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Perform ance o f precautionary reference points in 
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G. J. P iet and  J. C. Rice

Piet, G. J., and Rice, J. C. 2004. Performance o f  precautionary reference points in providing 
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For 17 stocks in the North Sea, the performance and effectiveness o f  management advice 
using precautionary- reference points was evaluated. Three criteria were used to identify 
whether a stock was within safe biological limits: SSB <  Bpa, F >  Fpa, or SSB <  Bpa and 
F >  Fpa. Four scenarios were considered, comparing the advice in the assessment year with 
what is retrospectively (2 0 0 2  assessment) known to be the status o f the stock at that time: 
(1) stock outside safe biological limits, advice to reduce fishing; (2) stock outside safe 
biological limits, advice for status quo harvesting; (3) stock within safe biological limits, 
advice to reduce fishing; and (4) stock within safe biological limits, advice for status quo (or 
increased) harvesting. Signal Detection Theory was applied to these scenarios, and the 
proportion of Hits (1 and 4), Misses (2), and False Alarms (3) were determined for each 
year as the proportion o f  the stocks for which the respective scenarios applied. Using both 
Bpa and Fpa was deemed the approach with the lowest error rate, and it resulted in about the 
same proportion o f Hits in management advice as when Bpa alone was used (62%), but the 
proportion of Misses was slightly lower (24% vs. 26%). Therefore, the suggested EcoQ 
element would be the proportion o f commercial fish stocks within safe biological limits (i.e. 
SSB >  Bpa, F <  Fpa), and the Ecological Quality Objective (F.coQO) should be that this 
EcoQ should be at or above a desired level. This desired level is a societal/political decision 
relative to the EcoQ reference level (i.e. where the anthropogenic inlluence on the 
ecological system is minimal), which by definition is 100%. At present, probably <  10% of 
North Sea fish stocks are within safe biological limits, despite the relatively high Hit rate of 
>60%. A possible explanation is that most o f these stocks (e.g. flatfish and roundfish) are 
caught in a mixed fishery, for which TAC management is less effective.
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In troduction

Until recently, ecosystem  considerations o r biological 
interactions betw een species played on ly  a  m inor role in 
setting objectives and decision-m aking in fisheries m an
agem ent. The developm ent o f  an ecosystem  approach to 
m anagem ent o f  the North Sea (A non., 1997) required the 
form ulation o f  c lear objectives both a t a general level, as 
overall o r integrated objectives, and at a specific level, as 
m ore detailed and operational objectives (FA O , 2003). 
L anters et al. (1999) describe a  general m ethodology for 
evaluating Ecological Quality (EcoQ) and setting o f  
Ecological Quality Objectives (EcoQOs). A s pari o f  this

fram ew ork, ten  issues and their related elem ents have been 
proposed, covering the structural and functional aspects o f  
the ecosystem  at different hierarchical levels: ecosystem , 
com m unities, habitats, and species (A non., 2002). At 
a species level, the “ spaw ning-stock biom ass o f  com m er
cial fish species”  w as identified as an Ecological Quality 
elem ent. The associated EcoQ O is that the stock biom ass 
should be “ above precautionary reference poin ts for 
com m ercial fish species where these have been agreed by 
the com petent authority for fisheries m anagem ent” . The 
relevant precautionary reference poin ts are those for 
“ spaw ning-stock biom ass, also taking into account fishing 
m ortality, used in advice given by  ICES in relation to
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fisheries m anagem ent". ICES has established Bpa and Fpa 
as the respective precautionary reference points for 
spawning-stock biom ass (SSB) and fishing m ortality  (F) 
for use in form ulating advice (sensu  FAO, 1996a, b). They 
are set on a stock-specific basis, and take account o f  stock 
dynam ics as w ell as uncertainties in the assessm ent. Bpa is 
the level at and above w hich there  is  a low  probability that 
true SSB is so  low that productivity is im paired. Fpa is the 
m ortality level at and below  w hich true fishing m ortality 
has a  low  probability o f  leading to  stock collapse. ICES 
reiterates annually  in its advice that p recautionary reference 
points should not be used as targets. R ather they are to  be 
used as “ upper bounds on  fishing m ortality and lower 
bounds on  biom ass” , a  phrase repeated in the advice o f  
several N orth Sea stocks (e.g. herring, plaice).

For this study w e evaluated the perform ance o f  fisheries 
m anagem ent advice using  precautionary reference points. 
The aim  w as to  form ulate an EcoQ O for exploited North 
Sea stocks in the sense expressed in the Bergen D eclara
tion, based on the precautionary approach for fisheries 
m anagem ent. T o do this, w e looked a t the historical 
perform ance o f  this EcoQO, and tested the effectiveness o f  
m anagem ent advice for the conservation o f  the stocks. 
A dvantage w as taken o f  the convergence property  o f  m ost 
analytical assessm ents. In o ther w ords, although there is 
substantial uncertainty in the estim ates o f  SSB and F in the 
assessm ent year ( year i), uncertainty in those years about 
SSB and F in year i is  reduced as m ore catch and survey 
data accum ulate in years i +  1, i +  2 , etc., so estim ates 
becom e m ore consistent.

M ateria l and  m ethods

For EcoQ Os relating to  SSB or F, the appropriate source o f  
inform ation for N orth Sea stocks is the regular assessm ents 
by  the ICES W orking G roups reporting to A CFM . The 
“ North S ea” is here interpreted as the greater N orth Sea 
area, a s  defined by  the O slo—Paris (O SPA R ) Convention 
(Figure 1). T h is includes the w hole o f  ICES Area IV (the 
geographic North Sea), Illa , b  (the Skagerrak and Kattegat), 
V lld , e (Eastern and W estern Channel), and part o f  Via 
(N orth and W est o f  Scotland). O f  the stocks that fall within 
the OSPAR-defined North Sea area and for which ICES 
provides quantitative scientific analysis (Table I), stocks 
w ere excluded if:

•  they are not assessed, and estim ates o f  SSB are not 
available, even though they m ay be fished com m er
cially;

•  they are K attegat stocks that are assessed along with 
stocks in the Baltic;

•  they are N orth o f  Scotland stocks, and the assessm ent 
unit w as A rea VI as a  whole;

•  they are W estern Channel stocks that are assessed 
along w ith fish in the Celtic Sea or Bay o f  Biscay;
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Figure 1. The ICES Areas that fall within the OSPAR-defined 
North Sea.

•  no precautionary levels o f  SSB or F have been 
identified [herring in D ivisions V ia (South) and Vllb,
c];

•  the sta te  o f  the stock w as not assessed in 2002 [North 
Sea horse m ackerel in Division Illa  (eastern part) and 
D ivisions IVb, c, and V lld ; cod in D ivision VIb];

•  no total allow able catch (TA C ) is set for m anagement 
(sprat in Division IV).

To evaluate the perform ance o f  fisheries m anagem ent 
advice using precautionary reference points, we used three 
criteria to  determ ine w hether a stock w as within safe 
biological lim its, and hence that the EcoQ O w as met:

•  SSB w as above the precautionary reference point 
(SSB >  Bpa);

•  F was below  the precautionary reference point 
(F  <  Fpa);

•  both the above (SSB >  Bpa and F <  Fpa).

For each stock the evaluation o f  the actual annual 
m anagem ent advice and actions, as tabulated in the Catch 
Data and assessm ent output tables from  the ICES ACFM 
2002 report (IC ES, 2002) w as based on four scenarios (see 
Table 2):

1. S tock  does not m eet EcoQ O ; advice to reduce 
f ish in g : the estim ate o f  SSB and/or F in the 
assessm ent year led to  advice to  reduce catch when 
the converged estim ate o f  SSB and/or F in the 2002 
assessm ent now  indicates that the Ecological Quality 
(EcoQ) o f  the stock did not m eet its objective 
(EcoQO ), i.e., respectively, SSB <  Bpa, F >  Fpa, or 
SSB <  Bpa and F >  Fpa. A Hit.

2 . Stock does not m eet EcoQ O: advice  f o r  status quo 
(or increased) fish in g : the estim ate o f  SSB and/or F 
in the assessm ent year led to  advice for status quo or 
increased TA C when the converged estim ate o f  SSB
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Table 1. List o f stocks used in the analysis.

Fishery Species Area

Flatfish Plaice Division V lld (Eastern Channel) 
Division Vile (Western Channel) 
Subarea IV (North Sea)

Sole V lld (Eastern Channel)
Division Vile (Western Channel) 
Subarea IV (North Sea)

Industrial Norway Subarea IV (North Sea) and
pout Division Illa  (Skagerrak and Kattegat)
Sandeel Subarea IV

Pelagic Herring Divisions Via (South) and V llb, c 
Subarea IV Division Vlld and Division Illa 
(autumn spawners)

Mackerel Combined Southern. Western and 
North Sea spawning components

Roundfish Cod Division Via (West o f  Scotland)
Subarea IV (North Sea), Division Vlld 
(Eastern English Channel) and Division Illa 
(Skagerrak)

Haddock Division Via (West o f  Scotland) 
Subarea IV (North Sea) and Division Illa 
(Skagerrak and Kattegat)

Saithe Subarea IV (North Sea), Division Illa 
(Skagerrak) and Subarea VI 
(West o f  Scotland and Rockall)

Whiting Subarea IV (North Sea) and Division 
V lld (Eastern Channel)

and /or F in the 2002 assessm ent now  indicates that 
the stock did not m eet its objective (EcoQO). A 
Miss.

3 . Stock meets EcoQ O; advice  to reduce fish ing:  the 
estim ate o f  SSB  and/or F in the assessm ent year led 
to  advice to  reduce catch  when the converged 
estim ate o f  SSB and/or F in the 2002 assessment 
now  indicates that the stock m et its objective 
(EcoQO). A False Alarm.

Table 2. The application o f Signal Detection Theory in the 
evaluation of management advice.
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4 . Stock m eets EcoO O; advice f o r  status quo or  
increased fish ing: the estim ate o f  SSB and/or F in 
the assessm ent year led to advice for sta tus quo  or 
increased TA C  when the converged estim ate o f  SSB 
and/or F in the 2002 assessm ent now  indicates that 
the stock met its objective (EcoQO ). A Hit.

Signal D etection T heory (Helstrom , 1968) w as applied to 
these scenarios, and the proportion o f  Hits (1 and 4), M isses 
(2), and False A larm s (3) was determ ined for each year as 
the proportion o f  the stocks for w hich the respective 
scenarios applied. T his well-established theoretical frame
w ork has a  direct link w ith practical m anagem ent.

Scenarios (H its) 1 and 4  (T able 2 ) are considered 
“ correct adv ice” , in that the advice given in the assessm ent 
year (and presum ably the action taken on  the basis o f  the 
advice) is consistent with the advice appropriate to  the 
converged estim ate o f  SSB and/or F, w hich in turn 
determ ines the EcoQ O status. For exam ple, the advice in 
the assessm ent year w as to  reduce the TAC, and according 
to  the 2002 assessm ent, the stock w as outside safe 
biological lim its in the assessm ent year, and hence the 
EcoQ O w as not m et. A lternatively, the advice in the 
assessm ent year w as a sta tus quo  o r increased TA C , and 
according to the 2002 assessm ent, the stock w as w ithin safe 
biological lim its in the assessm ent year, and hence the 
EcoQ O w as met.

Conversely, scenarios 2 and 3 can be considered 
"incorrect adv ice” , in that the advice given in the 
assessm ent year (and presum ably the action taken on  the 
basis o f  the advice) is inconsistent w ith the advice 
appropriate to  the converged estim ate o f  SSB and/or F in 
the assessm ent year.

R esults

The quality  o f  advice varies depending on the type o f  
fishery and the criteria used (Table 3). O verall, using  ju st F 
will result in relatively low rates o f  False A larm , but high 
M iss rates. U sing SSB only  results in a  strong decrease in 
the rate o f  M isses, together w ith a m arkedly higher 
proportion o f  False Alarms. The best results w ere achieved 
using  both criteria, w ith an  overall 62%  H it rate 
(35 +  27% ), 14% M iss rate, and 24%  rate o f  False Alarm. 
For the pelagic and industrial fisheries, there appears to be 
a significant ( p <  0.05) relationship betw een the accuracy 
o f  advice and the status o f  the stock; i f  the stock does not 
m eet its EcoQO, the proportion o f  correct advice is  sm aller 
than when the stock does m eet its EcoQO. T his is partic
ularly  apparent when on ly  SSB w as used as a  criterion.

Table 4 gives a quantitative indication o f  the true impact 
o f  the advice depending on  the scenario, not ju s t that advice 
w as provided, but how m anagem ent actually  responded to 
the advice and the indicator. T hese m anagem ent actions 
m ay reflect the im pact o f  how  the advice is phrased, 
particularly  how  sources and m agnitudes o f  uncertainties
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Table 3. Percentage o f  Hits (1, 4), Misses (2), or False Alarms (3; ('or explanation, sec Table 2), depending on the criteria used, i.e. SSB 
(SSB >  Bpa), F (F <  Fpa), and the type o f fishery. N is the number o f cases (stocks »years). The proportion o f  correct advice is calculated 
for the situation where the stock is outside (0) or within (1) safe biological limits from the ratio between, respectively, Hit:Miss and 
Hit:False Alarm rates. The p-value is for the f }  lesI on tile hypothesis that there is no relationship between the accuracy o f advice and the 
status o f the stock.

Fishery Criterion N

Hit Miss False Alarm Percentage of correct advice

p-value

0 1 0 1 0 1

1 4 2 3 1:2 4:3

All F 217 45 6 46 4 49 57 0.51
Flatfish F 86 49 5 43 3 53 57 0.84
Industrial F
Pelagic F 30 20 10 67 3 23 75 0.03
Roundfish F 101 49 5 42 5 54 50 0.82
All SSB 242 34 29 26 12 57 70 0.03
Flatfish SSB 89 36 29 18 17 67 63 0.75
Industrial SSB 19 63 21 16 80 0.00
Pelagic SSB 30 13 47 30 10 31 82 0.00
Roundfish SSB 104 44 16 32 8 58 68 0.38
All SSB & F 217 35 27 24 14 59 66 0.33
Flatfish SSB & F 86 34 30 17 19 66 62 0.70
Industrial SSB & F
Pelagic SSB & F 30 13 47 30 10 31 82 0.00
Roundfish SSB & F 101 42 19 28 12 60 61 0.90

arc expressed. For exam ple, i f  M isses are largely the result 
o f  h ighly uncertain estim ates o f  SSB and F, the enthusiasm  
for an increased quota m ight be  less com pared w ith the case 
i f  the advice for an increased harvest cam e from a very 
solid assessm ent, w ith a true positive Hit.

The results also show, in general, that the advice 
was appropriate with regard to consequences. I f  the EcoQO

Table 4. The average percentage change of the TAC actually 
implemented by management in relation to the distribution o f Hits 
(1,4), Misses (2), or False Alarms (3); for explanation, see Table 2.

Fishery Criterion

Hit Miss False Alarm

1 4 2 3

All F -1 7 7 12 -1 8
Flatfish F -1 2 13 12 -1 0
Pelagic F -2 5 2 10 -1 3
Roundfish F -2 0 6 13 -2 3
All SSB -1 8 II 10 -1 3
Flatfish SSB -1 2 13 10 - I l
Industrial SSB 3 0 - 9
Pelagic SSB -2 5 9 8 -2 2
Roundfish SSB -21 16 12 -1 7
All SSB & F -1 8 12 11 -1 5
Flatfish SSB & F -1 2 13 9 - I l
Pelagic SSB & F -2 5 9 8 -2 2
Roundfish SSB & F -21 12 13 -1 9

w as not m et, a  strong reduction in TA C o f  about 18% was 
suggested in the case o f  correct advice (a  true negative Hit), 
whereas there  w as a sm aller increase in TA C  averaging 
between 10% (SSB only) and 12% (F only) in the case o f  
a Miss. I f  the EcoQO w as m et, correct advice (a true 
positive H it) resulted in a suggested increase o f  the TAC o f  
betw een 7%  (F) and 12% (SSB and F), w hereas in the case 
o f  a  False Alarm, the suggested decrease in TA C was 
betw een 13% (SSB) and 18% (F). Overall, the advice using 
SSB only, o r SSB and F, appears m ore appropriate, with 
relatively sm all changes to  the T A C in the case o f  a M iss or 
a False Alarm, but relatively b igger changes to  the TA C in 
the case o f  a Hit.

T here are also m arked quantitative differences in advice 
betw een the types o f  fishery. M anagers appear generally to 
apply sm aller TA C reductions to flatfish, but relatively large 
reductions to pelagic and roundfish stocks. In cases w here an 
increase is advised, m anagers appear generally to  apply 
sm aller relative increases to  industrial and pelagic stocks, 
and larger increases to  flatfish and roundfish stocks. 
A lthough this difference betw een the types o f  fisheries 
appears largely independent o f  the status o f  the stock (i.e. it 
applies to  Hits, as w ell as to  False A larm s o r  M isses), the 
suggested decreases are alw ays larger when the EcoQO is 
not m et, and the increases are larger i f  the EcoQO is met. 
M anagem ent actions are stronger when the advice, in 
retrospect, w as in the rightful direction, suggesting perhaps 
that there is  som e shading to the text o f  the advice 
corresponding to how reliable the advice later turns out to be.
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Historical trajectories o f  the perform ance o f  m anagem ent 
advice show ed no c lear trends in H its when based on F only 
(Figure 2a). How ever, when based on  SSB only, o r  SSB 
and F together, the proportion o f  H its appeared to  have 
been low er in the m id-1990s (Figure 2a), w hereas M isses 
(Figure 2b) w ere particularly com m on. Independent o f  the 
criteria used, the num ber o f  Hits seem s to increase while 
the num ber o f  M isses decreases from the mid-1990s. 
Because the assessm ents have not converged enough to  be 
confident w hat the “ true” (at least stable) estim ates o f  F 
and SSB in 2002 w ill be, that year w as not included in the 
analysis. The historical trajectories o f  the suggested EcoQ 
m etrics for the com m ercial species a re  show n in Figure 3. 
In recent years, SSB w as above Bpa for about 40%  o f  the 
stocks, and F w as below  Fpa for < 2 0 %  o f  the stocks. The 
percentage o f  stocks that m eet both criteria is consistently 
(except for the last year) below  10%.

Figure 4  show s the relationship betw een the history o f  
m anagem ent advice and the relative deviation o f  SSB in 
2002 from precautionary levels. In several cases (all stocks, 
as well as flatfish and roundfish separately, when SSB, o r 
SSB and F w ere used as criteria), the relationship was 
significant (Table 5). Rem arkably, this relationship indi
cates that stocks that in 2002 w ere below  precautionary 
levels have a history o f  relatively m any Hits. M any o f  these

(a)
100

^  80

O 60 

°  50
o

£  40

30

1988 1990 1992 1994 1996 1998 2000 2002

(b)
60

m  60

D

O  30
' tO
9 -  20o
O-

1988 1990 1992 1994 1996 1998 2000 2002

Figure 2. Historical trajectory o f  performance of advice expressed 
as the proportion o f  (a) Hits and (b) Misses, depending on the 
criteria used, i.e. SSB (SSB >  Bpa), and F (F <  Fj,a).

consistent H its are true negatives, where the stock has been 
outside safe biological lim its perhaps for several years, and 
ICES has been correctly advising reductions in quotas. In 
contrast, stocks that w ere above precautionary reference 
levels in 2002 have a  history o f  m any M isses and False 
Alarm s, suggesting that relatively few stocks are kept 
consistently w ithin safe biological lim its. T he relationship 
with scenario 4  (H it when the stock w as w ithin safe 
biological lim its) w as the w eakest, and (independent o f  the 
criterion used) not significant a t p <  0.1 (Table 5).

D iscussion

I f  the results o f  the evaluation o f  the perform ance o f  
m anagem ent advice show  a  high Hit rate , but low  ra tes o f  
M isses and False Alarm s, they support the view  that 
precautionary reference points are a robust basis for 
fisheries m anagem ent advice. M anagers are then generally 
advised to take  actions that w ould m ove the stock in the 
proper direction. H igh M iss rates would suggest that 
p recautionary reference points, as currently used, do not 
lead to  advice that is sufficiently restrictive to  ensure that 
stocks rem ain w ithin safe biological limits. High ra tes o f  
False A larm  indicate that p recautionary reference points, as 
currently used, lead to overly intrusive m anagem ent advice.

T he results show  that the u se  o f  Bpa, ra ther than Fpa, 
results in m ore Hits and less M isses. How ever, applying 
both criteria rather than e ither o f  them  separately, results in 
about an equal num ber o f  Hits, but a low er num ber o f  
M isses, so can be considered the m ost consistent with 
sound m anagem ent. Based on these results, it w ould seem 
appropriate to  redefine the EcoQO. R ather than stating that 
the “ spaw ning-stock biom ass o f  com m ercial fish species” 
should be “ above precautionary reference p o in ts ...” , where 
the reference points a re  “ those for the spawning-stock 
biom ass also tak ing  into account fishing m o rta lity ,...” , the 
EcoQ O should be based explicitly on the proportion o f  
stocks within safe biological lim its, where SSB >  Bpa and 
F  <  Fpa are considered together. M oreover, as a ll existing
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Figure 3. Proportion o f stocks within safe biological limits, based 
on SSB, F, and SSB and F.
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Table 5. Pearson correlation coefficient (R), and the level of 
significance (bold, p <  0.05; italics p <  0.1) o f the linear 
relationship between the relative deviation of SSB from SSBpa 
(SSB2002 _  SSBpa)/SSBpa, and the proportion o f  the respective 
advice scenarios.

Fisher)' Criterion N

Hit Miss False Alarm

I 4 2 3

All F 16 -0 .4 4 0.29 0.12 0.23
Flatfish F 6 -0.76 0.21 0.77 0.63
Industrial F 0
Pelagic F 2
Roundfish F 8 -0 .38 0.27 -0 .05 0.06
All SSB 18 - 0.56 -0.36 0.50 0.46
Flatfish SSB 6 - 0.89 0.91 0.92 0.91
Industrial SSB 2
Pelagic SSB 2
Roundfish SSB 8 - 0.76 -0.72 0.90 0.86
All SSB & F 16 - 0.60 -0.36 0.51 0.52
Flatfish SSB & F 6 - 0.89 0.90 0.98 0.90
Industrial SSB & F 0
Pelagic SSB & F 2
Roundfish SSB & F 8 - 0.83 -0.61 0.77 0.87

Proportion (%) of advice 

Figure 4. Relationship between the relative deviation o f  SSB from 
SSBpa (SSB20112 — SSBpJ/SSBpa, and the proportion of the re
spective advice scenarios (indicated in upper right corner o f  each 
panel; for explanation, see Table 5). The different types o f  fishery 
are indicated.

m anagem ent approaches for individual stocks arc based on 
the objective o f  exploiting the stocks w ithin safe biological 
lim its (i.e. SSB above Bpa, F sustainable), the w ording o f  
the EcoQ O could be changed so  that it w ould sim ply 
condense this inform ation into a form that g ives an 
appropriate overview  o f  the overall status o f  comm ercial 
North Sea fish stocks. T hus, the suggested EcoQ elem ent 
w ould be the “ proportion o f  com m ercial fish stocks within 
safe biological lim its (i.e. SSB >  Bpa and F <  Fpa)” , and 
the objective (EcoQ O ) should be  that this EcoQ should be 
a t o r above a desired level. The desired level is a societal/ 
political decision relative to the EcoQ  reference level (i.e. 
w here the anthropogenic influence on the ecological system 
is m inim al), w hich by definition is 100%. On biological 
grounds, however, there is no  reason w hy all stocks could 
not be  kept within safe biological lim its (avoiding SSBs so 
low that recruitm ent is im paired), even though biological 
interactions am ong stocks m ay m ake it impossible to  keep 
all stocks a t  biom asses producing m axim um  single-species 
yields sim ultaneously.

Care must be taken in interpreting this paired EcoQ O for 
tw o reasons. In the past, som e stocks dropped out o f  the 
assessm ent system  w'hen they fell to very low  biom ass (e.g. 
North Sea m ackerel). A lso, several com m ercial stocks were

depleted to  a fraction o f  their form er abundance (e.g. 
spurdog Squalus acanthias, thornback ray Raja clavata), 
but are not assessed regularly by ICES. As the value o f  the 
m etric depends on the stocks included in estim ating the 
percentages, rigorous criteria should be  used to  determ ine 
the stocks that should be  included, and this list should be 
clearly  stated w hen using the EcoQO.

W hen evaluating the historical perform ance o f  this EcoQ 
elem ent, the 2002 results w'ere not included in the analysis, 
because the assessm ents had not converged enough to be 
confident w hat the true  estim ates o f  SSB and F w ere in that 
year. This argum ent, however, m ay apply  to  the last few 
years. As such, the increase o f  a t least the EcoQ  elem ent in 
2001 (Figure 3) should be view'ed w ith caution. This means 
that the proportion o f  stocks that are w ithin safe biological 
lim its is probably <  10%.

O ur evaluation o f  Bpa and Fpa as reference points show's 
that use o f  Fpa separately results in a M iss rate o f  46% , and 
a False A larm  rate o f  4% , suggesting that F alone is 
a dangerous basis for m anagem ent advice, a t least where 
stock-specific reference poin ts for F are positioned at 
present. U se o f  Bpa separately results in rates o f  26%  (Miss) 
and 12% (False A larm ), w hile  use o f  both Bpa and Fpa 
results in rates o f  24%  and 14%, respectively. This 
indicates that, as advice becom es more precautionary. Miss 
rates decrease, but False A larm  rates increase. M oving from 
th e  context o f  fisheries m anagem ent to EcoQOs, it would 
be desirable ( from the perspective o f  conservation) to 
reduce M iss rates. This can be  achieved by selecting 
different positions fo r the reference points (higher Bpa, 
low er Fpa), but w ith present know ledge this is likely to
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increase the False A lann  rate (i.e. unnecessary catch 
reductions) m ore often. Even though False A larm s arc 
m ore ecologically  precautionary than M isses, this m ay not 
please all custom ers for the advice.

T he increasing sym m etry o f  errors (M isses and False 
A larm s about equally  likely; see Table 3) when both SSB 
and F  are used in the advice, and an error rate o f  about 25%  
w henever SSB is used (very  close for M isses), are 
consistent w ith m anagers com m only treating Bpa as a  target, 
despite frequent ICES adm onitions to the contrary. If 
m anagers arc try ing m erely to  m aintain stocks at o r  ju st 
above Bpa, then even m odest uncertainties in assessm ents 
are going to result in assessm ents estim ating  the stock to be 
ju s t above Bpa in one year, and  ju s t below  in another, while 
the stock itse lf varies around this “ pseudo-target” . I f  the 
chance variation in assessm ent estim ates and stock status is 
independent, then one w ould expect the 25%  M iss rate 
observed. A False A larm  rate m arkedly below  the expected 
25%  w ould be consistent w ith the true status o f  som e stocks 
being far enough above Bpa that they are rarely estim ated to 
be below  that value, even when an individual estim ated 
SSB is low er than the true stock size.

In single-year m anagem ent contexts, both M isses and 
False A larm s are considered “ incorrect adv ice” , i.e. 
advising m anagers to  take the w rong action. M anagem ent 
actions based on erroneous advice will am plify  the 
difference bctw'cen the actual stock size and the reference 
point, i.e. it w ill increase the signal to  be detected. Hence, 
the next assessm ent w ould have a h igher likelihood o f  
correctly identifying th e  sign o f  the discrepancy betw een 
the true stock and the reference point, and a  greater 
likelihood o f  correct advice.

T his self-correcting property o f  an  annual program m e o f  
assessm ent and advice needs to be taken into account when 
m oving to m ulti-year m anagem ent program m es. M anage
m ent responses to M isses and False A larm s w ill be  in place 
for the m ulti-year period. This will m ake the signal to  be 
detected even larger a t the next assessm ent, so  the 
likelihood o f  corrections will be even greater. However, 
stock condition could have deteriorated substantially i f  
m anagem ent is based on advice that “ m issed” a  stock being 
outside safe biological lim its. T herefore, m ulti-year m an
agem ent approaches should strive to keep stocks w ell above 
Bpa, so that opportunities for M isses will be rare.

M ore generally, using both SSB and F will provide the 
best m anagem ent advice. How ever, w ith current stock 
conditions, SSB and F together w ould not yield recom 
m endations for catch reductions, when in fact they are 
needed for about one stock in four, w hile  catch reductions 
are recom m ended for one out o f  six stocks, when those 
stocks are within safe biological lim its. R ebuilding stocks 
farther above Bpa than at present ought to reduce both M iss 
and False A larm  rates, because the gap betw een the 
precautionary reference point and the true stock status 
becom es greater than the uncertainty in the annual assess
m ents, m aking true positive hits the m ost likely (as well as

the m ost desirable) outcom e. As ICES often  stresses in its 
advice, there are alm ost alw ays y ield  benefits when SSB is 
kept well above Bpa (ICES, 2002), so this strategy will 
improve both quality  o f  advice and value o f  fisheries.

The Ecological Quality O bjective proposed by the 5th 
North Sea C onference (A non., 2002) could be interpreted to 
m ean that the trends in SSB relative to Bpa and/or F relative 
to Fpa should be  reported for every stock (see Table I ), or 
that a com posite indicator recording the proportion o f  
stocks w ithin safe biological lim its should be produced, 
w here the target and  reference levels w ould both be 100%. 
T his target and reference level is  consistent w ith the 
m anagem ent goals for individual stocks, as assessed by the 
Advisory Com m ittee for Fisheries M anagem ent (ACFM ). 
For each o f  these stocks, the goal is to  keep  SSB above Bpa, 
and F below  Fpa. In this context, the adoption o f  ecosystem - 
bascd m anagem ent w ould not result in low er conservation 
standards than are already in place, and can therefore not 
have any adverse im pact on the conservation and 
m anagem ent goals for target stocks. How ever, it would 
be necessary fo r m anagem ent to  be  highly risk-intolerant 
w ith regard to achieving this target o f  100%.

W hen considering how  perform ance o f  this EcoQ O can 
be im proved, w e should also consider the reliability o f  the 
assessm ents them selves. A ssessm ents are known to be 
im perfect, because there is uncertainty in both the 
analytical form ulations o f  processes such as natural 
m ortality and age-specific catchabiIity o f  fleets, as well as 
in param eter estim ates, owing to sam pling error in the input 
data. Hence, the annual estim ates o f  SSB and F can be 
expected to  have som e error (and assessm ent outputs 
alw ays provide estim ates o f  the m agnitude o f  estim ation 
errors). As long as errors are only variance, they m ight 
render estim ates o f  SSB and F less sensitive as indicators 
for EcoQ Os (w ith Hit rates o f  about 60% ), but they should 
not bias perform ance. How ever, i f  the errors in estim ating 
SSB and F reflect system atic bias, perform ance m ight be 
impaired. This is a real risk, because som e assessm ents 
have been known to  suffer from retrospective bias (ICES, 
2002), such that successive assessm ents recalibrate the 
absolute estim ates for a num ber o f  past years. The more 
com m on pattern is for SSB to be overestim ated and fishing 
m ortality to be underestim ated for th e  current and recent 
past years, consistent w ith (but not p ro o f of) under
reporting o f  the num ber o f  fish actually  killed (i.e. landings 
and/or d iscards) by  the fishery. This bias m eans that the Bpa 
values from any single assessm ent m ay  not be  perfectly 
biologically calibrated w ith SSB estim ates from  assess
m ents in earlier o r later years. In o ther words, i f  Bpa is taken 
from an assessm ent in, say, 1999, it m ay not reflect 
perfectly the boundary o f  safe biological lim its on the SSB 
from an assessm ent in 1996 or 2002.

Expert groups are w orking on this aspect o f  precautionary 
reference points, but new  estim ates o f  Bpa are not yet 
available. The relatively high M iss rates in the m id -1990s are 
consistent w ith the retrospective bias found in assessm ents in
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the late 1990s, w hich were strongly influenced by those 
catches. The relatively high M iss rates during a period when 
m any assessm ents are now  known to have suffered 
retrospective bias suggest that, w ith im proved data, it may 
be possible to reduce M isses w ithout increasing False Alarm 
rates unacceptably. In order to im prove data quality  in the 
assessm ents, m onitoring protocols have been developed for 
catch reporting, catch m onitoring, and conduct o f  research 
vessel surveys. How ever, protocols for catch reporting are 
driven m ore by  enforcem ent capabilities and requirem ents o f  
fishing plans, than by the needs o f  good science.

A Hit rate o f  ju s t > 6 0 %  m ight be taken to suggest that 
Bpa and Fpa are, in fact, poor precautionary reference points, 
and that the suggested EcoQ O is not useful for conservation 
purposes. T his conclusion w ould be prem ature, because 
correct m anagem ent action w as advised m ost o f  the tim e, 
and the signal-detection nature o f  an annual assessm ent and 
advisory' process m akes it likely that incorrect advice in one 
year is corrected in  the subsequent assessm ent. M oreover, 
know ledge o f  actual perform ance o f  this EcoQ O in practice 
only exists because o f  a long history o f  use o f  the indicators 
o f  the status o f  the stock, SSB and F. This use has been in 
contexts w here their strengths and weaknesses are exam 
ined critically  on  essentially an  annual basis, and potential 
biases, such as the retrospective pattern in assessm ents, 
have been discovered and exam ined. It m ay  be naive to 
assum e that indicators associated w ith o ther EcoQOs, with 
w hich the scientific com m unity often has less experience, 
and in far less critical environm ents, will necessarily be less 
vulnerable to bias o r high variance.

The test o f  the effectiveness o f  m anagem ent advice 
show s counter-intuitive results: the expectation w as that 
stocks that are currently outside safe biological lim its have 
a history o f  m any M isses, w hile  stocks that are w ithin safe 
biological lim its have a history o f  m any Hits. Results, 
however, show  the opposite: the num ber o f  H its is highest 
for those stocks for w hich SSB  is farthest below 
precautionary reference levels, whereas the num ber o f  
M isses and False A larm s is highest for those stocks that are 
above precautionary reference levels. T h is suggests that 
possibly cause and effect are the o ther w ay  around: advice 
perform s better for stocks that are in poor shape, but the 
quality  o f  advice hardly affects the status o f  th e  stock. This

statem ent applies m ainly to flatfish and roundfish stocks 
that, because o f  their num bers, drive this analysis. 
T herefore, a tentative conclusion w ould be  that TAC 
m anagem ent, even i f  precautionary, is probably not 
effective fo r stocks caught in a m ixed fishery (V an Beck 
and Pastoors, 1999).
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