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A. General

A.1. Stock definition

Particle tracking models have shown that theére is poténtial for considerable larval dis-
persal of anglerfish during the pelagidstage , 2001). Whereas returns from tag-
ging studies to date have been low, the idence that individuals are capable of
migrating considerable distances, everl

The current stock definition includes ICES subareas 4 and 6, and Division 3a. The ma-
jority of fleets fishing this ‘stock’ land Lophius piscatorius (L. piscatorius) and Lophius
budegassa (L. budegassa) together, sold as “monkfish”. Although the distributions of L.

piscatorius and L. budegassa overlap, survey catches of L. budegassa in the Scottish Irish
Anglerfish and Megrim Industry Science Survey (SCO-IV-VI-AMISS-Q2) comprise
only a relatively small proportion of the estimated stock abundance (~7% 2007-2016).
Proportions of L. budegassa in Subarea 4 and Division 6.b are negligible (~5% and
~0.5%). They are most abundant in the southerly region of Division 6.a (~15%) where
their distribution appears to extend from the southern Celtic Seas stock (7.b-k,8.a-b
and 8.d).

A.2. Fishery

UK vessels account for more than 60% of the total reported anglerfish landings from
the total stock area. The Danish and Norwegian fleets are the next most important ex-
ploiters of this stock in the North Sea. The fishery for anglerfish in Subarea 6 occurs
largely in Division 6.a (West of Scotland) with the UK and France being the most im-
portant exploiters, followed by Ireland. Reported landings from Rockall (Division 6.b)
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are generally less than 2000 t with the UK taking on average around 50% of the total.
In the North Sea, the majority of landings are reported in Division 4.a which reflects
the northerly distribution of the species within the North Sea (Knijn et al., 1993).

A general description of the anglerfish fisheries of the most important nations taking
part in this fishery is given below:

Scottish (UK) fishery

The Scottish fisheries taking anglerfish comprise three main fleets, the demersal trawl
fleet targeting mixed round fish (mesh size >120 mm), one targeting Nephrops (mesh
size 70-99 mm); in which anglerfish are a bycatch (159 vessels in Subarea 6 and 134 in
Subarea 4) and a deep-water gillnet fleet (mesh size >220 mm) targeting monkfish and
ling.

The Scottish directed fishery for anglerfish developed during the 1980s and led to con-
siderable changes in the behaviour of the fleet. Part of this was a change in the distri-
bution of fishing effort; the development of a directed fi yghaving led to effort
shifting away from traditional roundfish fisheries in in

nied by the development of specific trawls and v
an almost linear increase in landings since th
which was then followed by a very severe d
almost certainly due only to the expansm
Further declines in reported landing
to restrictive TACs and the decline is 1
ings.

In Division 6.a the Scottish de eet takes around 30% of landings. Approx-

the Nephrops trawlers.

in 6.b are the demersal trawl fleet (~30%) and the gillnet
e trawl vessels are targeting haddock at Rockall in which

or anglerfish in the North Sea is located in two main areas: on the
e north and west of Shetland and at the Fladen Ground. The fishery to
the north and west of Shetland operates as an extension to that in Division 6.a, and
consists mainly of trawlers targeting mixed roundfish. The highest reported landings
in recent years come from the statistical rectangles around Shetland. The landings from
the fishery along the western edge of the Fladen ground are lower but still significant
where anglerfish are caught as a bycatch in the Nephrops fishery which consists of ap-
proximately 62 vessels fishing this ground.

In the mid-1990s, a deep-water gillnet fishery targeting anglerfish developed on the
continental slopes to the west of the British Isles, north of Shetland, at Rockall and the
Hatton Bank. In recent years (2006-2016) ~17% of total landings are from this fishery.
A large proportion of the landings in the gillnet fishery are taken by Spanish owned,
UK registered vessels. The fishery is not well documented or understood and there is
little information on catch composition or discards.

Irish fishery

The Irish fleet, which takes around 10% of the total Division 6.a landings is a demersal
bottom-trawl fleet using 2100 mm mesh targeting anglerfish, hake, megrim and other
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gadoids on the Stanton Bank and on the slope northwest of Ireland. There is also an
Irish demersal bottom-trawl fleet fishing in Division 6.b taking anglerfish as a bycatch
in the haddock fishery on the Rockall Bank. The fleet targeting haddock uses 2100 mm
mesh; effort depends on haddock abundance and availability of quota.

Danish fishery

According to logbook records, the majority of Danish anglerfish landings are taken in
the northeastern North Sea, in the part constituting the Norwegian Deeps, situated in
the Norwegian EEZ of the North Sea. Other important fishing areas for anglerfish are
the Fladen Ground (also in 4.a) and in the Skagerrak (3.a). More than 80% of the Danish
landings come from ICES divisions 4.a and 3.a. The remaining part is from the most
northern part of Division 4.b.

The majority of the Danish vessels are taking anglerfish with demersal trawls with over
90% of these vessels in the size range 20—40 m.

Fishery definitions by gear type and mesh size as current
Directorate for the North Sea are given in the following té

by Danish Fisheries

Fishery/gear Mesh size, mm

Dem. Trawl >=100 mm
Nephrops trawl 70-99 mm
Shrimp trawl 33-69 mm
Industrial trawl <=32mm
Beam trawl >= 80 mm

ersalMrawls account for more than 90% of total Danish
essary to further specify that at present the majority of the
e taken by fisheries in the Norwegian zone of 4.a apply-
esh size >= 120 mm. In the Skagerrak (3.a) the two main
are the (mixed) Nephrops fishery (~60%) and the demersal
n both areas minor landings are taken in gillnets and as bycatch
shrimp (Pandalus).

Danish catches
ing demersa
fisheries
trawl fis
in fisheries

Typically anglerfish constitutes less than 15% by weight of the landings from demersal
trawlers fishing in the Norwegian Deeps.

Norwegian fisheries

A Norwegian directed gillnet fishery (360 mm mesh size), targeting large anglerfish,
carried out by small vessels in coastal waters in the eastern part of the northern North
Sea started in the early 1990s. Historically these vessels are responsible for around 60—
70% of the total Norwegian landings from this area although in recent years (since
2014) this has decreased to around 50% and they comprise around 7% of the total land-
ings from Division 4.a since 2006. The remaining Norwegian landings in 4.a are mostly
bycatch in various trawl fisheries. A similar pattern of fishing is found in the Skagerrak
(3.a). The third quarter has in recent years been the most important season for the di-
rected fishery, while the second quarter is apparently most important for other gears.
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Other fisheries

French demersal fishing vessels also take a considerable proportion of the total land-
ings from Subarea 6 (38% from 2006-2016) with demersal and deep-water trawls
(>100 mm mesh) used in 6.a and gillnets (>100 mm mesh) in 6.b. The vessels catching
anglerfish may be targeting saithe and other demersal species or fishing in deep water
for roundnose grenadier, blue ling or orange roughy.

There is also a traditional Basque demersal fishery targeting hake, anglerfish and me-
grim operating in Subarea 6. Historical landings data suggest that there has been a shift
in distribution of fishing effort for this fleet in the early 2000s from 6.b to 6.a. In this
last decade there have been 2—4 vessels (around 40 m in length and 1200 horse power)
fishing annually, typically with landings around 200-300 t in total.

A.3. Ecosystem aspects

Sea temperature limits the distribution of anglerfish to the north of the Northern Shelf
particularly at depths where cold-water currents of polar d occur. Lophius pisca-
torius is predominant throughout the area, with Lophius biidegassa Qecurring in greater
density towards the southern part of the area as befitgfthe mage ge
these two species (Farifia ef al., 2008).

eral distribution of

B. Data

B.1. Commercial catch

B.1.1. Fishery landings data

Fishery landings data for this mpiled from official statistics supplied by

individual countries for iv .a, 4.a—c, 6.a and 6.b. Since 2012 countries have
submitted these data ES InterCatch web application.

The absence of C for S@ibarea 4 prior to 1999 means that before 1999, landings in
excess of the TAQinfothergreas were likely to be misreported into the North Sea. In
1999, a pr n. was introduced for North Sea anglerfish, but was set in
accord catch levels from the North Sea which included a substantial
amount m orted from Subarea 6. The area misreporting practices thus became in-
stitutionalised§and the statistical rectangles immediately east of the 4°W boundary

(E6 squares) accounted for a disproportionate part of the combined 6.a/North Sea
catches of anglerfish. The following method has been developed to estimate and cor-
rect for area misreporting by the Scottish fleets. Whereas this stock remains ICES cate-
gory 3 (Stocks for which survey-based assessments indicate trends) this area corrected
data are not being utilised for assessment purposes.

1) Estimate a value for the true catch in each E6 square and then allocate the
remainder of the catch into 6.a squares in proportion to the reported catches
in those squares.

2) Estimate the ‘true’ catches in the E6 squares by replacing the reported values
by the mean of the catches in the adjacent squares to the east and west. This
mean is calculated iteratively to account for increases in catches in the 6.a
squares resulting from reallocation from the E6 squares. Such a reallocation
of catches may still inadvertently include some landings taken legally in Di-
vision 4.a on the shelf edge to the west of Shetland, but these are likely to
comprise fish within the distribution of the Division 6.a stock component.
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From WGCSE 2010, this procedure was adjusted to reallocate data to the whole of Area
6: i.e. not just 6.a but including Rockall (6.b). This was based on information received
from Marine Scotland Compliance indicating that some vessels fishing for anglerfish
at Rockall are reporting large catches in the E6 squares from the same voyage. The
distribution of landings this new scheme produced was more in keeping with the dis-
tribution of the stock as indicated from the anglerfish surveys. This modified proce-
dure has now been retrospectively applied back to data from 2002.

The TACs for both the West of Scotland and North Sea areas were reduced substan-
tially in 2003 and 2004, and at previous WGs it has been highlighted that these reduc-
tions would likely imply an increased incentive to misreport landings and increase
discarding unless fishing effort was reduced accordingly (Section 6.4.6, ICES WGNSDS
2003). Anecdotal information from the fishery in 2003 to 2005 appeared to suggest that
the TACs were particularly restrictive in these years. The official statistics for these
years are, therefore, likely to be particularly unrepresentative of actual landings. The
introduction of UK and Irish legislation requiring registration of all fish buyers and
sellers may mean that the total reported landings from 2006 ds are more repre-
sentative of actual total landings in the UK and Irelan

B.1.2. Split of landings data by species (L. piscatorius a . bullegassa

The landings data are not currently split by S.

B.1.3. Fishery discards estimates

Sampling schemes are in place throu
and with no MLS (although there is a
rates appear to be relativelydew. Scott
server scheme (see next s

o estimate discards in European fleets,
imum marketable weight of 500 g) discard

discard rates estimated from Scottish ob-
) have been low in recent years.

Over time the métier ¢ have’been used by countries to aggregate landings and
assign discards h Ithough there has been greater consistency since the de-
velopment of I e data call process, For some smaller fleets which have
variable effg e years such as the Irish gillnet and squid fisheries in 6.b
discardin i ess well estimated or unknown and the methods by which

d into countries catch estimation procedure is often unclear.

Following the\@ata call for WKAnglerfish, additional information on discard estimates
from Denmark, France, Ireland, UK (England) and UK (Scotland) are now available.
There is very limited information on discard rates for the gillnet fisheries operating in
this stock area with observer sampling occurring on an irregular basis. For light de-
mersal trawling gears fishing with mesh sizes 100-119 mm there are discard sampling
data for 2003 onwards from both Ireland and France. For both demersal crustacean
otter trawls (mesh size <99 mm) and for large mesh demersal otter trawls (mesh size
>120 mm) there are discard data available for all years since 2002 for Denmark, UK
(England) and from 2007 for UK (Scotland). The discard rates estimated for the Danish
demersal trawl fleet (120 mm) in the years prior to 2005 are higher than in recent years
(20% in 2002 and 15% in 2005). In the absence of discard data for the Scottish fleets
prior to 2007 raised discard estimates, based on the available information from smaller
fleets of other nations, are significantly higher than for 2007 onwards. For this reason
raised discard estimates are only considered accurate after 2007.
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B.1.4. Fishery length compositions

Scotland

Scottish anglerfish catch compositions are estimated from data collected under the
Scottish demersal market and observer sampling programmes. Data are currently rec-
orded for both anglerfish species but reported for both species combined. Anglerfish
discards for the demersal trawl fleet (mesh size 2120 mm) have been very low in recent
years 1% by weight (2007-2016) whereas discards for Nephrops trawl gears has in-
creased significantly in the last three years to from 7% (2007-2013) to 39% (2014-2016).

The current demersal market sampling scheme is stratified by market, aiming to visit
each of the four major Scottish markets, which account for around 80% of demersal
species landings by weight, at least 36 weeks per year. Trips are selected at random
with typically 200 fishing trips from Area 4, and around 40 fishing trips from Area 6
sampled each year. In the years prior to 2010, the sampling scheme was more target
based (i.e. target number of samples/fish measured for eachgasea and stock), but still
aimed to cover the main landings markets on a regular bag
tive coverage of the fisheries.

The demersal observer programme samples fishi
portion to landings across Areas 4 and 6, and
that land the majority of Scottish demersal ies: al trawlers, small Nephrops
trawlers which mainly work inshore and lagge Nephfops trawlers which mainly work
offshore. Each trip in each area and vess

°d in very rough pro-
ree main vessel groups

consecutive vessels on a randomly orderediyessel list until a vessel is found that in-
tends to fish in the correct area, will t the observer on board, and the observer
considers meets their logisti criteria. Annual sample sizes are approxi-

mately 50 fishing trips fo for Area 6. Like the market sampling pro-

Estimates for 1 mbers-at-length are obtained by “raising” market samples to
the six vessg a combinations by quarter (TR1 in Subarea 4, Divisions 6.a
and 6.b, & 4 and Division 6.a and TROther in Division 6.b) by means of
post-strat cluding appropriate sampling probabilities, and using species

landed weig
obtained by “raising” discard samples to the six vessel group and area combinations
by year, including appropriate sampling probabilities and using gadoid landed weight
as an auxiliary variable. Mean weights-at-length are obtained using survey-based
weight-length relationships. Scottish discard data prior to 2007 are insufficient to pro-
vide estimates of fleet level discard rates and length compositions.

Q
»

an auxiliary variable. Estimates for discarded numbers-at-length are

Landings length compositions are available for both the Scottish Nephrops trawl and
demersal fish trawl fleets from 2002 onwards. There are also landings length composi-
tions available from 2010-2016 for vessels in the demersal trawl fleet that were partic-
ipating in the fully documented fishery (FDF), operating with remote electronic
monitoring systems under a total discard ban for cod. Discard length compositions are
available for the same three fleets from 2007 onwards (2010 for FDF) with the exception
of 2011 when no length samples were available for the Nephrops trawl fleet.
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Denmark

Denmark has provided numbers-at-age samples for several of its fleets. In general the
coverage of Subarea 4 is greater than for Division 3.a. Length—frequency data for land-
ings taken in Subarea 4 are available from 2002 for the gillnet, Nephrops trawl and de-
mersal (>100 mm) trawl fleets. Numbers-at-length data for landings taken in Division
3.a are available only for recent years (2014 onwards) for the Nephrops trawl fleet and
the demersal trawl fleet with no samples for the gillnet fleet.

For numbers-at-length in the discards data are only available from 2013 onwards for
the gillnet fleet in Subarea 4 and not at all for Division 3.a. For the Nephrops trawl fleet
there are only a handful of sampled years for each area. For the demersal trawl fleets
there is a complete time-series of discard length samples available from 2002 for Sub-
area 4 and 2003 for Division 3.a.

France
Length compositions have been supplied by France for landiftgs@aly, primarily for the
demersal light trawl fleet (100-119 mm) for the years 208 uding 2009-2010.

In more recent years there are also length frequenci alarge demersal trawl fleet
landings from 2008.

Ireland

Length composition data are available for b@th landifigs and discard for the Irish light
trawl fleet (100-119 mm) from 2003 ds.

UK (England)

England has provided len positighs of landings for both the Nephrops and de-
mersal trawl fleet (>12 0 . For these fleets there are also discard length
compositions for mgst om 2002 with the exception of 2013 for Nephrops trawls
and 2008, 2012 and”201 emersal trawls. There are also landings length composi-
tions for beam 1 fleets of Varying mesh sizes and demersal seine-nets for a handful

fleets were used, for ease of analysis the fleets were grouped into broad categories
which reflect the gears with the largest proportion of catches (OTB <99 mm, OTB 100-
119 mm, OTB >120 mm and GNS) with the remainder combined into miscellaneous.
For any countries which submit catch data by quarter, the data are split evenly across
the 4 quarters so quarterly outputs can be produced.

Missing discards were estimated in three steps;

1) If discard data were available for the same country, gear group and year,
the weighted average of the discard proportions for the same country-fleet-
year combination were applied to the landings of the strata with missing
discards.

2) If discard data were only available for the same gear group and year, the
weighted average of these discard proportions were applied.

3) If discard data were only available for the year, a mean discard proportion
weighted by landings were applied.
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Length distributions were assigned to unsampled catches in the following sequence:

1) From samples from the same area, quarter, year and catch category (land-
ings/discards)

Area was chosen as opposed to country due to the different length—frequency
distributions between ICES divisions within the stock area (in particular at
Rockall).

2) From the same quarter, year and catch category if there were samples for a
country.

Prior to 2002, total international landings-at-length distributions were calculated
slightly differently. For Division 6.a, data were obtained by summing national raised
landings-at-length distributions and then raising this distribution to the ICES estimates
of total international catch from this area. Landings officially reported to ICES were
used for countries not supplying estimates directly to the JA Sampled data were

period 1993-2001. These have been raised to IC otal landings to pro-
vide an international landings-at-length compgsiti landings represent over
60% of the total during this period). Insuffici i ta are available from Rock-
all prior to 2002 to provide fleet level estim

rnational landings-at-length com-
eas 4 and 6) derived by summing the
reas and assuming that this distribution is

positions for the whole stock (Division
length distributions from thegndividu
f. This was then raised to Working Group
estimates of total landin @ ern Shelf.

. dings and discards) for the whole stock area (as required
are currently not provided. In order to obtain such data,

area specific dat 0 be raised to landings by area which have been adjusted
to accoun, orting before being combined to provide an overall length—
frequen

B.2. Biologic

B.2.1. Growth and ageing

An international ageing exchange in 2011 (ICES, 2012b) found little agreement between
age estimation from both otoliths and illicia and concluded that anglerfish ages could
not be determined accurately enough for the purposes of producing an international
catch-at-age dataset for stock assessment purposes.

WKEFLAT (ICES, 2012c) concluded that for Lophius piscatorius the studies of growth of
Landa et al. (2012) should be used as the basis for length-based assessments, and this
growth rate is supported by data in Laurenson et al. (2005). However, the available
growth curves assume asymptotic growth whereas anglerfish length-at-age data from
the SCO-IV-VI-AMISS-Q2 survey appear to show linear growth (over the range of
caught ages), based on otolith age readings.

Further growth and (ageing) age validation studies taking sex into account are re-
quired.
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B.2.2. Maturity

There are a number of maturity ogives available for this stock area within the literature.
Afonso-Dias and Hislop, 1996 give a length-maturity ogive for West of Scotland, with
50% maturity at approximately 74 cm in females, and 50 cm in males.

More recently Laurenson et al., 2008 indicated Lso female maturity at 101 cm and males
at 53 cm for the same region with similar estimates for females in Rockall (104 cm) and
Shetland (96 cm) but higher estimates for males in these respective regions (57 cm and
61 cm). The corresponding age-based ogives indicate Lso maturity-at-approximately
age ten in females and age five in males.

B.2.3. Natural mortality

Several methods of estimating natural mortality are available and were investigated
with input parameters associated with Lophius piscatorius at WKAnglerfish (Gerritsen,
2018; Cope, 2017). Given existing knowledge of anglerfish spp. life history and biolog-
female gonadoso-
morphology and
stic estimates of M
ethod of Then et al.,
es of M (0.25-0.4).

ical traits including their fast initial growth, late maturatig
matic index (GSI) and relatively low predation based{io
sedentary foraging behaviour, the methods likely t
could be fine-tuned. WKAnglerfish recommende
(2015) is preferable which would give a range

B.3. Surveys

A number of surveys are available fof{fhis sto are described in the next sections.
B.3.1. Sco-IV-VI-AMISS-Q2 surve

B.3.1.1 Design of survey

Marine Scotland Scien a new joint science—industry survey in 2005 (current
survey name is SGO-1V- MISS-Q2).This is a targeted anglerfish survey with a sci-
entific design merctal gear, currently covering part of 4.a and the whole of

6.a and 6.b. d 2010, the survey covered 6.a down to 56°. In 2006, 2007
articipated, extending the anglerfish survey to cover the re-
rom 54°30" to 56°39’). Since 2011, the Scottish survey covered the
whole of 6.a8¥he survey area is stratified into four main areas, East-East of Orkney
and Shetland, North-North of Scotland, West—-West of Scotland and Rockall, as shown
in Figure 1, which are stratified by depth (0-200, 200-500, 500-1000), and with the 0-
200 stratum being further stratified in all except the East Stratum, based on industry
perceptions and the results of the 2005 survey. Within a stratum, the expected densities
in substrata are defined as “very high”, “high”, “medium” or “low”. The sampling
effort within each substratum is allocated according to its expected density, and the
sample locations are chosen at random from grids of points within strips of equal area.
This is to ensure equal probability of selection and even coverage within a stratum.
Approximately 100-150 tows are taken each year. Tow duration is one hour. Each stra-
tum is surveyed by one vessel, with at least one stratum being surveyed by MSS RV
Scotia and with the other 2—4 strata being surveyed by industry charters. Each vessel
on the survey employs exactly the same gear, the specification of which was drawn up
in partnership with industry. Every anglerfish caught is measured for length, sex, ma-
turity, total weight and gutted weights, and otoliths and illicia taken. In 2005-2007,
surveys took place towards the end of October and beginning of November. However
bad weather affected survey coverage to the extent that the survey was moved to April
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from 2008 onwards (with the exception of 2013 which occurred in October). The strat-
ification and station locations used in 2012 are presented in Figure 1.

A more detailed description of the survey including information on design, sampling,
gear and vessel can be found in Fernandes et al. (2007). However, estimation has been
further developed since then and is described below.

B 3.1.2 Estimation of abundance and catchability components

a) The estimation of abundance and biomass from these surveys is described
below. The estimates represent the take into account the following factors:
herding of anglerfish by the trawl doors and sweeps;

b) escapes of fish under the trawl footrope (details given below);

c) anglerfish abundance and biomass in the southern part of Area 6 not cov-
ered in 2005, 2008 and 2010;

d) visual counts of anglerfish in areas closed to trawling at Rockall;
e) variability due to:

i) sampling;

ii) missing ages;

iii ) herding (based on experimental d

iv ) footrope escapes (based on expefimentalg@a

The estimates currently do not take a the following:

e areas in the central and southerfifiNorth Sea (eastern part of ICES Division
4.a and all of 4.b and 4

Division 6.a.

It is assumed that the inclusion probability of a fish depends on its length [, the haul i,
and the stratum s, of the survey the haul is in, as we shall see below, so that 77; = 7y,

. Since the inclusion probability is the same for fish of the same length on the same
haul, the estimation equation can be written as:

A n.
=35y
seS ies | ils

where N, is the number of fish of length [ captured in haul i of stratum s.

Millar and Fryer (1999) partition the probability of capture for a fish in the population
into three parts, potentially all being a function of length [: the probability of being
retained in the net given the fish has encountered the net, I}, the probability that the
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fish encounters the gear given that it is available to the gear, and the probability of the
fish being available to the gear.

It is assumed that all fish in a stratum are randomly distributed in that stratum so that
they have equal probability of encountering the gear, so that the probability that a fish

is in the path of haul i towed in the stratum s is given by V; / A, , where V, gives the area

swept by the doors (and the net) on tow i and A, gives the area of stratum s.

Somerton et al. (1999) show that the probability that a fish contacts the fishing net given

v, +hv,,

that it was in the area swept by the haul 7 is given by , where Vi i the area

Vli + V2i

swept by the net in haul i (the area swept by the wings), Vai s the sweep area in trawl
ii.e. the area swept by the doors minus that swept by the wings, and / is the herding

coefficient, which gives the proportion in Vai herded into V.

Thus the inclusion probability of a fish of length [ is givendb lowing equation:

A vy +hvy, v,
my =1 A
Vi +Vo ) A

where
f, is the estimated probability that a fish w engounters the net is retained in the
codend of the fishing net, i.e. does no nder the footropes,

Vi = Vg +Vy,
and N can be estimatQV

N, = >y YAy
o R

| seS ies | i: V1i + hvgi Vli +V2i seS ies (Vli + hVZi)

| A

Vli + V2i

Similarly, the biomass By in year y is estimated by:
SAZ S T E 2
B = AS _— - W.I .
- i | Vi +hv, TR ™

where W,

15 1S the weight of fish j of length | on haul i of stratum s of survey S.

a) Estimation of herding of anglerfish by the trawl doors and sweeps

The estimation of the herding coefficient ( h=0.017 ) is described in Reid et al. (2007a).
An individually based particle-tracking model to simulate the capture process was
constructed using behavioural observations of 54 anglerfish captured from TV footage
from the wingends and along the sweeps. Detailed analysis of the recordings showed
that the fish did not appear to herd and many of the encounters with the wires were
passive. All fish in the path of the net were captured, whereas more than half of the
fish between the wings and the doors were not.

b) Estimation of escapes of fish under the trawl footrope
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The proportion of fish at-length that escaped below the gear was estimated from a se-
ries of experimental trawls using bags below the fishing line. These trials are described
in Reid et al. (2007b). Selectivity functions were fitted to these data in a GLM frame-
work assuming a Binomial distribution. A comparison of three selectivity functions
were made: simple logistic, asymmetric logistic (estimating an asymptote parameter)
however the simple logistic curve was found to be adequate for these data:

r(l) — eXp(ﬁo +ﬂ1|)
1+exp(B, + Bil)

Pwith (o= -3.21946 and (3:=0.11386.

This model was then applied to the length data from each survey to correct for those
fish that were likely to escape under the net as described above.

c) anglerfish abundance and biomass in the southern part of Division 6.a not
covered in 2005, 2008 and 2010;

Division 6.a were
derived from 2006, 2007 and 2009 when Ireland ¢
this area completely. The proportions of ab
Northern shelf were 8.6% in 2006, 13.6% i
biomass were 5.5% in 2006, 7.4% in 2007 an

e survey and covered
rea relative to the whole
in 2009; the proportions of

009. The averages of these pro-
portions (i.e. 8.7% for abundance an % ass) were used to raise the esti-
mates of the surveys in 2005, 2008 an en Scotland did not survey this area
and the Irish did not participate.

d) Estimation of anglesfi ndafice in areas closed to trawling at Rockall;

Visual counts of a i areas closed to trawling at Rockall have been carried out
desgribed in McIntyre et al. (in press). A deep-towed vehicle
was develop ith video, lights and other sensors, to enable visual sur-
00 m, at speeds of up to 3 knots and altitudes of up to 10 m

; is vehicle was used to survey large areas of the seabed around
Rockall, in ateas which are closed to trawling due to the presence of the deep-water
coral Lophelia pertusa. Counts were made from visual inspection of the TV footage. The
total area surveyed by video was calculated by summing the area surveyed every sec-
ond over the entire transect, the latter being calculated from the trapezoid between the
midpoints of one image frame and the next image frame a second later.

The number of anglerfish N ¢,y in closed area c in year y was estimated by:

Ney =APey
where A, is the surface area of the closed area ¢ (km?)
and [)C'y is the mean density of closed area c in year y, estimated from the survey in
year y as follows:

1 r]i,c,y

— 2. (11)
tc,y iec A,y

Pey =

where:
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tey is the number of tows in closed area c in year y
ficy is number of anglerfish recorded in tow 7 in closed area c in year y

Aiis the area of the seabed (km?) surveyed by the visual tow i in year y.

Biomass in these areas was calculated by multiplying the abundance by the average
weight of anglerfish in the adjacent trawl strata of each survey. The abundance and
biomass of anglerfish in the northwest Rockall closure was added to the estimates as
additional strata. The proportions of abundance and biomass in the northwest Rockall
closed areas relative to that in the adjacent two strata were then used to estimate the
abundance and biomass in the Empress of Britain bank closure.

Abundances in the closed areas surveyed between 2007 and 2011 have been estimated
by this method as 150-220 thousand fish, approximately 1% of anglerfish in numbers
on the Northern Shelf.

B.3.1.3 Estimation of length compositions

Each fish caught on the survey is measured and a umber-at-length,

N,, are estimated from the survey data in a simi aygfo the@btal numbers and bio-
mass:
RIS
seS ies r| V]_i +
The survey biomass indices a positions are currently for both L. piscato-

rius and L. budegassa co

B.3.2 North Sea IBTS 1 and NS-IBTS-Q3.
A full descripti@ Sea IBTS survey can be found on the ICES DATRAS
website: ht dk/Home/Descriptions.aspx.

Survey & acted for both anglerfish species, L. piscatorious and L. budegassa.
Scottish dataywere extracted from the database of the Marine Laboratory in Aberdeen
(Fisheries Survey System, FSS) while data for the other countries in the North Sea were
extracted from DATRAS. The Scottish data included those collected during the North
Sea survey in Q1 (1987-2017) and the North Sea survey in Q3 (1987-2017). The inter-
national data for the North Sea were available for Q1 (1987-2017) and for Q3 (1991-

2016). Survey coverage is shown in Figures 2-3.

For all surveys, a common approach was used in the derivation of the survey size com-
positions and abundance/biomass indices. In common with the approach used to de-
rive North Sea IBTS indices for use in other demersal fish stock assessments, the survey
indices for anglerfish are based on a subset of the statistical rectangles covered by each
survey (ICES, 2012d). An ‘anglerfish area’ was delineated comprising statistical rectan-
gles for which the mean catch rate of anglerfish over all hauls in the whole time-series
was 20.1 individual per hour (Figure 4).

The abundance index calculation follows the IBTS approach whereby the catch rate in
number per hour for each haul is averaged over all hauls within an ICES rectangle and
then averaged over all rectangles within the ‘anglerfish area’.


http://datras.ices.dk/Home/Descriptions.aspx
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In addition to the catch rate in number, the same procedure was used to calculate a
survey index in terms of catch weights using fish numbers and individual weights. The
latter were estimated from the L-W relationship obtained from the monkfish surveys
(conducted in 2013-2017):

W = 0.0372 L*77

where W is the individual weight (in g) and L is length (in cm).

B.4. Commercial cpue

B.4.1. Official logbook data

Previous length-based assessments attempted to use effort data to constrain the tem-
poral trend in fishing mortality. Scottish Light Trawl data, disaggregated into an in-
shore and offshore component, the latter of which is associated with the anglerfish

tails of the Scottish fleet effort recording problem
WGNSSK (ICES, 2001). Since these data are
sented here.

raliséd linear model are available for
sque fleet fishing in Subarea 6 from 2004
gler 2018). Fishing effort is calculated
inclusion of only trips where anglerfish were

Spanish lpue series standardised using a g
both L. piscatorius and L. budegassa fro
to 2016 and were presented at WKAng
as fishing days = trips*(days/tsgi

dings of the Basque fleet account for only 4% of the Sub-
2016) and currently do not address spatial changes in effort.

subareas, with at least two vessels in each) and was then averaged
annually forghe two ICES areas. The fishing effort is measured as number of gillnet
soaking days per year giving a catch (landing) rate in kg per gillnet soaking day, inclu-
sive precision measure.

B.5. Other relevant data
C. Assessment: data and method

C.1. Stock development index

Further work is required to develop an appropriate assessment which can account for
all the uncertainties and potential biases in the commercial fishery data. In the absence
of an analytical assessment, the Sco-IV-VI-AMISS-Q2 survey is considered to provide
the most appropriate biomass indicator for use in the ICES approach for the provision
of advice for category 3 data-limited stocks (ICES, 2012a).

Given the results of limited analysis conducted by WKLIFE (ICES, 2017), the 2-over-3
rule (average of the two most recent index values compared to the previous three) with
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application of the Uncertainty Cap and consideration of the Precautionary Buffer is
used as the basis for advice for this stock.

The index of total biomass (corrected for footrope escapes and herding) is used in the
advice rule.

C.2 Additional indicators
A harvest rate is calculated as total catch (weight) divided by Sco-IV-VI-AMISS-Q2 to-

tal biomass index. This is mean standardized and used as an indicator; to provide a
qualitative evaluation of fishing pressure.

D. Short-term projection

E. Medium-term projections

F. Long-term projections

G. Biological reference points

H. Other issues

In previous (‘catch-at-length’) assessments
to be at a very low level. The length data h

, the SSB was always estimated
been based on the UK landings
als over 80 cm appear in the catch
and therefore the model predicts very population. Since females do not ma-
ture until they are over 90 cm i the SSB was estimated to be very low. The
length data from the eastern

ing—stock bi@mass, yet there is little evidence of reduction in spatial distribution as fish
are still recruifimg to relatively inshore areas. Little is known about the location of the
main spawning areas or if there is any systematic migration of younger fish back into
deep waters to spawn. It has been hypothesized that females may become pelagic
when spawning as they produce a buoyant, gelatinous ribbon of eggs, and would
therefore not appear in the catch of trawlers. (Anglerfish have been caught near the
surface, Hislop et al., 2000). This would imply different exploitation patterns for males
and females: a dome-shaped pattern (decreased exploitation at larger sizes) for females
and a logistic pattern for males. It is also not known whether anglerfish are an iteropa-
rous or semelparous species. The latter would also account for the almost complete
absence of spawning females in commercial catches or research vessel surveys. If
spawning is occurring in deep water off the edge of the continental shelf may offer the
stock some degree of refuge. However, this assumes that the spawning component of
the stock is resident in the deep water, and is thus not subject to exploitation. It is not
known to what extent this is true, but if such a reservoir exists then the currently used
assessment methods which make dynamic pool assumptions about the population are
likely to be inappropriate.
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H.1. Historical overview of previous assessment methods

A length-based model was used up to 2003 (Dobby, 2002) but was subsequently aban-
doned due to lack of confidence in the landings data. Since then WGs have presented
trends from the Sco-IV-VI-AMISS-Q2 survey.
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Figure 1. Map of the northern continental shelf around th ving the areas surveyed
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Figure 2. Map of the proposed survey grid for all participants of the NS-IBTS-Q2.
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Figure 3. Map of osegd survey'grid for all participants NS-IBTS-Q3.
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Figure 4. North Sea@nglerfish atea for calculation of cpue indices.
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