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1 TERMS OF REFERENCE AND INTRODUC-
TORY NOTES

The Working Group on Nephrops and Pandalus Stocks
met in Ostende, Belgium from 24 February to 4 March
1993 to act upon ICES Council Resolution 1992/2:8:1
which states that the terms of reference will be to:

a) Assess the status of those stocks of Nephrops in
the ICES area where new methodology or new
data justify a new assessment;

b) Identify by stock the data requirements, includ-
ing biological parameters, for assessments;

c) Assess the status of stocks of Pandalus borealis
in the North Sea, Skagerrak, and Kattegat, if
possible taking account of varying predation
mortality;

d) Investigate the scope for correction of effort data
and the improvement of effort indices.

The Working Group addressed each of the above terms
of reference. The results and discussions are contained in
Sections 3 to 6.

Section 3 provides an overview of input data and con-
tains a table which presents ’shortfalls’ in input parame-
ter values and draws attention to data requirements (TOR
b). This section also contains a discussion of the scope
for correction of effort data and the improvement of
effort indices (TOR d).

Section 4 provides details of the methods employed by
the Working Group. Sections 5 and 6 present the assess-
ment results and catch possibilities for Nephrops and
Pandalus, respectively (TOR a and TOR c).

Section 7 highlights a number of subjects which the
Study Group on Life Histories and Assessment Methods
of Nephrops Stocks could take up. An agenda for
investigations on Pandalus at the Study Group on Life
Histories and Assessment Methods of Pandalus Stocks in
the North Atlantic has already been drawn up.

Following the text section of the report, the Tables and
Figures may be found for all sections. This year, four
appendices are added which detail investigations on the
methodological approaches employed in the assessment
of Nephrops.

2 PARTICIPANTS

The following scientists attended the meeting of the
Working Group:

M. Afonso Dias
N. Bailey (Chairman)

UK, Scotland
UK, Scotland

D. Bennett UK,England
R. Briggs UK, Northern Ireland
Ms A. Caramelo Portugal

C. Chapman UK, Scotland
C. Farina Spain

P. Hillis Ireland

Ms M. Thessalou-Legaki

(part-time) UK, Scotland
S. Munch-Petersen Denmark

F. Redant Belgium

B. Sj6strand Sweden

Ms C. Talidec France

S. Tveite Norway

M. Ulmestrand Sweden

There was a communication from a non participant; R.
Meixner, Germany, notified the Working Group that
there were only negligible landings of Nephrops and
Pandalus by German boats.

3 INPUT DATA AND BIOLOGICAL PARA-
METERS

3.1 Introduction

Two terms of reference this year addressed aspects of
input data, their availability, quality and usefulness; one
(item b) related to biological inputs, the other (item d) to
effort data. Following a full discussion by the Working
Group it was decided that details of the availability and
general quality of data should be included in the sections
for each Functional Unit but that this section (Section 3)
should also be included as an introduction to, and
overview of, the data used by the Working Group. It was
also felt that the specific question of scope for correction
of the effort data properly belonged within this section.
This section deals mostly with Nephrops; for the present,
details of inputs for Pandalus assessments are contained
within Section 6 which deals exclusively with this
species. In the following notes some reference is,
however, made to Pandalus for comparative purposes.

Assessments are complicated by certain aspects of the
biology and life history of Nephrops. The inability to age
them directly, their availability to capture being depend-
ent upon emergence behaviour, and the heterogeneity of
the populations, for example, all create assessment
modelling problems. Until the recent introduction of
TACs for some areas, statistics collection for Nephrops
was not necessarily of the highest priority for national
officials. Improvements in both biological studies and
statistics collection are being reported to the Working
Group.



Early meetings of the Working Group in the 1980s,
before assessments were requested, concentrated on the
biology of Nephrops. To complement the present Assess-
ment Working Group a Study Group was set up to tackle
aspects of the biology and assessments which the Work-
ing Group was unable to deal with. This Study Group
reported in 1992 (Anon., 1992b) drawing attention to a
number of topics which required further attention. The
responsibility for improving the coverage and reliability
of fishery statistics lies with the individual countries, as
do the research requirements to improve the biological
inputs. However, the Study Group does have an import-
ant role to perform in collating the existing data, making
comparisons between areas, and advising on how to
improve the statistics collection and the biological studies
(see Section 7).

The quality of the fishery and biological data inputs
varies considerably between the 31 functional units for
which assessments are attempted. Some of the units have
a long history of research studies which have yielded
good quality fisheries statistics and biological knowledge.
Others have only recent basic fishery data (sometimes
only an estimate of landings) and depend upon compari-
son with similar units for biological inputs.

3.2 Fishery Data

All Functional Units considered have at least some data
of this type. There are two types of data, landings and
effort.

3.2.1 Landings

The readily available nominal landings provided by ICES
are referred to in the chapter on Pandalus assessments
but since these landings are aggregated according to
major ICES boundaries which do not reflect the rather
patchy distribution of Nephrops, they are not presented
for this species. Instead landings information contained
within Section 5 is provided by Working Group members
and is based on the various national data collection
services. Updated information was this year provided by
participants for Units 3-31. Units 1 and 2, Iceland and
Faroes, were not this year represented and updated
information was not received.

The quality of this information is difficult to judge
although it is known that for some countries at least,
more care has been taken since the introduction of TAC
management regimes.

Last year the subject of unreported landings was raised
(Section 5; Anon.,1992a) and this year problems associ-
ated with ’black’ landings and misreported landings were
also discussed although it was not possible to quantify
these or make a judgement on the extent of the problem.

It is to be hoped that all countries will continue to
attempt to collect representative landings statistics.

3.2.2 Fishing effort and scope for data correction

The Working Group conducted a full discussion on this
topic (Term of Reference d) and attempted to identify for
each FU the scope for correction of effort data and
improvement of effort indices. The outcome from the
discussion is summarised in Table 3.2.1. This lists for
each FU and main fleets the units employed for effort
recording, together with notes on the extent to which
effort is directed at Nephrops, and the availability and
use of vessel/gear characteristics for correcting effort
data. Unfortunately, there was insufficient time at this
Working Group to proceed further and consider particu-
lar data sets in detail and it was felt that this could be
deferred to the next Nephrops Study Group meeting.

In most FUs, Nephrops trawling usually forms part of a
mixed fishery with demersal fish and this complicates the
recording of fishing effort. Various ’rules’ are employed
by countries in an attempt to separate Nephrops-directed
trips, usually based on the relative weight (eg.FU 15) or
value (eg. FUs 11-13) of the two components. To some
extent past and present EC and/or national legislation on
mesh sizes, permitted by-catch limits, multi-rig bans and
one-net rules are tending to separate Nephrops fishing
from demersal fish trawling. This trend could simplify
effort recording in the future.

It is clear from Table 3.2.1 that data exist on vessel
characteristics in most fleets and FUs, though this
information is used infrequently to correct effort data,
the exceptions being FUs 15 (N.Ireland), 16 and 25
(Spain). Although data exist for other fleets, it could be
difficult to extract. There is also the question of how the
information should be used to correct effort and CPUE
indices, since a simple 1:1 relationship between catchabi-
lity and particular vessel characteristics cannot be
assumed. This topic requires further investigation along
the lines of earlier studies (eg. Bundy, 1990; Large,
1992; Stewart et al., 1993). Such studies could lead to
major multi-disciplinary research projects in which
collaboration between different countries could be
beneficial.

In contrast to the amount of information available on
vessel characteristics there is relatively little detailed
information concerning the classification of fishing gear
used in different FUs. Apart from the separation of
multi-rig and single trawls by some countries (see Tables
3.2.2 and 5.6.3) and information on mesh size, other
characteristics of the gears in use are seldom recorded.
The study by Bundy (1990), described in last year’s
report (Anon., 1992a) showed that gear type was highly
variable, even within a single fishery. Further studies of
this kind are needed before the influence of gear and



vessel parameters on catchability can be fully understood
and allowed for in deriving effort indices.

Effort data are used in both the calculation of the
abundance indices of CPUE and LPUE and are now used
in the tuning process of the VPA. This year a tuning run
was made for FU 11, using effort data ’corrected’ for
Horse Power changes. There is clearly more scope for
trials of this type and this would form a suitable activity
for the Study Group.

33 Length Compositions

In the absence of age data, length composition data
provide the basis for making analytical assessments.
Collection of these data is by the individual laboratories
and sampling strategies have been mainly developed to
meet local requirements and features of the fisheries. In
some cases catch length compositions are collected, in
others both landings and discard length compositions are
monitored. Many of the Functional Units have at least
some length data although they are still lacking for FUs
10, 18&19 and 30.

To evaluate the quality of data for each unit, use is made
of a summary table (for example see Table 5.4.1) to
provide a record of the length sampling programme for
catch, landings, and discards by quarter for the last year
and annually for the last 10 years. The introductory
section of text for each Functional Unit is this year
concerned with input data and its quality and contains
comments on these tables.

Comparison of these tables reveals that sampling strat-
egies can vary quite widely between Functional Units. In
some cases rather few large samples are taken (Table
5.8.1), in others large numbers of small samples are
taken (Table 5.15.1). Differences may reflect peculiar-
ities in the way the Nephrops are landed in different
places (for example in a series of ’categories’). Setting
aside, however, the differences caused by practical
considerations, a review of sampling is probably timely
and if possible statistical analysis and simulation should
be carried out to try to ascertain the benefits of different
strategies for sampling populations with different charac-
teristics (for example ones of a heterogeneous nature).
This work could be addressed by the Nephrops Study
Group with input perhaps from the Methods Working
Group.

34 Biological Input Parameters

3.4.1 General comments

Discussion of input parameters centered on those biologi-
cal parameters required to conduct the LCA and Slic-
ing/VPA methods used at recent Working Groups; there
was no discussion of parameters associated with mesh

selectivity etc. For each Functional Unit it was decided
to include details of the sources of the parameter values
in use, whether these were based on observations,
borrowed or assumed. Thus, for each FU, the second
part of the data quality table contains information on
discard survival rate and male and female growth, size
of maturity, natural mortality rates and length-weight
relationships; a short section of explanatory text is also
included and, in line with an ACFM request, comments
provided on the general quality and usefulness of the
values.

By way of an overview of these input values, Table
3.4.1 summarises all the currently used values of the
parameters listed above. In order to provide an illustra-
tion of where there are shortfalls in these data, Table
3.4.2 has been included. This indicates, for each stock
and for each parameter, whether the value used is based
on direct observation, borrowed or assumed etc. The
Working Group hopes that this will help to focus atten-
tion on those areas of data collection requiring particular
attention. It is quite clear from Table 3.4.2 and the tables
in the individual sections that improvements in the
quality of both the fishery statistics and the biological
data are required to enable more complete and reliable
assessments to be undertaken for many of the Functional
Units.

A cursory examination of Table 3.4.2 shows that the
type of data most universally available is that of
weight-length relationships (and even for these rather
basic data, some Functional Units rely on ’borrowed
values’). As regards the more critical growth parameters
there are fewer direct observations and mortality and
discard survival values are mostly based on a consensus
view (to maintain some consistency throughout assess-
ments) with one or two key references providing some
guidance. The following three sections provide some
general notes on growth parameters, natural mortality
and discard survival.

3.4.2 Growth

Figure 3.4.1 shows the male and female von Bertalanfty
growth curves in use throughout the Functional Units.
Each curve is described by one or more sets of K and
L, values.

For most stocks, the males and females are dealt with
differently. Male growth is described by one growth
curve while female growth is described by two; the
transition between the two occurring at the length of first
maturity. Growth of immature females is similar to that
of males so the male growth parameter values are used,
while in mature females growth slows down markedly
and 'mature’ female parameter values of L, and K are
used. This results in a characteristic ’joint’ in the female
growth curve. The broad principle of this difference is



supported by, amongst others, the studies of Bailey and
Chapman (1983), Chapman (1982), Tully et al. (1989)
and more recently by the observations in France using
radioisotope methods reported at recent Working Group
meetings (Anon., 1991a and 1992a). The data summary
tables provide details of the growth parameters and
transition length. For some stocks (FUs 3,5,16,25 and
31) a single growth curve is used to describe female
growth.

Many of the values used for the growth parameters
(particularly those for stocks in Sub-areas IV and VI)
derive from the growth studies in Scottish waters cited
above. The range of these values is exemplified in the
plot showing ’Fastest and slowest FUs 6-13" (Figure
3.4.1).

It is worth considering the rationale behind these values
which are adapted from the comparative study of two
populations in the Clyde and Sound of Jura (FU 13)
described by Bailey and Chapman (1983). Predictions of
growth rates for other stocks are based on postulated
relationships between growth and the particle size
composition of sediments (see for example Anon., 1988;
Bailey et.al.,1986; Chapman and Howard, 1988). As an
example of this approach the growth parameters for the
North Minch (FU11) were revised at this Working Group
on the basis of new information on the sediment compo-
sition of the grounds. Table 4.6.1 shows that the North
Minch grounds comprise a mixture of different sediment
types and growth rates can be expected to vary widely
over the ground. Selecting the most appropriate growth
curve is therefore difficult. Since the relative proportions
of different sediment strata in the North Minch appear to
be rather similar to those on the Clyde grounds (Table
4.6.1) higher values for L, ; seem more appropriate. A
full consideration of Scottish growth parameters, includ-
ing the rationale behind the use of two growth curves for
females, was given in an earlier Working Group Report
(Anon., 1989).

3.4.3 Mortality

In common with many other species there is very little
information on natural mortality rates in Nephrops.
Morizur applied catch curve analysis methods to length
composition data from ’unexploited/quasi exploited’
stocks in order to estimate M. These results were
reported in Morizur (1982) and have been widely used
since then by the Working Group. For most FUs the
input data table contains a value of 0.3 for M in males
(and immature females) based on Morizur. A value of
0.2 on mature females has been adopted on the grounds
that the reduced emergence of ovigerous females for
much of the year reduces predation on them. This idea
is supported by the generally lower total mortalities
shown by the various assessments in most Functional
Units.

Theoretical studies by Jones compared LCA estimates of
stock size under different values of M with direct
estimates of population density in order to try to ’tune’
the value of M (Anon., 1980). This subject is alluded to
in Section 4.

3.4.4 Discard survival rate

Unlike fish, not all Nephrops discards are killed by the
fishing and on deck handling process. This implies that
some estimate of discard survival is required in order to
estimate the true removals (removals = landings + dead
discards) from the stock.

The estimation of discard survival is a complex problem
since many factors are involved. The work which the
Working Group relies upon is that of Guéguen and
Charuau (1975) who examined discard mortality in the
Bay of Biscay (FU 23&24). Mortalities were assessed on
deck and in submarine cages. The value obtained was
close to 25% survival and this figure has been used for
almost all FUs.

It is clear that more work is required on this subject.

4 METHODS EMPLOYED IN THE ASSESS-
MENT OF STOCKS

A range of methods were employed at this Working
Group and these are described in this section. It should
be noted that not all methods were applied to all stocks;
Section 5.1 summarises the assessment methods applied
to each stock.

Developmental work on Nephrops assessment has
recently concentrated on the methods used. In this
section reference is made to a series of appendices to the
report which deal with various aspects of the methodol-
ogy of assessment.

4.1 Examination of Trends in Fishery Data

As in previous Working Group reports, use is made of
the trends in fishery data (landings and effort) to provide
a picture of developments in both the Nephrops and
Pandalus fisheries; the approach is purely descriptive.
Rather more attention is once again paid to the indices of
abundance, catch per unit effort (CPUE) (where avail-
able) and landings per unit effort (LPUE). Again the
approach is of a descriptive nature using trends in the
data to provide a crude assessment of the stock. For
Nephrops the abundance indices data continue to be an
important element of the assessment despite, in some
cases, reservations about the usefulness of the effort
series (see Section 3.2.2).



4.2 Other Uses of Catch (or Landings) and Effort
Data

At the 1991 Working Group (Anon., 1991a) the idea was
introduced of using relationships between landings and
effort as a basis for making predictions of likely landing
levels; this approach is again mentioned below (Section
4.7). For one stock, however, (FU3 see section 5.6) a
plot of this type using a more complete data set than in
previous years produced a scatter of data with a distinct
dome shape reminiscent of the type which are exploited
by the ’surplus production’ approach to assessment.

It was at first thought that this should be used predictive-
ly but recent reviews of the subject, including that by
Hilborn and Walters (1992) (in which they describe the
models as *biomass dynamic’) suggested that this would
be premature and that erroneous results would be
obtained. The basic problem is that plots of this type are
rarely representative of a stock in equilibrium even
though that is a fundamental assumption in the model.

It was decided on this occasion to point out the potential
for further investigation utilising some of the more recent
methods of analysis described in Hilborn and Walters (eg
’difference’ and regression models and observation error/
time series fitting methods) which do not make the same
assumptions. It is recommended that the Nephrops Study
Group take this up.

4.3 Making Use of Length Data Directly
4.3.1 Trends in mean size

As in previous years, trends in mean size were examined
for Nephrops. Reservations about the usefulness of these
include, for landings length compositions, problems
associated with market trends which can cause fluctu-
ations in the sizes landed that have nothing to do with the
state of the stock itself. An additional consideration
affecting all length distributions is that that quite dramatic
changes in fishing effort produce only rather small
changes in mean size (Anon., 1991a). It would probably
be worth the Study Group investigating whether other
parameters of the distributions (eg the upper quartile)
better indicate changing condition of the stocks.

4.3.2 Length cohort analysis

The method used was that of Jones using the program
implementation described in Anon. (1991a).; there were
no new technical developments in this method.

This year, some LCA assessments were based on
relatively short reference periods owing to changes in
fishing effort which prevented the use of longer periods.
From the converged parts of more ’successful’ VPAs
(see below) it appears that a characteristic of Nephrops

populations is relatively constant recruitment levels from
year to year. In these circumstances the use of quite
short reference periods seems justified. Some interesting
results were again obtained where comparison was made
between LCAs of two time periods.

4.4 Conversion of Length Data to Age
4.4.1 Deconvolution

As in previous Working Groups, Pandalus quarterly
length distributions were deconvoluted into putative age
groups using the Elefan implementation of the Bhattach-
arya (1967) method. This method is not suitable for most
Nephrops populations.

This year a study was carried out on Nephrops commer-
cial sample data from the Republic of Ireland using the
MIX program of MacDonald and Pitcher (1979). The
results of this are reported in Appendix 1. The data for
this study were characterised by having a somewhat
restricted overall length distribution with some evidence
of visible modes. It was possible to exploit these features
to come up with reasonable age compositions. Further
studies are required although it is noteworthy that the
exercise was extremely time consuming and may not
prove suitable for extensive data sets with many samples.

4.42 Slicing

As in 1992, pseudo age-based assessments carried out on
some Nephrops stocks were made on ’age compositions’
derived from slicing length compositions in a
"knife-edged’ manner as described previously (Anon.,
1991a and 1992a). There were no developments in this
technique.

4.5 VPA

There were two VPA programs used by the Working
Group.

4.5.1 Lowestoft tuning package

The standard Lowestoft Tuning Package (PC version)
was employed for the assessment of Pandalus. There

were no significant changes and the approach was as in
1992 (Anon., 1992a).

4.5.2 Slicing/VPA method developed in Aberdeen
The slicing/VPA method described before (Anon., 1991a
and 1992a) was again used and there were no significant

changes to the program implementation.

At the last Working Group (Anon., 1992a) and in the
Report of the Study Group on Nephrops (Anon., 1992b)



it was pointed out that sensitivity analysis of the method
and validation of the results would be worthwhile
exercises. This year two studies were carried out which
addressed these issues.

Appendix 2 describes a study in which the sensitivity of
the method to input growth parameter values was
investigated. Results suggested that although variation in
parameter values produced profound changes in the
magnitude of outputs such as Fbar, N at age and recruit-
ment, the trends in the results were broadly the same.
These results were encouraging and further analysis
using methods such as FAST (Bailey and Kunzlik, 1989)
would be beneficial.

Appendix 3 presents a preliminary simulation study in
which the slicing/VPA method was applied to catch data
from various types of simulated population and the
results compared with the ’true’ population characteris-
tics to see how well the method recovered these. Results
were encouraging with trends in Fbar and recruitment
present in the simulated populations, evident in the VPA
results. For this type of validation of the method there is
scope for a more rigorous approach; the Nephrops Study
Group affords an opportunity for this although expertise
from members of the Methods Working Group would be
extremely helpful.

4.6 Other Approaches

In the report of the Nephrops Study Group, the need for
fishery independent data was pointed out, both for direct
estimation of stock abundance and in order to provide
constraints for analytical assessments. Some aspects of
these data were used at this Working Group meeting.

4.6.1 Stock surveys

Since Nephrops are relatively sedentary in habits, and
usually distributed in discrete patches governed by the
occurrence of suitable mud sediments, there are ways of
assessing the stocks which do not require extensive
fishery data. One such method is the estimation of
seasonal larval production from a series of plankton
surveys. This information, together with fecundity, sex
ratio and maturity data, can be used to estimate the
abundance and biomass of the spawning stock. This
method has been used to estimate stock biomass in the
Irish Sea (Nichols and Thompson, 1988), the Farn Deeps
(Milligan and Nichols, 1988) and the Clyde (Smith,
1987).

Another approach is to use underwater TV and photo-
graphic cameras to estimate the density of Nephrops
burrows (Bailey and Chapman, 1983; Chapman, 1985).
This method has been used recently to calculate stock
abundance and biomass on the Fladen ground. Full
details are given in Section 5.8 and Appendix 4.

4.6.2 Areas of mud and effort/landings per unit
area

An essential ingredient for the abundance calculations on
the Fladen Ground was an estimate of the area of sea bed
over which the Nephrops stock was distributed. This was
based on the area of muddy habitat derived from sea bed
sediment charts published by the British Geological
Survey (BGS). These charts are available for most waters
around the UK and reasonable information is now
available on ground area and distribution for most
Nephrops stocks in the region. It is worth noting that the
level of sampling on which the sediment charts are
drawn up is considerably higher than that for the popula-
tion data, so that considerable confidence attaches to the
areas. Estimates of ground area for Scottish stocks are
given in Table 4.6.1. This information can be used to
derive landings/area and effort/area indices which may
be considered as a measure of the ’fishing pressure’ on
a stock. Trends in these indices for the main Scottish
stocks are shown in Figure 5.4.7. These indices can
provide useful additional information when comparing
the present state of stocks (see Sections 5.4, 5.7, 5.8 and
5.10.2).

An estimate of stock abundance from larval or TV
surveys could also be useful as an independent check on
the results from analytical assessments. The LCA and
VPA both provide estimates of the numbers of Nephrops
in a population and these can be converted to density
when the area of the ground is known. This approach
was applied to some stocks at previous Nephrops Work-
ing Groups (Anon., 1980; 1990a) and was used by Jones
(1979) to set limits on certain input paramaters. For a
recent example, consider the LCA and VPA outputs for
the Firth of Forth stock, given in Section 5.10. Estimates
of Nephrops population numbers are given by summing
male and female numbers per length (LCA) or age group
(VPA) (Tables 5.10.25, 5.10.26, 5.10.30 & 5.10.35).
The density calculations are set out in the text table
below:

LCA VPA
Ref. period 1989-1992 1989-1991
Av. nos. "000) 729,998 771,729
Area (km?) 992.7 992.7
Density (N/M?) 0.73 0.78

The estimates given by the two methods of analysis are
consistent and are considered to be of the right order of
magnitude for this stock.



The BGS sediment charts also provide information on the
composition of sediments on the grounds. Muddy
sediments are classified in three bands, according to the
relative proportions of sand, silt and clay particles, as
muddy sand, sandy mud and mud (see key in Table
4.6.1). As Table 4.6.1 shows, the relative proportions of
these sediment strata vary from ground to ground. This
is potentially useful information in choosing input
parameters for the assessments since there is some
evidence that Nephrops growth, maturity, size composi-
tion, and possibly recruitment, may be linked in some
way with the sedimentary environment. Where direct
measurements of these parameters are lacking for a
stock, it may be possible to use sediment information to
predict reasonable values. The adoption of this approach
in estimating growth parameters for Scottish stocks was
mentioned in Section 3.4.2. A major problem with this
approach may arise when a Nephrops stock is distributed
across a range of different sediment bands. This is the
situation on the West coast of Scotland (FU’s 11-13) and
at Fladen (FU 7), whereas for the Moray Firth and Firth
of Forth, the area of Nephrops distribution consists
mainly of one type of sediment (Table 4.6.1). Where
sediments are variable the choice of suitable input
parameters is likely to be difficult, and achieving
adequate and representative sampling coverage of the
landings and discards becomes more problematical.

4.7 Catch Predictions

Three methods were used to make predictions of suitable
catch options. The choice used for each FU depended on
the quality of the assessments and the effort data avail-
able.

Where the ’age’-based VPA appeared to perform well,
a short term prediction along finfish lines and described
for the Firth of Forth last year (Anon., 1992a) was
carried out. The main difficulty in making this type of
prediction was the lack of any recruitment index. It has
already been pointed out , however, that from VPA
estimates at least, recruitment in Nephrops appears to be
fairly constant so average values were input for the
prediction years. For the 2nd and 3rd prediction years (in
this case, 1994 and 1995) a range of effort multipliers
were included. In the final presentation of options,
however, only the status quo and +/- 20% options were
quoted.

Short-term predictions of the type described above were,
as usual, made for Pandalus; in this case a recruitment
index was available.

For Nephrops stocks where the VPA did not perform
well but where there was a good relationship between
landings and effort, then predictions were made based on
a regression relationship between these two; this tech-
nique was described in 1991 (Anon., 1991a). Catch

options were calculated for the status quo situation based
on average effort for the reference period of the most
recent LCA (in most cases) and again the predictions for
+/- 20% of this effort level were also made.

For stocks where the relationship between landings and
effort was poor (or where there were no effort data
available), then an option based on mean landings for a
reference period (usually that of the most recent LCA)
was calculated. Additional options based on values +/-
20% of the mean were also included, although it is
important to note that these limits are not necessarily the
same as those derived from effort limits of the same
magnitude.

In some cases the calculations involve the incorporation
of the most recently updated effort or landings figures,
a practice which was last year criticised by ACFM on
the grounds that it could lead to a steady upward ’ drift’
in the recommendation. The Working Group wishes to
point out that examples are included this year where the
opposite is the case, ie. the recommendation leads to a
drop in landings (see for example Section 5.10.1 or
5.13.1).

4.8 Judging the Status of Stock

As before it was decided that most attention should be
paid to the male component of the stock since in most
cases this was perceived as the most vulnerable compo-
nent and since most assessments of females suggested
that F was generally low and the stock was not
overexploited.

With this in mind the full range of information was taken
into account in making a judgement. For stocks where
the VPA appeared to perform well this was used to give
some idea of trends in the stock. In other cases the shape
of the LCA Y/R curve was considered and trends in
fishery data (such as CPUE) were also considered. There
was no attempt this year to use as a basis for the judge-
ment the same pieces of information for all stocks; each
one was dealt with on the merits of the assessments
applied.

4.9 Future Developments

There are a number of developments which could be
incorporated in the future. In addition to those items
already identified as work for the Study Group, these
future developments could also be added.

In the first instance an ’age-based’ long term prediction
along Y/R lines would be useful, both for the Nephrops
and Pandalus assessments. For the latter it may be
possible to develop a quarterly based model.



A second area of investigation is in the treatment of
males and females. For analytical assessments the sexes
are dealt with separately, yet in examining CPUE and
LPUE trends they are mostly dealt with together. The
experience in the Botney Gut (Functional Unit 5) is that
more meaningful comments can be made by dealing with
the sexes separately at all stages and this should be
encouraged. Again the Study Group is a forum where
recalculated data could be examined and discussed prior
to including this information as routine.

5 ASSESSMENTS AND CATCH POSSIBIL-
ITIES FOR NEPHROPS

5.1 General Introductory Notes

§.1.1 Functional units and management areas

The Functional Units are defined by the groupings of
rectangles given in Table 5.1.1 and illustrated in Figures
5.1.1 to 5.1.3. There were no changes to the descriptions
given last year (Anon., 1992a)

The Management Areas have been described using, as
far as possible, existing ICES Sub-area and Division
boundaries. The main difficulty in keeping to this aim
was in Divisions IVa, IVb,c, and VIIa/VIIg. The
Management Areas are described, together with the
Functional Units they contain, in Table 5.1.2, and are
shown by ICES Sub-area, Division and/or Working
Group boundaries in Figures 5.1.1 to 5.1.3

The Working Group notes that current TACs are set for
rather large areas based on ICES Sub-areas or divisions.
The Working Group wishes to reiterate its view that
Nephrops are more appropriately managed at a smaller
scale. It is aware that management at the individual unit
level is probably impracticable but again recommends
that the Management Areas described are adopted.
Specific examples of potential problems inherent in the
current system are:

1) Sub-Area IV North Sea: The rapidly developing
Fladen Ground fishery could cause problems for
other fisheries within the North Sea under the
existing single TAC arrangement. It is conceiv-
able that the TAC could be taken early from this
ground prior to the full potential being realised
on other grounds.

The opposite of this is also a potential problem,
ie that effort towards taking the North sea TAC
could be directed disproportionately at some of
the Functional Units (eg Firth of Forth and Farn
Deeps) where in fact effort limitation is desir-
able.

1i) Sub-Area VII: In this area the TAC covers a
large area and offers no restrictive effect for
some of the fisheries contained within it.

5.1.2 Assessments

Table 5.1.3 summarises the types of assessment carried
out for the different Functional Units and gives some
idea of the general ’quality’ of these assessments. A
column is also included to show the nature of the
prediction method employed for each stock.

As in 1991, assessments were conducted on males and
females separately, these frequently gave rather different
results. The reasons for adopting this approach have been
discussed before (Anon., 1991a) and are based on the
greater availability and probably vulnerabilty of males.
Combined assessments would mask any problems in one
or other of the components.

Once again full details of tuning output have been
excluded from the Report although with the more
widespread use of the ’age’-based approach these
diagnostics will be included in the future. Tuning inputs
are summarised in Table 5.1.4.

5.1.3 Management considerations;
catch options

provision of

There are one or two general considerations related to
the presentation of recommendations etc. Firstly, it
seems unlikely at the present time that any of the
Nephrops stocks under consideration are in imminent
danger of collapse (although for three, FUs 6, 8 and 13,
there is slightly more concern). There remains, however,
concern that effort transfer from other fisheries could be
detrimental. Consequently, most catch options recom-
mended are of the status quo type.

In line with ACFM’s directions, the Working Group has
offered a recommendation for most stocks which is based
on a collective discussion made in the light of the
assessment results and their quality, and also bearing in
mind the quality of the input data and parameter values
and any special considerations relevant to the Functional
Unit in question.

In offering catch options the Working Group is aware
that these may not be the most desirable method of
controlling the levels of effort on Nephrops. A more
satisfactory approach would be to attempt to control
effort directly and the Group would urge that possibilities
for this be investigated.

Where other management measures appear to be appro-
priate these have also been mentioned although no
attempt has been made to provide specific advice on
these issues.



5.1.4 Section layout

The remainder of the stock assessment section (Section
5) is organised according to Management Area and then
by Functional Units contained within each area.

For each Functional Unit, new sections have been added
covering input data (length compositions and input
parameter values) and also comments on the quality of
these data. As before, information on landings, effort,
LPUE and mean size precedes a description of the
length-based assessment where appropriate or notes
explaining the reasons for not repeating it. This is
followed by sections on the age-based approach (where
appropriate) for males and females. Where other methods
have been adopted these are included here. Some
comments on the general quality of the assessment are
then included and on the potential for making a predic-
tion. Catch possibilities are then given with a justification
for the method adopted; for the cases where a plot of
landings on effort was calculated, regression parameters
are summarised in Table 5.1.5. Where appropriate
guidance is given on the option which the Working
Group as a whole regards as the most appropriate.

Summaries of the catch possibilities for the Management
Area are then given together with tables which
summarise, for the Area as a whole, the recent history of
landings (by Functional Unit and by country).

By way of a quick reference, Working Group recommen-
dations on catch options are summarised in Table 5.1.6

5.2 Management Area Va (Area A)
Functional Units - Iceland (1)

5.2.1 Iceland (Functional Unit 1)

Data and biological inputs

No recent data were presented for the Iceland stock so a
table of detailed sampling information and input parame-
ters has not been presented.

Landings/catches, effort, LPUE/CPUE and mean size

Information on fishery statistics and mean size of
Nephrops in the Icelandic fishery is given in Tables
5.2.1. to 5.2.3. These figures are reproduced from the
1992 Working Group report covering the period up to
1991 since updated catch statistics for 1992 were not
provided at this meeting.

There was no other information presented for Iceland.

5.2.2 Summary of Management Area Va

Managed by national TACs, further advice not given.
5.3 Management Area Vb (non EC) (Area B)
Functional Units Faroes 2)

5.3.1 Faroes (Functional Unit 2)

Information on landings, effort and LPUE of the Faroese
creel fishery is given in Table 5.3.1. These figures are
reproduced from the 1990 Working Group report
covering the period to 1989; updated catch statistics for
this stock have not been provided since then.

5.3.2 Summary of Management Area Vb (non EC)
Managed by national TACs, further advice not given.
5.4 Management Area VIa (Area C)

North Minch 11

South Minch 12
Firth of Clyde 13

Functional Units

5.4.1 North Minch (Functional Unit 11)
Data and biological inputs

Sampling the length composition

The length composition of commercial trawl landings
was obtained by monthly sampling at the ports of
Ullapool, Stornoway and Lochinver. The level of trawl
sampling is summarised on a quarterly basis in Table
5.4.1. In 1992 the number of trawlers sampled per
quarter varied from 8 to 16 (average sample - 483
Nephrops). The landing samples include some collected
during discard sampling trips on board commercial
trawlers during each quarter. The 1992 trawl landing and
discard samples were raised to fleet level and combined
to estimate total removals, assuming a discard survival of
25%. A similar procedure was followed for 1990 and
1991 data. In the absence of reliable discard data for
earlier years an average was estimated from the com-
bined 1990 and 1991 data and this was applied
retrospectively to landings data in earlier years. In the
creel fishery only limited sampling of the landings was
possible (Table 5.4.1) and it was assumed there were
few or no discards (in any case their survival is likely to
be high).

Input parameters

Input parameters were the same as in previous years
apart from small changes in the growth parameters (see
comments below). Since separate VPA’s were carried



out on the trawl and creel components of the stock it was
also possible to use different growth parameters for the
two stock components. For the trawl component L, was
changed from 66 to 70 mm in males and immature
females, and from 58 to 60 in mature females. The
Scottish creel fisheries are mainly based on inshore
populations of Nephrops which are thought to be fast
growing so the same growth parameters as for the Clyde
stock were used (Table 3.4.1). Details of the input
parameters for the trawl and creel assessments are given
in Table 5.4.1.

Comments on the quality of inputs

Sampling data for the trawl fishery are considered
reasonable but the absence of discard data before 1990 is
a potential problem. Sampling of the creel fishery could
be improved. Although specific growth parameters and
size at maturity are not available for this stock, the inputs
used are based on interpolation from observations in
other Scottish areas (see Section 3.4.2). Reservations
about the quality of natural mortality and discard survival
rates have also been dealt with in Section 3.

Landings, effort, LPUE, mean size

Landings data were reported from U.K. vessels alone.
Total 1992 landings were 3,482 t representing a 25%
increase on the previous year. 84 % of the landings were
by Nephrops trawlers, 12% by creel and 4% by other
trawl methods (Table 5.4.2). Since 1987 landings in the
creel fishery have remained fairly stable, in the range
400-500 t.

The rise in 1992 landings reflected a small increase in
effort by Nephrops trawlers but was mainly due to an
increase in trawl LPUE (Table 5.4.3). The rise in LPUE
was not due to increased use of multi-rig gear which
accounts for less than 4% of effort in this fishery. A
comparison between single and multi-rig LPUE data is
given in Table 3.2.2. A full time series of Nephrops
trawl landings, effort and LPUE data are shown in
Figures 5.4.1 to 5.4.3. Figure 5.4.3 also shows a
comparison of uncorrected LPUE with the same data
corrected for HP changes (up to 1990).

The mean size of males and females in trawl landings
has remained fairly constant (Table 5.4.4).

Assessments

Length-based assessment (trawl only)

In view of the small change in growth parameters and
the comments in Section 4 it was considered that an LCA
using data for the most recent years was worth while.
The previous LCA, carried out last year (Anon., 1992a),
used a long reference period, from 1980 to 1991, during
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which fishing effort had varied. Also, averaged 1990 and
1991 discard data were applied retrospectively to the
earlier years. This year the LCA was carried out using
length data for the most recent four year period,
1989-92, for three years of which annual discard data
were available (Table 5.4.1).

LCA outputs for males and females are given in Tables
5.4.5 and 5.4.6. The LCA results were similar to those
given in the 1991 and 1992 Reports. Annualized fishing
mortalities (averaged across the lower 75% of the length
range) were 0.415 and 0.024 for males and females,
respectively. The long-term Y/R curve for males (Figure
5.4.4) was flat-topped, with current F slightly above
F..., suggesting fishing effort could be maintained
around current levels. The Y/R relationship for females
was virtually linear, with current F well below F_,,
(Figure 5.4.4).

Age-based assessment

In last year’s VPA, a multi-fleet approach was adopted
incorporating data for the Scottish trawl and creel
fisheries. However, there was some doubt about the
extent to which both fleets exploit the same parts of the
stock. Since creel gear is vulnerable to damage by trawl
gear, much creeling is carried out in different areas to
trawling, while creeling is partially protected on some
inshore grounds by a 6 month closure on the use of
mobile gear. Separate assessments for the two fleets were
therefore carried out this year.

Males - trawl fishery:

The slicing procedure generated 11 'nominal age’ groups
(11 = plus group). Catch and weight at age data are
given in Tables 5.4.7 and 5.4.8. Tuning of the VPA was
carried out using uncorrected Nephrops trawl effort data
and excluding historical F (for tuning details see Table
5.1.4.). The variances were small relative to mean input
F. F at age and numbers at age are given in Tables 5.4.9
and 5.4.10, respectively. Mean F was calculated over
ages 3-8 (Table 5.4.11) and the values are plotted against
fishing effort in Figure 5.4.5. The correlation coefficient
is low (r=0.226, P=N.S.) suggesting the VPA has not
performed well. An additional assessment using effort
data corrected for HP changes made no difference to the
results. Table 5.4.11 suggests that annual mean F was
high in 1985 and 1988 but has since fallen. The male
component of total stock biomass (TSB) appears to have
increased in the mid-1980s and then declined. Recruit-
ment seems to have remained reasonably stable.

Males - creel fishery:
The slicing procedure generated 11 nominal age groups

(11 =plus group). Catch and weight at age data are
given in Tables 5.4.12 and 5.4.13. In the absence of



reliable effort data historical F was used to tune the
VPA. For fully recruited age groups (> 3) the variances
were small relative to mean input F. F at age and
numbers at age data are given in Tables 5.4.14 and
5.4.15. Mean F, calculated over ages 3-8 (Table 5.4.16),
seems to have been high between 1985-1988 and in
1991. TSB and recruitment appear to have remained
fairly stable.

Females - trawl fishery:

The slicing procedure gave 14 *nominal age’ groups (14
= plus group). Catch and weight at age data are given in
Tables 5.4.17 and 5.4.18. Tuning of input F was carried
out as for males. The variances were relatively high
compared to mean F. F at age and numbers at age are
given in Tables 5.4.19 and 5.4.20 respectively. Much
lower fishing mortalities resulted than in males. Annual
mean F values were calculated over ages 3-11 (Table
5.4.21) and these values are plotted against trawl effort
data in Figure 5.4.5. Again the correlation coefficient
between mean F and effort is low and not statistically
significant (r=0.285). The VPA appears to have per-
formed badly, as in the males, and this may account for
the much larger TSB estimates in females (Table 5.4.21)
compared to males (Table 5.4.11). Although some
elevation of female biomass relative to males is to be
expected, in view of their much lower mortality rates,
the very large disparity given by the VPA was not
considered realistic.

Further analysis of trawl data suggested a significant
correlation between combined male and female TSB and
overall LPUE (Figure 5.4.6). This correlation (r=0.649,
P <0.05), however, was largely dependent on question-
able high values for LPUE and female biomass in 1983
and 1984.

Females - creel fishery:

The slicing procedure produced 14 nominal age groups
(14 = plus group). Catch and weight at age data are
given in Tables 5.4.22 and 5.4.23. Tuning of the VPA
was carried out as for creel caught males. The variances
were large relative to mean input F. F at age and
numbers at age given by the VPA are shown in Tables
5.4.24 and 5.4.25. Comparison of the summary Tables
5.4.16 and 5.4.26 shows that estimates of mean F are
very low in females compared to the males, a similar
result to the trawl VPA. Also, bearing in mind the
difference in mortalities there is reasonable consistency
between male and female TSB and recruitment up to
1988.

Other aspects

Using the muddy ground area estimates in Table 4.6.1
(see Section 4.6.1 for discussion) fishing pressure indices

have been derived and are shown in Figure 5.4.7. This
suggests that landings/area in the North Minch are
currently higher than for other Scottish stocks and that
effort/area is also high. These indices are overestimates,
however, because some areas of muddy substrate are not
taken into account (Table 4.6.1).

Comments on the quality of the assessments

The updated LCA is likely to provide a better estimate of
the present state of this stock than last year’s analysis
over a long reference period using retrospective discard
data. The trawl component VPA gave disappointing
results, with no correlation between Fbar and fishing
effort (Figure 5.4.5) and some inconsistencies between
the sexes in the estimates of TSB. The poor performance
of the VPA may stem from the difficulties, mentioned
earlier, of achieving a representative level of sampling
and deriving the most appropriate growth parameters
when stocks are distributed over a range of sediment
strata (Section 4.6.1). The VPA results were better for
males last year using the multi-fleet approach (Anon.
1992a). The creel VPA results must be regarded as
preliminary in view of the low level of sampling (Table
5.4.1) and the absence of effort data.

Catch options

With reservations about the VPA it was considered
unwise to use the results for a short term prediction.
Also, the relationship between effort and landings is
rather poor (r=0.544, p = NS; Table 5.1.5, Figure
5.4.8). Therefore, the simplest way to derive appropriate
catch options is to take an average of the total landings
over the revised reference period. From Table 5.4.2 the
average total landings in the period 1989-1992 are esti-
mated to be 3,000 t and the range of possible catch
options (average + 20%) are set out below:

Catch option Predicted landings (t)

Av. - 20% 2,400
Av. landings 3,000
+ 20% 3,600

The LCA results for males suggested that exploitation of
this stock over the revised assessment period was slightly
above optimum, though the Y/R curve was very flat-top-
ped. LPUE in 1992 showed some improvement on the
previous two years (Table 5.4.3), though the long term
trend of corrected LPUE shows a gradual decline (Figure
5.4.3). The Working Group saw no reason to change the
basis of the advice given in last year’s Report (Anon.,
1992a). This was to maintain fishing effort at the average
level for the revised reference period used in the current
LCA (1989-92), with a catch limitation of 3,000 t.
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5.4.2 South Minch (Functional Unit 12)

Data and biological inputs

Sampling the length composition

The length composition of commercial trawl landings
was obtained by monthly sampling at the ports of Mallaig
and Portree. The level of sampling is summarised on a
quarterly basis in Table 5.4.27. In 1992 the number of
trawlers sampled per quarter varied from 11 to 14
(average sample - 587 Nephrops). The landing samples
include some obtained during discard sampling trips on
board commercial trawlers during each quarter. The
1992 landing and discard samples were raised to trawl
fleet level and combined to estimate the total removals as
described for the North Minch. Only limited sampling
was possible in the creel fishery (8 vessels during 1992,
Table 5.4.27), though a better level of sampling was
achieved before 1988. In the creel fishery it was assumed
there were few discards and their survival was assumed
to be 100%.

Input parameters

For analysis of the trawl fishery all input parameters
remained the same as in previous years (Tables 3.4.1 and
5.4.27). As for the North Minch, separate VPAs were
carried out on the trawl and creel stock components so
that different growth curves could be used. The Clyde
growth curve was applied to the creel component (Tables
3.4.1 and 5.4.27).

Comments on the quality of inputs

The rationale behind the choice of growth parameters is
the same as for the North Minch and because of the
variation in sediment strata (Table 4.6.1) similar reserva-
tions apply. The lack of trawl discard data prior to 1990,
and the recent low level of sampling in the creel fishery
are likely to affect the the assessments.

Landings, effort, LPUE, mean size

Landings data were reported from U.K. vessels alone.
Total 1992 landings of 4,048 t, although slightly down
compared to the previous year, remained high in terms
of the historical series (Table 5.4.28 and Figure 5.4.1).
83% of landings were by Nephrops trawlers, 12% by
creel and 5% by other trawl gear. Over the period,
landings in the creel fishery have been fairly stable, in
the range 400-600 t.

Compared to the previous year there was a 15% decline
in fishing effort by Nephrops trawlers but an increase in
LPUE (Table 5.4.29). Over the reference period, and in
the longer time series (Figure 5.4.3), LPUE has tended
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to fluctuate, with alternating peaks and troughs. A
comparison between LPUE data of single and multi-rig
Nephrops trawlers in this fishery is given in Table 3.2.2.
In terms of hours fished the proportion of effort using
multi-rig gear in 1992 was about 10%, little changed
from the previous year. A full time series of landings,
effort and LPUE data are shown in Figures 5.4.1 to
5.4.3.

The mean size of males and females in trawl landings
has fluctated without obvious trend (Table 5.4.30).

Assessments

Length-based assessment (trawl only)

The LCA was carried out using the most recent four year
reference period (1989-92), as explained above for the
North Minch. Output from the analyses are given in
Tables 5.4.31 and 5.4.32. Annualized fishing mortalities
(averaged over the lower 75% of the length range) were
0.445 and 0.039 for males and females respectively.
Long-term yield and biomass per recruit curves for both
sexes are shown in Figure 5.4.9. The Y/R curve for
males was very flat-topped, more so than in the previous
analysis (Anon., 1991a). Current F for males lies above
Fmax, as shown previously. The Y/R relationship for

females was virtually linear, with current F well below
F

max*

Age-based assessments

Separate VPAs were conducted on the Scottish trawl and
creel components of the stock using data for the period
1980-1992 (1981-1992 for creel).

Males - trawl fishery:

The slicing procedure produced 11 'nominal age’ groups
(11 = plus group). Catch and weight at age data are
given in Tables 5.4.33 and 5.4.34. Tuning of the VPA
was carried out using Nephrops trawl effort data and
historical F was included (Table 5.1.4 summarises input
choices). The variances were small relative to the
estimates of mean input F. F at age and numbers at age
estimates from the VPA are given in Tables 5.4.35 and
5.4.36, respectively. Annual mean F was calculated on
age groups 3-8 (Table 5.4.37) and these values are
plotted against trawl effort in Figure 5.4.10. The correla-
tion coefficient between annual mean F and effort was
not significant (r=0.248) suggesting that the VPA has
not performed well. Table 5.4.37 suggests that mean F
has fallen since 1989 but TSB and recruitment have
varied relatively little over the reference period.



Males - creel fishery:

The slicing procedure gave 11 nominal age groups (11 =
plus group). Catch and weight at age outputs are given
in Tables 5.4.38 and 5.4.39. In the absence of effort data
the VPA was tuned using historical F. For fully recruited
age groups (>3) the variances were small relative to
mean input F. F at age and numbers at age estimated by
the VPA are given in Tables 5.4.40 and 5.4.41. Mean F,
calculated over ages 3-8 appears to have fallen in the
period since 1989 while TSB has increased slightly
(Table 5.4.42). No Fbar/effort plot was possible because
of the lack of suitable effort data.

Females - trawl fishery:

The slicing procedure generated 14 *nominal age’ groups
(14 = plus group). Catch and weight at age data are
given in Tables 5.4.43 and 5.4.44. Tuning of input F
was carried out as in the males. The variances were
rather large compared to the low values of mean input F.
F at age estimates and numbers at age are presented in
Tables 5.4.45 and 5.4.46 respectively. Annual mean F
was calculated over age groups 3-11 (Table 5.4.47). The
estimates of mean F are very low in comparison with
males. The correlation between mean F and trawl effort
data (Figure 5.4.10) was low (r=0.543) and was not
statistically significant suggesting that the VPA had not
performed very well. The VPA results appear to suggest
that the estimates of TSB for females are much larger
than in males (by a factor of 2-3), and have gradually
increased over the reference period. This seems unrealis-
tic, as is the negative correlation between the combined
male and female TSB and LPUE data (Figure 5.4.11).

Females - creel fishery:

The slicing procedure gave 14 nominal age groups
(14=plus group). Catch and weight at age output from
the VPA are given in Tables 5.4.48 and 5.4.49. Tuning
of the VPA was carried out as for creel males. For all
ages the variances were rather large relative to the low
mean input F values. F at age and numbers at age
estimated by the VPA are given in Tables 5.4.50 and
5.4.51 respectively. The summary Table 5.4.52 confirms
the trawl VPA results in showing much lower estimates
of mean F in females compared to males (Table 5.4.42).
The TSB estimates reveal a declining trend (Table
5.4.52) which 1s somewhat inconsistent with the males.

Other aspects

Trends in landings/area and effort/area indices for the
South Minch are shown in Figure 5.4.7. This suggests
that the fishing pressure on this stock is moderate in
comparison to some other stocks in Scottish waters.

Comments on the quality of the assessments

As for the North Minch, the updated LCA using data for
the most recent period (1989-92) is considered a better
indicator of the state of the South Minch stock than the
analysis performed over a longer reference period
(Anon., 1991a). The trawl VPA gave disappointing
results, with no correlations between Fbar and effort
(Figure 5.4.10) and between TSB and LPUE (Figure
5.4.11), and disparity between the sexes in TSB trends
over the reference period (Tables 5.4.37 and 5.4.47).
The separate trawl VPA gave rather poorer results than
the multi-fleet approach adopted last year. The poor
performance of the trawl VPA may have arisen for
similar reasons given earlier for the North Minch. The
creel VPA results must be treated with caution in view
of the low sampling coverage in recent years and the
lack of reliable effort data.

Catch options

Given the doubts concerning the validity of the VPA the
results could not be used to provide a short term predic-
tion. Instead, the acceptable relationship (r=0.814 p
<0.01) between Nephrops trawler landings and effort
has been used, as in previous years (Figure 5.4.12; for
equation parameters see Table 5.1.5). Effort (Table
5.4.29) was averaged over the revised LCA reference
period (1989-92) and used to predict Nephrops trawl
landings. An equation to raise these landings to the
whole fleet, derived from the data in Table 5.4.28, is as
follows:

Total landings = 0.994 * Nephrops Trawl + 766.2

The range of possible catch options (for average effort
and + 20% of average effort) are tabulated below:

Effort Calculated Predicted landings (t)

factor effort Nephrops  Total
trawl

0.8 110.0 3,006 3,754

1.0 137.5 3,413 4,160

12 165.0 3,819 4,562

This year’s LCA results broadly confirmed those given
in the 1991 Report (Anon., 1991a), suggesting that this
stock could benefit from a reduction in fishing effort.
The new LCA, however, gave a Y/R curve rather more
flat-topped (Figure 5.4.9) than that presented in the 1991
Report suggesting that the long-term gains from an effort
reduction would be very small. Although fishing effort
has risen steadily (Figure 5.4.2), the effort is not
particularly high in comparison with other stocks when
related to the area of muddy sediments available (Figure
5.4.7). The long-term data series (uncorrected for
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possible changes in fishing power) shows that LPUE has
fluctuated without obvious trend (Figure 5.4.3). With
these considerations in mind the Working Group felt
rather less pessimistic than previously (Anon. 1991a;
1992a) about the present state of the stock and con-
sidered that maintaining effort at the average for the new
reference period would be appropriate (effort factor =
1.0), giving a recommended catch option of 4,160 t.

5.4.3 Firth of Clyde (Functional Unit 13)
Data and biological inputs

Sampling the length composition

The length composition of commercial trawl landings
was obtained by sampling at the Clyde ports of Ayr,
Campbeltown and Tarbert. The level of sampling is
summarised in Table 5.4.53. In 1992 the number of
vessels sampled per quarter varied from 13 to 16 boats
(531 Nephrops per sample). The landing samples include
some collected on board trawlers during quarterly discard
sampling (Table 5.4.53). The landings and discard
samples were raised to fleet level and combined to
estimate total removals as described for the North Minch
data. No sampling of the small creel fishery was carried
out in 1992.

Input parameters

The same input parameters were used as in previous
years (Tables 3.4.1 and 5.4.53). The Working Group
was made aware of the occurrence of a parasitic dino-
flagellate infection in Nephrops from Scottish waters.
The parasite is thought to belong to the genus Hematodi-
nium, known to cause mortality problems in various crab
species. The prevalence of the infection was particularly
high in the Clyde (Field et al., 1992). Further investiga-
tions are underway and it was too early to say what the
implications are likely to be for the long-term viability of
the stock. At this stage it was considered premature to
take account of the infection in a revision of input
mortality or perhaps growth parameters.

Comments on the quality of inputs

Comments given earlier for the North and South Minches
apply similarly to the Clyde.

Landings, effort, LPUE, mean size

Landings data were reported from U.K. vessels alone.
1992 landings were 2,786 t, slightly lower than the
previous year. 90% of the landings were made by
Nephrops trawlers, 9% by other trawl methods and less
than 1% by creel (Table 5.4.54). Fishing effort by
Nephrops trawlers was lower in 1992 than the previous
year, but still remains at a high level and LPUE con-
tinued to fall (Table 5.4.55). In 1992 LPUE was lower
than at any time since the mid-1970s (Figure 5.4.3)
despite the fact that 30% of hours fished by Nephrops
trawlers was attributable to the use of multi-rig gear (see
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Table 3.2.2). A full time series of landings, effort and
LPUE data are given in Figures 5.4.1 to 5.4.3.

The mean size of males and females in trawl landings
has fluctuated without any obvious trend (Table 5.4.56).

Assessments

Length-based assessment

The LCA was carried out using length composition data
for the trawl fishery over the most recent four year
period (1989-92), as described for the Minch stocks.
Output from the LCA is given in Tables 5.4.57 and
5.4.58 for males and females, respectively. The LCA
results were very similar to those obtained in previous
years (Anon., 1991a; 1992a). Annualized fishing mortal-
ities (averaged across the lower 75 % of the length range)
were 0.396 and 0.032 for males and females, respective-
ly. The long-term Y/R curve for males (Figure 5.4.13)
was again rather flat-topped and suggested that current F
was about 20-30% above F,_,. For females the Y/R
relationship was virtually linear (Figure 5.4.13).

Age-based assessment

A trawl fleet assessment was carried out using Scottish
data from 1980-1992.

Males:

The slicing procedure generated 11 nominal age’ groups
(11 = plus group). Catch and weight at age data are
given in Tables 5.4.59 and 5.4.60. Tuning of the VPA
was carried out using trawl effort data and historical F
was included (see Table 5.1.4 for details). The variances
were small relative to the value of input F. F at age and
numbers at age estimated by the VPA are given in
Tables 5.4.61 and 5.4.62, respectively. Mean F was
calculated over ages 3-8 (Table 5.4.63) and the values
are plotted against trawl fishing effort in Figure 5.4.14.
The correlation between mean F and effort was not
significant (r=0.190) suggesting that the analysis had not
performed well. The VPA results are similar to those
obtained last year (Anon., 1992a), suggesting that mean
F increased sharply in 1988-1990 (Table 5.4.63), though
the analysis is probably too unreliable to make comments
on trends in other indicators of stock condition.

Females:

The slicing procedure gave 14 'nominal age’ groups (14
= plus group). Catch and weight at age data are given in
Tables 5.4.64 and 5.4.65. Tuning of input F was carried
out as for males (see Table 5.1.4 for details). For some
ages (>5) the variances were large relative to mean
mput F. F at age and numbers at age estimates from the
VPA are given in Tables 5.4.66 and 5.4.67, respective-
ly. Annual mean F values were calculated over ages 3-11
(Table 5.4.68) and these are plotted against trawl effort
data in Figure 5.4.14. This relationship was not signifi-
cant (r=0.510), indicating that the analysis had not
performed well. Estimates of mean F were much lower



than in males but like the males there was evidence of
elevated values in the period 1988-1990 (Table 5.4.68).
There was evidence of a decline in TSB but, in view of
the large disparity with male TSB, these results are
probably unrealistic (Tables 5.4.63 and 5.4.68). Never-
theless, there was a significant correlation (r=0.707,
P<0.01) between the combined TSB for males and
females and LPUE data (Figure 5.4.15).

Other aspects

On the basis of landings and effort per unit area of
ground, the fishing pressure on the Clyde stock is
relatively high (Figure 5.4.7).

Comments on the quality of the assessments

The comments given earlier on the assessment of the
Minch stocks are equally relevant to the Clyde. The
updated LCA is likely to offer a more reliable guide to
the present state of the stock than the VPA. It is interest-
ing to note that the VPA seems to perform badly in
stocks, like the Clyde and North and South Minches, that
are distributed over a range of sediment types (Table
4.6.1). Large biological variations in size composition,
growth and other parameters are characteristic within
these stocks (Anon., 1988), creating immense problems
for sampling and choice of inputs.

Catch options

With doubts about the performance of the VPA the
results were considered unsuitable for making short-term
predictions. Also, the correlation coefficient between
Nephrops trawl landings and effort data (Table 5.1.5)
was rather small (r=0.497, p= NS), making the plot in
Figure 5.4.16 unsuitable for prediction purposes. Catch
options were therefore derived by averaging the total
landings over the current LCA reference period. From
Table 5.4.54 the average total landings in the period
1989-92 were 2,885 t and the range of possible catch
options (average + 20% of landings) are set out below:

Catch option Predicted landings (t)

Av. -20% 2,308
Av. landings 2,885
Av. + 20% 3,462

The new LCA applied to the recent four-year reference
period produced virtually the same result as given in the
1992 Report, showing a fairly flat-topped Y/R curve and
suggesting that fishing effort on the male component was
above F_,. As for the other grounds in Management
Area C the VPA results were difficult to interpret. In last
year’s Report the Working Group recommended that
fishing effort should be held at the 1990 level (for
Nephrops trawlers = 153.4 thousand hours fishing).

Since then effort has risen further and, as Table 5.4.55
shows, LPUE is currently at a very low level. The long-
term data series shows that current LPUE is approaching
the low values of 1975-1976 (Figure 5.4.3). LPUE in the
most recent years would be further reduced if allowances
were applied for the use of multi-trawls and other
changes in fishing power (Table 3.2.2). The effort per
unit area of ground index also shows high values in
recent years (Figure 5.4.7). Although the effects cannot
yet be quantified, the Hematodinium infection mentioned
earlier may place additional pressure on the stock.

With these points in mind the Working Group considered
that a reduction in fishing effort was desirable. The
recommended catch option in this case is 2,308 t (aver-
age for reference period less 20%).

5.4.4 Summary of Management Area VIa

The recent landings in FU 11, 12, 13 and other ICES
rectangles forming Management Area C are given by
unit in Table 5.4.69 and by country in Table 5.4.70. For
convenience the catch options for the area as a whole are
provided below. These include 697 t for other rectangles
(the maximum recorded, see Table 5.4.69).

Predicted landings (t) for each option

FU 0.8 1.0 1.2
11 2,400 3,000 3,600
12 3,328 4,160 4,992
13 2,308 2,885 3,462
Other

rectangles 697 max.

The recommended catch option, allowing for a 20% cut
in landings in the Clyde is:

3,000 + 4,160 + 2,308 + 697 = 10,165 t.
5.5 Management Area Vb (EC) and VIb (Area D)

Functional Units  None
5.5.1 Summary of Management Area Vb (EC) and
Vib

Zero TAC to prevent misreporting.
5.6 Management Area Illa (Area E)

Functional Units  Skagerrak (3)

Kattegat (4)

Although separate fishery descriptions are provided for
these two sea areas, for assessment purposes they are
presently treated together; the following sections are
arranged accordingly with fishery sections for each FU
followed by a combined assessment section.
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5.6.1 Skagerrak (Functional Unit 3)
Fishery data

Three countries prosecute this FU (Table 5.6.1) -
Sweden, Denmark and Norway. Danish LPUE (kg/day)
from log book data are available from 1987-1992 and are
divided by Danish landings data for estimation of total
Danish effort. Swedish effort and landings are available
from log book data for 1978-1992. No Norwegian effort
data are available.

Landings

After an increase in total Skagerrak landings by more
than 100% during the 1980s, landings have decreased by
about 35% from 2,933 t in 1991 to about 1,900 t in 1992
(Table 5.6.2). The landings in 1992 are the lowest
recorded during the recent 10-year period. Denmark and
Sweden dominate the Nephrops fishery in the Skagerrak
(60% and 34%, respectively of total landings). The
Norwegian fishery has decreased by about 43% to 111t
in the last 2 years and comprises 6% of total landings in
1992. The landings from the Swedish creel fishery have
also decreased, from 151 t in 1991 to 114 t in 1992, a
level similar to the average level for the 7 years of creel
landing data. For management purposes it would seem
reasonable to assess this fishery separately, when
adequate data are available. Long-term trends in landings
are given in Figure 5.6.1.

Effort and LPUE

Table 5.6.3 gives the Swedish effort data for the Skager-
rak since 1983. Effort data are available for an overall
period 1978-1992 and in the three recent years they have
been separated into single trawl and twin trawl data. The
conversion of twin trawl LPUE to single trawl LPUE
indicates that total Swedish trawling effort (as single
trawl units) in the Skagerrak has decreased slightly
during the last year but has increased by 160% from
50,000 to 130,000 trawling hours per year during the last
ten years. Danish effort data are available for the period
1987-1992 and are assumed to be mainly twin trawl
effort for the whole period (Table 5.6.4). The total
Danish effort in the Skagerrak (days trawling) is esti-
mated from log book data on LPUE and landings and
shows a decreasing trend during the 6 years of effort
data. Long-term trends in effort are presented in Figure
5.6.2.

LPUE in both the Danish and Swedish Skagerrak fishery
has a decreasing trend. The Swedish LPUE fell drasti-
cally in both single and twin trawl during the last year.
Long-term trends in Swedish LPUE are presented in
Figure 5.6.3 and the trend in LPUE for the units com-
bined and Denmark and Sweden combined (using relative
effort) is presented in Figure 5.6.4
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5.6.2 Kattegat (Functional Unit 4)
Fishery data

Danish LPUE (kg/day) from log book data are available
from 1987-1992 and are divided into Danish landings
data for estimation of total Danish effort. Swedish log
book data on effort and landings are available from
1978-1992.

Landings

From 1983 to 1992 the total landings have fluctuated
between 1,000 and 2,000 t (Table 5.6.5). Since 1985 a
decreasing trend is observed and total landings for 1992
have decreased by 24 % since last year to the lowest level
in the recent ten year period. Long-term trends in total
landings are presented in Figure 5.6.1. Denmark domi-
nates the Kattegat Nephrops fishery accounting for 89 %
of total landings, the remaining 11% being landed by
Sweden. In the period after 1987 (especially in 1988) the
southeastern Kattegat suffered from severe hypoxic
conditions and the landings from this period onward are
markedly lower. The grounds affected by oxygen
deficiency in the south eastern Kattegat seem not yet to
have recovered and the Nephrops fishing fleet is still
mainly located in the northern parts of the Kattegat.
There is a slightly increasing Danish Nephrops fishery in
the central part of the Kattegat.

Effort and LPUE

Total Danish effort is estimated from log book LPUE
and landings. Danish effort in 1992 is the lowest
recorded during the 6 years of data (Table 5.6.6) while
LPUE is also presently low. The Swedish single trawl
effort increased slightly until 1987 but has fallen from
1989 onwards while the effort was switched to twin trawl
which has increased. The standardized total effort was
stable during the period 1978-90 and increased in 1991
and 1992 (Figure 5.6.2). LPUE for the Swedish trawlers
shows a decreasing trend during the recent ten years
(Table 5.6.7 and Figure 5.6.3).

5.6.3 Skagerrak and Kattegat combined (Functional
Units 3+4 = 1lla)

Length data and biological inputs

For the Skagerrak, length frequency data are available
from Sweden for 1990-1992; from Denmark for
1991-1992 and from Norway for 1992; these data were
raised to total landings for each country. Sweden
sampled landings and discards separately, Denmark and
Norway sampled catches. For the Kattegat, length
frequency data are available from Sweden for 1990-1992
and from Denmark for 1991 and 1992. These were
raised to total landings for each country and summed.



Sweden sampled landings and discards separately and
Denmark sampled catches. Details of the sampling are
given in Table 5.6.1 for the areas combined.

Quality of input parameters

There is still no information on the growth parameters
from the Skagerrak-Kattegat area so the input growth
parameters (L, and K) were based on the corresponding
parameters for the Nephrops stocks in Division IVa, also
taking into account the observed maximum length in the
samples. Natural mortality was set to 0.3 for males and
0.2 for females. All length groups were assumed to
represent mature individuals. All input parameters were
the same as last year except for the female L, which for
technical reasons was changed from 64 to 65 mm.
Details of input parameters are given in Table 5.6.1.

Size distribution in catch (Skagerrak and Kattegat
combined)

The size distributions of the total catch from Denmark,
Sweden and Norway are presented in Figure 5.6.5.
These graphs show the difference in size composition and
also the difference in sex composition between the areas.
The size distribution for all countries combined shows
that a large proportion of the catch (70 % in numbers) are
undersized and discarded. The current minimum landing
size (13cm total length corresponding to 40 mm CL) in
relation to the mesh size in use (70 mm diamond mesh)
results in a large catch of, and probably a high fishing
mortality on, undersized, discarded Nephrops. As
recommended before (Anon., 1991a), avoidance of
discardings with its attendant mortality should be a
primary aim of management and improvements in gear
selectivity are an obvious way forward. The mesh
assessments (Anon., 1990a) incorporating discards
suggest that there are higher long-term gains in Y/R to
be made from improvements in selectivity than from
reduction in fishing effort.

Assessment

Length cohort analysis

The available national length frequency data were raised
to total landings for each country and summed to total
landings from the Skagerrak and Kattegat combined. The
average length distribution of the three years of length
data provided the basis for the LCA.

LCA results

Output from the LCA is given for males and females in
Table 5.6.8 and Table 5.6.9. The mean F for males and
females are similar to last year (0.28 and 0.11 resp.).
The assessment for males indicates, as last year, an
increase of about 10 % in long-term yield if effort is

reduced by 40 %, while the curve for females indicates
optimal exploitation at the present effort level (Figure
5.6.6). The results from this assessment are similar to
those from last year’s assessment for both males and
females.

Age-based assessment

The Working Group regards 5 years of length data to be
the minimum for providing a meaningful age-based
assessment. In the case of Skagerrak and Kattegat only
three years of length distribution are available and no
age-based assessment was, therefore, carried out on this
stock.

Other approaches: Application of effort and LPUE data

Since the uncertainty about the input parameters in the
LCA for Illa renders this analysis rather speculative, the
Working Group again this year decided to assess the
Nephrops fishery in Division Illa on the basis of the
available effort and LPUE data (even if the trends in
Danish and Swedish effort are not consistent for 1992).
Last year’s correlation between total landings and relative
effort was made for the five (1987-1991) years of
available effort data for both Denmark and Sweden.
These few data points seem to be around the optimum
effort point and therefore could be approximated by a
linear relationship. The more extensive data series
available now suggests a rather different picture where a
linear relationship is probably not appropriate.

Considering the relationship between Swedish landings
and effort data (with data going back to 1978) and the
relationship between the total landings and raised effort
figures, curves resembling the parabolic shape of a
"surplus production” model are obtained (Figures 5.6.7
and 5.6.8). Note that the curves fitted are illustrative and
should not be used in a predictive manner. As indicated
in the methods (Section 4), discussion of appropriate
techniques for the fitting of surplus production models
are urgently required.

Since these annual landings figures probably do not
reflect equilibrium yields, a sophisticated biological
interpretation of the graphs would be premature. How-
ever, the graph does suggest an optimum effort level and
does indicate that the effort level in 1992 is beyond this
optimum level. Although the LCA is considered speculat-
ive, it is noteworthy that, qualitatively at least, similar
conclusions are drawn. Possible development of this
model could provide a quantitative effort option in the
future but for the present this is not considered advisable.
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Quality of assessment

The Working Group is, as last year, of the opinion that
the LCA for both males and females are probably too
uncertain to base any management recommendations on,
since the results seem to be very sensitive to relatively
small changes in the growth parameters, which them-
selves are not based on any growth investigations in
Division IIla, but have been taken from Nephrops stocks
in Division IVa.

The consistent picture from the LCA, LPUE trends and
the landings/effort plot, however, is taken as indicative
that effort is too high and needs to be controlled.

Catch options

The Working Group is of the opinion that attention
should be paid to the observed relationship between
effort and landings described above and the trend in
LPUE (see Figure 5.6.4). Both sets of observations
suggest that the stock is declining. Furthermore, the
curve indicates that a decrease in effort may increase the
yield on a long-term basis. Some control of effort is
required and, in the absence of an obvious way to make
a formal prediction, a catch option for Division Illa in
line with this would be to maintain the 1992 landing level
(2,900 t). This could be a first step in stabilizing total
effort even if such a measure would not improve the
present stock size according to the data.

5.6.4 Summary of Management Area Illa

Landings by Functional Unit and by country are given in
Tables 5.6.10 and 5.6.11, respectively, for this Manage-
ment Area.

There are two pertinent comments to make about man-
agement in this area:

a) On the basis of the observed increased Swedish effort
in recent years, while both the Danish and Swedish
LPUE (Tables 5.6.3, 5.6.4, 5.6.6, and 5.6.7) show a
markedly decreasing trend, the Working Group recom-
mends that there should not be any further increase in
total effort. A catch option which would be consistent
with this objective is to restrict landings to the 1992
level, ie. 2,900 t.

b) The large amount of undersized Nephrops in the
Division Illa catches reflects the fact that the MLS does
not correspond with the current legal mesh size with
standard diamond-shaped meshes. This underlines the
need for investigations on gear selectivity and survival of
escaping Nephrops because a change to more selective
trawls could be the better conservation measure.
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5.7 Management Area IVa 44-48 E6-E7 + 44E8
(Area F)

Functional Units  Moray Firth (9)

Noup (10)
5.7.1 Moray Firth (Functional Unit 9)
Data and biological inputs

Sampling the length composition

In 1992, regular monthly sampling of commercial trawl
landings was carried out at the Moray Firth ports of
Lossiemouth, Buckie, Peterhead, Fraserburgh and
Burghead. Details of the sampling on a quarterly basis
are given in Table 5.7.1. The number of boats sampled
in 1992 varied from 9 to 15 (average sample 465
Nephrops). The landing samples include some collected
during discard sampling trips on board commercial
fishing vessels during the 1st, 2nd and 3rd quarters of
the year. The landing and discard samples were raised to
fleet level and combined to estimate total removals, as
described for the North Minch.

Input parameters

All input parameters remained the same as in previous
years (Tables 3.4.1 and 5.7.1).

Comments on the quality of inputs

In general this stock is well sampled, apart from the
discards in the 4th quarter of 1992. The sedimentary
composition across the ground is more uniform than for
other Scottish grounds (Table 4.6.1) which, for the
stock, probably means less biological variation in growth
parameters and size composition.

Landings, effort, LPUE, mean size

Landings data were reported by Scotland alone. Total
landings in 1992 were 1,572 t, slightly higher than in the
previous year but well below the peak landings of 1989
(Table 5.7.2). Most of the landings (80%) were made
by Nephrops trawlers. Fishing effort by these vessels
has fallen since 1990 but there was an increase in overall
LPUE in 1992 (Table 5.7.3). A comparison between
vessel LPUE when using single and multi-rig trawls is
given in Table 3.2.2. This shows that 39% of hours
fished by Nephrops trawlers was attributed to use of
multi-rig gear. This represents a reduction in the use of
this type of gear compared to the previous year (see
Anon., 1992a, Table 6.4). A full time series of data on
landings, effort and LPUE are given in Figures 5.4.1 to
5.4.3.



Mean size in males and females has fluctuated without
obvious trend (Table 5.7.4).

Assessments

Length-based assessment

The last LCA was carried out at the 1991 Working
Group (Anon., 1991a). Since then better discard data
have been obtained and it was considered worthwhile to
repeat the LCA using data for the most recent four year
reference period (1989-1992). Outputs from the LCA for
males and females are given in Tables 5.7.5 and 5.7.6,
respectively. Annualized fishing mortalities (averaged
across the lower 75% of the length range) were 0.195
and 0.014 for males and females respectively. Figure
5.7.1 shows that the Y/R curve for males was fairly
flat-topped with current F well below F, . . This repre-
sents a different result to that obtained in 1991 where F
was found to be close to F,,, (Anon., 1991a). In females
the Y/R relationship was virtually linear (Figure 5.7.1),
as it was previously (Anon., 1991a).

Age-based assessment

A single fleet assessment was carried out using Scottish
data from 1980-1992.

Males:

The slicing procedure generated 9 *nominal age’ groups
(9 = plus group). Catch and weight at age data are given
in Tables 5.7.7 and 5.7.8. Tuning of the VPA was
carried out using Scottish Nephrops trawl effort data and
historic F was included (Table 5.1.4 summarises the
input choices for tuning). The variances were relatively
small compared to the tuned value of F. F at age and
number at age estimates from the VPA are given in
Tables 5.7.9 and 5.7.10, respectively. Annual mean F
values were calculated for ages 3-7 (Table 5.7.11) and
are plotted against effort data in Figure 5.7.2. This
relationship is significant (r=0.761, P<0.01) suggesting
that the VPA has performed reasonably well. Mean F
peaked in 1989 following increased effort but effort has
recently fallen (Table 5.7.3). The results in Table 5.7.11
suggest that the TSB of the male component of the stock
increased during the mid-1980s and recruitment was also
higher. The VPA appears to have given similar results
to last year.

Females:

The slicing procedure gave 16 'nominal age’ groups (16
= plus group). Catch and weight at age data are given in

Tables 5.7.12 and 5.7.13. Tuning of input F was carried
out as for males (see Table 5.1.4 for inputs). The
magnitude of the variances were generally larger or
comparable to the value of input F. F at age and number
at age are given in Tables 5.7.14 and 5.7.15, respective-
ly. Annual mean F was calculated over age groups 3-10
(Table 5.7.16) and these values are plotted against effort
in Figure 5.7.2. The linear relationship is significant
(r=0.726, P<0.01) suggesting that the VPA performed
reasonably well. Comparison between Tables 5.7.11 and
5.7.16 shows that mean F values for females are much
lower than for males. Also, the TSB estimates in females
are greater than in males which is consistent with the
lower mortalities. TSB and recruitment follow similar
trends to the males with higher values in the mid-1980s.
In most years there is reasonable consistency in male and
female numbers at the early ages. As in the males, the
VPA results are consistent with those obtained last year.
No correlation was found between LPUE data (Table
5.7.3) and the combined male and female TSB (Figure
5.7.3).

Other aspects

The estimate of ground area for this stock is 2091 km?
(Table 4.6.1). Trends in landings and fishing effort/area
indices are shown in Figure 5.4.7. This suggests that
both indices are quite low in comparison with some other
Scottish stocks.

Comments on the quality of the assessments

The updated LCA should provide an improved estimate
of the present state of the stock and to some extent this
is borne out by the results. The analysis on males
indicates that current F is now below F_, on the Y/R
curve (Figure 5.7.1) and this is consistent with the
recent fall in fishing effort (Table 5.7.3). The VPA
appears to have performed reasonably well, and this may
possibly be linked to the more homogeneous nature of
the stock and its environment.

Catch options

In last year’s Report (Anon., 1992a) catch predictions
were based on the relationship between Nephrops trawl
landings and effort, updated in Figure 5.7.4 (Table
5.1.5). However, since the VPA gave good and consist-
ent results it was considered appropriate to carry out a
short-term prediction as outlined in Section 4.7. Details
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for this are set out in Tables 5.7.17 and 5.7.18 for males
and females separately. Note that in addition to overwrit-
ing the ’1’ and ’2’ ’age’ groups with average numbers
from earlier years, it was also necessary to treat the 3’
group in the same way. This was because of unusually
low catches of 2’ group in the most recent data year
which led to very low estimates of stock size. Addition
of the male and female components to provide overall

predictions for the three effort options (relative F: 0.8,
1.0, 1.2) are given in the text table below. Note that
length compositions used in the VPA were raised to the
landings by ’Nephrops’ and ’Light’ trawlers which
account for 89% of the total landings. The figures
presented below are raised by a factor of 1/0.89 to
correct for this.

TSB and Landings Predictions (t)
1993 1994 1995
Effort factor - - :
TSB Landings TSB Landings TSB Landings
0.8 1,347 13,411 1,485
1.0 12,322 1,611 12,677 1,622 13,010 1,675
1.2 1,877 12,637 1,822
The LCA results on males (Figure 5.7.1) suggest that Assessments

exploitation may now be below optimum and this is
consistent with a recent fall in fishing effort (Table
5.7.3) and with the fall in fishing mortality estimated by
the VPA (Table 5.7.11). Other indices of stock condi-
tion, LPUE (Table 5.7.3), landings/area and effort/area
(Figure 5.4.7) also point to a reasonably healthy state.
On this basis the Working Group suggests that an
increase in fishing effort (effort factor 1.2) would be
acceptable for this stock providing a catch option of
1,877 t in 1994. It should be noted that this is below the
precautionary TAC of 2,076 t set in the last two years
(ACFM Report, 1992) for 1992 and 1993. These were
based on relatively high average effort in the reference
period 1985-1990. The present predictions are lower
because they roll forward from 1992 when effort and
landings were below the reference period averages
formerly used as the basis of the advice.

5.7.2 Noup (Functional Unit 10)
Data and biological inputs

No biological data exist for this stock and no sampling of
the landings has taken place to date.

Landings, effort, LPUE, mean size

Landings data were reported by Scotland. 1992 landings
from this small fishery were 180 t of which 31% were
taken by Nephrops trawlers (Table 5.7.19). LPUE has
fluctuated without obvious trend (Table 5.7.20). 23% of
the fishing effort by Nephrops trawlers was attributed to
the use of multi-rig trawls (Table 3.2.2). No mean size
data are available.
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There are no length composition data for the stock and
no analytical assessments were possible. The area of
sediment suitable for Nephrops has been calculated from
BGS charts and this has been used to estimate landings
and effort per unit area of ground. The total area of
muddy sediment is about 400 Km? (Table 4.6.1), giving
for 1990 (the peak year for total landings; Table 5.7.19)

very low estimates of Nephrops Trawl landings/area
(0.253 t/Km?» and effort/area (0.007 thousand
hours/Km?) compared to other Scottish grounds (see
Figure 5.4.7).

Catch options

The relationship between landings and effort is shown in
Figure 5.7.5. For the present the maximum landings in
the reference period (217 t) were considered to be an
appropriate catch option for this stock. In view of the
ground area calculations above there may be some scope
for increasing effort in the future.

5.7.3 Summary of Management Area IVa 44-48
E6-E7 + 44E8

The recent landings in FU 9,10 and other ICES rec-
tangles forming Management Area F are given in Tables
5.7.21 and 5.7.22. For convenience the options for each
element of the Area are set out in the text table below:



Catch options (t)
FU | 0.8 1.0 1.2
9 1,347 1,622 1,877
10 217 max.(1990
landings)
Oth 69 max. (1990
er landings

To obtain the appropriate catch options for this Manage-
ment Area the recommended option for the Moray Firth
should be added to the maximum landings for the Noup
and for the "other rectangles":

1,877 + 217 + 69 = 2,163

5.8 Management Area IVa Remainder (Area G)

Functional Units  Fladen 0

5.8.1 Fladen Ground (Functional Unit 7)
Data and biological inputs

In 1992 little sampling was possible for this stock (Table
5.8.1). Sampling of the landings at Scottish ports was
limited to 4 samples during the year (454 Nephrops per
sample). One catch sample was available from a Danish
research vessel cruise in the the 4th quarter of the year.
Also, it has not been possible to sample discards in this
fishery. No analytical assessments were performed at
this Working Group, though input parameters used in the
past are included in Tables 3.4.1 and 5.8.1 for complete-
ness.

Comments on the quality of inputs

Although LCA and VPA assessments have been carried
out on the stock in the past (Anon.,1991a; 1992a), the
results must be treated with caution in view of the low
level of sampling, the lack of discard data and the
general lack of knowledge of biological parameters
(Table 5.8.1). A different approach to the assessment of
this stock is outlined below (for details see Appendix 4).

Landings, effort, LPUE and mean size

Landings data were reported by Scotland, Denmark and
Belgium (Table 5.8.2). In 1992 there was a large fall in
landings, from 4,241 t in the previous year to 3,265 t of
which 2,936 t were landed in Scotland (Table 5.8.2).
Landings in the Danish fishery were only recorded since
1986 (Table 5.8.2).

The decline in landings mainly reflected a 50 % reduction
in fishing effort by UK Nephrops trawlers, the main
component of the fleet (Table 5.8.3). In 1992 there was
a marked increase in LPUE by UK Nephrops trawlers,
to 46.7 kg/hour, the highest value recorded since 1984.
A large proportion of the UK fleet were large vessels
using multi-rig trawls (see Table 3.2.2). This partly
accounts for the high LPUE (Table 5.8.3) compared to
other grounds around Scotland (Figure 5.4.3). In 1992
there was also a large increase in LPUE reported by
Danish trawlers (Table 5.8.4). A long time series of
landings, effort and LPUE data by Scottish Nephrops
trawlers are shown in Figures 5.4.1 - 5.4.3.

In Scottish landings, the mean size appears to have
increased steadily in males and more recently in females
(Table 5.8.5).

Assessments

In the 1991 Report the Working Group drew attention to
the difficulties of assessing this stock, whose geographi-
cal boundaries were poorly known, when fishing effort
appeared to be expanding onto new parts of the ground
and when biological sampling was limited and unlikely to
be fully representative of the whole stock. During a
cruise of the SOAFD Research Vessel SCOTIA in
June/July 1992, an underwater TV camera was tried as
an alternative approach for the assessment of this stock.
Details of the method and results are given in Appendix
4.

The results of the survey confirmed the widespread
distribution of Nephrops, formerly suggested on the basis
of sediment information alone (Anon., 1991a). The stock
is estimated to extend over an area of about 30,000 km?
(Table 4.6.1) and, allowing for 90 % burrow occupancy,
a tentative estimate for the stock biomass is about 95-110
thousand t. Figure 5.4.7 suggests that fishing pressure on
the stock is currently very low in comparison with other
Scottish stocks.

At this stage it is too early to make definitive statements
on the size and potential of this stock. However, in order
to view the biomass estimate in the context of possible
exploitation rates, it is useful to make comparisons with
the adjacent Moray Firth ground, where the fishery is
apparently being exploited below the optimum level at
present (Section 5.7.1). Figure 5.4.7 shows that current
landings/area from the Moray Firth are around 0.75
t/km® Assuming that the same level of production was
achieved on the Fladen ground, the landings from there
could be over 20,000 t, representing about 1/5 of the
total biomass. To put this potential production into
perspective, the total 1992 landings into Scotland from
all grounds in Management Areas C, F, G, and I were
about 17,500 t.
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Comments on the quality of the assessment

Several factors which may affect the accuracy of the
assessment are discussed in Appendix 4. These include
burrow identification which is somewhat subjective. The
estimates of burrow density may even be conservative in
that they are mostly below the range of estimates for
other grounds (see for example Bailey and Chapman,
1983). It should also be noted that the total stock biomass
will be underestimated since the burrows of pre-recruits
to the fishery were likely to have been missed during the
analysis of the TV tapes.

Catch options

The relationship between landings and effort for
Nephrops trawlers at Fladen is given in Table 5.1.5 and
plotted in Figure 5.8.1. The Working Group repeated the
view expressed last year (Anon., 1992a) that the high
correlation coefficient for this relationship (r=0.972,
P<0.001) might indicate that the high level of effort in
1991 was sustainable and suggested that the maximum
landings of 4,240 t (Table 5.8.2) could form the basis of
a catch option, if one was required. The range of
possible catch options is set out below:

Catch option Predicted landings (t)

max - 20% 3,392
maximum 4,240
max + 20% 5,088

The evidence from the TV survey, the low estimates of
fishing pressure compared to other stocks (Figure 5.4.7)
and the form of the relationship in Figure 5.8.1 suggests
that the Fladen stock is currently under-exploited. There
seems to be no biological reason for curbing the expan-
sion of this fishery and a catch option of 5,088 t would
be appropriate. This would allow a modest expansion of
the fishery provided the marketing problems experienced
in 1992 could be avoided.

The Working Group again expressed the view that TACs
should be separately allocated to Management Areas, and
not aggregated. Otherwise it would be difficult to balance
expansion of landings at Fladen with the need to hold or
reduce landings elsewhere in the North Sea. This issue
is also referred to in the sections covering other North
Sea stocks, for example Management Area I, and also
has relevance to ICES Sub-area VII.

5.8.2 Summary of Management Area IVa remainder
The recent landings in FU7 and other ICES rectangles

forming Management Area G are given in Tables 5.8.6
and 5.8.7. The addition of the maximum landings
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(1991) of 135 t for other rectangles (Table 5.8.6) to the
above option for FU7 gives a recommended overall catch
option of 5,223 t.

5.9 Management Area IVb,c East of 1°East
(Area H)

Functional Units  Botney Gut-Silver Pit 5)

5.9.1 Botney Gut - Silver Pit (Functional Unit 5)
Data and biological inputs

Landings and effort statistics are available for Belgium
(landings since the early 1950s, landing and effort data
by vessel class and gear type since 1981), Denmark
(since 1988 for both landings and effort), and the UK
(landings only).

Length frequency data are currently being collected from
market samples of the landings by Belgian Nephrops
trawlers only. A routine auction sampling programme
has been in operation since 1986 (Table 5.9.1). As a rule
two samples of 200-300 whole Nephrops (100 per market
category, viz. "small", if landed, “"medium" and
"large") are taken every month, the first one between the
10th and the 15th, the second between the 20th and the
30th of each month.

Nephrops tails were sampled from April 1992 onwards
but for technical reasons these data are not yet included
in the length frequency calculations. For the time being
it is assumed that the length distributions of tails are
similar to those for whole Nephrops. The proportion of
tails in the Belgian Nephrops landings gradually
increased from about 13% (on a whole-weight basis) in
1986 to 25% in 1991, but decreased slightly to 20% in
1992.

Because of quality requirements, Belgian fishermen
usually keep the smallest Nephrops (25-35 mm CL) from
the very last hauls only; the others are discarded at sea.
The numbers of "small" Nephrops discarded were
estimated from the quantities of "smalls" actually landed,
using a raising factor based on the ratio between (a) the
total number of fishing hours by the Belgian Nephrops-
directed trawler fleet and (b) the number of fishing hours
from which the "smalls" were kept for auctioning. This
almost certainly gives an underestimate of the true
discards, since the length distribution of the "smalls" is
truncated to the left, due to the size-selection by the
fishermen.

General comments on the quality of the inputs

The biological and technical input parameters to the LCA
and VPA are summarized in Table 5.9.1.



Except for the length-weight relationships, most parame-
ters applied to the Botney Gut - Silver Pit stock were
"borrowed" from other stocks or fisheries (viz. K, L,),
or chosen for consistency with the other assessments
(viz. discard survival and natural mortality).

Ongoing EC-funded research, carried out by the Fish-
eries Research Station (Belgium) and the Institute for
Fisheries Technology and Aquaculture (DIFTA, Den-
mark), is expected to yield stock-specific gear selection
parameters and better estimates of the discards by the
end of 1993.

Landings, effort and LPUE

Over the past years total international landings from the
Botney Gut - Silver Pit area first rose from about 380 t
in 1986 to 759 t in 1991, then fell abruptly to 512 t in
1992 (Table 5.9.2). Most of these (75-90 %) were taken
by Belgian trawlers.

Long-term effort and LPUE data series are available for
the Belgian Nephrops-directed otter trawl fleet only.
Landings by these vessels steadily rose from 378 t in
1986 to 570-585 t in 1990 and 1991, then fell again to
470 t in 1992. Over the same period of time total effort
increased from 52,000-53,000 hours trawling in 1986
and 1987, to about 85,000 hours in 1991 and 1992
(Table 5.9.3).

The average LPUEs (calculated on a yearly basis) of the
Belgian Nephrops trawlers increased from 7.1 kg/hour in
1986 to 8.7 kg/hour in 1989, then started to decrease
again, to 5.6 kg/hour in 1992; an almost 35 % decrease
over a period of three years (Table 5.9.3). An even
sharper drop is seen in the LPUEs of Danish trawlers,
which fell from just under 300 kg/day in 1991 to about
160 kg/day in 1992 (Table 5.9.4).

A break-down of the landings and LPUE figures by sex
reveals peculiar features which have a major bearing on
the interpretation of the trends in landings and LPUE,
and of the results of both LCA and VPA. The landings
of male Nephrops remained fairly constant over the past
7 years, fluctuating without obvious trend between 300
and 375 t (Figure 5.9.1). The landings of females,
however, jumped from just over 100 t in 1987 and 1988,
to 200-210 t in the years 1989-91, then fell again by
about 50 % to only 96 t in 1992.

Male LPUEs increased slightly from 5.6 kg/hour in 1986
to 6.5 kg/hour in 1988 (Figure 5.9.2). From then
onwards they gradually decreased to 4.0 kg/hour in 1991
but most recently they increased by about 10% to 4.4
kg/hour in 1992. Female LPUEs rose sharply from
about 1.9 kg/hour in 1987 and 1988 to almost 3.2
kg/hour in 1989. In 1990 and 1991 they slowly

decreased to 2.5 kg/hour, and in 1992 they fell by nearly
55% to only 1.1 kg/hour.

The reason(s) for the sudden and massive increase of
female Nephrops in the landings in 1989-1991 are still
unclear, but it is very 