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1.2 Terms of Reference

from 3-6 February 1998 to;

b) taking into account the uncertainties identified above, provide estimates of precautionary fishing:mertality:and
spawning stock biomass reference points having high probabilities of keeping the stocks within safe biological

litnits;

< Canada
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Russia
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. USA
:Russia
-+Sweden -

* ‘Norway
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- It was dccided-at the 85th An_mtal Science Conferetl(;,ﬂ (C. Res. 1997/2:.1 1:200 Ehét the Study Group on the Precauti_onary
Approach to Fishery  Management [SGPAFM], with experts to-be identified by. ACFM, in consultation with ICES
Delegates, and to be-chaired by: the Chalrman of ACFM (Mr I.-J. Maguire, Canada), will meet at ICES Headquarters

&) provide estimates of appropriate fishing mortality and spawning stock biomass limit reference points from the most
.. recent ICES assessments for as many demersal, pelagic and shellfish stocks as. possible (including stocks where
. . analytical assessments are not available), taking into.account estimation and process errors; :

w'g) rlden‘ufy generic. features of harvest control rules, including recovery plans when the stock is outSIde safe btologlcal

: hmlts, that are consistent with a precautlonary approach



d) provide guidance to assessment working groups and determine the requirements for new computer'péograms to be
made available in the ICES Secretariat at Council expense;

e) review the work of the MAWG on the relevance of species interactions to precautionary approaches to fisheries
management and rebutlding, and where appropriate carry that work further; : .

: shint
f} consider the implications of a precautionary approach and harvest control rules in relation to mlxed ﬁsherles and
technical interactions.

Considerable work was done in advance of the Study Group meetmg 10 estimate severa} reference pmnts (usmg dlfferent
software implementations) to be considered as either limit or precautionary reference points (see Section 9, Workmg
Documents). Without this preparatory work, it would not have been possible to suggest reference points for-as many
stocks as are included in this report. Sincere thanks are therefore due to those individuals who were: involved:in. tl‘liS
preparatory work. I T O B

R

The Study Group considered whether the reference points used by ACFM were consistent with a precautionary approach
to evaluate if there was need to provide new precautionary reference points. ACFM has established biomass reference
points for several stocks, but there are few instances where ACFM has provided reference fishmv mortahues nd
therefore, the Study Group had to suggest values for most stocks. The Study Group attempted to use MBAL values
previously established by ACFM, when appropriate, as either 11mlt or precautionary reference point. L

st

Study Group members represented an interesting' mix*of ‘methodological experts and stock assessmient: specialists
involved in specific Working Groups. However, not ail stock assessment specialists for every stocks for whichireférence
points are suggested participated in the Study Group meeting.. Therefore, the reference points suggested: must be
reviewed and evaluated by relevant Working Groups before. ACFM can make a decision on appropriate reference
points. It is in ACFM’s mandate to make final decisions on limit reference points, but fishery management, agenc1es
should be invoived in decisions on precautionary reference points. .

2 UNCERTAINTY

There are uncertainties in all reference points and those related to the precautionary approach are no’ exception. The
uncertainties are due to measurement errors because of the -inherent variability associated with sampling:data,
uncertainties about the most appropriate model(s) to approximate the fishery dynamics and, uncertainties :in/the natural
variability of fish population parameters. While scientific research could be aimed at reducing sampling;and . model
uncertainties, it cannot reduce the natural variability in population parameters, it can only characterlze it, Ie must
therefore be recognized that uncertainty will always | be .part of the fishery management process.

Both the estimates of reference points, e.g. the real value of FMSY and the current estimate of the parameter e F97 ‘are
g |I;: H o

uncertain. Therefore uncertainties in both quantities have to be taken into account.

Few studies have adequately estimated the full range of uncertainties associated with assessing fish'stock sizes-and
predicting future catches, particularly in the case of biased data such as is the case when misreporting, hlgh grading, and
discardingoceur to a'variable extent from year to year. The results of studies not: taking these: factors into-account-have
indicated measurement errors of 20 to 40% CV (Coefficient of Variation) for the projected catches for a particular’year.
~ Therefare; CVs of this magnitude were utilized: (where appropriate) to evaluate uncertainty of the reference pomts The
overall real uncertainty, however, is likely to be greater than the CVs of 20-40% suggest. s fhe

Fot instance), unaccountéd mortality which‘includes.dead discards, fish dying after the discard process, fish dying during
" the ‘capture process-which are not- actually captured;, unreported landings, by-catch, ‘ghost fishing mortality -and: other
sources are often not accounted for in the assessmént data.- Therefore, both the status and productivity-'of the ‘stock are
not accurately estimated, and changes in estimated status or productlvny may be related to unrecorded changes in
%;practlcemwhlch are not. momtored T RIS S VR ST TR

Often, data for a particuiar stock are available only for a relatively short period of time (typically 15-20 years,'ih rare
cases for up to 50 years, or for as little as 3-35 years) and the quantity and guality of data over the time period is
-generally variable. But-in-addition to- variable quantity and quality of data, the (relatively) short time period: of time for
which data are available means that only a limited range of the population reaction to environmental factors:has been
observed and it is not possible to predict future behaviour for eavironmental conditions that have not been observed.
Generally, we assume that ecological/environmental process are stationary when in reality they are not; this can be of




" special - concern when “there are- biclogical and: technological interactions “in the fish : populations. and fisheries.
- Implementation errors, i.¢. that the management recommendations are often not perfectly 1mpiemented due to techmcal
legal and political difficulties, is generally not taken into account either, - st S :

By not considering -these sources of unceitainty, it is likely that the CVs used-to calculate reference points-in fact
uiidérestimate the real uncertamtnes, and accordmg to: the precauuonary approach thls should call- for even greater
p[ecaunon . : : : : i .- R . . ; : A .

3 REFERENCE POINTS
3.1 Background
31 Se]éctédeﬁtrécts frbmfléw Study Group report (ICES CM 1997/Assess:T)

Reference pomrs are a key concept in implementing a precautwnary appmach The Jollowing points from Annex H of
the UN Agreement on Straddling Fish Stocks and- ngh!y Migratory Fzsh Stocks are relevam to the dzsfmcr:on between
target and limit reference points: :

“2.Two types of precautionary reference points should be used: conservation, or limit, reference points and
management, or target, reference points. Limit reference points set boundaries which are intended to constrain
harvesting within safe biological limits within which the stocks can produce maximum sustainable yield. Target
reference points are intended to meet management objectives.

3. Precautionary reference points should be stock-specific to account, inter alia, for the reproductive capacfty

the resilience of:each.stock and the characteristics of fisheries exploiting. the stock, as well as other sources of
maortality and major sources of uncertainty.

5.Fishery management strategies shall ensure that the risk of exceeding limit reference points is very low. If a
stock falls below a limit reference point or is at risk of falling below such a reference point, conservation and
“management action should be initiated to facilitate stock recovery. Fishery management strategies shall lensure
that target reference points are not exceeded on average. i

7.The fishing mortality rate which generates maximum' sustainable yield should be regarded as a minimum
standard for limit reference points. For stocks which are not overfished, fishery management strategies shall
ensure that fishing mortality does not exceed that which corresponds to maximum sustainable yield, and that the
biomass does not fall below a predefined threshold. For ove:ﬁshed stocks, the biomass which would pmduce
maximum sustainable yield can serve as a rebmldmg target.”

Therefore, reference points stated in terms of fishing mortaliry rates or biomass, or in other units, should be regarded
as signposts giving information of the status of the stock in relation to predef ned limits that should be avorded or
targets that should be aimed at in order o achteve the management objective.

The limit fishing mortality (Fy} is defined as d fishing mortality which should be avoided with very high probability
and is most naturally associated with a danger of stock collapse. This attribute certdinly applies to Fo, which is
derived from the slope at the origin of the 5-R curve, since it corresponds 1o a collapse of the fish stock. Esnmates of
Friw should reflect this concept.

The fishing mortality Foeq estimates a sustainable fishing mortality. Unfortunately, the only upper bound on the
expecafed value of Fu.d 15 Fora itself and this is attained when the stock has only been measured during a period of
fishing at the F level,

In cas':es when F... is not availoble, Fi,;,. (Cook 1998) or F,.; can be used as limit reference points. Both of these
points, will tend to be underestimates of Fay. As further information becomes available these estimates may become
revised upwards to higher mortality levels. However, the Precautionary Approach dictates that in the case when only
such a biased proxy exists, it should be put into use immediately since lack of information cannot be used as a reason
- for the delay of acri_on.

Fi would not be consisient with a precautmnary appmach to deﬁne suife bw!ogzcal hmn‘s only in Ierms of ﬁshmg
mortality reference points and therefore corresponding and compatible biomass reference points will also be used, in

3



accordance with most international agreements considered -during this [1997 SGPAFM] meeting, In addmon, in cases
_where the slopetar the origin. of the stock-recruitment. relanonshxp or the replacement line. are incorrectly esumazed
{e.g. due to a recent environmental change), the biomass may.experience a sudden drop. : o

ACFM: has defined and used..the Minimum Biologically Acceptable Level (MBAL) of biomass for. several stocks
“Whenever possible, MBAL corresponds to the spawning. stock biomass below which .the, probability. of cmpazred
recruitment increases. Such MBAL values can be initially used as limit reference points, L.e. biomass below which the
stock should drop only with very low probability. In other cases MBAL values refer to the biomass below which
concerns are raised and some action should be taken. . T

The concept of safe biological limits was introduced in ACFM advice in 1981 and further developed in 1986 (Serchuk
and Grainger, 1992). At first the term was used in relation to management actions, whereas latrerly it has been used in
relation to the state of a stock. In its recent implementation of the concept, ACFM has equated being within safe
biological limits as being above MBAL and being outside safe biological limits as being below MBAL. This'is a rather
restricted interpretation of a concept which is clearly multi-dimensional involving at least reference poinis related to
N shmg ‘mortality and biomass, but also factors such as age-distribution in'the stock and in the catch, ‘géographical
‘range, condition factor éte. The concept of safe biological limifs is explicitly referved to in the UN Apreenient ‘on
Straddiing Fish Stocks and Highly Migratory Fish Stocks and ACFM will continue to use it, but in an expanded:way,
consistent with the precautionary approach.

" Implementing the precautionary approach with precautionary reference points. . - -

- Yield

*Precautionary
region

SSB S

As derived above, the precautionary approach dictates that the predicted annual fishing mortality and  estimated
memass should remain within safe biclogical limirs. This zmpiles a certam regton wh;ch cauld be termed the
precautmna:y regmn of ﬂshmg mortahty SSB and }:elds :

Y




" The first principle is that fishing marra!rty and hence annual yields are’ constmmed by Foo :f no obwaus problems are
seen. :

"“The limit biomass’ level, B corresponds ‘to the sIock being m imptinent dnnger In this sztuatwn a closure of the
fishery is the only realistic action. In order to avoid that situation, fishing must be reduced drasncally :f the biomass
appears to drop from By, to By, This can be done by reducing fishing morralrty ar yreld in accordance with how close
the point estimate of bromass is to By, and By, respectively. : R

For stocks in a heiilthy staté it may be wise to also impose an upper limit on catches in order to avoid. problems
associated with severe overestimation of stock size and therefore define a Cp,.

312 Fusy

Annex II of the Straddling Stocks Agreement states that Fygy is a minimum standard for a limit reference point. There
~are. 2 number of reasons why Fysy has:come. to. be thought of as a limit reference point rather than- the . traditional

viewpoint of a target. Some of these recasons are valid and some less so. For example, MSY has been embodied in

numerous fisheries management agreements for several decades and yet progressively more and more stocks have

become .overfished during that time. One interpretation is that MSY has failed as a fisheries management strategy.
'However, a global survey of fisheries would show that there are actnally very few examples where fishing mortahty has
been limited to.Fysy over a significant pf':l'l()d of time, even where MSY has been the stated management ObJEC[lVC

Study Group members were unable. to, identify. fisheries where stocks have collapsed desplte fishing mortality being
- maintained. near,;FMS»_(.ove_r:a substantial period. .,

* Other potentially more valid reasons for this fundamental change in the treatment of Fysy. as a limit rather than a target
are primarily related to ecosystem considerations, (viz. multispecies interactions, species. diversity, genetic diversity,
habitat concerns and technical interactions), uncertainty and implementation failures. Most multispecies models imply

that sustainable fishing mortality rates and .other biological reference points. need to be more conservative than in the
corresponding single species cases. For. this reason, ICNAF once used a two-trer system where the combmed TAC for a

~multispecies assemblage was set 20-25% lower than the sum of the mdmdual i TACs. (see O Boyle 1985 for the
modelling results. supporting this. decrsron) Multispecies. and technical interactions mean that. recovery plans for
depleted stocks may .also need to curtail fishing. mortalities - on associated stocks in order to be successful. In
multispecies systems productlve species may need to be fished at less than Fusy to ensure that the v1ab111ty of less
productive species..is not jeopardized. The conclus1on emerging from workmg groups dehberatmg ‘ecosystem
approaches” to ﬁshmg seems to be that across-the-board reductions in ﬁshtng mortality may be needed to achieve
. obje_ctives such as rnamtmmng ge_nettc and species drvers_lty.

: Of equal or even greater concern 1s the diffi eulty of 1mplernen[mg agreed management aetions in many fi sheries.
Measures..to reduce fishing. mortahty are -often cucumvented In. part, this may be the result of fleet overcapacity
resulting in challenges to, numerous aspects of ﬁshertes management systems (drscussed elsewhere)

The high uncertainty inherent in ﬁsh stock assessments suggests that if FMSY were to be used as a target in a risk-averse
management strategy, that target should be based on some lower percentile of the Fygy distribution. Setting Fysy as a
limit implies that Ftarget should be set such that the probability of exceeding Fysy is small, Conceivably, in some cases,
this could result in little change in the management strategy, even, though. it. represents a fundamental change in
: management phtlosophy

A more risk-prone approach would define Fugy as an upper bound on target fishing mortality such that there must be
more than a 50% probability that the annual F is below Fygy, and any harvest control rule which satisfies the
Precautionary Approach must lie below the control rule corresponding 10 Fysy. The implication of this is not the same
as the implication of harvestmg below Fooq (equwalently, Fextinction)» Where Fq, is interpreted as a limit reference point
that needs to be avoided with high probability. When Fyyy, = Foans 2-“high” probability would most likely be defined to
be in the range 95-99%. If the same range is applied to Fygy, the resulting target F would likely be exceedingly low.

Although Fysy can, in principle, be used as a limit reference point, it would probably be more appropriate to redefine a
“high probability of avoidance” as a number-in the vicinity of 75% rather than 95-99%. However, the Study Group
believes that, if Fygsy is:10 used at all, it is more approprlate to view Fysy as an upper bound on a target reference point,
which implies that there should be more than a 50% probability that Fysy is not exceeded. The primary argument against
using Fysy at all is that it is highly dependent on the shape of the stock-recruitment relationship assumed, which is
usually poorly determined. Likewise, F..q, is highly-dependent on the stock-recruitment relationship. Thus, it may be



necessary to adopt proxies for both Fysy and Fepen. It is suggested that Fio; and Fred could be constdered as a ba51s for
the definition of Fiim: and Fy |, Faxs Fneqa, and Fm%—Fm% as potenttal candidates for F],a

Similarty, Byusy tends to be poorly defined but it may ] be easier to. identify measures such as By, or a biomass at which
there is evidence of 1mpalred recrultment or. the equ111br|um biomass correspondmg to the above proxies.

3.1.3 l. Stock and recruit:ment hmde]sl

Stock-recruitment relationships have several distinct applications in the context of precautionary reference points.
L. The slope at the origin corresponds to Fc,;slh, w.hich is ‘a. candidate limit reference. point. | |

2. Calculation of equilibrium reference points, including FMS-Y.

=3 Simulanons of future stock snzes and catches and assoc1ated l‘lSkS caused by c!ependence of the recruitment on the
:-SSB - — : : - NI T

A stock recruiement function can be parametric or non-parametrlc Amongst the parametric functions, two géneral-types
cin-be’ distmgutshed thoseé which assurne’ that maximum recruitment is reached at some intermediate spawring?stock
blomass with' a‘declining’ recruitment - at large ‘SSBs (like the Ricker function) and 'those ‘that assume- that técruitment
does not ‘decline after thé maximumi i§ reached (like. thé’ Beveiton-Holt function). This difference in’ assumption ‘has
direct consequences for the expected effect of reducing fishing mortality in order to inéreasé spawning stock biomass:
under an assumed Ricker 5/R relationship reducing fishing mortality should not be reduced too much, because
“retruitent will-decrease at larger biomasses; ‘while: under an‘assumed Beverton-Holt S/R funct1on there are no negative
effects on expected recruitment of reduc:hg F ancl 1ncreasmg b1omass . T

Noi- pafametri'c'fuﬁctions; may be regarded as filters or smoothers on the series of recruitments as”function ‘of 'the
biomass. An éxample is kernel méthads, where the‘expected recruitment is a weighted average of observed récruitments,
“the’ welghtmg béing the nearness (Evans and'Rice 1988, se¢ Section 9, Working Documents) in the: SSBs that gave rise
“to each recruitment. Smoothers (like LOWESS) have come into use recently. Although the non—parametnc finctiohis are
" not deﬁned by : assurrung an explicit ‘function they ‘still Have underlymg assumptions e.g. eoncav1ty and: smoothness or,
in the case of kernel methads, assumptlons -about the- we1ghtmg, which’ are necessary to fit a’ umque curve to the
'observauon pomts Hence, the fmal result also here relles both on the data and the underlymg assumptions : e

The choice of function should be guided by how the underlying assumptions conform ‘with the assuined Fecruitiment
dynamics of the stock. Hence, to choose a Ricker function, one should have a clear opinion that the recruitment of this
stock ‘will actually décline at large S5Bs. If thiere is no clear indication of such decline in the data, the Ricker curve’ wxll
" nevertheless be driven by ‘the’ assumptlon that this is the case, dnd usually place the maximum within the observed'i fange.
Thus, this function will tend to support the hypothesis that the present’exploitation is the optimal one. On the'otlier*haiid,
if the recruitment declines at hlgher SSBs assummg a Beverton Holt funcuon will grossly overestimate the beneﬁts of
-reducmg exploltatton : : i vib o

Fiittherinore, stock-reciuitmént curves may be sensitive to new data‘on the outer edges of the distribution iii the scétter
" plot. Pastoors dnd van Beek (WD!1) have'shown that the Shepherd curve applied to North Sea plaice, is very sensitive'to
new recruitment data of the most recent two year classes (1995 and 1996), which causes the top of the eurve to shift ‘to
the left (see figure below). ThlS isa well known phenomenon for stocks which have relatlvely httle pattern in the stock
recruitmentclata S S T : o T R ST
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Some applications use the function in a specific region. Thus, the calculation of F.y, depends on the behaviour just at

the origin, and calculation of equilibria on the behaviour of the curve just where the equilibriom takes place. The
- estimation of the function characteristics, on the other hand, depends on the range of observations at hand. In particular,
-if points near the arigin have never been observed (i.e. the stock has not, collapsed), the slope at the origin is derived

from the adjustment of the curve in a quite different region, and transferred to the region near the origin just through the

underlying assumptions of the form of the function. The same applles at the other extreme. Therefore, the slope at the
_origin is virtually undefined unless there. are data from that region. Even then, one should bear in mind that stock and
T recrmtment numbers m a collapse phase usually are poorly estlmated

An alternatwe to esttmatmg the slope at the or1g1n is to find the smallest pernu551ble values of the slope that are still
consistent with the data at given significance levels. Bravington (WD 5) describes a likelihood profiling approach to
estimating these minimal slopes for a non-parametric smooth, convex S-R relationship. The method has been applied to
a number of stocks and may offer a useéful alternative (o more conventional approaches to estimating the slope at the
or1g1n.

' Even if there is a wide range, of observanons the behaviour of the function in one region W|Il depend on the data also in
_other regions. A WD by Rice demonstrates that this dependence sometlmes may differ from what one should expect
“intuitively. It may be a matter of concern that the pereephon of the Fopas Telies on data from: a period when the stock was
“large, and vice versa. In’ [hlS case, kernel methods toa larger extent gives local estlmates The behaviour of both this and
of smoother functtons outsude and 1n the border of the reglon with observatlons 1s stlll largely driven by the underlying
assumpttons however

For smlulatlons Ehe uncertamty of the recrultment at g1ven S5Bs is as 1mportant as the expected values This uncertamty
is caused by natural variations in the recruitment, which is the prime interest of the stochastic modelling, but also by
uncertainty in the observations and in the chonce of model It may be feas1ble to express this in terms of stochastlc
paramelters in the function.

The stochastic element can either be expressed through a parametric distribution function, or représented by the
collection of residuals. In either case, it is important that the term that is supposed to be random noise is uniformly
“distributed ‘over the whole range of SSBs. This'is because in simulations, this element is produced by a random number
- genérator, without any prior Knowledge of the prevailing conditions. Thus; if a° lognormal stochastic term around a
function is assumed, differences in expectations and variance along the SSB-axés must be included in the transform of
the random term to the actual recruitment estimate. This may be done by adjusting the parameters in the stock-
recruitment: function:- In' that case, the function:is: a valid tool for simulations, but not the best deterministic stock-
recruitment function.

In some cases, there will be strong periodic variations in the residuals, which are often taken as influenced by climatic
variations etc. If there is good reason to belieye: that the periodic signal is real, it may be taken into account in a model
as an autoregressive function, the parameters of which may be estimated along with the other model parameters. There is
a close connection between the autoregressive coefficients and the power spectrum. The power spectrum should be
lnspected to ensure that the spectrum conforms w1th the assumed underlylng cause before autoregressmn is mc[uded in
the model.

A broader discussion of stock-recruitment relationships can be found in the ComFlE Workmg Group report 1996
(Assess:20), Section 5.4,



3.1.4 ’ Tim‘e‘s'tability of reference -p'o'ints T

The estrmates of referenick points depend on 'the explortatlon paltiern, natural mortality and’ growth. Thus their n
_' values tend to change when the ﬁsherres and/or the envrromnent chanﬂe Reference pomts thus need to be revrsed from
tlme totime. : !

To be precautronary it is partlcularly important to rev1se Fhm if the exploitation pattern shows a sh1ft towards younger
age groups, in which case Fy,, will decrease. Shifting the exploitation towards older fish raises Fi, thereby reducmg the
risk of exeeedmg it at a given level of F. Thus, in addition to scenarros lmplymg changes in F it would be useful to
evaluate scenarlos in whlch the explontatton pattern is changed LR

32 ‘_ _"'B:ro_ces!s'U'sed During theStudy Group _Meeting'tp_s:elect 'Rgfe;j-‘eﬁce Points ~

The Study Group considered possible candidates reference points (such as Fiog, Forasn Fred» Fusys etc.) based on the
informatipn given in ICES Working Group reports, in. the reports of ACEM, and in a number of working papers
prepared spec1fically for the Study Group. As requested in the terms of reference, the Study Group attempted to propose
reference points for as many stocks as possrble but it was not’ ‘possible to suggest reference point for all stocks, nor for
‘all Worklng Groups. The Assessment Workmg Groups have been asked in the terms of reference for their 1998 meetmg
to provide limit and precautionary reference points. for all stocks. The reference. pomts, proposed by the SGPAFM
‘should be considered as first estimates and Workmg Groups should assess if they are adequate and rf fiot, make
alternate proposals. The description of the process followed by the Study Group to select proposed referénce’ pornts is
intended to help Working ‘Groups in their selection of reference points to be proposed to ACFM. In order to lmplement

the precauttonary approach in 1998 ACFM needs to adopt reference pornts for all stocks '
The criteria used by the SGPAFM to select reference points was as follows:

z_B:iornas_s reference p_(]il_ltf_%. ‘
:In a maJorrty of cases, ma was selected based on an, estlmate of Bloss In a few srtuatrons where recrurtrnent on the‘ S/R
-plot increases with decreasing. biomass and there, appears to, be no danger of recruitment fallure at Iow hrstorlcal

-of SSB, B,Dss has been used for estrmatmg Bpa

W-hen only Bﬁm was:avarlable‘ from.the -ab'oiv‘e;thﬂ was selected so that there is little probability that a biomass estimate
which appears to be above B, will really be below Byy,. In this case, By, was estimated as By € 1:6457 “where 'Gis'a
measure of uncertainty in the total biomass estimate, typically taken as 0.2-0.3.

' Thls 'prdt’:edure'always gave at least Bl;;,.'ln"stE'CaseS' B;u!,,‘ isrleft ‘undefined.

It the MBAL value prevrously deﬁned by the relevant Worklng Group and/or ACFM was close to the calculated value
of Bjim, then MBAL was taken as B],m In a fow cases, MBAL was close to the calculated value of B],a In those cases, BF,a
was set equal to the previously accepted MBAL.

Flshlngmortalrty reference points o

Fjim has been taken from estimates of F, or Feasn when these did not appear unrealistically high estimates of the

collapse fishing mortality. If Fy or F., appeared too high or were not available and if there were indications that Feq
was not sustainable, then F.q was chosen as the estimate of Fy,,. In some cases Fy,, was left undefined.

If there is no Fi, and F4 goes through a cloud of points which appears to come from the right-hand limb of a stock-
recruitment relationship, then F,,.q is used for Fj,. In a number of cases Fj, has been derived from the Fyn, estimate
Fo=Fime 85T o as Fipe, where G is a measure of uncertainty in the total F estimate, typically taken as 0.2-0.3 and Fipe
where Fy,, is defined as the F value having a 10% probability of giving a replacement line above Gio, the slope
corresponding to the lowest S5Bs (see Cook 1998).




33 o Stock by Stock Lll‘l‘llt and Preeautlonary Reference Pomts to be Cons:dered by Assessment Working
Groups ‘

LThe reference po1nts suggested by the Study Group are listed by Worklng Group m Sectlon 3.3 1L For SOMe. stocks
explanations are presented in the text and in the. footnotes to the list. For others the explanatlon is only provided in the
footnotes,

3.3.1 Deep-waier fisheries resources

_.Expenence has shown that deep water ﬁshenes can. develop raprdly and that resources which they exploit may be
especially vulnerable to overfishing. Specnes such as these may become depieted before sufficient data has been
accumulated to provide advice on appropriate management measures based on standard assessment methodology. There
- are generally very few time series of data from the regular sampling of commercial landings, and basic statistics on
.catches and effort are generally of poor quahty or altogethér lacking. It is therefore rarely, possible to calculate the
common blologlcal reference poirits, and none are presented here Instead an approach o makmg dec:smns based on an
index of stock size is proposed (Bell and Stefdnsson WP 4), :

For many. of these developing fisheries on prevrously unexploued stocks with low productivity, it is expecied that
:‘blomass wrll decrease more or less monotonousky over_time. At some pomt management will presumably want to halt
the decline i in blomass A simple rule. ‘would be to set next year $ guota as a functlon of th1s year § catch and recent
biomass changes The rule outlined is:’

Y=Y, * (1 + g [(B. - Bio) /Ba)
where:

Y is catch, tis the year for which the quota is to be calculated, and t—l is therefore the year prior to that for whlch the
X quota has to be calculared

B is the biomass index such as from a survey or appropriate commercial CPUE.

g is.a proportionally factor named feedback gain. A g of 1 means that the quota for next year is adjusted in direct
‘propomon to the change in biomass observed between last year and the current year.

The effects of this harvest rule. were studied-oy_si-mulations using the methods:o_f Bell and Stefinsson (WP-4) and with
the same stocks. This. has the virtue that some. information is available on the stock, structure and population dynamics
for these stocks, and hence there is possrblhty 10 evaluate what the stock and yield trajectories correspond to in terms
- of biological reference points. - Lo : :

In this scenario, ICES stock data for 27 stocks is used to first generate a run-in period using status quo fishing mortality,
after which the feedback is introduced. The range of g used varied from 0.5-2.0 on all stocks. s

For cach value of feedback gain several different quantities can be estimated, Some of these.are given in the text table
below, Tt is seen that the average expected yield is maximum at g=1 and declines on both sides while the probability of
_staying within the PA- bounds increases but with the expected high variability in yields. . :

51 Jis 2

| Probability (%) of PA satisfied 13 3z |73 79
. Probablhty (%):of recovery in 10 years ) 3 -_ 12, ) 35 ' 146

o Probablht)tr (%) of closure co |0 0o - 5|38 |67
Meanyieldin Bof MSY . |58  ]73 . [38 |26
CV of yield | 96 75 . ) 157 - | 205




There is therefore a high probabrlrty of fishing over Fepe if little heed is given to the relative abundance indices (i.e.
'g=0.5), whereas thiis probability decreases considerably at ‘g=1 or more. Somewhaf surprisingly, there i a“fairly high
probability of adhering to the PA in terms of catches being within the precautionary region, once g reachés 135 or more.
This is no doubt in part due to an increased frequency of closures (38% of all stock-years when g=1.5). There is as
always some trade off between yreld and probablhtres In thrs case however 1t would- appear that g-l stnkes an

As is to be expected, this procedure has low probabhilities of stock recovery.

Given the assumed CV of 35% on the abundance index in the simulations, it is not too surprising that there is
consrderable ‘variahility in thé behaviour- of ‘the "resulting ' catches Methods exist 1o’ smooth these results'and
1ncorporatron of’ such smoothers is'a prorrusmg area of future work : ‘

A natural extensron of the presented tests is 0 mcorporate ‘the 1deas of a precautronary regron through the use of
htstorlcal survey data. With a time series of relattve abundance indices it would be quite feasrble to 1ntroduce concepts
‘such as By, and Bpa: between which there should be further reductrons in fishing actrvrtres m such a fashion that there 1s
a cessation of fishing activities at By,

Most 1mportar1tly, however, it is qutte clear that a yea.r—to year decline' of many percent in reasonably rehable tock

1ndrces can not be sustained for marny decades Fora ﬁshery to be sustainable stock size cannot contmuously go down' It

is equally clear that not provrdmg any advice or management measures in the ltght of decades of stock de ne. is
contrary to operating within the precautionary approach. .

3.3.2 Salmon
Baltic Salmon. Main Basin, Gulf of Bothnia and Gulf of Fintand stocks

Baltrc salmon in the Main Basin, Gulf of Bothma and Gulf of Finland are under recovery plans The ob_]ectwe of ‘dte
plans is to achieve 50% of maximum potential recruitment for each river by the year 2010. Escapement targets are’set
for each river. By, would thus corresponcl to the escapemen[ necded to achieve 50% of the maximum potenttal
recruitment for each river. : o

Research on 'potential candidate reference pfr_)'-ii'_ttsf for By, and Fyy, should be undertaken. One potential candidate for By,
could be the escapement needed to achieve '50% of the maximum potential recruitment by river; raised by ‘& factor
reflecting variance in historical escapement or returns to that river. One potential candidate for Fy, could be the ﬁshmg
mortality resulting in: 50% of -the maximum ‘poteritial egg prodiiction per récruit which’ would be obtained underi no
fishing mortality:[F(50%EPR)]. Because the post-stholt-mortality is highly variable; Fy; could be estimated at 50% of the
maximuin ‘potential egg preduction per recruit, but using the upper quartile of -obs’erved post-smolt- mortality.” This
approach would require research to evaluate the consistency of the mortality-based reference points and the-escapement-
based reference points.

To summarize, therefore: -
(y - Biim: Escapement: needed to achieve 50% of maximum fp’Otential_recruitment'by river.

(2) Potential Fy,: F(50% EPR)'(modiﬁer:i eggs per recruit, from age structure of udexploited spawners, fectindity at
age, average exploitation pattern).

3) Potential Fpa: F(50% EPR) where post-smolt mortality is sef to the highest quartile observed historically.

North Aﬂalrﬁc Selo:ron '

For North Atantic salmon, a “conservetion limit” based on Bygy has been proiro;sed. Busy has been defined as _

escapement needed to achieve “target” egg dep0s1t|0n by river population. “Target” egg deposition by river population
is not currehtly estimated for all rivers, however “Targel” egg deposition is a function of river area, “target” egg
density, expected age composition of spawners and age-specific fecundity. Tt essentially corresponds to the carying
capacity of the river. A consistent limit référence point would be By = (.5 Bysy and B = Busy. Fishing mortality
based reference pornts would be a topic for further research.
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(1) Current By, Bysy = escapement needed to achieve “target” egg deposition by river: population. “Target’ egg

deposition by river population is not currently estimated for all rivers, however. “Target” egg deposition is a function of
-.river area, “target” egg density, expected age, composmon of spawners and age-specnﬁc fecundlty Alternative: B].m =035
.Bytsy, where Bysy calculated as above., TR B i :

(2) Current By, Not possnble in this context, because “target” already corresponds to carrying capacity of river.
~Alternative: Bpa""BMSY : : S : : - : - :

3.3.3 Baltic Fisheries
-For Baltic stocks most estimates ‘of Biological Reference Points were: selected from Cook (WD 3). For comparison the
estimates provided by the Baltic Fisheries Assessment Working Group (WGBFAS) (CM' 1997/ Assess: 12) wire ‘taken

into account. All proposed Biological Reference Points are presented in the list in Section 3.3.11.

Herring Sub-divisions 25-29 + 32 including Gulf of Riga

“Qver the last several years the observed: mean weight at age of herring have systematically decreased. Similarly- the
natural mortality, part of which is caused by cod predation, shows a decreasing trend in agreement with the decreasing
biomass of cod stock. These phenomena have to be taken into account when estimating Biological Reference Point. The
estimates provided in Cook (WD 3) were obtained assuming mean weights at age over a longer time period (1987—
1996), and should be treated with caution. The Study Group suggests that By, be set at 860,000 t, equivalent to Bjgg,

. and very close to the WGBFAS estimate of MBAL (834 kt} obtained using Myers er al. (1994} approach. B, could be
set at 1,200,000 t, below which recruitment appears to decline, and_F,, could be set at 0.18 close to the WGBFAS
estimate of Fip.q (0.19) equal the estimate of Fig, (0.18) from Cook (WD 3)

The Biological Reference Point for herring depends on multispecies effects (see Section 6).

-Herring. 1n the Gulf of Riga

Similarly as for herring in Seb-divisions 25-29 + 32, a decreasing trend in weight at age since the middie of the 1980s
has been observed. Thus the Biological Reference Point estimates depend on the period over which; weights at age are
averaged. The Study Group suggests Biin=Bi0s:=34,000 t, B,,;=Bs 30 (which is defined as the upper 5th percentile of B

on the assumption that CV of the estimated biomass is 30%} 62,000 t, and F -O 31 a sustamable F according. to
ACFM. Fy, is left undefined.

Herring in Sub-division 30

The Study Group suggests F,,.=F,,=0.16.

- Sprat in Sub-divisions 22—32; '

In 1994 1996 the decrease in mean welght at. age ‘was observed The natural mortahty 18 hlghly variable, reﬂectmg
changes in cod stock biomass. The Study Group suggests Bjjn=B,=150,000 t, B,:=B5=272,000 t, and Fpn_O 32 which
was considered sustainable by ACFM.

The biological reference point of fishing mortality for sprat depends very msch on predation by cod (see Section 6:).
When cod predation is low, F on sprat can be higher than when predation by cod is high.

Cod in Sub-divisions 22-24

The estimates of stock size and fishing mortality are uncertain. Recruitment appears to linearly increase with spawning
stock biomass, as if on the ascending limb of a stock recruitment curve, The fishing mortality is apparently very high
with Foynen=1.36. The Study Group suggest ma-B,oss-IO (}OOt Bpa_Bs 20069—18—23 OOOt and Fpa=Fip=0.60 with Fy,
left undefi ned
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Cod'in Sub-divisigns 25-32
* The stock has reached hlStOI'lC h1ghs durmg 1980—1984 but declmed to its lowest in 1992 but b1omass mcreased again
afterwards. Fishing mortality since 1993 has also increased. The Study Group suggests ' Byn=Bios=79,0001,

Bpﬂ e,pg_14o 000 t, and F,m Flpg_o 81.

Data for 1976—-1996 were used because assessment data prior to 1976 are of poor quallty and not rehabie Therefore
they should not be used for BRP (Biological Reference Point) calculations.

The reproductive success of cod in Sub-divisions 25-32 is highly dependent on environmental conditions and as a result
- two, stock-recruitment relationship can be-identified; one for the period with good recruitment (years, peior 1o 1982) and
one for the:period of poor rectuitment (since 1982) T T
MBAL evaluated by the WGBFAS using Rlcker 5§ 5- R curve equals, 240,000t and itis sngmﬁeantly hlgher than B;,m and
By, based on approaches used for other stocks in this report. B e
‘The :dependence. of BRP, (Biological Reference Point). for cod on multispecies effects, in. the Baltic is. described: in
- Section, 6 : : :

-Codeattega R T ST

"-The Study Group suggests Byy=By.=7,000't, Bpa—Bs 30—13 000 t, and Fpa—Flpg—U 60. The BRP for thls stock should be
treated with ¢aution die to unreporting of 1and1ngs in 1991 1994,

Sole in Division ITla

The stock recruitment curve is based on very short time series. 1t also may include data from two environmental penods
and therefore it should be interpreted with care. The Study Group suggests By,=B,=800t, B ~1 ,500 1, Fjjn=0.63) and
—FMSY—O 38 These suggested BRP should be considered as preltmmary and therefore subject to changes

--'Flounder 1n Sub dwrsrons 24—25
’ Thé"‘stu&y‘emup suggests Bm=MBAL;-4-,soot,' and F=0.42.
334 Northern pelagic and blue whiting

Norwegian spring spawning herring

The Study Group suggests By,=MBAL=2,500,000 ¢, F,;=0.15, indicated by medium-term simulations and adopted by
the Working Group, together with a catch constraint of 1.5 mill. tonnes. No By, or Fy, are suggested. Since this is'a
stock which is dominated by a few outstanding year classes, management discussions have concentrated on how fast it is
“advisable to deplete the: present year classes, rather than-on harvest control rules that requtre a certain E»pﬂ as tngger for
special actions: : ‘

Barents sea capelin
Management is by measuring the stock acotistically, compuite the loss due to predation between measuremeént and the

spawning season, and set a quota as SSB-Bj,,. The fishery occurs only on spawning stock. If SSB < B],m—SOO 000t the
fishery is not opened. Other standard reference points are not considered relevant in this case. :

“Ieela'ndi'c s'uﬁ'lr'ner'-'SQ‘awhir‘rg‘herrin’g" S
“This ﬁshery has'been successfully managed by using Fy, as a target for many years Therefore, the Study Group suggest

Fpa = Foy = 0.23, Fy,, = Fy,y e1.045%0 = 35, Alternatively, F.., is approximately 0.55 assuming a Ricker curve, or
hlgher than 0.55 if other stock-recruit functions are assumed.,
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Bjin has not been suggested by the Working Group. It appears that the fraction of year classes being above the median
rises quite sharply as SSB passes 200,000 tonnes, which makes this a candidate for By, Raising this valuc by 25D
indicates a B, of 300,000 tonnes.

Capelin in the Jceland - Greenland - Jan Mag-en 'érea

This stock is managed basically by the same principle as the Barents sea capelin, with the escapement of 400,000 tonnes
for spawning as a limitation to the TAC. '

Blue whiting

An SSB of 1,500,000 tonnes, representing approximately the lowest S5B on record, has been suggested as MBAL, and
can be proposed as By, There is no clear trend in’the stock—recrmtmcnt relation, so Fys;, which is approximately 0.32,
could be taken as an F;,. This, coincides with F,,.4, which has been proposed by the Working Group as Fp,. Following
the policy of this Study Group, pa 18 suggested at 0.21, based on F = Fy ¢ 1885 G and likewise, a Bea of 2,250,000
tonnes is suggested as B, These suggestions are quite arbitrary, and in particular the B, and F, should be evaluated by
simulations.

3.3.5  Other fish and shellfish species

There is a wide range of stocks and species currently outside the main regional stock assessment process. This includes
species or stocks which do not have TACs or which are not assessed at all, whether because they are of lesser
importance internationally, or because the available data are limited. The list includes both fish and invertebrates..

In principle a range of conventional assessment methods could apply to these stocks. or species, but in practice the
available biological knowledge and fisheries data will either be short-term, or not coinprehensive, Because of increased
commitment to adopting the precautionary approach in management, there is, however, a need to develop an assessment
framework, irrespective of poor data or limited biological understanding. This framework should provide a more
rigorous basis for timely management decisions, and should identify specific objectives for increased data collection and
analysis. In the longer term, it should also consider the contribution which these other species make to the ecosystem.

A few methods have been examined and analysis completed using several very pfovisional sets of data on other fish and
shellfish just to illustrate the applicability of various methods or/and data requirements as well as interpretation of the
analysis. At this stage it is, however, too early to make specific formal assessments or recommendations for management
action.

It is expected that by the end of 1998, however, there should be evaluations of the state of some stocks and fisheries
including estimation of biological referencc po_iln_ts, which are consistent with the precautionary approach.

3.3.6  Southern shelf demersals

Southern hake (VIIIc+IXa)

The SSB has been decreasing almost steadily since the early 1980s with the lowest value observed in 1995 (around
15,000 t) and a slight increase éstimated for 1996. MBAL, defined as the SSB below which the probability of reduced
recruitment increases, was set at 23,000 t. The Study Group suggests By, = MBAL = 23,000t and By, = B At
present, Foe=0.24 > F,=0. 23 > Fou =0.16 > Fio i =0.13 > F,=0.09 as estimated by the Working Group. The Study
Group suggests Fpa'_FO.l-_O-Og and F, = pacl 645G - (3.13. Stock data and biological reference points are given in the
figures on the following:page. '
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'3.37 Mackerel, horse mackerel, sardine and anichovy
Southern horse mackerel (VIIIc and IXa)

Since the shape of the stock-recruit relationship below the historical low S5B is unknown, a precautionary assumption
. about this relatmn would be 'a lifiear’ decrease in'recruitment with' decreasing ‘SSB below the historical low, and a
i} constant recruitment at the geometrical mean above'it. Thus, under this assumptlons the lowest historical SSB 'has the
' propertles of a limit blomass (ma = 130 000 1) and the correspondmg F would appear as an Fhm This an value which is
' 0.27, is well above F,,,; =0.16 which is an obvicus candidate for Fp, for this stock. ' :

The risk of reaching an SSB of 130,000 t in a long-term at Fpz modelled as described in Skagen (1996) is much less
than 5%. The precautionary range of Fs is therefore limited by the F,, and not by an F representing danger of
recruttment failure,

Sardine (VIIIc and IXa)

"This stock has been considered by ACFM in October 1997 to be outside biological limits, with an SSB estimated in
1996 at the lowest level of the time séties (1977-1996). ACFM advised a closure of the fishery because there are signs
of collapse.

The relation between SSB and recruitment appears almost linear, with two distinct periods on the SSB-R relation time
series considered in the assessment of the Working Group, which seems to be correlated with cyclical environmental
factors. There are also indications that success of recruitment have been affected since 1992 by changes on the timing of
upwelling (Borges et af. 1997).

“The uhit stock defined for-assessment purposes does not contain the sardme whlch is dlstnbuted north of the Cantabrran
Sea (Sub-divisions VIIIb,a, Division VII). : S P :

Recently there are strong indications of changes on the usual distribution patterns of -the sardine covered by the
assessment and also on the component which is not covered by the assessment (Sub-divisions VIIIb,a, Division VII),
"'These changes in distribution may affect the historical: perception of the.usual assessment in:the ICES Working Group
‘on the sardine normally occupying the Division IXa and V1IIe, in relation to the SSB-recruit estimates.

Given the seriousness of the situation, the EU sponsored a special meeting with invited experts from Portugal, Spain,
France, UK and Norway to update the state of the usual assessment and prepare information on the spawning grounds
‘distribution, nurseries, adults and. oceanographic systems. The: EU. requested ICES: to update its advice in May 1998.
Therefore the reference points are under revision and should be considered as- provisional.

The WGMHSA suggested F.p as Fy.equal t0-0.34 and as a temporary F, for rebulldmg the- stock half of this value
was suggested. . :

Anchovy VHI. - -

For small pelagics, sustainability requires that the choice of a reference fishing mortality should be linked to the value of

natural mortality: the higher M is, the higher the %SPR should be, with reference fishing mortality corresponding to

SPR:as high as 40% or-even in some cases 60%. A reference F, for this population can be suggested at the level of 50%
. of SPR, what seem to be about 1.0 to 1.2, just at or below the average natural mortality. However, taking into account

the variability of natural mortality, the uncertainties in the assessment and the risk in the fisheries of the small pclaglcs

of increasing the catchability at low biomasses, a minimum biomass should also be taken into account in managing the
. fishery. The Study Group suggests that By, = 18,000 ¢, the minimum SSB over the past ten years, but has no suggestion
for By..

Northeast Atlantic mackerel (combined components)

... The. MBAL value of 2.3 million t, which corresponds to Bjo, has previously been regarded as a limit, below which
- strong . measutes were taken to brmg the stock above this value. This is suggestcd as a Bp.. A Bjm cannot be ‘defined in
. this case. A ﬁshmg mortallty at Fyy = 0.175 has been suggested by the Workmg Gmup as a target, and can be taken as
an; Fpa The ﬁshmg mortahty at whlch thf: rlsk of stock depletlon starts to increase in long-tcrm sunulatlons is suggested
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as a candidate Fy,,, = 0.25-0.3 depending on the assumptions about uncertainties in the models Th1s Is based on an. S R
relationship where R declines linearly to the origin below By,.

Western horse mackerel stock

Thls stoek is. characterlsed by mfrequent extremely large recruntments Due to the short time series” of data and ‘the
. presence of very few strong, year—classes it 13 not p0551ble to. quantify stock- recruit relatlonshlps MBAL defined as the
SSB that produeed the strongest year, class in the time, series = 500,000 t. Given the extreme dynamics, of the Sto _
inappropriate to attempt to calculate FMSy, Fmed or F]nw reference points. There are msuffic:ent basrs m the data 1o
propose values of By, By, or F,.

3.38 Joint ICES/NAFO harp and hooded seals
Hooded seals (Cystophora cristata) in the Greenland Sea
In 1997 for the first time a pup production of this stock was estimated. Based on the data of an aerial s"ﬁr‘v:ey':"éri""esthridte

-0f,25,300. pups was derived. However, this .was not corrected for temporal distributions of blrths or for scattered
. dlstrlbutlon .of pups. Consequently no rehable total stock estimate could be produced ‘

Based on available information it is not possible at this time to determine limit and precautionary reference points for _
this stock. :

+ Comment

Once -revised estimates of pup production are available, an appropriate age structured population model can be
-developed.- The Working Group expects to:accomplish this, for the 1998 assessment provrdmg also the basis .for
determination of limit and precautionary reference points, : e -

Harp seals (Phoca groeniandica) in the White Seaand Barents Sea

Total production, the population.dynamics-inciuding natural mortality rates are not.known. Therefore no; cenyentional
estimation of stock size is'possible; An:estimate of 700,000 individuals for the total -stock was derived from- similar
pinniped populations in other areas. Only one estimate of pup production exists which was provided in 1997. The data
of two ;aerial surveys were cvaluated resultin-g;i_n 100,000 pups produced in 1997, : ‘

\ Uncertamtnes are ‘existing: in stock size estimate and populauon dynarmc parameters ‘The’ level of by catches vaned
considerable in certain periods. and is considered uncertain, : : : s Pl et

“The growth taté and maximum: length of individual seals decreased over the period 1960 to'1990.:An increase: of age at
sexual maturity from about 5.5 1o 8.1 years was observed over the same period. : R ST

Based on available information it is not possible at this time to determine limit and precautionary reference points:i;

Comments- © =

N The ‘Working Group statéd that a-take 0f 40,000 individuals may not be sustainable considering a pub production’ of
100,000 individuals. The Workirng Group, however, provided no other argument: for that conclision except the decrease
"in growth rate, mammum length and mcrease in age at sexual maturlty over the recent deeades ' B

' An age structuied populatlon modél will be available for the 1998 assessment. Then there is & basis for determma
limit and precautionary reference points. R

Harp seals (Phoca groenlandica) in the Greenland Sea

' The last stoek s1ze estimate was obtamed m 1991 and presented in the 1993 assessment Biased on mark-recdpture ‘data
pup productlon in 1991 was ‘estimated 10:57,000 md1v1duals (95% confidence interval: 46,000-69,000). Incorporating
. these estimates into a. populatmn model resu]ted in an estimate of 1+ population of 285,000 mdlvrduals (95% confiderice
“interval: 220,700-345,900). Based on tag Teturns up to and’ ‘inicluding 1995 the 1991 value' was re-evaluated as 67,300
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individuals (95% confidence interval; 56,400-78,113). However, there was no new estimate. of pup production since
1991 and hence no estimate of current stock size is available.

:.rBased on only one assessment and @ tlme serigs. of catches it is not pOSSlble to, dete,rnnne limit-and precauuonary
reference points for:this stock unless.new. assessments are available. N

Comment

Catches since 1991 were less than 10,000 individuals with a declining trend due to reduced effort. There is no awareness
of any major event affecting the-stock adversely since the 1993 assessment. However, there is no basis at this nme t0
prove that a level of catches of less than 10,000 mdmduals is sustamable

3.3.9 Pandalus borealis in Divisions IIIa and IVa East

The range of SSBs is considerably more hrmted (12 500-24,200 tonnes) than that of the estimated recruitment (0. 73-29
billion individuals). The Ricker stock recruitment curve bisects the cloud of points with the data straddling the apex
rather than being distributed on either limb as is often the case. The vertically elongated data cloud with no points at low
SSB, makes estimating F;,, imprecise thus Fj, is suggested as Fy,. Fo.q is estimated to be 1.5, with Fyoq as 1.26, By, is
0.8 and both Fyyy and F . are 1.0, Fuypen 18 0.74.

Due to the lack of detailed age structure information, the uncertainty measure is the higher of the two G=0.30 is used.
Using Fi,s: as Fii and following, using Fy, =¥ingme'l'645*G = (.77, close to Fy,, suggesting that Fy, is likely to- be
precautionary. Fy, is above Feypen e _

Using By, = B] el 645 o glves a Bpa of 20, 500 tonnes

SSB-R for Pandalu$ borealis
in sub-area IV and division Hla

0
_ Floss
© og i Ferash +*
E 20 | .
=
515 $ .
5.
8 104
o0
5 i
0 — t 1 L
0 10000 20000 30000 40000 50000
" SSB (tennes) |
‘& Recruitment —— Ricker
Bjim = Bioss 12,4531
B, = Bjnel-045%C 20,500
Fiim = Fioss : 1.26
Fp= Fh_me—l 645%G 077
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" 3.3.10 - Nephrops and céphalopods’

The Study Group does not suggest reference point for Nephrops nor for Cephalopods. A Study Group on Nephrops w111 |
meet during 1998 which:is' éxpected to consider precautionary reference points with: particular con51derat10n to. the
special life history characteristics of Nephrops. The same approach should apply to the Cephalopods. -+« ¢ 0 L

3.3.11 List of reference points

o o Bimooon Bpaceeon Fiim  Fpa |
Iceland cod 2002 300b f 40n 2
Iceland saithe f Co1508 0 gpd o g3en
Greenland Halibut V+XIV . 368
_ Faroe saithe .. - - :| . 70? - l_i'f.}Ob‘ e 283 200 - o
" Faroei Platean cod R ) - 40b SR R AT ]
" Faroe haddock Goohatigga T gsb T g e o

WGNSSK | S

PlaiceinIlla - . - - ... ... f . o248 68

‘NScod' = o oesa L 1500 - 90! Lo64P:

NS haddock 603 1501 f LGP

NS whiting 2402 asob £ gc |

NS saithe 808 1501 634 aoh |

NS plaice 2202 300) Apd 300

NS sole S asae e as) 85d 45P

Plaice in VIId O se o gb 54d 400

WGNSDS _ | o | |

Cod in VIa 4a a5t - gsd 500

Haddock in Via 222 © 30b R 70

Whiting VIa 158 - 22b RN 700

Saithe in VI 112 35 468 25-.30P

Codin VIla ' 6% 0l 0.86° .62h

Whiting in VIIa f 92 o 84¢

Plaice in VIIa f F ot 448

AFWG _

Cod in I+11 L. 138 5000 468 33h

Haddock in I+1I 252 . . 1400 358 2sh

Saithe in I+I1 o802 1700 368 26h

WGNPBW '

Norwegian SS Herring . 25003 . F , _f,‘ 15 n

Barents Sea Capelin (SA I+II, excludmg B S 500§, :--'fg f

Div. IIa West of 5°West) e e

Icelandic Summer-spawning '_l_'lerri‘ng,(D.iv.‘ ZQQ"i o F o 35w 23v

Va) S - L

Capelin in the Iceland-East Greenland-Jan f - 400j ' f f

Mayen area (SA V and XIV and Div. Ila :

west of 5"West)

Blue whiting combined (SA I.IX, XII and 1500 ] . 2250 b 32dg 21h

XIV)
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Biim (*000¢)

Bpa (:0000)

F

pa
WGSSDS | N |
Western Channel Sole (VIle) 18004 2500b,)  028d  020h
Western Channel Plaice (VIle) 1300 a 2500 b,] 0.72d 052h
Celtic Sea Cod (VIIe—k) ' 7000 a 10000 b 0.77d 0.55 h
Celtic Sea Whiting (VIIe-k) 13000 a 18,000 b,j 1.25¢g 0.90 h
Celtic Sea Sole (VIIf,g) 2000 a 3000 b 0.44d  0:32h
Celtic Sea Plaice (VIIE,g) 1000 a 1,400 b 056 g 0.40 h
Northern Hake h ' 119000 a 166000 b 0.27d 0.19 h
Angler (L. pis) in VIIb-k and VHIa,b - 37000 a 52000 b 0.50d 0.36 h
Angler (L. bud) in VIIb-k and VIla,b 33000 a 46000 b 0.16g 0.12h
Megrim (L. whiff) (VIIb,c e-k) v - B3000 a 88000 b 0.38d 0.27 h
Bay of Biscay Sole 7200 a 10000 b 0.56 g 040 h -
Southern Hake # 15000 a 23000 b,j 0.13d 0.09h
Southern Megrim (L. whiff} 700 a 1000 b '0.47 g 0.34h
Southern Megrim (E! bascii) ‘3400 a 5000 b 0.44d 0.32 h
WGMHSA L
Southern horse mackérel (VIIIc and IXa) © 130a 274 0.27 0.16 x
Sardine (VHIc and IX a) f F 0.341 017y
Anchovy (VIII) 18a 36 f 1-12z
Mackerel (combined Southern, Western | 2300 a,j 0.25-0.3  0.175v
and North Sea spawning components)
Western horse mackerel (IIa, IVa, Vb, VIa, | 500 F f
Via—c,e-k, YIIIab,d,e)
WGBFAS
Herring in Sub-divisions 25-29 (including 02 1200 31 187
Gulf of Riga) and 32
Herring in Gulf of Riga H4a 62 f A1
Herring in Sub-division 30, Bothnian Sea f F f 16
Sprat in Sub-divisions 22-32 1502 2725 f 32
Cod in Sub-divisions 22 and 24 10a 18-23 s f 600
Cod in Sub-divisions 25-32 1 79a 140 u f .Blo
Cod in Kattegat Ta 135 £ H00
Sole in Division I[Ia Ba 1.5 .63 A8r
Flounder in Sub-divisions 24-25 48] F f 42
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(a) Lowest observed SSB (smoothed or Byg).

(b) Bpi=Byne | 645%0

(¢} From Ricker éurve :

(d) Fuoss = Fiim - _

(€) Fued = Fprecautionary approach . -

(f) Not defined. o
(g¥Fumed = Flim. .. .

(h) Fpu=Fiype™1:64370

{i} Decline in R -

(j} Bp=MBAL-

{(k)Fp=Pre-defined = Fpq

(1) Fiim= Ferasn .
{m)For consistency with other: stocks

.20

~ (n) Derived from adopted/evaluated HCR. -
- (o) Fp=Fip, o

(p) Consistent with By,

() Period 1982-96
‘ (lf)ina = Pusy
(8).B 530

(1) Sustainable F (ACFM)

o (U} Bp:l. =B Ipg
(W F=Fo, .
(W) Fip = Fe1 64570

(x) Fpa = Puax

o (y) Fpa="2Fiim
-(2) Fa = Fsoaser L E iy
.. *This reference points may change after the. - -
next assessment when new information on.
growth and maturity at age will be included.” -~




4. . - GUIDANCE ON REFERENCE POINTS ' ' -

‘4.1 ' Guidance t6'Working Groups in the Selection of Reference Points and their Future Usage
LT T L T B e } AP . [ L
The definitions of Fpa, Fim, Bpa and Byg must be unambiguous and operationally useful for the assessment Wdrking
Groups and for ACEM. Normally only F;, and Bpa will be used operatlonally by ACFM, but Fj;, and By, may be derived

“for the purpose of calculatmg Fpa and By, and in exceptional circumstances they may bé uséd to formulate advice. Note
) that there need niot be'a'direct relationship between the imembers of the palrs Fpa and Bpa, or F],m and B],m, in other words

’ 'Bpa does not represent the equlhbnum blomass correspondmg 10 Fa. SNE

The'ﬁGPAFM is suggesting limit and precautionary reference points for a number of stocks. However, assessment
Working Groups need to make informed judgements about whether or not the proposed precautionary reference points
are sensible. In order for ACFM to implement the precautionary approach in 1998, Working Groups meeting durmg the
g year must propose precautlonary reference pornts at therr 1998 meeting, for ACFM’s con51derat1on

411 Fishing"mor‘_tality ret'_erence"points_ o

Fiim is a fishing mortality which should be avoided with high probability because it is associated with unknown
:populatron dynamics or stock collapse. | There are very few stocks for which Fyy, is accurately known. Some stocks in the

-ICESaréa have collapsed in the past when fishing mortality exceeded Fy,,, but generally speaking, the fishing miortality
rate at which the probability of stock collapse becomes unacceptably high remains unknown. Therefore; there are
uncertainties in the estimate of Fj,, and there are also uncertaintics in estimates of current fishing mortality. In order to
have a high probability that fishing mortality will be below Fyy, a.precautionary. reference point, Fp, lower than Fin, is
defined. Used as a constraint on fishing, Fy, is designed to ensure that there is a high probabrilty that Fy,, will be avoided
and that the spawning stock biomass will remain above the threshold below which the probability of good to average

" recruitment is decreased. In other words, Fisa ‘device to ensure that recrurtment overﬁshmg does not take place Fhm
and F,, may be set in a variety of ways, depending on available information: '

Fiim: will generally only be used for calculation purposes to arrive at Fy, and it will generally not be provided in
scientific advice, nor used in management actions. Fy, might be set with reference 10 Fiog, Foran 07 Freg. If Frogs o1 Fopan
‘appeat to be reliable estimates-of a collapse fishing mortality, then eithér can be selected as Fyp,. If neither is' available
“dnd theré' is any doubt as to' whether F4 is sustainable (see Figure below), then F.q can be taken as Fy,. For stocks
“where the fisheries are not currently managed according to the precantionary approach and where the explortatlon rate 1is
"very h|gh Fl,m may appear in the advme as current ﬁshmg mortahty may be close fo that value

P pat 1s the upper bound on ﬁshmg mortality rate to be used by ACFM 'in prowdmg advice, Fy,, given uncertainties, must
have a hlgh probablllty of being below Fiim, and it must have a high probabrhty of belng sustainable based on the history
“of'the fishery, i.e. it should be setin the range, and imply a biomass, within those prevrously perceived to be acceptable.
':Fpa shouId also be chosen S0 that the correspondmg equrlrbrlum biomass is above Bpa, with high probability (say 9 out of
10 years) when fishing is held constant at Fpa. Workjng Groups may need to make appropriate calculations to make this
“determination. Fishing mortality rates in excess of F, will be regarded as “gverfishing”. Fp, might be set with reference
10 Froeds Fiim, Fumsy, Fo, etc. If Fyy, is available then Fp, could be defined through F, =Fjne” B3 (where O is a measure
of uncertainty in the total F estimate, typically taken as 0.2-0.3) or as Fip, where Fyy, 15 defined as the F value having a
10% probability of giving a replaeement line above Gioser the slope associated with the lowest SSBs. If there is no Flim
and Fy, goes through a cloud of points which appears to come mostly from the right-hand limb of a stock-recruitment
relationship, then Fre can be used for Fou: If an accepted Fy, exists, then this should only be changed if theie is a good
Teason 1o do so. o o T R

-Thrs procedure always gives at least F tl_rerefore, Flim could be derirre'd using the_revereefprocedor_e dee_cr_ibed abo»fe,
that is: Fjn=F,e" "™ ' '

;:'If selected appropnately, and 1f adhered to as a.maximuem fi shmg mortality rate, F would generally be expeeted to
- maintain the stock within safe biological limits.

4.1.2 Biomass reference points
Stocks may become depleted due to reduced recruitment even if fishing mortality is successfuily maintained at or below

F,.. Furthermore, efforts to restrain fishing below F,, may not be successful and biomass may decline as a result.
Clearly, therefore, in addition to a constraint on fishing mortality, it is desirable to have a biomass-based constraint to
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prevent stock decline to values where expected recruitment is low .or unknown. Whereas I, defines ‘an “overfishing
threshold”, a definition of when the stock is regarded as being in a “depleted state” is also necessary. A threshold in this
respect, Bg,, needs to be set to ensure a high probability. of avoiding reducing the stock to a point, ma, at- which the
probability of recruitment ‘failure is high or the dynamics of the stock are unknown. By, and B pa My be set in a vartety
of ways, dependmg on avallable mformatlon

,,B.,..,' w1ll generally only | be used for caiculatlon purposes to arrive. at Bpa, because management wrll ensure a.hlgh
.probablltty that By, is avoided; it will generally not be, provrded in scientifi¢ advice, nor used in management aettons
By, might be set with reference {0 Bjogs. If there is no obvious candidate for Biims consider a robust estimate of the. lowest
observed biomass (normally an average of those, perhaps omitting any clearly outlying values) and call this B[m "Use
Boss a8 ma, if there is any mdtcatlon of reduced reeruttrnent at thls low blornass or if the stock btomass has varled over
a wrde range of values i

Bpa' is the btomass below whtch the - stock Would be regarded as potentlally depleted or overﬁshed I is the btomass
threshold below which fishing mortality may need to be reduced below Fpa. It should be set to ensure a high probab1ltty
that By is not reached; it might be set with reference to Big,, Byn or previously defined MBAL Use Biog as By, if there
is no indication of recruitment reduction at low biomass (e.g. the entire range of 5- R points has a negative slope).

:When only ma is avatlable from the above, select Blm so that there 1s llttle probabthty that a btomass estlmate whlch

1.645%

appears to, be above Bpa wrll rea!ly be below By In this. case, use Bp.= ma ~ where G isa measure of uncertamty

.in the total ,btomass estlmate, typically taken as 0.2-0.3. ...

Thls procedure always gwes at least Bp,.,, therefore B.m, = B € 16459

Tt : an ex1st1ng MBAL 1s close to ma or Bpﬂ as def' ned above, then this mlght be substltuted to. malntaln consrstency and
“aid communication, so long as its use does not compromtse the chmce of Fpa : _ L _—

_ _4._1.3 Fpa ¥S Bpa _

: When ﬁshlng at. a,more- or less constant Value, the stock would be expected o ﬂuctuate around a stable equ
point. While the true displacement of the stock from. the equilibrium point will depend.on a numbes of factors. and. w111
. be heavily influenced by recruitment variability, the estimates of the displacement. will also depend on uncertamtres in
the data and assessment results. Clearly, if the: population eyeles about an.equilibrium, it.will reach low.values: from time
to time. It is important that, during periods when the stock is in equilibrium but below the average equilibrium point
corresponding to Fy,, unnecessary management action not be triggered. The implication of this is that By, sheuld not be
too close 1o the normal low points of populatlon ﬂuctuattons otherwise advice for changes in. management response wrll
occur frequently This is undesirabte if, overall, the stock is. bemg fished appropriately. ‘As a rule of thumk it mtght be
:des:rable to ensure. that measured biomass, durmg normal ﬂuctuanons when fishing at Fea only falls below Blm about one
year in ften. If the 1mphed equilibrium biomass is sufﬁelently hlgh if F]J=l is approprlately set, and if tt is adequately
f“tmplemented there will be a low probability that B, will ever be reached and therefore a htgh probablhty that B,_,
be avorded ' .

414 :S!'e]eetion of :lil:nit: réference pomts 'smt:l iarecautionary referenee points_'_

:_The vahdtty {)f F]Dss, Foed. and other statlsttcs as precautlonary or limit reference pomts depends on the htstoryr of the
fishery. The guidelines above for fishing mortahty and biomass reference points serve as a starting point. Assessment
Working Groups, aware of stock and fishery details, may well make case-specific adjustments as appropriate; takmg
account, for example, of multispecies considerations (see Section 6) or technical interactions (see Sectton 7) As far Aas

"posmble however, following the guidelines will result in a consistént and’ srmple way (0 1rnplement scheme T

Working. Groups should also calculate other biological reference points for the purpose of ‘“groundtruthing” the

. precautionary referénce points selected above. In parti¢ilar, Fitsy, Bmsy: F'0.11 Frmax F35%SPR (the fishing miortality, in

spawner per recruit calculations, providing 35% of the spawning stock biomass per recriit at zero: fishing mbttality) iiay

be useful for comparison.
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4.2 Framework for Advice

Adv:ce from ACFM w1ll be constrained by l-"'pa and Bpa If ﬁshery ma.nagement dec:sncms lead to Ppa being exceeded,
then this would be’ regarded as overfishing and management would not be regarded as consistent with a precautionary
approach. The development of a management plan o teduce fishing niortality to no greater than Fpa would be-advised. If
no such plan were developed ACFM would generally adv1se that management was not consistent with a precautlonary
approach. e :

“Because Fy, would be set such that B, were unlikely to be reachéd, and-because B, is chosen to provide a high

“probability of avoiding recruitinent failure, if SSB were to fall below B, advice to reduce fishing mortality would be

likely. This would depend, however, ‘on whether or not By, were also being ‘exceeded and on the prognosis for SSB
trends and the 'probabilitjr'of'réCOvering' o above'Bpﬁ' in the short tefm. If SSB were predicted to remain below By, in the
short to medium term, the development of a ré¢overy plan would’ be advrsed But in general BF,., is the blomass threshiold
triggering advice for a reduction in F to a-value below Fea.

Fya and By, are thus the main devices in ACFM’s framework for providing advice. They are thresholds which constrain
'advme or'which likély tngger advice for the implementation of management/recovery plans. If the-development of plans
' were proposed, fishery management agencies, scientists and perhaps other partles would need to work together on their
development. Such plans might involve explicit harvest control rules or sets of decision rules. If the development of
plans were recommended but not taken up, ACFM would have to advise that management was not consistent with a
“precautionary approach. If plans were developed and not effectively 1mplemented again the advice would be thai
=management was not consistent with a preeautu)nar)r approach S

“"Note that'if a stock is regarded as beingin a depleted‘s'tate,' or even if overfishing is taking place, the development and
effective implementation of a plan which is regarded as sufficient to reduce fishing mertality to no higher than F;; and to
rebuild SSB to above By, within a reasonable period, would satisfy the condition that management were consistent

»iw1th a precautmnary approach ; : :

4.3 Precautionary Scienice

With respect to stock assessments, the “precautionary approach” should be restricted to the selection of biological
reference points, not ta their estimation, nor to data fitting or other procedures in -stock assessments. In other words,
‘estimates of dssessment-related quantities should be “best estimates”, not “précautionary estimates”™. For-example, if
 stock-recruitment data are fitted by two different theoretical curves, the fit chosen for further calculation should be based
" on scientific arguments, not on’which' curve has the most precautionary interpretation. As in other sciéntific’ circles, the
term “scientific arguments” refers to'statistical' methodology, biological knowledge, relationship to ecological theory and
- so'am. - o . _ 1 C o .

It is poor scientific practice to deliberately bias estimators which are supposed to relate to biological entities.

- ‘Mevertheless, it is imperative that any evaluation of risk (and determination of related biological reference points which

~ravoid high risk) take into-account possibilities such as the fact that assessments may be overly optimistic and that'some
stock-recruitment curves show maxima outside the range of the data and thus fead to résults which can-be considered
highly suspect. It is particularly important to clearly deal with the latter since this can have a major eftect on results from

vevaliuations of management strategies.. In particuiar, fitting to non-inférmative stock . and: recruitment data may well
indicate that recruitment will increase dramatically at low stock sizes or that F .y, is unrealistically high. -

-In- such instances good scientific judgemeni should first be used in order:to -determine whether better estimation

" techiniques are possible. Results from such exercises should be clearly documented and should never be associated with
the “precautionary approach”, since. the PA applies to management and not to scientific estimation. Alternatively, the
best-fitting estimates can be used in spite of the fact that they result in unsupported extrapolations. In such cases it is
imperative that a clear record be kept of relevant quantities such as the probability that the stock falls below its historical
minimum in simulations. Such documentation allows tabulation which clearly illustrates how sensitive the interpretation
of the results is when extrapolation occurs. '
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5 GENERIC FEATURES OF HARVEST CONTROL RULES

_The objective of this Section is not to impose harvest control laws for the management of all stocks for which ACFM
. gives advice. Instead, this Section is intended to continue ACFM’s dellberanons on the formulatlon of harvest controI
'rules where agencnes have asked us to prov1de adv1ce in that form

51 What is a Harvest Control Rule and Where Does it Fil: in the'Precautionarjr Managemeht ‘I"l:'oc'?,.sS ;

. The hatvest control rule is a form of thedecision rule. defined in:.the FAO guidelines on the precautionary approach
(FAQ, 1995a): “specification of how pre- agreed management actions will respond to estlmated or percelved states of
:nature,” where “states of nature” are defined te include biological conditions of the stock as well as economic condmons
of the mdustry and environmental conditions. The rule is embedded in the management procedure deﬁned n, the FAO
-guidelines. as;. "a description of the data to collect how:tp analyse it, and how the analysis translates 1nto actlons » The
recovery plan is a specialized decision rule which apphes when the stock is outs1de safe blologleal l]mll’.S

The: specification. of pre-agreed management. actions in.response to fishery conditions is an important element of the
precautionary approaeh Pre-agreement ensures. that .management will be able to act qumkiy In response. o, changmg
-conditions, Otherwise, if conditions change, management may. delay actions, unt11 consensus is reached. In the case of
-det,enoratmg conditions,. the result could be too little, too late. . Lo :
”The FAO gmdelmes recommend the development of deolslon rules in the management plannmg stage,l and the
involvement of industry, conscrvation and other interested groups at this stage, After decision rules-are formulated,: the
management plan should be shown to perform effectively, exhibiting robustness to uncertainties in statistical estimates
related to stock status, in environmental: trends, in . dynamic behaviour of harvesters and in managers’ ability to, Change
Vharvest levels (FAO 1995a).. : ‘ .

If decision rules are not Spectﬁed by managers “precautionary analysis requires that assumptions be made,about.these
specifications, and that the additional uncertainty resulting from these assumptions be calculated. Managers should be
advised that additional specification of targets, constraints and decision rules are needed to reduce this uncertainty”
(FAQ, 1995a). Finally, decision rules are implemented as part of the management procedure. .
Another approach s for the management commumty to spemfy performance orltena for harvest control rules; at the
outset. These performance criteria would contain precautionary components, but. could also contain economic o _socnal
- components to be included once precautionary. biological constraints were met, The. ﬁsherles science commurnty would
evaluate the performance of various alternative harvest control rules. Thus, pre-agreement would be focused: on. the
_performance criteria rather than any partlcular control rule. By extension, if a harvest control rule met the pre-agreed
performance criteria, the action associated with the harvest control rule could be assumed to be agreeable as well. A
form of this approach is used in the International Whaling Commission revised management procedure.

In practise, under either approach, more. interaction.between fisheries scientists and managers. will be req_uired in order
to develop an.understanding .of what constitutes appropriate performance criteria and specific pre-agreed management
actions that would satisfy the performance,criteria. i P S e

5.2 Characterlstlcs of Harvest Controit Rules and Recovery Plans :Based on Internatlonal Agreemeuts ancl
Technical Consultations: - .. 7 .. e : R el i

Current international agreements and consultations allow comnsiderable flexibility: in. the form.of harvest.control. rules.

Thelfollowing characteristics: of harvest control rules and recovery plans are based on Article 6 and Annex II.of the UN
.Agreement {United Nations, 1995) the FAQ! Code of Cenduct_for Responmble ‘Fisheries (FAO 1995b),.and- the FAO
crmdellnes (FAO 1995a) : : g . i

‘1. Preoaunonary harvest eontrol rules are pre- negouated or pre- agreed

2. Precautionary harvest control rules impiement management action without delay.

3. Precautionary harvest coniro] rules ensure that when limit reference points are approached, they are not exceeded or
have a very low probability of being exceeded.
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4. Precautionary harvest control rules are appropriate when threshold. reference points are veached, especially in cases
- 1nvolv1ng hi gh tisk, to avoid reachtng ltmit reference pomts ; i : :

'S, "Precautionary recovery plans are lrnplemented 1rm'ned1atel)tr to restore stocks to levels consistent with prevrously
B agreed precautlonary reference pomts R

Lfﬁ.‘ " Precauttonary recovery plans should allow thé achievement of desirable outcomes (1e with respect to hmlt
.. reference pomts as rntmmum rebutlding targets) in Iess than two or three decades e

5.3 Performance Criteria arid HarveSt Control Rules.

In the ACFM context, it may be productive to begin to elicit performance criteria to determine exactly what managers
perceive as precautionary . in terms of acceptable levels of risk and impacts. Performance errteria may contam more
=conmponents than just precauuonary elements based on biologlcal cnterla '

. _The precautionary component of the performance criteria could resemble that noted in Butterworth and Berg (1993}
- -agreement that application of a precautionary decision rule wouh:l haye the “probability of less than X% of reducing the
- resource below Y% of K within a period of Z years » Performance criterion for a precautionary recovery plan would be
an X% chance of stock sizes above the llmlt reference point and Y% chance of stock sizes above the threshold point
after Z years of implementation.

An example ofa precautionary criterion for management might be ¢ probabrlity of less than 5% of reducing the resource
:below B w1th1n 10 years.” Additional criteria could be 1ncluded condltlonal on rneetmg the precaunonary ones, e.g.
1nter—annual changes in catches of less than X%

There may be several different harvest control rules which meet the crltena llsted above, but wrth addltlonal
characteristics which may be desirable or undesirable to managers. (One can assert that managers likely do not care
about the algorithm for setting TACs as a function of uncertainties, stock conditions, etc. if the results are acceptable in
terms of criteria on which managers agree.) The _process of developmg performance criteria and harveést control rules
- will 1nvolve new forms of 1nteraction between managers and ﬁshery scientists. The process w1ll not necessarrly be
“achieved quickly. It will, however, lead to pre—agreed act1ons 1mplemented w1thout delay, consrstent wrth ‘the
precautionary approach.

54 Defining Harvest Control Rules

. Given the ﬂexiblhty 1n the deﬁnmon of harvest control rules as dec1510n niles, we are allowed a wrde latitude in their
specification. Formulation of generic harvest control rules are unhkely, because data are not of uniform quality for all
stocks, and because of differences among biological and management systems. Up to six different control rules operate
in the management system in the US EEZ portion of the North Pac1fic dependmg on what types of data and mformation

are avallable for the stock (Thompson and Mace 1997) ' \ ‘

Harvest control rules rnay be thought of as having two precautionary components: a functional form relating current
stock status and reference points to catch; and the actual specification of the reference points or other relevant
parameters. The two components act together to determine the dégree’ of precaution afforded by the rule. There: are
interactions between the acceptable probability of overfishing, the consequences of exceeding limit reference points and
" the ‘actionto be ‘taken when ‘the stock is-overfished (Rosenbeérg and Restrepo,- 1996). For example, an acceptable
probability of overfi shmg could be higher if the action to be taken when the limit is exceeded is an immediate and
drastic reduction in catches. rather than a reduction® which is phased. in- over a long time period. An acceptable
probability of overfishing could be higher if the probability of poor recruitment increases slrghtly in only one year,
rather than a srgmﬁcant increase in the probabiltty of recruitment failure. : S

" For tecovery plans, guidelines for maximum time horizons for recovery vary from two to three decades.(FAD, 1995a) to
‘ten years to not ‘more than one generation (maximum- age in the unexploited stock): longer than the time needed for

" recovery under a complete closure {Rosenberg and Restrepo, 1996). Timing for recovery plans should vary as a functlon
“of life hisiory characteristics of the stock and patterns of recruitrnent variability:: B

Kirkwood and Smith (1996) categorize decision rules based on whether they use future information (i.e. incorporation of
* feedback on stock status over time), designating as non-precautionary rules which.are not altered by future data and
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: analysis"The‘feedback' strategies can also be categorized -based: on whether -they .are adaptive (i.e. whether the
management strategy is likely to provide additional information about the system). An additional dimension.of deeision
rules involves the extent to which they are stock-size-dependent: in those cases, catch quotas are prescribed based on
-current estimates:of stock status. Theserules can take the form of constant catch, constant F or constant escapement;.or
variations thereof. While some strategies may provide maximum catches and. minimal risk to stock size, catches may
fluctuate highly from year to year under those strategies. They desciibe additional variants in which absolute or
- proportional changes in catch quotas from year to year are limited, but note that this is at the expense of ﬂex1b111ty to
reduce catches in the face of deteriorating stock conditions, and so is less precaunonary Rules may also inc rporate
uncertainty in stock size estimates, so that catch Jimits are reduced when stock size estimates are uncertain The role that
precaution should play changes as stock status moves from limit levels to target levels.

5.5 Examples of Harvest Control Rules '

Some harvest control rules descnbed by the Study Group on the Precaunonar}' Approach o Ftshery Management
(SGPAFM) (1997) have involved reductions in fishing mortahty rate from F,, to zero as stocks decline from
precautionary levels of spawning stock biomass (By,), 10 By, Thus, the rate of reduction in F is proportional to the
_ difference between Ple and 0, and the dlst' _’between B, and B,,m “When the stock biomass is above Bpm ﬁshmg
rnortahty rate cannot exceed Fra. Thrs insures that the stock: remams within- a ‘precautionary’ region. Other forms of
harvest control laws based on these parameters could be’ formulated with different behavrours For example reducnon
in F could begin at levels above B , which would slow the rate of reduction in F.

‘One variation on the rule would allow only limited percentage reductions in catches from year to year. This would be of
mterest if, for example, large and 1mrned1ate catch teductions were requtred at’ the begmnmg of rmplementauon of a
tecovery plan but those changes would be destabﬂrzmg ‘to the fishery. Example simulations have shown that ‘as
allowable change in catch from year to year increases, the probability that a rule meets precautionary criteria’ increases.
~Alternative targets also exhibit different probabilities of meeting precautionary criteria. Allowable increases in catch
must be llmlted at the same rate as allowable decreases in order to bc precauuonary : CHENREN

i . .
' P

Where only an index of blomass and catch data are avallable srmple harvest control ‘rules can be formulated which
under some condlttons can stabilize catch lévels and halt stock declines. For example next year’s quota could be set'as a
furiction of this year's quota and recent btomass changes If ‘a times senes of catch (Yt) and a commerc1al or survey
'CPUE index (Bt) is avallable then the Tulé could be summarizéd as: . :

Yt=7Yt1{l + g ((Bt-1 -B t-2)/Bt-2}]

where g.is a feedback gain term. If the biomass fell below a limit reference point, the fishery would be closed. While this
rule may not perform well under some crrcumstances, srmple feedback method to reduce catch by the same percentage
as the observed reductton in the abundance mdex will perform better than no measure at all '

Altematwely, s1mple use of Fpa and szt as blO]OglCEll reference pomts would not tmply the use of a partlcular harvest
controt rule. Use of these parameters alone would not be precautionary without specific pre- agreed immediate actions.
Those reference points define a maximum allowable catch which could be taken under any particular stock situation.

5.6“ ‘ -Related As:pect,s‘o!t%Harres,t. Control:ﬁule_s . .

o
r

If a stock 13 depleted or even'if - overﬁshmg is: takmg place, the |mmed1ate development and 1mplementauon of a plan
- which-is sufficient to:-reduce f{ishing mortality-to no higher than F,, within a “reasonable” period, and to rehul]d SSB to
above By, would satisfy the condition that management were consistent with a precautionary approach.

It has been widely recognized that ability to reduce fléet capacity is:a ctitical element in implementing the precautipnary
approach {e.g. FAQ, 1995a; Mace, 1996). Consequently, management based only on harvest control measures cannot be
considered précautionary-uriless capacity control measures are.also in place, Otherwise, 1mp|ementanon errors may. far
~outweigh any- othier. uncertainties in data, model structure or. analysis. Moreover excess -capacity . may also make
- precautionary recovery plans difficult o 1mplement when stocks are already beyond safe biological limits, presumably a
highly risky situation. If complete monitoring-and. stringent enforcement is in effect, however, overcapacity would not
necessanly compromlse management efforts, and implementation errors could be significantly reduced.

The precautlona:y approach emphasmes a pro acttve perspectwe Before a depleted stock become reburlt managers
should develop consensus about performance criteria for decision rules to apply when the stock reaches lel This would
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i also allow pro-active opportunities for implementing a cap on fishing capacity as. stocks are rebuilt to more productive
-levels: This approach is advocated by: the, Canadian- Fisheries Resource Conservation. Council (FRCC) as part of its
~criteria for re—opemng fisheries that have: beep -not onty must the stock be in- healthy condition, but the re-opened
- fishery must operate in-a. “conservationist” man er keepmg ﬁshmg mortahty low. (Serchuk et al 1997). Similarly, it
“may be easier to develop a recovery. plan for stocks while they are. within safe biological limits. The most problematic
case is the development of a,recovery: plan.while-the stock is beyond. safe biologieal limits, because in many cases the
difficulties may ultimately be due to overcapacity and implementation error rather than a technically acceptable harvest
.control rule. (From a precautionary, perspective, inability to. identify an appropriate target reference point is less
_Eproblematlc if threshold reference points are avoided with: high probability undf:r a management procedure and harvest
control rule).

Kirkwood and Smith (1996) conclude that the concept of precaution should be broadened from the prevention of
overfishing leading to stock collapse, to the maintenance of a flexible, resilient fishery including biological, ecosystem,
_fleet and management institution aspects. This alternative perspectlve emphasizes reverstblllty of biological changes and
A revermblhty and flexibility. of fleet. effort patterns and management decisions. Under either concept of precaution,
elfective 1mplementat1on of harvest control rules for many stocks critically depend on co—evolutlon of complementary
management Structures.

6 MULTISPECIES CONSIDERATIONS

The Multispecies Assessment Working Group at its meeting in August 1997 evaluated if and how multispecies
interactions may effect biological reference points (Report of the Multispecies Assessment Working Group.. ICES CM
1997/Assess:16). Although the Working Group stressed that further work is needed before the implications of
multispecies interactions for precautionary approach is revealed the Group was able to demonstrate that multispecies
interactions have direct effects on biological reference points, and on responses of populations to rebuilding strategies.

The importance multispecies interactions may have on reference points can be illustrated by the multispecies forecast
model developed by Henrik Gislason and presented at the meeting of the Working Group on Ecosystem Effects of
Fishing Activities in November 1997 (ICES CM 1998/ACFM/ACME:1). The model includes cod, herring and sprat in
the central Baltic and produce medium-term predictions of biomass and yield of the three species. The model is
available in three versions: a) classic single species version; b) ordinary multispecies version (with cod as predator on
herring, sprat and young cod and with constant weight at age for all species); ¢) extended multispecies version with the
mean weight and maturity at age for cod being predicted as a function of available food (herring; sprat and other food).

In the single species version recruitment are modelled by Ricker curves for all three stocks. In the multispecies versions
recruitment of cod at age 0 is assumed to be directly proportional to the, spawning stock biomass. Cannibalism
subsequently changes the number of survivors at age two. The resulting stock-recruitment relatlonshlp is very similar to
the Ricker model used in the smgle species version.

Percentage deviation from average weight
at age of cod in the Baltic, 1977-1996

1975 1980 1985 - 1990 1995 2000 -

Year

Figure 6.1 Percentage deviation from average weight at age of cod in the Baltic, 19771996,
Data from ICES CM 1997/T:2.
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‘Figure 6.1 shows how the mean weight at'age for cod ages 2-4 has changed:in the:period 1977 to 1996. In the extended
‘multispecies version these changes in' growth ofcod! is simulated by assumed weight to be direct proportionak to the
amount: of food available. The biomass of other food is' modelled by a ‘Fox type surplus production model. The
“parameters in'the growth model was cliosen to give; in the status-guo situation, weight at age corresponding ‘to theivalues
used in- the single 'species ‘version. ‘Matlrity ogive 45 éstimated as a function of mean weight at age. In:ithe iclassic
rultispecies version the amount of other food is assumed to-be constant irrespective of changes in cod biomass: = =

The cxploltatlon patterns “for'the three stocks are the same in all three versions. The level of exploitation is controlled by
two “effort” ‘variables” (cod ‘effort and pelagic éffort)’ and ﬁshmg mortality at age is ‘estimated’ by multxplymg the
exploitation pattern with the “effort™ value.

The’ average yleld and SSBof cod as funct10n of cod “effort”. kcepmg the pelagic “effort” constant is shown ifi Flgure
;6 2" for- each ‘of the thréé versions. In'all ‘thre¢’ situations SSB increase as effort decrease. The “incrédsé is 'most
pronounced in the single - species version, less in' the ordinary multlspemes version, where cannibalisim counteract the

increase in recruitment and even less in'the éxtended’ mulnspemes version where the 1ncrease in bmmass is counteracted

by both cannibalism and a decline in mean weight. SRR '

Baltle cod SSB versus cod effort predicted hy three dlIferent
mndeis

o Ext. MS

—o-Ord. M8

:SSB in tonnes('000} -~

—a— Single sp. |

2.8

. Effort

Vleld af Ballic cod versus cod effort predlctecl by three dlfferenl '
. . -models : g . .

To EXLMS

——Crd. M3

Yiald in tonnes{'000}

—a— Single sp.

Figure 6.2 Average S5B and yield of Baltic cod predicted by the.singie species, ordinary multispecies and extended
multispecies versions of the spreadsheet model:

Figure 6.2 shows that the yield as function of cod effort for constant pelagic effort varies considerable in the three
versions. The largest variation in yield is observed in the smgle species version while multispecies interactions as well as
variation in mean weight damp the change.inyield, . . .. . ) e
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Cod and Sprat

IIlIIiIIEIIH Herring and Sprat

a0

[] . Presentfishery

<) Extenced multispecies preciiction

]_i‘iggire 6.3a—c . :: :Comblnatlons of effort levels m the eod and pelagic. fisheries | in the Baltle resultmg in ethbnum
S8Bs above 10% of the unexploued SSBs for cod, herring . and sprat (a—c) Predictions assuming
single species, ordinary multispecies and extended multispemes model structure.

:Flgure 6 3 shows plots of reglons of combmecl cocI and peiag[c effort that produces spawmng stock sizes of the three

-.stocks above or below 10% of the unexploited SSBs in each of the three versions. The 10%, is arbltrary chosen and

_sheuld not be taken as a recommendation for Byy,: The unexplmted SSBs are calculated by setting the. effort in both
. fisheries to.zero. For cod the unexploited levels of SSB are 2.0, 1.4 and 0.9 millien, tonnes in the smgle specnes ordlnary

multlspemes and extended multispecies versions, respectlvely The present level of “effort is mdlcated on the plots

.'.In- the singles’pecies .:version-(Figure.é.Ba) the biomass of ced is: independent of: the pelagic effort and. opposite for

herring and sprat. The herring SSB drop below the 10% level at a pelagic “effort” of app. 2.5 times the present: Sprat
stays above the 10% level within the entire rage of pelagic “effort” applied. For cod the present “effort” is close to the

. one that reduces SSB below the 10% level.

- Inthe ordinary multispecies version:the interaction. between cod as predator and the prey stocks herring and -sprat is
- clearly reflected (Figure 6.3b). The limits for:the pelagic species become curved, meaning that ithe level. of pelagic

“effort” that can be exetted without reducing the SSBs below the 10% level is depending on the cod “effort”. With:high
- cod- “effort” the pelagic stocks can sustain a relative. high effort without dropping below the limit SSB. A high cod

“effoit” will reduce: the cod stock and thereby reduce the predation on herring:and sprat leaving more of the. pelagic

- production for the fishery. For.cod there is very little change in the effort level at: which the stock falls below the. 10%

level,
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In the extended multispecies version all levels at which the biomasses drops below the limits are curved. If the. pelagic
“effort” is high the cod can sustain less mortality before it decline below the biomass limit. This is due to a reduction in
the growth of cod and a corresponding decline in maturity ogwe This means that a reference F for cod will depend on
the state of thépelagic stocks and visa versa. : :

The preliminary results of the work S0 far carrled out on the impact of muluspemes mteractlon en b1olog1ca1 reference
points indicate that: : ' - i

*  biomass limit reference points differ in single and multispecies models, =70

s if predation is increased the prey stock can sustain less fishing mortality befoi'e_. droppmgbelew

The Study Group finds that the work described gives a very good mdlcanon of the l]kely 1m c muitispecies
interactions on biological reference points, In the discussion the question was raised how 1ncorp tion of growth
changes in the extended multispecies version would effect the suitabilities. Change in growth of cod will most likely
affect the predation mortality and it was not clear if the expected changes in suitabilities had been incorporated in the
model. It was suggested that to include growth change in multispecws models a snze—based model might. be more
" appropriate than an age- based model. -

The Study Group recommends that possible effects of multispecies interaction should be taken into account when setting
biological reference points. The Study Group is, however, not at this stage in the posmon to gwe firm recorrunendat:on
on multispecies reference pomts for spec1ﬁc stock complexes. : : A

7 MIXED F [ HERIES

The Study Group was, asked to con51der the implications of a precautmnary appruach and harvest control rules in
relation to m1xed ﬁsherles and techmca] mteracnons The Group was only able to-undertake a brief discussion of these
issues and so was unable. to prowde a- cornprehenswe evaluation of this spemf‘ 1c Term of Reference However, many of
the conclusions outlined in the ‘above Section on multispecies interactions are_also of relevance to mixed fisheries and
' :—_For example the existence of ‘technical mteractlons m‘lpiles ‘theineed to define biological
reference points in dn ‘ecosystem. or at least a muluspemes context, the need to $pecify biological reference points for
non-target. species, and the need to consider changes in demographic parameters in terms of their effects-on the validity
of estimates of biological reference points, particularly those based on equilibrium’ assimptions. Due to technical
interactions (and/or multispecies considerations), there may sometimes be a need to restrict entire fisheries to- fully
protect specific components. In fact, muluspec:es considerations and technical interactions are part of the reason why
:many people now believe that smgle—specnes FMSY should be cons:dered llmlt reference pomts rather’ thati target
~reference points (see dlscussmn eIsewhere) - :

Multispecies considerations and technical interactions are also part of the reason why it may not be feasible or even
practical to construct generlc control rulés. Case-by-case dévelopment is reqmred In fact, ideally, control fules should
‘be multidimensional. Estimates of Fpa, B, Fl,m and By, for édch stock of concern should be conditional on' the: statusiof
thie other stocks in the assemblage If a Recovery Plan needs-to'be developed for one stock in a multispecies assemblage,

then in order to ensure recovery of the stock 'of concern, that Plan should incofporate actions for all other (retevant)

species in’the assemblage. For two-species control’ where there are téchnical interactions between- the tivoispécies,
fishing could proceed at rates appropriate to each species individually if both species are above their respective B,Ja

‘However, if ‘onespecies falls below !T.S Bpa, then ﬁshmg mortallty rates may need- to -be :reduced for ‘both specnes
'Slmuitanegusly P i : : P i ; . : . c ey

Another important factor of relevance to mixed fisheries is the need to take into account the'ability of fleefs:to switch
between stocks and the possibility that “latent™ capacity may be mobilized in response to fisheries regulations andfor
mstkets. Reductions in quotas fér ‘one species may:result:in increases in fishing. pressure .on:‘other" species: Quota
“reductions in’ combination: with techrii¢al -interactions ‘inay- also result ‘in increased discarding and ‘increased: cryptic
“'mortality, both of which may be difficult t6-measure and incorporate into stock assessments. Of particular rélevarnce to
“the ‘demands on stock assessment advice is the' situation where ‘reductions.in quotas on itraditional species result:in
vessels: switching'effort to less-exploited and less well-known stocks, for-which: the: scientific. community mayhave to
provide promipt guidance before sufficiert' démographic information is available! Scientists need to-consider- the w1der
system effects of their advice, as do managers. won
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In particular, fleet capacity needs to be considered on a multi-fleet! (i.e. system-wide) basis: Many: fisheries professionals
consider that fleet capacity is solely a management issue, and should not enter into scientific debates. Yet, fleet capacity
~has profound effects .on the quality. and credibility ¢fithe: scienceiand: demands on the science, -as well as the management
system. Overcapacity exacerbates a number of problems of relevance to fisheries science and management, including
challenges .to. the. validity. of, the science; pressure on -fisheries .managers to make risk prone management decisions;
pressure on politicians to support calls for mcreased TACs and related measures or to provide financial bail-outs to the
fishing industry to enable them to “survive” until stocks rebuild; pressure to increase access to controlled access
fisheries; increased monitoring, “surveillance and enforcement costs - or madequate monitoring, surveillance and
enforcement - because the incentive to circumvent regulations will increase as the average economic viability of
individual fi shmg enterprises declines; reduced ‘quality’ of data'needed for ‘stock dssessments” and cvaluatmn of
management actions; and an atmosphere of distrust between scientists, managers, fishers, and environmentalists.

Control 6f 'ﬁshiﬁg capacity is an integral part of the FAQ Code of Conduct and other international agreements. Because
of such agreements, and for practical reasons, harvest control rules cannot be considered to be precautionary unless they

are imbedded in a management procedure that addresses fleet capacity and other relevant issues. It is lmp0551ble to
avoid considering fishing capacity-as a fundameéntal element of the precautionary approach.” =X :

Inclusion of multispecies considerations, technical interactions, habitat considerations, other ecosystem considerations,
and uncertainty generally demands a greater degree of precaution in fisheries. In addressing Terms of Reference 2a and
2h, the Study Group did not take account of multispecies or multi-fleet effects. In contrast, in some instances, ACFM
advice has taken account of such effects.

Consider.a simplisiic harvest control rule thre Farger = Fpa (01 Fm;fg,t is-some function of Fy,), F is reduced when biomass
declines below B, and fishing ceases when biomass declines to Bjy,. A similar type of control rule is assumed to apply

for a fictitious cod stock and a fictitious haddock stock, except that the absolute numerical values of the various
biological reference points may vary between the two species. :

If there are technical interactions b.etween the two species, then the harvest, control rules for each may need td be altered
depending on the status of the other (Ta = Target; C = Cod; H = Haddock).

8 FUTURE WORK, IMPLEMENTATION OF THE PRECAUTIONARY APPROACH

Further meetings of the SGPAFM do not appear to be necessary in the immediate future. A Dialogue Meeting s planned
-for January 1999 to discuss; among other thmgs the implementation .of . the precautlonary approach -with fishery
managemen[ agencies. : L : : :

9 WORKING DOCUMENTS
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APPENDIX 1

CHECKLIST OF CHARACTERISTICS OF PRECAUTIONARY ASSESSMENT (FAO 1995a)

Consideration of:

34

ia) Estlmates of abundance o e

E b)- Model structure -

"d) Future envuonmental condltlons

Uncertamtles in data

,C) Parameter wvalues used in model

&) Effectiveness of implementation of management measures

) Future economic and social conditions "~~~ © 3 S A

g2) Future management ob_]ectlves

i ;:x-h) Fleet capacnty and: behawour RN

Alternative hypotheses, about underl)};ing- biologie_al,jlec:qnomic and social processes -

a) Depensatory recruitment or other dynamics giving rapid collapse

b) Changes in behaviour of the fishing industry under regulation

¢) Medium-term changes in environmental conditions

.d) Systematic underreporting of catch data

¢) Fishery-dependent estimates of abundance not praportional to abundance
f) Changes in price or cost to the fishing industry

g} Changes in ecosystems caused by fishing

Response of system to range of alternative management actions

a) Beyond 1-2 vear short-term projections

b) Assumptions about management objectives and associated increase precaution




APPENDIX 2

SOME BASES FOR HARVEST CONTROL RULES IN FAO CODE _OF CONDUCT FOR RESPONSIBLE
FISHERIES AND UN AGREEMENT RELATING TO STRADDLING FISH STOCKS AND HIGHLY
MIGRATORY FISH STOCKS

The basis for harvest control rules:is found in Article 6 and Annex II of the: UN. Agreement telating to Straddlmg Flsh
Stocks and Highly Mlgratory Flsh Stocks (1995) ancl the FAOQ Code of Conduct for Responsible Flshenes The FAO
Code of Conduct states that:

“When precautionary or limit reference points are approached, measures should be taken to ensure that they will not be
exceeded. These measures should where possible be pre-negotiated. If such reference points are exceeded, recovery
plans should be implemented immediately to restore the stocks.”

In Article 6, Application of the Precautionary Approach,
B TS TURTUNURTURSO | o imp;lerﬁen[ing the precautionafy apbroach, States shal....

(b} . apply the guidelines set out in Annex II and.determine on the basis of the best scientific 1nformat10n ava:lable
stock-specific reference pomts and the action to be taker if they are exceeded...

“d. States shall take measures to ensure that, when reference points are approached, they will not be exceeded. In
the event that they are exceeded, States shall, without delay, take the action determined under paragraph 3:(b)
to restore the stocks.”

In Annex I,

#4, Management strategies shall seek to maintain or restore populations of harvested stocks... at levels consistent
with previously agreed precautionary reference points. Such reference points shall be used to trigger pre-agreed
conservation and management action. Management strategies shall include measures which can be 1rnplemented
when precautionary reference points are approached.”

“5, Fishery management strategies shall ensure that the risk of exceeding limit reference points is very low. If a
stock falls below a limit reference point, or is'at risk of falling below such a reference point,-conservation and
management action should be initiated to facilitate stock recovery.” :

“7. The fishing mortality rate which generates maximum sustainable yield should be regarded as a minimum
standard for limit reference points. For stocks which are not overfished, fishery management strategies shakl
ensure that fishing mortality does not exceed that which corresponds to.maximum sustainable yield, and that
biomass does not fall below a pre-defined threshold. For overfished stocks, the biomass which would produce
maximum sustainable yield can serve as a rebuilding target.” '

Subsequent guidelines on the precautionary approach (FAO, 1995) indicate that the precautionary approach requires:
“b. prior identification of undesirable cutcomes and of measures that will avoid them or correct them promptly;

c. that any necessary corrective measures are initiated without delay, and that they should achieve their purpose
promptly, on a timescale not exceeding two or three decades;...

e that harvesting and processing capacity should be commensurate with estimated sustainable levels of resource,
and that increases in capacity should be further contained when resource productivity is highly uncertain.”
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APPENDIX 3

‘Estimating MSY for poorly investigated stocks

Several empirical formulas have been developed with the objective of providing a first ‘rough’ estimate of ‘MSY.ﬁ;om

_'li:rﬁ:i'ted‘_&ata.’_Cafcia,=Srparre and Csirke (1989) suggested two alternative ways to estimate the potential yield of exploited
fish stocks; these ate derived from the Schasfer and Fox surplus production models res'pgciivély. Bothassume ﬁi]_at
average biomass B , and current yield Y are available.

The Schaefer model relates CPUE to effort as, E =a+ bE where E is effort and a and b are constants. To obtain an

estimate of the maximum sustainable yield, yield is first expressed as a function of effort, ¥ = aF + bE”*
T T O IR N BN S e g @ . o oy
This parabola has a maximum when TE =a+2bE=0ie E, = 5 and an equivalent yield, MSY, found by
. . G a e i'ai-52 . a'l )
isolving ¥, =a| = — |+b | =——
- 2b 2b 4b -

% _
As E = — the Schaefer model can be rewrittenas B=a+ b-—=.

B

Solvmgfora and b we have: |

i (Y y
b=— — a EB—[I == |'and a=—‘2bEm“:=(§—b) ;

EEH’ES)‘ ot

BB . B
4 =——=——"—=<and b=

ZJBEm“ —Y i EBEM) ~Y

Substituting for ¢ and b in MSY = _E we obtain

Both the Schaefer and Fox models further assume that natural mortality, M, is known and that there is é felationship

is not known it may be

between M and E, of the form Em}, = kM where k is a constant. Therefore when E"1 ;

¥ ¥
. 152
. _— M-°B . .
replaced by KM , or in the special case where k = 1 by M, MSY =§J—E—Y' If the stock is unfished, ie.
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F=0 ¥=0 B=B, its tunte roduces o 15Y = 215"

. This latter form was first proposed by Gulland
{1971) as a way of estimating maximum sustainable yield.

To investigate the applicability of this formula, virgin;Biomass, Bv, and Maximum, Sustainable Yield was:calculated
using data provided to the Study Group and assuming a natural mortality ranging from 0.1 to 1. A Beverton Holt stock

recruitment relationship was used to calculate Bv and MSY shown in the table below: -

M iFusy Bv MSY Gulland Gulland

(0.5) (0.2)
0.9 j0.39 4,187 580 1,884 754
0.8 j0.46 6,844 1,004 2,738 1,085
0.7 10.51 11,060 1,812 3,871 1,548
0.6 |0.53 18,017 2,474 5,405 2,162
0.5 }0.53 30,097 3,703 7,524 3,010
0.4 |0.49 52,580 5507 10,516 4,208
0.3 |0.42 98,915 8,310 14,837 5,935
0.2 |0.34 212,318 13,137 21,232 8,493
0.1 |0.23 618,705 23,375 30,835 12,374

The relationship between MSY . # -t estimated using the Gulland formula is shown in the foure at the end of this

paragraph, In each case the latter overestimates MSY by a factor close to | when M is low (0.1) and rising to 3 at high
vatues of M (0.9). Beddington and Cooke (1983) drew similar conclusions from simulation studies. Replacing ‘0.5" by
‘0.2" results in lower estimates of MSY (overestimation only occurs when M exceeded 0.9). Such an adjustment retains

the simplicity of the Gulland formulation while also incorporating a conservative estimate of MSY,

25,000

20,000 -

1

15,000

10,000

5,000

MSY (Beverton & Holt)

O - T I T — 1
0 10,000 20,000 30,000 40,000

Estimated MSY (Gulland's Formula)
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‘ Garc1a, S P Sparre and I. Csirke, 1989 Estlmatmg surpius productlon and maximum sustamable yleld from blomass

' data whcn catch and effort tlme series are not available. Fish. Res 8: 13-23
Gulland, J.A. (comp.), 1971. The fish resources of the ocean. West Byfleet, Surrey, Fishing News (Books), Ltd., for
* FAQ, 255p. Revised edition of FAQ:Fish. Tech.Fap., (97): 425p. (1970).

Beddington, J.R. and J.G. Cooke, 1983. The potential yield of fish stocks. FAO Fish.Tech.Pap., (242): 47p.. . ...
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APPENDIX 4
4.1 Considerations on Sustainability

A basic objective of fisheries management is that stock collapse should be-avoided. In fact; any population; regardless of

“hiow lightly it is exploited; has a finite probability 'of extinction. No management strategy can guarantee that a population
will not-collapse. Defining safe biological limits is therefore an exércise in trying to define biomass thresholds below
"which it-is- considered that the risks of stock collapse are toc high to be: acéeptable. This is difficult to do because if a
" stdck has never collapsed (and fortunately most haven't) then it is virtually impossible to specify the conditions under

which collapse is highly probable. A common rule of thumb used in the past was to examing the time series of spawning
stock size and determine the lowest spawning stock size from which the stock had been seen to recover. However, the

robservation that the stock has: recovered once does not mean it: will -recover. agam from the same spawning: stock

bipmass.

-More récently the idea 'of safe biological limits has been developed in' the context of the Precautionary Approach. This

changes the emphasis from trying to identify dangerous exploitation-regimes to trying to keep exploitation:away from
regions of unknown, and possibly dangerous, exploitation. For stocks with a long measured history of exploitation, this

-effectively means trying to keep the stock in the region where.exploitation is'known to be “safe”. This avoids-the need to
- define areas of exploitation which are. known to be; dangerous and for which there are rarely adequate data. A framework
‘which illustrates this problem is shown below. This shows the stock recruitment data partitioned by the.replacement line,

Gijoss, in the region of the lowest observed biomass; B;-‘,gs; Replacement lines (and hence exploitation regimes).to the left
of -the line result in-unknown population dynamics.. For lines to the right of the:partition, something is known of the

- population -dynamics; and where there is no evidence of recruitment failure,in the data, this region can be considered-a

minimally safe:region. . Where the stock recruitment.data do show evidence of. recruitment failure, Gy .is an
approximation of G, the replacement line at which stock collapse is expected. Here there is more knowledge about

.the region where stock collapse can occur.

JFor-manystocks there will be insufficient .data;. for Gy to makeqa meaningful distinction between “known” and

“unknown™ regions of population:dynamics. In:these cases there may be reasons to choose limit values which allow a

. larger probability of exploring regions: of unkndwn population dynarmcs This mlght occur, for example, in a relatlvely

new fishery explomng ahitherto llghtly explolted stock:

Replacement lines are identiﬁed above in relatinn to the stock-recruit data. It is possible to calculate the fishing

mortality-rate associated 'with these lines given estimates.of the exploitation pattern, growth rate, natural mortality and

maturity. Fhus it is posmb[c to find. values of F corresponding t0,Gyoe and Gepsh.: These values will often be the values of
F;.m dellmlung the reglon of parameter, space whera ﬂshmg is.considered safe :

Recrults

Spawning Stock Biomass

An example of typical stock recruit data where there is insufficient information
to define the recruitment function near the origin (doned ling). G, is the slope of the
stock-recTuitment function at the origin and is the replacement line which would lead
to stock collapse. G, is the replacement line which gives an equilibrivm at the fowest
observed spawning stock biomass.
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APPENDIX 5
5.1 Aliernate Text for Guidance to Working Groups

-Fishery management is about managing the activities of humans, net those of the fish. Therefore, the scope for action, in
.&:precautionary approach, is mostly: concerned with ensuring. that the fishing mortality which is the result; of human
~actions does .not exceed a certain undesirable threshold. Accordingly, in: identifying reference. points to be-used. in the
.precautionary approach;: in: most cases- the starting::point. 'will be.to .suggest an F,., which. satisfies. the criteria..of
-sustainability -and: low risk of stock. collapse the F; should be regarded as an upper limit to the range of fishing
mortalmes compatlblc w1thaprecaut10nary appreach C . . et ot fehen

Fra should‘-certainly not:-imply .'recruitment averﬁshlng..Thus,,if' Fusy is well defined, this would be a good :candidate; if
not, Fg; if it is smaller' than Fysy could be used. Simulations should be used, if possible, to verify that when. fishing: at
Fpa there is a low risk of reaching By, If simulations are not possible, Fyeq, computed from a range of SSB’s where the
-recruitment does not. seemy to-be reduced, can. be used, If both Fysy.iand Fe (from a range of SSB’s where :the
recruitment does not seem to-be reduced), arg available, the lowest of the two-values should be selected as Fppy oo,

By is alimit reference poirit, it is-a spawning biomass which should be avoided with high-probability, when the stock-is
-abové that limit: When the biomass is below: Bj;;; management measures should aim at rebuilding biomass above By;las
quickly ‘as possible. By, should represent the biomass below which the recruitment is.expectéd to be reduced: If it:is not
“possible’ to' identify such. aithreshold from dvailable data;. By, may be taken as the lowest observed biomass: There,may
be cases (lightly exploited stocks) where taking:the lowest observed SSB as By, may:-be more restrictive than:necessary.
‘In such cases theére will normally be no parucular trend in the recruitment as function of S5B.-A possible By, rnay.:then
be thc 5: percentlle of the SSB variation at Fpa, assummg the dlstnbutlcm of recrultmcnts in-the emstmg data

B, is a spawning biomass at which action should be taken to. ensure a high probability thar B-l',-m will dot be reached.
Normally, the action will imply some form of reduction in fishing mortality Fp,. Thus, the role of B, is to signal that
something:seems to go wrong and-that-action should be taken' in-order to try and rectify the situation: Therefore; Bp,
'should be set at-a value below the eguilibrium biomass at-F;, ‘a value unlikely to be reached if Fyy-is adhered to.
However, B, should be sufficiently:high that there is'a low tisk that the true SSB'is below Bji,. This will depend both
on the precision of the assessment and the strength of the ‘measures that can be taken: when: By, isvexceeded.
Bl,m*exp(l 645*5) where 5 is the assumed CV of the assessment (usually 0.2-0.3), can be a tentative valuc

Fjy-is &' ﬁshmg mortallty that 'is not-sustaindble, and which' should ‘be avoided -with hlgh probabﬂ:ty An obvmus
“candidaté for Fii 15 Feaehe Fiim 18 NOt necessary for advising on precautlonary managément. Very often, ‘estimites '0f Fijq
will be very uncertain. Fi, can be a substitute if thére is reasdn o 'believe that-this will lead to collapse;, if ‘not, Fiiy
should be left undefined. If Fy,, is defined, Fy, should be such that the risk that the true F is above i, when Fpa is
intended, is small.

In exceptional cases, these guidelines-will-not-give sensible reference points. Therefore, the use of the reference points,
as outlined above, should always be kept in mind when numbers are suggested.
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