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ABSTRACT

The Multlspecxes Assessment Workmg Group has reported the catch prOJectlons for
vanous scenarios regardmg the explmtatlon pattern and fishing intensity of specific fleet
groupmgs A further range of scenarios are presented here and discussed in relatxon to
previous analyses. :

INTRODUCTION

To date, the determination of a "key- run" of the North Sea multlspecles virtual population
analysis (MSVPA, see Gislason and Sparre, 1987) has been an important aspect of each
meeting of the Multispecies Assessment Working Group (MSWG). Once established, the
key-run provides a foundation for the examination of the multispecies model, for example
through sensxtmty analysis, and it also deﬁnes the current status of the stocks for
prediction purposes. Predictions can be made : assuming no change in the status quo and
carried out for short- medium- or long-term purposes. These can then be used as a
baseline for sensxthty analysis or against whxch predlctlons under - altematlve
exploxtatxon scenarios can be measured :

Atits meetings so far, the MSWG has examined changes in both the pattern and level of
exploitation for a variety of scenarios relating to various "fisheries" defined within the
multispecies model (see Anon., 1986). Examples of the "fleets" defining such fisheries are
those for roundfish, saithe, mackerel herring, flatfish and industrial (both pelagic and
demersal).

Although Pope (1991) nges a conclse hlstory of the MSWG and dlscusses some of the
conclusions it has reached concerning various explmtatlon strategies, many details of the
investigations remain accessible only in the reports of the Working Group. Due to the
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scope and amount of work conducted by the MSWG at its meetmgs it is not, therefore,
surprising that sometimes even quite straightforward results of the predicted behaviour
of the multlspecles system can become submerged by the sheer volume of the Group’s
output

The purpose of this work is to provxde and dlSCUSS the realisation of some sxmple long-
term exploitation scenarios, the results of which may not be explicitly or readily apparent
elsewhere .

Simulations

The MSFOR program (Anon., 1987) was used for predxctlon Essentxally this provxdes a
multxspemes solutxon of the catch equation and exponential decay of cohorts forwards in
time and across all species within the MSVPA model: It utilises the stock numbers,
ﬁshmg mortahty rates, predatmn parameters, consumptlon estimates, residual natural
mortahty levels and mean weights at age which are available from output of the
retrospective MSVPA calculations. The input parameter values used here were taken
from the key-run Of the 1990 MSWG (Anon.; 1991).

For the | purpose of predlctlon constant levels of recruitment were selected for all species,
equal to their mean values over the time series of the MSVPA, and a realisation of the
model at constant (current) levels of fishing éffort in all fisheries prowded baseline results
agamst which others could be contrasted. Long-term forecasts were then made over a
range of ﬁshmg mortality multipliers (0.0 to 2.0) to simulate effort changes in each fleet,
assummg direct proportionality between effort and ﬁshmg mortahty The multlphers
were applied to a single fishery whilst the other fisheries were held constant at current
levels. This j process was repeated for each ﬁshery in turn and the results are presented
as the percentage deviation of yield and spawning biomass from their baseline values.

The roundfish fleet had an 85 mm minimum mesh size in the most recent data year of the

- MSVPA (1989) and the results of the forecasts assume no change in select1v1ty since then,

effectively i 1gnormg the subsequent minimum mesh size increases to 90 mm and; most
recently, to 100 mm (thh certain derogations) within that ﬁshery :

RESULTS.

. The results glven here are represented by pairs of ﬁgures for effort changes in each
‘ ﬁshery The first shows the percentage deviations of yield potentxally attributable to

effort changes in the respectxve fisheries and the second indicates the percentage deviation
from baseline of s spawmng stock estimates. Results are shown in Figures 1:16. The yield
for each species is summed over all fisheries and for the roundfish fishery, both human
consumptlon landings and discards of the target specles (cod, haddock whiting and saithe)
have been grouped together by specxes Only species which are affected by the effort
changes either directly as target species or mdlrectly through blologlcal interactions are
represented in the figures. . :



' Industrial Demersal (Figs 1 and 2)

Increased effort: the major effects are on Norway pout and sandeei yields and toa 1eéser
extent on those of whltmg and herring where all show increases. The spawnmg
biomasses of sandeel; Norway pout and whxtmg diminish.

Decreased effort: yields of the target spec1es, Norway pout and sandeel, demonstrate the
greatest reductions. Losses of yield elsewhere are tr1v1al at worst. The ylelds of haddock
in particular, but aIso of cod are lmproved This occurs despxte the increase in spawmng
biomass of whiting, a maJor predator. The spawning biomasses of Norway pout sandeel
and haddock also increase as does that of cod albeit to a lesser extent. -

Increased eﬁ'ort the mam effect is to increase the yleld of sprat but to dlmmlsh the y1eld
of herring and the spawmng biomasses of both herring and sprat.

Decreased effort: no dramatlc yieldi increases occur although those of herring' and haddock

......

rise., However, this is set agamst dramatic increases in the spawnmg biomasses of
herrmg and sprat.

k)

Total Industnal (Fxgs 5 and 6)

Increased effort: the target specles y1elds are increased (Norway pout sandeel and sprat)
as is that of whmng, a by-catch species in the industrial fisheries. The spawmng '
biomasses of these spec1es decline along with that of hemng ’

Decreased effort; the yxelds of the target specxes fall as does that to a lesser extent of :
whiting. Those of cod, haddock and hemng increase. These changes are set against some
~ rather dramatic increases in the spawnmg blomasses of most species.

Smthe (ans 7 and 8)

. Increased effort: the yield and spawning biomass of sa1thed1m1mshes with increases in
the yields and spawning bioniassés of haddock and Norway pout.

Decreased effort; the yleld and : spawmng biomass of salthe increases whilst the reverse
is true for haddock Norway pout and, to a lesser extent cod.

Roundfish (Flgs 9 and 10)

Increased effort: Norway pout and haddock yxelds are increased as are those of whltmg
and herring. The catch of saithe declines along with dramatic declines in the spawning
biomasses of cod and saithe. The spawning blomasses of whiting and haddock also decline
but those of Norway pout and herring increase.

Decreased effort: 1o greatly mcreased ylelds are apparent Those of cod, haddock and
whiting are all reduced as are those of Norway pout and hemng The latter two also
show a decline i m spawmng biomass as do whiting and haddock at extreme reductions of
effort.’




Herring (Figs 11 and 12)

Increased effort: the only obvious 1mpact 1s on herring itself where there is no impact on
. yield but the spawning biomass declines. :

Decreased effort: agam, the only obv10us effect is 10 herrmg where yleld declines but
spawning biomass i increases rather more dramatically. -

Mackerel (Figs 13 and 14)
Increased effort: no sxgmﬁcant gains or losses accrue except to the spawmng biomass of

mackerel which diminishes.

Decreased _effort: the pnnclpal effect on yield is a dechne for mackerel However, its
g ‘spawmng biomass increases greatly whilst yields and spawning bxomasses of the other
species, notably sandeel, herring and sprat decline. .

Flatfish (Figs 15 and 16)

Increased effort; the y1elds from both plzuce and sole are diminished as are their levels of
spawning biomass. Very little change in the total North Sea yield or bxomass occurs.

Decreased effort: Yields increase to a maximum for both plaice and sole and then fall
away to Zero as effort declxnes further. Large mcreases m spawmng bxomass occur for

changes are large enough to be reﬂected by changes in total North Sea values.

DISCUSSION

It is clearly possible in forecasts such as these, that the predicted state of the system may
be moved significantly away from that under which the retrospective MSVPA model was
parametensed It has been suggested that 51mulat10ns which force stock size estimates
away from their recent historical levels by more than a factor of 1.5 are likely to be
unrealistic and must be taken only as illustrative (Anon., 1984). Given the broad range
of effort multipliers used here it is worth emphasising that point once more. From the
bounds at which stock sizes change markedly from their baseline values, the results can
be mterpreted only as being indicative of the behaviour of the model and does not
necessarily represent the likely dynamics of the fish stocks or fisheries.

If expressed as absolute values rather than percentage deviations, the results glven here
could be thought of as multlspecms yleld-per-recrult and bxomass-per-recrult curves.
However, this is in the particular case of constant recruitment in all fisheries at specified
. mean levels Gislason (1992) discusses a broader multispecies analogue to the smgle-
species per-recruxt model which takes account of changes in the mean level of recruitment
across all species and from which more generalised results can be identified.
Nevertheless, by treating the results glven here as multispecies eqmvalent to single-
species yleld-per-recrmt it is clear that one objection to the single-species formulation has
been addressed. Namely, that smgle-spec1es models do not take account of biological
interactions. _That the curves may demonstrate unrealistic responses to large
- perturbations in effort is a further criticism but not one that is uniquely associated with



the multxspecxes framework. Smgle-specxes per-recrult models often demonstrate
unrealistically high stock biomasses if, for example blomass-per-recrmt values at zero or
low effort multipliers are scaled to the mean level of recruitment observed in the stock.
That a multxspecxes analogue is also prone to unrealism should not be ¢ surpnsmg In the
former case bxologlcal mteractlons are not accounted for, WhllSt in the latter, insufficient
information on the response of predator and prey species to large scale changes in
abundance suggest that they may not be accounted for correctly. 4Whether or not results
should be presented for "unrealistic” extrapolations of the model is a question which
applies 1rrespect1ve of the framework, either smgle- or multlspecxes The results given
here follow ICES tradition in that they extend over a wide range of effort multlphers
Appropriate caution in their mterpretatlon is required.

. At its 1985 meetmg, the Working Group calculated yield and biomass curves along the
lines of those presented here. The results given there (Anon.; 1986) show changes in the
logarithmic value of yield and spawning biomass derived from the "Shepherd" forecast
model (Shepherd, 1984)." The different style of presentation makes them difficult to
compare with those given here although differences do seem to exist. For example, as
effort is increased in the industrial demersal fishery, the earher results suggest that
Norway pout yield will increase but that of sandeel will remain relatlvely stable whilst
the spawning biomass of sandeel will decrease and that of Norway pout remains stable.

However, the current results suggest that as effort i mcreases in the industrial demersal
ﬁshery both will undergo i increases in yleld but declines in spawmng biomass. It is, of
course, possnble that these differences may reflect changes in the current status of the
fisheries and stocks compared to the period i m the early 1980s and these confounding
effects make compansons even more difficult. -

' On amore general basxs, the results of multxspecles forecastmg have clearly demonstrated -
that, whereas under smgle-specles assumptlons stock biomasses will always decrease with
increased ﬁshmg mortality, the s same is not true under multispecies assumptions (Anon.,
1986). In terms of y1e1d it is apparent that smgle-specxes and multispecies predictions
can, s1m11arly, be at variance. In fact, the variety of scenarios examined by the MSWG
at its meetings have suggested that, despite already h:gh fishing mortahty rates within
the North Sea, further mcreasxng the fishing pressure on important predators will
generally increase the yield (but not necessamly the value) of total landmgs (Anon., 1988).
Indeed, multxspecles forecasts suggest that if mesh sizes are mcreased in the fractxon of
the roundfish fleet that fishes for cod and, that, in the remaining fraction and in the
mdustnal ﬁshenes, the fishing mortality on whltmg is doubled, then substantial increases
in the spawmng stocks of cod, haddock and hemng are likely compared to those expected
from a mesh size 1ncrease alone (Anon 1989) In other Words ina currently heavﬂy
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in ﬁshmg pressure on predators in other fisheries.

It is difficult to conteive that the current search to detérminé the feasibility within the
North Sea of a directed whiting fishery with minimal technical interactions with other
species and fisheries has not been strongly mﬂuenced by such results. The divide
between exploratory model analysis and the potential | provxsxon of management advice has
been crossed. Nevertheless, as well as the caution necessary when interpreting the
results of the mult1spec1es forecasts it may be considered precxpltate to 1mplement such
~ results in management without first evaluatmg other options either separately or Jomtly
In particular, it is not clear what potential exists for modifying fishery pressure on prey
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specxes For example, when asked to “advise on the consequences for other fisheries of
fishing large quantities of prey specxes, in partlcular, Norway pout and sandeel in the

.North Sea", the MSWG responded by simulating increased fishing mortalities of 50% in

these fisheries (Anon., 1991) despite the fact that over one million tonnes of sandeel alone
were caught in 1989 (Anon.; 1992). This was amehorated to some extent by formal
sensitivity analyses where changes to the order of +10% were applied and the response
surface extrapolated to represent changes of +30% (Anon., 1991). Unfortunately, it is not
clear whether the results presented for 30% changes in fishing pressure apply to effort

. changes in the industrial demersal fishery or the roundfish fleet. The results shown here
. suggest that beneficial changes in the yield and biomass of other fish stocks are possible

if fishing mortality rates on prey fish in the industrial fisheries are reduced.

The range of potentml exploxtatxon $cenarios is enormous and, in consequence only a
limited set can be investigated. However, if the move towards the provision of long-term
management advice under multispecies assumptlons is to be consolidated then a broad
spectrum of possibilities must be covered. It is towards that end that a number simple

- sections through the overall yield and biomass surfaces are presented here along with the

suggestion that the posmbxhty exists that in an already heavily exploxted system it may
be possible to reduce effort in order to improve the status of North Sea fish stocks.
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FIGURES

Percentage deviations from the baseline forecast are shown for yields and spawning stock
biomasses. These are attributable to effort changes in the fishery with others held at
current levels.



Figure 1. Effort changes applied to the industrial demersal fishery.
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Figure 2. Effort changes applied to the industrial demersal fishery.
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Figure 3. Effort changes applied to the industrial pelagic fishery.

Relative catch forecast vs. fishing effort
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Figure 4. Effort changes applied to the industrial pelagic fishery.
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Figure 5. Effort changes applied to the total industrial fishery.
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Figure 6. Effort changes applied to the total industrial fishery.

Relative stock forecast vs. fishing effort
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Figure 7. Effort changes applied to the saithe fishery.
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Figure 8. Effort changes applied to the saithe fishery.
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Figure 9. Effort changes applied to the roundfish fishery.
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Figure 10. Effort changes applied to the roundfish fishery.
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Figure 11 Effort changes applied to the herring fishery.
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« Figure 12. Effort changes applied to the herring fishery.
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N Figure 13. Effort changes applied to the mackerel fishery.
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Figure 15. Effort changes applied to the flatfish fishery.
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Figure 16. Effort changes applied to the flatfish fishery.
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Figure 14. Effort changes applied to the mackerel fishery.
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