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Deciding on Precautionary Management Measures for a
Stock Based on a Suite of Limit Reference Points (LRPS)

as a Basis for a Multi-LRP Harvest Law

J. F. Caddy
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Viale delle Terme di Caracalla, Rome, Italy

Abstract

This concept paper discusses a semi-quantitative approach to precautionary fishery
management easily understood by stakeholders and other non-technical personnel. A check-
list is provided incorporating some 30 qualitative or semi-quantitative criteria to be com-
pleted by resource experts as a preliminary basis for deciding on priorities for precaution-
ary management of marine resources or fisheries. Four tables are provided (incorporating
characteristics respectively, of landing trends, environment and ecosystem, the stocks,
and the fishery). The scoring of this checklist permits a semi-quantitative comparison
between fisheries in terms of their relative vulnerabilities to non-precautionary harvest-
ing, and allows qualitative but informed opinions to play a part. This approach may also
be used in determining which aspects of the fishery require particular attention from re-
search and management, including, if necessary, the formulation of appropriate Limit
Reference Points.

It is proposed that multiple precautionary reference points be used which are rela-
tively simply formulated and understood by stakeholders. These would need to be built
into a management system incorporating pre-negotiated responses. Analogous to fuzzy
logic principles, a methodology is proposed whereby a suite of simple limit reference
points can be tuned to provide a gradated management response to the status of multiple
precautionary criteria or indices, possibly including the results of questionnaires described
in this paper. In this approach the fisheries management cycle incorporates a resource
‘traffic light' in the public domain which indicates the state of the fishery, and incorpo-
rates a prenegotiated set of management actions in response to the number of red lights on
a multiple Limit Reference Point board. The management action should increase in sever-
ity depending on the number of indicators that turn from green to red.

Key words: harvest laws, precautionary management, reference points

Introduction that the position of the fishery is known with a de-
gree of precision and the management response and
The need to distinguish between Limit and Tar-the adherence by the industry required to the har-
get Reference Points in fisheries managemenvest law is also expected to be achieved with com-
(Caddy and Mahon, 1995) is now well establishedparable precision.
as one operational component of a precautionary
management system as specified by the FAO Code For many fisheries a history of quantitative es-
of Conduct and the UN Agreement on Straddlingtimates of past states of the fishery may not be avail-
Fish Stocks and Highly Migratory Fish Stocks. Theable, or regime shifts, or changes in the fishery it-
precautionary approach to the use of referencé&elf, may mean that historical data are unreliable
points as noted in FAO (1995) suggests that theys a guide for action or may be restricted to infor-
should form part of a harvest control law for themation on landing trends. Given that precautionary
fishery in question. action cannot be delayed until adequate data have
accumulated, it may be necessary then to seek a
Most harvest control laws formulated to dateguide for management action in the interim. A broad
are specified as an allowable trajectory of pointgeview of all qualitative and semi-quantitative in-
between reference points specified in terms oformation on the fishery is important before decid-
biomass and fishing mortality. Here it is assumedng on priorities for setting limits to management
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action. It is proposed that qualitative or semi-quan-evant to evaluating the relative level of risk of a
titative information can be incorporated into refer-series of fisheries, which can be easily understood
ence points and into a control law incorporatingby non-technical personnel and stakeholders. It is
them. Such a situation where informal knowledgesuggested that for each unit resource a scoring be
from resource users is incorporated into a decisioneompleted for each relevant category or row in Ta-
making system leads to the use of questionnairekles 1 to 4, and it may be desirable that a small
as routinely applied in environmental assessmentgsommittee of experts and stakeholders meet to dis-
as followed under the 1ISO-2000 standard approachuss these scorings. Such meetings can be impor-
used in a range of industrial management systemtant for explaining precautionary approaches to
that incorporate uncertainty. Such a questionnairenanagement, but often prove difficult where man-
(Caddy, 1996) has already been proposed strictlpgement decisions are based on a single mathemati-
based on the management-related Articles of theally-difficult LRP. In the case of Table 1, based
Code of Conduct. Scorings of multiple questionson information on past landings, score red, green
provide a semi-quantitative index of the degree ofor orange once for the resource in question. For Ta-
precaution currently applied in the managemenbles 2—4 inclusive, score one point for each row in
system. A similar approach using more technicalgreen, orange or red columns; whichever colour is
information seems feasible, and is proposed herpidged to be most relevant to the resource and cat-
as a preliminary to introducing technical manage-egory in question. Higher importance should be
ment measures, which can in part at least, be buifilaced on the red (and possibly orange) scorings,
round an information system incorporating multi- which could then be incorporated into a summary
ple non-quantitative criteria. This approach can fatable. At the very least, such a table will form a
cilitate discussions between fishery scientists, fishuseful basis for discussion, and constitute a 'pre-
eries managers and the industry/stakeholders. It cazautionary statement' for the fishery in question. A
also be incorporated as an integral part of an inforsummary table could be derived by managers from
mation-poor fisheries management feedback systhe responses to tables 1-4 and used as background
tem, driven by semi-quantitative or qualitative in- material in deciding on the relative importance of
formation and appropriate prenegotiated re-management measures, reference points, or the nec-
sponses. essary research or data-gathering activities, needed

to support the management system.
Rivard (1998) shows that even in well-

researched fisheries, non-parametric approaches to |t would also be useful to group summary ta-
management can be important where data are linples for those resources which are harvested to-
ited. However, there have been few approaches thgfether or which constitute predators and preys so
tackle the problem of specifying reference pointsas to provide, at least qualitatively, an information

and harvest control laws in information-poor Situ-basis for a mu|ti-species approach to Setting refer-
ations such as are typical of developing-countryence points.

fisheries, and in many invertebrate fisheries even

in developed countries (Caddy, 1999). It is stressed A Simple Multi-LRP Harvest Law

that the success of simple 'rules of thumb' in set-

ting limit reference points depends on them beingSimple LRPs as 'rules of thumb' for precaution-
incorporated into a harvest law. This harvest lawary management

would not specify targets for optimal fishing, but .

should specify prompt and pre-negotiated responses Caddy and Mahon (1995) noted that in circum-
to negative signals from a suite of LRPs, thus actStances where uninterrupted series of data on age
ing in the manner of ‘fishery thermostat'. Such &£0MPosition and biomass are not available, and
hypothetical feedback mechanism is postulated t(yvhere it is not possible to fit a stock-recruit rela-

take the form of an 'LRP traffic light'. tionship, there may still be some information avail-
able from past harvesting which allows an approxi-
Proposed Methodology mation to MSY conditions to be arrived at, where

estimates of growth, natural mortality and virgin
The criteria in tables 1-4 were developedstock size have been made. Under these conditions,
largely from the FAO Code of Conduct for Respon-while it may be difficult to formulate a formal har-
sible Fisheries, and provide categories of estimategest law involving trajectories of fishing mortality
and/or qualitative judgements believed to be rel-and biomass, it may still be possible to formulate
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several limit reference points. From past experi- Patterson (1992) noted that low valuesxah
ence with the same or similar resources elsewheréulland's formulation MSY xMB, are more pre-
these have a reasonable likelihood of being precawautionary for small pelagics (and presumably other
tionary, and can even be tuned in light of experi-stocks with high natural mortality rates). Caddy and
ence. See also Caddy (1999) and Seijo and Caddysirke (1983) proposed a reference point, the point
(in press). of Maximum Biological Production (MBL), that is
aimed at conditions when stock production to fish-
Where some quantitative information on dy-ing and natural deaths is maximized.
namics is available, one of the simple reference ] .
points given in Caddy (1999) seems feasible. For ~Other examples were provided by Die and
example, following Gulland (1971), such referenceCaddy (1997) who also suggested that MBL is pre-

points might be formulated in terms of biomass andg@autionary and relatively easy to calculate (Fig. 1).
virgin stock size as: Based on a knowledge of von Bertalanffy's growth

parameters and with some ideas on selectivity, Die
LRP (precautionary TAC) xMB,, wherex is  and Caddy also suggested several simple reference
significantly lower than the 0.5 used by Gulland. points (Z*, F* and [*) that can be formulated as

- - - Production Point of maximum
Simple TRP's+ LRP’S — Yield biological
(logistic assumption) / production
MBP
BO
A
L MSY =xMB, MSY
M
t FMBP: FMSY -0.5M
Fumsy

-
A
» Zvep > (-M) > Fupp .

~L 0
Vector By g ~o

o,
’
’

[

N
<
@
o

Fig. 1. Several target (TRP) and Limit (LRP) reference points based on production and biomass
(after Die and Caddy, 1997) showing derivation of parameter values associated with the
point of Maximum Biological Production (MBP).
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Extreme M ;‘ F*=Z*-M ‘
limit Y (accept F . )
approach Lm\A - <(Lw—Lm)K / ¢ r | 0.1
to ensure L.—> (Lm_Lc) SE* > F7 ———» N(rejectF )
stock 0.1
spawns K_—7
at least / /
. — ?
once in Ly > L> Lr'n » Y (Meets Precautionary
Infe -y Criteria)
history! L \
< -
N L -L
\ Z= . K
« c
Quotas alone insufficient (L —L )
protection: protect spawnr__y |">|| _L® Wy
ing stock or increase size c L m M

at 1st capture?

= appropriate size limit

Fig. 2. Several simple size-based reference points formulated assuming that a precautionary approach should be
allowed to spawn at least once in the life history (after Die and Caddy, 1997).

inequalities (Fig. 2). These follow from the assump-ponent of a feedback system, as long as manage-
tion that a precautionary reference point is one alment and industry work together to ensure imple-
lowing the cohort a reasonable probability of mentation. This approach would require pre-
spawning at least once before capture, and this crifegotiating with stakeholders to ensure prompt ac-
terion can be used to test other F-based referend®n when most of the LRPs indicate that the fish-
points for their conformity with this principle. ery is no longer meeting a broad set of precaution-
ary standards. It is believed that a suite of simple
Finally, and this is the main emphasis of the'rules of thumb' based on past experience and ex-
paper, qualitative or semi-quantitative informationPerience elsewhere can be incorporated in such a
incorporated into a questionnaire can be summeaguite of multiple reference points. These might even
to provide scorings, and can be used to generatee simply measured criteria derived from a past year
LRPs. This is similar in principle to the 1ISO-2000 or years in the fishery when there was a transition
standard approach used in environmental assesgr_om favourable to unfavourable conditions. It
ment. Obviously, tuning the scorings or cut-off Might be easier to achieve a general consensus from
points for Semi_quantitative criteria to indicate stakeholders that such events in the institutional
when dangerous or hazardous conditions arénemory should not be repeated. If values for crite-
approaching, will probably be necessary in light offia based on past 'bad" years have been chosen in
local experience. One approach may be to agree diPnsultation with experts and resource users, val-
earlier years when the fishery moved from a safdies for cutoff points should be chosen such that

to an unsafe condition, as a guide to choosing cutunsustainable fishing conditions can occur without
off points for semi-quantitative data. some of these indices registering this situation.

The use of suites of LRPs Like any other control system, a harvest law
Recognizing that such simple reference pointsspecifying limit reference points only forms part
or indices are not easily intercalibrated, nonetheof the total management system. The rapidity and
less there may be advantages in not setting up @ffectiveness of the management response to a LRP
management system that relies on measuring a sighanging from green to red will determine whether
gle LRP with high precision. A suite of referencea harvest law attains the required precautionary
points such as proposed here could form one congbjective. Achieving consensus from stakeholders
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on severe management restrictions when these aeedegree of precaution to the management response
needed may be difficult if the technical basis forand a greater readiness to reduce exploitation in the
action is not readily understandable. Given this, anyight of unfavourable conditions, as well as offer-
justification for choosing very sophisticated or pre-ing more opportunities for light on the 'traffic-light
cise reference points that need regular adjustmertoard' to change from red to green again.
or major data gathering exercises, seems less than
convincing. Following initial experience with such a suite
of LRPs, management may agree with stakeholders
One suggestion to management could helgo adjustments to the cut off points. These can ei-
counteract the usual 'effort ratchet' principlether consist of modifying the LRP so as to reduce
(Caddy, 1984) whereby effort continues to increaser increase the degree of precaution, and/or chang-
despite declining resource status. This would be tong the severity of management response when
require that annual quota increases in response i0RPs are exceeded. Such decisions should ideally
good news not exceed (say) by 20% the last yearise taken in a transparent way, as allowed for in the
guota, whereas evidence for declining resourcdAO Code of Conduct for Responsible Fisheries. It
abundance would be required to trigger a decreaswill of course be desirable that scientific monitor-
in quotas of no less than (say) 40%. This would addng of the performance of such a management

LRP's STOCK PRECAUTIONARY "TRAFFIC" LIGHT
"TRAFFIC" # red
LIGHT lights ? Management Response ?
757" : FISHERY CLOSURE !
- (until at least 3?7 4? light green again!)
< MSY
B=0.2B,? 4 QUOTA EFFORT not to exceed 0.20 * f
MSY
MSY
FZxM? 3 QUOTA EFFORT not to exceed 0.40 * f
MSY
_ MSY
Rt<< R? 2 QUOTA EFFORT not to exceed 0.60 * f
MSY
2/3 F MSY
F> MSY 1 QUOTA EFFORT not to exceed 0.75 *
Foa? fmsy

Fig. 3. A harvest law based on multiple LRPs integrated into a feedback loop incorporating gradated
management responses. Here, 5 examples of LRP's (left) are tested against data from annual
fishery analyses. The LRP's represent agreed limits to dangerous conditions. If the inequalities to
the left are contravened, these manifest as 'red' lights on a precautionary 'traffic light'. The number
of red lights lit determines the severity of the (pre-negoitated?) management response; (modified
from Caddy, 1999)
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system be provided in parallel; especially in the  poor situationsFAO Fish.Tech.Pap.379, 30 p.
ear|y stages of app”cation. CADDY, J. F., and J. CSIRKE. 1983. Approximations
to sustainable yield for exploited and unexploited
It was suggested in Caddy (1999) and Seijo and resources.Océanogr.Trop,.18(1): 3-15.
Caddy (|n press)’ that a 'trafﬂc-“ght' approach toCADDY, J. F., and J. A. GULLAND 1983. Historical
the use of such limit reference points could be feaéADp§$teJr“§ OLL'ShRSIISZ'T_'S‘é?\{'”fg';%"Cé'gf:erzesnl_:gémts
isr:btlﬁé a;;ﬁ}g:;r;;ﬁ:gg;gg?g};@ﬁ?&;t g)“ Il\(jl\::\?]l- for fisheries managemenEAO Fish.Tech. Pap347,

agement responses are assumed to be calibrateld B D. J and J. F. CADDY. 1997. Sustainable yield
be progressively more severe as the reference points jndicators from biomass: Are there appropriate ref-
pass from green to orange to red conditions. erence points for use in tropical fisheridgsh. Res.
Scorings of Tables 1-4 could be incorporated into  32: 69-79.

such a multi-reference system. For example, if 759%A0. 1995. Precautionary approach to fisheries. Part I:
or more of the scores in Tables 1-4 are in the green Guidelines on the precautionary approach to capture
or orange category, an overall green scoring might fisheries and species introductions. Elaborated by

L : the Technical Consultation on the Precautionary
0,
be agreed to; if less than 50% of the scorings are pproach to Capture Fisheries (Including Species

green, an pvgrall red or warning score might be used Introduction). Lysekil, Sweden, 6-13 June 1995 (A
in the traffic light control panel. Of course such cut- scientific meeting organized by the Government of

off points would need to be discussed in the light  sweden in cooperation with FAOFAO Fish. Tech.
of the particular situation that applies, and it may  Pap, 350(1): 52 p.

be preferable to use the tables simply to indicat&sARCIA, S. M., P. SPARRE, and J. CSIRKE. 1989.
the general level of precaution required, or to sug-  Estimating surplus production and maximum sus-

gest what type of LRP is most appropriate. tainable yield from biomass data when catch and
effort time series are not availabl€&ish. Res.

Such a feed-back control system seems testable 8: 13-23.
by simulation and this could still be feasible in rela-GULLAND, J. A. 1971. The fish resources of the ocean.
tively data-poor conditions using a Monte Carlo _Fishing News (books), West Byfleet, 255 p. -
approach (e.g. Seijo and Caddy, in press). An anaPATTERSON, K. 1992. Fisheries for small pelagic spe-
Ogy can be made to SyStemS of fUZZy IOgiC which cles: an emplrlcal approach to management targets.

. S . . . Rev. Fish. Biol. Fish.2: 321-38.
are progressively finding applications in control RIVARD, D. 1998. Elements of a non-parametric pre-

systems, and further developments in this area (e.g. cautionary frameworkNAFO SCR Dog No. 11

Saila, 1997) seem worth pursuing. Serial No. N2986, 15 p.
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