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5) The arrays of food consumption per fish Per quarter are re-
prlaced by functions of body weight in  the sea such that
changed assumptions on size at age are automatically reflected
in the food consumption. The changes mainly concern cod (less

consumption) and mackerel (higher consumption) .

6) Input average fishing mortalities for mature age groups are
now based upon comparable trends to those in single-species
assessment reports.

7) Estimates of other sources of natural mortality were revised
in accordance with estimates of the biomass of fish predators
not included in the MSVPA model (seals, birds, and other pre-
datory fish),

Some of thesge changes influenced the results appreciably, but it

15 anticipated that only modest changes will occur as the tech-
nique comes of age.

In 1984, it was only possible to suggest a lay out for long-term
yield calculations. In 1985, the Working Group made its first es-
timates of long-term yield changes that could be achieveq by
modifying various fisheries, and this year it has been possible
to compare two methods and to make some sensitivity analysis of
the long-term vield advice to inputs and assumptions. The Working
Group thus feels on surer ground in making such predictions,

As regards short-term advice, the 1985 Working Group (Anon.,
1986a) noted a4 discrepancy in TAC estimates when natural mor-
tality changed. This problem was taken up by the Methods Working
Group of the same year (Anon., 1986b), which was largely able to
explain the discrepancy and also able to give advice on how such
discrepancies could be minimized. The ideas developed there have
been further developed at the current meeting,

The Working Group would, therefore, Suggest that advice on short-
term management TACs can, provided due regard is raid to tech-
nique, be safely provided by single-species working groups. Ad-
vice on long-term Management in the North Sea (mesh changes and
effort changes) cannot, however, bhe given in g4 single-species
context even if the current estimates of natural mortality given
here were adopted. This jg because multispecies interaction
causes changes in Predation mortality which can only be predicted
in a multispecies model, These changes may well invalidate a
long-term assessment based upon single-species considerations.
ACFM is, therefore, advised that such long~term advice should be
provided by this Group in the future with appropriate inputs and
advice from single-species working groups.

1.4A—Ckﬂgwg_m_m

The Working Group wishes to acknowledge the vital help of the
following groups of people:

1) the ICEs Secretariat,
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2) the 1981 ICES stomach sampling coordinators,

3) the single-species working groups and the individual scien-
tists who provided important data sets, and

4) the authoxrs of the various working papers submitted to the
Working Group.

The Working Group noted with pleasure that it was possible to run
most analyses on the ICES computer this year and that facilities
for linking microcomputers to the NORD were also successful. This
greatly facilitated its work.

2 TEST RUNS WITH THE MULTISPECIES VPA (MSVPA)

2.1 FORTRAN Programs

The MSVPA program used in 1986 is an extended version of the
program used in 1985. The computational procedure remained the
same except for some minor modifications (Sparre and Gislason,
1986):

1) O-group fish in the first and second quarters are excluded;
and

2) yield is calculated as SOP applying age/weight data for the
catches (which may pe different from that in the sea).

The extensions of the MSVPA program are:

1) a “"menu" program to facilitate editing and updating of the
data base (Vinther, 1986); and

2) a routine to produce and input file for the multispecies
forecast program from the VPA results.

The multispecies forecast (MSFOR) progran corresponding to the
MSVPA was used for the first time in 1986. pisregarding pre-

dation, this forecast program is equivalent to the traditional
procedure of ICES working groups (sparre, 1986).

Predation mortalities are calculated using the same routine as is
used in the MSVPA program.

The MSFOR program allows for short-term predictions (say, & 3-
year forecast), or it may be used to calculate the long-term
(quasi equilibrium) prediction.

The long-term predictions are nade simply by letting the program
predict for, say, 50 years or until the system goes into a steady
state.

The programs are written in FORTRAN 17.

At the 1985 Working Group meeting, the programs were executed on
the VAX 11/750 computer at the Danish Institute for Fisheries and



Marine Research. At this meeting, all the programs were executed
on the NORD 500 computer at ICES headquarters.

2.2 Catch-at-Age Data

Assessment working groups were requested, as part of their terms
of reference, to supply quarterly age compositions, mean welights
at age, and catch data for input to MSVPA for 1985. Data were
available as follows:

Mackerel: Appropriate data are given in the Mackerel Working
Group report (Anon., 1986¢).

Norway pout, sandeel, sprat: Data are given in the Industrial
Fisheries Working Group report (Anon., 1986d). It should be
noted, however, that in the case of sprat, sampling was poor and
the figures given by the Working Group report represent average
age compositions of Danish catches for the period 1981-1983 and
do not, therefore, reflect year-class strength,

Herring: At the 1985 meeting of the Multispecies Working Group
(Anon, 1986a), inconsistencies were noted between the quarterly
catch-at-age data and the annual catch-at-age data. The Herring
Working Group (Anon., 1986e) considered these problems and re-
vised the data accordingly for the period 1974-1984. This re-
vision was undertaken at the Danish Institute following the meet-
ing of the Herring Working Group and circulated +o members of
that Working Group. Data for 1985 came from the same source.

Cod, haddock, whiting, saithe: At the 1985 meeting of the Multi-
species Working Group, a number of difficulties in the data were
noticed and these are summarized in the North Sea Roundfish Work-
ing Group report. There was insufficient time at the Roundfish
Working Group meeting this year +to solve these difficulties.
Minor amendments and changes were made to the whole data set for
all species at the Scottish Laboratory, where data for 1985 were
also worked up. These data were supplied +to the Multispecies
Working Group.

2.3 Relative Food Composition Data

The nature of the stomach sampling program and the way the data
are raised to reflect the average consumption by the total North
Sea predator populations by age class leads inherently +to the
bresence of some erratic data points. In general, these can be
traced back to small sample sizes, odd weighting factors, or in-
appropriate age/length keys. Although they hardly affect the glo-
bal results of MSVPA, they may lead to severe distortions when
the results are studied in detail. Therefore, the species coordi-
nators were asked last year to go critically through +their data
base and make such revisions as were found necessary to reduce
erratic results, particularly in the light of more appropriate
age/length keys having become available for the various prey
species.

Although progress had been made in this field, +the final re-
visions could not all be incorporated at the time of the meeting,



Final revisions will be incorporated in the Cooperative Research
Report.

Additional stomach content data were made available from the
English groundfish surveys in the third quarter of 1982 (cod and
whiting) and 1984 (cod) (Casey et al.,1986). At present, these
data do not allow a reliable comparison with the predicted food
compositions in those years and quarters from MSVPA, because only
unweighted averages are available for all North Sea samples and
because of a lack of appropriate age/length keys for the various
prey. However, the data might reflect similar global trends as
MSVPA and should be worked up further.

As yet no data were available from stomachs collected in the sam-
pling project initiated in 1985.

2.4 Estimates of Rations Used in MSVPA Runs

In the past, rations used for the different species were supplied
by the individual species coordinators, who applied different
models to achieve the estimated rations by age group and guarter.
This has caused some inconsistencies, because, although rations
are essentially a function of weight of +the fish, body weight
matrices of fish in the sea were changed without corresponding
changes in the rations. Therefore, it was decided to consider the
possibility to replace the input of food consumption matrices in
the MSVPA by corresponding functions of body weight, so that re-
visions of the latter automatically result in adjusted rations.

Three proposals were put forward to the Working Group, which are
described in two working papers:

1) Bromley (1986) proposed to regress the relative annual feeding
rate in percent of mean body weight per day against age for
all species combined and then split the annual consumption in
quarterly rations according to the average contributions of
each guarter in the estimated rations for all species age
groups as provided by the coordinators.

It was appreciated that this approach in fact indicated that
the various consumption models resulted in similar trends and
that these could be fitted to a general empirical model.
However, it was observed that application of this general
model would result in systematic increases or decreases in
food consumption by individual species, which might
drastically change the output of MSVPA. Also, this general
nodel assumes that a fish is a fish and does not allow
species-specific differences. Since various studies indicate
that rations differ between species, this approach was not
pursued any further.

2) Ursin (1986) proposed to fit a simplified version of Daan's
(1973) model to each of the individual species (i) in each
quarter (dq):

2/3

Ciq = Aiq X Wiq



where C represents consumption, W represents weight in the
sea, and the parameter A takes into account the average
feeding level as implied by the stomach content weight and the
temperature effect on the digestion rate.

3) As an alternative option, Ursin (1986) proposed to apply an
analytical model, in which production and maintenance
requirements are taken into account and to fit this model to
the available rations. Because detailed information on the
appropriate quarterly production values was not available to
the Group, it was decided to skip this model for the time
being. Still, it was emphasized that ultimately this approach
might be extremely useful, especially when annual estimates of
weight in the sea are entered in the MSVPA so that annual
changes in production can be dynamically evaluated.

In principle, all three pProposals allow simple estimation of the
rations on the basis of entered weight-at-age arrays in the sea,
but for the reasons described, the second model was chosen for
further evaluation, particularly since all the essential data
appeared to be at hand.

For all species, values for the ambient temperature in each quar-
ter were selected from various bottom temperature charts in order
to allow for a modification of the digestion parameter according
to

5 = 50 exp [0‘096('1‘O - T)]
where & is the experimentally obtained digestion coefficient at
temperagure To'

The values of the ambient temperature for all species are given
in Table 2.4.1,

For cod, whiting, and haddock, the rations given by the species
coordinators were based on the associated mean length of the
sampled size classes and, therefore, as a first step, +the wvalue
of A had to be derived from the average feeding level (¢) as
given by

P = S/L3

where S represents the weight of the stomach contents. The values
of the feeding level in each age or size class and the averages
are given in Table 2.4.2

Subsequently, the temperature correction on the digestion coef-
ficient was applied to yield the A values given in Table 2.4.3.

For saithe, the A values were directly obtained from the avail-
able consumption rates, because in this case, the temperature
correction had already been made at an earlier stage.

For mackerel, quarterly consumption rates were first recalculated
using the same temperature relation for the digestion coefficient
as for the other species in order to improve internal consist-
ency. The actual temperatures used (Table 2.4.1) were unweighted
quarterly means of the regional values used in the earlier calcu-
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lations (Anon., 1984b). New quarterly consumption rates by agde
class for the total North Sea were estimated by nultiplying the
0ld figures by the ratio of the new and old digestion rates. From
these and the unweighted average of the quarterly mean weights at
age in 1985 (Table 9.2 in Anon., 1986¢), the quarterly As were
calculated as unweighted means of +the three age groups con-
sidered.

Figure 2.4.1a-e shows comparisons of the resulting new estimates
of annual ration per age with the estimates used in previous
working Group meetings (Anon.. 1984a; Anon.. 1986a) for each
predator species. The main changes are reduced ration estimates
for cod and haddock and increased ration estimates for mackerel.

2.5 M1 _Level Uysed in Runs

several new sources of information on predation by tother" pre-
dators (i.e.. predators not included in the MSVPA model) and on
natural mortality have become available auring the last year.
These are:

1) biomass estimates of ‘“other" fish predators than the MSVEA
predators, pased on catch rates from the IYFS and the EGFS
(sparholt, 1986a);

2) estimates of seabird predation (Bailey, 1986) ;

3) estimates of grey seal predation (prime and Hammond, 1986);

4) estimates of natural mortality rates for Norway pout and sand-
eel from aye composition of unexploited stocks given by the
Industrial Fisheries wWorking Group (Anon., 1986d) .

The new information has been compiled in a preliminary way by

gparholt (1986b) and evaluated together with information from
older literature.

predation by wother" fish predators
The estimated biomass of vother" fish predators as an average

aver the years 1983-1985 is shown Dby species in Table 2.5.1
(based on sparholt, 1986a). The estimates are pased on a com-
parison of catch rates of unassessed with assessed species, for
which VPA biomass estimates are available from sinqle—species
working groups. The catch rates were taken from the IYFS and the
EGFS. The species were grouped in order to obtain groups of
species with equal catchabilities.

The selection of predator species were made in a preliminary way
without a thorough consultation of the literature. Because of
doubts about the predatory stocks of grey gurnards and horse
mackerel, the present Working Group decided to exclude these two
species from the list.

The total biomass estimate of rother" fish predators pased on the
IYFs was 18% of the biomass of the MSVPA predators and 32% when
based on the EGFS. The difference was mainly caused by & large
amount of Western stock mackerel in the North Sea in the third



quarter. The IYFS estimates were, therefore, taken 4s represen-
tative for the first, second, and fourth quarters and the EGFS
for the +thira quarter. The annual mean percentage thus becomes
equal to 21%,

The amount eaten and the foogqg composition of 1 tonne of ‘"gther"
fish predators were assumed to be equal to that of the MSvpa pre-
dators.

Predation by birds

Bailey (1986) estimated the total amount of fish taken by sea-
birds in the North Sea in 1939 to be approximately 340,000 t,
Bailey did not Separate the annual consumption into quarters. The
Working Group, therefore, decided to Separate the annual consump -
tion equally into quarters which then becomes 85,000 t per quar-
ter. The food composition was given by Bailey in qualitative
terms: "With the €Xception of the largest seabirg species (gan-
net, cormorant), most seabirds take fish in the length range 5-16
Cm. North Sea seabirds are assumed to feeq entirely on fish. Fish
that are assumed to be acceptable as food for seabirds include
all age groups of sandeels, sprats, and Norway bout, together
with 0- ang 1-group herring and gadoids and O-group mackerel",

As the food composition is needed in quantitative terms, the
Working Group decided to assume the food composition to be equal
to that of the five Msvpa species. This is not in great conflict
with Bailey's qualitative description.

Predation by seals

Prime and Hammond (1986) gave an estimate of the fish consumption
by grey seals in the North Sea. The value obtained was 57,283 ¢t
in 1982. as for the seabirds, the Working Group decided to sep-
arate this consumption equally into quarters giving 14,321 t per
quarter,

The food consumption was assumed to be equal to the Msvpa pPre-
dators. Although the diet according to Prime and Hammond is, to a
great extent, sandeels, the food items are generally larger than
the food itenms of the MSvpa predators. The assumption used is,
therefore, brobably not the optimal one, but time did not allow
the Working Group to go further into details about this matter.

According to Sparholt (1986b), the total number of common seals
in the North Sea is at least 23,946 in 1985, and their consump-
tion of fish is 13,631 ¢, As a large broportion of the food of
common seals is often flatfish, the common seal is not included
as a predator in the Present context.

Predation by whales and invertebrates

As no data seem to be available on the biomass of whales in the
North Sea, the whales were ignoreqd.

Likewise, no information is available which indicates that in-
vertebrates have any significant predatory effect on fish species
(>5 cm) in the North Sea,

|
|
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Cephalopods; which in many other sea areas have an important im-
pact on fish populations, do not seem tO occur in any significant
number in the North Sea. Both in the 1IYFS and EGFS, the catches
of cephalopods are very small. Furthermore, according to Bulletin
statistique (Anon., 1984¢; Anon.. 1985a; Anon., 1986f), the com-
mercial catch of cephalopods in the North 5ea is very small.

Total Qredatimn by vother" predators

The table pelow shows the total amount of MSVPA prey eaten by the
MSVPA predators in 1981, the seabirds in 1982, the seals in 1982,
and the vother" fish predators in 1981 (assuming the biomass in
1981 of vother" fish predators was 21% of the biomass of the
MSVPA predators in 1981).

The amount of MSVPA prey eaten in 1981 by the five
M5VPA predators and "other" predators (in t).

-

__M__,____#__A___.______#__________,_____

First second Third Fourth
quartex quarter quarter quarter
MSVPA predators 454,696 465,428 665,291 593,107
seabirds 51,000 64,000 64,000 51,000
seals 14,321 14,321 14,321 14,321
wother" fish 95,486 97,740 139,711 124,552
Total "other"
predators 160,807 176,061 218,032 189,873
"Other" predators/
MSVPA pred. 0.35 0.38 0.33 0.32

———— _,__———_______”_.-———————"“

As the food consumption of the vother" predators is assumed to be
equal to the food consumption of the MSVPA predators, the frac-
tion of M1 which is caused by predation is simply 35% of the cal-
culated M2 values from the MSVPA run.

Total M1 values

To the mortalities caused by wother" predators ig added a MOX-—
tality component representing mortalities due to other causes
such as diseases, spawning stress, physiological characteristics,

and so on. The latter ones have been estimated for adult herring
and mackerel in the North Sea. This mortality is equal to the

total natural mortality of these species, as their predation
mortality is zero according to the MSVPA, and the estimate made
above of the predation by "other" predators. The estimates of

natural mortality of herxing of ages 4-9 are petween 0.08 and
0.26 per year. The data make it difficult to reject the value of
0.10 per year as used by the Herring Assessnment Wworking Group for
the Area South of 62 N (Anon., 1986e), though a value of 0.15-
0.20 per year seems more 1ikely. With respect to nackerel, the
value of 0.15 per year is used as by the Mackerel Working Group,
based on estimates from tagging experiments.



For all the gadoids, a value of 0.20 per year was used, as this
value is used by the Roundfish Working Group (Anon, , 19869), and
as  this value is Supported by Jones angd Johnston (1977) with re-
Spect to haddock. The only discussion by the Roundfish Working
Group about M was in its report in 1976 (Anon. , 1976), where
Malkov and Yefremov were said to have estimated M equal to 0.40,
using the method of Tjurin (1972) without any description of the
area and stock in question.

With respect to sSprat, Norway prout, and sandeel, a value of 0.20
Per year was used for the sake of consistency and because no
further information was available,

The M1 values are then obtained in an  iterative way, using as
starting values in a new MSVPA run 35% of the MSVPA M2 values
from the key run in 1985 (Anon., 1986a) plus the mortality com-
bponents for mortalities caused by other reasons. The M2 values
obtained by this New run are then used in the same way as from
the key run in 1985, and this Procedure was continued a few times
until the new M2 values were approximately equal to the input M2
values,

The M2 values were not used directly to estimate M1 but plotted
against ade, and a curve fitted by eye for each species. - M1
values were then calculateqd by broportion. The resultant M1
values are shown in Table 2.5,2,

The M2 values from 1981 (Table 2.5.3) were used as these values
were assumed to be the most reliable since stomach sampling was
carried out in this year.

Based on age composition in unexploited Norway pout ang sandeel
stocks, the Industrial Fisheries Working Group (Anon., 1986d) eg-
timated M to be 1.5-1.6 per year for Norway pout, 1.1 per year
for 1-group sandeel, and 0.5 pPer year for older sandeels,

Comparing these values with +the bpresent estimates gives for
Norway pout as mean over all age groups an M equal to 1.46, for
sandeel T~group 1.38, and for older sandeels 0.67, Thus, gener-

ally a fairly good agreement exists between the Industrial and
Multispecies Working Group estimates.

2.6 Feeding Relationship Used in Runs

As in 1985, the Working Group chose to make runs using the
Helgason—Gislason feeding relationship,

2.7 Weights at Ade Used

There are now three sets of welights at age:
1) body weight in the sea;

2) body weight in the catch; ang



3) body weight in the stomachs in 1981.

Body weights in the stomachs were the same as at the previous
meeting except for minor corrections for salthe.

pody welghts in the sea were separated from body weights in the
catch in order to:

a) avoid overestimating the biomass of Jjuveniles which are
usually of large size in the catch; and

b) make possible the calculation of food consumption as &
function of body weight.

The body weights in the catch are used exclusively for calculat-
ing the biomass of the catch. Whenever possible, the weights were
calculated as means for 1974-1984 using assessment working group
estimates as the source.

Weights in the sea for young ages are from various literature
sources. Weights at older ages are, in some cases, copied from
the arrays of weights in the catch. For cod, quarterly length at
age from Daan (1973) were used. These were converted to weights
using the same condition factors for all four quarters. This is
likely to underestimate the seasonal variation of body size.

Details about the sources for weights in the sea and in the catch
are in Appendix A.

2.8 The Key Run of the MSVPA

thne Hovo:s

As at the two previous meetings, a "key run" was jdentified,
which was based on a selection of various possible assumptions.
The key run adopted was based on:

1) the Helgason-Gislason feeG1ing relationship;

2) revised rations consumed , expressed as functions of body

weight instead of by the different models used in the past. A

simplified version of paan's (1973) model was chosen, and a
temperature correction on the digestion coefficient was
applied (see section 2.4);

3) revised stomach contents data for saithe;

4) revised residual natural mortalities, based on new information

on predation by tother" predators. The mortalities caused by

vother" predators were added to the residual natural mor-
talities (see section 2.5);

5) three sets of weights at age: pody weight in the sea, body
weight in the catch, and body weight in the stomach in 1981
(see section 2.7);

6) revised quarterly catch-at-age data for herring;



7) terminal F values selected mainly the same way as last year
(Gislason, 1986) .

Input data listings for the key run are available at ICES, on the
same basis as the Working Group report.

Mackerel presented a special problem. A large proportion of the
Western stock is in the North Sea in the third quarter. The mor-
talities they cause are included in the mortalities caused by
other predators. The Mackerel Working Group decided to make a
combined assessment of the North Sea and Western mackerel stocks
in its 1986 report. The terminal F values, therefore, had +to be
taken from work not presented in its report (but available in the
Mackerel Working Group file of 1986).

Table 2.8.1a-i presents the MSVPA results for +the species in-
cluded in the model (cod, whiting, saithe, haddock, herring,
sprat, Norway bout, and sandeels). This table is the equivalent
to the conventional VPA tables, i.e., it gives fishing mortality
and population numbers but in addition gives the predation mor-
tality caused by predators (cod, whiting, saithe, mackerel, and
haddock) in the model. Mortality of the O-group is for the third
and fourth gquarters only. The predation mortalities observed in
this year's key run are a little higher for Norway pout and sand-
eels and a little lower for the other species. This is due to
higher rations consumed for mackerel, which breys heavily on
Norway pout and sandeels, and lower rations consumed for cod,
whiting, and haddock. It should be noted that the mortalities of
the O-groups are not comparable because this year the mortalities

The levels of fishing mortalities for the different species are
in agreement with the results of the single-species assessments .
Because the single-species working groups have increased their M2
values (predation), there is also better consistency between the
numbers at age in the youngest age groups,

As last year, the total herring biomass computed by the single-
species working groups was considerably higher than the results
from the MSVPA, and there must be something erroneous in the data
base for herring. The total stock biomass and spawning stock bio-
masses computed in the MSVPA and in the single-species working
group reports are shown in Figures 2.8.1a-g for all species ex-
cept mackerel and sprat where no biomass estimates were avail-
able,

The differences observed between the MSVPA and the VPA estimates
are mainly due to differences in weight at age and in maturity
ogive. Differences in natural mortalities do only cause small
differences in biomass estimates except for sandeel because
sandeels had very variable natural mortalities over Years. The
single-species working groups use constant natural mortalities
over years.

The means of the ratios between numbers at age in the MSVPA Xkey
run an@ in the single-species VPAs for the years 1974-1985 are
shown in Table 2.8.3 for cod, whiting, haddock, and herring. This



year, there is better agreement between MSVPA and SSVPA for all
age groups.

Differences in total biomass are mostly due to the strange prac-
tice used by single-species working groups of forming an SOP of 1
January numbers and mid-year weights at age.

2.9 Sensitivity of MSVPA

sensitivity of the MSVPA to halving predator ration and M1 was
tested by last vear's working Group by performing two runs (one
for each condition). It is clear that these two parameter dgroups
may interact with each other and with other model parameters to
produce sensitivities different from the ones observed by varying
a single parameter. To examine this question more closely, one
must vary parameters simultaneously. Designed experiments offer
access to statistical techniques that are well described and well
known, among them are factorial, Latin, and Greaco-Latin designs
(Reed, Rose, and Whitmore, 1984). However, for k parameﬁers va-
ried at two levels each, a factorial design requires 2 experi-
ments. For even a few parameters, this means a prohibitively
large number of experiments. However, fractional factorial de-
signs allow estimation of main effects and some interaction terms
by doing only a small fraction of the full factoria}og?i%gq‘ Oone
type of fractional factorial design requires only 2 ex-
periments, where log(k) is the basc 2 logarithm of k. This year's
Working Group decided to attempt sensitivity analysis of the
MSVPA by performing a fractional factorial experiment.

The Working Group choge 7 parameters in the MSVPA program on
which to do a sensitivity analysis (in addition to 9 more in the
forecast model, Section 4.5). The parameters were varied up and
down by 10% of their key run values (Table 2.9.1). The experi-
mental design (Table 2.9.1) was set up by a program described in
Finn et al. (1986) and listed in Finn (1986). It describes cCcor-
ners of a 7-dimensional hypercube arranged so that all two-way
interactions are independent of all main effects.

The MSVPA runs provided considerable output that has yet to Dbe
digested by the VAX.

3 SHORT-TERM PREDICTION PROBLEMS

SHORI-IRRIA ERDL o2z

3.1 Background

At the 1985 meeting of the Working Group, trial short-term
single-species predictions were run for North Sea roundfish
stocks using the old conventional value of M = 0.2 and also using
average age-dependent M as output from MSVPA. It was found that,
in some cases, notably haddock and whiting, the catch predictions
differed between the two assumptions of M by about 20%. This
problem was further investigated by the Working Group on Methods
of Fish Stock Assessment in 1985 (Section 2 of its report, Anon.,
1986b), and it appeared that the problem was associated with the
use of survey indices to tune the F values in the last data year.
The problem can be examined by considering the catch ratio:
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Cla,y) F(a,y) 2z(a+1,y+1) [1-exp-Z(a,y)]
= CRATIO (3.1)

In making a catch prediction from year t (the last year of catch-
at-age data), and if C(a,t) is the catch in the last data year,
then the predicted catch is simply:

C(a+1,t+1) = C(a,t) CRATIO (3.2)

In a typical VPA-based catch prediction, F(a,t) is determined and
thus F(a+1,t+1) must be chosen to estimate CRATIO and make the
prediction. In making such a prediction, if it can be shown that
CRATIO is independent of M, then the catch prediction will be
independent of M because C(a,t) cannot change. 1In general, the
methodology adopted by assessment working groups is to choose

F(at1,t+1) Q F(a+1,t) (3.3)
50 that the right hand side (RHS) of (3.1) becomes:
Fla+1,t) 2(a,t) [1-exp(-2z(a+1,t))Jexp-z(a,t)

KRATIO = (3.4)
F(a,t) Z(a+1,t) [1-exp-Z(a,t)]

and hence C(a+1,t+1) = C(a,t) KRATIO

C(a+1,t)

(NB: KRATIO # )

Cla, t)

KRATIO 1is determined by the Fs and Ms in the last data year of
a conventional VPA. We wish, therefore, to know if KRATIO is in-
dependent. of M, Attempts were made to show analytically the con-
ditions under which KRATIO is M independent, but no clear demon-
stration can be found at present though it is suspected that sep-
arability is a sufficient, but not necessary, condition. A prac-
tical investigation in the next section indicates that KRATIO is
in general unaffected by M, but the use of survey index tuning
may violate the rule and lead to problems, i.e., modifying F on
the recruiting ages so that the catch and survey population esti-
mates remain unchanged can make TAC estimates sensitive to
changes in assumptions about natural mortality.

3.2 short-Term Catch Prediction for North Sea Haddock

Work by the Methods Working Group indicated that, for North Sea
haddock, at least, KRATIO values were insensitive +to M in a
converged VPA. Trials were made at this meeting +o check that
KRATIOs were also M independent for tuned values of F in the last
data year t. This was done for the North Sea haddock stock using



values of M = 0.2 and variable M (Table 3.2.1). Terminal Fs were
tuned using the catchability method (Anon., 1985b) on ages 2-7
and mean F on ages 0-1. Runs were made assuming last data years
of 1975, 1980, and 1985, In all cases, the calculated KRATIO
values (Table 3.2.2) are largely unaffected by changes in M.

As discussed before, the problem in making short-term catch fore-
casts when M is changed appears to be associated with tuning
using a survey index. The procedure above was, therefore, re-
peated for the 1985 terminal year but with the IYFS index being
used to tune F on ages 0 and 1. Table 3.2.3 shows that, in this
case, KRATIOs on young fish are sensitive to M which means that a
catch forecast based on the tuned Fs would be affected by changes

in M.

In the past, tuning, using the IYFS, has been done using a re-
gression of VPA on TYFS. At its 1986 meeting, the North 5ea
Roundfish Working Group used a different method. An average of
recent values of IYFS/VPA was used to scale the survey index to
vPA. This method was also used to tune Fs on ages 0-1 in the
trials here. It can be seen that this method also leads to M sen-
sitivity in KRATIOS (Table 3.2.3). It is also noteworthy that the
direction of sensitivity is different according to the treatment
of the survey.

The sensitivity of the catch prediction to changes in M 1is an
undesirable feature. As an example, Table 3.2.4 shows predicted
catches for North Sea haddock using M = 0.2 and the variable M
values given in Table 3.2.1. Changing M in the assessment clearly
has an effect and is due to the way in which the IYFS survey is
used to tune the VPA. It would be desirable to adopt a prediction
procedure which is less sensitive to these changes, and the Work-
ing Group endorses the recommmendation of the Methods Working
Group that F in the prediction procedure be chosen +to preserve
KRATIOs. In the case of haddock, this can be done by setting
aside the catch of 1-year-old fish in the last data year and
using the IYFS population size in conjunction with a recent
year's average age F for the calculation of forecasts. The same
principle should apply +to other stocks. Working groups should
note this point since TACs which are robust to M change would be
desirable at this time due to revisions of advice on M levels
being likely.

4 LONG-TERM ASSESSMENTS

4.1 Introduction

The general problems associated with carrying out long-term
multispecies assessments were discussed in the 1984 report of the
Working Group. That document should be consulted for necessary
packground material.

At this meeting, two different methods were used to investigate
long-term consequences of changes in fishing patterns in the
multispecies context: the forecast MSVPA developed by Sparre
(1980), and the multispecies multiplicative steady-state model
developed by Shepherd (1984). The methods differ in two key ways.
The forecast MSVPA method uses the individual suitability values
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produced by the key run of MSVPA to compute different M2 values
for each individual forecast quarter year, whereas the multi-
species multiplicative steady-state model uses parameter esti-
mates smoothed by a model fit to the M2 values from the MSVPA.
Also, the MSVPA may change levels of predation mortality on vari-
ous ages of prey over a run, because the intensity of predation
is a function of both suitabilities (which are fixed within a
run) and predator and prey abundances (which can vary within a
run). In the multiplicative model, predation mortality is assumed
to vary with predator abundance but to remain constant under
changes in prey abundance.

Neither of these models represent the exact +truth. However, they
are likely to bracket the true patterns and variation in pre-
dation mortality.

Therefore, if +the long-term predictions of the two models are
similar, we may place greater confidence in the long-term advice
provided. The 1985 report documents the differences in long-term
harvests expected, when predation mortality is added to fishing
mortality. That work was not repeated here.

4.2 Description of Long-Term Models

The forecast MSVPA is an extension of the MSVPA program used in
1985. It is run for 50 years to provide a forecast which is
checked for convergence. Section 2.1 contains a description of
how the program works. The method is intended primarily to aug-
ment traditional methods of projection used by working groups by
adding the impacts of predation mortality to the factors commonly
used in forecasting.

The multispecies multiplicative steady-state model was described
at length in the 1984 report of the Working Group, and modifi-
cations were outlined in the 1985 report. Basically, given fixed
recruitment and specified levels of natural and fishing mor-
talities and predation mortality per unit predator biomass, the
model finds, for each species, the distribution of numbers at age
which produce steady-state conditions. The yields of each popu-
lation to each fishery can be calculated easily from these
results.

4.3 Parameterization of Models

Forecast MSVPA

The input tables of weight at age, M1, and so on were the same
ones used in the key run of MSVPA. Recruitment was assumed to be
constant at +the arithmetic mean (1974-1983) of numbers of 0~
group fish of each species in the third quarter from the key run
of MSVPA (Table 4.3.1). The recruits entered in the third quarter
for each forecast yecar. The annual fishing mortality on each age
of each species was the mean fishing mortality over 1978-1982 as
calculated from the key run. This fishing mortality was par-
titioned among the six fisheries described in the 1985 report of
the Working Group (see Appendix B tables).
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Multiplicative model

Aside from predation mortalities, all input values to this model
were exactly the same as those used in the forecast MSVPA except
that they are applied annually rather than quarterly.

Predation mortalities were calculated from the predator relative
preference matrix. This matrix was calculated from the parameters
estimated in the core M2 smoothing model. This model is described
in Section 8.4. It differs notably from the model used in 1985,
in that the slope of the size preference function was estimated
separately for each predator species. In 1985, a common slope was
used for all predators. Difficulties were encountered estimating
interaction parameters of the accepted model, due to aliasing by
the statistical package used. A separate computer run treating
each of the 34 predator-prey combinations as levels of a single
factor, and using the same covariates, was used to provide the
parameter estimates used in the multiplicative runs. 1In every
case, these estimates were identical to the unaliased estimates
from the factorial run.

The parameter estimates in Table 4.3.2 were converted into the
relative preference matrix values by the formula

exp(interaction + correction term)

and then scaled to whiting preying on whiting as 1.0. (The same
scaling was used last year.) The correction term

was different for each predator, as the mean (u) of the size
preference function was different for each predator, although a
common standard deviation (o) was used. Furthermore, because the
actual distribution of loy transformed predation mortalities was
skewed relative to the normal distribution assumed by the model,
the overall predation mortalities were corrected for the devi-
ation using a value toward the geometric mean correction of
exp(MSE/2) (see Appendix C for a further description of the
estimation).

4.4 Results of Long-Term Forecasts
Predation mortalities

Both +the MSVPA and multiplicative models showed substantial
levels of predation mortality on harvested species (Table 4.4.1).
The multiplicative model, using a parameterized size preference
relationship, produced at least small levels of predation mor-
talities on all ages of each prey species. The MSVPA, using cal-
culated suitabilities, had predation cease on large fish. Other-
wise, there were no consistent patterns in the differences be-
tween M2s calculated by the two methods. The only large differ-
ences were in Norway pout, where the multiplicative model esti-
mated M2s usually at least twice those of the MSVPA forecast, and
in haddock.
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Equilibrium harvests at status guo fishery levels
(average 1978-1982)

The +two models differ substantially in the yields they predict
from each fishery once equilibrium is (assumed to be) reached
(Table 4.4.2). The MSVPA forecasts greater yields of whiting,
haddock, sprat, and Norway pout. The multiplicative model pre-
dicts larger yields of cod, herring, and sandeel. Both models
predict similar yields of saithe and mackerel, the species with-
out predators in the models. This suggests that differences in
predicted yields must arise from differences in the predation
mortality used as does the different balance of vield of whiting
and haddock between the human consumption and industrial fish-
eries. The investigation of the relationship between differences
in age-specific predation mortalities in the two models and
yields wunder the status guo fishery conditions warrants further
investigation, but was not possible at this meeting. Certainly,
the predicted sandeel harvest of 1.9 million + in the multipli-
cative model seems unrealistic.

Equilibrium harvests with the human consumption roundfish fishery
increased by 10%

In the multiplicative model, a 10% increase in this fishery leads
to modest increases in yield to that fishery (Table 4.4.3). There
are increases to both of the industrial fisheries and especially
to the herring harvests. The increases to the industrial fish-
eries are small percentages of their total harvest, however, com-
pared to the increases to the roundfish fishery.

In the MSVPA forecast, there are greater absolute increases in
yield to the roundfish fishery directly and the herring fishery
indirectly. The percentages are generally comparable between the
two models, although this model predicts a much larger return
from haddock, whiting, and Norway pout to the industrial demersal
fishery.

Equilibrium harvests with the industrial demersal fishery

increased by 10%

The multiplicative model indicates that a 10% increase in this
fishery 1leads to increases in return from most species harvested
by this fishery (Table 4.4.4). There are corresponding declines
in yield of cod, whiting, and haddock in the human consumption
fishery. Only whiting, haddock, pout, and sandeel in +the indus-
trial fishery show increased yields of any percentage at all.
Given the large baseline yield of herring, the additional vyield
is negligible.

The MSVPA forecasts show similar percentage increases in yield to
the industrial demersal fishery, where yields of all species in-
crease by from 2 to nearly 10%. The decreases in the roundfish
fishery are slightly larger than those indicated by the multipli-
cative model.




Equilibrium harvests with the industrial pelagic fishery
increased by 10%

Both models provide similar predictions for a 10% increase in the
industrial pelagic fishery (Table 4.4.5). Yield of whiting in
this fishery increases by nearly 10%, whereas yields of herring
and sprat are increased by lesser percentages. As much or more
yield of herring is lost in the human consumption fishery, how-
ever, there is only a slight decrease in the human consumption
fishery for whiting, and most other yields show changes of less
than 1%. In both models, there is a very small change in the
yield to the industrial demersal fishery arising from the in-
creased industrial pelagic fishery, but the models differ in
their net effect.

Equilibrium harvests with the human consumption herring fishery
increased by 10%

A 10% increase in this fishery produces about a 5% increase in
yield from that fishery in both models (Table 4.4.6). Both models
also show a decrease in yield of herring to the industrial demer-
sal fishery of about half that size. No other yields are af-
fected.

Equilibrium harvests with the saithe fishery increased by 10%

For both forecasting models, increasing the saithe fishery mor-
tality has a number of consequences (Table 4.4.7). Yield in the
saithe fishery actually changes very little, compared to the 10%
decline in yield of saithe in the roundfish fishery. Yield of all
other roundfish increases, however, and by higher percentages in
the MSVPA forecasts than in the multiplicative model predictions.
vield of all species except saithe generally increases in the in-
dustrial fisheries, and usually by a slightly higher percentage
in the MSVPA model than in the multiplicative model.

Equilibrium harvests with the mackerel fishery increased by 10%

In both models, an increase of 10% in fishing mortality on mack-
erel leads to much less than a 10% increase in yield from that
fishery (Table 4.4.8). Small increases in yield of herring, had-
dock, and cod are seen in fisheries which harvest those species.
Increases in yield of pout and sandeels to the industrial demer-
sal fisheries also occur, but are small. There is likewise a very
small increase in yield to the industrial pelagic fishery.

Summary

Both projection methods present quite similar evaluations of
percentage changes in the major fisheries in the North Sea.
Increasing the saithe fishing mortality appeared to have fairly
wide ramifications, as did changing the fisheries which harvest
several species. Increasing industrial fisheries generally
decreased yield from the roundfish fishery.

The models, although consistent in the patterns they showed, had
very different baseline conditions. Given the care taken to make
initial conditions as similar as possible, these differences are
cause for concern. Additional work is needed to determine whether
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we were not successful in matching initial conditions closely
enough, or if the dynamics of the two models produce the differ-
ences. If the discrepancies in baseline conditions can be cleared
up, it seems that both models paint broadly the same pictures of
long-term dynamics, and long-term assessment advice may well be
improved through use of either method.

4.5 Long-Term Sensitivity

Since the Working Group's management recommendations will rely
heavily upon interpretation of the long-term yield forecasts,
determination of the sensitivity of long-term yield to the para-
meters is important both for interpreting results and for quanti-
fying the need for improved estimates of certain parameters.

The sixteen sensitivity runs made on the MSVPA (Table 2.9.1)
were doubled to allow addition of nine recruitment parameters to
the analysis (Table 4.5.1). Deviations away from the key run
parameter values were kept at 10% for recruitment, and no changes
were projected in the fishing effort.

The forecast model (Sparre, 1986) was run for 35 years at which
point the model was reasonably close to convergence. Yields of
each species and the total yield were taken as independent vari-
ables (responses) in a multiple linear regression with the 16
parameters as independent variables.

As an indication of the overall sensitivity of yield to this set
of parameter manipulations, Figure 4.5.1 shows the coefficient of
variation of each species' yield. Herring is by far the most sen-
sitive species (CV = 56%), followed by Norway pout (CV = 25%).
The most stable species are cod and whiting (both with CV = 5%).

Table 4.5.2 shows the ranked sensitivities of yield to each para-
meter. The sign on each rank indicates the direction of +the re-
sponse. Note the sensitivity of each species to its own recruit-
ment. All species, except for haddock and herring, are most sen-
sitive to their own recruitment. Herring is most sensitive to
haddock recruitment, and haddock yield is most sensitive to
saithe recruitment (a negative relationship). Saithe and mackerel
appear to be sensitive only to their own recruitment and to over-
all M1 (i.e., yield for these two species is independent of the
rest of the system). Total yield is sensitive to recruitment and
cod ration.

Other food has 1little effect on the yield of any species, no
ration level has an effect, except cod ration, on sandeel vyield,
and M1 has little effect except on saithe and mackerel yield.

Figure 4.5.2 and Table 4.5.3 show the relative sensitivities of
yield to changes in each parameter. The scale on this plot can be
read as the % change in the yield that a 1% change in the para-
meter will produce. Note first that the highest sensitivity (Fv)
is for herring +to haddock recruitment. A 1% change in haddock
recruitment produces almost a 5% change (in the same direction)
in herring recruitment.

Figure 4.5.3 shows a plot of herring yield versus haddock re-
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cruitment for the 33 runs of the model. There is obviously a
strong positive relationship, but there are two outliers for the
case with low haddock recruitment. For one of these cases, all 16
parameters were set to -1 (all rations were low and all recruit-
ments were low). The second outlier had all recruitment high, ex-
cept for haddock, and all other parameters low. Although it is
clear +that a higher order, non-linear interaction is taking
place, there is not enough information in these 33 runs to de-
cipher just which higher order interaction it is.

The analysis of the relative sensitivities of each species' yield
to its own recruitment suggests that there are three types of re-
sponse: fish whose yield changes exactly as much as their own
recruitment (saithe, mackerel, and herring); fish whose vyield
changes less +than their own recruitment (cod, whiting, and had-
dock); and fish whose yield changes more than their own recruit-
ment (sprat, Norway pout, and sandeel).

Herring appears sensitive to most parameters, while saithe and
mackerel are sensitive only to their own recruitment and to M1.
Ration levels do not seem important, except to herring and Norway
pout. Only herring yield is at all sensitive to other food.

Discussion

This sensitivity analysis, although preliminary, demonstrates the
compensatory nature of the MSVPA and forecast model. Despite the
large variation in some fish yields, overall yield varies little
(Table 4.5.3). Even though we already expected that the long-term
forecasts are sensitive +to recruitment, it is nice to have our
suspicions confirmed. The manner in which various species are
sensitive to their own recruitment, and to that of other species,
is interesting. A species' sensitivity to its own recruitment
summarizes all the indirect predator-prey relationships for each
species, showing that some tend to damp out oscillations in re-
cruitment, while others tend to amplify changes in recruitment.
The relationship between haddock recruitment and herring appears
to be important, and the exact nature of this very strong effect
should be further considered. It seems likely that herring and
haddock are alternative prey for some important predators.

The purpose of making a forecast is to look at the effect of
changes in effort on yield. The sensitivity of yield to changes
in effort should be examined either by running several sensi-
tivity analyses for different fishing efforts, or by including
the effort of various fleets within the sensitivity analysis
itself.

An expanded sensitivity analysis should be attempted in the
future. Although 16 parameters 1is five times as many as were
examined last year, there are 1,000 times that number of para-
meters in the model. Of particular interest are the natural mor-
talities and terminal fishing mortalities (Finn et al., 1986).

Some reworking of the program to produce minimal output (or de-
velopment of a separate program that digests the output as the
runs are done), combined with plans to reduce the number of feed-
ing parameters, makes it conceivable to eventually examine the
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sensitivity of all parameters. It may also be possible to use
these techniques to help "tune" the terminal Fs and Mis to ex-
ternal data or to data already in the model.

5 FEEDING STUDIES
5.1 Stomach Sampling Programme 1985-1987

The stomach sampling programme for cod and whiting in +the first
and third quarters during the period 1985-1987 is in full pro-
gress, but no data are as yet available.

Experience with the 1981 project has shown that the processing of
data for use in MSVPA is slow. It is felt that much gain could be
expected if a data base and associated software packages were
available for exchange between countries and if this data base
could also be accessed by the Working Group during meetings.
Development of such a system deserves high priority.

Before the next meeting of the Working Group, the 1985 and, poss-
ibly, 1986 data should be evaluated. Therefore, the species co-
ordinators involved should meet early in 1988 in order to produce
the output required for input in MSVPA. They should also discuss
what steps must be taken to set up the data base.

5.2 Sampling of Herring Stomachs

In response to last year's request for a pilot study of feeding
of herring on eggs and larvae, working papers were received from
Last (1986) and Stokes (1986), which presented +the results of
samples taken in February 1984 and 1986 and May 1986. These
papers indicate that predation on plaice eggs might account for
10% of the egg production. This appears to be rather higher than
the estimate of 1% given by Daan et al. (1985), but this differ-
ence 1s almost entirely accounted for by the adjustment of the
natural mortality in the herring assessment, which resulted in
considerable increases 1in stock size. The rate of predation by
individual herring was of the same order of magnitude.

It remains unclear whether such a mortality rate could be ex-
pected to influence recruitment levels of plaice, because dif-
ferent sources of mortality may be largely compensatory. What
really counts is whether the presence of large stocks of herring
results in lower egg survival, but this question can as yet not
be answered.

Clupeoid and Ammodytes post-larvae supplied a significant pro-
portion of the food of herring. Also, in this case, it is not
clear how such results could be incorporated in the assessments.
Obviously, feeding on eggs and post-larvae is related to the
recruitment mechanism and, therefore, might affect our conception
of long-term yields. Still, it would not seem profitable to ex-
tend MSVPA further into the early life phase because 1) the time
scale seems highly inappropriate to describe events in rapidly
changing phases of 1life and 2) the specific effects of the few
predators considered in the system become imbedded in the effects
of a multitude of other factors.
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Further research has to be planned at the national 1level before
such problems could be profitably tackled by internationally co-
ordinated research programmes. Further samples of herring should,
if possible, be forwarded to Mr J. Last of +the Lowestoft
Laboratory, UK.

5.3 Predation Among O-Group Fish

Macer (1986) describes incidences of predation of O-group fish by
O-group fish. The conclusion reached was that, in several in-
stances, O-group gadoids have been found preying upon other fish,
including their brothers and sisters. From the point of view of
density-dependent mortality, these observations appear to be
highly interesting, but only as far as this predation would take
place in the second half of the year, data could be used in MSVPA
to improve estimated predation rates. More detailed studies of
food habits of O-group fish between July and December deserve
high priority.

5.4 Oother Studies

The method adopted to estimate M1 values among juvenile fish
might be considerably improved when more detailed information was
available on the food composition of other fish predators than
those included in MSVPA. It might be feasible to collect stomach
samples of these fish during ongoing research vessel surveys
without large extra costs. In fact, in the past, such samples
have been collected by various countries, the main problem being
that the information is not readily available., This situation
could be improved by incorporating the information in the inter-
national data base, which has to be developed for the ICES
Stomach Sampling Programme.

5.5 Future Stomach Sampling Surveys

The 1981 Stomach Sampling Project involved comprehensive at-sea
surveys to obtain the required input data for estimating quar-
terly sets of suitability indices for running MSVPA. Since then,
special sampling programmes (1985-1987) have been designed to
test the hypothesis of constant suitability. It is important to
realize that the Multispecies Working Group is dependent pri-
marily on a single year of observations. Therefore, it is essen-
tial that planning begins now for another intensive stomach
sampling effort. The year 1991 would be appropriate for such a
large-scale experiment. The ICES Multispecies Symposium in 1989
should contribute significantly to the design of the hypotheses
to be examined during the 1991 survey. Evaluations of the 1985-
1987 stomach sampling will also contribute to this effort. Re-
sults of these evaluations should be presented to the 1989 ICES
Multispecies Symposium. It is important that correct planning and
further model development begin now so that the maximum increases
in scientific information can be obtained from such a large-scale
cooperative field research effort.
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6 IMPROVEMENT TO THE MSVPA MODEL
6.1 Alternative Forms of PA

At last year's meeting, it was suggested that a simplified MSVPA
which uses numbers rather +than weights might produce results
similar +to +the current version of +the MSVPA. This idea was
further explored in Daan (1986) and the results indicate that,
both in theory and in practice, the two models are virtually
identical.

The main advantage of using an MSVPA based on numbers is that it
allows stomach samples to be worked up in numbers instead of
weights. At least for species eating large food items, this would
ease the analysis of stomach contents considerably.

A disadvantage 1is that consumption rates are commonly expressed
in energetic terms and only empirical functions can link rations
in terms of numbers to rations in weight.

Because the two methods can be tuned to give similar results in
terms of stock sizes and mortalities, the Working Group did not
pursue this concept any further at this meeting. Because of the
possible implications for sampling programmes, the idea may have
to be picked up again in the future.

6.2 Uniqueness of VPA Runs

The problem of uniqueness was discussed in +the 1984 report of
this Working Group and has been subjected to considerable ana-
lytic investigation (Dekker, 1982; Magnus and Magnusson, 1983).
The latter paper develops "sufficient" conditions for unigueness
which are generally met by the North Sea model. Whether these are
"necessary" conditions is less clear. At the present meeting, it
was anticipated that suitability estimates might possibly change
if large-scale changes in abundance and distribution occurred.
Thus, it is possible that the stomach samples being analyzed from
1985, 1986, and 1987 may indicate systematic changes in suit-
ability for some species. If this is the case, then there are
several possible ways that this problem might be addressed.
Ideally, but very expensively, stomach samples might be taken
regularly and suitabilities estimated separately for each year.

An alternative approach would be to use survey estimates of areal
distribution to monitor changes in overlap (Houghton, 1986);
again this might be expensive if new surveys were needed. A third
possibility would be to make suitability of some species a func-
tion of abundance. The latter would be the cheapest but might af-
fect the uniqueness of the MSVPA. The following tentative analy-
sis of unigqueness in these circumstances suggests that including
such a function might not affect unigqueness.

Firstly, we can consider the usual case. Using the multispecies
cohort analysis (Pope, 1979), we may write the equation for popu-
lation of a prey species j of age b of predator species i1 of age
a as
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M1

. . . M1
N(j,b,y) = C(3,b,y)e — + N(J,b+1,y+1)e
2

M1 :EE N(j,b,y)N(i,a,y)Ration(i,a)SUIT(i,a,3,b)
+ e — (1)
2 L N(k,c,y)SUIT(i,a, k,c)wt(k,c)
all all
predators prey
i,a k,c
@ 1/2
If we estimate N(j,b,y) = [N(j,b,y) x N(Jj,b+1,y+1)]
) 172 _ o,
and call N(j,b,y) = V(i b),
we may rewrite equation (1) as
5 ZE V(3j,b)K2(i,a)
Vo (3,b) = K1(3,b) + (2)
all K3(i,a) + K4(i,a)Vv(i,b)
predators
S,A

where K1, K2, K3, and K4 are a series of positive constants,
provided the populations of other species are positive. Dropping
the j,b indices, equation (2) may be rewritten as

K2(i,a)V
vy = -V + K1(3,b) + > (3)
$,A K3(i,a) + K4(i,a)v

such that the correct value of V is found when y = O.

dy
It is easy to show that y is +Ve when V = 0 and that — is a
av

monotonically decreasing function of V. Thus, there is only one
+Ve solution of equation (3) when y = 0. This suggests that the
solutions are unique provided that other population sizes are
positive, which is a condition of a reasonable solution. Some
doubt as to the validity of this argument does, however, exist
since it does not clarify whether the values of V appearing in
equivalent equations to (3) for other prey populations could lead
to multiple solutions. This clearly needs to be investigated
further.

If the argument is valid, the argument is also valid if suit-
ability for a species increases as N(s,a), since this gives an

equation
. Z K2v?
y = -V° + K1 + —_—
S,A K3 + K4V
dy
which also has y > 0 when V = O and has — monotonically decreas-

ing. av
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Thus, with this particular functional form, the uniqueness argu-
ment developed above would still hold. Since it would be diffi-
cult to suggest a more extreme response of suitability to abun-
dance, this argument would seem to cover all reasonable cases.
Clearly, more work on the uniqueness of the MSVPA model using the
multispecies cohort analysis (Pope, 1979) as a simple analogy
would be worthwhile. In particular, the validity of the initial
unigueness argument needs to be carefully examined.

6.3 Incorporation of Several Years of Feeding Data

A proposal on how to use several years of stomach content data
was put forward in a working document by Gislason and Sparre
(1986). It consists of using an average of +the suitability in-
dices estimated in vyears for which stomach content data are
available. As usual, the MSVPA calculations are initiated with a
guess on the quarterly suitabilities. These suitabilities are
then used to estimate predation mortalities and stock sizes back
to the start of 1981, the first year for which stomach content
data are available. In each quarter for which additional stomach
content data exist, a new set of suitabilities is estimated, and
a weighted average (with respect to the number of stomachs sam-
pled and convergence of the VPA) of these suitabilities used as a
new guess. This procedure is repeated until the average suit-
ability remains constant (Figure 6.3.1).

6.4 Comparison of Suitability

The MSVPA is currently based on the assumption +that suitability
is constant from year to year.

The MSVPA, like single-species VPA, relies on guessed terminal
fishing mortalities and makes no allowance for +the variance of
the catch-at-age data. It is impossible to estimate the variance
of the suitabilities in order to test this assumption.

Given several years of stomach content data, sensitivity analysis
may, to some extent, 1indicate if reasonable changes in other
parameters such as residual mortality, ration, stomach content,
etc. can produce constant suitabilities,

However, if an average suitability is estimated, as suggested in
Section 6.3, it may be equally interesting to study deviations
from this average in individual years. These deviations could
show whether it would be sensible to make +the suitabilities a
function of the spatial overlap between predators and prey and/or
to incorporate a model of prey/predator switching.

A working document by Houghton (1986) described a simple measure
of spatial overlap based on the abundance of cod, haddock, and
whiting by age group and roundfish area in the English groundfish
survey. The results showed that the distribution of older cod,
and hence the overlap with its prey, has changed over the years.
such changes did not occur for whiting. An analysis of variance
furthermore showed different age groups of cod of more than 2
years of age to have a similar distribution within any one year,
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while the age groups of whiting had different distributions,
which, however, were relatively constant from year to year.

With respect to prey/predator switching, it has been shown by
Chesson (1984) that if suitabilities vary between individual pre-
dators of the same species age group, then switching can occur at
the population level even though the suitabilities of each indi-~
vidual remain constant. This implies that if the suitability of
e.g., herring as prey for cod in the northern North Sea is dif-
ferent from the suitability of herring in the southern North Sea,
then the overall suitability will be a function of the relative
overall abundance of herring, even +though the spatial distri-
bution deoes not change. This conclusion, however, depends upon
the actual model of food selection used.

6.5 Comparison of Observed and Predicted Prey Fractions

Additional stomach content data were available (Casey et al.,
1986) for the third quarter of 1982 and 1984 for the North Sea.
The sampling intensity was approximately 25% of the 1981 level
and, therefore, is useful for only a coarse analysis. A prelimi-
nary comparison of cod from the third gquarter of 1982 and 1984
and of whiting from the third quarter of 1982 with predicted
fractions from those periods was possible with the available in-
formation. Prey ages were not available though, so only a rough
table of the observed and predicted fractions was attempted.

Table 6.5.1 shows the prey fractions for cod in 1982 and 1984 and
whiting in 1982. The predicted diet does not appear to reflect
the observed fractions as well as previous comparisons which more
complete data had indicated (Anon., 1986a). The predicted cod
fractions are generally higher than the observed data indicated,
and small percentages of gadoids were predicted in most of the
whiting age groups and not found in the samples. Herring, sprat,
and sandeel predictions, however, were in close agreement with
the empirical data for whiting. These results may partly reflect
the fact that the areal distribution of sampling in the third
gquarter of 1982 and 1984 was not strictly comparable with the
design in 1981. This analysis should only be considered as very
preliminary and further work is certainly warranted.

7 MSVPA PERSPECTIVES OF FEEDING RELATIONSHIPS IN THE NORTH SEA

7.1 Who Eats Who?

Table 7.1.1 summarizes the total consumption by individual pre-
dators and the estimated stock biomasses in 1974, 1981, and 1985,

Table 7.1.2 shows the total biomass and consumption estimates
for all years 1974-1985.

As appears from Table 7.1.2, the total biomass decreased about
50% from 1974 to 1978 and has since then remained approximately
constant at 5 million t. The +total yield has shown a pro-
portionally similar change from 4.2 million t in 1974 to 2.5
million t in 1977 and has since then stabilized on that level.
The amount of MSVPA species eaten has shown a slightly different
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change with a more gradual decrease from 1974 to 1981 and has
since then remained rather stable. The reduction in the amount
eaten from 1974 to 1981 was about 70%.

The amount of fish dying due to the residual mortality has de-
creased by 50% from 1974 to 1980 and has since +then remained
stable. The biomass of the MSVPA predators has decreased by 60%
from 1974 to 1982.

The ‘"yield/average biomass" has been approximately constant
during the period as has the "amount dying due to residual mor-
talities/average biomass". The "amount eaten/average biomass" has
decreased more or less steadily from 1974 to 1985,

The ‘"amount eaten/predator biomass" has been rather constant
around 1-1.3 during the period. This means that the five MSVPA
predators each year eat an amount of MSVPA species equal to their
own biomass. The total amount dying each year due to predation,
fishing, and other causes is between 1.13 and 1.49 times the
average biomass.

Figures 7.1.1a-g show the biomass and annual yield together with
the biomass consumed annually by various predators for each prey
species. Saithe and mackerel are not shown because their pre-
dation mortality is estimated to be zero. For cod too, the pre-
dation is very small compared to its biomass. For herring, it is
about 1/10 of the biomass and for whiting, haddock, and sprat,
about 1/2 of the biomass. With respect to Norway pout, the pre-
dation is about equal to the biomass, and for sandeel too, at the
beginning of the period, caused by a high predation by the large
mackerel stock in that period. Later on, from about 1977, the
predation is only half the biomass of sandeel.

Figures 7.1.2a-e compare the biomass and annual yield of predator
with +the prey biomass consumed. For cod, whiting, saithe, and
mackerel, the total yearly consumption of fish is estimated to be
between one and two times the predator biomass. For haddock, it
is considerably lower.

The most conspicuous difference between the results depicted in
Figures 7.1.1 and 7.1.2 and those given in the 1985 report (Fig-
ures 6.2.71 and 6.2.2) is observed in the biomass estimates. This
is because:

1) The depicted biomasses are averages for the year, whereas the
previous ones were biomasses at the beginning of the year.

2) O-group fish are supposed to exist only from the beginning of
the third quarter. Last year, the standard procedure of most
assessment working groups was adopted. This is to back-cal-
culate O-group numbers to 1 January of the year in which the
fish are spawned and to multiply by a body size which is
largely derived from the sizes in the catch later in the year.

Levels of consumption are influenced by changes made this year to
the calculations of the quarterly consumption rates (see Section
2.4).
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8 FOOD FOR THOUGHT

8.1 Alternating Cod Year Classes

A striking feature of North Sea cod is the alternation of strong
and weak year classes from year to year when year- class strength
is measured as the number of 1-group cod at 1 January from the
VPA produced by the Roundfish Working Group (Anon., 1986g). It
could, therefore, be interesting to see if the MSVPA model is
able to explain this alternation, i.e., if the alternating year-
class strength is caused by predation by the MSVPA predators.

If +the MSVPA explains the alternating year-class strength of 1-
groups at 1 January, the MSVPA numbers of O-groups at 1 July,
which 1is the starting point of the MSVPA model with respect to
cohorts, should not show the same alternations as the 1-groups.

Figure 8.1%1.1 shows that both the number of O-group cod at 1 July
and of 1-group cod at 1 January from the MSVPA keyrun shows the
same alternations.

This means that the MSVPA model does not explain the alternating
year-class strength of cod. The factors responsible for the
phenomenon nmust, therefore, act before 1 July or be factors
acting after 1 July and not accounted for by the MSVPA model.

Correlation between O-group number of cod and O-group survey
indices

As the O-group MSVPA number at 1 July correlates closely with 1-
group MSVPA number at 1 January, which again correlates closely
with 1-group numbers from VPA (Figure 8.1.2), +the correlation
between the O-group survey indices from both the international O-
group survey (1974-1983) and the English groundfish survey (EGFS)
(1977-1986) cannot be expected to have a significantly better
correlation with O-group MSVPA than that found for the VPA 1-
groups.

As can be seen from Table 8.1.1, this is precisely what comes out
of a correlation analysis. The MSVPA O-group number at 1 October
correlates 1in fact a little less than the VPA 1-group number (at
1 January) with the O-group indices.

8.2 Testing the Forecast Program to Destruction

Considering that recruitment is not a function of stock size in
the forecast program (MSFOR), the program cannot be expected to
react realistically to situations much different from those in
the MSVPA years (1974-1985). Much work remains to be done before
a safe range of fishing patterns can be identified.

At this meeting, it was possible to perform only a few exercises
with the extreme situation: F = O everywhere. A long-term fore-
cast based on the key run tuned made saithe extinguish Norway
pout.

The key run uses the Helgason-Gislason option. The Sparre option
was tried (but using the key run output) with a similar result.
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However, doubling the biomass of the Sparre option from 40 to 80
million t gave reasonable results. The system became dominated by
saithe, «cod, and sandeels, whereas haddock (not Norway pout)
almost disappeared. The main problem seems to be that the MSVPA
has no influence (through predation) upon the saithe population
until the saithe are 3 years old. Large predator stocks, there-
fore, do not reduce recruitment to the adult saithe stock.

What can be learned from these few exercises is perhaps that more
attention should be paid to the +two elusive parameters: total
biomass in the Sparre model and available other food in the
Helgason-Gislason model. The values used were adopted because
they happened to work well with the MSVPA, Higher values, how-
ever, might make little difference to the MSVPA, but increase the
robustness of the MSFOR.

8.3 Smoothing of Suitabilities
Background to model

At last year, an attempt was made to fit various models of size
selection to the suitabilities estimated by the MSVPA. According
to Andersen and Ursin (1977), suitability may be described by
assuming that the weight of the predator divided by the weight of
the prey is log normally distributed:

. . 12
SUIT(i,a,3,b,q) = Q(i,j:CI)exp—;—{lnwsm“:a)/UV';SiT?M(J:b)] u(l)} (1)
where i and a are indices of predator species and age, Jj and b

are 1indices of prey species and age, g is quarter, WSEA(i,a) is
weight of predator i at age a in the sea, WSTOM(j,b) is weight at
ingestion of prey j at age b, p and o are the mean and standard
deviation of the log normal distribution, and Q(i,j,q) is a coef-
ficient expressing the general vulnerability of prey j to pre-
dation by predator i in quarter q.

The suitabilities are estimated in +the MSVPA from relative
stomach content, body weights at age of prey at ingestion, and
numbers at age of prey in the sea. However, the body weight of
prey in the sea and at ingestion often differ. It is hence
reasonable to think that the numbers of a certain age are distri-
buted in various size classes, of which some are more suitable
than others.

If we assume that the individual weights at age in the sea follow
a normal distribution, the number of prey of a suitable size is
proportional to:

§(j.,b,q)exp (-R(3)[WSEA(3,b)-WSTOM(J,b)]}2 (2)

where R(j) is a constant. Hence, after taking logarithms
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ln SUIT(i,a,3j,b,q) = 1ln Q(i,3.9q)

_ 1 1n[WSEA(i,a)WSTOM(3,b)]l-u(i)?
2 o(i)
- R(3) [WSEA(3,b)-wsTOM(3,b)]? (3)

Results of fitting suits

Three models were fit to the 1n (suitability) values. All three
treated predator and prey main effects and interactions the same,
and used the weight ratio covariates in the same way as well.
This kernel model in analysis of variance notation was

In(SUIT) = pred + prey + gred X prey + ln(wt rat%o)
+ [In(wt ratio)]® + wt 4iff + (wt Aiff)

The three variants of this kernel tested the level of specificity
of the size difference factor. Variant one estimated a common
first and second power size difference term for all prey. The
seccond tested the first power term under prey species (testing a
common second power term). The third nested both first and second
power terms under prey species.

From the model fitting, a substantial improvement was gained by
estimating separate size difference slopes for each prey, but
little more was gained by estimating separate curvature terms
(Table 8.3.1). Hence, the second variant was adopted as the core
model for smoothing suitabilities.

The estimates of y and o for the wt ratio of predator to prey are
5.0924 and 1.893, respectively (Table 8.3.2). These are reason-
ably close to the mean and standard deviation of the weight ratio
function estimated from predation mortalities, although the 5D is
somewhat larger, implying +the distribution of suitabilities is
slightly broader than the distribution of resultant M2s.

The parameter estimates of the individual weight difference fac-
tors differ greatly among prey (Table 8.3.2). These estimates are
Qifficult to interpret biologically, although they suggest that
cod and sandeels eaten by predators are relatively small for
their age, whereas pout eaten by predators are often large for
their age. Confidence in these patterns should match the confi-
dence placed in the estimates of weights of prey at age in
stomachs.

Individual parameter estimates were obtained for all predator/
prey combinations (Table 8.3.3). Although these were not expanded
into full interaction coefficients (see Section 4), their rela-
tive magnitudes are consistent with the patterns explained in
some detail in Section 4.3. Note particularly that suitabilities
of various prey to whiting differ less than suitabilities to
other predators, particularly saithe. Also, Norway pout are a
suitable prey to most predators, as are haddock and cod (although
in the MSVPA, saithe and haddock are not allowed to feed on cod).

A final model included the entire core plus interactions of gquar-
ter of year with predator and with prey. Both of these terms ac-
counted for substantial variation in suitability, and the resi-
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dual error was reduced substantially (Table 8.3.4). There are
good biological reasons for such interactions, due to changing
patterns of distribution of the species over the year.

Time did not allow further exploration of these interactions, but
more work is warranted in this area. It was noted in the 1985 re-
port that quarter did not account for much variation in M2s, but
the term was used only as a main effect.

Summary

There are theoretical grounds to believe that suitabilities could
be represented by mathematical functions. The model fitting sup-
ported that point, although the importance of +the prey-specific
(weight difference) term was somewhat less than expected. More
work would be useful, particularly looking at quarter effects.

8.4 Smoothing of M2 Values

The rationale for smoothing the M2s and the basis of the esti-
mation procedure were both outlined in the 1985 report of the
Working Group. As with last year, attempts to fit 1ln(M2) without
the biomass correction produced results which were not qualitat-
ively different from the results of fitting M2s per unit predator
biomass, but the fits had larger mean square errors (MSE = 3,95-
2.4). Hence, only the models fit to M2/biomass will be discussed
in this section.

Models fitted

The combined slopes model

This model is the same model used in the 1985 smoothing and sub-
sequent long-term projections. It contains terms for predator and
prey main effects, +their interactions, and the weight ratio
terms. It again provided a reasonable fit to the M2s, and the co-
efficients of +the weight ratio terms were of the expected size
and with appropriate sign. However, on biological grounds, it was
thought that the preferred weight ratio might differ among pre-
dators. Therefore, a second model was fit with the weight ratio
term nested under the predator effect.

The CORE model (main effects with nested slopes)

This model contains the main effects for each predator and prey
species and their interaction. A common weight ratio squared term
was included, but the weight ratio covariate had a unique slope
for each predator. This model provided a substantially improved
fit to the M2 values and was adopted as the standard for 1long-
term projections (Section 4).

From the ANOVA table (Table 8.4.1), it is clear that both the
predator interaction terms and the nested weight ratio covariates
account for substantial variation in M2 . The individual inter-
action terms will be discussed in the next section. The estimates
of the slopes are biologically reasonable (Table 8.4.2). Cod and
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whiting have similar preference ratios of approximately 50:1,
whereas mackerel, saithe, and haddock have substantially higher
slopes from 175:1 to 270:1. For a given size of predator, these
species all prefer much smaller prey than do cod and whiting.
This model, summarized as

LN(M2/PB) = PRED + PREY + PRED x PREY + LWTR within PRED + LWTR2

may be a useful tool for investigating aspects of feeding strat-
egies and foraging constraints.

The 34 levels model

The SPSS-X package used to fit the models aliased one level of
every factor. Because the parameter estimates of the model were
vital to other work of the meeting, the model was restructured so
that each unique predator-prey combination was a separate level
of a single factor. Fitting this model changed details of the
ANOVA table (Table 8.4.3), but none of the individual parameter
estimates. Only the value of the final level was aliased, and the
model was structured so that interaction, between haddock and
sprat, was known to be very small. From the parameter estimates
of this model (see Table 4.3.2), cod and whiting are clearly
different from the other species. Furthermore, when size differ-
ences are accounted for by the covariate, cod shows relatively
little differentiation among prey species, whereas whiting and
saithe show a great deal of differentiation among prey species.
This is another ecological point which warrants further
investigation.

The fit of individual predicted values to the observed M2 values

Figure 8.4.1 shows the plot of the expected normal values Vs.
LN(M2/PB) for the core model. If the assumption of log linearity
of the data was correct, the line would be straight with a gra-
dient of one. The line, however, is not straight and the compli-
mentary plot labelled "detrended normal plot" shows how the fit-
ted data deviates from normality.

Essentially, the detrended normal plot indicates a mean value of
LN(M2/PB) lower than expected with a bunching of the data to the
left. On the right of the distribution, the data are more spread
out than expected and have an abrupt cutoff.

8.5 Definition of Fisheries and Interactions

The models used for long-term assessments all require some esti-
mate of the technical interactions between fisheries. To date, no
considered analysis has been done to define these interactions,
and model runs have been done using technical interactions based
on informed guesswork. It is desirable, therefore, that these
interactions should be defined on a more objective basis. Since
the herring and mackerel are "clean" fisheries in the sense that
by-catches are small or absent, the most important fisheries in
which to consider technical interactions are the demersal human
consumption and industrial fisheries. In the case of North Sea
roundfish, catch-at-age data and effort data (where extant) are
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available disaggregated by fleet, and it should be possible to
analyze partial Fs by fleet in order to evaluate technical inter-
actions between fisheries. Similar data should be available for
the industrial fisheries., The Working Group would welcome an
analysis of these data before the next meeting so that long-term
predictions can be established on a sound basis.

8.6 Extending MSVPA Backwards Before 1974

At present, the MSVPA must necessarily be restricted to the years
beginning with 1974. This limitation is due to the fact that for
some industrial species no catch-at-age data exist for earlier
years and also there appears to be little chance that +the catch
data for some of the other species can be split in quarterly
values in a reliable way. Still, it would be extremely valuable
if the MSVPA could be run over the 1960s, when large changes in
species composition in the North Sea were observed. Particularly,
quantitative information on the possible scope for variations in
predation mortalities could improve our conception of the range
of realistic options for recruitment changes in long-term yield
predictions.

Extending the MSVPA further backwards should probably be done on
an annual basis, to which end annual suitability indices must be
tuned to yield similar results to the quarterly indices for re-
cent years. In addition, the model would have to be adapted to
take into account a variable number of species for which catch-
at-age data exist. Although the results would necessarily become
less refined than those for the later years, such an exercise
would seem useful, and it is recommended that this problem is
addressed during a future meeting.

8.7 Consistency of Groundfish Survey Data with MSVPA

The English groundfish surveys were conducted from 1977-1985
(Harding et al., 1986). Catch in numbers per hundred hours were
compared for cod, haddock, and whiting with the estimated numbers
at age from the MSVPA runs for the vyears 1977-1983. The ratio
(as) of number/100 hrs over numbers in population x 1,000 were
calculated. An analysis of variance (ANOVA) was then run on the
ln data, using SPSS. The ANOVA was run both with and without age
O fish. In all these species, age O deviations from the mean were
large. Age was significant in all of these runs. Years were sig-
nificant only for whiting. When age O values were removed, age
ceased +to be a significant factor for cod and haddock, indicat-
ing the consistency of the survey with the MSVPA data J.G. Pope
(pers. comm.) indicated that when M = 0.2 was used in VPA for
cod, the gs calculated from the ratio with survey data indicated
that the survey was more effective in capturing age 1 fish than
older ones. The change with the use of MSVPA is indicative that
the 1larger population numbers resulting from using estimates of
predator mortality may be more reasonable.
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8.8 Other MSVPA Improvements

The Industrial Fisheries Working Group (Anon., 19864) drew at-
tention to the fact that the sandeels in the North Sea must be
split into two majoxr stocks which may suffer different rates of
natural mortality. In principle, such a change can be implemented
in the MSVPA. Since catches are given by the Industrial Fisheries
working Group for each component on & half-yearly basis, sSowme
revisions are required to get the quarterly catches. Within the
MsvPA, it is simply a matter of adding another species to the
array. Also, the stomach content data can be easily adapted to
take account of two components as long as these are defined by
their presence in the different roundfish areas. The largest
difficulties, however, may pbe caused by the appropriate age-
length keys for each of the two stocks to analyze the age com-—
position of the prey. The possibility of including plaice and
sole in the model might also be considered. It is suggested that
this problem is taken up at the next meeting of the Working
Group.

The effects of mesh changes might also be considered in long-term
forecasts.

9 RECOMMENDATIONS AND ACTIONS
9.1 Recommendations

1) The Chairman will edit a Cooperative Research Report on the
findings of this Working Group in accordance with Cc.Res.1986/
1:3.

2) The various North Sea assessment working groups should use the
levels of natural mortality given in Table 2.8.2 as a guide-
line for their calculations.

3) With due care, single—species working groups should be able to
provide TAC advice even when estimates of natural mortality
change.

4) ACFM should take account of the results of Section 4 of this
report, particularly noting that increases in the roundfish
fishing mortality may well increase yield for these species.

This finding is at variance with single-species advice.

5) This working Group should provide all long-term advice for the
9 North Sea species included in the MSVPA since this cannot
properly be considered by single-species assessments.

6) The species coordinators involved in the stomach Sampling Pro-
gramme should meet for 5 days in January 1988 in IJmuiden in
order to

a) evaluate the results obtained so far with a view to pro-
viding input for the Multispecies Assessment Working GIOUP;

b) organize the exchange of stomach content data and define
requirements for setting up an international data base.
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7)

Countries are urged to continue their sampling effort on cod
and whiting stomachs during the first and third quarters of
1986 and 1987.

8) Herring stomachs should be sampled where possible in the North

9.2

ta
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w

in 1987 and samples sent to Mr J. Last of the Fisheries Lab-
oratory, Lowestoft, UK.

Acti Sheet

. Action to be taken by Working Group members

English groundfish survey stomach déta should be worked
up.

.1 Stomach content data from other predatory fish should be
looked at to see if they support assumptions made.

Construct checking program for data to find faulty data.

Compare long-term forecast methods. Investigate reduction
in effort. Investigate mesh changes.

Investigate sources of sensitivity, especially herring.
Why is herring sensitive to haddock recruitment?

Collect and make public data on predation by other pre-
dators. Investigate ways of incorporating other predators
in the model.

In order to allow for an integrated analysis of additional
stomach content data available for cod and whiting in the
third quarter of 1980, 1982, and 1984, various institutes
should merge their data sets, including survey data on
catch rates and age/length compositions, so that improved
comparisons can be made between observed ang predicted
prey fractions.

Work on the design of an intensive stomach sampling effort
in 1991, the "Year of the Stomach".

Further work on uniqueness of MSVPA is required.

Investigate sensitivity of suitability to input F in order
to give appropriate weighting to estimates from different
years.,

Further studies of brey overlap would be welcome. Math-
ematical investigation of the measure of overlap should be
developed.

English groundfish survey stomach data for 1982 and 1984
should be worked up by age.

Improve estimates of technical interactions between fish-
eries.

i
[
|
|
i
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Investigate the possibility of extending MSVPA earlier
than 1974.
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temperatures for the five
predator species according to charts of

temperatures in the North Sea,
into account the centers of

distribution of the stocks.

Quarter Cod wWhiting

Saithe Mackerel1 Haddock

6 6
7 7
9 10
8 8

W N -

7.
7.
9.
9.

o N
NSO,
U1 N O WO
~N o~

1Unweighted mean of 10 m and bottom temperatures.

Table 2.4.2 Values of feeding level ¢ = stomach content
weight/L" g. em™° by age or size class by quarter.
Quarter
Species
1 2 3 4

cod Age class 0 - -~ (0.000177){0.000136)
1 0.000181 0.000114 0.000136 0.000162
2 0.000221 0.000222 0.000221 0.000178
3 0.000135 0.000204 0.000264 0.000210
4 0.000139 0.000204 0.000258 (0.000998)
5 0.000129 0.000142 0.000238 0.000100
6+ 0.000118 0.000150 0.000311 0.000118
Average 0.000154 0.000173 0.000238 0.000154
whiting Size class 10-15 0.000129 0.000143 0.000216 ©0.000081
15-20 ©0.000086 0.000102 0.000073 0.000075
20-25 0.000045 0.000113 0.000074 0.000067
25-30 0.000082 0.000115 0.000127 0.000073
30-40 0.000105 0.000085 0.000144 0.000124
40-50 0.000131 0.000116 0.000149 0.000169
50-70 (0.000140) - (0.000030) (0.000050)
Average 0.000096 0.000112 0.000131 0.000098
Haddock size class 10-15 0.000096 0.000105 0.000145 0.000094
15-20 0.000052 0.000069 0.000137 0.000071
20-25 0.000051 0.000121 0.000116 0.000088
25-30 0.000053 0.000090 0.000113 0.000075
30-40 0.000045 0.000129 0.000096 0.000077
40-50 0.000051 0.000103 0.000117 0.000127
50-70 0.000059 0.000058 0.000148 0.000079
Average 0.000058 0.000096 0.000125 0.000087
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Table 2.4.3 Quarterly A values (consumption 5?5 per
quarter) = A x weight in the sea
for the different species.

Quarter Cod Whiting Saithe Mackerel Haddock !

1 0.57 0.32 1.06 0.92 0.18
2 0.70 0.41 1.07 1.45 0.39
3 1.16 0.64 1.34 1.18 0.67
4 0.69 0.39 1.26 0.67 0.39

Table 2.5.1 Estimated mean biomass of fish predators in the
North Sea in 1983-1985, Biomass in '000 t.

Biomass estimation

Species Biomass based on
from
Working Groups IYFs EGFs

MSVPA predators:

Cod 500
Whiting 1,069 ]
Saithe 620 ]
Mackerel 208 I
Haddock 1,217

H
Total 3,614 ?

"Other" predators:

Squalus acanthias 30 87 |
Other sharks 2 M |
Raija spp. 314 292 |
Lophius piscatorius 33 31 !
Pollachius pollachius 83 48 j
Brosme brosme 3 5 |
Molva molva 113 41 !
Merluccius merluccius 6 13 |
Sebastes spp. 14 761 |
Scomber scombrus (western) [¢] 512 |
Scophthalmus maximus 7 3 |
Scophthalmus rhombus 5 3 i
Lepidorhombus whiffiagonis 32 17 |
Hippoglossus hippoglossus 4 2 1
|

Total 646 1,141 ;
"Other" predators/MSVPA pred. x 100 18% 32% |
!

1Mackerel Working Group estimate.



values

43

Table 2.5.2 M1 used in the MSVPA key run (mortality per
year) .

Age o' 1 2 3 4 5 6 7+
Cod 0.69 0.41 0.27 0.21 0.20 0.20 0.20 0.20
Whiting 0.73 0.45 0.27 0.25 0.24 0.22 0.21 0.20
Saithe 0.10 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Mackerel 0.075 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Haddock 0.73 0.52 0.31 0.24 0.21 0.20 0.20 0.20
Herring 0.52 0.35 0.21 0.14 0.12 0.11 0.10 0.10
Sprat 0.73 0.62 0.52 0.45 0.38 - - .
Norway pout 0.56 0.52 0.48 0.45 - - - -
Sandeel 0.41 0.39 0.38 0.36 0.35 0.33 0.33 -
1O—group M1 levels refer only to the second half year, i.e.,

3/4 + 4/4.

Table 2.5.3 M2 (for 1981) values from the MSVPA key run using
M1 values from Table 2.5.2 (mortality rates per
year) .
Age o' 1 2 3 4 5 6 7+
Cod 0.96 0.47 0.11 0.019 - = = =
Whiting 1.68 0.71 0.16 0.09 0.06 0.03 0.02 -
Saithe - - - - - - - -
Mackerel - - - - - - - -
Haddock 1.59 1.25 0.13 0.03 0.02 . - B
Herring 0.57 0.91 0.05 0.16 0.01 0.02 0.02 -
Sprat 0.03 0.58 1.37 0.45 0.56 - - N
Norway pout O.46 1.81 0.90 0.65 - - - -
Sandeel 0.33 0.99 0.41 0.17 0.47 0.34 0.23 -

1O—group M2 levels are from the second half year only, i.e.,

3/4 + 4/4 mortalities.




Table 2.8.17a

Annual fishing mortalities, stock numbers in '000, and annual predation mortality for the

MSVPA key run. Mortalities are summed over the four quarters, except for the O-group for
which the third and fourth quarters were summed. Last age group is a plus group.

FISHING MORTALITY coo
Ao 1974 1975 19706 1977 1978 1979 1980 1941 1982 1985 1984 1985 t
0 . 0nou 0000 .0non .0nnn .onen .096 0003 .n0an . 0990 0000 .nnoa .0n00
1 L0913 L1490 .060/ 2556 L1218 L1949 L1559 S1016 .2569 L1810 L2485 <5271
2 .8620 L1849 1.00v0 LH39L 1.0983 . 8666 L9436 1.0550 1.0042 1.1335 1.1244 1.0578
5 .7529 L8194 L8775 L7460y L9806 L9469 .9671 1.0067 1.2817 1.2308 1.0718 1.2896
4 L7107 L6646 L8015 L5827 _6105 5431 .7351 .7252 L8Mb .9050 L8341 1.0138
5 L7115 ./950 L0126 L5021 L9013 L7340 L5813 L6862 L1842 L8186 .3066 .9495
5 Rore L6791 L9241 L4545 _7526 L5453 L6004 _6641 L8622 L7915 _B459 .9107
/ L6553 L1514 .86¢h .5695 L340 L6659 L7136 .23 L1360 -7509 LT .9593
5 L7221 L5414 L5019 L6N70 _v197 L5074 .7230 L6312 L7217 .8520 .9073 8991
? 1.124%¢ L9462 S46u38 S5433 L9899 .8736 L6265 RELY: L6859 ~5954 1.1665 -8398
14 L6956 L9239 L9406 .59%0 L826b .7Nn8s .937¢ L6926 .6255 .5163 L9265 L9014
1 - 6000 .606¢ L6032 .600¢ L5005 L4001 -8000 - 8000 .9100 .9000 -9000 .9000
MERN F WEISATED Y STOCK NUMBERS FOR TAE JMATUKE STOCK (AGE AT FIRST LAT, 3)
L7262 LR L8450 L6886 L9085 .8810 L8605 -8965 1.1/24 1.0560 1.0090 1.156¢
STNCK WUMBERS coo
AGE 1974 1975 1976 1977 1978 1979 1980 1981 198¢ 1985 1984 1985
u b 0. 0. 9. 0. 0. 2. 0. u. u. a. 0-
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6 1994, 3099, 4l 55 1571, 2016. 1651. 2477, 1679. 5549. 2345 1893. 2ehs.
14 949, ¥ns . 1575, 1545. s16. 775 785. 1115, 703. 155, 871. 634,
3 795 405. 311, 544 (16, 321, 327. 31s. 440. (8 447 s¢8.
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PREDATION MORTALITY coo
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1 .0nan .0noo L0000 .on0o .ooon G .0nno .0000 .0000 .000d e Luang



Table 2.8.1b Annual fishing
MSVPA key run.
which the third and fourth

mortalities,
Mortalities

stock numbers in
are summed over the four quarters,
quarter were summed. Last age group is a plus group.

'000,

and annual predation mortality for the
except for the 0-group for

FISHING MORTALITY WHITING
AGE 1974 1975 1976 1907 1978 1979 1080 1981 1982 1985 1934 1935
0 .05¢26 L0608 -0709 .0848 L0423 .035¢ L0493 .0786 .0304 .087¢ .0200
1 L4646 .2609 L2391 L5088 .1920 .3070 L1345 .2077 .2695 .3265 L1763
¢ L9341 .8118 1.0345 L5748 L4419 25511 L4554 S3417 L5445 .516¢ L5714
5 1.0874 1.0816 1.2727 .9308 .7255 L8285 L8211 L7616 .5170 .72v0 L9636
4 .9652 1.0665 1.1203 1.0211 -8775 LTheh 1.0196 .9816 .7090 S7419 1.0420
5 1.0581 1.0510 8203 L5610 L7505 L9511 1.1785 1.0495 L9074 L9093 1.0079
) 1.9916 .9634 1.26069 1.0450 1.1787 1.0240 1.4490 1.4055 1.19¢0 -949¢2 1.2M8
¢ 1.1643 1.0816 L7462 L8350 1.6051 .9040 1.159 1.3729 L9561 1.2196 1.0021
3 . 8391 1.230¢ .65¢22 2.2279 1.0435 1.0059 1.9788 1.0660 1.3319 e 1.189¢
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Table 2.8.1c

Annual fishing mortalities, stock numbers in '000,

Mortalities are summed over the four
quarters were summed. Last age group is a plus group.

rs, except for the

and annual predation mortality for the MSVPA key run.
0-group for which the third and fourth

FISHING MORTALITY SAITHE =
[=2]
AGE 1904 1975 1970 1977 1978 1979 1980 1981 1982 1943 1944 198y
0 .0nuo .n00 .000n .000C .0000 .0000 . 0n0o 0000 . 0000 . 0000 .090y .U900
1 -0084 .0004 .0026 -0869 -0041 .00646 .0105 .0299 .0044 - 0UV4 L00Us -U0ney
2 L0630 .1570 L1846 L1572 L1490 .2585 L1364 .1657 .1923 L1211 L18s .0230
5 L4496 L5857 L0303 .1816 .2675 .2099 .2925 .1506 .5690 .3006 S4lre L0184
4 .5102 L7743 .8113 25541 Lb414 L4109 .3010 23514 L4586 .5164 L8070 L7102
5 -365¢ ./ 008 L9184 .9765 .5685 L4767 L5846 .3355 -809/ 27195 Sr130 &Y
6 .5952 .5334 L7028 .74 L4488 .3765 5819 .5897 .5922 1.0518 L9250 L68L6
¢ 26202 .5296 L5761 .3721 .¢888 4784 -5300 .5658 -55¢29 1.0986 L9368 L4455
] L4865 L5242 L5898 L4643 .2826 L3985 L6140 .8206 L5217 .929¢ . BEUG 1.09¢1
9 -4200 .eres .58/8 .5431 L2066 .2303 -462¢ .5206 . 6686 - 16066 T40e1 L4516
10 .3734 L2658 L3919 .269¢ L2496 L1797 .3552 L4606 L4810 L4241 L3550 .2708
1 .56 .e102 L6302 L1960 .en72 L2334 23497 -5707 -3339 L6451 Y .eebe
12 -34604 L3651 25212 L4750 .2323 .2518 .2320 .7036 L4011 L3681 L5148 L2421
15 -6320 24149 .44388 23917 25434 -1509 2694 -5030 .4583 <5160 Les1/ -5005
14 L3096 L4015 .5909 L5892 L4290 L2648 .1887 .6009 L5243 .3308 5017 L2994
15 L L3001 .3000 L5001 L3000 .3000 .3004 -2999 -3001 .2999 23001 Ss001
MEAN F WEIGJTED BY STOCK NUMBEKRS FOR TAE MATURE STOCK (AGE AT FIRST 11AT, 5) .
_5¢01 5644 .10 L7540 L4811 .4120 5338 L4859 L6653 L7841 L1805/ L6849
STINCK VUMIERS SAITHE
AGE 1974 1975 1976 1977 1978 1979 1980 1981 1982 19835 1734 1935
0 0. 0. u. 0. 0. 0. 0. 0. . u. 0. G.
1 480205, 190487, 120195, 127438, 113508. 261450, 169776. 198635. 393825. 417695, 259765 184975,
2 265214, 329859, 15559¢. 98159, 95692. 9255¢. 215073, 130257. 157836. 3¢1011. 541825, 212611,
3 183946, 203477, 272825, 106124, 68678, 67504, 58516. 152515, 90357. 106622. 232857, 248631,
4 87355, 96069. 115728, 106856. 12661, 43035, 44804. 35760. 10/415. 51148. 64630, 1182935,
H 44607, 42941, 56261, 41370, 50266. 34525, 23362, 27143, 21020. 55597 24986. 25610.
6 50395. 25349, 17446, 11850. 12056 23309. 17548 10660. 15892, 7653, 22163, 9977
7 32591, 22754. 12174 2073, 4811, 5667. 13097, 8029. 4840, 7196, 2234, 7197,
% 14326 13651, 10949. 5602. 5989, 2951, 3383, 6311. 35735, 2er9. 1984 642.
9 4568, 7211, 6017, 4980, 2483, 2462, 1622, 1831 2274. 1814, 750 667.
19 2850, 2450, 4695, 5676. 2895, 1308. 1601. 836. 891. 954. 690. 569,
11 1555, 1606, 1542, 2487, 2298, 1845, 1237, 919. 432, 451, 511. 396,
12 205. 909. 1060, 821. 1674. 1455. 1196. 714, 425. 255, 195, 328
15 295, 460. 514, 518. 418, 1086, 926. 777. 289, 233, 145, 94.
14 126 121, 249, ein. 287, 199. 780, 579. 585, 150. 114, 95.
15 121, 149, 169, 254, 312, 389, 317. 1345. 661, G5, 224. 143,
TOTAL STOCK BINIASS ON 1. JANUARY
(99875, 768078, 764252, 495447, 412135. 367256. 362987. 389844, 411702 421491, 490794, 519372,
SPANNING STOCK QIOMASS ON 1. JANUARY (AGE AT FIRST MAT. 5)
470940, Srhr46. SUT184. 2645157 258486, 230755, 209752. 189765. 15430/ . 195338, 143731, 116364 .

Na oradatinn mortality an siithe.




Table 2.8.1d

FISHING MORTALITY

Annual f£ishing
Mortalities are
quarters were summed

MACKEREL

mortalities,
summed over the four
. Last age group 1S

stock numbers in 'O

00, and annual
ers, except for the
a plus group.

predat:
0-group for

ion mortality for
which the thi:

the MSVPA key run.

ird and fourth

1978 1979 1080
0 . 0000 0000
1 L7437 0251 L0104 L0080 0000 0200
2 -. 8085 L0295 S1992 0001 L0687 L0261 L0734
3 8358 L1372 L2694 L2281 .2185 L1212 L1453
4 L7959 L2111 .1569 3264 .2301 .1907 22124
5 8966 1784 L2429 1475 2610 2819 3194
6 .9050 L2800 21715 .2878 L1210 .1958 .3530
7 . 839 L1759 L2677 Lh314 L0367 1108 23171
8 1.0758 L4229 5156 L4720 L3831 L1759 3216
9 L9197 L5785 2713 L5571 L2931 0699 4212
10 .596¢ L1914 L3590 L4699 L5174 L2668 L1614
11 767 .U593 L2143 L6721 L0867 .3302 2967
1¢ L Shoo .0620 L0764 L3052 .1338 .2330 4097
13 L3138 L1008 L0524 .1536 L4120 4075 2347 .3196 [
14 L0758 .0890 .0895 .033¢ 11582 1289/ L6391 L7945 55064 .88¢b RV
15 L6684 L5602 L2535 L4059 L5713 2927 L2914 1.4402 L4108 L7472 6811 2.0661
MEAN F WETGATED gy sTNCK NUMRERS FOR THE MATURE STOCK C(AGE AT FIRST MAT. 3D
8658 L2499 .2519 L3577 L244 L2083 .3037 3429 L2582 L5052 5454 L8948
STOCK NUMBERS
AGE 1974 1978 1979 1980 1981 1982 1985 1984 1785
0 0. 0. 0. 0. a. 0. 0. 0. o. 0. .
1 955589+ 556541« 289514+ 158546 272504 104986 1516094 211340+ 255297« 24956+ 4667, 410673
2 567626, 390161 . 450375 . 246427, 155374 . 23437. 881383, 127915. 178232 216897. 21299, 3987.
5 666085 140972« 526115+ 317638 193852, 108781 19653 70559 104461, 139859 170619 15456 .
4 487928, 248554 . 105778, 214409 217641, 134091, 82943, 14628. 49894 75215, 93387, 87594 .
5 2659814 189865 173215 77822 153156. 148825+ 953724 57731. 11529« 33755+ 48065, 450314
6 5085938, 865747 156722, 1169461, 57678, 38284 . 96625. 59645. 37920. 8035. 22591, 23390,
7 1866194 17009 557940 99131, 75607 43984, 62472- 58428, 34951 253464 5915 10195
8 190656. 65976 127833, 367441 55427 . 62621. 33888, 39158. 33436. 22886. 16589. 250C.
9 95809. 55917 H720e. 80265 197154 32525. 45206. 21146 25814 20920« 15526 9020.
10 21393. 32186. 32961. 26411 . 39576, 126584. 26103, 25534 13112, 154738, 13547, 6761.
11 19219 10145, 228706+ 19814, 13133 20505 83439. 19119, 14917+ 8641+ 9254 6556.
12 95N4. 7371, 8226. 15892. 8708. 10365. 12561. 53380. 14383, 9435 5565. 4975.
15 10529+ 5¢86. 5962 6561. 9599 6557+ 7032. 7178. 26741 10300 5078- 50534
14 39099, 6496 . 4505, 4968, 4843 . 5353, 3755. 4786, 44 BE. 14875, 7770 2561 .
15 181767, 78215 15400+ 8312 8045 9948. 9672 2142 4336 3761- 93%5. 66274
TOTAL STOCK BIOMASS ON 1. JANUARY
1951831 4692654 125429« 589873 425352 556941 280173, 230144, 209929. 193996. 155519 115805
SPAWNING SToCK 7L107ASS ON 1. JANUARY (AGE AT FIRST MAT. 3)
196504 742457 605455 524207. 94048 321505, 249084 185736 151185, 145366, 148567 45070.
(=N
~J

nn predation mortality nn mackerel.



Table 2.8.1e Annual fishing mortalities, stock numbers in

Mortalities are summed over the four

quarters were summed. Last age group is a pl

S, exc
us group.

'000, and annual predation mort
ept for the O-group for

ality for the MSVPA key run.
which the third and fourth

FISHING MORTALITY HADDOCK ~
fee]
AGE 1974 1975 1976 1977 1978 1979 1980 1981 1982 1985 1984 1935
0 L0182 .0210 .0247 .0199 L0281 L0443 0595 L0625 L0405 L0540 L0115 L0126
1 .396¢ L3777 L3502 .340¢ .5525 L1766 2351 .2055 .2575 L2598 2208 L2142
2 .9124 1.0213 L8382 L9905 8270 1.0022 7938 4603 L4521 L6719 L7566 8750
3 £9345 1.2856 1.41¢5 1.0407 1.0980 1.4752 1.2173 .9242 .8211 1.0565 29901 1.3593
4 L9867 1.1256 L7956 1.2792 1.1133 1.1142 1.1964 1.0098 .8812 1.1442 1.1322 1.5065
5 S7045 1.0274 1.3817 1.0587 11136 L9770 S9478 7855 L6319 1.2594 1.1650 1.120¢2
5 L9452 6705 1.1575 1.0559 1.0422 1.0524 L9545 5121 L7437 L8759 1.0886 1.0080
7 1.1365 1.3506 23553 L9249 1.1566 .5694 1.0119 .8914 .9092 L7505 -8581 9900
8 L7618 1.1602 L6422 L3983 L6846 1.0226 L6231 L6707 L9317 25311 5056 8604
9 L2758 .8875 1.2176 4773 .6688 5595 1.5078 L9121 -2540 L5303 25444 L8204
10 1.1548 2.5651 50570 .9381 L2402 L3795 .8792 .9101 5825 L9687 .6908 L9030
1 ~9h00 29000 9000 -9000 L9000 9000 -9000 9000 -9000 29000 L9500 9000
MEAN F WEIGHTED BY STOCK NUZIBERS FOR THE MATURE STOCK (AGE AT FIKST MAT. 2)
L9540 1.0435 -9159 1.0442 .9497 1.0715 .8548 5386 L7093 8551 L8098 .935¢
STOCK NUMBERS HADDOCK
AGE 1974 1975 1976 1977 19¢8 1979 1980 1981 1982 1983 1934 1985
0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. u. 0.
1 9371676, 16404568, 1485313, 2223358, 4446688, 5075810, 8335873, 2183152, 3571759, 1931730, 5864704 2924902,
P 355875, 1286649, 2246165, 200663. 310516 456981. 845839, 1423944 . 302185. 59981¢. sr0see. 12551385 .
5 603821, 91684 . 308695, 645473, 49020, 89659, 110503, 252034 . 579475, 124636, 202446, 118569
4 95108 178674 19270, 57150. 102949, 12445, 15675. 24890 75987. 1935150 32095 5//70.
5 3944, 27572. 46159, 6899, 12651, 45304, 3256, 3775, 7233, 25031. 49033, 8487,
6 2344, 1586. 8033, 9434 1948 3363, 13808 1023, 1403, 313¢. 578/. 12407
7 16916. 746, 664, 2067 2687. 562. 963, 4381, 504. 546. 1070, 1595,
3 491. 4446, 160. 381. 671. 706. 261. 286. 1471. 166, 210, 501
y 99. 192. 1141, 69. 210. 277. 203, 114, 120. 474, B0, 104,
10 51. 2. 65 276. 350 88. 130, 38. 38. ‘o, eq. S8,
1 15. 20. 6. “ 126. 34, 74, 66. 19. 26. 35, 155.
TOTAL STOCK BIOMASS ON 1. JANUARY
882121. 1309779 650571, 446900, 432983, 446056, 687481, 508088. 518369, 396351 550515, 49516y .
SPAWNING STOCK BIOMASS ON 1. JANUARY CAGE AT FIRST MAT . 2)
366674, 407528, 598679. 326615, 188415. 166886. 229008, 388015. 321922 290106. 207955, 352299,
PREDATION MORTALITY HADPDOCK
ASE 1974 1975 1976 Wy 1908 1979 1980 1981 1982 1985 1934 1945
0 L9860 1.235¢ 1.2551 1.2354% 1.2¢537 1.0997 1.5236 1.5917 1.4480 1.0204 1.0091 1.4290
1 1.0692 1.0908 1.1247 1.1085 1.2030 1.0958 1.0129 1.2520 1.0267 L8915 Tl se 10391
¢ L1282 .0962 L0983 .1089 .1052 L1004 .1020 L1287 .1255 L1043 Snres Susee
3 L0452 L0342 L0342 L0563 0539 0307 .0325 .03438 0367 L0352 Tn2sy 0193
4 .021¢ L0179 L0186 .0187 -0164 .0166 -0173 0161 .0193 -0176 To1ew Ju100
5 0066 0059 .0061 L0055 0050 L0047 L0055 0044 .ons0 0050 0050 J005U
6 000y 0N . 0000 - 0000 -0009 20000 0000 -0000 . 0000 00U oo T
v -1000 U060 0000 .00no 0000 .0000 0100 .0000 0000 . 0000 . 0000 Juneo
3 -0000 .000C . V0o . U000 0000 0000 -0000 .or - 0000 . 0000 Canuy Cooou
M -1100 . 0000 .anuo .0000 .0000 0000 .nnoo .c . 0000 . 0900 T ooy voca
10 - 00ug .UNuo 00U - 0000 0000 . 0000 -0000 -0uo -0000 . 00U Juoou MY
1 .00y .un00 - unon .0300 .0000 0000 .0nng 0000 0000 . 0000 Tanon “onnn




Table 2.8.1%f

Annual fishing mortalities, stock numbers in '000,

Mortalities are summed over the four quarters i except for the

and annual predatlon mortality for the MSVPA key run.
0-group for which the third and fourth

quarters were summed. Last age group 1s & P us group.
FISHING MORTALITY HERRING
ASE 1974 1970 1977 1978 1979 1980 1981 193¢ 1985 1984 1985
0 0335 1355 -1005 -0346 .0558 -051¢ +3099 2556 <3950 L0345 “J565
1 L4699 .2687 1837 21015 .3504 L0746 L1732 .2304 1556 s EAE] L1846
¢ 1.0520 1.2501 L153¢ S0184 L0791 L2643 J2897 S1832 L2k l204d Tote9
E L8114 1.3542 1.1371 0331 .0532 L4704 .2191 L4341 2705 L3095 L4300
4 -8935 1.1908 3814 0411 0597 -3804 -2005 5234 -35(5 4159 L4150
N L7846 1.4927 L5942 .0142 01385 L4360 23265 L1682 L2348 ey N
6 1.0589 89067 «5801 0078 - 0000 .039¢ 3520 L1614 2055 L2715 3117
7 L7084 21100 1.4756 000N 0093 .8083 6010 2223 3247 ey Tano
£ -9796 éet310 - BB4Y .0000 -00ua 1.6698 2.2448 -25/¢5 3875 JAETA J41C¢
7 1.0005 1.0004 8003 004 0002 09002 .3000 L3001 .3n02 T5201 Tar01
MEAN F wEIGATED BY ST()CK \lU‘IBERb FOR THE r'lATURE STOCK CAGE AT F!RST AAT.  3)
L8441 #13 1.380 L9954 18 L0477 4183 L2820 L3594 L2909 R 4244
STOCK JUKBERS HERRING
AGE 1974 19745 1976 1977 1978 1979 1980 1981 1982 1985 1944 TY8Y
1] U. 0. 0. 0. Q. 0. 0. 0. 0. 0. U. G
1 5090879, 0254210, J2o4869. 946189, 14872354 224646917 . 37/75430. 7133948, 102406704 170282106. 1165255¢. 106045076 .
e 1550765, 830809, 1366541, 562582, 326045. 574850, 588836, 1546568, 1697114, 3127421, Ssftalid. 3510390,
> 194565, 421820, 166714, 285035. 2428351, 249651 412769 553126. 775405, 1095741 12572745 S50,
4 42vy232. 27101/ . 655010, 37772, 69656 . 182247, 179868, 199107. 20%9202. 380160 EEWELS N (AR
> 110859 15585¢. L1005 . 22046, 22595, 58598 150735 10785/¢ - 142676, 154964 €a3855-
o 54751, 46645 166564, 10193, 1353066, 19532, 50573. 85517. 68056, 105947, ET- R 135054,
4 15369, 18050 65062. 2¢e5. 5Ur6. 11809« 17467 43167, 53530. 51455. 1605, 62J30.
@ 5525, 6130. 1915, 698, 460. 4595, 10587, 7029, 21415, 58635, 35547, A0uie.
2 ERTY-S 1/95. 11/0. 190. 2129, 43606. 43657« 5471, 2044 . 454106, 69173 49570 o
TOTAL STOCK JIQUASS ON 1. JANUARY
567595, ¢52108. 163905« 82621, 91545, 141517+ 217126+ 297760, 418807, 636204 . I8choh . 1511650
SPAWNING STOUCK BIUMASS ON T. JANUARY (AGE AT FIRST MAT. 3D
185728, 124047 . 46611 . 44313, 45643, 714647, 129658. 111160, 1658635, 247309, 407240 (e -
PHREDATLON WORTALITY HERRING
AGE 1904 1975 1976 1977 1978 1979 1980 19861 1942 1983 194 P240
d L3499 L4275 RYSE L4755 50358 L4819 7008 5654 . 4840 L3554 LO5GY
1 =699/ 4000 -006? 5104 6030 6380 6071 «91e7 - 6058 -5(co B-YRNG
Z .04ud L0315 L0342 L0372 0385 .0421 0365 .0522 0443 L0552 PRESS RN
El 21220 -09¢9 <1009 21249 11359 «136¢ <118/ 1642 <1387 -09v4 T “uhsl
4 LOEES 0109 .0121 L0125 0118 0102 L0110 .0128 L0102 .0085 <50 LU
5 <0c¢ey -01%0 .u2ed 0231 <0215 0188 .0208 -0e¢40 0195 0701 L0144 -Uins
[ Parar) 01ed L0150 L0177 .u1en 0135 .0187 .02u2 LUtEs L0102 LY LUNGs
I4 - 00Uy - JUGU . UJud < 000U 0000 - 0000 - 000V .0000 - 0000 - Quuu - Uduy PRSI
3 GBI RIRLD] LGDug - 0ane .uuoo . 000U . 0000 -0000 . 0000 . 0buy B ki LU0
9 - 3909 - Ut - uuuo - 000C -guno -0000 -0000 -oouo -Quua -0Juwd i YRV
o



Table 2.8.19

Annual fishing mortalities, stock mumbers in '000, and ammual predation mortality for the MSVPA key run.

Mortalities are summed over the four quarters except for the O-group for which the third and fourth
quarters were sumed. Last age group is plus

w
(=}
FISALING MORTALITY SPRAT
AGE 1974 1975 1976 1907 1978 1979 1980 1981 1982 1983 1o44 1985
0 .0068 .on20 L0156 0063 .0022 0031 0063 .0072 .0018 L0028 -9025 Suo
1 -10/1 2663 .29538 .1829 5447 .3966 <4101 24175 .7118 -59¢9 -h2y) -2604
2 .5095 L6554 L7594 _6627 L6093 .8359 .8674 1.3718 1.1994 11709 -5290 -2102
s 1.0725 1.3466 344966 L7534 2.6695 e.swa 2.5055 1.0957 2.0755 1.96U9 2.607¢ 1.1249
4 5.0416 2.0047 L7246 4.6002 1.4933 1.9141 2.0789 .5099 L6374 2.1945 ¢.cedd -U4s¢
MEAN F WELGHTED BY STOCK NUMBERS FOR THE AATURE STOCK (AGE AT FIRST MAT. 2)
.555% 7528 1.2666 .675 _9314 1.0217 9283 1.3410 1.23¢20 1.2r85 L72¢5 29183
STOCK NUMBERS SPRAT
AGE 1974 1975 1976 1907 19¢8 1979 1980 1981 198¢ 1983 1984 1985
0 0. G. 0. 0. 0. 0. 0. 0. 0. u. 0. 0.
1 368040896, 19/078656. 286503584, 151288512, 147396192, 249979944, 115563008,  69490112.  54415840. 25108800, 415¢0026. 50470260,
¢ 45007848, 1030705/6. 44844704 03142912.  38798456.  25815608.  50666216.  20592028.  12932436. . 5713669, 4544158, 8135628,
s 2557839, 6669402, 9841700, 3732090, 6857196 3533541, 1856443, 2257339, 779267, 777014, 430505. 304677
330907, 4234187, 547147 141638, 941627 . 254964 167448 8391/. 395717. 4840u. 55350, 16822,
rom. STOCK BIDMASS ON 1. JANUARY
1405574 1679034 1500454 . 996690, 838827 94356/ . 755158. 589391, 218259, 121696. 157574, 152417,
SPAWNING STUCK BIDMASS ON 1. JARUARY (AGE AT FIRST MAT. 2)
408245, 9406921, 526732. 588220, 440858, 268645, 442328, 2017634, 125356, 59302, 45454, 70147,
PREDATION AORTALITY SPRAT
AGE 1974 1975 1976 1977 1978 1979 1980 1981 198¢ 1985 1984 1985
0 .020¢ .0321 L0296 .0289 .0326 .032¢ -0469 .0289 <0293 L0198 0471 L0590
1 L5474 .5942 .5662 .5580 .5775 L5795 7075 .5840 L4659 L3917 .5955 .8256
2 .8799 1.175¢ 1.20/0 1.0646 1.2671 1.2874 1.726¢ 1.3728 1.00¢26 .88¢7 1.6745 2.3138
5 L2454 L2521 .2986 .2692 3187 .3207 L3794 L4479 .3089 L2717 S2reh L4575
4 -2555 .548¢ L4127 .3721 .4531 -4755 .6893 .5605 4581 .3095 L5411 L9574




Table 2.8.1h

quarters were summed. Last age group is a plus group.

Armual'fsz.shing mortalities, stock numbers in '000, and annual predation mortality for the MSVPA key run.
Mortalities are summed over the four quarters, except for the O-group for which the third and fourth

FISHING MORTALITY NORWAY POUT
"AGE 1974 1975 1976 1977 1978 1979 1980 1981 198¢ 1985 1934 1985
0 0594 .0550 0382 .0199 .0125 0125 -0121 2184 -0097 -0296 -0166 010
1 .9660 .6525 L5941 5437 L4146 L4796 6308 4819 5309 5266 6439 -2685
2 3.0609 1.4580 1.0496 1.0175 1.5021 1.6104 2.1142 1.2093 1.7359 14005 1.8642 1.0876
3 2.3164 1.0879 L9697 .9980 2.0475 2.1374 . 7288 2.0639 . 8423 7164 1.391¢ L5261
MEAN F WEIGHTED BY STOCK MUYHERS FOR THE MATURE STOCK (AGE AT FIRST MAT. 1) B
L9997 L6953 L6369 .5710 .5452 L5460 7564 46359 .559¢ 6108 L7936 L3134
STOCK NUMBERS NORWAY POUT
ASE 1974 1975 1970 1977 1978 1979 1980 1981 1982 1983 1984 1985
. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
1 188780224, 124352568. 147182304. 126524560 68650080, 920323524 98669904 . 43953128.  118575360. 96797134 . 77606430, 106726430,
2 2769621. 6963509. 5530287. 7459011, 8148806 . 5020293, 9138613, 9816040, 2652667. 10251026. 10577652, 59369836,
3 5093/5. S¢¢en. 484841, 293090. (79046, 480819. 36N483. 583687. 823205. 175149 . 851840, 746520,
OTAL STOCK BILOMASS ON 1. JANUARY
1523561, 1112375, 1210569 . 1149%01. (43250 839125, 982531. 583780. 998831, 986984, 872575. 984965.
SPAWMNING STJOCK RIOMASS ON 1. JANUARY (AGE AT FIRST MAT. 1)
1523561, 1112573, 1270569. 1149901, 748250, 839123, 982531. 583780. 998881. 986988, 3725¢5. 934965
PREDATIOM MORTALITY NORWAY POUT
AGE 1974 1975 1976 1977 1978 1979 1980 1981 1982 1985 1984 1985
0 6756 L6350 .5885 L5108 L4387 .3566 L4221 L4567 5866 3142 L4556 L4576
1 1.8155 1.9409 1.8686 1.6777 1.6811 1.3105 1.1580 1.8056 1.397¢ 1.1364 1.3381 1.5505
2 . 8846 L8617 L8414 L8019 . 8904 .7595 6191 .8984 7125 L6581 .5507 L5837
K -6456 0464 <6402 6034 -1068 5621 4306 - 6498 -5385 4754 403806 4585

LS



Table 2.8.1i Annual mortalities, stock numbers in '0

00, and annual gredation mortality for the MSVPA key run.

Mortalities are summed over the four ers, except for the 0-group for which the third and fourth
quarters were sumed. Last age group is a plus group.
wm
™
FISHING MORTALITY SANDEEL
AGE 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985
0 L0155 .0187 .0201 0373 .0386 _1089 L0694 .1195 .1612 0367 -0930 L1188
1 .25¢2¢ L1736 .2993 L4023 .5280 .2789 .5339 L4042 .3987 2431 -4930 5606
2 L1868 .3858 L5742 .5316 L8047 L9976 .8426 L9161 .8956 L8655 .2688 121542
5 L1224 L5792 .4344 .9031 4526 L7922 1.0610 L5747 1.2464 .6597 1.9705 1.0208
4 .6005 .3050 L6211 5350 L5784 7305 L6167 9432 1.3566 .57 4400 1.081¢
S «5409 .7521 .2110 -9951 .2785 .9697 -5643 1.1322 9565 -5285 L4616 1.0063
6 .B763 .6903 L7194 L9699 .8962 8506 1.0164 .8086 L8183 .8152 L6310 S4r4s
MEAN F WEIGHTED BY STOCK NUMBERS FOR THE MATURE STOCK (AGE AT FIRST MAT. &)
.22 L4320 25511 L6472 7354 .9521 .8633 .8554 1.0262 .8469 .9451 1.1166
STOCK NUMBERS SANDEEL
AGE 1974 1975 1976 1977 19/8 1979 1930 1981 193¢ 1983 1984 1935
0 0. 0. 0. n. 0. 0. 0. 0. 0. u. 0. 0.
1 428157024, 394567872, 235458400, 297739648. 343027264, 242938176, 26RB4S272. 127640352. 537263232.  99671984. 373315200.  2/650(%4.
2 54076190, 3(R654264.  66033106.  5256674R.  49/6Bb¢S.  55577176.  5112B272.  4265331¢.  215¢7635¢.  894¢5008. 27915236, 86371056
3 10012530,  1224%5/16.  102v6264.  13924722. 5624812, 10788554, 10453706, 10647224, 7782856, 4551862,  19590892.  11/55598.
4 6470303, 52615144 4163999 3913982. 5458493, 5418555. 3072987, 2208625. 3519130. 1389750. 14671304, 1707583,
5 1133565, 156996359, 1922676, 1736033, 1126271, 994720, 358781, 800939, 579996, 456516, 51084/ 495145.
6 276050, 26¢5M09. 459671 382134. 258596, 622606, 270428, 370070. 179519« 115380. 234026, 513269
TOTAL STOCK RBIO-1ASS OMN 1. JANUARY
2510565 224/ 064 1843155 1311620, 2059707 1762741 179784/ . 1149377 1028702, 1382530, 2088287, 1195690.
SPAWNING STOCK BIJMASS ON 1. JAHUARY C(ASE AT FIRST MAT. 2)
347629, T0BKLY . 924867, 6510445, 721901, 815282, 749346, 651579, 413375, 993859, 512855, 1087931,
PREDATION MORTALITY SANDEEL
AGE 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 19385
o 811 L8415 .08062 4855 4781 .3967 .5350 .3284 .5654 L2918 L5159 _50is
1 1.7837 1.2550 1.2892 L9967 .9024 .8902 9174 .9857 5388 L6396 -538> 1.1804
2 -9155 -5365 -5716 4172 3443 <2954 -3466 -4051 -2826 .28531 2160 L3245
5 L1611 L1627 L1716 L1356 L1128 .1057 1317 L1724 L1164 21053 L0992 .1504
4 .3864 .3517 -4201 .3620 .3120 23012 -3781 ~4667 .5358 L2090 2590 L3964
5 .912y L4738 L4838 23411 L2753 L2485 .2407 .3378 L2244 L2257 L1959 L2599
6 L5284 L2671 L2690 L2246 .1889 .1962 .1785 .2318 -1891 .1527 .120v L1306




Table 2.8.2a Mean values of fishing mortality, natural mortality
(total), and stock size ('000 t) at age from the
"Key run" for 1978-1982. The last entry for each
species is a + group. stock numbers on 1 January (0-
group 1 July) .
Fishing Natural Numbers Fishing Natural Numbers
Age mortality mortality mortality mortality
Cod Whiting
0 0.00 1.558 2,044,968 0.47 2.568 35,838,184
1 0.18 0.758 515,745 0.22 0.968 3,356,259
2 0.99 0.361 218,572 0.43 0.402 1,156,381
3 1.04 0.226 54,918 0.73 0.331 554,735
4 0.72 0.200 15,027 0.87 0.290 166,679
5 0.75 0.200 5,931 0.97 0.248 42,433
6 0.68 0.200 2,234 1.25 0.332 11,169
7 0.72 0.200 840 1.20 0.200 2,440
8 0.70 0.200 423 1.43 0.200 513
9 0.78 0.200 180 0.7 0.200 81
10 0.76 0.200 70 1.20 0.200 34
11 0.82 0.200 52 - - -
Haddock Herring
0 0.05 2.113 30,909,124 0.14 1.067 27,418,988
1 0.28 1.638 4,722,657 0.20 1.023 5,036,395
2 0.71 0.423 667,893 0.17 0.253 906,683
3 1.1 0.274 216,139 0.24 0.274 406,757
4 1.06 0.227 60,389 0.20 0.131 168,028
) 0.89 0.205 14,444 0.19 0.131 96,492
6 0.86 0.200 4,329 0.1 0.117 47,409
7 0.90 0.200 1,219 0.33 0.100 26,164
8 0.79 0.200 679 0.83 0.100 8,817
9 0.78 0.200 186 0.12 0.100 11,653
10 0.60 0.200 66 - . -
11 0.90 0.200 64 - - -

\

o % -

53
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Table 2.8.2b Mean values of fishing mortality, natural mortality (total), and

stock size ('000 t) at age from the "Key run" for 1978-1982. The
last entry for each species is a + group. Stock numbers on 1

January (O-group 1 July).

Fishing Natural Numbers Fishing Natural Numbers
Age mortality mortality mortality mortality
Saithe Mackerel
[0} 0.00 0.100 316,605 0.00 0.075 161,288
1 0.11 0.200 225,639 0.16 0.150 150,092
2 0.18 0.200 137,882 0.63 0.150 110,629
3 0.26 0.200 87,514 0.17 0.150 “19,495°399, 45
4 0.41 0.200 60,694 0.19 0.1509%33@ 99,¢
5 0.56 0.200 31,264 0.27 0'150£7,&33 89,3z,
6 0.52 0.200 16,033 0.26 0'15049.53068'030
7 0.48 0.200 7,489 0.23 0.150 55,063
8 0.49 0.200 4,073 0.31 0.150 44,906
9 0.43 0.200 2,214 0.28 0.150 63,969
10 0.35 0,200 1,606 0.32 0.150 46,182
" 0.35 0.200 1,346 0.23 0.150 20,183
12 0.36 0.200 1,093 0.30 0.150 19,880
13 0.38 0.200 699 0.36 0.150 11,381
14 0.40 0.200 446 0.49 0.150 4,646
15 0.30 0.200 605 0.60 0.150 6,829
Table 2.8.2¢ Mean values of fishing mortality, natural mortality (total), and

stock size ('000 t) at age from the "Key run" for 1978-1982, The
last entry for each species is a + group. Stock numbers on 1
January (0-group 1 July).

Fishing Natural Numbers Fishing Natural Numbers
Age mortality mortality mortality mortality
Sprat Norway pout

B WM O

NV WN O

=NOoOCO

Cooocooco

.004

51

.98

13

.33

.10

43
89

.83

85

.78
.88

0.764 192,137,632 0.05 0.972 231,859,
1.202 123,427,216 0.51 1.991 84,372,
1.869 29,720,952 1.65 1.256 6,955,284
0.805 3,058,758 1.56 1.029 565,448
0.903 364,335 - - -
Sandeel

0.831 486,235,648

1.237 263,943,040

0.715 44,130,976

0.487 9,655,426

0.709 3,131,559

0.595 832,142

0.527 340,244
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Table 2.8.3 The mean of the ratio between num-
bers in the MSVPA and the single-
species VPAs for the years 1974-
1985 for cod, haddock, whiting,
and herring.
Age cod Haddock Whiting Herring
1 1.01 1.40 1.04 1.49
2 1.04 1.12 0.98 1.33
3 0.99 1.06 1.00 1.24
4 0.99 1.00 1.01 1.21
5 0.98 0.99 0.97 1.25
6 0.96 0.97 1.01 1.44
7 0.96 0.96 1.09 1.51
8 0.95 0.94 1.19 1.21
Table 2.9.1 Parameter sets used for MSVPA sensitivity analysis.
Other All Cod Whiting Saithe Mackerel Haddock
Parameter food M1 ration ration ration ration ration
Parameter
deviations 3,000,000 0.1 0.1 0.1 0.1 “0.1 0.1
MSVPA no.
1 1 1 -1 1 -1 -1 1
2 1 -1 1 -1 1 -1 1
3 -1 1 1 1 1 -1 -1
4 -1 1 1 -1 -1 1 1
5 1 -1 1 1 -1 1 -1
6 1 1 -1 -1 1 1 -1
7 -1 -1 -1 1 1 1 1
8 -1 -1 -1 -1 -1 -1 -1
9 1 1 1 1 1 1 1
10 -1 -1 1 -1 1 1 -1
11 -1 1 -1 1 -1 1 -1
12 1 -1 -1 -1 -1 1 1
13 1 -1 -1 1 1 -1 -1
14 -1 1 ~1 -1 1 -1 1
15 -1 -1 1 1 -1 -1 1
16 1 1 1 -1 -1 -1 -1
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Table 3.2.1 Values of natural mortality
used in North Sea haddock as-
sessments for variable M at
age. Value for age O for half

year.

Age M(a) M(b)
0 2.05 2.64
1 1.45 1.64
2 0.35 0.42
3 0.25 0.27
4 0.25 0.23
5 0.20 0.20
6 0.20 0.20
7 0.20 0.20
8 0.20 0.20
9 0.20 0.20

10 0.20 0.20

11 0.20 0.20

M(a) = values used by North Sea Roundfish
Working Group.

M(b) = values from this meeting used in
Table 3.2.4,

Table 3.2.2 vValues of KRATIO in North Sea haddock for two assumptions on M
(constant and variable) for the three last data years (1975,
1980, and 1985).

1975 1980 1985
Age

Constant Variable Constant Variable Constant Variable
0 2.3306 2.2295 2.4536 2.5043 0.5472 0.5388
1 0.5501 0.5257 0.5256 0.5254 0.8387 0.847
2 0.4646 0.4653 0.3318 0.3324 0.5892 0.590.
3 0.2113 0.2124 0.2050 0.2058 0.2191 0.2205
4 0.2287 0.2290 0.1884 0.189%0 0.2111 0.2114
5 0.3576 0.3576 0.1911 0.1911 0.2469 0.2469
6 0.1969 0.1969 0.2733 0.2433 0.3028 0.3028
7 0.1668 0.1668 0.3234 0.3234 0.2832 0.2832

Q@%QQ

0.5 700

00205




Table 3.2.3 Values of KRATIO in North Sea haddock for two57

assumptions on M({constant and variable) for
1985 and ages O and 1. The IYFS was used to
tune the VPA.

Regression Mean IYFS/VPA
Age
Constant Variable Constant Variable
0 3.3450 3.3673 3.0237 3.0441

0.8460 0.4741 0.4828 0.5622

-

Table 3.2.4 Catch predictions for North Sea haddock
under three assumptions about M. Predic-
tion in '0O00 t. Values of M are given in

Table 3.2.1.

Prediction year

Choice of M Fishery B EE—
1986 1987

M= 0.2 Human consumption 117 149
Discards 80 131

Industrial by-catch 6 8

M (a) Human consumption 116 135
Discards 74 118

Industrial by-catch 8 10

M (b) Human consumption 119 134
Discards 76 121

Industrial by-catch 8 10

Table 4.3.1 Table of recruitment values used in the
forecast runs.

species Assumed recruitment X 109
cod 1.742
wWhiting 36.900
Saithe 0.248
Mackerel 0.190
Haddock 32.380
Herring 49.700
Sprat 256.400
Norway pout 276.100

Sandeel 680,000
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Table 4.3.2 Parameter estimates from model fit to Ln(M2 per
unit biomass).
Predator
Prey
Cod Whiting saithe Mackerel Haddock
Multiplicative model parameter estimate
cod 2.414 3.009 - -0.012 -
Whiting 1.905 3.974 -2.133 ~2.994 -1.947 -
Haddock 2.191 4,028 -0.308 -0.337 -1.594 i
Herring 1.265 3.192 -2.317 -1.380 -2.935
Sprat 1.276 2.506 ~3.034 -1.935 -4.500
Norway pout 1.051 2.570 0.860 ~0.131 -1.398
Sandeel 1.374 1.946 -3.340 -1.277 ~2.150
Relative values for preference
Cod 0.2255982 0.3809832 0.4704419 0.1849581 0.2256763
Whiting 0.1356063 1.0000000 0.0557386 0.0093758 0.0322044
Haddock 0.1805045 1.0554850 0.3457350 0.1336373 0.0458375
Herring 0.0715042 0.4574901 0.0463709 0.0470932 0.0119903
Sprat 0.0722950 0.2303858 0.0226390 0.0270349 0.0025070
Norway pout 0.0577288 0.2456125 1.1117300 0.1642073 0.0557625
Sandeel 0.0797387 0.1315985 0.0166710 0.0522025 0.0262877

Overall predation mortality (uncorrected) = 2.0 per megatonne

Wt. ratio estimates

Multiplicative model parameters:

Conversions to size-preference function: MU (CoD)

LWRSQ

LWR(COD)
LWR (WHI)
LWR (SATI)
LWR (MAC)
LWR (HAD)

LI I T ]

MU (WHI)
MU(SAI)
MU (MAC)
MU(HAD)
S.D.

e

NN =D

S0 Uww

.198
.555
.537
.217
.045
.081

.923
.877
.593
.161
.251
.589
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Table 4.4.1  COMFARISON OF PREDATION HORTALITIES FORY THE HSYPA AND MULTIPLICATIVE FORECAST MODELS

ABE 9 H 2 3 4 5 [ 7 8 g io i Total

il HRT L84 228 . 084 .028 01 006 04 L3 S92 092 L002 002 1,036
HEVER . 868 348 091 Gta ¢ b ¢ 0 3 g 0 ] 1,323

£HITING 1,301 43 222 154 A 102 032 074 003 o 3,166
1,838 g .08t 95 022 § b ¢ 9 o 2,669

HADDOEY  MULT 1,548 74 W32t 192 A3 9 72 57 044 035 38 025 3,284
KGVFA 1,383 L8 "3 038 17 i 9 2 [ ) 8 ] 2.670

B35 392 207 152 s 177 28 (i3 Btz 099 o o 2,097

GA7 AT 043 134 L041 Nl Ny bl G 3 o o 1.446

L343 657 548 7 39 o o o o o o o 2,408

034 582 1,9 355 523 o o o o o o o 2,843

NOFDUTOHULT 5330 2198 LT0R LA o o o o o o o o 6,880
HEVF= v .47 Tt 379 o o o o o o o o 3,237

C.EEL MUY L2853 44 g ,333 323 W7 .288 o o o o o 2,308

T
it 3
457G W42 547 335 A2 L35 263 197 o o o o o 2,551
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Table 4.4,2 Status guo Baseline yield ('000 t) forecasts for the MSUPA
Forecast model (top) and the multiplicative steady state model (bottom).

FLeer ! €00 HHI gAl HAC HAD HER SPR HF Pig

t 235,581 167,56 22471 o 192,348 g 0 [
2 L1420 43,498 2.4k ¢ 48,809 0 484,786 1032.473
3 7,547 0 9 0 116,427 310,074 0 &
i i 0 0 0 0 107,306 ¢ ] [
5 ¢ 0 138,49 9 2 ] ¢ ¢ 1]
] i ] 0 35,546 ¢ ] ¢ ] 0
TOTAL 744,523 218,975 143.825 IT.346 261,237 Z03.633 310.024 484,726 1032.473
FLEET can EHI Sat HAL HAD HER 8°R e &

i 7876 8Ll 25,8 bl [ ¢ [ ¢
2 13,7t 5.53 2.2 ] G 172,92 1899, 54
3 G 9.5 § ] 294,42 273,03 b] bl
4 i [ ] 9 0 250,21 0 ] i
g 0 0 144,43 ] 9 g ] 3
5 ] i [T ] i 0 ¢ i
TGTAL 292,47 12,7 172,65 3.7 140,53 S44.63  TLT 17L09r iE9%.é4
11 = roundfish human consumption, 2 = industrial demersal,

3 = industrial pelagic, 4 = herring, 5 = saithe, and 6 = mackerel.
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Table 4.4.3 Percentage changes in yield for each species in each
fleet conssquent upon a 10% increase in the roundfish

human consumption fisheyxy.
- HEYFA FORECAST

o T AL WAL WAD  eER SR e amd
FLEET
¢ BT B3 B .06 a8 .0
2 S TG VR VR L3 -2
3 o . 0L
i 00 .00 .0 Lob L0 I
5 W0 00 L3 L .00 K
5 T S S SN TR T
T 1 4B - .60 B2 TeY .2 430 -2
- WULTIFLICATIVE KODEL FOREEAST
o MW AL MO EAD HER SR WP A
reer 1
i B R - S R I S )
2 OV S W .0
3 R TR S S S AR
i T S SO S .Y SN
5 B0 -LTE 4 . 88 G
§ St S S S
L R T R N T Rt I R A

ll = roundfish human consumption, 2 = industrial demersal, 3 =

industrial pelagic, 4 = herring, 5 = saithe, and 6 = mackerel.




Tagfe 4.4.4 Percentage changes in yield for each species inh each
fleet consequent upon a 10% increase in the industrial

demersal fishery.

e HHI SAT HAC HAD HER SFR i A

F

{ -.82  -1.84 -2 Ji =360 00 D0 00 i
2 8.50 8.97 9.83 N 8.01 00 00 2.0 213
I o -4 0 40 00 .12 00 .00 09
4 00 R} 200 R 00 A 00 .00 N
H 00 09 <19 i Nl 00 00 .60 N
& R K] 0 ] 0 .00 06 .00 .00

TOTAL -3 L -3 TS Wi A1 09 2.0 13

- HULTIFLICATIVE MODEL FORECAST
iy BHI Sal HAC HAD HER SPR Np AMH

F

1 =37 -1 -.19 S 179 00 00 00 O
z 7.8z 5.60 10,00 .00 9.7 N 200 7.59 16
3 O -4 00 00 00 A7 W22 .00 00
L .00 ) 00 200 00 W40 i .00 00
5 a0 00 ~.18 00 00 00 40 00 00
[1 00 50 N K] 200 .00 RO 00 0

TOTAL L 2,70 =03 N .54 43 22 7.5 3.1

1 = roundfish human consumption, 2 = industrial demersal, 3 =
industrial pelagic, 4 = herring, 5 = saithe, and 6 = mackerel.
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Table 4.4.5 Percentagé changes in yield for each species in
each fleet conseguent upon a 10% increase in the industrial pelagic fishery.

it Hti 541 HAC HAD HER gen WP i
1

FLEET
t B I R B -3 .00 L i .00
2 SBh o -Af 00 08 -9 L0 -2 -
3 RO 1 .80 .0 N R 51 . En
4 2 i 00 00 06 -6.53 .80 .80
< 08 50 B8 L0 N 00 96 L0
& .80 ROV .09 .0 R .00 .30
AL O N .08 W00 -8 -6 373 -2 -

- HULTIFLICATIVE HODEL FORECAST

b HHI Sal Hac HAB HER 8PR uF Al
fLeer L
¢ W3 B 09 06 13 .60 00 00 .00
i B -0 .08 R .09 00 .00 .02 02
3 6 9.9 L8 .30 00 592 3.9 L0 .00
B 00 .00 b0 R a0 -0 R 00 G
8 a0 B RN 00 L .08 .80
4 R K] 0 .00 .0 L0 R 40 R
TATAL .03 .53 .00 ) Wi B0 398 02 02

11 = roundfish human consumption, 2 = industrial demersal, 3 =

industrial pelagic, 4 = herring, 5 = saithe, and 6 = mackerel.
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Table 4.4.§ Percentage changes in yield for each species in each
~ - fleet donsequent upon a 10% increase in the herring fishery.

- K3VPA FORECAST

QO WD SR WC WD R SR WP A

FLEET
i N S RN T SR " SR S
? B S " T S Y S S YR
3 N S S Y. T 3V S Y SR S
' 00 .00 a0 .00 L0 S22 .00 L0 6
5 RS SC  SY " SR St S S
b 0600 .00 Wb L0600 .00 .0
TOTAL G2 .00 .06 .00 05 Lz .00 Lo .6

- MULTIFLICATIVE MODEL FORECAET

ce W SA KAC WD MR SR W 4y
ooy 1

i Ny A0 0 00 A3 00 00 0 ]
2 0 0 00 Ry 00 Hu 00 0 00
3 00 00 00 A9 00 <L 00 00 00
0 .00 00 St 00 616 6 00 00

3 00 b 00 R 0 00 0 O B
[ 00 00 00 L0t 00 Rl N Q0 00
T3TAL 60 00 O 00 08 t.od i L 00
1

1 = roundfish human consumption, 2 = industrial demersal, 3 =

industrial pelagic, 4 = herring, 5 = saithe, and 6 = mackerel.
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Table 4.4,7 Percentage changes in yield for each species in each

fleet consequent upon a 10% increase in the Saithe fishery.
- HSWFR FORECAST

2al HaL
.68 -10.52
.38 6.98

.13 0%
e

Ril] R

.36
0 R
.60 1.86

- HULTIPLICATIVE KODEL FORECAST

cop WHI
FLEER
1 58
2 48
3 )
i LG
5 B
& N
TOTAL 57
coE EGH
FLeer 1
H - i
2 -7
I N
3 .00
00
4 08
TOTAL Bt

11 = roundfish human

gal HAC
570 -89
a0 -A
.19 08
08 L
0 -4
00 05
A3 -LE

L0

W

HED HER SFR
12,06
7.91
L0
B0
09
i
11.22 1.49
HAD HER SFR
3.2 LSO ol
2.9 Rl 08
L &7 .18
00 .9 O
] R R
N g i
4.3 78 V13

N

.19

g
Rl
0%
i

.23 13,85 -.11

Bl

el

=03
R
LG9
By
20

consumption, 2 = industrial demersal, 3 =

industrial pelagic, 4 = herring, 5 = saithe, and 6 = mackerel,
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Table 4,4.8 Percentage changes in yield for each species in each fleet

consequent upon a ld%:inérease in the mackerel fishery.

£ad iHl SAI HAC HAD HER SPR up Al

FiEeTl
: .10 A3 0 00 .48 .00 00 .00 00
z 09 L0 .00 .00 32 .00 .00 N7 .79
3 .06 N .00 .00 .00 .2 8] .00 .80
4 .00 .00 .00 .00 .00 .30 a0 .00 .60
H .00 .90 00 X .00 .00 .00 .00 L0
¢ .06 00 00 w3 .00 .00 .60 .00 .06
TOTAL L0 Az S8 L3 45 .28 2 77 79

- HULTIPLICATIVE HOEEL FORECAST

Wi SAL WAL HAD  HER  SPR NP AN
rreerl
1 5 -05 .00 00 .16 00 .00 .00 L0
H 29 .02 00 .00 15 .00 .00 .33 Wb
1 W00 08 00 a0 00 07 .09 .00 .09
% .9 00 00 .00 .00 .08 .00 .00 .50
.00 .00 .90 .00 00 .00 .00 .00 00
13 .06 .00 06 2.0 .00 .00 90 RN
TOTAL B - D00 220 b 07 09 33 .14
1

1 = roundfish human consumption, 2 = industrial demersal, 3 =
industrial pelagic, 4 = herring, 5 = saithe, and 6 = mackerel.



Parameter sets used for MSVPA sensitivity analysis.

Table 4.5.1

Whiting Saithe Mackerel Haddock

ration ration ration ration ration

Whiting Saithe Mackerel Haddock Herring Sprat Norway pout Sandeel Other All Cod

ration ration ration ration ration ration ration

Cod

ration food M1

ration

Parameter

Parameter

0.1

0.

0.1

0.1 3000000 0.1

0.1 0.1 0.1 0.1

0.1

0.1 1 A

deviations

MSVPA

Exp

1
1
-1

-1
-1
-1
-1
-1
-1
-1

-1
-1
-1
-1
-1
-1
-1

-1
-1
-1

TNV O NN

N O~©ONO
=

1
-1
-1

1

1
1
1
1

-1

-1

-1

-1

-1

-1

-1

-1
-1
-1

1

-1
-1
-1

1

-1
-1
1

-1
-1

-1
-1

-1

-1
-1

16

-1
-1
1
-1
1
1
-1
-1

1
1
1
-1
-1
-1
-1
-1

1
-1
-1

1

1
-1
-1
-1

1
1
-1
1
1
4
-1
-1

1
-1
-1
-1
-1

1

1

1

b
1
-1
-1
1
-1
1
1

1
-1
1
1
-1
1
-1
1

1
1
-1
-1
1
1
-1
1

1
1
-1
1
-1
-1
1
-1

-1
-1
-1
-1
-1
-1
-1

1

-1
-1
-1
1
1
1
1
-1

-1
1
1
-1
-1
1
1
-1

1
1
1
1
1
1
1

-1

10
"
12
13
14
15
16
16

17
18
19
20
21
22
23
24
25

1
1
-1

-1
-1
-1

-1

1
-1

-1

-1
-1

1
-1
-1
-1
-1

1

-1

-1
-1

1

-1

]
-1

15
14
13
12

1

1
-1
-1

26

-1
-1
-1

1

-1
-1

1
-1

27

1

1
1
1
1
-1

28

-1
-1

-1
1

1
-1

1
-1

-1
-1

1
-1

-1
-1

-1
-1

11 1
30 10 -1

29
31

1
-1

1
-1

1
-1

1 1
-1

-1

1
-1

1
-1

1
-1

1
-1

1
-1

9
8

-1

32
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Table 4.5.2

indicates that the parameter explains less variance than the

Minus

of fit in the regression,

signs

before the ranks
relationship between the variables is inverse. A (-) in the table

indicate

Ranked sensitivity of long-term yield to 16 parameters and R2 of
regressions.

that the

lack

Species yield

Parameter Cod Whiting Saithe Mackerel Haddock Herring Sprat N.pout Sandeel Total
Recruitment
Cod R 1 1 -5 - - - - - - - -
Whiting R 2 -7 1 - - -4 - -2 - -3 -7
Saithe R 3 -4 -6 1 - -1 - -7 -2 - -4
Mackerel R 4 -8 -9 - 1 - - -8 - -2 -5
Haddock R 5 -5 -8 - - 3 1 3 - 4 3
Herring R 6 - 7 - - - - - - -9 0
Sprat R 7 6 4 - - 7 - 1 - -7
N.Pout R 8 2 3 - - 2 - 5 1 -& <
Sandeel RS 3 2 - - 6 - 6 - 14 1
Other Food 10 ° - - - - - - - - - -
all M1 1 - - -2 -2 5 - 4 - - -
Rations
Cod Rat. 12 - - - - - - - - -5 -8
Whiting Rat. 13 - - - - - - - - - -
Saithe Rat. 14 - - - - - - - - - -
Mackerel Rat.15 - - - - - - - - - -
Haddock Rat. 16 - - - - - - - - - -
R?gression
R 0.995 0.992 0.9997 0.9996 0.983 0.866 0.996 0.913 0.995 0.959
Table 4.5.3 Relative sensitivities of species yield to 16 parameters.
pParameter Cod Whiting Saithe Mackerel Haddock Herring Sprat Norway p. Sandeel  Total
1 0.50 -0.11 - - -0.06 0.12 0.0 0.21 - 0,07 0.06
2 -0.02 0.40 - - -0.57  -0.38 -0.28 -0.02 -0.27 -0.15
3 -0.07 -0.10 1.00 - -1.22 0.08 -0,04 -1.46 -0.02 3
4 -0.03 -0.04 - 1.00 -0.11 0.02 -0.04 -0.33 -0.29 - .18
5 -0.06 -0.04 - - 0.73 4,77 0.14 -0.07 0.15 0.38
6 0.02 0.06 - - 0.06 1.00 - 0.21 -0.02 0.1
7 0.05 0.11 - - 0.16 0.18 1.12 -0.14 0.02 0.16
8 0.10 0.11 - - 0.81 0.28 0.06 1.89 0.04 0.42
9 0.06 0.20 - - 0.18 0.06 0.05 -0.05 1.25 0.49
10 0.02 0.02 - - 0.06 -0.71 -0.02 -0.21 -0.03 -0.09
1a - -0.02 -0.20 -0.20 0.31 -0.86 0,08 -0.05 -0.02 -0.02
12 0.02 0.01 - - 0.05 -0.74 -0.01 -0.23 -0.06 -0.11
13 0.02 0.02 - - 0.05 -0.66 -0.01 0.19 -0.03 -
14 0.02 0.02 - - 0.05 ~-0.69 -0.02 0.19 -0.02 -0.02
15 0.02 0.02 - - 0.05 -0.65 -0.02 0.19 -0.02 0.01
16 0.02 0.02 - - 0.05 -0.71 -0.02 0.19 -0.03 0.03
- 0,18
0L 88

o
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Table 6.5.1 Prey composition in the food of cod and whiting by percent weight for the
third quarter of 1982 and 1984 (0O-observed, P-predicted).

Age
Year/Prey 1 2 3 4 5 6+
[¢] P [} P [¢] P [¢] P 0 P [¢] P
1982 Predator (cod)
Cod - 2.45 - 2,07 1.71 0.66 5.93 1.44 5.32 3.70 0.78 0.40
Haddock -~ 0.42 2.95 4.30 5.91 8.83 3.97 10.18 3.52 8.23 0.91 28.42
Whiting 1.50 8.35 2.17 8.28 4.34 2.13 7.10 2.35 7.71 1.67 11.35 1.32
Norway pout 1.67 0.37 7.74 18,98 9.81 44.41 3,87 30.37 3.37 26,89 0.69 7.29
Herring 11,40 0.74 7.42 6.54 8.07 11.90 3.54 20.75 3.62 15.95 4.75 3.88
Sprat - 1.52 - 1.1t 0.05 0.05 0.18 0.01 0.16 0.01 0.02 -
Sandeel - 0.91 - 4,19 5.71 1.80 19.87 0.21 20.06 0.13 19.52 0.03
N 563 108 125 217 23 21
1984 Predator {cod)
Cod - 0.50 3.11 0.70 6.56 0.47 1.73 0.94 -~ 2.62 - 0.37
Haddock . 3.90 0.57 16.46 6.51 16.00 13.57 32.81 13.04 37.46 10.41 29.21 17.19
Whiting 1.18 17.87 8.18 17.80 16.62 3.51 10.84 2.66 9.48 1.49 18.51 1.29
Norway pout 11.13 0.33 20.11 13.53 23.74 29.00 6.27 15.86 - 14.93 - 5.90
Herring 0.06 0.57 0.04 8.64 1.62 25.33 5.18 40.56 7.44 33.91 2.61 10.52
Sprat 0.06 3.51 0.04 2.48 - 0.1 - 0.01 - - - -
Sandeel 6.54 0.59 5.25 3,30 0.36 1.39 0.10 0.13 - 0.07 - 0.02
N 902 160 75 20 12 1
1982 Predator (whiting)
Cod - 0.01 B B = - - - - - - -
Haddock - 1.1 - 9.16 - 12.58 - 10.77 - 10.99 - 12.55
Whiting ~ 7.84 - 5.61 - 4.28 - 3.88 - 4.88 - 4.15
Norway pout - 4.57 - 5,75 - 10.05 - 7.43 - 5.34 - 5.43
Herring 1.74 3.64 10.85 46.18 19.78 48.23 22.11 39.03 19.69 33.46 16.47 27.96
Sprat 6.48 2.30 21.63 4.15 26.70 5.30 33,83 18.88 43,24 30.18 48.31 20.78
Sandeel 84,07 19.72 19.75 13.65 14.97 10.99 10.84 5.69 7.64 2.59 6.45 5.46

N , 236 18 217 91 39 22
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Table 7.1.1 Comparison of total consumption in tonnes by individual predators with
estimated biomass of prey in 1974, 1981, and 1985.

Predators
Prey Total Ave.stock %
Cod Whiting Saithe Mackerel Haddock biomass consumed

1974
cod 9,655 245 = 470 - 10,371 267,220 3.9
Whiting 61,814 44,898 6,295 634 326 114,966 416,550  27.6
Saithe - - - - B - 725,081 -
Mackerel - - - - - 1,776,210 -
Haddock 95,995 107,152 14,774 30,828 2,256 451,068 828,575 54.4
Herring 20,592 28,752 5,131 20,518 84 75,077 377,641 19.9
Sprat 48,301 323,267 27,484 314,909 5,832 719,344 1,615,810 44.5
Norway pout 74,398 102,217 1,054,399 563,125 102,134 1,896,274 1,473,450 128.7
Sandeel 47,051 285,221 32,378 2,103,673 100,379 2,568,701 2,041,032 125.4
Total 357,804 892,757 1,340,461 3,034,159 210,560 5,835,740 9,521,576

1981
cod 25,212 762 - 83 - 26,057 313,452 8.3
Whiting 64,153 36,543 3,110 28 121 103,955 373,104 27.9
Saithe - - - - - - 375,760 -
Mackerel - - - - - - 243,595 -
Haddock 61,425 81,749 63,499 1,055 798 208,527 469,318 44.4
Herring 29,043 116,508 6,030 4,137 80 155,798 465,499  33.%
Sprat 30,390 124,374 7,129 6,794 1,764 170,450 305,056  55.9
Norway pout 60,366 129,054 396,275 94,421 50,436 730,552 949,270 76.9
Sandeel 62,177 238,172 25,736 155,020 79,850 560,954 1,297,828 43.2
Total 332,766 727,161 501,779 261,538 133,049 1,956,293 4,792,844

1985
cod 2,653 126 . 10 - - 2,789 171,303 1.6
Whiting 70,433 236,401 7,688 155 438 315,115 560,562 56.2
Saithe - - - - - - 467,540 -
Mackerel - - - - - - 142,693 -
Haddock 34,565 96,296 83,772 1,441 923 216,997 476,265 45.6
Hexring 49,648 146,673 8,417 4,598 67 209,403 1,678,491 12.5
Sprat 6,582 98,685 4,170 2,467 527 112,430 368,216 30.5
Noxrway pout 39,424 103,244 553,693 18,768 53,032 768,181 910,659 84.4
Sandeel 19,772 161,131 13,859 30,227 18,626 243,615 883,230 27.6

Total 223,078 842,556 671,598 57,685 73,613 1,868,531 5,658,959




Table 7.1.2 Total biomasses consumed by all predators, compared to total stock biomass, total predator
biomass, total yield, and residual natural mortality in terms of biomass.

Biomass Average Total Total Res.n. Ave.pred. _Yield Tot.eaten Res.n.mort. Tot.eaten
Year 1 Jan biomass vield eaten mort. biomass Ave.biom. Ave.biom. Ave.biom. Ave.pred.biom.
1974 10,226,856 9,521,330 4,186,319 5,835,740 4,459,042 4,013,642 0.44 0.61 0.47 1.45
1975 8,796,476 8,233,902 3,165,377 4,235,522 3,963,585 3,118,753 0.38 0.51 '0.48 1.36
1976 7,495,967 6,963,542 3,157,496 3,575,275 3,293,479 2,534,528 0.45 0.51 0.47 1.41
1977 6,288,477 5,932,575 2,504,390 2,883,177 2,824,286 2,075,665 0.42 0.49 0.48 1.39
1978 5,810,818 5,615,912 2,415,318 2,480,244 2,861,082 1,856,946 0.43 0.44 0.51 1.33
1979 5,665,800 5,726,110 2,419,094 2,375,140 2,910,597 1,869,815 0.42 0.41 0.51 1.27
1980 5,938,620 5,177,848 2,610,169 2,235,715 2,322,781 1,909,750 0.50 0.43 0.45 1.17
1981 4,428,252 4,792,884 2,410,804 1,956,293 2,317,778 1,775,229 0.50 0.41 0.48 1.18
1982 5,210,949 5,209,360 2,378,075 1,913,177 2,271,213 1,588,610 O0.46 0.37 0.44 1.20
1983 4,794,774 5,356,313 2,341,485 1,677,676 2,383,191 1,504,008 0.44 0.31 0.44 1.16
1984 5,838,578 6,077,116 2,585,893 1,677,718 2,581,312 1,595,689 0.43 0.28 0.42 1.05
1985 5,456,758 5,658,959 2,428,323 1,868,531 2,508,880 1,818,363 0.43 0.33 0.44 1.03

LL
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Table 8.1.1 COD. Year-class strength estimates and their correlations.

MSVPA VPA I0GS EGFS DGFS
June Aug-Sep Nov
Year
O-group 1-group 1-group AM GM O-group 1-group O-group 1-group
1 Oct 1 Oct 1 Jan
1973 - 124 234 - - - - - -
1974 553 216 426 71.6 6.9 - - = .
1975 277 104 207 7.4 1.3 - - ~ -
1976 1,060 379 709 57.8 14.6 - 6,818 - -
1977 609 214 426 21.4 5.9 1,559 2,372 - -
1978 650 221 451 13.5 3.6 1,679 2,264 - o
1979 1,310 441 786 208.0 5.0 1,856 5,149 - -
1980 531 147 259 19.5 3.6 1,006 1,232 43.2 -
1981 864 286 533 250.3 23.8 7,963 3,234 176.8 -
1982 402 133 265 52.6 18.0 254 1,541 26.9 -
1983 738 274 527 490.0 44.7 9,595 6,122 121.5 -
1984 88 30 57 - - 45 419 1.3 -
1985 128 = - - - 798 3,500 143.6
1986 - - - - - 200 - - -
VPA_1-group
Regression
against indices
R 0.43 0.22 0.46 0.87 -
a 395 419 329 163 -
b 0.53 3.17 0.028 0.087 -
n 10 10 8 9 -
MSVPA O-group
Regression
against indices
R 0.40 0.15 0.39 = 0.93
a 604 654 536 - 238
b 0.80 3.55 0.038 - 3.87
n 10 10 8 - 5
MSVPA 1-group
R - - - 0.86 -
a - - B 81 -
b - - - 0.047 -
n - - - 9 -




Table 8.3.1 ANOVA tables

from

fitting

the kernel model to suitabilities.

73

the three variants of

Source of
variation S

S

df

MS

F

A: Common first & second power difference terms in covariate term.

Error 7,900.
Covariates 769
Constant 1,475.
Pred 511
Prey 818.
Pred by Prey 1,778.

B: Common second power difference term in covariate.

Exror 7,484,
Covariates 571
Constant 1,448,
Pred 496.
Prey 733.
Prey by Pred 1,748,

wt diff. by Prey 680.

C: Both weight difference terms nested by prey species.

13
.88
73
.87
94
50

96

.27

66
95
00
59
55

covariates are weight ratios.

Error 7,342,
Covariate 450,
Constant 1,336.
Pred 427.
Prey 692,
Prey by Pred 1,722.
Wt diff. within

Prey 803.

WT diff. within
Pred 182.

24
03
95
62
80
11

15
64

3,070 2.57
4 192.47 74
1 1,475.73 573
4 127.97 49,
6 136.49 53
22 80.84 31
3,064 2.44
3 190.42 77
1 1,448.66 593.
4 124.24 50.
6 122.17 50.
22 79.48 32.
7 97.22 33
Oonly
3,058 2.40
2 225.01 93.
1 1,336.95 556.
4 106.90 44,
6 115.47 48,
22 78.28 32.
7 114.74 47.
7 26.09 10.

.79
.47
73
.04
.41

.95
01
86
01
54
.80

72
83
52
09
60

79

87
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Table 8.3.2

Parameter
coefficients,

difference

terms

estimates
and

for
the

covariate
weight

nested by prey,
from core model of suitabilities.

Term

Parameter estimate

1n Wt ratio 1.4218 = p/o’,
1ln Wt ratio 2 -0.1396 = 1/20
Wt difference -1.9548
wt diff. by cod 21.2833
wt @iff. by whiting 3.1376
wt diff. by haddock -6.1786
wt diff. by herring -8.2830
wt diff. by sandeel 24.4827
wt diff. by pout -15.2108
wt diff., by sprat 2.6212
u o= 5.092
o = 1.893
le 8.3.3 Parameters estimated from a fitting of the core
model (restructed as described in Section 8.4) to
the suitabilities.
Prey
Predator
Cod Whiting Haddock Herring Sandeel Pout Sprat
cod 0.178 0.244 0.793 -0.675 -1.071 -1.568 -1.419
Whiting 0.139 1.232 1.429 0.780 -0.450 0.253 0.016
Saithe - -2.155 0.753 ~1.476 -2.469 1.792 -2.278
Mackerel 0.936 -2.061 0.536 0.192 0.269 1.858 -0.199
Haddock - 1.550 1.079 -0.683 1.526 1.907 -

Grand mean = 7.176.
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Table 8.3.4 ANOVA table from core model plus quarter inter-
actions fit to suitabilities.

Source of .
variation ss af MS F

Error 6,519.28 3,034 2.15 -
Covariates 548.14 3 182.71 85.03
Constant 1,347.78 1 1,347.78 627.24
Pred 624.27 4 156.07 72.63
Prey 584.50 6 97.04 45 .34
Pred by Prey 1528.93 22 69.50 32,35
Q by Pred 427.60 18 35.66 16.60
Q by Prey 503.04 18 27.95 13.07
Wt diff. within

Prey 588.92 7 84.13 39.15

Table 8.4.1 The analysis of variance table for the core model.

Source of

variation SS af MS F Signif.
Within + Residual 7,659 3,068 2.5 - -
Regression (LWTRSQ) 913 1 913 366 *
Constant 11,682 1 11,682 4,679 *
Pred 345 4 86 35 *
Prey 682 6 114 46 *
Pred x Prey 1,385 22 63 25 *
LWTR within Pred 1,158 5 232 93 *




76

Table 8.4.2 LWTR coefficients from the core model.

Predator Slope by Calculated size
species species STD-Exrror preference ratios
cod 1.5548 "0.0956 50.62
Whiting 1.5366 0.0848 48.34
Saithe 2.2165 0.1179 268.92
Mackerel 2.0451 0.1212 174.48
Haddock 2.0810 0.1375 191.02

Tcalculated as exp (slope/2 x B)

efficient (= 0.

1981) .

where B is the LWTRSQ co-

Table 8.4.3 The analysis of variance table for the 34 levels
model.

Source of

variation ] af MSs F Signif.
Within + Residual 7,659 3,068 2.5 - -
Regression (LWTRSQ) 914 1 914 366 *
Constant 25,612 1 25,612 10,260 *
UF 3,683 32 115 46 *
LWTR within Pred 1,158 5 232 93 *
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Figure 2.4.1b Comparison of new estimates of annual ration per age for cod, whiting, saithe, mackerel,
and haddock with the estimates used in previous Working Group meetings.
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Figure 2.4,1d Comparison of new estimates of annual ration per age for cod, whiting, saithe, mackerel,
and haddock with the estimates used in previous Working Group meetings,
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Figure 2.4.1e

Comparison of new estimates of annual ration per age for cbd, whiting, saithe, mackerel,
and haddock with the estimates used in previous Working Group meetings.
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Figure 2.8.1a
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THOUSAND TONNES

Figure 2.8.1b The total stock biomass (TSB) and spawning stock biomass (SSB)
from the MSVPA and the single-species VUPA.
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THOUSAND TONNES

Figure 2.8.1c The total stock biomass (TS8) and spawning stock biomass (ss8B)
from the MSVPA and the single-species VPA.
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THOUSAND TONNES

Figure 2.8.1d The total stock biomass (TSB) and spawning stock biomass (s58)
from the MSUPA and the single-species VPA.
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THOUSAND TONNES

Figure 2,8.1e The total stock biomass (TSB) and spawning stock biomass (SSB)
from the MSUPA and the single-species VPA.
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THOUSAND TONNES

Figure 2.8.1f

The total stock biomass (TSB) and spawning stock biomass (S58)
from the MSVPA and the single-species VPA.
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THOUSAND TONNES

Figure 2.8.1g
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Figure 4,5.1
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Figure 4,5.2 3-Dplot of yield sensitivity of each species yield to
investigated.
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Figure 4.,5.3

Herring yield against haddock recruitment for the 33
sensitivity analysis runs,




Figure 6.,3.,1 Algorithm for estimating an average suitability
92 based on a time series of stomach contents data
(e.g., 1981-1984),
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Figure 7.1.%a Prey biomass consuned by praiator species,
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Figure 7,1.1b Prey biomass sonsumed by predator speciss.
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figure 7.1.7¢  prey biomass consumed by predator species.
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Figure 7.1.1d Prey biomass consumed by predator species.
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Figure 7.1.1e Prey biomass consumed by predator species.
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Figure 7.1.1f

Prey biomass consumed by predator species.
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Figure 7.1.19 Prey biomass consumed by predator species.
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Figure 7.1.2a The consumption of predator species by prey species.
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Figure 7.1.2b The consumption of predator species by prey species.
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Figure 7.1.2c The consumption of predator species by prey species.
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Figure 7.1.2d The consumption of predator species by prey species.
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Figure 7.1.2e

The consumption of predator species by prey species.
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APPENDIX A

Working document for the

hoc Multispecies Assessment Working Group
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November 1986

Tables of Weights in the Sea and Weights in the Catch

for Use with the MSVPA Program

Erik Ursin
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Daan 1974 (Neth.J.Sea Res.

(0,1)-(2,1):Fig 4.

through
(2,2)-(7,4): Table V,

E.

Ursin 4/6 1986.

8(1):27-48)

Evefitted straight line

(8,1)-(11,4): Table IV,

Condition factor:

Cod Body Weight in the Sea
Mid-quarter weights, kg

Q 1 2 3 4
X Source:
0 0 0.000052 0.00598 0.0225
1 0.0519 0.116 0.230 0.377 Ages
2 0.576 0.682 0.829 1.12
3 1.51 2.00 2.28 2.65
4 3.30 3.99 4.58 5.04
5 5.45 5.87 6.81 7.53
6 T.76 8.18 8.39 8.72
1 9.00 9.81 10.80 10.9
8 10.9 11.2 11.6 11.9
9 12.2 12.5 12.8 13.0
10 13.3 13.5 13.7 14.0
11 14.2 14.3 14.5 14.7

Fig 7.

(0,=-3.9cm) and
North

North

(2,34.8cm).
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Whiting Body Weight in the Sea E. Ursin 20/6 1986
Mid-quarter weights, kg.

-
-
o

Q 1 2 3 4

Y Source:

0 0 0.0010 0.0073 0.0192 Ages (1,2)-(5,2) Jones and Hislop 1978. Table 31.
1 0.0390 0.0635 0.0811 0.102 Years 1967-74. Means of 4 areas 2nd quarter.
2 0.125 0.153 0.170 0.190 Linear interpolation of lengths.

3 0.210 0.232 0.254 0.277 Ages (0,2)-(1,1) Knudsen 1963, Table XIII.

4 0.304 0.327 0.345 0.362 Years 1956-57, raised to account for faster
5 0.381 0.400 0.425 0.435 growth in recent years. Reference point: Jones
6 0.445 0.455 0.469 0.488 and Hislop, age (1,2).

7 0.507 0.527 0.542 0.553 Ages (5,3)-(10,4) as in the catch 1974-85.

8 0.564 0.576 0.598 0.633 q = 0.0078 (Messtorff 1959).

9 0.667 0.702 0.732 0.759

10 0.785 0.812 0.838 0.865




Saithe

Body Weight in the Sea

Mid-quarter weights,

E. Ursin 19/6 1986

Bertelsen 1942 {(Medd. Komm. Danm. F.-& H, Ser F,11(2))
Ages (0,2)-(2,3): Faroese Fjords!

Polonsky & Golubiatnikova
(C.M. 1970/F:23)
Ages (2,4)-(5,4): North Sea. Interpolation on
smoothed curve of length. Obs. assumed at Aug. 15.

Ages (6,1)~-(15,4) as in the Catch 1974-85.

g = 0.009 (Rep. Saithe W.G., C.M. 19T74/F:2, Table 14).

Q 1 2 3 4
Y Source:
0 0 0.00001 0.0050 0.020
1 0.026 0.036 0.111 0.183
2 0.200 0.231 0.463 0.667
3 0.793 0.965 1.09 1.23
4 1.34 1.50 1.62 1.80
5 1.94 2.14 2.36 2.53
6 2.75 2.96 3.17 3.40
7 3.63 3.86 4.08 4.28
8 4.48 4.68 4.89 5.09
9 5.30 5.51 5.72 5.94
10 6.16 6.38 6.59 6.77
11 6.96 7.14 7.30 7.43
12 7.5% 7.70 7.86 8.04
13 8.22 8.41 8.56 8.68
14 8.79 8.91 9.00 9.05
15 9.10 9.16 9.21 9.26

Lt



E. Ursin 4/7 1986.

[AN%

As for weight in the catch.

Ages (1,3) and older are the same as in the catch.
Ages (0,3)-(1,2) were guessed assuming a birthday
of 1lst June. A smooth sigmoid was drawn from zero
on the birthday to 220 g at age (1,3).

Mackerel Body Weight in the Sea
Mid-quarter weights, kg.

Q 1 2 3 4

Y Source:
0 o] 0 0.010 0.035
1 0.080 0.180 0.220 0.230
2 0.215 0.275 0.330 6.310
3 0.270 0.340 0.385 0.365
4 0.315 0.385 0.425 0.405
5 0.355 0.425 0.460 0.445
6 0.390 0.465 0.495 0.480
7 0.430 0.500 0.530 0.515
8 0.460 0.535 0.560 0.550
9 0.495 0.565 0.590 0.580
10 0.530 0.595 0.620 0.605
11 0.560 0.625 0.650 0.635
12 0.590 0.650 0.680 0.660
13 0.620 0.670 0.705 0.680
14 0.645 0.695 0.735 0.700
15 0.675 0.710 0.760 0.715




Haddock Body Weight in the Sea E. Ursin 19/6 1986
Mid-quarter weights, kg-

o

Q 1 2 3 4
Y Source:
0 0 0.001 0.010 0.030 R. Jones, J. Cons. int. Explor. Mer, 41:50-62, 1983.
1 0.055 0.082 0.115 0.122 Ages (0,3)-(1,4): Table 3
2 0.191 0.231 0.274 0.327 Ages (2,1)~-(2,3): Table 1
3 0.367 0.408 0.452 0.500
q = 0.01
4 0.548 0.595 0.646 0.700
5 0.754 0.809 0.863 0.919 Smoothed curve through 0 g at 1lst March
6 0.974 1.03 1.08 1.13 Ages (2,4)- as in the catch 1974-1985.
7 1.19 1.24 1.30 1.38
8 1.46 1.53 1.61 1.69
9 1.77 1.85 1.90 1.94
0 1.97 2.00 2.07 2.17
1 2.27 2.38 2.48 2.58

€Ll



Herring

Body Weight in the Sea

Mid-quarter weights,

kg.

E. Ursin 3/7 1986
-

W.G. Rep. C.M. 1986/Assess:19 Table 2.8.1.
1985 data. Divisicen IV b was used.

Ages (0,1) to (0,3): A smooth curve was drawn
from age (0,4) backwards to an assumed birth-
day of Aug. 15 (age (-1,3)), passing below the
sizes in the catch at ages (0,2) and (0,3).

Ages (0,4) and older as in the catch.

Q 1 2 3 4

Y Source:
[} 0.0002 0.002 0.007 0.014
1 0.012 0.031 0.063 0.080
2 0.075 0.135 0.134 0.124
3 0.117 0.169 0.190 0.155
4 0.141 0.201 0.215 0.174
5 0.159 0.215 0.227 0.191
6 0.165 0.241 0.228 0.201
T 0.184 0.259 0.260 0.222
8 0.198 0.260 0.285 0.236
9 0.215 0.259 0.297 0.265




Sprat

Body Weight in the Sea
Mid-quarter weights,

kg

E. Ursin 3/7 1986

Ages (0,2)-(0,4): W.G. Rep. 1978/Ass:6

Table 6.5.1.
Extrapolation to birthday (assumed lst
of cube root of body weights.

Q 1 2 3 4

Y Source:
0 0] 0.000005 0.00075 0.0033

1 0.0027 0.0047 0.0077 0.0104

2 0.0081 0.0108 0.0140 0.0173

3 0.0154 0.0175 0.0203 0.0232

4 0.0218 0.0249 0.0z228 0.0246

Ages (1,1) and older as in the catch.

May)

SLL



Norway Pout

Body Weight in the Sea

Mid-quarter weights,

E. Ursin 2/7 1986

e
-
[e2}

Juveniles: W.G, Rep. 1978, Fig 2.3.1.
Extrapoclation to 1lst Febr. (assumed
birthday); g by quarters from

Q 1 2 3 4

Y Source:
o] 0.000014 0.0012 0.0049 0.0069

1 0.0076 0.0112 0.0242 0.0261

2 0.0238 0.0259 0.040 0.044

3 0.042 0.041 0.053 0.056

Ursin 1963.

Otherwise as size in the catch except for a
slight smoothing.



Sandeels Body Weight in the Sea E. Ursin 2/7 1986
Mid-quarter weights, kg.

Q 1 2 3 4

X Source:

0 0.000012 0.00035 0.00132 0.00300 Ages (0,1)-(0,4): Extrapolation on the curve
1 0.0039 0.0061 0.0106 0.0162 of Macer 1965, Table 2, assuming birthday 1lst
2 0.0099 0.0106 0.0179 0.0369 Jan. and

3 0.0150 0.0153 0.0233 0.0529 q = 0.003.

4 0.0204 0.0189 0.0248 0.0523 Ages (1,1) and older as in the catch.

5 0.0221 0.0197 0.0302 0.0320

6 0.0185 0.0223 0.0318 0.0330

To promote confusion, see W.G. Rep. C.M. 1978/G:12, Figs 3.2.2 and 3.2.3.
W.G. Rep. C.M. 1984/Assess:9, Tables 5.5.2 and 5.5.3.

Ll



Cod Body Weight in the Catch E. Ursin 4/6 1986

Mid-quarter weights, kg.

Q 1 2 3 4
Y Source:
1 0.460 0.548 0.636 0.724 Rep. N.S. Roundfish W.G. 1986
2 0.812 0.900 1.09 1.39 (C.M. 1986/Assess:16)
3 1.69 1.99 2.41 2.96
4 3.50 4.04 4.59 5.15 Table 11.7. Mean weights for 1974-85 assumed to
5 5.70 6.26 6.80 7.33 mid-year. Linear interpolation. Linear extrapol.
6 7.86 8.40 8.85 9.24 for ages (1,1) and (1,2).
K 9.62 10.0 10.4 10.7
8 11.0 11.3 11.7 12.0
9 12.3 12.6 12.9 13.0
10 13.2 13.3 13.6 13.9
11 14.2 14.5 14.7 14.7

-
-
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Whiting

Body Weight in the Catch

E. Ursin 19/6 1986

Rep. N.S. Roundfish W.G. 1986 (C.M. 1986/Assess:16)
Table 19.7. Mean weights for 1974-85 assumed to
relate to mid-year. Linear interpolation. Linear
extrapolation for ages (0,2), (10,3) and (10,4).
Data were smoothed by moving averages of 3 before

interpolation.

Mid-quarter weights, kg.
Q 1 2 3 4
Y Source:
0 0 0.0089 0.0267 0.0445
1 0.0624 0.0802 0.101 0.124
2 0.148 0.172 0.194 0.215
3 0.236 0.257 0.277 0.297
4 0.316 0.335 0.354 0.373
5 0.392 0.411 0.425 0.435
6 0.445 0.455 0.469 0.488
7 0.507 0.527 0.542 0.553
8 0.564 0.576 0.598 0.633
9 0.667 0.702 0.732 0.759
10 0.785 0.812 0.838 0.865

6L1L




Saithe Body Weight in the Catch E. Ursin 20/6 1986

Mid-quarter weights, kg.

3

Q 1 2 3 4

Y Source:

(o] Rep. N.S. Roundfish W.G. 1986 (C.M. 1986/Assess:16)
1 0.251 0.293 0.335 0.377 Table 237. Mean weights for 1974-85 assumed

2 0.419 0.461 0.527 0.618 to relate to mid-year. Linear interpolation

3 0.708 0.799 0.924 1.08 for ages (1,1), (1,2), (15,2) and (15,4).

4 1.24 1.40 1.58 1.76

5 1.95 2.14 2.34 2.54

6 2.75 2.96 3.17 3.40

7 3.63 3.86 4.08 4.28

8 4.48 4.68 4.89 5.09

9 5.30 5.51 5.72 5.94

10 6.16 6.38 6.59 6.77

11 6.96 7.14 7.30 7.43

12 7.57 7.70 7.86 8.04

13 8.22 8.41 8.56 8.68

14 8.79 8.91 9.00 9.05
15 9.10 9.16 9.21 9.26



Mackerel

Body Weight in the Catch

Mid-quarter weights, kg.

E. Ursin 4/7 1986

W.G. 1985/Assess:7 and
W.G. 1986/Assess:12 (Appendixes on data req.
by the multisp. W.G.)

Data was averaged for all years with new information
and smoothed by fitting (by eye) of curves to
data for each quarter.

Note: the increase is almost linear from age 4

Q 1 2 3 4

Y Source:
0 0 0 0 0.105

1 0.120 0.195 0.220 0.230

2 0.215 0.275 0.330 0.310

3 0.270 0.340 0.385 0.365

4 0.315 0.385 0.425 0.405

5 0.355 0.425 0.460 0.445

6 0.390 0.465 0.495 0.480

7 0.430 0.500 0.530 0.515

8 0.460 0.535 0.560 0.550 to age 14.
9 0.495 0.565 0.590 0.580

10 0.530 0.595 0.620 0.605

11 0.560 0.625 0.650 0.635

12 0.590 0.650 0.680 0.660

13 0.620 0.670 0.705 0.680
14 0.645 0.695 0.735 0.700
15 0.675 0.710 0.760 0.715

LzL



Haddock Body Weight in the Catch E. Ursin 19/6 1986

Mid-quarter weights, kg. 5

Q 1 2 3 4

Y Source:

0 0.0016 0.0272 0.0528 ﬁ.S. Roundfish W.G. 1986 (C.M. 1986/Assess:16)

1 0.0784 0.1040 0.135 0.172 Table 15.7. Mean weights for 1974-85assumed to relate to
2 0.210 0.247 0.286 0.3217 mid-year. Linear interpolation.

3 0.367 0.408 0.452 0.500 Linear extrapol. for ages (0,2), (11,3) and (11,4).
4 0.548 0.595 0.646 0.700

5 0.754 0.809 0.863 0.919

6 0.974 1.03 1.08 1.13

7 1.19 1.24 1.30 1.38

8 1.46 1.53 1.61 1.69

9 1.77 1.85 1.90 1.94
10 1.97 2.00 2.07 2.17
11 2.27 2.38 2.48 2.58




Herring

Body Weight in the Catch
Mid-quarter weights, kg

E. Ursin 3/7 1986

Rep. C.M. 1986/Assess 19 Table 2.8.1.
data. Division IV b was used.
has almost the same mean weights for the

as "North Sea Total"”, and data is supplied

by the quarter. Seasonal variation in age group

9 was made similar to younger ages by subtract-

ing 23 g from age (9,1) and adding 23 g to age

Q 1 2 3 4

Y Source:
o] 0.005 0.009 0.014

1 0.012 0.031 0.063 0.080 W.G.
2 0.075 0.135 0.134 0.124 1985
3 0.117 0.169 0.190 0.155 This
4 0.141 0.201 0.215 0.174 year
5 0.159 0.215 0.227 0.191

6 0.165 0.241 0.228 0.201

7 0.184 0.259 0.260 0.222

8 0.198 0.260 0.285 0.236 (9,4).
9 0.215 0.259 0.297 0.265

€zl




Sprat

Body Weight in the Catch
Mid-quarter weights, kg.

Q 1 2 3 4

Y Source:
0 0 0.001 0.0030 0.0035 W.G.
1 0.0026 0.0047 0.0077 0.0104

2 0.0081 0.0108 0.0140 0.0173

3 0.0154 0.0175 0.0203 0.0232

4 0.0218 0.0249 0.0228 0.0246

rep.

E.

Ursin 3/7 1986

1978/H:3 Tab. 7.4

1982/Ass:6 Tab.
1984 /Ass:9 Tab.

6.5.1
7.5.1

—
[
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Norway Pout Body Weight in the Catch E. Ursin 2/7 1986
Mid-quarter weights, kg.

Q 1 2 3 4

Y Source:

¢] 0.00534 0.00693 W.G. Rep. C.M. 1978/G:12

1 0.00756 0.0112 0.0242 0.0261 1983/Assess:7
2 0.0238 0.0259 0.0411 0.0437 1984/Assess:9
3 0.0424 0.0394 0.0559 0.0548 1985/Assess:8

1986/Assess:15

Szl



Sandeels Body Weight in the Catch E. Ursin 2/7 1986

—_

Mid-quarter weights, kg. >
Q 1 2 3 4
Y Source:
0 0 0.0012 0.0031 0.0046 Data from current MSVPA program, except that
1 0.0039 0.0061 0.0106 0.0162 w(0,1) = O.
2 0.0099 0.0106 0.0179 0.0369
3 0.0150 0.0153 0.0233 0.0529
4 0.0204 0.0189 0.0248 0.0523
5 0.0221 0.0197 0.0302 0.0320
6 0.0185 0.0223 0.0318 0.0330



APPENDIX B 127

Table showing how total F is partitioned (%) among the six fish-
eries (1 = roundfish human consumption, 2 = industrial demersal,
3 = industrial pelagic, 4 = herring, 5 = saithe, and 6 = mack-
erel).

Fisheries

Species Age T
1 2 3 4 5 6

Cod e] - 1.000 - - - - -
1 0.677 0.323 - - - - 0.1808
2 0.981 0.019 : - = B 0.9936
3 1,000 - ~ - - - 1.0351
4 1.000 = - - - - 0.7227
5 1.000 - = - B - 0.7494
6 1.000 - - - - - 0.7005
7 1.000 - - - - - 0.7165
8 1,000 - - ~ - -~ 0.7006
9 1.000 = - - - - 00,7793
10 1.000 ~ . = = - 0.7580
11 1.000 - - ~ . ~ 0.8201
Whiting ¢} 0.111 0.667 0.222 - 0.0473
1 0.714 0.238 0.048 - 0.2221
2 0.744 0.231 0.026 - Q.47269
3 0,829 0.157 0.014 - - - 0.7307
4 0.956 0.044 : - 0. 5660
5 0.961 0.039 - - - - 0.9674
6 0.985 0.015 = ~ - 1.2494
7 0.991 0.009 . B - - 1.1995
8 1.000 B - - - . 1.4252
9 1.000 - - - - - 0.7064
10 1.000 - - = - - 1.2000
11 1.000 - = - . - 1.2000
Saithe o] ~ - - - 1.000 - -
1 - - - - 1.000 - 0.0107
2 0.182 - - - 0.818 - 0.1799
3 0.130 0.043 - - 0.826 - 0.2579
4 0.156 0.031 - - 0.813 - 0.4082
5 0.130 - - - 0.870 = 0.5550
6 0.133 - - - 0.867 - 0.5178
7 0.149 - - - 0.851 - 0.4832
8 0.203 - - - 0.797 - 0.4874
9 0.200 - - - 0.800 = 0.4298
10 0.200 - - - 0.800 - 0.3452
11 0.200 - = - 0.800 - 0.3490
12 0.200 - - - 0.800 - 0.3642
13 0.200 - - ~ 0.800 - 0.3811
14 0.200 - - - 0.800 - 0.4017
15 0.200 - - ~ 0.800 - 0.3001

cont.'d.
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Species

Age

Fisheries

3

Mackerel

e e S
U WNa2a0WwINAUDWN-2O

.000
.000
. 000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
. 000
. 000

R I G UV G QP G P Py

.0155
.0626
. 1720
L1924

2688

L2614
.2293
.3094
.2786
.3246
L2313
.3014
L3621
.4864
.6012

Haddock

S OWVWENAUTRWLWN -0

B aLa a0 00000

. 143
.560
.917
.958
. 950
.975
. 000
.000
.000
.000
.000
. 000

OQCOOOC

.0470
.2814
.7081
. 1069
.0630
.8921
.8628
.9038
.7865
. 7804
.5983
. 9000

Herring

CONISNDWN 2O

[eXeloNoNoNoRoNoNoRmy

.000
L1737
.417
.563
.357
.500
.250
.400
.400
.400

[eXeReRoRoNoNoNoNo]

.263
.583
.438
.643
.500
. 750
.600
. 600
. 600

L1414
.2020
.1670
.2420
.2019
. 1927
L1122
.3283
.8344
. 1204

Sprat

W = O

PR G G

.000
.000
.000
.000
.000
.000

==2NOO0OO0 | O0000C00000 | 000000022000 | 0000000000

.0041
.5081
.9768
L1319
.3267
.3267
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Species

Age

Fisheries

3

Norway pout O

WN =

[T G

.000
.000
.000
.000

- =200

.0530
.5076
. 6460
.5640

Sandeel

Noaubh w0

- e oy

.000
.000
.000
.000
.000
. 000
.000
.000

OCOOO0OCO0

.0995
. 4287
.8913
.8254
. 8451
.7802
.8780
.8780
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APPENDIX C

Calculations used in M2 smoothing (Section 8.4).
a(sp) = LWTR slope for species (s3p)

LWTRSQ ceoefficient

V' 1762 g)

2) wu(sp)= oz/a(sp)

»
I

-
Q
It

r
2
3) Correction term (sp) = 0.5 [gj;;ﬁ}
o

4) oOverall predation mortality =
= 4 x Exp [Constant + Interaction (Reference)+cor(Reference)]
5) Preferred size ratio =

= Exp [a(sp)/(2R)]










