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A. General

A.1. Stock definition

Throughout its distribution, Nephrops is limited to muddy habitat, and requires sedi-
ment with a silt & clay content of between 10-100% to excavate its burrows. This means
that the distribution of suitable sediment defines the species distribution. Adult
Nephrops only undertake very small scale movements (a few 100 m) but larval transfer
may occur between separate mud patches in some areas. The Moray Firth is located to
the north west of Division 4 and consists of statistical rectangles 44-45E6-E7 and 44ES.
In common with other Nephrops fisheries the bounds of the Functional Unit are defined
by the limits of muddy substrate. The major Nephrops fisheries within this management
area fall within 30 miles of the UK coast. The Moray Firth (FU9) is a relatively sheltered
inshore area, that supports populations of juvenile pelagic fish and relatively high den-
sities of squid at certain times. The Moray Firth borders the Fladen functional unit
(FU7) and there is some evidence of Nephrops populations lying across this boundary.

A.2. Fishery

The Moray Firth area is fished by a number of the smaller class of Nephrops boat (12-
16m) regularly fishing short trips from Buckie, Helmsdale, Macduff and Burghead.
Most boats still fish out of Burghead, and are about 15 in number; leaving and return-
ing to port within 24 hours (day boats). Many of the smaller boats are now only
manned by one or two people. Several of the larger Nephrops trawlers fish the outer
Moray Firth grounds on their way to or from the Fladen grounds (especially when they
are fishing the Skate Hole area). Also in times of bad weather many of the larger
Nephrops trawlers which would normally be fishing the Fladen grounds fish the Moray
Firth grounds. In recent years a squid fishery has been seasonally important in the
Moray Firth. Squid appear to the east of the Firth and gradually move west during the
Summer, increasing in size as they shift. During the autumn the movement is reversed.
A large fishery took place in 2004 that attracted a number of Nephrops vessels and in
2005, additional vessels joined in the seasonal fishery, but catches were noticeably
down in 2006. In 2007 however the fishery for squid improved again and a number of
boats switched effort until around October, with some boats fishing squid until De-
cember.
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A.3. Ecosystem aspects

No information on the ecosystem aspects of this stock has been collated by the Working
Group.

B. Data

B.2. Commercial catch

Length compositions of landings and discards are obtained during monthly market
sampling and quarterly on-board observer sampling respectively. Levels of sampling
are considered adequate for providing representative length structure of removals in
the Moray Firth. Although assessments based on detailed catch analysis are not pres-
ently possible, examination of length compositions can provide a preliminary indica-
tion of exploitation effects.

LPUE data were available for Scottish Nephrops trawls. Table B1-1 shows the data for
single trawls, multiple trawls and combined. Examination of the long term commercial
LPUE data (Figure B1-1) suggests that the stock increased in the early- 1980s, declined
to a stable level over the next 12 years or so and has recently increased to its highest
level in 2007. It is thought that gear efficiency changes have occurred over time, partic-
ularly in relation to multiple trawl gears but this has not been quantified. Additionally,
improved reporting of landings data in recent years arising from ‘buyers and sellers’
legislation is likely to also to have contributed to the increase in LPUE. Furthermore,
effort recording is non-mandatory in terms of hours fish and therefore it is unclear
whether these trends and those that are discussed below are actually indicative of
trends in LPUE.

Males generally make the largest contribution to the landings (Figure B1-2), although
the sex ratio does vary, and females landings exceeded males in 1994. Effort is generally
highest in the 34 quarter of the year in this fishery, but the pattern varies between years,
and the seasonal pattern does not appear as strong in recent years. LPUE of both sexes
remained relatively constant up to 2002, but has shown an increase since then. LPUE
is generally higher for males in the 1st and 4t quarters, and for females in the 34 quarter
— the period when they are not incubating eggs.

CPUE data for each sex, above and below 35 mm CL, are shown in Figure B1-3. This
size was chosen for all the Scottish stocks examined as the general size limit for dis-
carded animals. The data show a slight peak in CPUE for smaller individuals (both
sexes) in 1995, with a slight decline after this and relatively stable values from 2001
onwards. There is a peak in catches of small males in 2006 quarter 4 but taken annually
the pattern is relatively stable. The CPUE for larger males shows relatively stable levels
during the late 1990’s, and slightly higher levels in the most recent years, particularly
from 2003 onwards. CPUE for large females declined in 2005 but have risen again over
the past two years, and showed a significant large value in 2007 quarter 3.

Biological

Dynamics for this stock are poorly understood and studies to estimate growth have
not been carried out. Assumed biological parameters are as follows: natural mortality
was assumed to be 0.3 for males of all ages and in all years. Natural mortality was
assumed to be 0.3 for immature females, and 0.2 for mature females.

SUMMARY

Growth parameters:
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Males; L~ = 62mm, k = 0.165

Immature Females; L. = 62mm, k = 0.165
Mature Females; L-=56mm, k = 0.06,
Size at maturity = 25mm

Weight length parameters:

Males a = 0.00028, b =3.24

Females a=0.00074, b =2.91

Discards

Discard survival rate: 25%

Discard rate: 3 year average (7.4% at benchmark WG)

B.3. Surveys

TV surveys are available for FU 9 since 1993 (missing survey in 1995). Underwater tel-
evision surveys of Nephrops burrow number and distribution, reduce the problems as-
sociated with traditional trawl surveys that arise from variability in burrow emergence
of Nephrops.

On average, about 36 stations have been considered valid each year, and are raised to
a stock area of 2195 km?. General analysis methods for underwater TV survey data are
similar for each of the Scottish surveys. The ground is predominantly of coarser muddy
sand (Figure B3-1) and most of the variance in the survey is associated with a patchy
area of this sediment to the west of the ground. Abundance has generally been higher
towards the west of the ground but in recent years higher densities have been recorded
throughout, and are quite evenly distributed at the east and west ends in 2006 and
2007. With the exception of 2003, the confidence intervals have been fairly stable in this
survey.

A number of factors are suspected to contribute bias to the surveys. In order to use the
survey abundance estimate as an absolute it is necessary to correct for these potential
biases. The history of bias estimates are given in the following table and are based on
simulation models, preliminary experimentation and expert opinion, the biases associ-
ated with the estimates of Nephrops abundance in the Moray Firth are:

EDGE  DETECTION SPECIES CUMULATIVE
TIME PERIOD ~ EFFECT RATE IDENTIFICATION ~ OCCUPANCY BIAS
FU 9: Moray Firth  <=2009 1.31 0.9 1 1 1.21

B.4. Commercial CPUE

Scottish Nephrops trawl gears: Landings at age and effort data for Scottish Nephrops
trawl gears are used to generate a CPUE index. CPUE is estimated using officially rec-
orded effort (hours fished) although the recording of effort is not mandatory. Com-
bined effort for Nephrops single trawl and multiple Nephrops trawl is raised to landings
reported by the four gears listed above. Discard sampling commenced in 1990 for this
fishery, and for years prior to this, an average of the 1990 and 1991 values is applied.
There is no account taken of any technological creep in the fleet.

For more information see section B.1
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B.5. Other relevant data

C. Historical Stock Development
Survey indices are worked up annually resulting in the TV index.

Adjust index for bias (see section B3). The combined effect of these biases is to be ap-
plied to the new survey index.

Generate mean weight in landings. Check the time series of mean landing weights for
evidence of a trend in the most recent period. If there is no firm evidence of a recent
trend in mean weight use the average of the three most recent years. If, however, there
is strong evidence of a recent trend then apply most recent value (don’t attempt to
extrapolate the trend further in the future).

D. Short-Term Projection

Catch options are provided for a range harvest ratios associated with potential Fmsy
proxies which are obtained from per-recruit analysis (See below on reference points).

Create catch option table on the basis of a range of harvest ratios ranging from 0 to the
maximum observed ratio or the ratio equating to Fmax, whichever is the larger. Insert
the harvest ratios from step 4 and also the current harvest ratio.

Multiply the survey index by the harvest ratios to give the number of total removals.

Create a landings number by applying a discard factor. A conversion factor was esti-
mated by the Benchmark Workshop, however subsequent WGs have found the discard
rate to have changed substantially and a 3 year mean value has since been adopted.
The value is FU specific.

Produce landings biomass by applying mean weight.

The suggested catch option table format is as follows.

IMPLIED FISHERY

Harvest rate Survey Index Retained number Landings (tonnes)
0% 12345 0 0.00
2% " 247 123.45
4% " 494 246.90
6% " 741 370.35
8% " 988 493.80
F0.1 8.60% " 1062 530.84
10% " 1235 617.25
12% " 1481 740.70
Fmax 13.50% " 1667 833.29
14% " 1728 864.15
16% " 1975 987.60
18% " 2222 1111.05
20% " 2469 1234.50
22% " 2716 1357.95

Fcurrent 21.5% " 2654 1327.09
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E. Medium-Term Projections
F. Long-Term Projections

G. Biological Reference Points

Under the new ICES MSY framework, exploitation rates which are likely to generate
high long-term yield (and low probability of stock overfishing) have been explored and
proposed for each functional unit. Owing to the way Nephrops are assessed, it is not
possible to estimate Fmsy directly and hence proxies for Fmsy are determined. Three can-
didates for Fmsy are Foi, Fasuspr and Fmax. Owing to the strong difference in relative ex-
ploitation rates between the sexes, values for each of the candidates are determined for
males, females and the two sexes combined. These calculations assume that the TV
survey has a knife-edge selectivity at 17 mm. The appropriate Fmsy candidate has been
determined for each Functional Unit independently according to the perception of
stock resilience, factors affecting recruitment, population density and the nature of the
fishery (relative exploitation of the sexes and historical Harvest rate vs stock status).

At the 2010 WG, preliminary estimates of these reference points were provided, based
on per-recruit analysis which made use of catch-at-length frequency data which had
been made available to the Benchmark WG in 2009. These are presented below:

FBAR(20-40 MM) SPR (%)
WGNSSK 2010 M F HR®%) M F T
M 0.17 0.1 7.9 39.8 64.1 494
F0.1 F 0.43 0.2 17.1 174 39.5 26.1
T 0.21 0.1 9.5 34.0 58.8 43.7
M 0.32 0.1 13.6 234 474 329
Fmax F 1.10 0.4 33.1 6.2 18.7 11.1
T 0.45 0.2 17.9 16.5 38.1 25.0
M 0.21 0.1 9.5 34.0 58.8 43.7
F35%SpR F 0.51 0.2 19.7 14.4 34.8 224
T 0.29 0.1 12.7 252 495 34.7

At the 2011 WG, the analysis was updated using length frequency data from 2008-10
to account for the apparent changes in the selection and discard patterns. For these
reasons and a change in the relative availability of females as estimated by the LCA,
there is a slight decrease in the estimated MSY harvest ratio proxies compared to those
previously calculated. The complete range of the current per-recruit Fmsy proxies is
given in the table below:

FBAR(20-40 MM) SPR (%)
WGNSSK 2011 M F HR®») M F T
M 0.13 0.07 7.16 42.35 61.48 49.89
FO0.1 F 0.24 0.12 11.61 27.45 47.01 35.16
T 0.14 0.07 7.84 39.46 58.93 47.13
M 0.26 0.13 12.31 25.80 45.16 33.42
Fmax F 0.68 0.36 23.82 11.42 25.16 16.83
T 0.34 0.18 14.92 20.79 39.10 28.01
F35%SpR M 0.17 0.09 9.11 34.69 54.48 42.48
F 0.41 0.22 17.12 17.62 34.83 24.40




6 |

ICES Stock Annex

T 0.24 0.13 11.79 27.02 46.53 34.71

Moderate absolute densities are generally observed on the UWTYV survey of this FU.
Harvest ratios (which are likely to have been underestimated prior to 2006) appear to
have been above Fssuspr and in addition there is a long time series of relatively stable
landings (average reported landings ~ 1500 tonnes, above those predicted by currently
fishing at Fss%ser). For these reasons, it is suggested that Fasuser(r) is chosen as the Fmsy

proxy.
The new Fmsy proxy harvest ratio is 11.8 % compared to 12.7 % used last year.

The Buigger point for this FU (bias adjusted lowest observed UWTV abundance) is cal-
culated as 262 million individuals.

H. Other Issues

I. References
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Table B1-1. Nephrops, Moray Firth (FU 9): Landings (tonnes), effort (‘000 hours trawling) and LPUE
(kg/hour trawling) of Scottish Nephrops trawlers, 1981-2007 (data for all Nephrops gears combined,
and for single and multirigs separately).

Year All Nephrops gears combined Single rig Multirig
Landings Effort LPUE Landings Effort LPUE Landings | Effort LPUE
1981 1298 36.7 35.4 1298 36.7 35.4 na na na
1982 1034 28.2 36.7 1034 28.2 36.7 na na na
1983 850 21.4 39.7 850 21.4 39.7 na na na
1984 960 23.2 41.4 960 23.2 41.4 na na na
1985 1908 49.2 38.8 1908 49.2 38.8 na na na
1986 1933 51.6 375 1933 51.6 375 na na na
1987 1723 70.6 24.4 1723 70.6 24.4 na na na
1988 1638 60.9 26.9 1638 60.9 26.9 na na na
1989 2102 69.6 30.2 2102 69.6 30.2 na na na
1990 1700 58.4 29.1 1700 58.4 29.1 na na na
1991 1284 47.1 27.3 571 25.1 22.7 713 22.0 324
1992 1282 40.9 31.3 624 24.8 25.2 658 16.1 40.9
1993 1505 48.6 31.0 783 28.1 27.9 722 20.6 35.0
1994 1178 475 24.8 1023 42.0 24.4 155 5.5 28.2
1995 967 30.6 31.6 857 27.0 31.7 110 3.6 30.6
1996 1084 38.2 28.4 1057 37.4 28.3 27 0.8 33.8
1997 1102 47.7 23.1 960 425 22.6 142 51 27.8
1998 739 34.4 215 576 28.1 20.5 163 6.3 25.9
1999 813 35.5 22.9 699 315 22.2 114 4.0 28.5
2000 1343 49.5 27.1 1068 39.8 26.8 275 9.7 28.4
2001 1188 47.6 25.0 913 37.0 24.7 275 10.6 25.9
2002 1526 35.5 43.0 649 27.2 23.9 234 7.9 29.6
2003 1718 41.1 41.8 737 25.3 29.1 135 3.6 375
2004 1818 36.9 49.3 1100 29.2 37.7 123 2.5 49.2
2005 1526 37.6 40.6 1309 34.0 38.5 217 3.6 60.3
2006 1718 41.1 41.8 1477 374 39.5 241 3.7 65.1
2007 1818 36.9 49.3 1503 32.4 46.4 315 4.5 70.0
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Figure B1-1. Nephrops, Moray Firth (FU 9), Long term landings, effort, LPUE and mean sizes.
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Figure B1-2. Nephrops, Moray Firth (FU 9), Landings, effort and unstandardised LPUEs by quarter
and sex from Scottish Nephrops trawlers.
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Figure B1-3. Nephrops, Moray Firth (FU 9), CPUEs by sex and quarter for selected size groups, Scot-
tish Nephrops trawlers.
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Figure B3-1. Distribution of Nephrops sediments in the Moray Firth (FU 9). Thick dashed lines
represent the boundary of the functional unit. Sediments are: Dark grey —- Mud; Grey - Sandy Mud,
Light Grey — Muddy.



