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INTRODUCTION o . |

Thc:Sfbék‘Evaluétion Course held at the Fiéheries Laboratory, Lowestoft,
16-25 Wovember 1976, was devoted to )Vndlcate oxorcm es to sinulate the problems
encountercd 1n pract*cal norklng group experience. Typically these included
incormlete catch statlstlc ,_1nadequato qanpllno, fishinm effort data of dubious
value together with fundanental biolorical imponderables concerning, for erarnle,
stock identitjyand levels o*c ekplbitatioﬁ; These problems»were represented in a
series of fictitious stoch simulations. Though recognized as potential sources
of error in stock assessment their relative importancé‘and~indeed the total
potential error in an assessnent is oxtrohely difficult to measure. The replicate
assessments carried out 1ndenendcntly v each syndicate during the course gave an
opzortunity to’ illus trate the 11kclv range of *nterpretation of a given set of
data. The sﬁnhany of results below record the 'flavour' of the course and the-
range of assessnents as a cautlcnarv note to all envaged in this aspect of manage-
ment. Ue believe this w1ll bo of interest and to that extent all the course
participants (Appendlx l) Have contrlbutod to this paper.

THE CO'RSE '

The' course followed the Flow éhart losic of assessments as they are usually
conducted within ICES and ICHAF Vorkines Groups for stocks where the age. structure
of the stock and catches are available. This los 1c is set out in Fipure 1 but
generalised production rodels werc aiso open fop use by syndicates as thev wished.
The separate vhascs of an assessnent vere introduced and explored throush lectures
staged to keep pace with the devolopment of the svndwcato exercises, the results
being drawn tagether at the end, The course also included dlscu891ons of the
long term importance of blolonlcal 1ntoract10n (led by Prof Hempel and Dr Ursin)
and on the importance of aconon1c conoldoratlono (Mr Curr, UK, Vhite Fish
Authority Opcratlons Rescarch and Mr lolden, Lowestoft), so as to introduce sone
of the wider aspects of assessments whvch cannot yet be formally introduced  into

the computatlonal Drocedurou.
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The syndicate exercises concerned eight species, each fished by two countries.
Flatarca), the cormon scod (Gadus gomorrohe),

v

In four species —.thé flaice (FZaccidia
the ballock (Cryptogacus sphaeroides) and the sprattl (Scomber shkimper) - age compo-
sition data could be constructed, but the other four - the pgreater quark, capout,
.sargentaiﬁ.aﬁd skwelioreps - presented different problems of complex biology or
almost total lack of data. The syndicatés were asked to prepare assessnents and
management advice for each of these eight species. People interested in the second
group should consult course participants for further detail: the results beldw concern
only the first four where some sensible compariéons.betwecn syndicate assessments
were possible. o |
vThe.main:characteristics of the four principal stocks were as follows:
a Flaice - a stable fisherv over a long term period with straightforward
data.cgntaining all the requisite catch and effort statiﬁtics and bioloéiéal.
samples. A_v comprehensive are conpositioncoﬁl_d be constructed and analyzed ‘
by conventional techniques.and confirmed.using the fishing effort data.
Recruitment was independent of stock size. o
b  Rallock - followed the flaice'in broad principle but was drawn from two
separate stocks without clear evidence of a<dlst1nctlon. Syndicates had to
decide on the grouping and at the same time accommodate wide variations in
recruitment between the two stocks and over tiher There was no stock/
recruitment relationship. A ‘
¢ ° Scod - maintained the dilermna created hyisfock separation problens but
dld incorporate a well-behaved Ricker-type stock recruitment relationship.
d  Sprattl - introduced all the extreme difficulties of a pelagic species
fished for industrial and human consurption purposes at different phases
~of the life hl tory, with rapid fluctuation in the flohery and its partlal ‘
recrultnent pattern, meanlnplcgu flghlng effort data, a high level of
natural nortality and an i11-conditioned.stock recruitment relationship.
THE - ASSESS}{ENTS ' ,

. The length and age sampling data were incomplete” for all species and
rnqulred syndicates to sclect samples which were most appropriate to the catches
in the most recent year of fishing even though they might be fron different
countries or fron adjacent fishing areas. Theisyndiqates adopted a range of
options but produced very consistent estimates of the age composition of the
total gatch of each species., Likewise the estimates of growth and average weight
at age were treated in slichtly different ways but their influence on the‘finél

assessments was narginal compared to the recurring principle problems of:



a the level of natural rortalitvs ‘

b  the terninal fishing mortality and exploitation pattern; -

c the prospcctive recruitment in the irnediate future.

Tables 1A to D compare the svndicate estimates-of natural mortality, terminal
and oxp101tat10n pattern with the sirnulation data. These are crucial determinants
“of current.stpck size which are certain to .influence estinates of prospective yvield,
also thé rmortality appropriate to a manapement objective and possibly even -the
direction in théh»mortality_should be rerulated to achieve that objective. -

The svndiCate results for flaice were generally low, lower than the actual
'for b<llock and uCOd they were reasonably consistent with the actual but for sprattl
.Lthey uhowed sone qulte renarkable discrepancies, thourh this was not entirely unexpected
in view of the programmed dlff;cultleu. .The variation was generated by a combination
of factors but primarily the initial choice of If which, if wrong, led to inconsistent
trendq in stock olZQ in trlal cohort analyses, and hence poor estimates of F and
, F/F t B whlch vere partlcularly imnortant where F-was low. . -

) The eotlnatev of natural mortality were not in all cases valid. Several
syndlcates were dis couragcd by the lack of.reqolutlon~1n-thc-fishing'effort data
and reverted to the»Popc Query Symbol method which happened to correspond tolerably
well with sone bf the simulations. The estimates for sprattl give sone indication
of the scone for discrepancy in the absence of this guideline and it is as well to
remenber thnt there is no foundation to the Query Symbol approach. ‘

Table 2 sunrarlues the outcome of the assessments and the recormended TAC in
respect of the chosen objective. This was invariably to achieve the level of fishing
aséociated vifh the maxinun vield or MSY per recruit, thoush syndicates adopted
diffé:ent{g?paiegiés aécording.to_their~assessnent.of.the“present'stafe of the
stock and exploitation in relation to the goal. lMost of the assesscments of
ballock and scod were close to the sinulated target subject to the same objective
and so too were the completed sprattl assessments, bearing in nind the strateay
.adopted by the syndicates and the severity of nanagement they were prepared to
recommend. The flaice assessments showed nore variebility, although this was the
least corplex situation. The reason lay in over-estimation of natural mortality
and iﬁgécqnsequenﬁ effects on.identification of the correct objective, which became
compdundéd ih deciding future nanarerent to rcach the wrong objective. To this rust
be added uncertalntv over futuro recruitrment, though in - the two syndicates where
this reuulted in groqsly anomalous viceld projections they had realised the need

to review their assessment before offering any advice.



CONCLUSIONS

In sorme quarters there has been a hint that because the basic assessment
data are subject to unspecified errors, and because sevnralvparaneters are
difficult to estimate explicitly, ‘then the assessments themselves will be FPOSSly
unreliable. Indeed there is .a danger this attitude will influence the people
~ whom scientists advise. There are uncertainties, and there is a danger that
Working Groups will become conditioned to a set approach ahd"interpfetatioﬁ of
their data, but in our view the developing climate of opinion‘ambngst sone
scientists does less than justice to their ovm judserent. The résﬁlté of this
little experiment show that, despite the problems, the careful oiftinr of available
data and deductive judgement within each syndicate did lead to a sound awnraloal
of the state of cach stock., In real situations this can be rclnforced bj the
.annual review procedure, especially if this involves thought and an 1n—denth study
" of new data and of the established approach of a group that has workoc‘ 'tcwethor for‘
some tire. This will detect a stock responding in a way “that hau not been antici-
pated and so allow the accuracy of an assessment to be irproved. The'éxpgrinent
showed the initial assessments can be quite"géod and the reality of annual review
‘adds an iterative procedure over tirme. An actual example of this pfocéss can be
drawn from the estimates of terminal F in a series of six assessrents of Arcto-v.
Horwerian cod in the period 1666-1973. These are surmarized in Table 3 ylv1no,'b
in A the estimate of terminal F in the year of each assessment and in B the.
retrospective estimates of F in those years based on the most recent flpuros
(1976) which, through convergence of the serial estimates of F in cohort analy51s,
will provide good estinates of F to compare with the initial flgure. able 3C ylveq
the discrepancy between the two. The average discrepancies by are group as a

percentage of actual F per age group are:

Age group % error - Afe group: % error
3 + 125 -7 + U6
4 + 91 .8 : + 12
5 + 60 9 ~ -3
<) + 55 10 . a + 18

These reflect the great difficulty in judging the Ffishing norfality on barfia;ly
recruited age sroups and hence in judging recent recruitment, = Thev reflect also
the scientists' dictum - when in doubt be pessinmistic, The‘éverane discreoancy

by years over all age groups as a percentage of actual P is:=



Years % error Years % error
1966 + 47 1971 + 10
13968 + 63 1972 + 2
1970 + 27 1973 + 18

These show the same pessimism but a steady improvement. It also explains the
common experience that fisheries tend to perform better than scientists anticipate
but it lends confidence to the view that assessments can reach a workable level of
accuracy despite the wealth of imperfection implied by statistical criteria.
Scientists should not disregard the value of their own judgement simply because it
cannot be allocated confidence limits, but they must remain wary of the difficulties
and use each opportunity to discuss their stocks to the full and reappraise their
own habits of thought in respect of it,



TABLE 1A Terminal F values + value of M - flaice

Actual  Syndicate number
1 2 3 u 5 6
M .1 .16 22 .28 ,2u :2
. 3 e L _
2
3 .08 .036 .05 .02 .03 LOub .08
L .22 .086 .15 o1 .07 122 .19
5 .32 b o2 ;l 10 156 .3
6 .32 JIu .2 1 .10 .156 o3
7 £32 L .2 ﬂl «12 +156 «3
8 .32 R .2 .1 .13 156 .3
9 .32 L .2 1 .15 .156 .3
10 .32 oLkt Ll W20 - 0 - 91902560 L3

11 .32 R .2 oL L9 L1558 .3




TABLE 1B

F values + value of !1 - ballock

Actual  Syndicate nunber
1 2 3 L 5
Aréa 1 Area 2

M .2 .2 .3 .2 2+ b .16 .29
1 ol 055 .05 .06 .06 .06 W11
2 .58 .59 45 .67 .62 61 .32
3 .56 56 W45 .68 .62 675 L33
Y .69 i .73 .83 .79 .959 5

5 .84 T4 .85 ,95 .92 1.16 .67
6 .99 .74 .85 .98 .90 551 .78
7  1.09 L74 .85 .98 .76 .551 .65
8 .75 I L85 .98 71 .89 .65




TABLE 1C Terminal F values + value of ¥ - scod

‘ Actual 1 2 3 u 5 6
M3 .2 .25 .25 .2 25

1 0 0 0 0 0 0

2 .06 .05 .08 .05 .04 .07

3 .30 33 .45 .3 .33 43
4,59 .54 .85 .é .56 .88

5 .57 S5 5 47,78

6 .72 54 .75 ,5.  ,u8 .82

7 .82 " T.sut 75t st Ve Lo

8 . .87 SHL75 . 42 85

s .70 54 ' :7; Y 3 .85

TABLE 1D  Terminal F values + value of f -
o © Bight of Pixvland - sprattl

'

Actual  Syndicate number

M .8 1.0 .6 .6 1.5
1 .87 .65. 1.3° .9 .9
{é 1.35 0.9 1.5 1.6 .9
3 1.2 1.5 2. 2.2 9
B 1,43 1.5 2 2,2 .9
5 2,12 1.5 2.4 2.2 ;9




TADLE 2 Surmary of assessments and TACs to achieve qu
Hig

X

Species Assessrment N Terminal F Y/R L3 Y/R F objective TAC
(selected with S/R (000 t)
age range)

FLAICE ' Actual 0.1 0.3 0.3 0.3 356

, 1 0.2 0.3 0.6 0.2 1300

2 0.2 0.2 0.8 0.4 600

. 3 0.78 0.2 0.3 0.3 440

: 4 0.2 0.1 0.6~0.8 0.6 2000

; 5 0.24  0.16 0.5 1000

BALLOCK Actual "0.2 0,92 0.6 0.6 300

: ‘ 1 0.2  0.74% 0.5 . 0.5 273

2 0.3  0.85 (1.45)? 0.75 356

; 3 0.2  0.97 . o :

: u 0.3 0.82 . 0.6 0.4

: 5 _0.2  0.79 0.3 250

' 6 0.3  0.69

5COD Actual 0.3 0471 0.6 0.6 456

; 3 B © 0.7 0,54 0.55

; 2 0.25 0.75 0.65 0.6 465

: 3 0.25 0.47

i "y 0.2  0.45 0.35 n4o

: 5 0.25 0.85 0.50 0.25 220

EPRATTL Actual 0.6 1. L o 0.7 0.1 07 49

(Ri~ht-f Pizyland) . : ) ZEPO

(Fairyland coast) 0.6 0.93 o 0.7 Fa.1 0.7 222

, ‘=0 ZERO
1 0.6 1.5 + t1.75° 0.9 0.7 228
2 1.0
3 1.2 0.9 ZERO (or token

evploitation
midwater trawl
fishery)




TARLE 3

arcto-Norwegian cod: comparison of sequential best estimates of F (1966-1973) with 1976

1966 1968 1970 1971 1972 1972 Averags
A
Initial estinate of vear 3 02 06 .06 15 .06 .20
made in Vear n + 1 i1 Al .25 .17 .30 .22 .20
5 6 .52 1 .28 U5 .32 .35
6 U5 .71 .56 .50 .38 U5
7 #39 .69 .73 .50 .50 .60
8 .60 LTU - 80 .50 .63 .65
9 .01 .85 1.12 .50 .63 .65
10 1.13 1l.1? 1.12 .50 .63 .65
B L
1976 estimate - 3 .03 «02 . +03 .01 .03 .13 .ou
i .08 .16 .10 07 - 12 Jdu 211
5 .16 o3U ".31 A8 .22 .26 .25
6 .31 40 <47 200 - .31 .30 .33
7 .40 .35 "o5u 43 L, 28 .3l .39
8 A9 U6 .73 .73 .55 .62 .60
9 60 .68 .85 .80 - .95 .79 .78
10 .63 .64 {o86 .69 .97 .58 .73
c Averare o 30 38 ~oli83 .39 - .43 10
Discrepancy 3 - .0 o+ 04 + .03 + 1% + ,03 .+ ,07 + ,05
4 + .06 + .09 .+ °.,07 + .23 + ,10 -+ .06 -+ .10
5 + .30 + 8 - .03 + .27 +.,10 + .09 + .15
6 + A4+ 032 4+ 0,00+ .30 + .07 4+ .15  + ,183
7 - .01 4+ .34 4+ 19 o+ ,07 © 4,22 + .26 o+ ,10
8 + .11+ .28 o+ L,17 - .23 + .08 ¢+ .03 % .07
9 + .21+ W17+ .27 = .30 - .33 - .1y - 02
10 + 50 4+ 4R+ ,26 - ,19 - .34 + ,07 + ,13
Average + 16  + 24 o+ ,13  + ,04 - 01 + ,07

analysis




APPENDIX: COURSE PARTICIPANTS

Canada
Denmark
Egypt
Finland
France
FRG
Iceland
Ireland
Italy
lorocco )
Netherlands
Norway
Poland
Sweden
Spain
UK England?
Scotlandl

Mohamed

Becker, Corten

Campbell, Humphries, Stasko, Yells

Jensen, LokKegaard

Parnanne

Gueguen, [Haucorps

-‘Kock, Pomneranz, . Sch8ne, Weber

Fridseirsson, Palsson, Skuladottir
Griffiths
Levi
Rani
Dormases, Giskeddegard, Gjdsaeter,
Janusz, Paciorkowski

S)Brstrand

. . . . . . . . .

Fuertes, Macpherson

. . -

Jakobseh,‘Ugland

Bennett, Curr, Houghton, Macer, Wood

Chapman? Shelton

. . . .



.
.

. *

Figure 1. Flow chart of a stock assessment procedure
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