOTPAMMHOM OOECTIEYEHHH OIMMCAaHBI METONbI PEIICHHs paccMaTprUBaeMOW 3afadd s
MIePEeMEHHBIX HHTEPBAJIOB BPEMEHH, KOTOpbIE, KaK IPABUIIO, COITYTCTBYIOT HCIIOJI30BAHHUIO KPUBBIX YJIOBA,
MTOJTyYEHHBIX ITyTeM MPeoOpa3oBaHNs JAHHBIX MO0 Pa3MEPHOMY COCTaBY YJIOBOB.



3.6.3 Other approaches

There is a range of other equations to estimate total mortality. These include Beverton and
Holt's Z equations (Beverton and Holt, 1956), which rely on length frequency data and growth
parameter estimates, and the Powell-Wetherall method (Powell, 1979; Wetherall et al., 1987).
Readers should refer to standard assessment texts (e.g. Hart and Reynolds, 2002).

3.6.4 Natural mortality

Natural mortality is a key variable in most fisheries assessment approaches. However, it remains
a very difficult parameter to estimate. It can be estimated by regressing instantaneous total
mortality rate on (standardized) fishing effort, and projecting back to the level of zero effort. The
resulting estimate of total mortality is assumed to be the level of natural mortality. Total mortality
estimates in an unfished (or recently exploited) population also provide estimates of natural
mortality. Predation mortality can be considered through use of MSVPA (section 3.7.2), although
this forms only a part of total natural mortality. Empirical estimators have been developed which
relate von Bertalanffy growth parameters (section 3.5) to natural mortality. Pauly's empirical
formula (Pauly, 1980), for example, describes natural mortality as a function of K, L_ and the
average annual sea surface temperature (T, °C):

In(M ) = —0.015200.279* In(L ) + 0.6543* In(K ) + 0.463* In(T ).

Rikhter and Efanov (1976) related natural mortality to the age at which 50% of the population
were mature (T, g,):

1.521

0.720 °
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M =

Like other empirical formulae, the resulting estimates represent qualified guesses.

Tagging and telemetry data provide alternative approaches to estimating natural mortality levels
for a stock. Tag reporting rates are needed to estimate natural mortality from tagging, through
either a reward tagging study or creel survey/port sampling (Pollock et al., 1991). Hoenig et
al. (1998) incorporated fishing effort into multi-year tag return studies to estimate the natural
mortality rate and catchability coefficient, by assuming that tag reporting and retention-survival
rates (short-term probability of retaining a tag and surviving the tagging process) were known.
However, the approaches assume that newly tagged animals are completely mixed within the
population and have the same survival rates as previously tagged ones after release. Telemetry
methods allow the natural mortality of animals to be obtained at shorter time intervals than
tagging (which in multi-year tagging programmes is generally on an annual scale). Combining
tagging and telemetry uses more available information for estimation, and can provide an
estimate of tag reporting rates. A suggested approach is given by Pollock et al. (2004).



3.6.3 [pyaue nooxoowl

CymiecTByeT psiji ApYTUX YpaBHEHHH JITst OlleHKH o01eit cmeptHocTH. Crofia BXOAIT ypaBHEeHUs1 buBepToHa
u Xonra (Beverton and Holt, 1956), xoTopble 0OCHOBaHBI Ha JAaHHBIX O YaCTOTHOM paCIIpeIeICHUN ITHHEI
M Ha OIEHKax IapaMeTpoB pocTa, a Takxke meton Ilaysmia-Yazepomta (Powell, 1979; Wetherall et al.,
1987). 3a moapoOHOCTIMHE ClleyeT 0OpaTUThC K YICOHUKAM TI0 CTaHIAPTHBIM METOJaM OIICHKH 3aITacoB
(manpumep, Hart and Reynolds, 2002).

3.6.4 Ecmecmeennas cmepmuocnio

EctecTBenHas cMEpTHOCTB ABJISIETCS BAYKHEUIIIEH TepeMEHHO B OOJBIIMHCTBE MTOIX0A0B K OIICHKE 3a11acoB.
OnHako OHa OCTaeTcs MapaMeTpPOM, KOTOPBIN KpaifHe cII0)KHO OLUEHUTh. OIIEHKY MOKHO BBIOJIHUTH Ty TEM
MOCTPOEHHSI PErPECCHH MTHOBEHHOH 0011Iel CMEPTHOCTH Ha (CTaHIapTU3UPOBaHHOE) IPOMBICTIOBOE YCHITHE
1 OLICHKH CMEPTHOCTH U151 HYJIEBOTO 3HaUeHUs! ycuiust. [loimydeHHas oeHka o011ei CMEpTHOCTH CUUTACTCS
OLICHKOHM ecTecTBeHHOW cMepTHOCTH. OueHka oO0Iell cMEpPTHOCTH HEIKCILTyaTupyeMou (MM HeIaBHO
IKCILTYyaTUPyEeMOl TOMYIALUHN) TaKKe MO3BOJSIET OLEHHTh ECTECTBEHHYIO CMEpTHOCTh. CMEpTHOCTH,
BBI3BAHHYIO XUIIHUYECTBOM, MOKHO paccMOTpeTh B KoHTekcTe MSVPA (pazaen 3.7.2), XOTsI cMEpPTHOCTh
OT XHIHMYECTBA - TOJIBKO YacTh OOLIeH €CTECTBEHHOW CMEPTHOCTH. bbIn pa3paboTaHbl SMIHPHUYECKUE
OLICHKH, CBS3BIBAIOIIME MapaMeTpel pocTta ypaBHeHusi bepramandu (pasmen 3.5) ¢ ecTecTBEHHOM
cMmeptHOoCcThi0. Hampumep, smnupuueckas ¢opmyna Ilomu (Pauly, 1980) ommchiBaeT ecTecTBEHHYIO
cMepTHOCTh B Bujie GyHkuuu K, L u cpenneronopoii remneparypsl nosepxHoctu mops (T, °C):

In(M ) =-0.015200.279*In(L, ) + 0.6543* In(K ) + 0.463* In(T)

B popmyne Puxrepa u Edanosa (Rikhter and Efanov, 1976) ectectBeHHast CMEPTHOCTB CBsi3aHa C BO3PACTOM,
B KoTOpoM 50% 0co0el NOMmy AUy JOCTUIak0T T0J10BOkH 3penocTh (T cq0,):
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Kak u B ciiyyae npyrux sMoupuyuecKux Gopmyil, MoTydeHHBIE C €€ TTOMOILBIO OIICHKU MPEACTABISET COO0H
He 0oJiee YeM KOMIIETCHTHBIC MTPEIIOIOKCHUSI.

JlaHHBIC MEUCHHMS U TEIIEMETPUH ITO3BOJISIIOT pa3padoTaTh albTepHATHBHBIC ITOIXOBI K OLICHKE €CTECTBEHHON
CMEPTHOCTH B U3y4aeMoM 3anace. st OlleHKH CMEPTHOCTH OT MEYCHHUSI HEOOXOJMMBI JaHHBIE O BO3BpaTax
MeTOK. Takue JaHHbIC TOTYYaloT ¢ TOMOMIBIO CIIEHUAIBHBIX POTrPaMM, KOTOPbIE MPEAyCMaTpUBAIOT JINOO
BO3HArpaxkJIeHUEe 32 BO3BPAT METOK, JHOO MpOBEIEHHE BEIOOPOYHOTO OOCIIETOBAHUS BBITPY30K B MOPTY
(Pollock et al., 1991). UToObI OLICHUTH TEMIT €CTECTBEHHOW CMEPTHOCTH M KO (PHUIIUCHT YIIaBITHBAEMOCTH,
Xenur u np. (Hoenig et al., 1998) Bxirounim c60p JaHHBIX MO MPOMBICIOBOMY YCHIIMIO B MHOTOJIETHHUI
JKCIEepUMEHT MeueHus. [Ipu 3ToM Jomyckanock, 4To U3BECTHBI IaHHBIE O BO3BpaTax METOK, BBIKMBAHUU
oco0ell mocie MeYeHHsI U KPaTKOCPOYHOIH BEPOSTHOCTH COXpAaHEHHUS! Ha HUX MeToK. OMHAaKO MOJoOHbIe
MOAXOMABI TPEAIONIATaloT, YTO 0COOM, Oymydd BBIMYILICHBI MOCIE MEUYCHHUS, Cpa3y e CMEIIUBAIOTCS C
OCTaJbHOW MOMYJSIIKEH U UMEIOT TOT k€ KOA(Q(UUMEHT BBIKUBAHUS, YTO U paHee MEYCHHbIe. MeTObI
TEJIEMETPHH TO3BOJISIIOT ONPEACIUTh E€CTECTBEHHYIO CMEPTHOCThH 3a OoJjiee KOPOTKHE HWHTEPBAJIBI, YEM
MeueHHe, KOTOpOoe OOBIYHO MPOBOAMTCS MO dTANaM MPOAOKUTENLHOCTHIO | TO/l B paMKax MHOTOJETHHX
nporpamMM. CoueTaHre MEUEHHUS U TEIEMETPUH JaeT OoblIe He0OXOAUMOI HH(POPMALIUH IS PACYETOB U
MO3BOJISIET OLCHUTH KOY(PHUIUCHT BO3BpaTa MeToK. Takoi moaxox npeaioxer [lommokom u np. (Pollock
etal., 2004).



3.6.5 Yield-per-recruit

Beverton and Holt's yield-per-recruit model (Beverton and Holt, 1957) is a development of the
catch equation (Baranov, 1918). By summing across cohorts and taking into account increases
in weight, the familiar equation is derived:

Y 1 35 3s? S°
—=F*exp|-M*(T, -T, W, *| =— -
R Xl M* (. -T, JPW. {z Z+K  Z12K Z+3K}’

where S = exp[—K*(TC —TO)], K'and t, are the von Bertalanffy growth parameters, 7 and T,
are the ages at first capture and recruitment, W, is the asymptotic body weight, F the fishing
mortality, M the natural mortality, and Z = F + M, the total mortality.

YPR analysis was used by Taghavi Motlagh (2001) for Huso huso in the Caspian Sea. Sex-
specific yield curves indicated F,q, = 0.07 for female and F,,c, = 0.16 for males. More recently,
Abdolmalaki and Psuty (2007) estimated the MSY of pikeperch (Sander lucioperca) for Iran’s
coastal waters, and found that 2000-2001 catches exceeded the MSY level.

A similar function can be used to derive spawner-stock biomass per recruit (B/R). If all individuals
die at age n, then B/R is given by:

and for a plus-group (i.e. summation of all ages from the last age to infinity):

n-1 —ESiE+Mi —ESiE+Mi WQ
BR=>e™ WQ+e™ e

where a is the age, n the oldest age, r the age at recruitment, W, the mass-at-age in the catch,
.Sa the selectivity-at-age, M, the natural-mortality-at-age, Q, the proportion mature-at-age, and E
is the overall F.

3.6.6 Reporting results

Care must be taken when using catch curves to estimate total mortality. Besides the strong
assumption of a constant system, the approach is subjective because the points to be included
within the regression of the linearized data are selected arbitrarily by the user.

The resulting plots and justification for the points selected, as well as the uncertainty around
the estimate of Z (obtained simply from the confidence intervals around the gradient), should
be reported.



3.6.5 Ynoe ma pexpyma

Monens yoBa Ha enuHuUITy ortosiHeHus (buepron u Xont, 1957) saBrsercst pa3BUTHEM YpaBHEHUS yiI0Ba
®.1.bapanosa (1918). Cymmupys mapaMeTpsl 3armaca 1mo BO3pacTHBIM TPYIIIIaM U YIUTBIBasi BECOBOW pOCT
0co0eii, TOTyYNM N3BECTHOE YpaBHEHHUE:

Y 1 35 357 s®
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b

e S= exp[— K *(Tc -T, )], K u t, — mapamerpsi pocta bepranangu, T, u T, - BO3pacT cOOTBETCTBEHHO
MEPBOTO TIOSIBICHHUS B YJIOBaX M BO3PACT JOCTHXKCHHUSI MPOMBICIOBOTO pazMmepa (BO3pacT MONOIHEHHS),
W_ - acuMnTOTHYECKMI BEC TeNa, F — IpOMBICIIOBas CMEPTHOCTL, M — eCTeCTBEHHAs CMEPTHOCTh, a Z = F
+ M - 001mas CMEpTHOCTb.

Tarasu Motmiax (Taghavi Motlagh, 2001) npumenunn YPR-ananu3 mis 6enyru (Huso huso) na Kacrum.
Kpuseie ynosa nokasanu, 4ro Fy,q, = 0.07 uus camok u Fy,q, = 0.16 st camuos. Ilosnnee AGnonvanaku
u ITcytu (Abdolmalaki and Psuty, 2007) onernnu MSY cymaka (Sander lucioperca) B mpuOpeskHBIX BoAax
Wpana u o6Hapyx)wuid, uto yioBbl 2000-2001rT. npeBbiaiy HaiieHHbIH UMK ypoBeHb MSY.

AHAJIOTUYHOE BBIPAYKEHUE MOJKHO HMCIIOJIB30BaTh JUIS BHIBOAA YpaBHEHHs OMOMacChl HEPECTOBOTO 3araca
Ha eaunuiy nonoineHus (B/R). Ecnu npennonoxuth, 4T0 Bce 0COOM M3ydyaeMoOro 3amaca rmorudarmT B
BO3pacre N, To:

a-1
n  -) SE+M;

BR=Ye"™ WQ.

Ecnu BBecTH B paccMOTpeHHE IUTIOC-TPYMITy (T.€. CyMMY BCEX CTapIIMX BO3PACTHBIX TPYII, HAYUHAS OT
nocuenHe uAeHTU(HUIUPOBAHHON BO3pACTHOM IPYMIIbI), BEIpQKEHHE TPUMET B

n-1 faz_fSiBMi —nZ_fSiE+Mi VV
BR=Ye™ WQ+e" PG egngn,
a=r —

e @ - BO3pacT, N — camblil cTapmuid BO3pacT, I' — Bo3pacT nononHenus, W, — cpeanss macca 0coOu B
BO3pacTe a, S, —CENEKTUBHOCTH I 0c00eH B Bo3pacte a, M, — ecTecTBeHHast CMEPTHOCTE B BO3PACTE 4,
Q, — Z10JI MOJIOBO3pENbIX 0CO0€H B Bo3pacTe a, E — oOummnii MrHOBEHHBIA KO3((HUIMEHT TTPOMBICIIOBOM
CMEPTHOCTHU.

3.6.6 Omuem o pe3yromamax

HeobOxomnmo ¢ 0co60ii 0CTOPOKHOCTHIO MCIIONB30BATh KPUBBIC YIIOBA JJIS OIEHKH OOIIEH CMEPTHOCTH.
[ToMuMO 4Ype3MEepHO «CHIIBHOTO» JIOMYIICHHS O TOCTOSHCTBE CHUCTEMBI, BTOT MOJXOJA OTIMYAETCS
CYOBEKTUBHOCTBIO, MOCKOIBKY TOUYKH, IO KOTOPBIM CTPOHTCS perpeccusi JTMHEapU30BaHHBIX JIAHHBIX,
BBIOMPAFOTCS TIPOU3BOJIBHO.

B otuer 0 pesymprarax mccieqoBaHUSA C MPUMEHEHHEM ONHCAHHBIX B 9TOM pasfielie METOJOB CIIEIyeT
BKJIIOYATh PE3YNBTHPYIONNE TpapuKkd U OOOCHOBAaHHUS BBIOOpA HMCXOAHBIX TOYEK, a TaKKe MOKa3aTh
HEOTIPENIETICHHOCTh B OIIeHKe Z B BH/IE €€ JOBEPUTEIHHOTO HHTEpBAIA.



Full details of the parameters used in the yield-per-recruit analysis, with examination of potential
uncertainty (e.g. the impact of variations in parameters on the resulting estimates) should be
included.

3.7 Age-based methods of assessment and forecasting

Where information on age can be obtained, age-based methods of assessment currently repre-
sent the state-of-the-art in fisheries science.

Cohort analysis, or Virtual population analysis (VPA), estimates the historical status of a popula-
tion. This approach is also available for length-based analyses (e.g. Pauly, 1984). VPA analyses
catches of commercial fisheries, obtained through fisheries statistics, combined with detailed
information on the contribution of individual cohorts to the catch (through sampling programmes
and age readings). Using this information, the approach analyses what can be measured (the
catch), to calculate the population that must have been present in the water to produce that
catch. By tracking cohort catches back through time, and with assumptions on the level of
natural mortality, estimates of fishing mortality can be obtained. The underlying equation (from
Pope’s approximation; Pope, 1972) is:

P,, =ex [Maz}c M
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where Py,a is the population at age a in year y, and nya is the catch at age a in yeary.
3.7.1 Assumptions and issues with VPA

The results of VPA tend to be more certain where fishing mortality is high; where the catch
constitutes a small fraction of the stock (i.e. fishing mortality is low) estimates of stock size are
highly uncertain.

As natural mortality is assumed, the reliability of VPA is also dependent on the level of natural
mortality relative to fishing mortality. Again, where fishing mortality is high, uncertainty in natural
mortality has less impact.

For each step of the process, there are three unknowns (number in current year at age, fishing
mortality in current year at age, and number in previous year at previous age) for each set of
two equations. This would make the equations insoluble. However, in all cases except the first
set at the oldest age group, the number in current year at age is known from the solution of the
preceding set of equations. However, with this first set of equations, some assumptions need
to be made to allow them to be solved. Commonly, this involves an assumption of a value for
fishing mortality of the oldest age group, the “terminal F".

For a given terminal F, estimates of the historical population can be derived. However, additional
information is needed to narrow down potential estimates. These can be additional assumptions
(specifying a stronger and less highly parameterized model — separable VPA), or using standard-
ized time-series of CPUE (section 3.3.1) and survey abundance information for tuning the VPA.

Pope and Shepherd (1985) simulation tested a range of VPA tuning methods to examine their
performance where there were both random and systematic changes in the data. Where



B ordere HeoOXomMMO yKa3aTh Bce OCOOEHHOCTH MapaMeTpOB, HCIIOJIb30BAHHBIX B aHAJIM3€ ylIoBa Ha
€IMHUILY MOTIOJIHEHUS, BKJIIOYasi HCCIIEJOBaHNE MTOTEHIINAIbHON HEONPEEIEHHOCTH TOTYYEHHBIX OLIEHOK
(Hanpumep, BIHUsSIHUE KoJeOaHHI BEIMYMH MapaMeTPOB HA KOHEUHBIE PE3yIbTaThl).

3.7 KOFOpTHBIe METOAbI OICHKU U IMPOTrHO3UPOBAHUSA

Ecmu moxHO cobpats nH(pOpMAITHIO 0 BO3pacTe, CeIyeT UCTIONb30BaTh METObl, OCHOBAHHBIE HA aHAITN3E
BO3PACTHOTO COCTaBa, KOTOPHIE BXOAT B 30JI0TOH (DOH phIOOX03sHCTBEHHON HAYKH.

KoroprHbril ananmms, win aHanu3 BUPTyanbHOU momyisuu (VPA), olleHHBaeT UCTOPUIECKOE COCTOSTHHE
MOMYJISIIUU. DTOT TMOAXOA MOXHO HCHOJNB30BaTh M JUIs aHAJIHM3a Pa3MEPHOrO cocTaBa (Hampumep,
Pauly, 1984). VPA amamusupyeT KOMMEPUYECKHE YIIOBHI, JaHHBIE O KOTOPHIX OEPyTCS M3 MPOMBICIOBOM
CTaTUCTUKH, B COUETAHUH C MOPOOHON HH(pOpPMAIUEH O BKIIAJIE OTIEIBHBIX KOTOPT B YIIOBHI (TIOTy4eHHOM
C TIOMOIIBIO0 TIPOTPaMM OTOOpa TPO0 W ompeneeHus Bo3pacTa). Mcnoms3ys 3Ty nHpOpMaIuio JTaHHBIHA
MOJIXOJT aHATU3UPYET TO, YTO MOJIAETCS H3MEPEHUIO (YIIOB), YTOOBI MOJTYYHUTH OLIEHKY MOIMYJISIIIAT, KOTOpast
JIOJDKHA HaXOJIUTHCS B BOJIOEME, YTOOBI 00ECIIEUHUTh OTy4eHHEe 3TOT0 yitoBa. [IpociieinB ynoBbl U3 pa3HbIX
BO3PACTHBIX T'PYII 32 MPONDIbIE TOJIbI ¥ MPUHSIB JOMYIICHAE O BEJIMYHMHE €CTECTBEHHOW CMEPTHOCTH,
MOYXHO OIEHHTBH TPOMBICIOBYIO0 cMepTHOCTh. OCHOBHBIM ypaBHeHHEM B ammpokcuMaru [Toyma (Pope,
1972) sBnsiercs:

P, =ex [Maz}c Me
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rae Py,a — YHUCJICHHOCTBH BO3PACTHOU I'PYIIIbI a B TIoJ y, a Cy,a — YJIOB U3 BO3PAaCTHOU I'PYIIIbI a B ToJ y

3.7.1 Jlonywenus u nekomopuwie ocovenrocmu VVPA

PeByHLTaTLI, MOJYYCHHBIC C TIOMOLIbIO VPA, CTPEMITCA K OombIIeH OIMpPEACICHHOCTH, KO ld IIPOMBICIIOBAA
CMEPTHOCTL BBICOKA; €CJIM YJIOB COCTaBJISCT H€60J'II:I_HYIO JOJIO 3araca (T.C. OPpOMBICIIOBAasA CMCPTHOCTD
H€3Ha‘lI/IT€HLHa), OIICHKHK BCIIMYMHBI 3ar1aca sABJIAIOTCA KpafIHG HEOIIPCACICHHBIMU.

HOCKOJ'ILKy 3HAUYCHHE €CTCCTBECHHOM CMCPTHOCTHU 3a4aC€TCs, HAACIKHOCTD VPA Take 3aBHCHUT OT YPOBHHA
€CTCCTBCHHOM CMEPTHOCTHU IO OTHOIICHUIO K HpOMI:ICJ'IOBOI‘/'I. Ecnu MIPOMBICJIOBAasA CMEPTHOCTH BECJIMKA,
HCOIMPEACICHHOCTD B €CTECTBCHHOM CMCPTHOCTU OKA3bIBACT MCHBIIICC BJIMAHUC HA OLICHKY 3aI1aca.

Ha kaxpmom sTame BBIUMCIEHUH U1 KaKAOHW CHUCTEMBI JByX YpaBHEHUIH HMEIOTCS TPU HEH3BECTHBIX:
YUCJIEHHOCTh COOTBETCTBYIOIIEH BO3PACTHOM TpyHmbl B TEKyLIEM TOJy, IPOMBICIOBas CMEPTHOCTH
9TON BO3PACTHOW IPyNIbl B TEKYILIEM TOAYy M UYHCIEHHOCTH NMPEALIECTBYIOIIEH BO3pacTHOM Ipymmsl B
npeapaymeM rogy. C mepBoro B3DIsAna 3afavya KakeTcs: HepazpemnMoi. OfHAKO YHCIEHHOCTh 0coOei
B J1100011 BO3PACTHOM IpyIme (KpoMe caMOi CTapIleil) B TEKyIIeM oAy MOKHO HaWTH IyTeM PELICHUs
npeapLayel cucteMsl ypaBHeHUH. [Ipn 3TOM, YTOOBI pelINTH MEPBYIO CUCTEMY YpaBHEHUH, HYXKHO
MPUHATH ONpeeseHHble qonymeHns. OOBIYHO OJHO U3 JOMYyIIEHUH KacaeTcsl BEIUYMHBI MPOMBICIOBON
CMEPTHOCTHU B CaMOii CTapIleil BO3pacTHOM rpyIiie, TaK Ha3bIBAEMOTO «TEPMHUHAIBHOTO F».

[Ipu 3amaHHOM TEpMUHATBHOM F MOXXKHO HONYYUTHh OLIEHKY PETPOCHEKTHBHOTO COCTOSHHS MOMYJISIHH.
OpnHako Uil yMEHBIICHUs] TOTeHIHMAIBHBIX OIIMOOK B OLIEHKAX MapaMeTpOB TPeOyeTcsl JOMOTHUTENbHAS
nHpOpMaKs. ITO MOTYT OBITh JOMOJHHUTENbHBIC AOMyIeHHS (YTOUHSIOIIME Oojee CTPOryl0 M MEHee
napaMeTpU3UpOBaHHYI0 Mojelb — cenapabenbHblii VPA) uian Mcrnonb3oBaHUE CTaHAAPTU3UPOBAHHBIX
BpemeHHbIX psiioB CPUE (pasnen 3.3.1) n undopmanny 06 yUeTHBIX ChbeMKaX YHCICHHOCTH Il HACTPOHKHU
VPA.

IMoyn u Hlenapx (Pope and Shepherd, 1985), uto6b1 ipoBepuTh 3 HEKTUBHOCTH psiia METOIOB HACTPOUKHU
VPA, npoBeny uX MCHBITAaHHUS C TOMOLIBI0 HIMUTALIMOHHOTO MOZICIMPOBAHHMS, BBOJS B UCXOIHBIC JaHHBIC
cilyyaiiHble W cucTeMarnueckue ommOku. [Ipum mocTostHHOW ynaBnmuBaemocTH (q=CONSt) Bce METOMBI



catchability was constant, all tuning methods performed well, even in the presence of substantial
noise on both catch and effort data. However, where catchability varied systematically, but the
method assumed it constant, there could be serious bias.

Megrey (1989) provides an excellent review of the variety of age-based assessment approaches,
detailing their advantages and disadvantages.

3.7.2 Computer packages

A range of computer packages based upon age-based and VPA concepts are available. The basis
of examples are provided below, but more complete lists and details are provided on:

http://www . flr-project.org/fems/doku.php?id=flr:catalogue;
http://www.ices.dk/datacentre/software.asp, which also contains links to many of the
packages.

eXtended Survivors Analysis (XSA; Shepherd, 1999), which focuses on the relationship
between catch per unit effort and population abundance, allowing a more complicated
model for the relationship between CPUE and year-class strength at the youngest ages
than usual in VPA/cohort analysis;

Instantaneous Separable VPA (ISVPA; Kizner and Vasilyev, 1997; Vasilyev, 2005) can be
specifically used to assess stocks where only catch-at-age data are available, or other
data are considered to be too noisy, for example where catch-at-age data time-series
for species are short (within a year) due to periodic fishing. It can estimate the natural
mortality coefficient and terminal fishing parameters, without using any auxiliary data
(survey data, fishing effort series etc.);

Integrated Catch-at-age Analysis (ICA; Patterson and Melvin, 1996) that combines a
statistical separable model of fishing mortality for recent years with a conventional VPA
for the more distant past. Approximate estimates of the variance of many of the estimated
parameters of interest can be calculated. Catches at age are assumed to be measured
with an error that has an independent lognormal distribution, unlike conventional VPA
where it is assumed that the catches at age are measured without error;

Time-Series Analysis (TSA; Harvey, 1989) of the Kalman filter algorithm, which is thought
to encapsulate the uncertainty in terminal-year estimates, and can model bycatch
separately from human consumption and discard catch components;

ADAPT (Gavaris, 1988) combines VPA with statistical procedures to estimate model
parameters from tuning data. It is a flexible framework that bridges between ad hoc
tuning and integrated methods, and can be applied even when just a few parameters are
estimable. Conser and Powers (1990) extended the original framework to incorporate
data from highly migratory species (tuna and swordfish);

Multispecies VPA (MSVPA; Gislason and Helgason, 1985), which divides natural mortality
into predation mortality and other natural mortality. The data for this approach require
considerable knowledge of the feeding habits of the major predatory fish in the area
being considered, and the approach is highly data-intensive as a result. Even then, it
generally remains a snapshot of predation mortality at a given time. The use of MSVPA
for predator species is limited, because most predation occurs at pre-recruit ages.



HaCTpOI\/'IKI/I TMOKa3aJi XOpOoIIre pE3yJIbTaThl JaKE IIpU 3HAYUTEIbHOM «BallyMJICHHOCTU» JAHHBIX I10 YJIOBAM
" yCUJIUAM. OI[HaKO C€CJIN YJIaBIIMBACMOCTb CUCTECMATUUCCKN MCHSAJIACh, TOTIda KaK MCTOA MpeArojiarail ec
IIOCTOAHCTBO, BO3HHKAaJIa BOSMOXHOCTb CepLC3HOI\/JI NOrpCeuIHOCTH.

Merpe (Megrey, 1989) nmoarotoBusn 0030p pa3iMYHBIX MOAXOAOB K OLEHKE 3alacoB, OCHOBAHHBIX Ha
JAHHBIX O BO3PACTHOM COCTaBE YJIOBOB, IETATLHO PACCMOTPEB UX MPEUMYIIECTBA U HETOCTATKU.

3.7.2  Ilaxemwvi npuxiaOHviX npocpamm

CymecTByeT OOJNBIION TIepedeHb MOCTYMHBIX MPOTPAMMHBIX CPEJICTB, MpeIHa3HAuYEHHBIX IS OICHKH
3aracoB C WCIOIh30BAaHUEM NAHHBIX IO BO3PACTHOMY cOcTaBy yioBoB u kourenuu VPA. TlompoOHbie
CBEJICHMS O MPOrpamMMax MOKHO HalTH Ha callTax:

e  http://www.fir-project.org/fems/doku.php?id=fir:catalogue;
e http://www.ices.dk/datacentre/software.asp (comep>uT CCHUTKH Ha APYTHE TAKETHI)

OCHOBY MHOTHX ITPOTPaMM COCTABJISIFOT CIIEIYIONINE METOIBI:

o «PacmmpenHslii ananu3 BeDKHBaHMD» (eXtended Survivors Analysis (XSA; Shepherd, 1999),
KOTOPBIH JieTiaeT yrop Ha CBSI3U MEXK/IY YJIOBOM Ha SIMHHILY YCHIIUS U YACIICHHOCTHIO MOMYJISIINH,
YTO JIeJIaeT BO3MOKHBIM CO3/IaHue Oomee ciaoxHor Moaenn cBs3u Mexay CPUE u cBsi3u rog-kiacc
B CaMOM PaHHEM Bo3pacTe, 9eM OOBIIHBIH VPA (KOTOPTHBIN aHAN3).

e «MrHoBeHHbIH cemapabensHbIil VPAY (Instantaneous Separable VPA (ISVPA); Kizner and Vasilyev,
1997; Vasilyev, 2005); mpeacrasistomniuii co00i# ceMelcTBO cemnapadeabHBIX KOTOPTHBIX MOJIENIEH,
OTIIMYUTEIFHON YepTO KOTOPBIX SIBISIETCS IICJICHANPABICHHOE WCIIOIb30BaHUE MPHHIIUIIOB
pOOACTHON CTATHCTUKH, YTO MO3BOJISICT CHHU3HMThH BIMSHUE ONIMOOK B JIAHHBIX HA PE3YJIbTaThI
aHaJM3a U MOJHee M3BJICKATh UMEIOIYIOCS B JAHHBIX TOJE3HYI0 HHPOPMAIHIO 00 HCClienyeMon
cHCcTeMe 3amac-ImpoMbICE.

e «UHrerpupoBaHHBIA aHanMM3 yIoBOB 1o Bo3pacTam» (Integrated Catch-at-age Analysis (ICA);
Patterson and Melvin, 1996), xoTtopslii 00beINHSAET CTATUCTHYECKYIO CemapadeabHyI0 MOJIENb
TIPOMBICIIOBOH CMEPTHOCTH 3a ITOCJICIHUE TOABI ¢ TpaauiinoHHBIM VPA 3a Gojiee DOITHH TTIepHOST.
Mertoj1 TO3BOJISIET PacCUYUTATh MPUOITMKEHHBIC 3HAYCHHUS AUCTICPCHH [T MHOTHX M3 OICHEHHBIX
napameTpoB. [Ipu 3TOM TpejronaraeTcs, 4YTo YJIOBBI IO BO3pAacTaM M3MEPEHBI C TIOTPEITHOCThHIO,
AMEIOIIeH He3aBUCHMOE JIOTapu(MUYECKA HOPMAIIbHOE pachpejielicHHe, B OTIWYHE OT
TpaguroHHoro VPA, B KOTOpOM J0ITycKaeTcs, 4TO JaHHbIe 00 yI0Bax IO BO3pacTaM OITHOOK He
COZIepIKar.

o «Amnamms BpeMeHHsX psamoB» (Time-Series Analysis (TSA); Harvey, 1989) ocHoBan Ha aqroputMe
¢wierpa KanbMaHa, KOTOPBIH, TI0 MHEHHIO CIICIIUAITICTOB, BHOCUT HEONPEEIEHHOCTh B OIICHKU
TEPMHUHAJIBHOTO TOJIa M TIO3BOJISIET MOJEIUPOBATH MPHUJIOB OTIEIHLHO OT COCTABJISIONIMX YJIOBa,
CBSI3aHHBIX C BRIOPOCAMH W MOTPEOICHIEM YaCTH JOOBITON PHIOBI CAMUMH PHIOaKaMHU.

o «Amnanr-meron» (ADAPT; Gavaris, 1988) o6semunsier VPA co cTaTHCTHUECKUMHE TIPOIEAYPaMU
OIICHKHU MapaMeTpOB MOJIEIH 10 JAHHBIM, HCIOIb3YEMbIM Uil HACTPOWKH 0a30BOW KOTOPTHOU
Moiei. 1o THOKast CTPYKTYpa, KOTopasi yCTaHaBIMBAET CBsA3b MeXx Iy ad hOC MeTomamMu HaCTPOHKH
Y MHTETPUPOBAHHBIMU METO/IaMH, U MOXKET MIPUMEHSITHCS, TAKE €CIIH JIUIIh HEMHOTHE ITapaMeTphI
moamarorcs onenke. Koncep u IMayapc (Conser and Powers, 1990) pacimupuin BO3MOXXHOCTH
WCXOIHOW TPOIIEAYPBI, CleNiaB e¢ MPUMEHUMOM K JaHHBIM 110 aKTHBHO MHIPUPYIOIIUM BHJAM
(TyHem u Meu-poeIoa).

e «Mmuorosumosoii VPA» (Multispecies VPA (MSVPA); Gislason and Helgason, 1985) memut
€CTECTBEHHYIO CMEPTHOCTh Ha CMEPTHOCTh OT XHWIIHUYECTBA U CMEPTHOCTH OT BCEX IPYTUX
MPUPOIHBIX NpUUrH. J[JIs1 peaiu3anuu 3Toro mMeroaa TpeOyroTcsl OOIIUpPHBIC 3HAHUS MHUILEBBIX
MPUBBIUEK OCHOBHBIX XHUINHUKOB B HCCIICYEeMOM paioHe, YTO B pe3ylbTare JeNaeT METOJ
Ype3BbIUaiiHo HHPOPMAITMOHHO eMKHM. Ho naske M Npu HajJuYuH HEOOXOJMMBIX JTAHHBIX METOJ
OOBIYHO JTaeT TOJILKO PA30BYIO OIIGHKY CMEPTHOCTH OT XHUIIHMYECTBA B HEKOTOPBIN 3aJaHHBIN
MomeHT BpeMeHH. [Ipumenenrne M SV PA 17151 XMIITHBIX BUOB OIPAaHHUEHO, [TOCKOIBKY XUIITHUYECTBO
MIPOMCXOJUT B OCHOBHOM B BO3pacTax, MPEIIeCTBYIONINX BO3PACTY IMOTOIHEHHUS.



Packages commonly differ on the objective functions used to optimize fits to the data, options
for constraints on parameters, and the assumptions of separability (splitting fishing mortality at
age and year into fishing mortality in year and average selection at age).

Daskalov and Mamedov (2007) demonstrated the utility of ICA for anchovy kilka (Clupeonella
engrauliformis) in the Caspian Sea, using commercial catch data and research survey relative
abundance indices. They related patterns in the stock status to environmental (e.g. the arrival
of the ctenophore Mnemiopsis leidyi) and anthropogenic (e.g. overfishing) impacts (see also
Mamedov, 2006).

3.7.3 Forecasting

After estimating the current status, management considerations require short-term forecasts
of catch and biomass against management objectives (section 4.4). Note, however, that the
ultimate aim is generally long-term stability and sustainable maximization of benefits from the
fishery; short-term analyses should form part of these considerations, rather than being the
focus of management.

Classical dynamic pool models, based upon estimates of population and fishing mortality for
each age group, are commonly used. Alternative approaches use simpler multiplicative models
and length compositions, or stock-production models. Essentially, short-term forecasts require
an estimate of current population size, the likely exploitation pattern, estimates of the size of
recruiting year classes, and assumptions of future overall levels of fishing mortality. The latter
may be constrained by management goals or harvest control rules (section 4.4.2). The basic
projection equation by age a, and that taking into account fish in the ‘plus group’ g (those fish of
a particular age, e.g. that which can be readily aged through hard parts, and older) are:
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where P is the population in number at the beginning of each year, and Z is total mortality (fishing
+ natural mortality) in yeary.

Often, future fishing mortality levels are calculated using a set of F-multipliers, representing
a range of increases and decreases of fishing mortality relative to current levels (calculated,
for example, as an average of fishing mortality-at-age estimates over the last three years. This
average is used because single final-year F estimates from VPA contain the full sampling errors
of the catch and CPUE data), reflecting the options for future stock management. Estimates of
future year-class strength are often the most important ingredient. Ideally these should come
from rigorous analysis of survey indices. Alternatives include the use of stock-recruitment
analyses or averages, but where these contribute substantially to the fishery during the period
covered by the forecast, considerable uncertainty will result. Indeed, calculations should always
be started from the best possible estimates of the current surviving populations for each age
group, as free as possible from sampling errors (Shepherd and Pope, 2002).



[TakeTsl TPHUKIATHBIX TPOrPaMM OOBIYHO OTIMYAKOTCS LENEBBIMH (DYHKIMSMH, UCIOIb3YEMbIMH IS
ONTHMH3ALUH TOITOHKU MOJIEJIEH K UMEIOIIUMCS TAaHHBIM; OTPaHUYCHHSIMHU Ha TApaMeTPbI M IOy IICHUSIMU
0 cenapalbesbHOCTH (BBIPAKCHUH HPOMBICIOBOW CMEPTHOCTH OCO0EH JaHHOro Bo3pacTa B JaHHOM TOAY
4epe3 0OIIYyI0 IPOMBICIIOBYIO CMEPTHOCTD B 9TOM TOIy U CPEIHIOIO CEJICKTUBHOCTD B TOM BO3pacTe).

HackanoB u Mamenos (Daskalov and Mamedov, 2007) npoaeMOHCTpUpOBaIl BO3MOKHOCTh IPUMEHEHUS
ICA mns kacnmiickoid anuoycoumnou kuiabku (Clupeonella engrauliformis), ucnonb3oBaB naHHBIC
MPOMBICIIOBOW CTQTUCTUKU M HMHICKCHl OTHOCUTEIBHOW YHUCICHHOCTH 1O pe3yibratamM CbeMkH. OHHU
CBSI3aJIM M3MEHEHHSI B COCTOSTHUH 3aI1aCcOB C IKOJIOTUYeCKUM (TosiBieHreM rpedHeBruka Mnemiopsis leidyi)
Y aHTPOTIOTEHHBIM (IIepesioBOM) BozzelicTBueM (Toxke Mamedov, 2006).

3.7.3 Ilpoenoszuposanue

[Tocme omeHKM TEKyIIero COCTOSHHS 3amaca HeoOXOAMMO pa3padoTaTh KPaTKOCPOYHBIH MPOTHO3 YyIOBa
u OmoMacchl s 1esieit ympasieHus (paszmen 4.4). 3aMeTHM, OTHAKO, 9TO KOHEYHAsl IeNTb YIIPABICHUS
0OBITHO 3aKITFOYACTCS B 00CCIICUCHNN OOIIEH TONTOCPOUHON CTA0MIHPHOCTH U YCTOMYNBON MaKCUMHU3AIINH
JIOXOZIOB OT pbIO0IOBCTBA. [109TOMY KpaTKOCpOUHBIN aHAN3 AOJDKEH CTaTh YacThIO ATHX COOOpakeHNH, a
HE OCHOBHOM 3aj1aueil yrpaBiieHHUs.

[Iupoko MCHONB3YIOTCS KIACCHYECKHE aHATHTHYCCKUAE MOJICNIH, OCHOBAHHBIC HAa OICHKAX YHCICHHOCTH
U TIPOMBICIIOBOM CMEPTHOCTH KaKIOH BO3PACTHOM TIpyIIlbl. ANBTEPHATHBHBIC TOAXOIbI HCIOIB3YIOT
OoJiee MPOCThIE MYJTBTHITMKATHBHBIC MOJICIH, & TAK)KE MOJICIIN Pa3MEPHON CTPYKTYPhI U MPOTYKIIMOHHEIC
Mojieni. CTporo roBopsi, JUTsi KPaTKOCPOYHOTO TPOTHO3UPOBAHUS TPEOyeTCsl OIICHKA TEKYIIeH BETMYUHBI
MOMYJISIIIAU, BEPOSTHOW MOJIENN SKCIUTyaTallld, OIEHOK YHCJICHHOCTH IOMONHEHUS 110 BCTYIAIOIIUM
B MPOMBICENT BO3paCTaM, U JOMYIICHUH OTHOCHUTEIHLHO OyAyIIMX 3HAYCHUH MPOMBICIOBONH CMEPTHOCTH.
3aaya ONpe/eNicHus 3TUX BEIUYMH MOXET OBITh OTpaHWYCHA IENSIMHU YIPAaBICHHUS WU MPaBUIAMHU
perymupoBanus peroonosctra (ITPIT) (pazmen 4.4.2). bazoBoe mporHocTHUECKOE YpaBHEHHE IS BO3pacTa
a, a TaKkKe ypaBHEHHE, YYUTHIBAIOIEE PhIO B «ILIIOC-TpyMIe» § (COBOKYMHOCTh 0COOeH, HaunmHas C
MOCIIETHETO BO3PACTa, KOTOPBI MOXHO C YBEPEHHOCTHIO ONPE/ICIIUTE TI0 PETHCTPUPYIOIIUM CTPYKTYpaMm,
U CTapIie):
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rae P — yucneHHoOCTh B Havaje Kaxaoro roga, Z — oOmias CMEPTHOCTH (IIPOMBICIIOBAsi + €CTECTBEHHAs
CMEPTHOCTD) B rozy Y.

YacTo ypoBHH OyIyIIeH TPOMBICTIOBON CMEPTHOCTH BBIUUCIISIOTCS C TOMOIIBIO CHCTEMbI F- MHOXKHTEEH,
MPEICTABNISIONIMX AUATIA30H BO3MOYKHBIX I3MEHEHU I IPOMBICTIOBON CMEPTHOCTH OTHOCHTENBHO €€ TEKYIIHX
ypOBHEH (pacCYMTaHHBIX, HAMPUMEP, B BUJE CPEIHErO 3HAUCHHS OICHOK MPOMBICIOBOH CMEPTHOCTH
0 BO3pacTaM 3a MOCJICAHUE TPH rofa). B manbHEHIMX pacyeTax MCIOJB3YeTCsl 9TO CPelHEe 3HAYCHHUE,
MOCKONbKY 3HaueHue F 3a mocrieanuii roa, nonydeHHoe ¢ moMoIibio VPA, MOABEPKEHO CyMMapHOMY
BJIMSIHUIO OIIMOOK BBIOOPKH B AaHHBIX Mo ynoBam u no CPUE, ompenenstoniux BapuaHThl Oyayliero
ynpasieHus 3anacoM. OlieHKa ypoxKaiHOCTH Oy/IyIIero rooBoro Kjaacca 4yacto sSBISICTCS CAMbIM BaKHBIM
9TAroM TPOTHO3UPOBaHUsA. B njeane ee MOKHO OCYHIECTBUThH ¢ MOMOIIBIO CTPOTOr0 aHAIN3a HHICKCOB
YHUCJICHHOCTH, TMOJYYCHHBIX IO PE3ylbTaraM CheMOK. AJITEPHATHBOM MOXET CIIY)KUTh MPUMEHEHHE
Pa3NMYHBIX BHJIOB aHAJIM3a 3aBUCHMOCTH 3arac-TMOTOJHEHUE WM aHalu3a CPEJHUX, OJHAKO BCE OTU
METO/IbI TIPUBOAAT K OOJBIIONW HEOMPENEICHHOCTH, SCJIH MPOrHO3UPYEMbIC MOKOJICHHS OyIyT BHOCHUTH
BECOMBIN BKJIAJ[ B MMPOMbICENT HA MPOTSHKEHUH MPOTHO3UPYEMOTo Meproja. PasymeeTcsi, pacueThbl Beerna
CJIe/lyeT HAYMHATh C HAMIYYIIUX U3 OI[CHOK TEKYIICH YHCICHHOCTH BO3PACTHBIX TPYIII, KaK MOYKHO OoJiee
cBOOO/HBIX OT omrbok BeiOopku (Shepherd and Pope, 2002).



Longer-term forecasts, for advice on the time-scale of stock recovery or to examine the likely
impact of management interventions (e.g. target fishing mortalities, fishing gear changes) require
additional thought. Yield- and biomass-per-recruit calculations can provide indications for likely
effects in the long term. For other studies, stochastic projections are required, with recruitment
potentially modelled by bootstrapping variability around a mean stock-recruitment relationship
(section 3.8). Estimates of future weight-at-age are also critical. The longer the projection, the
more uncertain the output. For example, future simulated trends under management control may
reach stock status levels in which stock dynamics have not been seen historically. Projections are
unlikely to be able to predict shifts in the environment, or the impact of multispecies interactions.
Outputs are therefore highly uncertain, and should only be treated as ‘predictions’ in the most
general sense. Their use is more in examining the potential effects of alternative management
interventions. This area is expanded upon in section 4.4.3.

3.7.4 Reporting results

When reporting the results of age-based stock assessments, a number of different inputs and
outputs should be reported for clarity and repeatability, and to allow quality assurance:

Clear definition of the region encompassed by the assessment;

Background to the fishery, including changes since the last assessment;

Reference points used (for definition of F-multiplier);

All settings used in the assessment, including the names of the data files used, should

be reported to allow the assessment to be repeated;

All changes in the software should be clearly documented;

e Justification for inclusion or exclusion of particular time-series of data;

e The input data should be presented, including the biological parameters, exact time-
series of catch, effort, tuning data, and survey data, and the justification for changes from
previous assessments;

e The output data should be presented in tabular and graphic form;

e All diagnostic results (e.g. residual distributions, retrospective analyses, standard errors

of prediction of In(qg)) should be presented.

3.8 Stock-recruitment relationships

There is a general assumption that there is a relationship between the ‘stock’ and the number
of recruits generated from that stock. Indeed, assumption of constant recruitment is dangerous
because a stock capable of this cannot be collapsed, however great a fishing mortality is applied.
Relationships between the number of recruits produced by a given spawning-stock biomass,
SSB (a stock-recruitment model) have been developed by (for example) Ricker (1954), Beverton
and Holt (1957) and Shepherd (1982):



Bbonee nonrocpouHble MPOTHO3BI, LETBI0 KOTOPHIX SBIAIOTCA PEKOMEHIALMH O BPEMEHHsIX TIpaHHUIax
BOCCTaHOBJIEHHS 3allacoB MM M3y4YEHHE BEPOSTHBIX IMOCJIEACTBUH BO3AEHUCTBUS YIIpaBIICHUS HA 3arac
(HarmpuMep, U3MEHEHMs IIeJIeBbIX 3HAYEHUH IMPOMBICIOBOM CMEPTHOCTH, U3MEHEHMH B HCHOIb3YEMBIX
OpYIMsSIX JIOBa), TPeOYyIOT AOMONHUTEIBHOTO 0OocHOBaHMs. OLEHKM ylnoBa M OMOMAacChl Ha CIUHHILY
MOTIOJTHEHUS] MOTYT CIIY>KUTh WHAWKATOpaMH 3QEKTUBHOCTH YIPABJICHHS B JOITOCPOYHOH MEPCIICKTHBE.
st ipyrux uccie1oBaHui TpeOyIOTCs CTOXacTHUECKUE POTHO3BL, IPH pa3pad0TKe KOTOPBIX MOTEHHATBLHOE
MOTIOJTHEHNE MOJEITUPYETCs IyTeM TeHepUPOBaHMs (METOAOM «OyTCTpemnay) Cly4aiHbIX OTKIOHEHHH OT
YCPEAHEHHOW 3aBHUCHMOCTH 3amac-nomnosiHeHue (paszgen 3.8). BaxHoe 3HaueHHMe MMEET TakKe OLEeHKa
0XKHMJAEMOTO paclpeesieHnsl cpeHeld Macchbl 0coOu mo Bo3zpactaMm. Yem Oomblie 3a01aroBpeMEeHHOCTD
MIPOTHO3UPOBAHMUSL, TEM OoJiee HEONPEAEICHHBI er0 KOHEUHbIE pe3y bTarbl. Hampumep, cMoaenupoBaHHbIE
Oyayliye TEHAEHIMH B COCTOSHHM PErYIHUPYyEeMOro 3amaca MOTYT JOCTHYb TaKMX YPOBHEH, KOTOpbIE
HE OTBEYAIOT HAOMIOAEHHOM OMHAMHUKe 3amaca. ManoBeposSTHO, YTOOBI IMPOTHO3bI CMOINIM TMPECKA3aTh
M3MEHEHHUs B OKpYKaloUleW cpele WM BIMAHHE MEXBUAOBBIX B3aumozeicTBuil. CreaoBaTenbHO,
pe3yNbTaThl IPOrHO3UPOBaHUs OyIyT KpaliHe HEONpEeNeNeHHBIMA U MOTYT PacCMaTpUBATHCS TOJIBKO Kak
«TIpeICcKa3aHus» B caMOM 0011eM cMbiciae. OHM MOTYT IPUMEHSATHCS CKOpee ISl N3yUeHNs IOTeHIUAIbHBIX
MIOCJIEZICTBUH albTEPHATUBHBIX BApHMAHTOB yIpaBiIeHHs. JTa TeMa pa3BUBaeTcs Janee B pazaene 4.4.3.

3.7.4 Omuem o pe3ynemamax

B oT4eTsl 0 pe3ynbraTax OIeHKH 3aI1acoB, 0CHOBaHHBIX Ha aHAJIM3€ BO3PACTHOTO COCTABA, CIIE/YET BKIFOYAThH
pa3nvHbIC BXOJHBIC M BBIXOJHBIC JIAaHHBIC, YTOOBI OOECIEYHTH MPO3PAYHOCTh U BOCIPOH3BOJAMMOCTh
PE3YNIbTATOB, a TAKKe HEOOXOIMMOE Ka4eCTBO PacieToB:

e (Crporoe onpezeneHne paiioHa, st KOTOPOTO MTPOBOJMIIACKH OIIEHKA 3aIIacoB.

e lcropuyeckue naHHbIC O MIPOMBICIE, BKIIIOYas HH(OPMAIHIO 00 M3MEHEHUSX, TTPOU3OIIEAIINX CO
BpEMEHU MOCTEAHEN OIIEHKH.

e lcrmomb3yeMble OPUCHTHPHI (171 OTIpeaeTeHUsT F-MHOXUTEIS).

e Bce nctounnkn nHMOpMAINH, UCIOIB30BAHHbIE B TIPOIECCe OLEHKH, BKITIOUast Ha3BaHUs (paiiiioB
C TaHHBIMH, YTOOBI TIPOIENYPY OIIEHKH MOKHO OBIJIO TTOBTOPHUTH.

e  XopoIo 3aI0KyMEHTHPOBAHbIE H3MEHEHHS B TIPOTPAMMHOM 00€CIIeUEeHUH.

e  OOo0CHOBaHUS JUTA BKITFOUCHHUS FITH UCKITFOUEHHSI 3 PACCMOTPEHHSI KOHKPETHBIX BPEMEHHbIX PSAIOB
TAHHBIX.

e BxomHple NaHHBIC, BKJIIOYAs OMOJIOTHYECKHE TapaMeTphl, BPEMEHHbIE€ DPSIbl YIOBOB, yCHIIH,
WHEKCOB CHEMOK M JAHHBIX Ui HACTPOWKH, a Takke 00OCHOBAaHHE OTIMYMHA OT MPEIBIIYIITIX
OIICHOK.

e BrxonHbIe TaHHBIC B TAOTUIHON U Tpadudeckoit popmax.

e Pe3ynpTarhl MUArHOCTHKH (HAmpuMep, paclpeieNieHHsl OCTaTKOB, PETPOCIIEKTHBHBIN aHaIMN3,
CTaHIapTHBIE OmMOKH B mporuose In(q)).

3.8 3aBucuMocTH «3amnac — MNOMOJIHEHUE»

[TpuHATO CUUTATH, YTO MEXKIY «3aIacOM» U YHCIEHHOCTBIO PEKPYTOB, MPOAYLIMPOBAHHBIX 3TUM 3aIIacoM,
CYIIECTBYET ONpeAeeHHas CBs3b. JeHCTBUTENBbHO, NOMYLICHWE O TOCTOSHCTBE MOIOJHEHHUS OMacHO,
MOCKOJIbKY 3amac, oOJajarolinii Takod OCOOEHHOCTBIO, HE MOMKET HCTOIIUTHCS, Kak Obl HU BBICOKA
ObLIa TPOMBICIIOBAsi CMEPTHOCTh. 3aBUCHMOCTH MEKAY YMCIIOM PEKPYTOB U OMOMACCOH POJMTENHCKOTO
HEepEeCTOBOrO 3amaca (MOJIeJb «3arac — MOMOIHEHHE ) ObLUTH IPeI0KEHbI, B yacTHOCTH, Pukepom (Ricker,
1954), busepronom u Xonrom (Beverton and Holt, 1957), lllenapmom (Shepherd, 1982):



Ricker:
R=a*SSB*exp #"SB

Beverton and Holt:
_ sSB
a*SSB+ f8

Shepherd:
a*SSB
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The stock-recruitment relationship forms a cornerstone of fisheries assessment and management
through biological reference points. Unfortunately, however, there is generally a poor relationship
between SSB and the subsequent numbers of fish that recruit to the population each year. Actual
stock-recruit pairs tend to lie in a cloud, through which the mean recruitment model passes.
Indeed, recruitment is so variable it often appears to vary independently of stock size, until stock
sizes are very low (Koslow, 1992). To increase the explanatory power of these models, which is
generally weak, additional parameters and assumptions need to be introduced.

R:

3.8.1 Data

To estimate the stock-recruitment relationship, two sets of data are required: the spawning-
stock biomass (SSB, biomass to take into account the impact of size and weight on fecundity)
and recruitment level (commonly numbers). These two datasets must be carefully matched so
that the proposed causal link between SSB and recruits is maintained. If data on recruit numbers
is at age 1 (and commonly it is the age at which the fish enter the fishery), the data must be
offset so that last year's SSB is related to this year’s recruitment level.

Both sets of data are often developed from the outputs of VPA. Recruits are the number of
individuals at the recruitment age from the VPA. Given information on the proportion mature at
age, weight- and numbers-at-age from the VPA, SSB is calculated by multiplying these values
together and summing within a year. However, unbiased information on maturity is often difficult
to come by, with research cruises often the best source of information. Annual estimates of
maturity-at-age are expensive, and often maturity is assumed constant over time — a strong
assumption likely to lead to biases where there are fishing- or environmentally-induced trends
in maturity-at-age.

3.8.2 Predictive power

Stock-recruitment relationships can be used in projections of population status (section 3.7.3)
where particular exploitation patterns are assumed. Within these, the mean recruitment for a
given spawning-stock biomass is often used. However, there will be considerable uncertainty
around the estimate, given uncertainty in the data, and bootstrapping estimates of recruitment
sampling residuals around the mean stock-recruitment fit, is advisable.



Mopnens Pukepa:
R=a*SSB*exp /"%
Monens buseprona u Xoamra:
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3aBHUCUMOCTh MEXIY 3alacoM U TIOMOJHEHHEM SBJISIeTCS KpaeyrojbHbIM KaMHEM OIIEHKHM 3allacoB U
yIpaBieHHUs] PHIOOJIOBCTBOM C MOMOIIbIO OHONIOTHYECKUX OPHEHTHPOB. K coxaneHuio, CBS3b MEKAY
Oouromaccoil HepecToBoro 3amnaca (SSB) u uncieHHOCTBI0 0c00€ei, KOTOPBIE €XKEroJHO MOMOIHSIIOT 3arac,
00bIYHO ci1aba. Ha mpakThke mapbl JaHHBIX «3aIlac-MOMOJHEHUE» 00pa3yloT 00IaKko TOUeK, Yepes KOTopoe
MIPOXOJUT MOJIENb YCPEAHEHHOTO MOMOMHEHUs. B 1eficTBUTEIbHOCTH TIOMOTHEHNE HACTOJIBKO H3MEHYHBO,
YTO YacTO KoJIeOIeTcsl He3aBUCUMO OT BEJIMUMHBI 3a11aca, I0Ka BeJIMYMHA 3amaca He CTaHeT OueHb Majlod
(Koslow, 1992). Uto6bI MOBBICHTH OMUCATEIBHYIO CIOCOOHOCTB ATUX MOJIEIIEH, KOTOpast 0OOBIYHO HEBEJIHKA,
B 3aBHCHMOCTb «3aIlac-TMONOIHEHNE) BBOAAT AONOIHUTEIbHBIE TApaMETPhl U AOMYIIEHHUS.

3.8.1 Jlaunwvie

UrtoObl OLIEHUTH 3aBUCHMOCTh 3arac-IMOMNOoIHeHHe, He0OX0MUMO MMETh JIBa Ha0Opa JaHHBIX: 3HAYCHUS
OoromaccheiHepecToBOro3amnaca(SSB), cHoMOIIBI0 KOTOPOH yUUTHIBACTCS BIMSHUE BETHYHHBI POUTEIBCKOTO
CTajia Ha TUIOAOBUTOCTh, M COOTBETCTBYIOITUX BEJTMUHH MOTIOTHEHHS (0OBITHO B IITYKaX). DTH ABa Habopa
JIAHHBIX JTOJDKHBI OBITH XOPOIIIO COTIACOBAHBL, YTOOBI MOICPKUBATE TPEIIONAraeMyto MPUIHHHYIO CBSI3b
Mexay SSB u nmomonHennem. Ecnu naHHbIe 0 OMONHEHUH OTHOCSTCS K OCOOSIM B BO3pacTe OJHOTO rojia
(0OBIYHO B ATOM BO3pacTe 0COOW BCTYITAIOT B TIPOMBICIIOBYIO CTaHIO KU3HHU), OTH TaHHBIC JOKHBI OBITH
CMEIICHbI TAKKMM 00pa3oM, 4TOObI BEIMYHHE MOMOTHEHUS TEKYIIIETo Tojla COOTBETCTBOBAIA BenMuruHa SSB
MPEABLIYIIETOo To/Ia.

Ob6a Habopa maHHBEIX dacTo (opmupyroTcs ¢ momormbio VPA. Ilom momomHeHWeM TOHUMAaeTCs
KOJIMYECTBO 0COOEH B BO3pacTe MOMoiHeHuUs, ToiaydeHHoe MeTonoM VPA. Nmes nabopManuio o 10JIeBOM
pacrpeielIiCHuH TI0JIOBO3PEIbIX 0co0ei 1Mo Bo3pacTaM, a TAKkKe 0 OMOMAacce M YMCICHHOCTH BO3PACTHBIX
rpynn u3 VPA, MOKHO paccuntath SSB, epeMHOKUB 3TH BEJIHYMHBI U TPOCYMMUPOBAB PE3YJbTAThI 110
KOHKpeTHOMY Tony. OJIHaKO MONYYUTh HECMENICHHYI0 WH(POPMAIIHIO O JIOJIEBOM COCTAaBE MOJOBO3PEIIBIX
0co0ell B BO3PACTHBIX TPyIIax 0OBIMHO CIIOKHO; JIYUIIIMMH UCTOYHHKAMU TaKOW HH(OPMAITUH SIBIISIOTCS
Hay4YHBIE SKCTICTUIINHU. EjXeroHbIe OLEHKH JIONHU ITOJI0OBO3PEIbIX 0c00ei 1Mo Bo3pacTaM TpeOyIOT OONBITHX
3aTpat, MOATOMY YacTo JIOMYCKAEeTCs, YTO JIAHHBIC MO TIOJIOBO3PEIOCTH CO BPEMEHEM HE MEHSIOTCS. DTO
OYCHb CEphe3HOE JIOMYIIEHHE, KOTOPOE MOXKET MPHUBECTH K OIMUOKaM, €CJIH CYIIECTBYIOT MPOMBICIIOBEIC
VT DKOJIOTHYECKUE MTPUIMHBI BO3HUKHOBEHHUS TEHICHIIMI B TEMIIaX ITOJIOBOTO CO3PEBAHUSI.

3.8.2 Ilpoenocmuueckas cnocobrnocmu

Ecau CACJIaHbI TMPCAIMOJOKCHUA OTHOCUTCIIBHO MOACIIMU DJSKCIUTyaTallii, TO 3aBUCUMOCTU «3alac —
MOIIOJIHEHUEC)» MOXHO MCIOJb30BATH IIPU MNPOTHO3UPOBAHWU COCTOAHUA MNOIMYJISIIUN (pa3z[eﬂ 363)
B stux MMPOrHo3ax 4acTto MUCHOJB3YETCA CPEAHEC IMOIOJHCHHUE I SaﬂaHHOﬁ OHoMacchl HEPECTOBOT'O
3ariaca. OI[HaKO MOCKOJIbKY H3-3a HCONPCACIICHHOCTU B MCXOAHBIX NAHHBIX OLICHKA IMOMNOJHCHUA 6y,[[CT
HUMETH 3HAYUTCIBbHYI NOTPCIIHOCTh, PCKOMCHAYCTCA OCYLICCTBIATH «6yTCTpCH»—OL[eHKy IOIIOJIHCHUSA U
CTPOUTH I‘pa(i)I/IK ycpeaHeHHoﬁ 3aBUCUMOCTH «3allaC—IIOIIOJITHCHHUE» C OTIIOKCHHBIMHM HAa HEM 3HA4YCHHUAMU
OCTAaTKOB.



3.8.3 Alternative formulations

Francis (1992) re-parameterized the Beverton and Holt stock-recruitment relationship in terms
of steepness (1) and virgin biomass (y). Steepness is the fraction of the virgin recruitment (Ry)
expected when SSB (B) has been reduced to 20% of its maximum, (i.e. R = tRy when SSB =
v/5), and represents the resilience of the stock to exploitation:

o =4 (B/R)F:O(l_r)
(B/R)e (5t -1)

_a(B/R),(t " -1)
b= 4

Additional stock—recruitment relationships have been developed. Barrowman and Myers (2000)
noted that commonly used spawner-recruitment functions assumed that with decreasing
spawner abundance, the number of recruits per spawner was actually increasing. They advocated
the use of a generalized "hockey-stick” model, which has since been used by the International
Council for the Exploration of the Sea (ICES). In its simplest form:

. . oS =ifS<S”
R=o0min(S,S )= . . .
oS ifS>S
Where recruitment is log-normally distributed, the model can be fitted by maximizing the log-
likelihood:

_glogz{log& ~(logaz +logmin(s,.s" )}

3.8.4 Depensation

While all stock—recruit relationships are expected to go through the origin, their behaviour close
to the origin may vary through depensatory responses (also known as the Allee effect). This
is where the SSB produces fewer than the expected numbers of recruits. In the Caspian Sea,
this may result from the removal of mature females from the population prior to their reaching
spawning grounds in the rivers. Depensation can have a critical effect where stocks are low and
recovery is underway, reducing or eliminating recovery dependent on the level of depensation.
However, identifying depensatory responses means entering the lower left hand corner of the
stock-recruitment relationship, and is generally not advised!

3.8.5 Age structure and stock reproductive potential

For many species, older, larger and better conditioned fish produce more batches of eggs and
more eggs per batch, and which consist of larger and more viable eggs than those produced by
smaller, lower conditioned fish (e.g. Marteinsdottir and Begg, 2002). Size-/age-related changes
in reproductive output correlates with influence the variability in recruitment (Marteinsdottir and
Thorarinsson, 1998). Incorporation of age-structure effects into the SSB has the potential to
explain additional variation in recruitment levels. There is also recognition that the male portion of
a population could have a significant effect on the reproductive potential of a stock (see Trippel
1999, 2003; Tomkiewicz et al., 2003).



3.8.3 Anvmepuamusnvle hopmynuposxu

Opoancuc (Francis,1992) mepenapamMeTpu3npoBaj 3aBUCHMOCTE «3aIrac — IMOToJTHEHNe» buBepTona -Xonra
B TePMHHAX €€ KPYTU3HBI (T) U OnomMacchl AeBCTBEHHOTO 3amaca (y).I[lapameTp T 4rcIeHHO paBeH JIOJH
MOTTONTHEHUS JIeBCTBEHHOTO 3araca (Ry), oxxunaemoro nipu camkernn SSB(B) 10 20% ot cBoero MakcuMyma
(r.e. R = TRy, xorma SSB = y/5); T xapakrepu3yeT yCTORYMBOCTH 3ariaca 1o OTHOIICHUIO K IIPOMBICITY:

o gy (B/R),A=T)
(B/R)po(5t -1)

_0(B/R)e,(@ =)

P 4

Bbim pa3zpabotaHbl U ApyTrue 3aBUCUMOCTH «3arac-monoiHenue». bappoyman u Maitepc (Barrowman and
Myers, 2000) oTMeTHIIH, YTO IIMPOKO MCIIOIb3yeMble (hopMaIn3alui 3aBUCHIMOCTH «HEPECTOBBIN 3amac-
MOTIOJTHEHUE» JIOMYCKAIOT, YTO NMPH CHIKCHWH YHCICHHOCTH MPOU3BOJUTENCH KOIUYECTBO PEKPYTOB
B IepecyeTe Ha OJHOTO MPOW3BOAUTENs OyneT moBbImarscs. OHM BBICKA3alUCh B MOJNB3Y MPUMEHEHUS
0000IIEHHON MOJENN «XOKKEeHHasi KIIOIIKa», KOTopas Halula TNpUMEHEHHEe B pabouymx Trpynmax
Mesxaynapoanoro cosera 1o uccienoanuio mopsi (ICES). Ilpocreiiias gopma 3T0it Momenu umeer
BUII:

aS =ifS <S”

R=o0min(S,S") = . . .
aS ifS>S

Ecnu nononHeHne pacnpeneneHo mo JOrHOPMaIbHOMY 3aKOHY, TapaMeTphl MOJETN MOYKHO HaWTH MyTeM
MaKCHMHU3aH QYHKIUH [TPaBIONOA00us:

_glogz{log& ~(logar+ logmin(s,.s°)}

3.8.4 Jenencayus

XoTsl 0KHMIaeTcs, YTO Tpa)uKu 3aBUCUMOCTEH «3amac—IIONOJIHEHHE» TOKHBI POXOJAUTH Yepe3 Hauaso
KOOpAMHAT, UX TIOBEICHHE BOIM3M HYIISI MOXKET MEHSTHCS Onaronapsi JACTCHCATOPHBIM PEakUusIM (TaKke
H3BECTHBIM KakK «3ddekt Ommmy»). IT1o ciyyaid, koraa SSB nponyuupyer MeHee yposkailHOe MOMoIHeHHE,
yem oxuganock. (Ha Kacriuu takoii aphekt MoskeT ObITh BBI3BaH U3BSITUEM 3PEIIBIX CAMOK M3 MOMYJISILIUT
JI0 TOTrO, KaK OHU JOCTUTHYT PEUHBIX HEPECTHJIMIL.). JlerneHcamuss MOXKeT UMETh pellarollee 3HaueHHue
IIpY BOCCTAHOBJIEHUS MOJIOPBAHHBIX 3al1acOB, 3aMEJISAA WIM JlaXe MpeKpalas MpoLecc BOCCTaHOBIECHHUS,
KOTOPBI 3aBUCHUT OT ee ypoBHs. OnHaKo OOHapy:KeHHE JerneHcaTopHoro 3d¢ekxra o3HayaeT Mnepexoi B
JICBYIO HMDXKHIOIO YaCTh 3aBUCMOCTH «3aI1ac — IMOMOJIHEHNE, YTO OOBIYHO HE PEKOMEH/IYETCSI.

3.8.5 Bozpacmnasa cmpyxmypa u penpooyKmuensiii HOmeHyua 3anaca

Y MHOTHX BHAOB OoJiee CTapble M KPYIHBIE OCOOWM, a TakKe OCOOM B XopoImreM (hH3UOJIOTHIECKOM
COCTOSIHUM TPOAYIUPYIOT OOJbIIE TOPIHHA HKPBI C OOJBIIAM KOJIUYECTBOM HKPbI B KaXKIOW MOPIHH,
MIpUYEM HKpa y HUX Ooyiee KPyMmHAsl U KU3HECIIOCOOHAs, YeM Y MEHBIITUX IO pasMepy ocobeit m ocobeit
B xyamem cocrosuuu (Marteinsdottir and Begg, 2002). I3meHenust, CBA3aHHBIE C pa3MEPOM M BO3PACTOM
MPO3BOIUTEIICH, B KOHCYHBIX PE3yJIbTaTax BOCIPOM3BOICTBA KOPPEIUPYIOT C H3MEHUMBOCTBIO MOMOIHCHUS
(Marteinsdottir and Thorarinsson, 1998). CoBMeCTHBI# yUeT BIHSHIS BO3PACTHOM CTPYKTYPHI U BETHUMHEL
SSB noTeHIaabHO MOXKET OOBSICHUTD JIOTOIHUATEIbHY0 H3MEHUYHMBOCTD YUCICHHOCTH MOMoHEeHusI. Taroke
CYMTACTCS, YTO 3HAYMTEILHOC BO3ICHCTBHE HA PEIPOAYKTHBHBIN MOTEHIIMAN 3araca MOXKET OKa3bIBaTh
mojIoBast cTpykrypa momyisiun (eMm. Trippel, 1999, 2003; Tomkiewicz et al., 2003).



An alternative to SSB, the Stock Reproductive Potential (SRP), was coined by Trippel (1999).
The SRP is designed accurately to represent a stock’s ability to produce viable eggs and larvae
that can recruit to the parent population or the fishery. The SRP is the inclusion of the variable
parental contribution to the stock-recruit relationship and a formalization of the ideas presented
in many other studies, such as that of Marshall et al. (1998). Trippel (1999; in his Table 4)
gives a comprehensive list of the maternal and paternal reproductive attributes that need to be
considered when evaluating the SRP of a stock. That table also makes reference to the potential
influence of temperature (or environment) on the SRP.

Marteinsdottir and Thorarinsson (1998) included an element of the diversity of mature ages in
the population in the stock-recruitment relationship for Icelandic cod using a Shannon diversity
index, leading to an improved fit to the recruitment levels. They used Generalized Linear
Modelling to relate SSB and age diversity to recruitment. While this approach may explain more
of the variance in recruitment, there are difficulties in relating the results to the estimation of
many biological reference points, which rely on more traditional stock-recruitment relationship
formulations.

3.8.6 Incorporating environmental effects

Reliably identifying environmental effects on fish production requires long time-series of
observations of both the fish stock and a number of environmental factors that can affect its
population dynamics. Hypotheses must be subject to additional testing through the accumulation
of more observations (Drinkwater and Myers, 1987). It seems logical that environment will affect
recruitment, with currents affecting the distribution of fertilized eggs (in broadcast spawners),
temperature affecting developmental rates, etc. Multiple linear regressions can then be fitted to
the data incorporating the environmental covariates, e.g. for a Ricker model:

R
lnE’ =In(s))—BzB, + B, L, +..+€

1

where R, is the recruitment in year t, B, the spawning-stock biomass in year t, s, the slope at the
origin of stock recruitment curve, f, the regression coefficient for the main effects B, L, etc. (see
Sinclair and Crawford, 2005). Of course, care must be taken when incorporating environmental
effects to identify causal mechanisms, while their use to estimate future recruitment levels
relies on uncertain knowledge of future environmental conditions. Operational use of these
models is therefore limited.

Bulgakova (2004) proposed a modified version of the Ricker model assuming that the quantity of
spawned eggs is proportional not to SSB but to the population fecundity, and therefore related
to the age structure of the stock, and that natural mortality of recruitment depends on the
inflow of Atlantic water_into the Barents Sea. The model describes variations in Barents Sea cod
recruitment, and appears to forecast it two years ahead reasonably well.

Bondarenko et al. (2003) showed a lack of clear dependence between year-class strength
and SSB, and proposed use of the link between categories of environmental conditions and
subsequent year-class strength. The proposed approach allows a generalized relative index to
be obtained, characterizing environmental conditions and their impact on a stock in its period of



B kauectBe anbrepHaruBbl SSB Tpurmens (Trippel, 1999) BBen HOBBIN MOKa3aTesb: «PENPOLYKTHBHBIN
noreniuain 3amnaca» (SRP). SRP pa3zpaboraH HCKIIOUUTENBHO € LEIbI0 IPEACTABUTh CIIOCOOHOCTH 3araca
K TPOAYLHMPOBAHHUIO >KU3HECTIOCOOHOW HKPBI M JMYMHOK, KOTOPHIE CMOTYT IMOMOJHHUTH POAUTEIHCKOE
CTaJ0 WU MpOMBICIOBbIH 3anac. [lonatue SRP BritodaeT B ceOs MN3MEHUYMBOCTh POAUTENBCKOTO BKJIaga
B 3aBHCHMOCTh «3alac—TIONOMHEHNEe» M (OpMaNn3aluio WAeH, BBICKA3aHHBIX BO MHOTHX JPYTHX
UCCIICI0BaHUSIX, TAKUX Kak padora Mapuramt u ap. (Marshall, 1998 ). Tpunmnens (Trippel, 1999; Tabmuna
4) naet MOXPOOHBIN CIIMCOK XapaKTePUCTUK MPOU3BOJHUTENECH, CAaMIIOB U CaMOK, KOTOpPbIE HEOOXOOMMO
yUUTHIBaTh Ipu olieHke SRP 3amaca. B Tabnuiie Takke ecTh CChUIKA 10 BO3MOXKHOE BIUSHUE TEMIIEPATyPhl
(unm oxpykaromeit cpeapl) Ha SRP.

Mapreitacnortup u  Topapunccon (Marteinsdottir and Thorarinsson, 1998) Bxmounnu  dakrop
pa3Ho00pa3usi BO3PACTOB IOJOBO3PEIBIX 0COOCH B MOMYINSAIMN B 3aBUCUMOCTbD «3arac—IIOMOTHEHHE) IS
MCIIaHJCKOM TPECKH C TIOMOIIbIO HHIeKca pasHoo0pasust [LIsHHOHA, YTO yJTydIINIIO MOATOHKY 3aBUCUMOCTH
K 3HAUCHUSIM YUCIICHHOCTH MoToHeHus. YToOBI cBsizath SSB 1 pa3HOOOpasme BO3pacToB ¢ MOMOIHEHUEM,
OHH HCIIOJIb30Ball 0000LICHHYIO JHHEHHY0 Monenb (GLM). XoTst 3TOT moaxon U MOXKeT OObSICHHTh
OOMBILYIO YaCTh KOJIEOAHHI MOMOIHEHHUS, OCTAIOTCS TPYAHOCTH, KOTOPBIE KacalOTCsl PE3y/IbTaTOB OLICHKU
MHOTUX OHOJIOTHYECKHX OPHUEHTHUPOB, OCHOBAHHBIX Ha 0oOJiee TpPaIUIMOHHBIX 3aBUCHMOCTSX «3arac-
MIOTIOJTHEHUEY.

3.8.6 Yuem so30eiicmeus oxkpyacaroweli cpeovl

Jist Hanme)KHOW OIIEGHKH BO3IEHCTBHS OKPY)KAIOIMICH Ccpembl Ha BOCIPOU3BOIACTBO PBHIO TpeOyroTCs
MHOTOJIETHHE PsAAbl HAONIOACHWH 3a 3alacoM W PAIOM JKOIOTHYECKHX (DaKTOPOB, KOTOPBIE MOTYT
TTOBITUATE HA €r0 TUHAMUKY. | MITOTE3BI JOIKHBI IPOBEPATHCS C IIOMOIIBIO TOTIOTHUTENbHBIX HAOMIOACHUN
(Drinkwater and Myers,1987). JIOruHO JOIYCTHTH, YTO OKPY’KaIOIIas cpeia OyIeT BIUATH Ha ITOTIOTHEHHE,
MTOCKOJIBKY TEYEHHS BIHSIOT Ha paclpeiesieHHe OIUIOOTBOPEHHON MKpHI (Ha paccesHue HepecTYIOUINX
MIPOM3BOMINTENEH), TEMIIEpaTypa BIUSET Ha TEMIBl Pa3BUTHA W T.JA. Toraa 1O JaHHBIM, BKIIIOYAIOIIAM
HECKOJIbKO TTOKa3aTeiei Cpelbl, MOXKHO MOCTPOUTHh MHOTO()AKTOPHBIE JTMHEWHBIE PETPEeCcCHH, HAIpUMeEp,
I monenu Pukepa:

R
ln? =In(s,)—B;B, + B, L, +...+ €,

t

e R, — momonuenue B ron t, B, — Guomacca HepecToBOro 3amaca B rofi t, S — HaKIOH KpHBOIi «3amac-
TIONOJIHEHUE» B Hadasle KOOpauHat, f, — ko3 duuuent perpeccuu i OCHOBHBIX (hakTopos B, L, u T.1.
(cm. Sinclair and Crawford, 2005). PazymeeTcs, BKITto4asi B pacCMOTPEHUE (HaKTOPbI OKPYIKAIOIIEH Cpebl,
9TOOBI YCTAaHOBUTL IIPUYNHHO-CIICACTBCHHBIC CBS3H, HeO6X0]II/IMO CO6J'IIO,ZIaTL OCTOPOXKHOCTb, TaK KaK HUX
HCIIOJIB30BAHUE [UTS IPOTHO3UPOBAHUS YUCICHHOCTH TTOTIOJIHEHHUSI OMIMPACTCS HA HEOPEIEIICHHOE 3HAHUE
OyIyIMX YCIOBHIA OKpYysKaromieit cpebl. [103ToMy pUMEHEHHE 3THX MOJIETIEH B Ka4eCTBE ONEPAHOHHBIX
OrpaHHYEHO.

Momudukamnmst Mmoaenu Pukepa mjist ceBepo-BOCTOUHOM apkTudeckoil Tpecku (bynrakosa, 2004) Bkiodaet
MIPEAMONOKCHHSI, YTO KOJUYECTBO OTIOKCHHONH HKpHI IMPOMOPIMOHATFHO HE OHMOMacce HEepecTOBOTO
3araca, a MoIMyJSIIHOHHON MJIOOBUTOCTH, T.€. CBSI3aHO C BO3PACTHON CTPYKTYpPOH 3amaca, a €CTeCTBEHHAs
CMEPTHOCTb B Meproja (GOPMUPOBAHUS MOIMOJHEHMS 3aBUCUT OT YCTOWYMBOCTH IPUTOKA aTIAHTHUCCKUX
Boa B bapentieBo Mmope. Mojiesib XOpOIIIo ONMMCHIBAET BapUaOCIHbHOCTD MOTIOTHEHUS TPECKH U MTO3BOJISICT
IIPOTHO3UPOBATH €TO YHCICHHOCTH C 3a0JIaTOBPEMEHHOCTHIO B 2 TO/IA.

boumapenko u ap. (2003) mokazanu OTCyTCTBHE CTPOTOH 3aBUCHUMOCTH MEXKTY YHUCICHHOCTHIO TOMOBBIX
KJIACCOB M OMOMAaccoil HEepecTOBOro 3amaca. ABTOPBI MPEJIOKWIN MTOKA3aTeN OKPYXKAIOIMIeW Cpemsl,
MO3BOJISIIONIME PAacCMAaTPHBaTh 3aBHUCHMOCTH «3allac-TIOMOJHEHUE» B COOTBETCTBHHM C KAaTETOPHSIMHU
ycnoBuit  cpeapl. Takoll MOAXOJ MMO3BOJISIET TMOJNYYHUTh OOOOIIECHHBIH WHICKC, XapakKTepH3YIOIIUH
YCIIOBHSI OKPY’KAIOMIEH Cpelbl M MX BO3IACHCTBHE HAa 0COOCH B MEPHOA PAHHETO OHTOTECHE3a, YTO MOKET



early ontogeny, which may be feasible to use in assessing year-class abundance dependent on
changes in climate. Bondarenko and his co-authors noted too that the approach might provide a
robust value of biological reference points, although the environmental conditions in place at the
time of recruitment would need to be estimated. Applicability of this approach to Caspian Sea
species is currently limited owing to the lack of necessary time-series data.

3.8.7 Further reading

Mullon, C., Fréon, P., and Cury, P. 2005. The dynamics of collapse in world fisheries. Fish and
Fisheries, 6: 111-120.

3.9 Dealing with unknown removals

The quality of stock assessments relies on the quality of the data they are based upon. This is
particularly true of those, like VPA, that rely principally on catch data from commercial fisheries;
survey data are only used in calibration. Management interventions designed to protect stock
collapse can therefore have implications for stock assessments if they result in discarding and
catch misreporting. However, assessment scientists can attempt to improve stock assessments
by developing estimates of the level of unknown removals.

Obtaining an estimate of unknown removals for a single year is unlikely to improve a stock
assessment. More likely is that it will lead to increased uncertainty as models attempt to com-
pensate for the increased assumed catch. Assuming that a similar level of unknown removals
has been taken in previous years is likely to be just as uncertain; while trends in mortality may
remain similar, for example, the absolute stock level will be unknown.

Current approaches to illegal and unreported (IU) catch assessment usually relate stock estima-
tors based upon official catch data to stock levels estimated from research survey data. For
instance, comparing Russian sturgeon (Acipenser gueldenstaedti) stock biomass estimated
with an age-structured model using official catch statistics with an independent estimate of bio-
mass derived from a trawl/acoustic survey, brings us closer to solving the problem of assessing
U catches of sturgeon in the Caspian Sea (Babayan et al., 2006).

Darby (2004) developed a modelling approach to estimate unknown removals of North Sea cod.
This used the ADAPT model structure to estimate the bias in landings. This approach related
potentially biased estimates of numbers of age in year with those related to fishery-independent
survey-based CPUE estimates. The time-series was divided into two, the first period having
relatively unbiased catch data, and the second (more recent) period containing biased data.

Patterson (1998) used a modification of an ADAPT-style model developed by Haist et al. (1993)
to explore the precision, accuracy and bias of estimates of parameters of management interest
when catch information is incomplete but survey estimates of stock size and biological sampling
of the age structure of catches are known. He found that the model can be used to estimate
stock size, and hence the future catch at a known fishing mortality, with quite good accuracy
even when catches are under-reported. However, estimates of actual catches and of fishing
mortality were highly imprecise and very inaccurate. Parameter estimates from the model had
less bias, similar precision, and greater accuracy than a conventional “‘tuned-VPA" calculation.



OBITh HCIIOIL30BAHO JI1 OHE€HKKU YUCJICHHOCTU BO3PACTHOTO KJIaCCa, KOTOpasd 3aBHUCUT OT HU3MCHEHUI
OK€CaHMYCCKOI'O KIMMara. BOH,Z[apeHKO " ap. (2003) TOXE OTMCTUJIN YTO OTOT IIOAXO0J MOXKET AaTh HAACKHBIC
OLICHKHU OHOIOrMYECKHUX OPHUCHTUPOB, €CJIN U3BCCTHLI OLICHKHU yCJ'IOBI/Iﬁ CpC€abl B ICPUO/ q)OpMI/IpOBaHI/IH
TIOIIOJTHCHHU . HpI/IMCHeHI/IC O9TOTr0 ImoAxoaa i KaCIUMCKUX BUIAOB CACPIKUBACTCAH OFpaHquHHOﬁ
AOCTYIMHOCTBIO HCO6X0,Z[I/IMLIX JaHHBIX.

3.8.7 [ononnumenvhas numepamypa

Mullon, C., Fréon, P., and Cury, P. 2005. The dynamics of collapse in world fisheries. Fish and Fisheries,
6: 111-120.

3.9 OueHka HEYYTEHHOI'O BbLJIOBA

KauectBo OLICHKHM 3araca 3aBUCUT OT KaUC€CTBA MOAHHBLIX, HAa KOTOPbLIX OHAa OCHOBAHA. DT0 0COOEHHO
CIIpaBCJIMBO B OTHOLICHUU TEX METOAOB OLICHKH (Haan/IMep,VPA), KOTOPBIC OIMUPAKOTCs, NPEIKAC BCLCIO,
Ha JaHHBIC O MMPOMBICJIIOBBIX YJIOBAX, 4 JAHHBIC CbEMOK UCHOJIB3YIOTCS TOJBKO IJIA HaCTpOfIKI/I. Mep]:l 10
YIpaBJICHULO, pa3pa60TaHHLIe JJI 3allIUThI 3al1aCOB OT UCTOLICHHA, MOT'YT MOBJIMATH HA OILICHKY 3aIllacoB,
€CJIn OHU CTUMYJIHPYIOT BLI6POCLI pLI6I:I " COKPBLITUC JAHHBIX 00 YyJjioBax. O,Z[HaKO MOXXHO ITOIIbITAaTbCA
YIy4dlInuTh Ka4€CTBO OLICHKU, pa3pa60TaB MCTOABI OTIPEACIICHNA BEJIMYNHBI HCYYTCHHOI'O BbIJIOBA.

MaJ’IOBCpOHTHO, YTO OLCHKAa HCYYTCHHOI'O BbLLJIOBA 3a Kako-mubo OJUH TOJ YIYyYUIUT OLHCHKY 3amacoB.
BGI)OSITHGC BCCTO, YTO OHA TOJILKO IMOBBICUT HEOMIPEACIICHHOCTD, TIOCKOJILKY MOACIN MOMBITAIOTCA CTJIaIUTh
npeamnojaracéMoc yBEIUMYCHUC YJI0BaA. I[OHyH_[eHI/IC, 4qTo HCy‘lTeHHLIfI BBLJIOB OBUT Ha TOM K€ YPOBHEC U B
MNpOLJIBIC IOABbI, ABJIACTCA TAKHUM KE HCOIIPECACIICHHBIM. B 10 BpEMs KaK TCHACHIIUN B TEMIIaX CMEPTHOCTHU
MOT'YT OCTaBaTbCA CXOXKXHUMU, a0COIIIOTHAS BEIMYMHA 3amaca 6y):[CT HCHU3BCCTHA.

CymiecTByrone METOIbl ONpeleNieHHs BEIMYMHBI HEYYTEHHOTO BBUIOBA OOBIYHO MOCTPOEHBI Ha
COIOCTABJICHUH OLIEHOK 3araca, OCHOBAHHBIX Ha O(QHUIHMAIBHBIX AaHHBIX 00 yJIOBaX, ¢ HE3aBHCHUMBIMH
OLIEHKaMH, HAalIECHHBIMH C TOMOLIBIO YYETHBIX CheMOK. TaK, K peIeHHIO IPOOIEeMbI OLIEHKH HEYYTEHHOTO
BBIJIOBA OCETPOBBIX BUIOB pbI0 B Kacnuiickom Mope Mo3BOJIHII0 OAOMTH CONOCTaBIEHHE OLIEHOK OMOMACCHI
3amaca pycckoro ocerpa (Acipenser gueldenstaedtii), paccunTaHHBIX € HCIOJB30BAHHEM KOTOPTHOM
MOZIETH M O(HULIHATBHON CTAaTHCTUKY BBIIOBA, C OLIEHKAMH 3araca 3a Te e TOJbl, MOTYYEeHHBIMH METOJIOM
IUIOINA/EH 10 pe3ysibTaTaM HayqyHOH TpalloBo-akycTuueckoi cheMkH (badasH u ap., 2006).

Hapou (Darby, 2004) paspaboranm MOJENBHBINM IOAXOJ K OIICHKE HEYYTCHHOTO BBLJIOBA TPECKU B
CesepHoM Mope. JlJist OlleHKM U3MEHEHUH B YJI0BaX ObLT UcTonb3oBaH aroput™M ADAPT-merona. [Tomxon
CBSI3BIBACT MOTEHIMATIHHO CMEIICHHBIE OLEHKHU YHUCIECHHOCTEH BO3PACTHBIX TPYMIl IO rofaM IPOMBICIa
C HE3aBUCUMBIMH OT MPOMBICIIA OICHKAMHU, MOMy4eHHbIMU Ha ocHoBaHuM 3HaueHuit CPUE u3 HayuHbIX
CheMOK. JIMHaMU4YeCcKuil psiJi yJIOBOB ObLI pa3/ielicH Ha JIBE YaCTH: TIEPBasi - C OTHOCUTEIHHO 00BhEKTHBHBIMU
BEJIMYMHAMHU YJIOBA U BTOpast (JIJIs IOCIIETHETO MIEPHUO/Ia) — CO CMEIICHHBIMU JTAHHBIMHU.

[larrepcon (Patterson, 1998) ucnonb3oBan Moaupukanuio moxend, aHamorugHoi ADAPT-merony,
KoTopast Obl1a pa3paborana Xaiicrom u ap. (Haist et al., 1993) nist u3yueHns: TOYHOCTH U CMEIICHHOCTH
OLIEHOK ITapaMeTPOB, MPEACTABISIONINX HHTEPEC I YIPaBICHHS 3arlacaMy IIpU HEMOJTHON MH(pOpMaLuK
00 ynoBax, HO U3BECTHBIX OLICHKAX BEJIMYHMHBI 3amaca Mo ChbeMKaM M BO3PACTHOM CTPYKType YJIOBOB IO
Oouonoruueckum rnpodam. [larrepcon 00Hapy KU, YTO MO MOYKHO UCIIOIB30BATh JJIsl OLCHKH BEJTMYHHBI
3amaca M, CJIEAOBATENIbHO, - OyIyIIEero yJloBa IMPH M3BECTHOH MPOMBICIOBOW CMEPTHOCTH C JOCTAaTOYHO
BBICOKOI TOYHOCTBIO, Aa)K€ MPH HETOJHON CTaTUCTHKE BbUIOBA. ONHAKO OLEHKH (DAaKTHUECKUX YJIOBOB
1 MPOMBICIOBOM CMEPTHOCTH OKa3alHUCh KpaifHE HETOUHBIMU M CMeEIleHHbIMU. [lomyueHHble Ha OCHOBE
MOJIETTH OLIEHKH MCKOMBIX apaMEeTPOB UMEJIM MEHbIIEEe CMEIIEHUE 1 OOJIBIIYIO TOYHOCTh, YeM PE3YIIBbTaThI
TPaJULMOHHBIX PACYETOB, BHIOJIHEHHBIX ¢ MoMoIbi0 VPA C HacTpoiikaMu.



Where landings are highly uncertain, data from systematic research vessel surveys can be used
to model the population dynamics of commercially important fish stocks (Beare et al., 2002).
This is a field of increasing interest, and work is currently underway as part of an EU project
(http://www.ifremer.fr/drvecohal/fisboat/) to develop new methods of fishery-independent
assessment. In contrast to fishery data that can be biased but precise, survey data can be
unbiased but imprecise. Therefore, survey-based assessment methods need be robust to
variability in survey data. Methods to construct abundance estimates that are constrained across
years by the coherence in the spatial distribution and in the time trend (statistical model-based
estimates) and in the demography dynamics (population dynamics model-based estimates) are
being considered (Collie and Sissenwine, 1983; Pope and Darby, 1995; Cook, 1997).

Catch-Survey Analysis (CSA; Mesnil 2003) aims to estimate absolute stock abundance given a
time-series of catches and relative abundance indices, typically from research surveys. Needle
(2003) presents an assessment approach based solely on survey results: SURBA. The approach
develops the separable survey model of Cook (1997). This approach uses a variation of the
standard catch equation to model the abundance index from surveys (Ia,y):

_FuNg, G-exp(s, £, =My,
&y s, f, +M,,

where M, and F, yare the natural and fishing mortality at age a during year y, N, ay the number
at age a and year y, s, the age effect, and f the year effect. This model can be fitted to data
by minimizing the sum of squares (with age weighting factors), assuming log-normal error
distributions, and by assuming that the terminal value fy is fixed so that the mean of all the
temporal trends is 1.0. A smoother also constrains the minimization to reduce the impact of
noise in the data. SURBA relies on the specification of age-based catchabilities. These may be
specified in a number of ways:

e SURBA can be allowed to estimate them internally; this approach is not recommended
and is prone to dubious results because, effectively, the model is allowed too much
freedom.

e The user can specify appropriate values. Often this involves iteratively running SURBA
with different catchabilities until the age effects are non-negative. This has been the
standard approach in recent years, but is less than ideal.

e Catchability estimates derived from an XSA or other such method, rescaled to a value
of 1, may be specified. There is a problem here too. Very often SURBA needs to be
run to obtain a fishery-independent perception of stock status. Catchability estimates
from assessments using commercial catch data may be biased if the catch data are
“contaminated” by misreporting.

Discarding can have serious impacts on stocks that will not be assessed from fishery data. It
cannot be assumed that all fish that are discarded survive. Estimates of bycatch and discard
mortality can come from observers aboard fishing vessels. Where bycatch estimates are
required for stock assessment, the level of precision required may depend on the stock
assessment methodology and the management system itself, defining the observer coverage



[Tpu oyeHs HeompeneneHHONW MHPOPMALUK 00 YIOBaX, Ul MOJACTUPOBAHUS MOMYJISIIMOHHON TMHAMUKA
KOMMEPYECKH 3HaYMMBIX 3aI1acOB MO>KHO HCIIOJIb30BaTh IJAHHBIE PETYJISIPHBIX HAyuHbIX CheMOK (Beare etal.,
2002). MHTepec Kk 3TOMY MOAXO/Y PacTeT, M B HACTOSIIEE BpeMs Y)Ke BeieTcs paboTa B 3TOM HaIlpaBICHUU
Kak yacth nmpoekra EC 1o pa3paboTke HOBBIX METOIOB OLICHKH, HE 3aBUCUMBIX OT IPOMBICIIOBOW CTATUCTUKU
(http://www.ifremer.fr/drvecohal/fisboat/). B otinune OT IPOMBICTIOBBIX IaHHBIX, KOTOPbIE MOTYT OBITh
CMEIICHHBIMH, HO TOYHBIMH, JaHHbIE CHEMOK MOTYT HE UMETh CMEIICHHSI, HO OBITh HETOUHBIMH. [l03TOMY
METO/bI OICHKH, OCHOBaHHBIC HAa HAyYHBIX ChEMKax, JOJDKHBI OBITh YCTOHYMBBIMH K H3MEHYMBOCTH
MOJYYSHHBIX C MX TIOMOIIBIO JIaHHBIX. B psge paboT paccMarpuBaeTcsi BOSMOKHOCTh CO3/IaHHsI METOIOB
OLICHKH YHCIICHHOCTH, COIIACOBAHHBIX 10 BPEMEHHU C MPOCTPAHCTBEHHBIM pacIpe/ieieHHeM, BPEMEHHbIM
TpeH/IoM (OLICHKM Ha OCHOBE CTATHCTHYECKHX MOJENei) U JeMorpaguyeckoil JMHAMUKOH (OLIEHKH Ha
ocHoBe mozerneit monymsaiunonHoi nunamukn) (Collie and Sissenswine, 1983; Pope and Darby, 1995; Cook,
1997).

Mecuun (Mesnil, 2003) pa3paboTan MeTo1 aHaIM3a YIOBOB, OTYyYSHHBIX BO BpeMsi cbeMKU (CSA), KoTopbIit
MpeAHa3HaYeH U OLEHKH a0COIIOTHON YHCIIEHHOCTH 3araca Ipy HAJIMYUU BPEMEHHbIX PSIIOB YJIOBOB U
WH/IEKCOB OTHOCUTEIHLHOM YHCICHHOCTH, OOBIYHO ()OPMHUPYEMBIX 10 PE3yJbTaTaM HAyYHBIX ChEMOK.

Hunn (Needle, 2003) mpeanoxui moaxon k orenke 3amacoB SURBA, 0CHOBaHHBIN MCKITIOYUTENBHO Ha
IaHHBIX cheMOK. [loaxon siBisiercss moaudukanuein cemapadenbHoit Monenu cbemku (Cook, 1997), B
KOTOPOH HCIOJB3YyeTCs BEPCUSI CTAaHAAPTHOTO YPaBHEHHS YIIOBA, MO3BOJSIONIAsS CMOACIHPOBATh MHIEKC
YHCJICHHOCTH 0 JaHHBIM CheMOK (| ay)’

Fa,y Na’y (1—exp(-s, fy -M a,y) ,
S, fy +M,,

ay ~

e M ay 1 Fa‘y — eCTEeCTBEHHAs U ITPOMBICIIOBasi CMEPTHOCTH 0co0el B Bo3pacte a Bron y, N ay ~ KOTHYECTBO
oco0eii B BO3pacTe a B Ioa Y, S, — akrop Bo3pacra, a fy — ¢hakTop roga. Ty MOJAEIb MOKHO ITOCTPOUTH 110
HUMEOIUMCS JTAHHBIM METOJIOM HAaUMEHBIINX KBJIPATOB (C BECOBBIMU KOA(PPHUIIMEHTAMHU IO BO3pacTam),
JIOTTyCKasi, YTO OIIMOKH KMMEIOT JIOTHOPMAJIFHOE pacIpeesieHue, W Ipejmnosaras, 4To TePMHHAIbHOE
3HAYECHHE fy ¢uxcuporano. SURBA ocHoBaH Ha onpezeiicHHUH KO3()D(HUIMEHTOB YIaBIMBACMOCTH I10
Bo3pacTaM. MX MOXKHO OINpenenuTh pa3InIHbBIMHU CIIOCO0aMHU:

e OIleHUTh UCKOMBIEC KOA(PPHUIMEHTHI KaK SHAOICHHBIC MapaMeTpbl ¢ momoinbio camoii SURBA.
Takoit momxoHd, OJHAKO, HE PEKOMEHIYETCsI, TIOCKOIBKY OH MOXET IMPHUBECTH K COMHUTEIHHBIM
pe3yabTaraM, TaK Kak MOJICTh 00JIaIaeT CIIUITKOM OOJBIITMM YHCIIOM CTEIICHEH CBOOOIEI.

e Onpenenuth MNpUEMIIEMble 3HAYCHUS KOI(PPHUIMEHTOB MOXKET caM [ojb30Bareib. YacTo
9TO OCYHICCTBIIETCS ITyTeM MHOTOKpaTHOW mporoHku wmoaemun SURBA ¢ pasmumanbiMu
3HAYCHUSAMHU KOA(P(HUIIMEHTOB YJIaBIMBACMOCTH, MTOKA OLIEHKH BO3PACTHBIX (DAaKTOPBI HE CTaHYT
HeoTpuIaTeIbHBIMH (T.€. >0). B mocnearee BpeMst TaKoH ITOIXO/ MPUHST B KAYECTBE CTAHIAPTHOTO,
XOTS ¥ OH JAJICKO HE UJeajcH.

e  Omnpenenuth OLEHKU KOA((PUIIMCHTOB YIaBIUBACMOCTH C MIOMOIBI0 XSA WK IPyrux MOA00HBIX
MeTomoB. OgHAKO M 371eCh €CTh CBOs mMpobiema. Jleno B TOM, UTO OICHKH YIaBIMBAECMOCTH,
KOTOPBIC ITOJIYICHBI Ha OCHOBE JAPYTHUX OIICHOK, 3aBUCSIINX OT TAHHBIX 00 YJIIOBaX, MOTYT OKa3aThCs
CMEITICHHBIMH, €CJTU 3T JaHHBIC NCKAKEHBI B PE3YJIBTaTe HEMIOJHON oT4eTHOCTH. [103TOMY OUeHb
9acTO BO3HHKAET HEOOXOMMMOCTh B Mcmoib3oBaHUn SURBA, 4T00Bl HaliTH HE3aBUCHMYIO OT
TIPOMEICITA OIICHKY COCTOSTHUS 3araca.

Bri6pocsl moiiMaHHON pBIOBI MOTYT OKa3aTh CEpPhE3HOE BIMSHME HA 3amachl, KOTOPOE HE MOJIaeTcs
OTIPENIEIICHUI0O HAa OCHOBE TPOMBICIOBBIX MaHHBIX. Henmb3st ¢ yBEpEHHOCTBIO IMPEANOJIO0KHUTh, YTO BCE
BBINYIIIEHHBIE PHIOBI BELKUBYT. O1IEHKa CMEPTHOCTH, 00y CIIOBJICHHAS ITPHIIOBOM H BBIOPOCAMH, MOYKET OBITh
[I0JIy4€Ha OT HalOIroAaTesel, HaXoASIMXCs Ha IPOMBICIIOBBIX cynax. Eciu onieHka rpusoBa TpedyeTcst s
OIIEHKH 3aIlacoB, YPOBEHb HEOOXOAWMOM TOYHOCTH MOXKET 3aBHCETh OT METOAMKH OIIEHKH, a TaKXe OT
CHCTEMbI YIIPABJIECHUS, KOTOpasl OIpeAessieT IOJIHOTY OXBaTa M3y4aeMoro 3amnaca HaOmoneHusMu. Eciu
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required. Where bycatch mortality is high compared with other sources of mortality on a stock,
higher levels of coverage may be needed. Methodology for estimating discard rates will not
be detailed here. As references, Brown (2001) and O’'Brien et al. (2003) present approaches to
estimating discard rates and overall discard levels.
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CMEPTHOCTh B MIPUJIOBE BHICOKA 110 CPABHEHUIO C JAPYTUMHU MCTOYHHKAMH CMEPTHOCTH 0COOEH B TaHHOM
3amace, TO MOXeT MOoTpeOoBarbecsi Oojiee MHTEHCHBHAS MporpaMma HaOIoAeHU. MeToqonorust OueHKU
TEMIIOB BBIOPOCOB 37I€Ch HE MPHUBOAUTCA. J[1s1 03HAKOMIICHHS C COBPEMEHHBIMH MOJXOAaMU K OIICHKE
TEMITIOB ¥ OOIIEero YPOBHS BRIOPOCOB MOXHO 00Oparuthes K pabotam bpayna (Brown, 2001) u O’bpaiiena

u 1p (O’Brien et al., 2003).
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4. Provision of advice and management

The goals of fisheries management are enshrined in the United Nations Convention on the Law
of the Sea and the Code of Conduct for Responsible Fisheries (FAO, 1995) and the Precautionary
Approach to Capture Fisheries and Species Introductions (FAO, 1996). As the Code notes,
“States and users of living aquatic resources should conserve aquatic ecosystems. The right to
fish carries with it the obligation to do so in a responsible manner...[promoting] the maintenance
of the quality, diversity and availability of fishery resources in sufficient quantities for present and
future generations...”

This principle can be said to underpin the aims of fishery management in the Caspian Sea. The
mechanisms of TAC allocation (sturgeon and kilka species), effort limitation (kilka in Iran), closed
seasons (kilka) and gear restrictions (both groups) have been used as instruments to limit fishing
impacts on Caspian Sea commercial stocks. However, the process of assessment and determi-
nation of TAC levels has been described as opaque, preventing the replication of results from
available documentation (FAQ, 2004).

Long-term management objectives are generally the sustainable use of fisheries resources.
States and sub-regional or regional fisheries management organizations and arrangements
should therefore adopt appropriate measures, based on the best scientific evidence available,
designed to maintain or restore stocks at levels capable of producing maximum sustainable
yield. However, issues with MSY as a management target should be noted (see also section
3.3). Often, MSY is only noted after it has been surpassed, and productivity is falling on the
descending limb of the yield curve. Recovery to and maintenance of MSY is difficult, and more
robust reference points should be considered. Whichever the management objective, it
should be clearly stated to allow appropriate assessment approaches and hence data col-
lection strategies to be developed.

4.1 Uncertainty and the precautionary approach

Management of fisheries operates in an environment of uncertainty. This encompasses uncer-
tainty from a range of sources (Rosenberg and Restrepo, 1994):

e process error attributable to natural variation in dynamic processes (e.g. recruitment,
somatic growth, natural mortality);

e measurement error (generated when collecting observations from a population);

e estimation error that arises from trying to model the dynamic process (during the assess-
ment process);

e model error (because the model used in the assessment procedure will never capture
the true complexity of the dynamics); and

e implementation error (because management actions are never implemented perfectly).



4. HayyHble peKOMEeHIAIMU U YIIPABJICHHUE

Henu ympapnenusi poioonoBctBoM BkirodeHbl B KonBenumio OOH mo mopckomy mpaBy, «Komekc
MOBECHUS IIPU OTBETCTBEHHOM pbIbonoBcTBe» (FAO, 1995) u «IIpenocTopokHbIi MOAXOMA K PHIOOTIOBCTBY
BO BHYTPEHHHUX BojoeMax U BceneHuto BuioB» (FAO, 1996). Kak ormeuaercs B «Koznekcer, «l'ocynapcTsa
1 TI0JIb30BATEINN YKUBBIX BOJHBIX PECYPCOB JOIKHBI COXPAHATh BOAHBIE SKOocHCcTeMBI. [IpaBo Ha mpoMebIcen
BJI€UET 32 CO00M 00513aTEIBCTBO OCYIIECTBIIATE €r0 OTBETCTBEHHO. . . [ COIEHCTBYS TEM CAMBIM | IOAIEPKAHUIO
Ha JOCTATOYHOM YPOBHE KauecTBa, pa3HOOOpa3Hs M AOCTYIMHOCTH PHIOHBIX PECYpPCOB JUISA HACTOSILErO U
Oy/IyIIUX TIOKOJICHHH. . .».

MoXHO cKa3aTh, YTO 3TOT NPUHLIMI TMOABOAMT (PyHIAMEHT IOJ LEJU YHpPABICHHS PHIOOIOBCTBOM
Kacnwuiickoro mopsi. B kauecTBe HHCTPYMEHTOB, OTPaHUYNBAIOIIMX [TPOMBICIIOBOE BO3ACHCTBHE HA PHIOHBIE
3anacel Kacnust, ucronp3oBanuck MexaHu3mbl pactpenenenns OY (oceTpoBbie U KMIIbKH), OTPAaHUYCHUS
ycuius (Ha UPaHCKOM MPOMBICTE KHJIBKH), YCTAHOBIICHHS 3aKPBITHIX CE30HOB IPOMBICHA (KHJIIbKA) U
OTpaHUYCHHS KOJIMYECTBAa OpYAMH JoBa (oceTpoBble M Kuibka). OJHAKO MPOLECC OLUECHKH 3allacoB H
BenmunHbl OJ]Y ocTtaercsi «HENpO3payHBIMY, YTO HE MO3BOJISET TOBTOPUTH PE3YNIBTAThl, H3JI0KECHHBIC B
noctynHbix ucrounukax (FAO, 2004).

Jonrocpoynple Lenu yOpaBieHHs OOBIYHO 3aKJIIOYAIOTCS B YCTOHYMBOW OKCIUTyaTallud PECypcoB
peioonoBeTBa. locynmapcTBa M perroHalibHBIE PBIOOXO3AWCTBEHHBIC OpraHU3allud W OObECAMHEHHS,
CBSI3aHHBIC C YIpPaBICHHEM PHIOOJIOBCTBOM, JOJDKHBI IPUHUMATH COOTBETCTBYIOIIME MEphl, OCHOBAaHHbIC
Ha JIyYIIMX HayYHBIX PEKOMEHIANNAXK, Pa3paOb0TaHHBIX JUIS MOJACPKaHMs WM BOCCTaHOBJICHHUS 3alacoB
JI0 YpOBHEH, Ha KOTOPBIX OHU CHOCOOHBI MPOXYLUPOBATH MaKCUMaJIbHBIA yCTOWYMBEIH ynoB. Crenyer,
OZIHaKO, OTMETHUTb, YTO HCIoJb30BaHKe MSY B KauecTBe LieNW YNpPaBICHHUS BBI3bIBACT PA3HOTNIACHS Y
crenuanucToB (cM. Takxke pazaen 3.3). Yacto o MSY BCOMHHAIOT TOJBKO TOTJA, KOTJa OH MPEBBILICH
U TPONYKTMBHOCTh 3amaca CHH)KAETCs IO HHUCMAJAIONIed BETBM KPHUBOM YpaBHOBELIEHHOTO YJIOBa.
Boccranosnenue 3anaca 10 ypoBHs MSY u ero nopiep:kanue Ha 3TOM ypOBHE — TPyJAHAs 3a/1a4a, TOITOMY
JKeJaTeJIbHO pacCMOTPETh U Oosee ycToldnBhIe OpreHTHPHI. KakoBa Obl HH OblIa 1eNb yIpaBieHUs, OHA
JIOJDKHA OBITH YeTKO chopMynupoBaHa, YTOOBI MOKHO OBUIO pa3paboTaTh COOTBETCTBYIONIME MOAXOAbI K
OLICHKE 3aMlacoB M, COOTBETCTBEHHO, CTpaTeruy cOopa JaHHbIX.

4.1 HeompeneJeHHOCTH H MPEI0CTOPOKHBII MOIXO/

VYnpasieHue pbIOOJOBCTBOM — OCYINECTBISICTCS B YCIOBHAX  HEOMNpEACTICHHOCTH. VcTouyHHKaMu
HEOIpeAeIeHHOCTH MOTYT OBITh MHOTHE TiprunHEl (Rosenberg and Restrepo, 1994):

e OmmbOka mporiecca, CBSI3aHHAS C CCTECTBCHHBIMU KOJICOAHWSIMU B JAMHAMHUYECKUX MPOIEcCcax
(HanpuMep, mporieccax MOMOIHEHHUS, COMATHIECKOTO POCTa, €CTECTBEHHOW CMEPTHOCTH).

e Ommbka w3MepeHHH (CBSI3aHA C W3MEPCHUSIMH BEJIUYHH, XapaKTEPHU3YIOIINX COCTOSHHUE
TTOTTYJISIITHH ).

e OmmuOKa OIEHKH, KOTOpas BO3HUKACT B CBA3M C TOMBITKAMH CMOJICIIMPOBATH THHAMUYCCKUN
rporiecc (B paMKax IpOIeAyPhI OIICHKH 3aI1acoB).

e  OmmbOka Mozenu (MTOCKOIBKY MOJIENb, HCIONb3yeMasi B TIPOLIEype OIICHKH, HUKOT/IA HE OXBATUT
BCIO ICTUHHYIO CIIO)KHOCTD JIMHAMHKH 3araca).

e OmmbOka peanmuzanuy (MOCKOJIBKY HAaMEUCHHBIC MEpPbl YIPABICHHUS HHUKOTJA HE PEaU3yIOTCs
TTOJTHOCTBIO).



The basis of the precautionary approach is that the absence of adequate scientific information
(because of uncertainty) should not be used as a reason for postponing or failing to take
conservation and management measures. VWhen implementing a precautionary approach,
uncertainties relating to the size and productivity of the stocks, reference points, stock condition
relative to these reference points, level and distribution of fishing mortality and the impact
of fishing activities (including discards) on non-target and associated or dependent species,
as well as environmental and socio-economic conditions need to be taken into account. This
underpins the discussions under section 4.4. The precautionary approach also forms the basis
of the Strategic Action Plan derived by the Caspian Environment Programme (http://www.
caspianenvironment.org/newsite/index.htm).

4.2 Shared stocks

To be effective, fisheries management needs to be concerned with the whole stock unit, over
its entire area of distribution. To conserve and manage transboundary fish stocks (including in
the Caspian Sea), highly migratory fish stocks and high seas fish stocks throughout their range,
management approaches must be consistent between countries, and within regional bodies,
taking into account the competences of relevant States. With specific reference to the Caspian
Sea, international cooperation in information gathering and exchange, fisheries research,
management and development are required. Scientists throughout the Caspian Sea region have
noted the need for shared stock studies and the development of joint ventures, examining fish
migratory patterns and the dynamics of abundance, to name but two areas of study.

4.3 The ecosystem approach

The Ecosystem Approach, which is being adopted around the world, puts emphasis on a
management regime that maintains the health of the ecosystem alongside appropriate human
use of the marine environment, for the benefit of current and future generations. The Convention
on Biological Diversity (CBD) defines the Ecosystem Approach as “a strategy for the integrated
management of land, water, and living resources that promotes conservation and sustainable
use in an equitable way"”, and the ecosystem can be defined as “an interacting complex of living
communities and the environment, functioning as a largely self-sustaining unit.” Humans are
part of the ecosystem.

The Ecosystem Approach to management is based on a long-term perspective, and highlights
the dependence of economic and social sustainability on ecological sustainability. Setting and
achieving ecological objectives that protect ecosystem structure and function from serious or
irreversible harm will achieve ecological sustainability. Economic and social objectives should be
met without compromising ecological objectives.

Best practice for the development of an ecosystem approach include:

e The need for clear, operational objectives, agreed by all groups of users and managers,
which eventually affect decision-making.

e The need for reliable indicators that can be used in support of decision-making, and
whose information content and performance under different conditions is known.

e The importance of explicit risk assessment, qualitative or quantitative, as a part of support
to management. Correspondingly, it is important that modelling and analytical tools that
are used deal realistically with uncertainty.



[IpenocToposkHBIN TONXO0J OCHOBAaH Ha TOM, YTO OTCYTCTBHE aJCKBATHOM Hay4HOH mH(popMauuu (M3-3a
HEOMPEAETICHHOCTH ) HE TOJDKHO OBITh MPHYMHOM AJIS1 OTCPOUYKH WIIM OTKa3a OT IPUHSTHS MEP 110 COXPaHEHUIO
u ynpasieHuto. [Ipu peanuzanum mpeaocToposKHOTO MOIX0Aa HEOOX0AMMO YUUTHIBATh HEOIPEACTICHHOCTH,
CBSI3aHHBIC C BEJIMYMHOW W TPOAYKTUBHOCTBIO 3aracoB, OMOJOTHYECKUMH OPUEHTHUPAaMH, COCTOSHHUEM
3arnacoB (OTHOCHUTENBHO ATHX OPUEHTHPOB), YPOBHEM U pacIpe/ie]IeHHeM MPOMBICIOBON CMEPTHOCTH U
BO3/IEHCTBHEM IPOMBICIIOBOM €SI TENbHOCTH (BKIIIOUAst BHIOPOCHI pHIOBI) Ha HEleJeBbIe, aCCOLMUPOBAHHBIE
WJIM 3aBHCHUMBIE BUJBI, @ TAK)KE SKOJIOTMUECKHE U COLMATIbHO-3KOHOMUUECKHE YCIOBUA. DT MOJI0KEHUS
MOCJTY>KIJIM OCHOBOM JUCKYyCCUH, TPpUBENEHHOH B pasnene 4.4. [IpenocTopokHblil MOAXON SBIAETCS TaKXKe
KOHIENTYalbHOW OCHOBOHM CTpaTernueckoro IiaHa AEHCTBHH, pa3paboraHHOro B pamkax Kacrmmiickoit
9KOJIOrnYecKoil mporpammsl (ttp://www.caspianenvironment.org/newsite/index.htm).

4.2 OOumue 3amacbl

UT0oOBI ympaBiIeHUE MMPOMBICIOM OBLTO 3(PPEKTUBHBIM, OHO JOKHO PACIPOCTPAHATHCS HA BCIO CIUHUITY
3araca BO BCeM paiioHe ee pacipocTpaHeHus. J{Js coxpaHeHNs U yIpaBIeHNs TPAHCTPaHUIHBIMH 3aITacaMu
pBIO, 3amacaMyu Jaieko MUTPUPYIONINX BHUAOB PBIO U 3armacaMu peI0 B OTKPBITOM MOpE Ha BCEM UX apeaie
HE0OXOAMMO, YTOOBI TOAXOAB! K YNPABICHUIO OBUIH COTIIACOBAHBI MEXTY BCEMH 3aHMHTEPECOBAHHBIMU
CTpaHaMU M PETHOHAIHLHBIMU OPTaHaMU W YYUTBHIBAIM IIOJTHOMOYMS 3THX CTOpoH. B ciaydae Kacruiickoro
MOpsI HeOOXOIFMO MEXTyHAPOIHOE COTPYIHUIECTBO B PHIOOXO3SHCTBEHHBIX NCCIIEOBAHUAX, TIPH cOOpe 1
obMeHe mHbopMaIiei, yIpaBIeHIH U pa3BUTHH. Y UeHbIe KacTIiiicKoro pernona oTMe4aroT HeOOXOTMMOCTh
B HCCIIEZIOBAaHUHM OOIIMX 3aMacoB W pa3pabOTKe COBMECTHBIX MPOTPaMM C IENbI0 COTPYIHHYECTBA, IO
KpaiftHeil Mepe, B ABYX 00NACTAX: U3yUYEHUS MUTPAAN U THHAMHUKHN YUCICHHOCTH STHX 3aIlacoB.

4.3 DKoCHCTEMHBIH MOAXO0/

DKOCHUCTEMHBIN TMOAXOA, MOCTENEHHO 3aBOEBBIBAIOIIMI MUPOBOE MPHU3HAHUE, NETACT OCHOBHOM yIop
Ha PEKUM YIIPABICHUS, KOTOPBIM MOAJICPKUBACT OJIATOMOIYYHe MOPCKOW SKOCHCTEMBI HApsIy C e
Pa3yMHBIM HCITOJIb30BAaHHEM Ha 0J1aro HeIHEUTHEro U Oyayniux nokojeHui. KoHBEeHIUs 0 OUOI0rHYeCKOM
paznooOpasuu (CBD) ompenensier SKOCHCTEMHBIH TOAXOA KaK «EAMHYH CTPaTeTHIO yIPaBJICHUS
HAa3eMHBIMH, BOJHBIMHU U KUBBIMH PECypCaMU, KOTOpasi B PaBHOW CTEIIEHU CIIOCOOCTBYET UX COXPAHCHUIO
U YCTOWYHMBOMY HCIIOJIb30BAHHUIO», a IKOCUCTEMA MOXKET OBITh OIpE/esieHa KaK «IMHAMHYHBIA KOMILIEKC
COOOIIECTB PACTEHUM, KUBOTHBIX M OPraHM3MOB, B3aUMOJICHCTBYIOIINX KaK €IUHOE (DYHKIIMOHAIBHOE
uenoe». YeaoBeK TOXKE SIBISAETCS YACThIO SKOCUCTEMBI.

DOKOCHUCTEMHBIH TMOAXOA K YNPABICHUIO OPHUEHTUPOBAH Ha JOJITOCPOYHYIO MEPCHEKTUBY H 0C000
YUUTBIBAET 3aBUCUMOCTh SKOHOMHUYECKON M COLMAIBHOIN YCTOMUNBOCTH OT YCTOMYUBOCTH KOOI MUYECKOM.
Omnpenenennie W AOCTHKEHHE HKOJOTMUYECKUX WeNei, KOTOpble 3allUIIAloT CTPYKTYpy U (QYHKIUH
9KOCHUCTEMBl OT CEPbE3HOr0 WM HEeoOpaTuMoro Bpeaa, olecredaT 3KOJOTMYECKYIO YCTOWYHMBOCTb.
JocTikeHne SKOHOMHUYECKUX U COLIMATBHBIX Leeil He TOHKHO OCYLIECTBISITHCS B YIIEPO SKOIOTHYECKUM
LIEJISIM.

COBpeMCHHLIfI OIIBIT peajin3aliui 3KOCUCTCMHOI'0 IMOAXOAa IIO3BOJIACT C(l)OpMyJ'II/IpOBaTB CJICaAyrouume
Tpe6OBaHI/Iﬂ n 3aMCUYaHuA:

e HeoOXomuMoOCTh B MOHATHBIX M JOCTHKHMBIX LEJSX, COMTIACOBAHHBIX MEXKAY BCEMH TPYIIIaMU
[10JIb30BaTes e 1 MEHEHKEPOB, KOTOPbIE B KOHEUHOM CUETE BIIUSIOT Ha MPUHATHE PEIICHUH.

e HeoOXomuMocCTh B Ha/IC)KHBIX [TOKa3aTeNsX, KOTOPbIE MOKHO MCIIOIB30BaTh Il HH(OPMAIMOHHOK
MOJAEP KKHU MPUHATHUS PELIEHUH U CMBICIIOBOE COJIEPKaHUE U XapaKTEPUCTUKHU KOTOPBIX U3BECTHBI
JUISL pa3HBIX YCIOBHH.

e BaXHOCTh KayeCTBEHHOM WJIM KOJIMYECTBEHHOM OIIEHKM pHCKa Kak HEOThEMJIEMON YacTH
WHPOPMAIIMOHHON TMOIIEPKKU YIpaBieHusl. BakHO, cienoBaTenbHO, YTOOBI HCIOJIb3YyeMbIe
METObl MOJCIUPOBAHUS M AHATUTHYCCKHI anmnapar YYWTBIBAIM HEONPEAEICHHOCTh B SIBHOM
BH/IE.



e There are already several tools available to use in applying an ecosystem approach.
Key tools include management strategy evaluation methods, incentives — particularly
economic ones, and spatial management approaches including marine protected areas.

e Social and economic science experts need to be well integrated with experts from the
traditional marine science disciplines.

e Multi-sectoral engagement among science, management, policy, the fishing industry,
and other stakeholder groups is essential. This engagement is essential at the objective-
setting step, to have societal agreement on what management should be attempting to
achieve, but is important at many other steps as well.

e Good communication among all groups is essential, and often requires different
approaches to transferring information to different audiences.

The Caspian Sea has a number of ecosystem issues that can be addressed. These include the
spread of Mnemiopsis leidyi and invasion of other alien species, biodiversity, phytoplankton
blooms and resulting fish kills, pollution and potential impacts on fish biology (reproduction,
health and behaviour) and human health, and the impact of dams on anadromous stocks. The
Caspian Environment Programme aims to investigate these and other issues to achieve the goal
of environmentally sustainable development and management of the Caspian environment for
the sake of long-term benefit for the Caspian inhabitants.

4.4 Standard management procedures

Once defined, stated long-term management objectives need to be translated into management
actions, formulated as a management plan or framework. These can be interpreted through
operational targets and constraints.

4.4.1 Reference points

Caddy and Mahon (1995) define a reference point as a conventional value, derived from technical
analysis, that represents a state of the fishery or population, and whose characteristics are
believed to be useful in managing the unit or stock. This reflects that in practical terms, reference
points may frequently assume arbitrary values and are often specified without variance terms.
Reference points do not stand alone, and must be considered with the types of data and methods
that can be used to assess the status of the stocks within a management plan (section 4.4.2)

There are two main ‘groups’ of reference point. “Target” reference points represent indicators
of a stock status that are a desirable target for management, e.g. maximizing yield from the
fishery, or maximizing employment. However, dangers are encountered when target reference
points are overshot, and hence additional reference points to avoid this situation have been
developed. These have been referred to as “limit” reference points (Caddy and Mahon, 1995),
and they indicate the area where the sustainability of the resource is in danger. These can be
based upon operational constraints that explicitly define the undesirable outcomes to be avoided
(e.g. declining recruitment, minimum spawning stock biomass).

Operational targets and constraints need to be expressed in measurable terms, producing stock-
specific target and limit reference points, defining the goals and the safe limits within which a
stock should be maintained with a high probability. There is therefore a need to consider an
appropriate level of risk in the face of uncertainty through measurement error, model error, and
process error (Caddy and Mahon, 1995; Caddy, 1998). For example, in ICES, the precautionary



L CHCL[I/IaJ'II/ICTLI B oOmactu COUAJIbHO-3KOHOMHWYECKUX HAYK HJOJIKHBI pa60TaTI: B TCCHOM
COTPYAHHUYCCTBC C 3KCIICPTAaMU B obmactu TPpAAULIUOHHBIX MOPCKUX JUCIHHUILINH.

L CYU.ICCTBCHHOC 3HAYCHUC HMMCCET MCKBCAOMCTBCHHOC COTPYAHUYCCTBO YUCHBLIX, MCHCKCPOB,
MNOJIMTUKOB U APYTUX 3aMHTCPECOBAHHBIX T'PYIIII. 210 COTpYAHUYECTBO 0COOEHHO CyHIE€CTBECHHO
Ha 3Tale onpeaciIiCHusA ueneﬁ, YTOOBI JOCTHUYb 0611[61" O Ccoriacus B OTHOIICHUH BLI60pa CTpareruu
YHOpaBJICHUS, HO TAK )K€ BaXHO M HA APYTI'UX dTallax.

L CYU.ICCTBCHHOC 3HAQYCHNEC UMCCT XOpOoIlasa CBA3b MCKAY I'pymniamMu, 4To 4aCToO Tpe6yeT Ppa3JINYHbIX
MNOoAXO040B K Iepeaauc I/IH(i)OpMaI_[I/II/I AJI Pa3JIMYHbIX ay;[HTOpI/II‘/'I.

L Pa3pa60TaHo HECKOJIBKO TEXHOJIOTUM AJi1 OPpUMCHCHHUA B paMKaxX 3KOCUCTEMHOI'O moAaxoaa.
OCHOBHBIE TEXHOJIOTUHM BKIIFOYAIOT METOABI 000CHOBaHUS CTpaTrerun ymnpasJICHUS, CTHUMYJIbL
(OCOGCHHO 3KOHOMI/I‘ICCKI/IC), a TaKKE MOAXOAbI K TPOCTPAHCTBCHHOMY YIIPABJICHUIO, BKIIFOYAKOIIEC
BBCJICHUC MOPCKHUX OXPAaHACMBIX paﬁOHOB.

MOXHO BBIICTHTH PSIIl SKOJIOTMYECKUX MPOOIeM, CBOMCTBEHHBIX pernony Kacmuiickoro mopsi. K Hum
oTHOcHTCsl pacnpoctpaHenue Mnemiopsis leidyi u Bcenenue apyrux 4yepoIbIX BHUIOB, Ipodiema
COXpaHeHUsI OMopa3Ho00pasus, 1IBETCHNUE (UTOIUIAHKTOHA U BhI3BaHHAS UM I'MOEJb PbIO, 3arps3HCHUE U
€ro BO3MOXKHOE BO3/IeHCTBHE HA OMOJIOTHIO PBIO (BOCIIPOU3BOICTBO, COCTOSIHHE M IIOBEACHUE) U 310POBbE
YeJIoBeKa, a TAaKXKe BIMsSHHE IUIOTUH Ha 3amachl aHaJpOMHbBIX BUIoB. Kacmmiickas Dxomormdeckas
[TporpammMa CTaBUT CBOCH ILIEIBI0 M3yYEHHE 3TUX U APYTHX HPOOIEeM, 4TOOBI JOOUTHCS IKOJIOTUYECKU
YCTOHYMBOTO PAa3BUTHS U YIPABICHUs SKOcUCTeMOi Kacnuiickoro Mopsi BO MMl I0JTOBPEMEHHBIX BBITO]]
TSl HAceJICHUsI NPUOPEKHBIX CTPaH.

4.4 CranaapTHble OIpOLEeAyPbI YIIPABJIEHUSA

Jonarocpounslie 1enu yIpaBleHHs] pealn3yloTCsl C TIOMOIIBI0 KOHKPETHBIX AEHCTBUMN, YITOPSAIOYCHHBIX B
BH/Ie TuTaHa (cxeMbl) yrpasieHus. [lman yrnpasnenus hbopMynmupyeTcsi B TEpMHUHAX ONIEPAITMOHHBIX Teen
U OTpaHUYECHUH.

4.4.1 Opuenmupsl ynpasienus

Kamgmu u Maon (Caddy and Mahon, 1995), omnpeaennin OpUeHTHP YIpaBICHHs KaK COIIACOBAHHYIO,
MIOJTyYEHHYIO Ha OCHOBE CIIELMAIBHOIO aHaJIN3a BEJIUUNHY, KOTOpasi OTpa)kaeT COCTOSIHUE NMPOMBICTIa WIIN
MOMYJISALUHI, U YbH XapaKTEPUCTUKH CUHUTAIOTCS MOJIE3HBIMU JUIsSl YIPABICHUs AAaHHOM eAMHHUIEH 3amaca.
OTO O3HaYaeT, YTO Ha MPAKTUKE OPUEHTUPAMHU YIPABICHHUS MOTYT CIIY>KUTh NPOU3BOJIbHBIE BEJIWYHUHBI,
KOTOpBIE 3a4acTyl0 ONpenessioTcsi 0e3 yKa3aHMs  CTaTUCTUYECKHX XapaKTepUCTUK pa3dpoca (T.e.
auctiepcun). OpueHTUPBI CYIIECTBYIOT HE CaMU 110 ce0e, U TOJKHBI paccMaTpUBaThCsl COBMECTHO CO BCEMHU
JAHHBIMU U METOJIaMH, KOTOpBIE HCIIOJIB3YIOTCS JUIsl OLIEHKM COCTOSIHMS 3allacoB B paMKax MPHUHSATOTO
1aHa ynpasieHus (pazaen 4.4.2).

Cy11ecTBYIOT IB€ OCHOBHBIE TPYIIIIBI OPUEHTUPOB yIpaBieHus. «lleneBbie» OpueHTHPBI— 3TO UHIUKATOPbI
COCTOSIHMS 3ar1aca, KOTOpoe ABJISAETCS sKeTaeMO 1eNIbI0 yIpaBIeHHs, HalpuMep, MAKCUMU3ALUH YJI0Ba T
3aHsTOCTH. CyIIECTBYET, OTHAKO, ONTACHOCTb, YTO LeJIEBbIE OPUEHTUPBI MOTYT OBITH MPEBBIIIEHBI, TOITOMY
Obu1a pazpaboTaHa Apyras rpyIa OpUeHTUPOB, O3BOJISIOLINX H30€KaTh ATOM cuTyauun. OHU HAa3bIBAIOTCS
«rpannunbiMI» opuentrpamu (Caddy and Mahon, 1995) u onpenensoT rpaHHIBl 00JacTH, B KOTOPOM
Ouonoruyeckasi yCTOHUMBOCTD 3araca HaXOANUTCsI IO YTPO30il. DTH OpUEHTHPBI MOTYT OBITH OCHOBAaHbI Ha
OTIEPaLMOHHBIX OTPAHUYEHUSX, ONIPEACIIOINX HeKeIaTeIbHbIe HCXO/bl, KOTOPHIX HEOOXOAMMO H30eXKaTh
(HanpuMmep, CHIKEHHE TIONOIHEHHS MIIM MUHUMAalIbHON OMOMacChl HEPECTOBOTO 3araca).

OrmnepaliMOHHBIE LETH U OTPAaHUYCHHS HEOOXOJMMO BBIPAXKaTh B U3MEPHMBIX TEPMHUHAX, OMPEICIISFOLINX
crieruUYHbIe Ui KOHKPETHOTO 3araca IeJieBble U TPaHHYHbIC OPHEHTUPBI, KOTOPHIC MPEACTABISIOT,
COOTBETCTBEHHO, LEMM M OC30MacHbIC MPEAeNbl, 3amac B KOTOPBHIX HEOOXOAMMO TOJICPKHUBATH C
BBICOKOM CTEMECHBIO BEPOSTHOCTU. DTO CTABUT 3aJady OLCHHUTHh MPHEMIIEMbI YpOBEHb pUCKa Ha (hoHE
HEOTPEICTICHHOCTH, BHI3BAHHOW OIIMOKON M3MEpeHHMs, OIIMOKOi Mojenu u omuoOkoi mporecca (Caddy
and Mahon, 1995; Caddy, 1998). Hanpumep, B UKEC 0ocHOBO#1 npeaoCTOPOKHOCTH B PEKOMEHAAIHSIX



basis for advice is that for a given stock “the probability of exceeding the limit reference point
will be no greater than 5% in any given year” (Serchuk et al., 1997). The resulting levels are
called ‘precautionary’ reference points and currently act as de facto target reference points.

It is not only the absolute level of factors that is important. Attention should be given to the rate
at which targets or limits are approached, to avoid overshooting them and hence violating the
constraints. Actions to be taken if targets are exceeded, or to ensure that limits are not exceeded
(and alternative actions if they are exceeded) should be developed prior to the management plan
being implemented.

There is a wide range of target and limit reference points (Caddy and Mahon, 1995), and the
selection of particular ones will depend on the data available, and their robustness to uncertainty
within the fishery system of interest. Caddy (1998) broke them down into:

Those based on stock-recruitment relationships (e.g. B, of ICES);
Those based on yield- and SSB-per-recruit (e.g. F... Fy )

Those based on production models (e.g. Fy;gy);

Those based on economic considerations (e.g. optimal fishing effort F
Those based on survey data (e.g. T of Ruppert et al., 1985);

Those based on past fisheries yields (e.g. maximum constant yield);
Those based on other empirical approaches (e.g. Gulland's estimate of MSY).

mey);

In some cases the management regime suggested by the precautionary approach in the UN
Agreement (including both target and limit reference points; UN, 1995) can be modified. For
example, target reference points are not explicitly used within ICES, whereas the procedure
in NAFO includes so-called “buffer” reference points, which are not mentioned in the UN
Agreement.

In terms of the Caspian sturgeons, some have suggested excluding limit reference points for
spawning-stock biomass from the management scheme because they believe that current
volumes of hatchery production are able to prevent stock collapse (Babayan et al., 2006). They
stress, however, that this does not mean that natural reproduction becomes less important,
because it supports genetic diversity, crucially important for the existence of stocks under
natural conditions, and supplies hatchery broodstock. Indeed, Caddy and Agnew (2004) stress
that stock enhancement through hatchery rearing cannot alone lead to recovery (section 4.5),
while there are still issues with stock enhancement that need to be addressed (section 4.6).
Debate on this issue continues.

It is not always possible to attain selected fishery targets without exceeding particular limits. For
example, fishing mortality at levels needed to achieve MSY may reduce spawning-stock biomass
to levels near the specified limits. Under precautionary management, targets must be adjusted
to be consistent with the constraints. A way to examine the likely compatibility of reference
points is through simulation testing (section 4.4.3).

Managers (and other resource users) need to define the limit reference points for a stock by
consensus, based upon the level of risk they are willing to incur. Scientists then have a key
role in defining precautionary reference points that will ensure that the limits are avoided with
specific probability levels. Definition of precautionary reference points requires the definition
of uncertainty, involving the recognition of gaps in knowledge, and explicit identification of the
range of interpretations reasonable given current information.



SIBJISIETCSL YCJIOBUE, YTO JUIsl JAHHOTO 3alaca «BEPOSITHOCTh MPEBBIICHUS TPAHUYHOTO OPUEHTHpPA HE
JOJDKHA TIPEBOCXOMUTh 5% B mr000# 3axanubiii rom» (Serchuck et al., 1997). CooTBeTcTByONIHE ITOMY
YCIIOBUIO 3HAYCHUSI OPUCHTUPOB HA3BIBAIOTCS «IIPEIOCTOPOKHBIMU» U (PAKTHUSCKH UCIIOJB3YIOTCS Kak
LIETICBbIC OPUEHTHUPEI.

Baxxubl He TOIBKO aOCOMIOTHEIC 3HAYCHUS paccMaTpuBacMbIX OPUCHTHUPOB. HCO6XO,[[I/IMO 06pa1uaTL
BHUMAHUC M Ha CKOPOCTb JOCTUKCHUA ueneﬁ Hin npeacios, yTOOBI M30€KaTh MX MOPCBLIILICHUA U,
CJICAOBATCIIbHO, HC HAPYUIUTh MPUHATBIX OI‘paHI/I‘{eHI/II\/'I. IIO Havajla peajiv3aliuv IlJIaHa YHPaBJICHUA
HGO6XO,[[I/IMO pa3pa60TaTL HCO6XOI[I/IMLIC MEpBI Ha cnyqaﬁ, €ClIn 6y,E[YT MPEBLIIICHLI LICJICBBIC OPUCHTUPHI,
WA OJIs1 TOrO, 4TOOBI 00ECIICUUTh rapaHTUIO, YTO YCTAHOBJICHHBIC MIPCACIIbI HE 6y,ELYT HapyHICHbI (a TaKXKEC
AJIBTCPHATUBHBIC MCPBI, €CJIM 3TO YIKC HpOI/I30H.U'IO).

CyiecTByeT OOJBIION HMAa30H LENEeBbIX M MPAaHUYHBIX opueHTHpOB ynpasienus (Caddy and Mahon,
1995), KOHKpeTHBIH BBIOOP KOTOPBIX OyIEeT 3aBHCETh OT HUMEIOLIMXCA JAaHHBIX M MX YCTOWYMBOCTH K
HEOIPEICTICHHOCTH B paMKax paccMaTpuBaeMoii cuctemsl 3anac-npomeicen. Kannu (Caddy,1998) pa3oun
WX Ha IPYIIbl, OCHOBAaHHBIE HA

3aBUCUMOCTSIX 3aI1ac - nonojixenue (Hanp., B, B ICES);

3apucumoctax Y/R u SSB/R (manp., F_ ., Fy);

HPOYKIMOHHBIX MOAENAX (Hamp., Fy oy );

SKOHOMHYECKUX COOOpaXEeHUSX (HAMp., ONTUMAILHOE MIPOMBICIOBOE ycuue F
pesyibTarax cheMok (Hamp., T mo Ruppert et al., 1985);

PETPOCIEKTUBHBIX YJIOBaxX (HAIMp., MAKCUMAJIBHBIN ITOCTOSHHBIN YIIOB);

JIPYTUX SMIUPUIECKUX MOaXoax (Hamp., oneHka MSY mno [Mamtanny).

mey);

Cnenyer OTMETHTb, 4YTO KAaHOHMYECKas CXeMa yIOpaBlIeHHUd JJi1 MPEeJOCTOPOKHOTO IOAXO0/a,
IpeycMaTprBarolasl MCIIOAb30BaHUE LENEBBIX W TPAaHUYHBIX OPHEHTUPOB, KOTOpas MPHUBOAUTCS B
Cornamwennn OOH mo TpaHCrpaHMYHBIM 3amacaM | 3armacaMm Jalieko MUTrpupyromux BuaoB poido (UN,
1995), moxet ObiTh Moxudunmposana. Tak, B npaktuke UKEC He mpumensitorcs (1o kpaiiHeil mepe,
B SIBHOM BHJE) IleJieBble OpHEeHTHpPHI, a cxeMa HAMO BkiouaeT TpeThio mapy opueHTHpoB (OydepHbie
OpPHUEHTHPHI), HE PEAYCMOTPEHHBIX ComTalieHneM.

Hekoropele crnenuaivcThl MPeUIaraloT HCKIFOUUTh M3 CXEMbI YIPABJICHUS 3alacaMy KaCIHUCKHUX
OCETPOBBIX IPaHUYHBIA OPUEHTHUDP MO HEPECTOBOW OMoMacce Ha TOM OCHOBaHHH, YTO CYIIECTBYIOIIUE
00BbeMBbl UCKYCCTBEHHOTO BOCHPOM3BOACTBA CIIOCOOHBI MPEAOTBPATUTh KoJutanc 3anacoB (babasH u np.,
2006). W13 atoro, omHaKo, HE CIEMYET, YTO €CTECTBEHHOE BOCIIPOU3BOACTBO YTPAYMBAET CBOC 3HAYCHHE,
- OHO TIOJEPKUBAET FEHETHUECKOE Pa3HOOOpasue, KU3HEHHO HeOOXOAMMOe Ul CYIIECTBOBAaHMS BHIA
B ecrecTBeHHBIX ycioBusx. Kammm u Arnro (Caddy and Agnew, 2004), Hampumep, NOTXYEPKHBAIOT,
YTO TOMNOJHEHHWE 3araca 3a CYeT TOJBKO HCKYCCTBEHHOTO BOCHPOM3BOJICTBA HE MOXET 00ECIeUHTh
BOCCTaHOBJICHHE 3amnaca (4.5) 1 4To BCe ellle OCTAaIOTCs BOPOCHI, CBI3aHHBIE C BOCCTAHOBICHUEM 3aI1acoB,
KOTOpbIE TPeOyIoT 00Ccy)eHus (4.6). JIucKyccus 1Mo 3Toi mpodaeMe MPOoI0IIKACTCS.

He Bcerna MoxxHO ,Z[O6I/ITLC$I IIOCTaBJICHHBIX ueneﬁ, HC MIpEeBbIIasg OTACIbHBIX OIpaHquHHﬁ. HaanMep,
MMPOMBICJIOBAasA CMEPTHOCTh Ha YPOBHC, H€06XO,[[I/IMOM JUIL JOCTHXKCHUSL MSS’, MOXXET CHU3UTDH 6HOMaccy
HEPECTOBOIro 3araca 0 BCJIWYUHBI, OnmM3Koil K YCTAHOBJICHHOMY THPCACIY. HpI/I nmpeaoCTOPOKHOM
YHOpaBJICHUU LICTIN JOJIKHBL OBITH COITIACOBAHEI C OPUHATBIMUA OIrPAHUYCHUAMMU. HpOBCpKa COBMCCTUMOCTH
OPHUCHTUPOB YIIPABJIICHUA OCYHICCTBIISICTCS C MOMOIIBIO MOJACIIbHBIX 3KCIICPUMEHTOB (pasz[eﬂ 443)

MeHnemxepsl (4 IpyTrHe MOIb30BATENIN PECYPCOB) IOJIKHBI ONPEACIUTh TPAHUYHBIC OPUCHTUPHI JIJIS 3araca
IIyTeM KOHCEHCYCa, OCHOBAHHOIO HA YPOBHE PUCKA, C KOTOPHIM OHH TOTOBBI coracuThcs. [locne atoro
YUYEHBIM TEepEeAaeTCsl KIUeBasi pojib B OMPEACICHUU MPEIO0CTOPOKHBIX OPUECHTUPOB, KOTOPHIE TOJKHBI
rapaHTHPOBATh, YTO C 33JIaHHOW BEPOSTHOCTHIO YCTAHOBJICHHBIC MPENEibl He OyayT HapymieHbl. OleHKa
[IPEI0CTOPOKHBIX OPUCHTHUPOB TPEOYET HCCIICIOBAHUS HEOTIPEISIICHHOCTH, BKITIOUAas BBISBIICHUE IPOOEIIOB
B 3HaHUSX U MOAPOOHOE 000CHOBaHWE JMANa30HA Pa3yMHBIX WMHTEPHpETAlUil (OPUSHTHPOB) C y4ETOM
UMeroIIeiics nHPOPMAIIHH.



For new or exploratory fisheries, States need to adopt as soon as possible cautious conservation
and management measures, including catch and effort limits. These should remain in force until
sufficient data are available to assess the fisheries impact on long-term stock sustainability, when
conservation and management measures based on that assessment should be implemented.

Most reference points indicated are based on single-species considerations. However, most
fisheries are multispecies in nature, so impacts on the ecosystem should be incorporated within
reference points. Multispecies reference points taking into account impacts on target species,
bycatch species, predators, prey and competitors, as well as the ecosystem as a whole, are still
under development (Caddy and Mahon, 1995). However, they would normally have to be more
conservative than single-species reference points. Multispecies considerations generally fall into
three categories:

e Technical interactions — the technical problem of managing groups of species that
are harvested together, regardless of whether there are biological interactions among
them;

e Species interactions — the effects of predation and competition on the population for
which management advice is being provided;

e Ecosystem interactions — the effect which the reduction of biomass of exploited species
may have on other organisms in the ecosystem.

Healey (1984) proposed an analytical approach to determining optimum vyield under multiple
objectives, based on multi-attribute utility analysis. The approach quantifies and weights
objectives of users, and may be a suitable way to agree decisions in these cases (Caddy and
Mahon, 1995).

In the United States, definitions of overfishing are provided in an attempt to ensure replacement
of the stock. A high proportion of these is based upon threshold level of spawner-per-recruit
(SPR), often arbitrarily set within a range of 20-35% of the level that would occur if there were
no fishing (% SPR). Mace and Sissenwine (1993) found a positive correlation of replacement
% SPR with natural mortality, and a negative relationship with both maximum body weight and
body weight at 50% maturity.

Reference points are usually assumed constant through time. However, changes in stock
resilience and productivity can strongly influence the values of these parameters. The effects
of climate change, sea level change, or other anthropogenic impacts may lead to the stock
being less robust to fishing than previously, and fisheries management based upon historical
conditions and reference points will then lead to stock collapse. The choice of reference points
robust to these changes is important (see below).

4.4.2 Management procedures

Reference points are only relevant if placed in their management context as part of a
management procedure (Caddy and Mahon, 1995). A management procedure should therefore
be developed which indicates the management measures to be applied, and the situations under
which the measures are to be varied. This procedure should involve decision rules, which specify
in advance the action to be taken when the specified deviations from the operational targets
and constraints are observed. Specifications should include minimum data requirements for the
types of assessment methods to be used for decision-making.

To be precautionary, decision rules need to cover responses to unexpected or unpredictable
events with minimum delay. For example, these should include explicit effort-reduction measures



I[J'IH HOBBIX WJIM 3KCHECPUMCHTAJIBHBIX MPOMBICIIOB IOCyaAapCTBa JOJDKHBI KaK MOKHO CKOPEC MPUHATH
OpeaAOCTOPOXKHBIC MEPBI MO COXPAHCHUIO U YIPABJICHUIO 3allaCaMH, BKJIIOYass OTPAaHUYCHUA 1O YJIOBY U
MIPOMBICJIOBOMY YCHIIUIO. Ounu JAOJIKHBI OCTAaBaThbCd B CUJIC 1O TEX MOP, [IOKa HE 6y,Z[y'T CO6paHBI JaHHBIC,
HGO6XO,[[I/IMLIG JJIs1 OLICHKH BO3,I[6ﬁCTBI/I$I IMpOMBICJIa Ha JOJTOCPOYHYIO YCTOI\/'I‘H/IBOCTB 3ariaca, 1mocJi€ 4€ro
MCPBI IO COXPAHCHUIO U YITPABJICHUIO 6y,£[YT OCHOBBIBATHCs Ha HOHy‘lCHHOfI OIICHKC.

BonpmMHCTBO paccMaTpuBaeMbIX OpPHUEHTHPOB OCHOBAHO HAa MOJEJIBHOM aHAIHM3€ OJHOBHJIOBOIO
npombicia. OnHaKo OOJBIIMHCTBO MPOMBICIOB 1O CBOEH MPUPOJE MHOTOBHIOBBIE, IOITOMY OPHUEHTHUPHI
JOJDKHBI YUYHUTBHIBATh BO3ICHCTBHE PBHIOOIIOBCTBA Ha 3KOcHCTeMy. PaboTa Mo cO3JaHHI0 MHOTOBHIOBBIX
OpPUEHTHUPOB, YUUTHIBAIOIINX BIHUSAHUE MTPOMBICIA HA IIeJIEBbI€ BU/IbI, IPUIIOB, XMITHUKOB U KOHKYPEHTOB,
a Taxke Ha KOCUCTeMY B 1esioM, Bee eie nponomkaercs (Caddy and Mahon, 1995). Onnaxo yxe ceiiuac
MOXHO YTBEP)KAATh, YTO TAKHE OPHEHTHPHI TOJUKHBI OBITH O0Jiee KOHCEPBATUBHBIMH, Y€M OJHOBHIOBBIC
opueHTHpbl. OOBIYHO B paMKax MHOTOBHJIOBOTO MOAXO0/IA Pa3In4aloT TPH BUA B3aUMOACHCTBHI:

e TEXHUYECKHE B3aUMOJEHCTBUS — TEXHUUECKas MpoOeMa yrpaBieHus TpyaMu BUI0B, KOTOPbIE
00JIaBIIMBAIOTCSI BMECTE, BHE 3aBUCUMOCTH OT OMOJIOTHYECKUX B3aUMOCHCTBHI MEXKITYy HUMH;

e  B3aMMOJEICTBHE BUJOB — BIUSHUE XUIIHUYECTBA U KOHKYPEHIMH Ha MOMYJIALMIO, ISl KOTOPOH
pa3padaTbIBalOTCS PEKOMEH AN TI0 YIIPABICHHIO;

® OKOCHUCTEMHBIE B3aMMOJICHCTBUSI — BIMSHHE CHIKEHHSI OMOMAcChl SKCIUTyaTHPYeMOTo BHAa Ha
JIpyTHe OpTaHu3MBbl B JaHHOH 2KOCHCTEME.

Xumu (Healey, 1984) npeminokuin aHaIMTHYSCKUH MOAXOA K OIPEACICHHIO ONTHMAIBLHOTO BBUIOBA
B YCJOBHSAX MHOTOLIEJIEBOTO YIIPaBJIEHUS] HAa OCHOBE MHOTOKPUTEPHAJIBHOIO aHalIM3a IOJE3HOCTH.
OTOT MOAXON 3aKIIOYAeTCs] B KOJIMYECTBEHHON WHTEPIIPETAllid U «B3BEIIMBAHUM» IEJ€H OTIAENbHBIX
nojb3oBareield. Bo3MOXKHO, B AaHHOM cilyyae - 9TO HOAXOMIIIMEI COCOO MPUATH K COIIACOBaHHBIM
peuenusim (Caddy and Mahon, 1995).

B pamkax mporpamm 1o BoccraHoBieHuto 3anacoB B CILIA paspabareiBaioTcsi ONpeaeIeHus Iepeosa.
Bonbiias yacth U3 HUX OCHOBaHA Ha MPEICTABICHUN O TOPOTOBOM YPOBHE yJI0Ba Ha €AWHUILY MOIIOTHEHUS
(SPR), xoTopsIii 4acTo MPOU3BOIBHO BeIOMpaeTcs u3 auamnazona 20-35% ot ypoBHs SPR neBcTBeHHOTO
3anaca (%SPR). Meiic u CucenBaitn (Mace and Sissenwine, 1993) oOHapyKHIH TMOJOKHUTEIBHYIO
KOppeJsILuIo 3aMeriatoniero ypoBHs %SPR ¢ ecTecTBEHHOW CMEPTHOCTBIO M OTPHLATEIbHYIO CBS3b C
MaKCHUMAaJIbHBIM BECOM 0COOHU U €€ BeCOM B Bo3pacte MaccoBoro (50%- ro) co3peBaHusl.

OOBIYHO MpeAronaraeTcs, YTo 3HaYCHUSI OPUEHTHPOB YIPABJICHHS OCTAIOTCS MOCTOSSHHBIMU BO BPEMEHHU.
OpnHako M3MEHEHHUS B «3JACTUYHOCTH» W MPOAYKTUBHOCTH 3amaca MOTYT B 3HAUUTENBHOH CTENeHU
MOBJHATh HA 3HAYEHMs STHX NapamMeTpoB. BimsHue KIMMaTW4ecKHX M3MEHEHHH, WU3MEHEHUs YPOBHS
MOpSI WJIM Pa3IMyHble aHTPOIIOTCHHbIE BO3ACHCTBUS MOTYT NMPHUBECTH K TOMY, YTO 3amac OyJeT MeHee
YCTOWYHMBBIM K MPOMBICIY, YeM MpEeXkIe, U YIpPaBIeHUE PHIOOTIOBCTBOM, OCHOBAHHOE HAa MCTOPUYECKHX
YCIIOBHSIX M OPHEHTHpAX, IPUBEJET K MOJIHOMY HCTOLIEHMIO 3anaca. B aToi cBsI3u Ba)KHOE 3HAYEHHE HUMEET
BbIOOP OPUEHTHUPOB, YCTOMYMBBIX K IEPEUMCICHHBIM U3MEHEHHSM (CM. HUKE).

4.4.2 [Ilpoyedypa ynpasieHus

OpHEHTHPBI KMEIOT CMBICIT TOJILKO B KOHTEKCTE YIPAaBJICHHs, KaK 4acTh Mporeaypsl yrnpasienus (Caddy
and Mahon, 1995). TTosTomMy He06X0THUMO pa3paboTaTh TaKOH IIAH YIPABIEHHS, B KOTOPOM YKa3aHO, KaKHe
Oy/IyT MPUMEHSTHCS MEPHI IO YIIPABICHHIO, & TAKXKE CUTYAIIUH, TIPU KOTOPBIX 3TH MEPHI CJIETyeT H3MEHHTh.
[porenypa TomkeH BKIIOUATh MPaBHiia MPUHITHS PEIICHHH, KOTOpBIE 3apaHee 00yCIOBIUBAIOT ICHCTBUS,
KOTOPBIE JIOJKHBI OBITh MPEIIPUHSTHI B CIIyYae ONPECICHHBIX OTKIOHEHHH OT ONEepaIlMOHHBIX Iesiei 1
orpannueHuid. B cnienuukaimo npoueaypsl yIpaBieHUs TODKHBl BOWTH MUHAMAJIbHBIE TPeOOBaHUS K
JTAHHBIM JIJISl PA3JINYHBIX METOJIOB OIICHKH, KOTOPBIE OYIyT HCIOJIh30BAHbI IS BRIPAOOTKH PEIICHHH.

Uto0bI mpaBwiia MPUHITHA PEIICHUH BIHMCHIBAINCH B CXEMY MPEJOCTOPOXKHOTO TTONXO0/A, OHH JIOJDKHBI
o0ecreuynBaTh pearupoBaHME Ha HEOXKUJAAHHBIE WM HEMpencKa3yeMmble COOBITHS C MHHHAMATbHOMN



to be applied in response to unpredicted marked declines in recruitment. Decision rules take
many forms, but essentially they imply the level of effort allowed relative to the specified
reference point. For example, those of the ICES Comprehensive Fisheries Evaluation (ComFIE)
Report (ComFIE, 1997, reported in Caddy, 1998) were given in three steps, starting from low and
moving to high levels of exploitation in terms of biomass (B) relative to the precautionary (B
and limit (B,,,) reference points:

pa)

F=Fy, forB>B,
F=Fy,*(B-By)/(ByByin) for By, <B<B,
F=0 for B < By,

Where more than one reference point is used to include consideration of ecosystem issues
as well as stock status (for example), the ‘traffic light' approach of Caddy (1998) may be
considered.

4.4.3 Management procedure evaluation

The feasibility and reliability of management options should be evaluated prior to implementation,
to ensure that they avoid undesirable outcomes. This evaluation can examine whether the
data and assessment methods available for management are sufficient to meet management
objectives. In addition, it should determine whether the management procedure is robust to both
statistical uncertainty and to incomplete knowledge on factors such as uncertain stock identify
and abundance, stock dynamics, and the impacts of environmental variability and trends.

Where possible, therefore, management procedures should be simulation tested (management
procedure evaluation or management strategy evaluation; Kirkwood, 1997; Cochrane et al., 1998;
De Oliveira and Butterworth, 2004; Rademeyer et al., 2007). Where procedures are inadequately
precautionary, targets, constraints, management procedure or assessment can be modified and
re-evaluated. Alternatively, the critical uncertainties in the process can be identified and further
research initiated to reduce this before initiation of the procedure.

Evaluation of the likely risk associated with a particular course of action through simulation
is desirable when proposing management measures (Francis, 1991). Risk will depend on the
accuracy of the information available. When the available information is sparse (e.g. uncertainty
about stock size or productivity is greater) or the ability to enforce catch restrictions is poor (e.g.
because of bycatch), fishing mortality and/or catches should be set at a low level. However,
as more information becomes available, utilization can be greater. As a result, the value of
information to the fishery is positive. This is in contrast to most current approaches, which tend
not to limit harvest levels until there is sufficient information to indicate that the limits have been
breached.

Further consideration should be given to lags in management. In many cases, delays caused
by data collation, performing stock assessments, the meeting of management representatives
from different countries and the length of discussions mean that data from last year is used in
the current year to set management regulations (TACs, effort levels) for next year. The results of
that intervention will not be seen until the assessment in the subsequent year. At least a three-
year lag in the management process is therefore in operation. This may lead to highly uncertain
management implementation and unexpected behaviour.



3azepkkoid. Hampumep, croma BXOAAT Mepbl MO CHUKEHHUIO YCWIIHMS B OTBET HA HEOKHAAHHOE 3aMETHOE
cHIKeHue nonoiHeHus. CylecTByeT MHOXKECTBO (popM NpaBuiia MPUHATHSA PEIeHHH, HO OOBIYHO OHO
MOJIpa3yMeBaeT yPOBEHb PAa3pELIEHHOTO MPOMBICIOBOTO YCHJIUS OTHOCHTEIBHO KOHKPETHOTO OpHUEHTHpa
ynpasnenus. Hanpumep, npasuiio, BKiroueHHoe B otueT Paboueli rpynmnsl MKEC no kommiiekcHoOH oieHke
poidonosctBa (ComFIE) (ComFIE, 1997, reported in Caddy, 1998), Ob110 npeacTaBieHo B BUIE PELICHHIA
JUISL TpEX YPOBHEH COCTOSHUS 3amaca B TepMuHax Onomaccel (B) oTHOCHTENBHO MPEaoCTOPOKHOTO (Bpa) u
rpannyHoro (B, ) opueHTHpOB:

lim
F=Fg, forB > Bpa
F=Fy,*(B-By;,))/(B,:Byir) for By, <B<B,,
F>0 forB<B,, .

Ecnu B cxeme ucnonb3yercst 6oliee OMHOT0 OPUEHTHPA, TO JJIsl TOTO, YTOOBI IPH YIIPABJICHUH YUUTHIBATh HE
TOJILKO COCTOSIHUE 3aI1aca, HO U 9KOCHCTEMHBIE COOOPaXKEHUsI, MOXXHO OOPATUTHCS K «METOLy CBETO(DOpay,
npeanoxenHomy Kanau (Caddy,1998).

4.4.3 Oyenka npoyedypuvl ynpasieHus

BrImoaHIMOCTE 1 HA/IEKHOCTH BAPHAHTOB YTIPABICHUS HEOOXOANMO OIIEHUBATH /10 HaYasla X peaTn3aini,
YTOOBI YOEAWTHCSA, YTO OHU HE TMPHUBENYT K HEKENaTeNbHBIM pe3yiabraTaMm. Takas oOleHKa IO3BOJISET
MIPOBEPUTH, SIBIISIOTCS JIM TOCTYIHBIE JTAHHBIE W METONBI UX aHallM3a JTOCTAaTOYHBIMHU JUTS JOCTHIKEHUS
1enei ympaBieHus. J[OMONHUTENbHO clemyeT OINpenelnTh, YCTOWYHBA JH TPOIEAypa YIpaBIeHUS K
CTaTHCTUYECKOW HEOMPEIeIIEHHOCTH M HETIOJTHOMY 3HAHHMIO TaKuX (DakTOpOB, KaK MACHTUYHOCTH 3arlaca,
JTUHAMMKA 3araca ¥ BIUSHIE TeHACHIINH 1 N3MEHYHBOCTH B COCTOSIHUU OKPYKAIOIIEH CPEIbl.

CrieoBaresnibHO, BCETIa, KOTA 5TO BO3MOKHO, MPOLEAYPY VYIpPaBICHUsS (CTPATETHIO YIPABICHHUN)
HEOOXOIMMO TECTHPOBATh C MOMOIIBI0 nMuTannonHoro moxenuposanust (Kirkwood, 1997; Cochrane et
al., 1998; De Oliveira and Butterworth, 2004; Rademeyer et al., 2007). Ecnu mporenypa yupaBIeHs
HEOIPABIaHHO MPEI0CTOPOIKHA, TO IIENTH, OTPAHIIEHHMS, & TAKKE CaMa IPOIIeypa 1 OIIEHKH 3a11acoB MOYKHO
MePeCMOTPETh M MOAU(UIIMPOBATh. B KauecTBe albTepHATHBHOTO BapHAHTa MOKHO BBIICIHTH Hanboee
B&KHBIE HEONPEIETIEHHOCTH MPOIECCAa U BBINOJHUTE JIOMOIHUTEbHBIE HCCIIEIOBAHMSI, YTOOBI CBECTH X
K MHHEMYMY JI0 HayaJia peai3alii pacCMaTpUBaeMOM MPOLEIyPHI.

[Ipeanarass Mepbl YIpaBiICHUs, KEIATEIHLHO C MOMOIIBI0 MOJCITUPOBAHUS OIICHUTH BEPOSTHBIA PUCK,
cBs3aHHBIA ¢ mXx ocymectsiaeHueM (Francis, 1991). Puck OymeT 3aBuceTh OT TOYHOCTH WMEIOIICHCS
nHpopmaru. Eciin noctymHast nHGOpMaIuu OTpHIBOYHA (HAPUMEp, HEONPEIeIEHHOCTh OTHOCUTEIHHO
BEJIMYMHBI WJIM TPOJAYKTHBHOCTH 3amaca BBICOKA) WM BO3MOXKHOCTH JUJIsl OOECHEeUYeHHsT Mep 10
OTPaHMUYCHHIO YJIOBA HEJOCTATOUHBI (HApUMep, M3-3a MPHIIOBa), MPOMBICIIOBYI0 CMEPTHOCTh W/UITH YIIOB
HYXXHO YCTaHABJIMBaTh Ha HU3KOM ypoBHE. OJIHAKO 1O Mepe MOMYUYCHUS JIOTMONHUTENbHONW HH(DOpMAaIuu
WHTEHCHUBHOCTD IIPOMBICIIa MOYKHO YBEITHIHUTh. TakuM 00pa3oM, OOJIBITION 00heM JOCTYITHON HH(OPMAITHH
SBJISIETCSl TTO3UTHUBHBIM (DAKTOPOM [UISI TPOMBICIA. DTO TPOTUBOPEYHUT OOJBITHHCTBY COBPEMEHHBIX
MOJIXOJIOB, KOTOPBIE HE OTPaHUYMBAIOT YPOBEHb BBUIOBA JIO TEX MOP, MOKa HEe Oy/IeT MoiydeHa HaJleKHas
HHPOPMAITHS O TOM, YTO YCTAHOBJICHHBIC IMMHUTHI HAPYIICHBI.

[IpakTraecknii WHTEpEC MPEACTABISET Takke MpolieMa 3amas3aplBaHWs B YIpaBIeHHH. Bo MHOTHX
CIly4asx 3ara3lblBAaHWE BBI3BAHO CBEPKOW JaHHBIX, BBHITOJIHEHHWEM OIICHKH 3alacoB, BCTpedeit
TIpe/ICTaBUTENEH pa3HBIX CTPaH W MPOJODKATENBHBIMI AUCKYCCHSAMI, B PE3YJIBTaTe Yero MpoIUIOTOAHNE
JAHHBIE UCIIONB3YIOTCA B TEKYIIEM TOMy A ompezneneHus Mep peryimuposanus (OLY, ypoBeHs ycunms)
Ha CIenyromuid roa. Pe3ynbTarsl IpUHATEIX MEp CTaHYT W3BECTHBIMH elmie uepe3 roxa. CriegoBaTenbHO,
YIIpaBJIeHUE OCYIIECTBISAETCS, Kak MUHUMYM, C TPEXJETHHM 3ara3bIBaHUEM. JTO MOXKET MPHUBECTH K
KpaifHe HeONpeIeTICHHBIM ITOCIECTBUAM MPH OCYIIECTBICHNH TIeNiel yIpaBICHNUS.



4.4.4 Implementation, monitoring and enforcement

Implementation of a management procedure involves the practical interpretation of objectives
and procedures, and implementation of instructions for compliance, fishery monitoring and
enforcement. The public and industry are more inclined to support measures upon which they
have been consulted, so public participation at the implementation phase is critical. Public
advertising of issues may help in this regard. Peer review of assessments and transparency
in the process prevent errors. Sutton et al. (2005) noted that improvements to the institutional
framework for fisheries management could be pursued through enhancement of the allocation
of user rights, with the efficacy of changes increased (and costs decreased) by moving towards
systems of decentralized decision-making, or co-management. Within Europe, for example,
Regional Advisory Councils have been set up. These Councils contain representatives from
the industry, science, management and other stakeholders to examine and review the state of
fish stocks within their region. A similar approach has been taken in the Caspian Environment
Programme, where eleven Caspian Regional Thematic Centres (CRTCs), and five Regional
Advisory Groups were created or strengthened to address multiple environmental and natural
resource issues.

Monitoring involves the collection of all information relevant to ensuring the procedure is being
executed and is achieving the desired results. A precautionary approach to monitoring will use
many and various sources of information, and examine any related impacts including environ-
mental and habitat changes or unwanted effects on non-target species.

A precautionary system of enforcement and penalties for non-compliance should allow prompt
action by redeployment of monitoring and enforcement resources. For example, identification
of bycatch problems should be followed by increased sampling in problem areas as according to
the agreed procedure, or enhanced surveillance of the fishery.

FAQO (1996) provides direct advice on implementation guidelines for fisheries in different states
of exploitation.

4.4.5 Re-evaluation
The management system needs to be periodically re-evaluated to examine:
e The degree of precaution in the objectives, operational targets and constraints in relation
to observed changes in the fishery and environment;
e The use of scientific and other information in the management process;
e The applicability of contingency plans for unexpected conditions;
e Auditing of all procedures in the fisheries management system.

4.4.6 Further reading

Babayan, V. K. 2000. Precautionary approach to assessment of the total allowable catch (TAC).
VNIRO Publishing, Moscow. 192 pp. (in Russian).



4.4.4  Peanuzayus, MOHUMOPUHE U UCNOTHEHUE

Ocy1ecTBieHre TPOIETYyphl  YIPaBIEHUS BKIOYACT MPAKTHUECKYI0 WHTEPIPETauio Ienell u
COITyTCTBYIOIIMX TPOLEAYP, @ TaKXKe BBITIOJHEHWE HWHCTPYKIHUH IO COOTBETCTBUIO YCTAaHOBJICHHBIM
TpeOOBaHHUSM, TPOMBICIIOBOMY MOHHUTOPHHTY U COONIOICHHIO PEKOMEHIYEMBIX MEp PEeryIHpOBaHUS.
OOmIecTBEHHOCTh W TIPOMBIIIIICHHOCTh 0O0Jiee CKIOHHBI OKa3bIBaTh MOIICPKKY MepaM, KOTOpBIE C
HUMH OOCYXTaJUCh, TIOITOMY y9acThe OOMIECTBEHHOCTH Ha CTaJIMW pealln3alliy IJIaHa MMEeT BaXKHOe
3Ha4YeHHe. B 7TOM OTHOIIEHNH MOTYT MTPUHECTH TIOJIb3Y OOIIEeCTBEHHBIE peKIaMHbIe KaMITaHUuH. OTKpBITOE
00CyX/IeHHe OIEHOK W MPO3PaYHOCTh MpoIlecca UX MOMYUYSHHs MpeaoTBpamaoT ommuokn. CarToH U Jp.
(Sutton et al., 2005) oTMeTHITH, YTO MOKHO YCOBEPIIEHCTBOBATH OPTaHU3AIIHOHHYIO CTPYKTYPY YIIPABICHHSI
PBIOOTIOBCTBOM, PACIIHUPUB TpaBa MOJIH30BATENEH, TOBBICHB JIEHCTBEHHOCTH TIpeoOpa3oBaHnii (M CHU3WB
pacxopl) 3a cYeT epexoa K ISIeHTPaT30BaHHON CHCTEME MTPUHATHUS PEIIEHUH, WITH CHCTEME COBMECTHOTO
ympasienus. B EBpore, Hanpumep, ObutH co3manbl PernonanbHbIe KOHCYIBTaTHBHBIE COBETH. B CoBeThl
BXOJIAT TIPEJCTABUTEIN TPOMBIIIIICHHOCTH, HAYKH, YTPaBICHUS U JPYTHX 3aWHTEPECOBAHHBIX CTOPOH,
3a/1aueii KOTOPBIX SBISETCS PACCMOTPEHHE F TIEPECMOTP OTIEHOK COCTOSTHHS 3a11aCOB PHIO B CBOUX PErHOHAX.
Cxoxuit monxoa OBIT MPUHAT B paMkax Kacmuickol 3KOJIOTHIECKONW TPOTpaMMBI, Iie ObutH co3mansl 11
Kacnmiicknx pernoHanbHBIX TeMatndeckux meHTpoB (KPTLL) u 5 PernonanbHBIX KOHCYIBTAaTHBHBIX TPYIIT,
MpeHa3HAuYEHHBIX TS PEIISHIs] MHOTOYMCIEHHBIX SKOJOTHUECKUX M PECYPCHBIX TPOOIEeM.

MOHHTOPHHT BKJIFOUAET COOp Beel MH(OpMAITH, HEOOXOIUMOH AT 00€CTICUCHUST PeaTi3aIliy POy PBI
YIpaBJICHUS ¥ JIOCTHKCHUS KeJTaeMbIX Pe3yIbTaroB. [1pe1ocTOpoKHBIN MOX0T K MOHUTOPUHTY BKITFOYAET
WCTIOJIb30BAHNE MHOTHUX MCTOYHUKOB WH(QOPMAIIMU U UCCIIEIOBAHIE PA3INIHbBIX BO3JICHCTBUI Ha 3armachl,
B TOM YHCJIC, I3MEHEHHI B OKPYXKAIOIIEH cpefie, cpefic OONTaHUS U HEeXKeNaTeIbHOTO BIMSHUS MTPOMBICIIA
Ha HEIENICBBIC BHUIBI.

Cucrema wMep perymupoBaHus W ITpadHBIX CAaHKIMHA 3a WX HEUCIIONHEHWEe, OCHOBaHHas Ha
MIPEI0CTOPOKHOM TIOIXO/IE K YIIPABICHHUIO PHIOOIOBCTBOM, TOJKHA 00ECTIEYNBATH OBICTPOE pearnpoOBaHNe
ITyTeM HCITOIB30BAHMS PECYPCOB MOHUTOPHHTA M CHCTEMBI HCIIOTHEHHSI Mep perynupoBanus. Hampumep,
BBISIBJICHHE TIPOOJIEM TIPHIIOBA JOJDKHO TIOBIICYH 3a CO00# Ooree MacmTabHOE BEIOOPOTHOE 00CIIECI0BAHNE
MPOOIEMHBIX PAifOHOB B COOTBETCTBHH C COTIACOBAHHOM IPOIETypO WM yKECTOUEHHE Ham3opa 3a
MIPOMBICIIOM.

B mmy6mukarnun @AO (FAO,1996) npuBomsaTest peKOMEHIAINMH 110 YIPABICHUIO PHIOOTIOBCTBOM JIJIST Pa3HBIX
YPOBHEM dKCIUTyaTallly 3amaca.

4.4.5 Kommponv cucmemsl ynpasierus

CI/ICTCMy YHpaBJICHUS HCO6XOHI/IMO NEepUOANYCCKU aHAJIN3UPOBATD, YTOOBI KOHTPOJIMPOBATh:

® CTENeHb NPEJOCTOPOKHOCTH B JAOITOCPOUHBIX LENSIX, ONMEPALNOHHBIX LENSIX U OrPaHUYEHUsIX C
y4eToM HaOII01aeMbIX U3MEHEHUH B IPOMBICIIE U OKPY’KaIOIIeH cpee;

®  HCIOJNB30BaHME HAYYHOU U Ipyrod HHGOpMAaLMK B MpoIiecce YIpaBIeHUs,

®  aJeKBATHOCTbH IJIAHOB YIPaBICHHS AJISl HEMIPEABUICHHBIX 00CTOSTEILCTB;

e  BBHINOJIHEHHE BCEX MPOLEAYP B CUCTEME yIpaBlIeHHS PHIOOIOBCTBOM.

4.4.6 JlononnumenvHas tumepamypa

ba6asma, B.K. 2000. IIpegocTopokHBIi MOIXOM K OIEHKE 00IIero momyctuMoro yiosa (OY). Anamus u
pexkoMeHmaInu mo npumMenenuto. — M.: Uzn-so BHUPO.- 192 cTp.



4.5 Recovery plans

Despite best efforts, overfishing has been frequent. Often, this is due to a failure in the
management plan, be it a lack of compliance and failure in enforcement, failure in assessment
methods, or uncertainty in data, or a failure to take into account the difference in precision
between the assessment and management (Caddy and Mahon, 1995).

The Code of Conduct notes that measures for depleted resources and those resources
threatened with depletion should be introduced that facilitate the sustained recovery of such
stocks. Resources and habitats critical to the well being of resources adversely affected by
fishing or other human activities should be restored. These form the basis of a recovery plan.
Caddy and Agnew (2004) present detailed considerations for best practice when designing and
implementing fishery recovery plans. Many of these considerations are discussed below, but the
reader should refer to Caddy and Agnew (2004) for further details.

Rebuilding a stock requires that fishing effort be reduced to permit the accumulation of surplus
production. This will involve short-term losses to the fishing industry in return for the expectation
of higher yields per unit effort in the long term (e.g. Overholtz et al., 1993). Fishing mortality
targets for rebuilding must be developed, and they will depend on the extent of overexploitation
and the economic impacts of action, but may need to be considerably lower than those that
can be sustained at long-term target stock sizes. Mace and Sissenwine (1993) note that fishing
mortality for rebuilding must be below the level at which the stock replaces itself (i.e. SSB/
recruit = 1). Where stocks are greatly depressed, a fishing mortality level at which recruitment
is expected to exceed replacement in 90% of the years may be more appropriate.

The rebuilding target level will largely define the rate of recovery, as will the biology of the
stock, faster-growing species recovering more quickly than long-lived, slow-growing ones. It is
recommended that recovery durations should not be specified in advance (although some overall
time goal should be indicated so that the required rate of recovery can be estimated). Instead,
formal reviews at intervals should be held to assess the progress of the plan (Caddy and Agnew,
2004). Care must be taken to include the effects of possible changes in climatic regime, and
accompanying levels of recruitment to the stock, are included. Moreover, errors in monitoring
and analysis should be considered. This may be through simulation testing (see section 4.4.3).
Frequently ‘re-tuning’ the set recovery exploitation strategy is generally counter-productive.

The rebuilding F or target level should be defined and agreed with stakeholders and
interested parties prior to implementation, along with additional/alternative technical
recovery mechanisms, including area restrictions, harvest schemes, gear restrictions
etc. There should be redundancy in the mechanisms used. Definitions and targets should be
written into legislation. Owing to the inevitable pressure from the fishing industry to increase
effort at high catch rates and the dependence of most current management systems on short-
term decision-making, the schedule for increasing F towards a long-term target in relation to
the reference points chosen, should also be agreed in advance by participants and written into
legislation. This reduces time-delays in actions, allowing application of the pre-agreed decision
rules with minimal interference. The complex situation of multi-gear fisheries and multi-national
fleets for mixed species requires prior agreement on how the restrictions on landings of species
not the target of the recovery are apportioned between users.



4.5 Ili1an BoccTaHOBJICHHS 3a1aca

HecmoTpst Ha Bce yCWIIHs, MEPENIOB OCTAETCS JOCTATOYHO YacThiM siBeHHeM. OOBIYHO 3TO CBS3aHO
¢ He3((EKTUBHOCTHIO IIJIaHA  yIpaBJICHUs, OOYCIOBIECHHONW HECOIIACOBAaHHOCTHIO  JICHCTBUH,
HEHCITOJTHEHHEM PEKOMEH/IAITNH, HECOCTOATELHOCTRIO METOMOB OIIEHKH, HEOTIPEAEICHHOCTRIO B TAHHBIX
NI HCCHOCO6HOCTBIO IIPUHATH BO BHUMAHUC PA3JIMUMA B TOYHOCTHU MEKIY O].[eHKOﬁ 1 yHnpaBJICHUCM

(Caddy and Mahon, 1995).

B Konekce noseaeHust mpu oTBeTCTBEHHOM phiOosioBcTBe (FAO,1995) oTMeuaeTcst, 4To i HCTOIICHHBIX
WM HAXOJSIIUXCS TOJ YTPO30H MCTOILICHHS 3aracoB HEOOXOAMMO MPHUHSITH MEPbl JJIS 00eCIeUCHUs
YCTONYMBOTOBOCCTAHOBJICHUS ATHX 3a11acoB. HeoOX0 1Mo TaKke BOCCTaHABIMBAThL CPEly OOMTaHHU S 3a11aCcOB,
HaXOJAIIUXCS 0] HETaTUBHBIM BO3/ICHCTBUEM IIPOMBICIIA MJTH JPYTOi aHTPOIIOTSHHOH eI TeIbHOCTU. DTH
MTOJIOKEH ST JIEXKAT B OCHOBE TTaHa Boccranosienust. Kammu u Araro (Caddy and Agnew, 2004) moapo6Ho
PaCcCMOTpEIH TEPEIOBbIC TEXHOJIOTUH pPa3pabOTKH M peaju3alliyl IIAHOB BOCCTAHOBIICHHUS PECYPCOB
peioosoBcTBa. Huke 00CYKIar0TCsl MHOTHE M3 PACCMOTPEHHBIX 3THMH aBTOPaMH BOIIPOCOB, OJHAKO 3a
JIETAIISIMU CJICAYET OOPATUTHCS K TIEPBOUCTOUHUKY.

Boccranonenue 3anaca TpedyeT CHU3UTh MPOMBICIIOBOE YCHIIHE, YTOOBI CO3/1aTh YCIOBHS /ISl HAKOTUICHUS
prOaBOYHOH MPOILYKIIMU. DTO MPUBOAUT K KPATKOCPOUHBIM MOTEPSIM 15l pIOOJIOBCTBA, HO B JIONTOCPOYHON
mepcreKTrBe oberaet 6osee BRICOKKE YIOBBI HA euHuUIly yerus (Hanpumep, Overholtz et al., 1993). [Tns
BOCCTAHOBJICHHS CJICIYET OLICHUTD ICJICBbIE OPUSHTHUPHI 110 MTPOMBICIIOBO CMEPTHOCTH, KOTOpPbIC OYIyT
3aBUCETL OT CTCIICHU IICPECJIOBAa U OT BJIMAHHSA 3KOHOMHUYECKUX q)aKTOpOB Ha NPUHUMAEMBIC PCIICHUA.
Bo3MokHO, UX TIPUIETCS] YCTAHOBHTH TOPA3/l0 HUKE YPOBHSI, KOTOPBIH 00€CIIEUHBACT JOITOBPEMEHHYIO
YCTOHUYMBOCTD LIENICBOI BeMunHbI 3anaca. Meiic u CuccenBaiin (Mace and Sissenwine, 1993) ormeruiu,
YTO MPOMBICTIOBAs CMEPTHOCTh Ul BOCCTAHOBIICHHUS 3amaca JODKHA ObITh HHKE 3aMEIAIONIETO YPOBHS
3amnaca (T.e., korna SSB/emununa momonnenus = 1). Ecnu 3anmac HaXomuTCsl B yTHETEHHOM COCTOSHHM,
OoJiee mpUeMIIEMO 3Ha4YEHHE TIPOMBICTIOBON CMEPTHOCTH, MIPU KOTOPOM OXKHIaeMasi TOJ0Basi YUCICHHOCTh
TIOTIOJTHEHUST OYJIET MPEBHIIIATh €r0 3aMeNalonnii ypoBeHb B 90% ciydaes.

LleneBodt ypOBeHb BOCCTAHOBJICHUSI B 3HAYUTEIBHOW CTEHEHM OYIET ONPENesIThCS CKOPOCThIO
BOCCTaHOBJICHUSI, TAK )K€, KaK M OMOJIOTHEH 3araca: ObICTPOPACTYIINE BUIBI BOCCTAHABIMBAIOTCS CKOPEE, 4eM
AOJITOXKUBYIIUE, MCJICHHOPACTYIINE BUBI. PeKOMeH,I[yeTCH HEC IJTAaHUPOBATH 3apaHee IMPOAOJIKUTEIILHOCTD
BOCCTaHOBJICHMS 3amaca (XOTs BCE JK€ HY)KHO YKa3aTh KaKOe-TO OPUEHTHPOBOYHOE BPEMsl, YTOOBI MOXKHO
OBLIIO OLIEHUTH TPEOYEeMYIO0 CKOPOCTh BOCCTAHOBJICHHSI). BMecTO 3TOTO, Yepe3 onpeecHHbIe HHTEPBATIBI
ClIelyeT TMPOBOIWTH (OPMAIBHBIA aHaJN3 TPOLecca BOCCTAHOBJICHUS, YTOOBI OICHUTh MpPOTpecc B
peanmuzarnuu mrana (Caddy and Agnew, 2004). Ocoboe BHHMaHWE JOKHO OBITH YAEIEHO TOMY, YTOOBI
YUUTBIBATH BJIMAHUC HA 3aI11aC BO3MOXXHBIX KIIMMaTUYC€CKUX W3MEHEHUN u COOTBETCTBYIOLIUX KoJieOanmii
BEJIMUMHBI TIOMONHEHUs. boiee TOTO, HYKHO YYUTBIBATh IOIPCIIHOCTH MOHUTOPUHI'Aa U aHalin3a Xo4a
BOCCTAHOBJICHHUS. DTO MOXXHO CHIETaTh C IMOMOIIBI0 MMUTAIMOHHOTO TeCcTUpoBaHus (cMm. pasmen 4.4.3).
UYacras «rmepeHacTpoiika» cTparerii BOCCTAHOBJICHUS OOBIYHO HEMPOIYKTHBHA.

Jlo Hagana peanu3anuy miaHa He0OXOAMMO OIMPEENIUTh U COITIacoBaTh C 3aMHTEPECOBAHHBIMU CTOPOHAMU
LeJeBOM ypoBeHb F,aTakkKe JOMOIHUTENbHbIE HaIbTEPHATUBHBIE TEXHUUECKUE MEXaHU3MbI BOCCTAHOBJICHHUS,
BKJIKOYAsl IPOCTPAHCTBEHHBIE OTPAHUYEHUS JUIsl IPOMBICIA, CXEMY OpraHU3alliy IPOMBICIIA, OTPAHUYEHUS
JUIS OpYIUil JIoBa U Ap. B MexaHu3Max BOCCTAHOBJICHHS JOJKHA OBITH MPETyCMOTPEHA M30BITOYHOCTb.
Hcnonws3yemble ompeneiaeHus W TNPUHATHIE LETH JODKHBI OBITH COIVIACOBaHBI C  JIEHCTBYIOIINM
3aKOHOJIATENILCTBOM. Y UUTHIBast HEM30€KHOE AaBJICHHUE CO CTOPOHBI MPOMBIIIJICHHOCTH, HATIPaBICHHOE Ha
MIOBBIIIIEHUE Pa3pELICHHOTO YPOBHS YCHIINA NP BBICOKMX TEMIIaX BBIJIOBA, M 3aBUCUMOCTH OOJIBIIIMHCTBA
CYLIECTBYIOIIMX CHCTEM YIpPaBIEHUS OT KPAaTKOCPOUYHBIX pEIIeHHH, HEOOXOJUMO 3apaHee COINIacoBaTh
MEX/1y YYaCTHHKaMH IIPOMBICIIA U BHECTH B 3aKOHO/ATENBCTBO Ipaduk yBenuueHus F 1o monrocpoyHoro
LIEJIEBOTO 3HAYEHHUsS] C Y4YETOM BBIOPAHHBIX OPHUEHTHPOB. DTO CHIIKAET 3aras3/blBaHME B JIEHCTBUSX,
II03BOJISISL UCTIONIB30BATh IIPEIBAPUTENILHO COITIACOBAHHBIE IIPABUJIA PUHSATHUS PEIIEHUI ¢ MUHUMAJIbHBIMU
nomexamu. CIIoyKHasi CUTyaIHsl B CITy4dae MPOMBICIIOB, HCIIONB3YIOINX PA3IMYHbIE THUIIBI OPYIHI JIOBa, WIIN
MHOTOBHJIOBBIX ITPOMBICIIOB, B KOTOPBIX YYaCTBYIOT PhIOOJIOBHBIE (DIOTHIIMM HECKOJIBKHUX CTpaH, TpedyeT



The conclusion of a recovery plan should be based upon the achievement of more than one test
statistic, for example expressed in both spawning biomass, abundance of older fish, and evidence
of satisfactory recruitment in the same year. Post-recovery issues should be considered before
the stock approaches the recovery target, as political pressures for the resumption of large-scale
fishing will be high. The problems leading to overfishing in the first place need to be corrected
before the recovery plan ends. This may involve quite a different management regime from that
operating in the past, generally within a suitably precautionary framework that recognizes the
potential for irregular recruitment.

The Strategic Action Plan derived by the Caspian Environment Programme covers actions for
biodiversity (e.g. the Mnemiopsis problem) and the recovery of overexploited fish stocks and
development of fish hatcheries. National plans have also been developed.

While stock enhancement has generally provided minimal benefit to recovery, the unique
nature of the Caspian Sea fisheries and species means that stock enhancement may prove
useful. This approach has considerable history within the Caspian Sea, although there remains
uncertainty over the most appropriate stocking approaches. Hatcheries need to be economically
viable, using the latest technology to increase output. Survival rate of broodstock, particularly
female, should be maximized through improved egg extraction methods (e.g. the method of S.
B. Podushka, outlined by Kazanskiy et al., 1978; traditional Caesarian method) and the provision
of year-round holding facilities. The genetic implications of hatchery rearing should be studied
(see section 4.6) to examine knock-on effects on recovery. Recovery and regeneration of natural
spawning areas affected by dam-building and other impacts is desirable to maximize the impact
of the spawning stock.

Stock enhancement through hatchery rearing cannot alone lead to recovery. It must be
viewed as one part of an international concerted approach to stock recovery where resulting
increased recruitment is allowed to survive and reproduce through increased survival from
other effort reduction management interventions, reductions in the level of unknown removals,
and reductions in the level of bycatch at sea (Khodorevskaya et al., 1997, 2001) as well as
efforts to rehabilitate spawning grounds in the river systems around the Caspian Sea, and the
implementation of enforced protected areas for key life history stages.

Recovery plans have been reported as questionably successful in the southern Caspian Sea for
a number of bony fish species, using artificial enhancement and control of fishing effort levels
(e.g. Abdolmalaki and Psuty, 2007).

To summarize, recovery plans aim to rebuild a stock over a specific time period with reasonable
certainty. Recovery plans should be simulation tested (see section 4.4.3) to ensure that they
are precautionary and robust to uncertainties. However, immediate action should also be taken.
These include (FAQO, 1996):



NpEABAPUTCIILHOIO COTIaCOBAaHN A MEKY MTOJIbL30BaTCIIAMU OFpaHI/I‘{eHHﬁ Ha BbIJIOB BUA0B, HE ABJIAIOIIUXCS
00BEKTaMU BOCCTAHOBJICHUS.

3aKII0YCHHE O IIJJaHE BOCCTAHOBJICHUS JAOJIZKHO OIMUPAThCA HAa PE3YJIbTAThI CPA3y HCCKOJIBKUX CTATUCTUYCCKUX
TCCTOB JIs1 OAHOI'O U TOT'O K€ rojia, HalpuMEp, Ha OLICHKU OHOMAacCCHI HEPECTOBOTI'O 3amaca, YuCJICHHOCTHU
cTapmux ocobeit u J0Ka3aTcJIbCTBa y):[OBJ'ICTBOpI/ITCHLHOI\/’I ypO)KafIHOCTH IIOIIOJIHCHHU . Hpemﬂe 4eM 3ariac
6YI[CT BOCCTAHOBJICH 10 3aaHHOI'0 YPOBHS, CJICAYCT pACCMOTPETH 3aJa4u YIIPABJICHUS AJI MMOCICAYOIIETO
3a BOCCTAHOBJICHUMCM II€pUOAAd, IOCKOJIbKY TIIOJIUTUYCCKOC MOaBJICHHUE C ICJIbIO BO300HOBIICHHS
I.HPIpOKOMaCLHTa6HOFO IIpoOMbICIa 6y,I[CT 3HAYUTCIIbHBIM. I[O 3aBCPIICHUA IJIaHAa BOCCTAHOBJICHUS 3aI1aCOB
HGO6XO,[[I/IMO YCTPpAaHUTh MNPUYUHBI, U3HAYAJIbHO NPUBCAIINE K UX ICPCIOBY. Pemenue stoi HpOGﬂCMLI
MOXKCT 3aK/IIOYaThbCs B COBCPUICHHO MHOM, B OTJIMYUC OT IMPCIKHETO, PEIKUMC YIPABJICHUA, KaK MMPaBUIIO,
B paMKax CXEMbI IMPEAOCTOPOKHOTO IMOAXO[Ad, KOTOpas YYUTHIBACT HEPABHOMCPHOCTH ypO)KafIHOCTPI
TIOIIOJIHCHM .

Crparernueckuil mnan paeiictBuit Kacnuiickoil 3KONTOTMYECKONW MpOrpaMMbl OXBaThIBAET MEPHI IO
obecniedeHn0 OMopazHooOpasus (Hampumep, mpodiemy Mnemiopsis), BOCCTAHOBICHHUIO TOTOPBAHHBIX
3aracoB pbi0 U Pa3BUTHIO PIOOBOAHBIX 3aBOIOB. B nomonHeHune k CTpaTernyeckoMy IUIaHy PsIoM CTpaH
peruoHa pa3paboranbl HarmoHanbHbIE IUIAHBI JICHCTBUH.

XOTs MCKYCCTBEHHOE BOCIPOM3BOACTBO OOBIYHO BHOCHUT HE3HAUMTEIbHBIM BKIIQJ B BOCCTaHOBJICHHE
3aracoB, YHUKajbHas MPUPOAA KACHUHCKUX pPbI0 M KACHHICKOTO pPhIOOJIOBCTBA TOBOPUT O TOM, YTO
HCKYyCCTBEHHOE ITOTIONIHEHHE 3allacoB MOXKET OKa3aThCs MOJNE3HBIM. DTOT MOJAXO[ JAaBHO HCIOJIb3yeTCs
Ha Kacnum, X0oTs ocTaeTrcs HEONpelnesJIeHHOCTh B OTHOIIEHHHM HauOoyiee MPUEMIIEMBIX €ro BEpCHM A
OTJCIBHBIX 3amacoB. PHIOOBOIHBIC 3aBOJBI JIOJDKHBI OBITH IKOHOMUYECKH pPEHTAOCIbHBIMU, Onaromaps
WCTIOJIb30BAHUIO COBPEMEHHBIX TEXHOJOTHHA Uil YBENIWYEHHUs BbIMycka. HeoOxooumo MakCHMaibHO
YBEIMYUTh BBDKMBAEMOCTh MAaTOYHOTO CTala, OCOOEHHO CaMOK, C IMOMOIIbIO YCOBEPIICHCTBOBAHHBIX
MetonoB nonyuenus Wkpbl (Metoma C.b.Ilomymku, Kaszanckuii u ap., 1978, kecapeBa cedeHus) u
000pyIOBaHMS JIsl KPYIJIOTOAUYHOTO COoAep KaHus mpou3BoauTenei. Hy:xHo uccnenoBare reHeTHUECKHUE
MOCIIE/ICTBHS BBIITYCKa MOJIOJH C PHIOOBOIHBIX 3aBOJOB (CM. pa3zzen 4.6), 4TOObI ONpEeNeNuTh €ro BIHSHUE
Ha BOCCTAaHOBJIEHHUE 3aracoB. UToObl MAKCUMAaJIbHO MOBBICUTH 3HAYEHUE HEPECTOBOIO 3a11aca, )KenaTeIbHO
MIPOBOJIUTH BOCCTAHOBJIEHNE U PET€HEPALINIO €CTECTBEHHBIX HEPECTUIIHILL, TOCTPATABIINX OT CTPOUTENILCTBA
IJIOTUH U APYTHUX BO3ACUCTBUI.

CamMo 1o cebe HCKYyCCTBEHHOE BOCIIPOM3BOJICTBO HE MOXKET IPUBECTU K BOCCTAHOBJICHUIO 3aIlacoB.
K Hemy crnemyer OTHOCHTBCS Kak K OJHOM JHUIIb YAaCTH COIIACOBAHHOTO MEXAYHApPOIHOTO MOIX0da K
BOCCTaHOBJICHHIO 3aI1aCcOB, IIPU KOTOPOM OJarofapsi Mepam, HalpaBICHHbIM Ha CHU)KEHUE TIPOMBICIIOBOTO
YCHJIUS, CHUYKEHUE YPOBHS HEYUYTSHHOTO BEUIOBA U CHIDKCHHE BEJIMYMHBI IIPUIIOBA B MOpe (Xoq0peBcKas u
ap., 1997, 2001), a Takxke Onarofapst yCHIIHSIM IO BOCCTAHOBJICHUIO €CTECTBEHHBIX HEPECTHIIUIIL B PEYHBIX
cucreMax Bokpyr Kacrust u BHEIpeHHs OXpaHISMbIX 3aKPBITHIX PaHOHOB IS 3aIIUTHI PHIO HA KITFOYEBBIX
JTarnax XU3HECHHOTO IUKJIa, 00mee (MCKYCCTBEHHOE U €CTECTBEHHOE) IMOMOIIHEHUE MOXKET BBIKHBATH U
y4acTBOBATh B BOCIIPOU3BOJICTBE.

[Tmanb! BOCCTaHOBIICHUS 3a11aCOB HEKOTOPBIX KOCTUCTHIX pbI0 B FOskHOM Kacniu ObLn pU3HaHBI HE OYE€HB
ycremHeiMu. [lnanel mpenycMarpuBain MPUMEHEHHE HCKYCCTBEHHOTO BOCIIPOM3BOJCTBA M KOHTPOIb
npombiciioBoro ycunus (Hamp. Abdolmalaki and Psuty, 2007).

[InaHbl MO BOCCTAHOBIEHUIO HANpaBlIEHbl HAa BOCCTAHOBJEHHE 3allaCOB B TEUYEHHUE OrPAaHUYEHHOTO
neprosia BpeMeHHu. [11anel He JOJKHBI OTIINYATHCS M3IHIIHEN KaTeropuyHOCThI0. [1nansl BoccraHoBneHUs
HEOOXOOMMO TECTUPOBATh C TMOMOILBI0 MMHTALMOHHOTO MoAenupoBaHusi (cM. pasaen 4.4.3), uToObl
yOemuThCs B TOM, YTO OHU MPEIOCTOPOKHBI U YCTOHYMBBI K HEONpeAeIeHHOCTH. OTHOBPEMEHHO JIOTKHBI
OBITH MPEANIPUHSATHL U Oe30TararenbHble AeicTBus, a uMeHHo (FAO, 1996):



With
are:

Reduction of fishing mortality rates long enough to allow rebuilding of the spawning
stock. Short-term action should be taken even if there is only circumstantial evidence of
the effectiveness of a particular measure.

Where there is a good year class, recruits should be allowed to rebuild the stock rather
than increasing the allowable harvest. This should be achieved in ways that discourage
discarding and avoids damage to juvenile grounds, as well as take account of fisheries in
which the species of interest is a bycatch (see also last bullet). Moreover, plans should
give priority to rebuilding older age groups, using a variety of tools beyond the better
survival of recruits (e.g. changes in the selective patterns of gears, eliminating fishing on
spawning aggregations).

Ensure monitoring, control and surveillance (MCS, including observer programmes
where necessary) is sufficient to discourage misreporting, discarding of juveniles or high-
grading. The MCS strategy should be easy to implement, involve the industry and aim to
provide incentives rather than disincentives.

Fishing capacity should be reduced to avoid recurrence of overutilization.

Alternatively, allow vessels to leave the fishery, as long as the pressure from re-deploy-
ments does not jeopardize the fishery that vessels are moving into.

Do not use artificial propagation as a substitute for the precautionary measures listed.
In the management plan, establish biological reference points to define recovery, using
measures of stock status (e.g. SSB, age structure, recruitment).

Monitor multiple indicators (e.g. condition factor, mean age in the population, spawner
per recruit, distributional extent) as measures of variable resource productivity to exam-
ine stock status, environmental condition, ecological status.

Where possible, closely monitor the productivity and total area of required habitat as an
additional indicator for management, as well as habitat health and the impacts of the
recovery programme.

Consider multispecies and multi-gear interactions that might undermine the effective-
ness of the plan and its ability to achieve targets.

Plan for the post-recovery phase before the recovery is achieved.

specific reference to sturgeon, in addition to the above list, further issues for recovery

Expansion of habitats for spawning, feeding, and development to allow additional stock
to contribute to the population.

Reduction of pollution of spawning rivers.

Appropriate release of healthy, hatchery-reared young (see section 4.6).

Effective migratory bypasses of river dams.

The issue of inbreeding and other genetic effects where large numbers of young are
released.



® CHWKEHHE TEMIIOB MPOMBICIOBOM CMEPTHOCTH Ha JOCTaTOYHO IPONODKUTEIBHBIH CpOK,
9TOOBI JaTh BO3MOXKHOCTH HEPECTOBOMY 3alacy BOCCTAHOBUTHCA. J{OJKHBI OBITH TPUHSTHI
COOTBETCTBYIOIIME KPAaTKOCPOUHBIE MEpHI, Jja’ke B Cilydae JHIIb KOCBEHHOTO CBHJCTENbCTBA B
MoJb3y UX 3)(HEKTUBHOCTH;

®  cCM B IIPOMBICEIN BCTYIAET YPOXKaHOE MOKOJICHHE, EMY CIIEAYET JaTh BO3MOKHOCTh MOIMOJIHUTH
3arac, BMECTO TOT0, YTOOBI yBEIMYUBATh Pa3peIleHHbIH BBUIOB. DTOI0 MO’KHO JOOUTHCS, HE pazperast
BBIOpOC pBIOBI M M30erast HaHeCeHus yiepOa MecTaM Haryjia MOJIOAHM, a TAKXKe oOpalasi BHUMaHUe
Ha MPOMBICJIBI, T7I€ BOCCTaHABIMBACMbIE BH/IBI ITONAAI0T B IPUIIOB (CM. TaK)Ke MOCIETHHUA yHKT).
Bonee Toro, naHsl BocCTaHOBIEHUSI 1OJKHBI 00€CIIEYMBATh MPEUMYIIIECTBEHHOE BOCCTAHOBJICHHUE
CTapIMX BO3PACTHBIX TPYIIL, HCHONB3YS IS 3TOTO Psii MEXaHMU3MOB IOMUMO MED 110 MOBBIILICHHIO
BBDKMBAHUSL MOJIOAW (HArpHMep, U3MEHEHHE CEJIEKTUBHOCTH OPYIHU JIOBa, 3alpelieHne o0noBa
HEPECTOBBIX CKOIUICHUH);

e obecneyeHne MOHUTOpPWHTra, KOHTpoist M Hagzopa (MCS) Ha ocHOBe, eciau 3TO HEOOXOIUMO,
CICUMAIBHBIX [POrpaMM C YydacTHeM HaOmionarenel, IOCTaTOYHBIX [UI TOTO, YTOOBI
BOCTIPEMATCTBOBATh BEIEHHIO HETOJHOW OTYETHOCTH, BBIOPOCY MOJIOAM WM MaJIOLCHHOM
yactu ynoBoB. Crparerust MCS nomkHa OBITH MPOCTOH ISl OCYILECTBICHHUS, BBIOJTHSATHCS B
COTPYAHUYECTBE C MPOMBILIUICHHOCTBIO M B OOJIBIICH CTETIEHN OPHEHTHPOBATHCS HA MOOILPEHUS,
YeM HaKa3aHus;

® [POMBICIOBYI0 HAarpy3Ky HEOOXOAMMO CHHU3UThb, 4YTOObI M30€KaTh IMOBTOPEHUS Ype3MEepHON
IKCILUTyaTaluH;

e B KauecTBE aJITEPHATHBBI MOXKHO Pa3pelINTh PHIOOTOBHBIM CydaM YHTH C JAaHHOTO MPOMBICIA,
€CJIM TOJIBKO 3TO HE MOABEPTHET OMACHOCTH TOT MIPOMBICEN, Ha KOTOPBIH MEPEANCIONHUPYIOTCS ATH
cyna;

®  HE IPUMEHATH HCKYCCTBEHHOE BOCTIPOM3BOJICTBO B KAYECTBE 3aMEHBI BCEX MEPEUHCICHHBIX BBIIIE
Mep NPEAO0CTOPOKHOCTH;

e B IUIAHE YNPaBJICHUS JOJDKHBI OBITh YKa3aHbl OMOJIOTUYECKHE OPUEHTUPBI, C TOMOILIBIO KOTOPBIX
MOXXHO OTCJIC)KHMBATh XOJ BOCCTAHOBIICHHMS 3aIlaca, MCIOJIb3Ysl TEKyIUe 3HAYCHUsS MOKa3aTeneH
cocTosiHMsI 3anaca (Hanpumep, SSB, Bo3pacTHYIO CTPYKTYpY, IOTIOJIHEHKE);

® OCYUIECTBIATH MOHHUTOPUHI MHOTHX I[OKa3aTenei (Hampumep, KoddduiueHta ymuTaHHOCTH,
CpEeIHEero Bo3pacTa 0coOei B MOMYIIALNH, KOMUYECTBA MPOU3BOJUTENCH Ha €IUHUILY TIOTIOJTHEHUS,
IUTOINAAN PACIPOCTPAHEHUS 3amaca), sIBISIOINXCS MHASKCAMU U3MEHSIOLICHCS] TPOYKTUBHOCTH
pecypcoB, YTOOBI OLIEHUTH COCTOSHHE 3amaca, YCIOBHs OKpY’Karolled cpebl U HKOJIOTHYECKUN
CTaTyc 3araca,

e Bceraa, Korga 3TO BO3MOXKHO, OTCIIEKHMBaTh M3MEHEHHs NPOAYKTHBHOCTH M OOLICH IUTOLIanu
0o0OUTaHUs 3amaca Kak JOMOJHUTEIBHOTO UHIUKATOpa Ul yNPaBICHUs, a TaKXkKe 32 COCTOSHHEM
cpenbl 0OMTaHus ¥ BIMSHUEM Ha He€ MpOrpaMMbl BOCCTaHOBJICHUS;

e paccMarpuBaThb MHOTOBHOBBIC B3aMMOJICHUCTBHSI M IIOCIEACTBUS TPUMEHEHHsI Ha IMPOMBICIE
Pa3NUYHBIX TUIIOB OPYANH JI0Ba, KOTOPBIE MOTYT MOJOPBATh 3PPEKTUBHOCTH [IaHA BOCCTAHOBJICHUS
U €ro CIIOCOOHOCTDH K JOCTHKEHHIO HAMEUEHHBIX LIeNei;

® [JIAHUPOBATH MPEICTOSIIHE MEPONPHUITUSI 1O YIPABICHUIO BOCCTAHOBIECHHBIM 3allacoM, He
JOXKUIASACH, TOKa MPOrpaMMa BOCCTaHOBJICHHUs Oy/IeT MOJTHOCTBIO 3aBEpLICHA.

B nomonnenne MNPpUBCACHHOMY BBIIIC ICPEHHIO 3aa4, AJIs1 BOCCTAHOBJICHUS OCCTPOBBIX Tpe6yeTc;1
CJICAYIoLIee:

e pacmMpeHHe PalOHOB HEpecTa W Haryna, 4TroObl 00ECIeUYHTh MPUPOCT MOMYJSILIUU 33 CUET
€CTECTBEHHOTO TOIOJIHEHUS;

® CHW)KEHHE 3arps3HEHHUS PeK, IIe MPOUCXOIUT HEPECT OCETPOBBIX;

e  J[0CTAaTOYHBIE OOBEMBI BBIITYCKa KHU3HECIIOCOOHOM MOJIOM, BEIPAILICHHOM Ha PHIOOBOAHBIX 3aBOAAX
(cm. paznen 4.6);

e 3¢ deKTUBHBIC MUTPAIOHHBIE TPOXO/BI (PBIOOXOABI) B PEUHBIX IUIOTHHAX;

e u3yueHHe MpoOIeMbl MHOPUIMHIA W APYTHX TEHETHYECKHUX BO3IACHCTBHMA, HEM30EXKHBIX IPHU
OosbIMX 00beMax BBITYyCKa MOJIOIH.



Secor et al. (2000) suggested sturgeon aquaculture as a method of meeting demand for
sturgeon meat and caviar, achieving conservation aims through broodstock maintenance and
hatchery programmes without requiring fishing of wild sturgeon. However, government support
for research and development is needed, along with assistance with the extremely high start-
up costs incurred by the companies involved. Moreover, aquaculture raises further disease and
genetic risks to wild stocks.

4.6 Hatchery production

Stocking can be used to enhance depleted stocks — releasing large numbers of artificially raised
juveniles into the marine environment is assumed to compensate for the enormous natural
mortality in the early stages of the life cycle or the low production of juveniles by overfished
spawning stocks, so increasing the stock size and fishery production (Travis et al.,, 1998). Its
outcome, however, is difficult to predict because it involves many unknowns and complex
issues such as interactions between the released and wild animals, unknown effects on
population dynamics including density-dependent effects, ecosystem processes, and resource
economics (Ye et al., 2005).

4.6.1 Identifying the contribution of stocked individuals

A practical theory of stock enhancement must allow analysis of the impacts of management
variables such as stocking size and density, post-release performance, and harvest regulations
on fisheries vyield, as well as the status of wild and hatchery stock components (Lorenzen,
2005). In Lorenzen's approach, the stock—recruitment relationship must be evaluated in terms
of natural recruitment and the effect of releasing pre-recruit juveniles. Population regulation (e.qg.
density-dependence) in the recruited stage must be accounted for, because it determines the
impact additional recruits have on stock and yield size. Finally, biological differences between
hatchery and wild fish have important implications for the dynamics of enhancements, and must
be accounted for. Lorenzen goes on to detail an approach to assessing the impacts of hatchery
production on stocks based upon dynamic pool theory (Beverton and Holt, 1957).

Secor et al. (2000) note that identification of appropriate levels of enhancement of early vital rates
in the hatchery sufficient to increase spawning stocks requires good estimates of the early-stage
survival in the hatchery (as well as assumptions of early-stage survival in the wild, which could
come from tagging studies; see below). The approach detailed in Secor et al. (2000) can then
be used to estimate the required level of survival enhancement sufficient to increase spawning
stocks. This is key to understanding the true contribution of hatchery-reared individuals to the
spawning stock within the Caspian Sea.

Techniques used include DNA analysis, scale analysis, coded wire tags (CWT) from hatchery-
produced fish and other tagging programmes. Current state-of-the-art tagging involves the use
of electronic technology. Since the late 1960s electronic tags that transmit acoustic signals
(radio signals do not transmit effectively through seawater) have increasingly been used to track
the movements of individual free-ranging fish for limited periods. Archival tags record and store
environmental and behavioural data and, because there is no need for observers to follow the
fish, make it possible to monitor the behaviour and movements of many fish simultaneously
over longer periods, which can include entire migrations. Although most data storage tags



Cexop u jp. (Secor et al., 2000) paccMaTpuBalOT aKBaKyJIbTYPy OCETPOBBIX KaK METOJ YOBICTBOPCHUS
CIpoca Ha MX MSICO M MKpY, He TpeOyIOIni BbIIOBa TUKUX ocoOeil. [1o MHEHUIO aBTOPOB, aKkBaKyJIbTypa
MIOMOKET COXPAaHUTh 3TH BUBI C TIOMOIIBIO MOJJEPAKAHUA MAaTOYHBIX CTaJ M MPOTrpaMM HCKYCCTBEHHOIO
Bocnpou3BojicTBa. OHAKO I MPOBEIEHUS HayYHBIX MCCIIEAOBAaHUI U pa3BUTHS OCETPOBOTO X034HCTBa
TpeOyercsi rocynapcTBEHHAs! MOIJEPIKKA, a TaKKe yJacTHe 3aMHTEPECOBAHHBIX YACTHBIX KOMIAHUHN
B (MHAHCHPOBAaHMM KpailHE BBICOKMX CTapTOBBIX 3arpaTl. Kpome Toro, akBakylbTypa BBI3BIBAET POCT
3a00J1eBaHH U MOBBIIIACT TEHETUYECKUE PUCKHU JUTSL IMKHUX TTOMYJISIIHHA.

4.6 MHckyccTBeHHOe BOCIPOU3BOACTBO

[Ipoxyknio ppIOOBOIHBIX 3aBOJIOB MOXKHO HCITONB30BATh [T MOAAECPIKKH UCTOIIEHHBIX 3aITaCOB: BBIITYCK
OOJBIIIOTO KONWYECTBA HMCKYCCTBEHHO BBIPAIIEHHONW MOJIOMM B MOpE MpEAnojaraeT KOMITEHCAIIHIO
YpE3BbIUAMHO BHICOKOW €CTECTBEHHON CMEPTHOCTH HA PAHHUX CTAJUAX KM3HEHHOTO LUKJA, UM HU3KOU
YHCIIEHHOCTH MOTIOTHEHNS B PE3YIIbTaTe IePesioBa HEPECTOBOTO 3a11aca, MOBBIIIA TAKUM 00pa30M BETHIHHY
3aImacoB M TPOU3BOIUTEIBHOCTH phibosoBcTBa (Travis et al., 1998). Tem He MeHee, TPYAHO MpeACKa3aTh
MTOCJIEZICTBHS MacIITaOHOTO MCKYCCTBEHHOTO BOCITPOM3BOJICTBA, TIOCKOJIBKY OHO 3aTparnBaeT MHOKECTBO
MaJIOM3yYeHHBIX M CIIOKHBIE MPOOJeM, HalmpuMep, B3aUMOACHUCTBHE MEXIY «3aBOICKAMI» W ITUKAMHU
0CO0SIMH, HEM3BECTHBIE BO3JCHCTBHS HAa NWHAMHUKY MOIYJSINM, BKIIOYas IUIOTHOCTHBIE 3aBUCHMOCTH,
9KOCHUCTEMHBIE MTPOIECCHI M SKOHOMHUKY prioomoscTia (Ye et al., 2005).

4.6.1 Onpeodenenue sxnraoa “3aeo0ckux’” ocobetl

[IpakTudeckne NPHIOKEHHUS TEOPUH MCKYCCTBEHHOTO BOCIPOM3BOJCTBA 3alacoB JIOJDKHBI [TOMOYb
HCCIIEIOBATH BIMSIHUAE TAKUX [TAPAMETPOB YIIPABICHHUS, KAK YUCIICHHOCTb U TUIOTHOCTh BBITTY CKAEMOM MOJIOJIH,
€€ COCTOSTHHE TI0CJIE BBIMTYCKa, PETYIIMPOBAHNE MTPOMBICIIOBOTO U3BSATHS, & TAKXKE COCTOSHHE MPUPOIHON
1 «3aBOJCKOM» cocTaBmsromux 3amaca (Lorenzen, 2005). B moaxone JlopeHcena 3aBUCHMOCTE 3amac-
MOMIOJTHEHUE JIOJDKHA OIEHUBATHCS B TEPMHHAX €CTECTBEHHOTO TIOMIOTHEHHSI i BBIITYIIEHHBIX «3aBOJICKUX)
npepekpyToB. HeoOXomuMo yUnuThIBaTh peryiIupOBaHUEe YUCICHHOCTH MTOMYIISIHY (HAIPUMEP, TNIOTHOCTHOE
peryiupoBaHue) Ha CTAJMH TOTIONIHEHHS, MOCKOIBKY 3TO ONpENeNseT BO3JEHCTBUE IOMONTHUTEIHHBIX
PEKpYTOB Ha 3arachl H 00beM BBUIOBA. 1, HAKOHEII, TOCKOIBKY OHOJIOTHUECKUE PA3INIUs MEXKTY JTUKHMU
U «3aBOJICKUMU» OCOOSIMU OyJyT UMETh Ba)XKHBIC TTOCIIEACTBUS JJIsl JMHAMHUKH BOCCTAHOBJICHHSI, HX TOXE
HEOOXOMMOTIPUHUMATh BO BHHMaHUe. JIoOpeHCeH MOAPOOHO paccMaTpUBaeT MOJXOM K OICHKE BIHMSIHUS
MIPOIYKITUH PHIOOBOIHBIX 3aBOIOB HA 3aIachl, 0OCHOBAHHBIN HAa TEOPHH JHHAMHUIECKOTO OacceitHa (Beverton
and Holt, 1957).

Cexop m nap. (Secor et al., 2000) orMeyaroT, 9TO OIpEIEIIEHHE MPUEMIIEMBIX YPOBHEN YITydIIECHHSI
JKM3HEHHO BaXKHBIX HA PaHHHX CTAJMSIX YKH3HU MOKA3aTeNel COCTOSHUS «3aBOJCKUX» PbIO, JOCTATOYHBIX
JUIsS. YBEJIIMYCHUSI HEPECTOBBIX 3alacoB, TPeOyeT HAJEKHBIX OICHOK BBDKHMBAHMS 3aBOJCKHX OCOOEH Ha
PaHHUX CTaJMAX Pa3BUTHUS B YCIOBUSAX PHIOOBOTHOTO 3aBOJA, & TAKXKE MPEIIONOKEHUH OTHOCHUTEIHHO
WX BBDKHBaHUS Ha PaHHHUX CTAJIUSX B €CTECTBEHHBIX YCIIOBHSX, YTO MOXKHO HCCIICJIOBATH C MTOMOIIBIO
IKCIIEPUMEHTOB MeueHHs (cM. HUxKe). J[Jisl OlleHKH YPOBHSI BBDKHBAHUS, JOCTATOYHOTO JIJISl TOTTOTHEHUS
HEpPECTOBOTO 3a11aca, MOYKHO IPUMEHHUTb ITOJIXOJI, JIETATLHO ONMMCAHHBIN B IPOIIUTHPOBAHHOH BBIIIIE padoTe.
3TO KI0Y K MOHWMAHUIO UCTUHHOTO BKIaJa 0cOOEH MCKYCCTBEHHOTO MPOUCXOXKICHUS B HEPECTOBBIC
3arnachl KACMUICKUX OCETPOBBIX.

B nepeueHb METOI0B, HCIOIB3YEMbIX Ha PHIOOBOTHBIX 3aBOJIAX M B OKCIIEPUMEHTAX MEUCHUS, BXOJIUT aHAIIN3
JIHK, aHanu3 4enryu, MEUEHHE ¢ MOMOIIbI0 KOIUPOBAaHHBIX MPoBOI0oYHBIX MeTOK (CWT). CoBpemeHHas
TEXHHKa MEUCHUSI BKITFOUaeT IPUMEHEHHUE SIICKTPOHHBIX TeXHONOorHi. HaurHas ¢ koH1a 60-X ro10B, UPOKoe
pacnpocTpaHeHHe TOTYYHIN IIEKTPOHHBIE METKH, TIEPEIAlOIUe aKyCTHYECKHE CUTHAIBI (PaHOCUTHAIIBI
MepeIatoTCsl B MOPCKOI BOZIe HEZOCTAaTOYHO 3P (PEKTUBHO), KOTOPBIC B TEUCHUE OINPEACICHHOTO BPEMEHU
MO3BOJISIIOT OTCIIC)KUBATH MEPEMEIEHHS OTACIBHBIX CBOOOJHO IUIABAIOIIMX O0COOEH. ApXHBHpPYIOIINE
METKH 3alHMChIBAIOT U COXPAHSIOT JAHHbIe 00 OKpY)Kalolleld cpele W TOBEJACHUH PbhIO W, MOCKOIBKY
JIeNaroT HeoOs3aTebHBIM JIUIsl HaOMoateseld clefoBaTh 32 MEUEHBIMH pPbIOaMH, AT BO3MOXKHOCTh
OJITHOBPEMEHHO KOHTPOJIUPOBATH MOBEJICHUE 1 ITEPEMEIICHHS CPa3y MHOKECTBA PHIO B TEUCHHUE JUTHTEITLHBIX



currently measure only simple environmental variables such as pressure (depth), temperature
(internal and external) and ambient daylight, the data can nonetheless be used to derive quite
detailed information about the location and movements of fish. Future developments will include
onboard sensors that can monitor more complex variables such as compass heading, swimming
speed or feeding activity. Pop-up tags that automatically detach and transmit data at the surface
after a given period can be useful where tag returns are likely to be low.

Tagging will permit evaluation of survival and contribution rates. As fish mature and are captured
in various fisheries or return to release/recapture facilities, they are sampled to recover tags. For
simple tags, release and recovery information is stored along with sampling and mark/unmarked
release ratios. This information can then be used to estimate survival rates, abundance and
catch contribution rates for each production lot of fish reared and released at each hatchery
(Beamesderfer et al., 1995; Pine et al., 2003; Paragamian et al., 2005). Attempts to tag sturgeon
released from hatcheries has been limited (Secor et al., 2000). Removal of barbels or scutes
proved ineffective because mutilation of small sturgeon resulted in increased mortality, and
barbels or scutes may regenerate. Isotopic short-term markers have been used, with feed
oligochaetes incubated in 32P and “°Ca solutions (Vodovozova, 1971). However, the use of
conventional tags or biochemical, chemical and genetic alternatives have not been applied. Their
use should be considered to better understand the efficacy of hatchery output.

Whichever approach is used, it should be clearly documented with any estimate of hatchery
contribution to commercial catches and the wild population biomass.

4.6.2 Genetic issues with stock enhancement

Stocking has potential genetic consequences for a stock (Tsvetnenko, 1993; Ford, 2002). This is
an important consideration because the genetic make-up of native wild stocks has presumably
been shaped by many years of adaptation to local conditions (Taylor, 1991), and transplanted fish
(especially if not of local origin) may be less suited to local conditions (Reisenbichler and Rubin,
1999). Hatchery-reared and wild fish genes will merge in a population once hatchery fish return
and spawn with wild fish. Where a hatchery stock was derived from a different population than
the one being supplemented, progeny of hatchery—wild matings might exhibit reduced fitness
through different local adaptations of the source and supplemented populations (Alibert and
Auffray 2003). Likewise, domestication, or genetic change attributable to selective differences in
the hatchery and wild environments will have a potentially negative effect. If the hatchery stock
is recently derived from a local population and the hatchery and wild populations are well mixed
each generation, substantial divergence between the hatchery and wild populations would not
be expected. However, because of the cumulative effects of domestication, the hatchery—wild
system as a whole would be expected to diverge genetically over time from the original wild
population, the most likely outcome being a reduction in average fitness in the wild environment
(Lynch and O'Hely, 2001; Ford, 2002). To avoid this, wild broodstock could be spawned artificially,
returned to the wild, and the resulting juveniles reared for release (Paragamian et al., 2005).
While historically large numbers of broodstock and low indices of commercial return suggest that
in-breeding in Caspian Sea sturgeon was unlikely to result from hatchery supplementation (Secor



nepruoa0B, KOTOPbIC MOT'YT BKJIFOYATh IOJIHOC BPEMA Mnrpaunﬁ. XoTs1t OOJBIIUHCTBO SJICKTPOHHBIX METOK,
CITOCOOHBIX HAKAILJINUBATh JaHHBbIC, 00BIYHO HU3MEPAIOT TOJIBKO NPOCTLIC MapaMETPhI Opr)KaIOH_ICI\/'I CpcAabl,
TaKHMC KakK, JaBJICHUC (I‘J'Iy6I/IHa), TEMIICpaTypa (BHYTpeHHﬂﬂ n BHe].LIHﬂH), N €CTCCTBCHHAs OCBCIICHHOCTD
OKPY)KaIOH_ICI\/'I CpCabl, 3T AaHHbIC, TEM HC MCHCC, MOXXHO HCIIOJIB30BAaTh JId MNOJJYYCHHS AOCTATOYHO
JIeTaIbHOMU I/IH(i)OpMaLII/II/I 0 MECTOHAXOXJACHUU U NECPEMCIICHUAX pI)I6. I[aJ'ILHCﬁLHHC pa3pa60T1<1/I B 5TOM
HaIlpaBJICHUHU 6y,Z[yT BKJIIOYAaThb CO3JaHUC 60pTOBLIX CCHCOPHBIX JATYMKOB, KOTOPBIC CMOT'YT OTCJIC)KUBATDH
0oJree CIIOKHbBIE MEPEMCHHBIC, HAIIPUMED, HAITPABJICHUEC [IBUKCHU L pLI6 I10 MyTEBOMY KOMIIACy, CKOPOCTb UX
MJjIaBaHUs WU KOPMOBYIO aKTHUBHOCTD. TaM, TS BO3BpALICHUEC MCTOK MPCAINOIaracTtcsa HpO6J'I€MaTI/I‘IHLIM,
y,E[O6HO HCIIOJIb30BaTh BCIUIBIBAOIIUEC METKH, KOTOPLIC IMOCJIC OIMPECACICHHOIO BPEMCHHU aBTOMATUYCCKU
OTCOCAUHAIOTCS U NEPCAA0OT JaHHBIC C TOBEPXHOCTHU.

MeueHne TO3BOSET OMPENSTUTh  KOI(D(UIMEHTH! BBHDKHBAHUS W TEMIThI MOMOJHEHUS HEPECTOBOTO
3amaca. Korma MeueHble 0COOWM JOCTUTAIOT IMOJOBOHM 3PEIOCTH W IMOMAJAal0T B MPOMBICIOBBIC HIIH
HCCIIEIOBATEBCKHIE YIIOBBI, UX H3BIMAIOT U3 YIIOBOB M CHUMAIOT METKH. [Ipu paboTe ¢ MPOCTHIMU METKAMH
JTAHHBIC O BBIMTYCKE W MOBTOPHOM MOMMKE XPAHITCS BMECTE C JPYroi KOJHUECTBEHHOW HMH(pOpMAIHEH,
OTHOCSICHCS K OCYIIECTBICHHUIO TAHHOTO DKCIIEPUMEHTA MEUCHUS. 3areM 3Ta HHPOPMAIHUS MOXKET ObITh
HCTIOJIb30BAHA IS OLEHKH KO3()(MUIIMEHTOB BEDKUBAHNUS, YUCICHHOCTH U BKJIAJA B YJIOB KaKIOH MOPIIUH
pBIO, BBIpAIIEHHOW W BBIMYIIEHHOW ¢ Kaxaoro 3aBoma (Beamesderfer et al., 1995; Pine et al., 2003;
Paragamian et al., 2005). TTonbITOK MeUeHHsT OCETPOBBIX, BBIMTYIICHHBIX C PHIOOBOTHBIX 3aBOIOB OBLIO
unemuoro (Secor et al., 2000). YaaneHue yCHKOB HITH «KYUEK» 0Ka3aa0Ch HeAPPEKTUBHBIM, TOCKOIBKY 3Ta
MPOIIEyPa BHI3bIBAJIA TOBBIMICHHYIO CMEPTHOCTH MOJIOZIH, & YCHKH U <OKYYKH» MOTYT BOCCTAHABIUBATHCS.
B kauecTBe METOK TaK)kKe MCIOIb30BANCH H30TOMTHBIE MAPKEPHI ¢ KOPOTKUM MEPUOJIOM mojypacnaaa. Jlis
3TOro PHIOY TOAKAPMIMBAIIKM OMMIO(ETaMH, BHIPAIIEHHBLIMU B pacTBopax 2P u *°Ca (BomoBo3osa, 1971).
OnHako TPagUIMOHHBIC METKH WM UX OMOXUMHYECKHE, XUMHUUCCKUE U TEHETHYCCKHIE AbTePHATHBBI JIJIsI
MEUEHHS OCETPOBBIX HE MPUMEHSHCH. ClieyeT pacCMOTPETh BO3MOKHOCTh MPUMEHEHHUSI TAKMX METOK
JUTS JTyYIIIero moHuManus 3(p(HEKTHBHOCTH UCKYCCTBEHHOTO BOCIIPOU3BO/ICTBA.

Kaxkoit Ol noaxoJ HE HMCIIOJb30BaJICAa, OH OOJIZKCH HOI[p06HO JAOKYMCEHTUPOBATBHCA, TAKIKEC KaK U JII00BIE
OIICHKH! BKJIaaa pLI60BO,Z[HLIX 3aBOJAOB B IIPOMBICJIOBBIC YJIOBLI U B 61/10Maccy ,[[I/IKOI\/'I NomyJIsiuu.

4.6.2 I'enemuueckue ll[)()(j.'[().llbl B60CCMAHOBJIEHUA 3AaNACO6

HckyccTBEeHHOE BOCIPOM3BOJICTBO HMMEET IOTEHIMATbHBIC TEHETHYECKHUE MOCIE/CTBHS JUIS 3araca
(Iiserenko, 1993; Ford, 2002). D10 BakHOE COOOpaKEHHUE, MOCKOJIBKY T€HETHUECKasT CTPYKTypa JTUKOTO
3amaca (OpMHPOBAIOCH B TEUEHHWE MHOTHMX JIeT ajanTalui K MecTHhIM ycnosumsM (Taylor, 1991), a
HMCKYCCTBEHHO BBIBEJICHHBIC PHIOBI (0COOEHHO, €CITM OHHM HE MECTHOTO IMPOMCXOKICHHS ) MOTYT OBITH MCHEE
npucnocobeHs! k MecTHRIM yermousM (Reisenbichler and Rubin, 1999). I'eHbl «3aBOACKUX» U AMKHUX 0COOEH
COCIMHSTCSI B TIOMYJISIIUH, KOTJIa HCKYCCTBEHHO BhIBEJICHHBIE PBIOI OY/IyT y4acTBOBAThH B HEPECTE BMECTE C
JukuMu. Eciiy 3aBoACKOE CTaa0 BBIBEACHO U3 IPYTOl NOMYJISLUH, OTIMYHOM OT IMONOJIHSAEMOM, TOTOMCTBO
OT JIMKHX M 3aBOJICKUX MPOM3BOAUTENCH MOXET ObITh MEHEee MPHUCIOCOOIEHHBIM K JKU3HU B JaHHBIX
YCITOBHSIX M3-3a Pa3HOM CTEMEHN afanTalny K HUM HCXOMHOH 1 qoHopckoii momyssiuit (Alibert and Auffray,
2003). IloTeHmmaapbHO HETATHBHOE BIMSHUE HA PE3yIbTaThl MCKYCCTBEHHOTO BOCIIPOM3BOACTBA MOTYT
TaKXe 0Ka3aTh FeHETHYECKUE U3MEHEHUSI B «3aBOJICKUX» OCOOSIX, CBA3AHHBIC C PA3THUMSIMU CEIICKTHBHBIX
0COOEHHOCTE cpellbl O0MTaHUsI Ha PHIOOPA3BOTHOM 3aBOJIC U B €CTECTBEHHBIX YCJIOBHSX. Eciu 3aBojicKkoe
CTaJl0 CPaBHUTEIHLHO HENABHO BBIBEJICHO W3 MECTHOM TOMYINSIMH, W KaXKI0€ HX TOKOJIEHHE XOPOIIOo
NepeMeIano, MeKIy 3aBOJICKOM U JMKOW MOMYISIMSIMA HE MOXKET OXKUJIAThCS 3HAYNTEIHLHBIX Pa3THIHM.
OnHako HM3-32 CYMMAapHOTO BO3JIEHCTBHUS JIOMECTHKAIMU (OJOMAITHHBAHUS) CHCTEMa WUCKYCCTBEHHAs —
JIKasl TOMYJISIIKAS B [IEJIOM OyJIeT, 1o Bced BUAMMOCTH, TEHETHYECKH OTIIMYAThCS OT MCXOJHOM JUKON
nomysinuu. Hanboree BEpOSTHBIM PE3yJIBTATOM JTOrO Oy/IET CHIDKEHHE CpPeIHEW MPHCIOCOOICHHOCTH
ocobeii kK MecTHOI ecTtecTBenHO cpene oburanus (Lynch and O’Hely, 2001; Ford, 2002). YtoOb1 n36exaTh
TaKUX MOCIIEICTBHIA, MOXKHO OBIITO ObI OCYIIECTBUTH HCKYCCTBEHHBIH HEPECT JIMKOTO POAUTEIHLCKOTO CTaIa,
3aTeM BEPHYTh €r0 B €CTECTBEHHYIO CPEJLy, a MOTYyYSHHYIO MOJIO/Ib BHIPAIIMBATH 10 Bbiycka (Paragamian
et al., 2005). HecMOTpst Ha TO, YTO UCTOPHUUECKH OOJNBIINAs YUCICHHOCTD POAUTENHCKOTO CTaa M HU3KHE
WHJICKCHI TIPOMBICIIOBOTO BO3BpATa MO3BOJSIOT MPEANOIOKHUTE, YTO HHOPUJINHT KACTIMACKUX OCETPOBBIX



et al., 2000), the reduction of broodstock numbers available to hatcheries, and the conservation
of genetic and behavioural variability in breeders is increasingly important.

Further implications arise where species are anadromous, like sturgeon. Hatchery rearing may
reduce the return rate to spawning rivers suitable for successful reproduction and development,
particularly where hatcheries are poorly sited and do not release fingerlings into appropriate riv-
ers.

4.6.3 Further reading

Xiao, Y. 1996. A general model for estimating tag-shedding rates and tag interactions from exact
or pooled times at liberty for a double tagging experiment. Canadian Journal of Fisheries and
Aquatic Sciences, 53: 1852-1861.

4.7 Options for presenting advice

The precautionary approach to management depends upon the information provided by scien-
tists to the managers making the final decisions. In general, managers request simple values in
assessment results — is the stock above or below the reference point? Is the stock increasing or
decreasing? What is the level of catch that can be set next year? Unfortunately, this information
tends to ignore the uncertainties within the assessment.

There are no standard methods for communicating uncertainty and risk to fishery decision-
makers (Rosenberg and Restrepo, 1994). However, an element of probability can be used, i.e.
the probability of an unwanted event occurring (probability density functions where observations
are normally distributed). Cumulative probability or cumulative survivor distributions may be
useful where the aim is to estimate the probability of avoiding the upper or lower limit (Caddy
and Mohn, 1995). Considerations of probability are already present in precautionary reference
points, because these points are specified on the basis of a given probability of ensuring that a
stock remains away from the corresponding limit reference point. Use of Monte Carlo simulation
techniques can provide probability distributions of risk (Restrepo et al., 1992). Further options
include (FAO, 1996):

e Where there are insufficient observations to assign probabilities to different states of
nature, decision tables could be used to represent different degrees of management
caution (“Maxmin and Minmax" criteria; Schmid, 1989).

e Where the number of different states of nature and the number of potential manage-
ment actions considered are small, but probabilities can be assigned, decision tables can
be used to show the consequences and probabilities of all combinations of these states
and actions.

e Where the range of states of nature is large, evaluation of management procedures is
complex, requiring integration across the various sources of uncertainty.

All presentations must be appropriate to the audience. Sophisticated presentations of probability
and risk are useless if they fail to deliver the ultimate message. Use of simple graphical or tabular
representations may be sufficient in many cases.



BpSIJ JIM CBsI3aH ¢ prIOOBOIHBIMU 3aBogamu (Secor et al., 2000), cHuKeHHne KOJIUYeCTBa MAaTOYHBIX CTa[
Ha ppIOOBOJHBIX 3aBOAAX U COXPAHEHHE TEHETUYECKON U MOBEJCHYECKOH N3MEHUYMBOCTH MTPOU3BOAUTENCH
npuoOpeTaeTt Bce Oobliiee 3HAUYCHHE.

BOCHpOI/ISBO}_'[CTBO AHAAPOMHBIX pLI6 BBI3BIBACT OOIIOJIHUTCIIBHBIC HpOGJ’ICMLI. HpO)IyK]_[I/Iﬂ pLI6OBO,[[HI>IX
3aBOJAOB MOXCET CHHU3UTL TCMIIbBI BO3BpaTa pI:IG B HCPECTOBBIC PCKU, NPUIOAHBLIC JIA YCIICHIHOTO
C€CTECTBCHHOI'O BOCIIPOU3BOACTBA U PA3BUTHUA, OCO6CHHO, €CJIM MECTa PACTIOJIOKCHU S pLI6OBO,[[HI>IX 3aBOJOB
BLI6paHLI HCYJa4YHO U «3aBOACKAs » MOJIOJAb IMOCJIC BbIITYCKAa HC NMOMAaJAaCT B HY>KHBIC PCKU.

4.6.3 Jlononrnumenvuas aumepamypa

Xiao, Y. 1996. A general model for estimating tag-shedding rates and tag interactions from exact or pooled
times at liberty for a double tagging experiment. Canadian Journal of Fisheries and Aquatic Sciences,
538: 1852-1861.

4.7 TlpencraBijieHHe HAYYHBIX PEKOMeHIaIUii

Hpe[[OCTOpO)KHLIfIHOI[XOI[KpraBHCHI/I}O3aBI/ICI/ITOTI/IH(1)OpMa]_II/II/I,HpeﬂCTaBﬂﬂCMOﬁy‘IeHLIMHMCHCZ[)KCpaM,
KOTOPBIC MPUHUMAKOT OKOHYATCJIbHBIC PCUHICHHA. OOBIYHO MCHCKECPbI Tpe6yIOT MMpEeACTaBIATh PE3YJIbTAThL
OLICHKHN B BHUJC MPOCTLIX OTBETOB HAa BOMPOCHI: 3amac HaXOAUTCs BBIIIC WM HUXKC JAHHOTO OPHUCHTUPA
ynpaBﬂCHI/IH? 3amac YBCINYUBACTCA UIIN cHmxkaercs? Kakoi YPOBEHb BbUIIOBA MOXKHO 6YI[CT YCTAaHOBUTL Ha
CJ'IC,J_'Ly}O].LII/Iﬁ FO,Z[? K COXaJICHHUIO, 3Ta I/IH(l)OpMa]_[I/Iﬂ UTHOPHUPYET HCONPEACIICHHOCTU B OLICHKAX.

He cymectByeT cTaHIapTHBIX METOAOB, MO3BOJSIOIIMX JOHECTH A0 JHI, NPUHUMAIOIINX PEUIEHHs I10
YIIPaBJICHHIO PHIOOJIOBCTBOM, TPECTABICHUSI O HeompeaeneHHocTH U pucke (Rosenberg and Restrepo,
1994). MoxHO, OmHAKO, HCIOJB30BaTh JISi TOrO MOHSTHE BEPOSTHOCTH, a WUMEHHO: BEPOSTHOCTH
OCYILIECTBIICHHSI HEKeNareNbHOro coObITUSl ((QDYHKUMH IUIOTHOCTH BEPOSTHOCTH Il HOPMAJbHOTO
pacnpenenenuss HaOmroneHuil). Ecnum mocraBieHa 3agaya OLEHHTH BEPOSTHOCTb, C KOTOPOHW MOYKHO
n30eKaTh MPEBBILICHHUS YIPaBISEMbIM MIapaMEeTPOM 3araca BEPXHEro mpejena Wi He JOMYCTUTh €ro
naJeHus] HUKe MPEeeNbHO JomycTiuMoro HkHoro yposus (Caddy and Mohn, 1995), To MmoxkeT oka3aTbcst
MIOJIE3HBIM HCIOJIB30BAHNUE PACIIPEIEIICHUS HAKOINIEHHON BEPOSITHOCTH. BEpOSTHOCTD yKe yUUThIBaeTCS B
MIPEIOCTOPOKHBIX OPUEHTUPAX, TOTOMY YTO 3TH BEIMYUHBI HAWJEHBI, UCXOA M3 33JaHHOI BEpOSTHOCTU
TOT'0, UTO TEKYILIME 3HAYCHNU S XapaKTEPUCTHK 3arnaca (Hanpumep, 0MOMacChl MIIH TPOMBICIIOBOI CMEPTHOCTH)
HE MPEBBICAT (UM HE OKaXYTCsl HUKE) COOTBETCTBYIOINX TPAHUYHBIX OPHUEHTHPOB. C MMOMOIIIBIO METOa
MMUTAIMOHHOTO MojienpoBaHus MoHTe-Kapio MOKHO MOTy4UTh BEPOSITHOCTHBIE paclpeielieHHe pucka
(Restrepo et al., 1992). [lpyrue BapuaHThI IPEACTABICHUS HEOTIPEACICHHOCTEH IIPUBOISITCS B MyOIMKAILIMA
DAO (FAO, 1996):

o €CJIIn1 HUMCIOLIUNXCA Ha6J'IIO):[eHI/II\/'I HEAOCTAaTO4YHO AJId TOro, lITO6I:I OMpeACIUTb BEPOATHOCTHU
Pa3INYHBbIX COCTOSIHUU HpI/IpO,I[HOfI Cp€abl, MOXXHO HCIIOJIb30BaTh Ta6J'II/IL[I:I peH.IeHHfI, I{T06I)I
OTpa3uThb pa3HbIC YPOBHHU OCTOPOKHOCTU YIPABJICHUS (KpI/ITCpI/II/I «MakcumMuH U MI/IHI/IMaKC»;
Schmid, 1989);

o €CJIM YUCJI0 pacCMaTprUBaCMbIX COCTOSIHUH HpHpO):[HOfI CpC€Abl 1 BAPUAHTOB YIIPABJICHUS HEBCIIMKO
1 MOXKHO OLICHUTH COOTBECTCTBYIOIIHUEC BEPOATHOCTHU, TO IJIA TOIO, IlT06I)I IIOKa3aTh MMOCJICACTBUA
BCEX KOM6I/IH&1LII/II>1 ITUX COCTOSHUUN " COOTBETCTBYIOIIUX YHPABICHYCCKUX peH.IeHHfI, MOXHO
BOCIIOJIB30BaThHCA T8.6J'II/I]_[aMI/I peHIeHHfI;

o €CJIn Jualla30H BO3MOXXHBIX COCTOSIHUU HpHpOZ{HOfI CpC€abl BCIIUK, O6OCHOBaHI/Ie npoucayp
YHpaBJICHUA 6y;[eT CJIO)KHBIM U HOTpC6yeT MPOBCACHUA COBMCCTHOIO aHaJin3a BJIIMAHHUA PA3HbIX
HUCTOYHHUKOB HEOIPECACICHHOCTH.

Bcee MPE3CHTAllUN HAYYHbIX pCKOMeHI[aLII/Iﬁ JOJIDKHBI OBITH OPHUCHTUPOBAHBI HA ayJUTOPUIO, IJId KOTOpOI‘/'I
OHU TpEAHA3HAYCHBI. VcnoxxHEeHHOE MMpEeACTABJICHNUE BEPOATHOCTU U PUCKA 6y,E[CT 6CCHOHG3HLIM, €Clin
HC IIO3BOJIMT OJOHECTHU OO0 cnymaTeneﬁ OCHOBHYK H/[ICHO. Bo mHormx cirydadax ObIBaEeT J0CTAaTOYHO
HCIOIL30BaTh TAOJUYHEIC HUITH rpa(bnqecxne WITIOCTpanuu.
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Within regional management initiatives, there are benefits in presenting advice that can be
regionally viewed. This might involve the use of regional websites to allow the easy access to
regional workshop reports, assessments and management advice.
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HpI/IyTIpaBJIeHI/II/I HaperuoHaJIbHOM YPOBHEC OHpeI[CJIeHHBIel'IpeI/IMy'IlIeCTBaI/IMeeTBHHeCGHI/IepeKOMeH)IaHI/Iﬁ
Ha OTKPLITOC HYGJ'II/I‘-IHOC 06CY)I(I[eHI/Ie. Taxoe OGCY)KJIGHI/IC MOXXET, B YaCTHOCTH, BKJIIOYaTh MUCIIOJIb30BaHUEC
PEruOHAJIBHBIX WEb-CaﬁTOB, 4TOOBI OOJIETYUTE J0CTYII K OTHETAM PCruOHAJIbHBIX CCMUHAPOB, OILICHKAM
3allaCoB U pCKOMCHAAIMAM I10 YIIPABJICHHIO.
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