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RP Theoretical Basis Data Needs Advantages Disadvantages As TRP As LRP SR

Fusy Production model Annual data senes tor yield « Well studied: estimates and Y.{ high danger of overfishing as N Yy N

(refer paragraphs 27 to 33) calibrated effort for all stock senes available fot many fishenes TRP
removals

Fucy Simulation from Annual recruitment Probability distribution of annual In theory, atlows quota management Data-intensive (needs data on Y N Y
series N recruitment and population with threshold recruitment viabihity)
{refer paragraph 34) parameters

2/3F gy Production model A production model is assumed fitted | Simpty calculated if production Empincal: requires histoncal Y N y?
trefer paragraphs 32 and 35) model exists data on Y and standard {/F

Fo Y/R calculation and current state of Popuiation parameters well studied” simpte to calculate Empinical: vanes with fishing Y N Y?
population? trom popl.n parameters strategy. no allowance for
(refer paragraphs 37 o 39) recruitment vanation

2w Production modet Annual data series ot standard catch incorpotates predation; requires In present form assumes Y N Y?
{refer paragraph 41) rate and 2 simple histoncel data on CPUE: 2 Schaeter model

4d Simulate overall mortality at age and Population parameters; mean Simply calculated trom basic Needs unbiased data on size. N Y N
mean size caught mortality rate in population and mean populauion parameters trequency ot cstch
trefer paragraph 61) size caught

Fiow Estimate F giving 90 per cent of Assumes data for fitung stock Rellects pest probability of Neads histoncal data on stock Y? N Y
years with stock replaceament recruitment (usually trom cohort recruitment recruitment
irefer paragraph 44) analysis)

Fueo Estimate F giving 50 per cent of - Y N N
years with stock replacement -
(refer paragraph 44)

Fraan Estimate F giving 10 per cent of - - N M N
vears with stock replacement
{refer paragraph 44)

Fuscam Biomass/recruit anslytic model Population parameters and matunty- Simple to calculate; flexibie No major problems Y Y Y
(refer paragraph 45) at-age data (depends on percentage)

F>=M Empirical experience with fisheries Data on exploitation/natural mortalhity For top predetors. Low data needs M values inaccurate. An N Y N
for similar resources rates which have proved sustainable {just estimate of M). empincal approach
(refer paragraph 40)

F<M As above {for smali pelagics) -— For small pelagics. Low data needs - Y N N
{refer paragraph 40) {just estimate of M)

Fey Econometric modelling Histoncal date on Yield/etfort/costs Can use production model it plus Hard to define tor muitiple Y N N
(refer paragraphs .46 to 50) and earnings cost/revenus data tleats/economuc systems:

varies with economic
indicators

* RP = reference point; Y = yes; YY = favoured; N = no; LRP = limit reference point; TRP = target reference poing: SR = for stock rebuilding; CPUE = catches per unit effort (see wxt).
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me |i i i
hef S° e' ikely magqcyudes of* errors for quantities used In assessing the status quo of
shelf fisheries (c.v. =coefficient of variation = 1 standard deviation/mean vaiue®)

lies between 70 and 130 t.

8 dag

V Data C.ﬁalues !
Variabl 1
ariable g source (ranges) Remarks
Annual ¢atch Commercial | > 10% Significant bias
stansncs (discauds/nusreporting)
Commercial " around 10% "
Catch ate
Cartch-at-age " " 10%
' i -
Suwey for l trawling 36 - 41% " Improves with repention (more
biomass stanons sampled)
h N acousnic 26 - 35 . "
(small
pelagic fish)
Fishing cohort 10 - 30%
mortality rate analysis etc. '
Natum'l catch curves (indefinite) Many assessments employ values
mortality rate etc.
(V) developed for other stocks
* There is an 85% chance that the variable lies within 1 standard deviation of its means value:
thus, if for the biomass, the c.v. = 30% and mean value is 100 t, there is an 85% chance that the mean
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The Graham-Schaefer equiiibrium production curve relating vield or revenue to
effective fishing effort and showing three Reference Points: MEY, MSY and the bionomic
equilibrium point E; these occur at progressively higher levels of fishing efforz:.

. OPENWACCESS
. EQUILIBRIUM- :

TOTAL

S - »COosT
Q._._. ’ E.,' ao
CloMAXIMUM S .
S . Laesource T o Lr”
c(n s "} RENTs. L.
. Z Pl
: = g N Mt ; . ToAL
3 - - REVEMUE
D -
E, E, E,
EFFECTIVE FISHING EFFORT
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lHlustration of the method used to define F;,, given a known relationship between the
fishing mortality rate and vield {or more strictly, yield/recruit), as the tangent to the curve for a
straight line with a slope 1/10 of the initial rate of increase in yield/recruit

. YIELD

Ra Faax
FISHING MORTALITY (F)

e




A/CONF.164/INF/9
Arabic
Page 39

:

3 >

Ilustration for the equilibrium of the Schaefer model, the relationship between MSY,
Z and the fishing rate corresponding to the maximum biological production {(MBP) for a stock
{for which Fygs < Fusy)

Production
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lllustration of the definition F i
cod stock "on of Fiow, Fueo 3Nd Fryey in the case of the Northeast Arctic
2000 - .
_ : 'zEL”
[ ) H ¢
. : - -
L 1900+ o
- : = q40L
° - :é: -
x : @
- . ah
< : ®
¥ 1000 -~ & -
3 ; [ S
3 . AN Y
. : :
< low Fmed Fh-gh.
; 45 . .
500 i :. : .
: o . tesprocat of soge 1/SSER ) : :
T e i -
O 300 400 600 §0O 1000 1200 \400 1600 O 0.2 0.4 0.6 0.8 ).0
Spawning stock biomass (tx10?) Fishing mortality (Fu,q)
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USING A LIMIT REFERENCE POINT TO SET A RISK-AVERSE
RATE OF EXPLOITATION # - THE Fysyy EXAMPLE

There may be circumstances when fisheries managers are able to specify an upper limit to fishing
internsity, beyond which an undesirable state of the fishery is agreed to exist. As noted in the main
document, this may be referred to as an LRP. In the following example it is assumed that the LRP is a pre-
established "conventional” value for the fishing mortality corresponding to MSY conditions, agreed by all
parties.

The managers acknowledge that they are operating in an uncertain environment and that the current
"status quo" for the fishery, together with the F-value during the last season (=Fyow), was not precisely
known, but that some rough estimates of its standard deviation can be made. In the hypothetical case in
question, there is strong evidence that the fishing intensity last year was below Fysy, and it is assumed that
if the same effort were to be exerted in the next season, it could be expected that the probability distribution
of fishing mortality rates would remain the same. The managers feel however that it would be useful to
define a target reference point in such a way that this results in a small, pre-specified risk that Fygy is not
exceeded.

Given this situation, the following illustrates one procedure for calculating appropriate target values
for Fyow which result in a pre-specified probability of an agreed LRP being respected. In this example, the
LRP is assumed to be a pre-established value for Fp5,=0.6. There is no unamiguous evidence in the
literature as to the most appropriate distribution function describing the uncertainty in the current value of
F, but as a first reasonable choice the normal distribution is used (see the figure below), although similar
caculations could readily be performed for other distribution functions.

Mathematicaily, the procedure adopted is the following: The level of the fishery can safely tolerate
(quantified in the figure below as the shaded area on the right-hand tail of the normal distribution) is
equivalent to the probability that the current F exceeds the target reference point, Fyoy. Referring to this
chosen level of acceptable risk as P (F>F,y), the mean of the distribution must be resolved; i.e., the value
of Fyow that corresponds to the target reference point providing this margin of safety.

A mathematical package (MAPLE) was then used to solve for Fyoy for the nine cases presented in
the table below.

Y 94-04706
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Assuming Fys, =0.6, the following gives indicative values of F,,,, that

could be used as TRPs for combinations of (columns): the acceptable proportion of the time
that F>F,e. and (rows): standard deviation of F.

| Standard Deviation of F values
E P(Fuow > Fysy) i ¢ =05 = 05 = 1.0
| 30% | 0.53 0475 . 039
i 20% ; 0.50 . 042 033
[ 0% 0435 0365 = 026
| % ! |

LN P PPN I T Y |

P(F) F o £y = LRP

Current F —»

Figure A.VILIL: Illustrating the uncertainty as to the present rate of fishing, F,,,
in relation to a limit reference point (in this case, assumed to be F,,). A finite probability
P (F) of F> F,_, is represented by the shaded right-hand limb of the normal distribution.
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Some relative ranges for the fishing mortaiity rate corresponding to different uses of
marine resources by society

A
: FOQD (MSY) RESOURCE USER
o) TOURISM. ' \wew
o | —— \ COST OF
W ) - FISHING
> L
- - Low
LoT UNMANAGED N\ -
i .z CQUILIBRILM - _ - -
| e Al
| ) e =T
_Low FISHING EFFORT HIGH
FISHING MORTALITY o
;
LOWER FISH ABUNDANCE
LOWER CATCH PEA UNIT ZFFOAT
SMALLER FiSH IN CATCH
LOWER VALUE PER UNIT iIN WEIGHT "




