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Introduction

Within ICES, the primary purpose o f  assessing the state 
o f  a stock is to provide a basis for management advice.
The basis for this advice is a perception o f  how the stock
has been exploited and suggestions on how to further
exploit the stock. In 1899, when ICES was about to be
established, D ’Arcy Thompson wrote the following
(Went, 1972): "T hat...it be recognized as a primary
object to estimate the quantity o f  fish available for the
use o f  man, to record the variations in its amount from
place to place and from time to time, to ascribe natural
variations to their natural causes, and to determine
w hether or how far variations in the available stock are
caused by the operations o f  man, and, if  so, whether,
when or how measures o f  restriction and protection
should be applied."

It took, however, several decades before the first vir­
tual population analysis (VPA) assessment in ICES was 
done by Gulland in the Arctic Fisheries Working Group 
in 1965. In these and following years, ICES was increas­
ingly asked for advice, which led to the establishment o f 
ICES assessment working groups. This was important 
for the recent development o f  assessment methodology.

Compared with the development in other places in the 
world, statistical methods were taken up rather late in

the ICES system, i.e., in the 1990s. The precautionary 
approach in fisheries management increased the im por­
tance o f  com municating uncertainty and encouraged the 
activity on, and the use of, statistical models.

In this paper, we describe the m ost im portant methods 
that have been in use in the ICES system in recent 
decades. We first consider this from a methodological 
point o f  view to illustrate how these methods developed 
mathematically and statistically as the tools for doing 
the necessary computations became available. Further­
more, we consider why the development took these 
directions instead o f  keeping the methods as they were 
or following other routes, as happened in other parts o f  
the world.

The development o f  many o f  the basic concepts has 
been a gradual process, elements o f  which have been 
outlined by others (e.g., Ulltang, 2002) during this Sym ­
posium. An overview o f  the basic concepts, definitions, 
and notation that are currently used is given in the A p­
pendix.

The general VPA algorithm

For m any people, VPA is almost synonymous with the 
term "assessment". Although this is an over-simplifica­
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tion, it is true to say that the VPA has been the backbone 
o f  m ost assessm ent methods used in ICES since the 
early 1970s.

Derzhavin was perhaps the first (1922) to conceive 
the idea o f  applying the VPA algorithm on catch-at-age 
data (Megrey, 1989). In simple terms, the basic idea was 
to compute the stock numbers at any time that are need­
ed to account for the subsequent catches from the co­
hort, plus the am ount needed to account for the rem ain­
ing num ber o f  fish. This is easily forgotten when faced 
with the technicalities o f  the backward calculation, but 
was actually the original idea behind the concept. The 
losses due to natural mortality were not taken into ac­
count, which explains the later nam ing o f  the algorithm 
(Fry, 1949): virtual population analysis. When the 
method was picked up within ICES, natural mortality 
was included in the algorithm and in all the following 
VPA variants.

The com puted stock number at any time will then 
becom e a w eighted sum o f  the subsequent catches from 
the cohort plus the num ber o f  fish remaining at the pres­
ent time, where the weighting is derived from the cum u­
lated natural mortality realized before the catch is taken.

It is important to stress that the VPA is not a model in 
the population dynamic sense, but rather an algorithm 
that follows directly from the definition o f  yearly mortal­
ities. The model assumes that the reported catches cover 
the mortality in addition to the assumed natural mortali­
ty. Even if  the assumed natural mortality is quite repre­
sentative o f  the rate o f  loss from an unexploited stock, 
this model assumption is violated if the reported catches 
cover only parts o f  the mortality induced by the fishery. 
This leads to the paradox that underreporting o f  catches 
implies underestimation o f  the stock backwards in time.

To decide the numbers o f  a year-class cohort, the 
numbers caught from this year class need to be known 
for each year o f  its life. Using the notation in the 
Appendix, if  the fishing mortality rate F (or num ber N i ) 
is assumed in the last year, equations (A2), (A5), and 
( A6) in the Appendix allow us to compute N 0 and N , (or 
F), based on known catches. Since N 0 in one year is the 
same as N, the year before, F and N 0 in the year before 
can be com puted using the known catches in that year. 
Repeating this process for each year backwards in time 
gives stock numbers and fishing mortality rates for each 
year. This algorithm is com monly termed the VPA [or 
SPA (sequential population analysis)]. The contribution 
from the term representing the fish remaining at the 
present time (Nj or terminal F) becom es less important 
backwards in time. This phenom enon is termed conver­

gence  o f  the VPA.
Apart from the catch numbers at age, two kinds o f  

information are needed to fully determine the stock 
abundance. The first is stock abundance in the last year, 
w hich can be derived by tuning the VPA to catch-per- 
unit-effort (cpue) indices, as described later, or simply 
assumed. The other is the natural mortality which gen­
erally has to be assumed.

Natural mortality -  multispecies models

The natural mortality rate includes all causes o f  death 
except for the catches. One important cause o f  natural 
mortality for many stocks, in particular at younger ages, 
is predation . W ithin ICES, a m ultispecies m odel 
(MSVPA) was developed throughout the 1980s for the 
North Sea. This is a VPA where the natural m ortality is 
the sum o f  predation mortality (M 2) and a residual nat­
ural mortality (M l). The basis for this model was the 
work by A ndersen and Ursin (1977), w hich led to the 
suggestion by Flelgason and Gislason (1979) and by 
Pope (1979) that M2 can be estim ated from data on the 
relative food composition in predator stomachs, togeth­
er with data for consumption rates by predators. The 
underlying assumption was that suitabilities (the preda­
to rs’ preference for each kind o f  prey, analogous to the 
selection pattern by the fishing fleets) remain constant 
over time. To get the necessary data, extensive stomach 
sampling program m es were carried out in 1981 and 
again in 1991. The analyses were conducted w ithin the 
framework o f  the ICES Multispecies Assessm ent Work­
ing Group and have had a great impact on understand­
ing the role o f  predation mortality for the younger ages 
o f  fish stocks (Pope, 1991). To some degree, the ex­
ploitation levels have been adjusted accordingly. The 
assumed natural mortality rates for most North Sea 
stocks, as used in single-species assessments, are by 
now adapted to the findings from the MSVPA.

More general models

The VPA can be viewed as a special case o f  a more gen­
eral application o f  the definitions o f  mortalities. The 
time course o f  each cohort is uniquely defined by all 
mortalities relating to the cohort, and one stock number 
in each cohort will serve as a scaling o f  the whole co­
hort to absolute terms. A param etric model population 
can be constructed by specifying as parameters all m or­
talities and one stock num ber for each cohort and derive 
what the observations o f  the population (catches, survey 
indices) should have been at given values o f  the param ­
eters. Then one may estimate the param eters as those 
that give the best fit o f  the modelled data to the actual 
observations. In practice, some restrictions on the para­
meters are needed in order to get a unique solution.

One way is to find the Fs and the Ns, given M, that 
give a perfect fit to the reported catches, which renders 
one param eter (F or N) undetermined for each cohort. 
This is the VPA in this broader perspective.

Alternatively, some relationships between parameters 
can be assumed, thus reducing the num ber o f  unknowns. 
The com m on approach is to assume that the fishing 
mortalities are separable, i.e., the fishing mortality 
F(a,y) at age a in year y is a product o f  a year factor fy 
and an age factor Sa:
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F(a,y) =  Sa (a) fy (y). (1)

The component Sa is the relative fishing mortality at age 
or selection at age and the overall fishing mortality fy is 
a scaling o f  the selection which relates to how inten­
sively the fleet operates in that year.

In order to estimate the rem aining parameters as those 
that give the best fit o f  the model to the data, a measure 
o f  the fit (objective function) is needed, as well as some 
method to find the set o f  parameters that gives the 
best fit. The likelihood function is a statistical objective 
function which can be optimized by non-linear opti­
mization. This was the basic idea underlying the crucial 
work in 1982 by Fournier and Archibald which, since 
then, has influenced the w orld’s fisheries science com ­
munity to a large extent. Their new concept for assess­
m ent methods was to gather all auxiliary information in 
one sta tistical model which constitutes the basis for for­
mulating the measure o f  fit o f  the model to the data. 
They claim that this theory is the first to address itself 
properly to the stochastic nature o f  the errors in the 
catch-at-age data (Fournier and Archibald, 1982). As 
part o f  the minimization, the Hessian matrix (the mixed 
second derivatives o f  the objective function with respect 
to the parameters) is computed, which can derive ap ­
proximations for variance estimates for the param eter 
estimates. This strategy (Fournier and Archibald, 1982; 
Deriso et a l., 1985) is sometimes termed "statistical 
catch-at-age methods" (Hilborn and Walters, 1992).

W hile the work by Fournier and Archibald inspired 
assessment modellers several places in the world in their 
development o f  methods, the ICES community kept the 
tuned VPA models (see below) almost exclusively until 
the mid-1990s. The exception was the separable VPA (see 
below) which was introduced in the early 1980s (Pope 
and Shepherd, 1982). In the late 1990s, ICA (integrated 
catch-at-age analysis, Patterson and Melvin, 1996), which 
is a "statistical catch-at-age" method, took over as the 
standard tool for assessing many pelagic stocks.

Tuning of the VPA

As pointed out above, applying the VPA algorithm to 
catch-at-age data leaves one param eter undetermined 
for each year-class cohort: either the F in the last year, 
for which there are observations from the cohort (term i­
nal F), or the numbers remaining in the cohort at the end 
o f  the last observation year (survivors). This implies that 
the VPA can tell about the stock backwards in time, but 
to assess its present state, more information is needed. 
This information will most often be in terms o f  relative 
measures o f  the stock abundance at age or the overall 
fishing mortality. The former can be catch per unit o f  
effort (cpue) at age, or survey indices which can be 
treated as cpue with a standardized effort. Effort in its 
own is a relative measure o f  the fishing mortality.

Let 1 represent an index o f  the cpue type. Being a rel­
ative measure o f  abundance, it is related to the stock 
numbers by a catchability q:

I = q N. (2)

This basic concept can be varied in several ways. Most 
often, q  is assumed to be constant over years, but 
dependent on age. O ther methods assume a linear trend 
in q over time, while still others assume a power relation:

I = q NP. (3)

W hen I represents catch C, per unit o f  effort E, and

C = F N  (4)1 m ean  V v

[see Equation (A4) in the Appendix], effort and F will 
be related through

F =  q E. (5)

Thus, one may either attempt to find the relationship 
between I and N or between E and F.

In the first years, even up to the late 1980s, the com ­
mon procedure in ICES working groups was to consid­
er possible changes in fishing mortality, taking various 
kinds o f  information into account. The working groups 
then agreed on terminal fishing mortalities at age, and 
the VPA was run according to these values.

The following citation from the Arctic Fisheries 
Working Group (ICES, 1976) is illustrative o f  the kind 
o f  deliberations that led to the decision on terminal fish ­
ing mortalities:

In deciding on the input F values for 1976 the follow­
ing points were considered:
Year class strength from pre-recruit surveys;
The expected exploitation pattern allowing for some 
concentration o f  fishing on the 1970 year class;
The overall level o f  fishing mortality that would be 
expected in relation to the reported catches;
The changes in estimated fishing effort.

A decision was made based on a discussion where these 
points were compared. An obvious alternative to such 
subjective deliberations would be to obtain a formal 
estimate o f  q and apply this to the indices for the pres­
ent year. In ICES, this approach developed quite slowly, 
and throughout the 1980s, it was largely in terms o f  ad  
hoc methods. In these methods, catchabilities are com ­
puted by comparing indices with VPA-derived stock
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numbers in an iterative process instead o f  making least- 
squares estimates or other statistical estimates o f  the 
catchabilities.

Various ad hoc methods from this period differ in 
their use o f  log-transformed data, w hether they assume 
a somewhat more elaborate catchability model than the 
simple proportionality in Equation (2), in the way they 
combine the information from different fleets, and by 
various procedures for down-weighting less relevant 
data (e.g., from very distant years).

The method that cam e into com mon use was proposed 
by Laurec and Shepherd (1983). This m ethod used log­
arithm ic transform ed catch and cpue data, down- 
weighted old data with a "tricubic taper", and assumed 
constant catchabilities over time. The F at the oldest 
age was set to the average o f  the five next youngest 
ages. Catchabilities were estimated using data for all 
years except the last one, and the terminal F was de­
rived by applying the catchabilities to the last year’s 
indices.

Accordingly, this tuning m ethod not only treats the 
catches as exact, but also takes the cpue indices in the 
last year literally, while the indices in the past are 
assumed to have errors. The X SA  (extended survivors 
analysis; Shepherd, 1999), which was the next (and hith ­
erto last) step in the development o f  VPA tuning m eth­
odology in ICES, can be regarded as an attempt to get 
away from this paradox. In the XSA, the VPA algorithm 
is used to reconstruct the population as before, but now 
starting with the numbers in each cohort at the end o f  
the last year (survivors). The catchabilities [as defined 
by Equation (2)] are estim ated by comparing the stock 
numbers derived from the indices, i.e., Nj = I/q, with 
those derived from the VPA by minim izing the overall 
log sum o f  squares over all years (y), ages (a), and 
fleets (f):

S S Q = Z ya,f{log[NI(y ,a ,f)]-log [N VpA (y,a)]}: w(y,a.f) (6)

where w  is a  weighting factor for each term and N ^ y ^ f )  
= I(y,a,f)/q(a,f).

Here, all indices are treated as having errors, and 
Equation (6) is the objective function to be minimized. 
In XSA, the weighting is the inverse variance computed 
from the residuals for each age and fleet. Down-weight- 
ing o f  data from the distant past is also included. With 
this objective function, the minimization can be done 
iteratively, and this is the procedure in XSA. This is 
com putationally much faster than ordinary non-linear 
minimization, but the variance estimates from the Hes­
sian are not obtained.

XSA has the option to shrink recent F values towards 
the mean. Shrinkage implies that the terminal F values 
becom e a compromise between what the recent data tell 
and a hypothesis o f  a stable mortality. I f  there apparent­
ly are rapid changes in the mortality, shrinkage implies 
that they are interpreted largely as noise. Thus, the effect

o f  noise in recent data is reduced, but true changes are, 
to some extent, concealed.

Separable VPA

The separable VPA (Pope and Shepherd, 1982) is som e­
where between a statistical model and a VPA model. It 
uses a separable model to estimate mortalities, fits pop ­
ulation numbers w ith these mortalities to the catches, 
and uses these stock numbers for the final year to initi­
ate a VPA. It was introduced at a stage where decisions 
on terminal F values were still m ade "by hand", often 
looking for consistency in the selection pattern over the 
last years. It is designed for the situation where there are 
only catch-at-age data, and has been used both for as­
sessments in that situation [see ICES (1999) for a recent 
example] and for obtaining a smooth selection pattern 
for use in predictions. However, the param eter is not 
estim ated by m inim izing a  sum o f  squares, although it 
represents a fair approximation, and the solution by sim ­
ple iteration does not provide any formal measure o f  the 
variances.

ICA

The ICA m ethod (Patterson and Melvin, 1996) is, so far, 
the only statistical catch-at-age m odel used as a standard 
tool within ICES. Since it was introduced, it has taken 
over as the standard tool for many pelagic stocks. One 
motive for developing this method was the need to uti­
lize data that could not be directly used in the tuning 
methods in a formally consistent way, particularly m eas­
urements o f  the spawning stock biom ass (SSB). Fur­
thermore, it can give estimates o f  the variances o f  the 
param eter estimates.

The method assumes a param etric population model 
with separable fishing mortalities and terminal stock 
numbers as param eters and derives m odelled catches 
according to the param eter values. Furtherm ore, it as­
sumes catchability models as Equation (2) both for cpue 
data and for measurem ents o f  SSB. The objective func­
tion is a weighted sum o f  terms com paring observed and 
m odelled values, and is o f  the form:

W l0s( ° / C x l e , )  <7)

where w are the weights, and the errors are assumed to 
have a log-normal distribution. The parameters are esti­
mated by non-linear minimization o f  the objective func­
tion. The weighting factors are, in principle, subjective 
input values, although iterative reweighting according to 
estimates o f  the inverse variance is possible. As part o f 
the standard output, variance estimates for the parameter 
estimates, derived from the Hessian matrix, are presented.
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Background for the methodological 
development in ICES

The development o f  methods in ICES has taken som e­
what different directions from that in other com m uni­
ties, and ICES has sometimes been criticized for being 
too conservative and unwilling to follow trends in m od­
ern methodological development. Although the develop­
ment within ICES has been a gradual process, some 
crossroads can be identified where strategic decisions 
were made. We here try to elucidate how and why these 
decisions were made.

Age-structured models vs. production models

In the 1930s, the way o f  thinking population dynamics 
by Hjort, Graham, and others (Ulltang, 2002) was in 
terms o f  production models. Such models describe the 
variations in population size in terms o f  biomass with­
out considering age. In particular, a regeneration term 
that included both mortality and recruitment was used to 
describe population growth as a function o f  population 
size. Age composition studies were carried out as well, 
motivated by the idea that year-class variation was im­
portant for explaining variations in resource abundance. 
H jort had argued during the previous several decades 
that age sampling o f  the commercial catches should be 
done regularly (Sætersdal, 2002). Eventually, in the 
1930s, it was accepted within the ICES community that 
age reading o f  scales and otoliths was reliable enough to 
produce valuable data. Age composition studies were 
then considered more reliable than size-class studies for 
predicting the future development in the stock. H jort’s 
breakthrough was, o f  course, o f  crucial importance to 
the development o f  the VPA later on since this method 
utilizes the information in catch-at-age data.

Another important idea for the later development o f 
assessment tools was the notion o f  expressing the loss in 
a stock as a relative rate. This concept is attributed to 
Baranov as early as 1918 (described in Megrey, 1989), 
although his contribution was recognized much later. 
The next im portant idea was to work with numbers in­
stead o f  biomass, and to work with year classes where 
the only loss was due to mortality. This enabled separate 
computation o f  the recruitment and the exploitation rate 
directly from data with very few assumptions about the 
population dynamics. This is basically different from 
general population dynamics theory where gain (growth 
and reproduction) and loss are modelled as functions o f 
stock biom ass and the abundance o f  other stocks. As 
explained by others (e.g., Ulltang, 2002), one back­
ground for the route o f  development in ICES may be the 
controversy about the importance o f  recruitment variation 
and about the appropriateness o f  age determinations.

In the 1960s, when the first VPA assessments were 
made, the emphasis was on estimating the mortality due 
to the fishery rather than to the natural mortality. It can

be illustrative to have a closer look at the background 
for these assessments.

The first VPA on Arctic cod

In 1957, the scientists expected the strong 1950 year 
class to increase the catches o f  Arctic cod in the Lofoten 
fishery. But the fishery failed, and for the first time, 
Norwegian scientists suggested that overfishing could 
be a problem in Norwegian waters (Schwach, 2000). On 
behalf o f  the Institute o f  Marine Research in Bergen, 
Norway, Sætersdal and Hylen (1957) prepared the re­
port "The state o f  the Arctic cod" for the Permanent 
Comm ission meeting in 1957 [the predecessor o f  the 
North-East Atlantic Fisheries Commission (NEAFC)]. 
The report discussed whether the failed fishery was due 
to natural variation or to the fishery itself. The conclu­
sion was that the shift to more efficient fishing gears 
had contributed to the decrease in the catches and that 
more rigorous conservation measures should be consid­
ered in the northern area. At this time, the stock was reg­
ulated by mesh size, like the other ICES stocks that were 
regulated at that time. M esh size experiments were thus 
an important activity and continued to be so to see 
w hether the small fish could be protected more effec­
tively. The concern for the cod stock led ICES to estab­
lish the Working Group on Arctic Fisheries. Previously, 
this cod stock was handled in the Gadoid Fish Com m it­
tee. The Working Group had its first meetings in 1959 
(ICES, 1959). The first objective for this meeting was to 
examine, interpret, and quantify the changes in the fish ­
eries for cod and haddock and to distinguish between 
changes due to the fisheries and to natural fluctuations. 
The second objective was to make some preliminary 
assessments o f  the effects o f  increasing the m esh size o f  
trawls. The cpue had decreased and also the average cod 
length in the catches. The assessment on Arctic cod that 
was produced during this meeting was based on the 
work by Beverton and Holt (1957) from Lowestoft. This 
methodology enjoyed great confidence within the ICES 
scientific com munity and m ade quite an im pact on the 
scientists’ understanding o f  stock dynamics, and still 
does. The theory is built on several stability assumptions 
and is based on deterministic relations only. Beverton 
was a m em ber o f  the Working Group in 1959 and pre­
sented the Working Group report to the following 
Gadoid Fish Committee meeting. The methodology 
used in this Working Group was, in short, the following. 
The total mortality rate Z was defined to be

jM -  = _ ZN (8)
dt

where N was cohort number, t time, and Z the sum o f 
the different mortality rates. The total mortality rate was 
estimated by com paring relative cohort numbers from 
the age data in successive years. But in order to say
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w hether fishing or natural fluctuations caused the ob­
served lower stock abundance, the fishing mortality rate 
F needed to be separated from Z.

This was done by fishing effort considerations. The 
conclusion was that the fishery and not natural fluctua­
tions was the reason for the stock decline. The relation 
between F and natural mortality M was estimated to be 
o f  the order 4:1. Supported by the age data, the Working 
Group suggested that the m esh size in the trawl fleet 
should increase.

Flowever, these calculations were based on several 
shaky assumptions: 1) recruitment to the exploitable 
part o f  the stock must be fairly constant for a period o f  
years, 2) total fishing effort m ust remain steady, and 3) 
fishing mortality would be constant over all ages. Since 
the main fishery on Arctic cod was on the spawning 
area, the fishing mortality rate could not be the same for 
both the mature cod and the immature part o f  the ex­
ploited stock. The estimates were considered to be ex­
tremely uncertain.

In 1965, N EA FC submitted a request to the ICES 
Liaison Comm ittee [predecessor o f  the A dvisory C om ­
mittee on Fishery M anagem ent (ACFM)] to have the 
Arctic Fisheries Working Group produce a report on the 
state o f  the Arctic fisheries (ICES, 1965). The next 
Working Group meeting was held in 1965. With the 
weak points in the 1959 assessm ent in mind, a new 
m ethod was presented (ICES, 1966). Gulland, who was 
working at Lowestoft together with Beverton and Holt, 
had developed this method and described it in the annex 
o f  the report. He referred to the work done by Fry 
(1949) and Ricker (1958) where the VPA had been ap ­
plied. This m ethod provided an opportunity to calculate 
fishing mortality rates for each age. Pope (1972) gave 
Gulland credit for being the popularizer o f  the VPA 
method, while M egrey (1989) gave both M urphy (1965) 
and Gulland (1965) the credit.

Thus, it seems that the choice o f  approach, to a large 
extent, was driven by the need to estimate the effect o f  the 
fishery as precisely as possible and to separate it from 
other forces influencing the stock dynamics. The fact that 
the process was triggered by the disappearance o f  a pre­
sumably large year class may also have contributed to the 
choice and links this development to the previous discus­
sions on the variations in year-class strength.

One may also argue that this kind o f  approach was 
taken because the conditions, in terms o f  the necessary 
data, were in place. Thus, there were catch data from fish­
eries statistics, there were age data, and there were effort 
data, at least from some fleet segments. Furthermore, the 
conceptual framework was largely in place through 
Beverton and Holt’s work not many years before.

The VPA m ethod gradually becam e dominant after 
1965 in attempts to assess other ICES stocks. The fur­
ther development o f  the VPA in subsequent years was 
not systematically published. Rather, scientists con­
tributed to the working groups with different tables o f  
calculations, which were modifications o f  G ulland’s

method. It seems that within the ICES system, the 
development o f  methodology did not receive very much 
attention during this period. A  few people, who often 
had influential positions in ICES com mittees, were the 
m ajor actors in this development.

VPA models vs. statistical models

Throughout the 1970s and 1980s, fishing pressure con­
tinued to increase on the exploited stocks, and mesh size 
regulations were not considered sufficiently effective. 
Several fisheries became effort or quota regulated. 
Q uota regulations rely heavily on precise estimates o f 
the present stock abundance, which is the weaker part o f  
the VPA algorithm, as such.

Such problems in the roundfish assessm ents led to the 
establishment in 1981 o f  an a d  hoc Working Group on 
the Use o f  Fishing Effort Data in Stock Assessments, 
which was the predecessor o f  the Working Group on 
M ethods o f  Fish Stock Assessment, formally estab­
lished in 1982. The idea o f  tuning the VPA directed fur­
ther developments. The Laurec-Shepherd m ethod for 
tuning VPAs becam e widely used, with XSA taking over 
later (see previous section on "Tuning o f  the VPA"). 
Simpler methods received some attention (e.g., ICES, 
1984), but never replaced age-structured  m ethods 
except in cases where age data were m issing or very 
unreliable. P roduction  estim ates have never been 
used as a substitute for VPAs as a basis for advice. 
Apparently, there has always been a strong belief that 
age-structured models are superior, although this belief 
is seldom challenged by comparative studies.

As mentioned earlier in this paper, Fournier and 
Archibald published their pioneer article in 1982 on an 
assessment method where all auxiliary information 
could be gathered in one statistical model. It took more 
than a decade before such models came into use in ICES.

There may be several reasons why relatively little 
emphasis was put on statistical aspects o f  the assess­
ments in ICES. One reason may simply be that the 
development in the 1980s in the ICES system was dom ­
inated by non-statisticians, such as Pope and Shepherd 
(their impact is humorously described in Hilborn, 1992).

But in general, rather than focusing on uncertainty o f  
the results, the dominating goal was to obtain point esti­
mates which were presented as "the best numbers that 
can be provided". This may perhaps, m ost o f  all, reflect 
the needs o f  the customers, i.e., various management 
bodies, who wanted specific numbers as the basis for 
their decisions or negotiations. But it may also reflect 
the scientists’ lack o f  confidence in the m anagers’ abil­
ity to make rational decisions when faced with uncer­
tainty in the basis for their decisions. It is sometimes 
claimed (at least in informal fora) that "managers easily 
understand that there is a 50% chance that the stock is 
better than the scientists tell them, but never that there is 
also a 50% chance that it is worse".
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A nother feature was the still-existing emphasis on 
standardized tools. This may, to some extent, be a reac­
tion to the previous subjectivity in the VPA tuning and 
the multitude o f  tuning variants, but has implied that the 
various working groups have not been encouraged to go 
into each assessment and evaluate which assessment 
strategy would be optimal for ju s t that stock and those 
data. Rather, they have been requested to adhere to stan­
dard software as far as possible. There are m any good 
reasons for this, but it has led to methodological conser­
vatism and an emphasis on consistency which may have 
ham pered the development o f  methods within this com ­
munity. On the other hand, even these standard tools 
have enough flexibility to allow a user w ith limited in­
sight to apply erroneous assumptions, which easily 
leads to misleading results. Thus, the element o f  subjec­
tivity may still be strong, but it is now applied by selec­
ting options and eliminating data (Hauge, 1998).

Under these conditions, it may not be surprising that 
the development has concentrated on VPA methods. 
VPA methods are, in general, simple, robust, and com ­
putationally fast, but depend heavily on the assumption 
that the reported catches encompass all mortality exact­
ly, apart from the assumed natural mortality. However, 
statistical methods also fit the population to the ob­
served catches. Since the stock numbers backwards in 
time are weighted sums o f  catches (observed or fitted), 
the result for distant years becomes more or less the 
same. Thus, the main difference is for the recent years 
where the statistical methods offer a greater flexibility 
with respect to the data used and are more tolerant if  
data are missing. They also offer greater flexibility as to 
the statistical model assumed for the noise in the data 
and give formal estimates o f  the uncertainty in the as­
sessment.

From a purely scientific point o f  view, it is clearly 
unsatisfactory to give point estimates without indicating 
their precision. In many environments, such practice 
would simply be rejected as non-scientific. There is also 
a growing dem and for estimates o f  uncertainty in the 
assessments and predictions, created in particular by the 
implementation o f  the precautionary approach.

The uncertainty is com puted with coefficients o f  vari­
ation commonly in the order o f  10-30%  for key meas­
ures o f  the state o f  the stock. However, these variance 
estimates cover only parts o f  the variance and generally 
not the uncertainty due to catch misreporting, poor sur­
vey coverage, assessment model misspecification, vari­
ations in natural mortalities, etc. Moreover, the m anage­
ment advice is too often inconsistent from year to year, 
perhaps more than indicated by the variances [van Beek 
and Pastoors (1999) give some recent examples]. There­
fore, one may question whether the m anagem ent advice, 
in the form it is given at present, requires greater preci­
sion than what is realistic to achieve with the data and 
models that are within reach. Even though improve­
ments both in assessment methodology and in supple­
mentary data may be expected, there is also a need to

consider alternative kinds o f  management advice by 
which future regulations can be more foreseeable. In 
addition, the safety margins need to be more satisfacto­
ry, taking into account that some o f  the uncertainty can­
not be determined. Tools will be required for assessing 
other aspects o f  the stock dynamics, w ith less emphasis 
on the point estimates o f  the present stock abundance 
and more emphasis on probabilities o f  future productiv­
ity and the risk associated with various management 
regimes, together with tools that are better suited to dis­
cover changes in the state o f  the stock. Still, it is not evi­
dent to what extent this can be achieved.
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Appendix

Basic concepts

As an introduction to the methods, a b rief outline o f 
some basic definitions and concepts is necessary. These 
have been developed gradually over many decades, as 
described by Ulltang (2002), into a standard conceptual 
framework for assessments.

The measure o f  exploitation is mortality, which is 
defined as the relative rate o f  disappearance o f  fish. Let 
N  be the num ber o f  fish at any time. W hen all change in 
N is due to loss by death, the instantaneous m ortality is:

In the time span from t=0 to t= l ,  the num ber o f  fish at 
t=0 and t= l are denoted by N 0 and N ,,  respectively. The 
mean mortality in the time span then becomes

Z = l o g (  / n j ) '  (A lb )

It also follows that

N 0 = N , exp(Z) ■ (A2)

For the m anagem ent o f  the stock, it is o f  particular inter­
est to consider the exploitation due to the fishery. In 
general terms, if  Z ,, Z2 ... Zp represent mortality related 
to different causes o f  death, and D b D2, .. Dp are the 
num ber o f  deaths by each cause in the time span, then:

Di =  - | -  (N0 - N , ) .  (A3)

In particular, if  C is the num ber caught in a year, F is 
the mortality associated with the loss o f  fish because o f 
this catch, and N mean is the m ean value throughout a 
year:

N mean = N o (  Z )  (A4)

then:

C=F N mean = (N0 - N j )  = - y -  N 0 (1 -  e~z) . (A5)
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All other mortality is denoted by M (natural mortality), 
thus

M = Z -  F. (A6)

M can generally not be estimated from the available 
data, and it is customary to assume a value for M.

It follows from Equations (A2), (A5), and (A6) that if  
C and N 0 are known, then F and Nj can be computed, 
and if  C and F are known, N0 as well as N [ can be com ­

puted. It is not possible to express these quantities as 
explicit functions o f  each other, however, because o f  the 
m ix o f  plain and exponential terms. This is a purely 
technical problem, and to solve the equations num eri­
cally is straightforward. One may also use approxima­
tions, e.g., the so-called cohort equation (Pope, 1972) or 
Pope’s approximation which is derived by assuming that 
all catch is taken instantaneously in the middle o f  the year:

N 0 = N ,e x p (M )+ C e x p (M/ 2) .  (A7)




