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The methods used and the results, including estimates of ghost catches present at the time of retrieval, from Irish and UK (England
and Wales) gillnet retrieval exercises carried out in deep-water gillnet fisheries west of the British Isles are described. Summaries of the
exercises are currently found only in the grey literature, and there is a need to make them more widely available to the scientific
community. The fisheries are currently principally for anglerfish (mainly Lophius piscatorius), along with a small bycatch of deep-
water sharks [mainly leafscale gulper shark (Centrophorous squamosus) and Portuguese dogfish (Centroscymnus coelolepis)]. The
methods used and the results from retrieval exercises in the Norwegian Greenland halibut (Reinhardtius hippoglossus) gillnet
fishery are also presented. It is suggested that the efficiency of the Norwegian retrieval gear (which was used in all but one of the
retrieval exercises described) be investigated under a range of conditions using an attached underwater camera. The outcomes
from this could be used to improve the design of retrieval gear and future gillnet retrieval survey/mitigation exercises. Suggestions
are made to improve the format and interpretation of results from future retrieval surveys and to enhance their value to fishery man-
agers and stock assessment scientists. The importance of the continued need for structured gillnet retrieval exercises in deep-water
gillnet fisheries is emphasized, and suggestions are made for conducting future studies.
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Introduction
Gillnetting is a fishing method attractive to fishers because, as a
passive gear, gillnet use is fuel-efficient (Millner, 1985) and has
less impact on the seabed and benthic organisms than active
fishing methods such as trawling (Morgan and Chuenpagdee,
2003). Gillnets can also be very selective and have little impact
on small and juvenile fish (Millner, 1985). However, if gillnets
are lost, discarded, or abandoned, they can have a harmful effect
on the marine environment by continuing to “ghost fish”,
defined here as causing mortality of fish and other taxa after all
control of the fishing gear is lost by a fisher (Matsuoka et al.,
2005; Brown and Macfadyen, 2007).

Research into ghost fishing in European waters was carried out
between 1995 and 2002 through two projects funded by the
European Commission (EC): “FANTARED” (EC Project No.
94/095) and “FANTARED 2” (EC Contract FAIR-PL98-4338).
The outcome was that ghost fishing in depths ,200 m was not
a significant problem because lost, discarded, and abandoned

nets have a limited fishing life owing to their high rate of biofoul-
ing and, in some areas, their tangling by tidal scouring (Carr et al.,
1992; Erzini et al., 1997; Pawson, 2003; Revill and Dunlin, 2003).
No notable long-term research has been conducted on the effect
of ghost fishing in deeper water (Davies et al., 2007), but catches
from nets lost there are expected to stabilize to �20% of the
catch from actively fished nets after 45 days (Humborstad et al.,
2003). Such nets may continue to “fish” for periods of at least
2–3 years, and perhaps even longer (D. M. Furevik and
J. E. Fosseidengen, unpublished data), largely as a result of lesser
rates of biofouling and tidal scouring in deep water.

A more recent study entitled “DEEPNET” (Hareide et al., 2005)
reported evidence of ghost fishing by lost and abandoned gillnets
from the anglerfish (mainly Lophius piscatorius, but also Lophius
budegassa in more southerly waters) fishery on the continental
slope west and northwest of the British Isles. The reported high
incidence of lost, discarded, and abandoned nets was attributed
to unsustainable practices, including excessive length of nets
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being deployed, long soak times, and abandonment and dumping
of old nets. It was suggested that net loss could be mitigated by
introducing management controls, including restrictions on the
length of nets deployed and soak times, mandatory reporting of
lost nets, and introduction of protocols for net disposal.
Notwithstanding, interaction with other fishing vessels, particu-
larly trawlers, may be a major contributor to net loss, but the
extent of this problem in deep-water fisheries has not been inves-
tigated. In response to the DEEPNET report and associated articles
in the UK weekly Fishing News (Fishing News, 2005) and other
reports on ghost fishing (Brown et al., 2005), the EC introduced
an emergency temporary ban on all gillnet fishing at depths
.200 m in ICES Divisions VI and VIIb–k and Subarea XII east
of 278W (EC Regulation No. 51/2005). The North East Atlantic
Fisheries Commission (NEAFC) also agreed to extend these regu-
lations to its Regulatory Area. The EC management measures were
revised in 2006 and now include a permanent ban on all deep-
water gillnet fisheries at depths .600 m, effectively closing
fisheries for deep-water sharks (mainly the leafscale gulper shark,
Centrophorous squamosus, and the Portuguese dogfish,
Centroscymnus coelolepis) and also a red crab (mainly Chaceon
affinis) fishery, and imposing maximum limits on the length of
nets deployed and the soak time in the remaining fisheries at
depths ,600 m (EC Regulation No. 41/2006). At present, the
main deep-water gillnet fishery around Ireland and the British
Isles is for anglerfish and is prosecuted mainly by the UK,
French, Portuguese, and German vessels. A small (,5%)
bycatch of deep-water sharks is allowed in the fishery.

Following on from the results presented in the DEEPNET report,
Bord Iascaigh Mhara (BIM) in Ireland carried out two gillnet retrie-
val surveys (Rihan and Mulligan, 2005, 2006), and the UK’s Centre
for Environment, Fisheries and Aquaculture Science (Cefas) com-
pleted two retrieval surveys under its Fisheries Science Partnership
(FSP; Armstrong et al., 2008) of England and Wales (Large et al.,
2005, 2006). In a further response, the EC funded a 2-year project
(2007–2009) entitled “Recuperation of fishing nets lost or aban-
doned at sea” (EC Contract SI2.466030), or “DEEPCLEAN”, invol-
ving the Marine Institute (Ireland), Cefas, BIM, and the UK Sea Fish
Industry Authority (SFIA). The two principal objectives of the
project were to conduct (i) a targeted retrieval exercise of lost, dis-
carded, and abandoned nets in deep-water gillnet fisheries in the
Northeast (NE) Atlantic at depths .200 m, and (ii) structured
surveys to estimate the quantity and range of lost and abandoned
nets found and any ghost catches present in the nets at the time
they were retrieved.

The purpose of the present paper is to (i) describe the methods
used and the outcomes from the 2005 and 2006 BIM and Cefas
gillnet retrieval surveys and, for comparison, those from
Norwegian Greenland halibut (Reinhardtius hippoglossus) gillnet
retrieval exercises carried out annually since 1980 on the continen-
tal slope west of Norway, and (ii) identify implications for future
studies. The most recent Greenland halibut report available in
English is for the 2005 retrieval exercise (Misund et al., 2006),
and the methods and results from this are described below.

As information from all these surveys is mainly documented in
the grey literature and on various websites, there is a need to
publish their information more widely. Moreover, the current
paper complements that of Brown and Macfadyen (2007), which
focused on ghost fishing in European waters ,200 m and made rec-
ommendations on the general usefulness of retrieval surveys, but
had only limited coverage of deep-water fisheries. We argue that

the extrapolation of findings and management options suitable
for gillnet fisheries in shallow (.200 m) water is not appropriate
for deep-water fisheries owing to the issues identified here.

Material and methods
The recovery of lost and abandoned gillnets is usually attempted
by towing some form of “creeper” to hook the nets and provide
a means of bringing them to the surface. The retrieval gear used
in the BIM surveys and the Cefas survey in 2005 was that used
in the Norwegian retrieval surveys in the Greenland halibut
fishery, and it consisted of three grapnels connected by chains to
a steel bar (J. Kolle et al., unpublished data; Figure 1), attached
to a steel warp, and towed along the seabed at a speed of 1–2
knots, a technique called “creeping”. Normally, the length of
trawl warp extended was 1.5–2 times the observed depth, depend-
ing on weather and sea conditions. The gear was hauled when warp
tension meters on the winches showed increased loading, indicat-
ing that the grapnels may have captured fishing gear or become
partially fast on an underwater obstruction. After 4 h, the gear
was routinely hauled to check for signs of lost gear or damage.

For the Cefas survey in 2006, the method of deployment was
the same, but, at the request of fisher organizations contributing
to the FSP Steering Group, a single, large grapnel was used
because this was thought to be easier to handle in poor weather.
The design of the grapnel was identical to that of the three grapnels
used in the Norwegian gear, but to maintain a similar weight, the
grapnel was scaled up in size by 50% and attached to the warp by
18 m of chain. For the Irish survey in 2006, to increase the effi-
ciency of the creeper, particularly in relation to small panels of
netting, open shackles were attached to the chains attaching the
grapnels to the steel bar.

The Cefas and BIM surveys followed many of the general proto-
cols adopted for retrieval surveys in the Norwegian Greenland
halibut fishery (D. M. Furevik and J. E. Fosseidengen, unpublished
data). The state of retrieved fishing gear (new, damaged, panels,
dumped panels) and the dimensions of rope/cable/monofilament
line and wire were recorded. All species in ghost catches present
in the nets at the time they were brought aboard the vessel were
quantified by weight, number, and sex (the latter, crustaceans
only) and measured [total length for fish species and carapace
width (CW) for crabs]. The quality of the catch was assessed to

Figure 1. The Norwegian gillnet-retrieval gear.
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determine whether it was still fit for human consumption, using a
seven-stage scale developed by Humborstad et al. (2003) and
ranging from alive fresh (stage 1) to the presence of bone relics
(stage 7). To reduce damage to vulnerable benthos by the
sampling/retrieval gears, the areas surveyed were, according to the
literature and expert opinion, relatively free of cold-water corals
and, as far as practicable, carbonate mounds. The industry was
given advance notice of each survey and asked to remove all live
fishing gear from the designated survey areas for their duration.

Notwithstanding, there were a number of important differences
between the Cefas and BIM surveys and the Norwegian retrieval
exercises, and these are summarized below.

Cefas surveys in 2005 and 2006
The Cefas retrieval surveys carried out in September 2005 at
Rosemary Bank and in July 2006 at Porcupine Bank (Figure 2)
were targeted at areas of intense deep-water gillnet activity in the
UK anglerfish and deep-water shark fisheries, as indicated by
vessel monitoring system (VMS) data. The surveys were structured
to provide an estimate of the quantity of lost, abandoned, and

discarded gillnets on the main fishing grounds in each survey
area and stratum. Tows along transects were stratified by depth,
the two strata corresponding to the depth range of the anglerfish
fishery (400–800 m for Rosemary Bank, 200–800 m for
Porcupine Bank) and the deep-water shark fishery (800–
1200 m) in both areas. This approach allowed captured fishing
gear to be quantified [number and length of nets and other gear
(longlines, dahn lines, anchors, wire) per kilometre crept] and
compared by depth stratum. For retrieved gillnets, mesh size was
used to further attribute gear to a fishery [anglerfish fishery, nets
of 250–280-mm mesh; shark fishery, nets of 220-mm mesh;
hake (Merluccius merluccius) fishery, nets of 120-mm mesh].

BIM survey in 2005
The BIM survey in August/September 2005 was intended to take a
depth-stratified approach in survey areas southeast of Rockall and
northwest of Porcupine Bank (Figure 3), but this was subsequently
modified to cover a greater depth range and to include areas south
and west of Porcupine Bank (not shown), where lost gear had been
reported from industry sources, originating inter alia from Spanish

Figure 2. Cefas gillnet-retrieval surveys in 2005 and 2006. The survey areas (top left) and geographic positions of completed creeping transects
(straight black lines running across contours) within each area along transects at Rosemary Bank (bottom left) in 2005, and west of Porcupine
Bank (top right) and southwest of Porcupine Bank (bottom right) in 2006 (bathymetric contours shown apply to all three areas).
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gillnetters and longliners, and Irish and Spanish trawlers, before
the survey commenced. Experience from Norwegian retrieval
surveys in the Greenland halibut fishery had shown that a more
targeted approach yielded better success in terms of the quantity
of lost gear recovered (Misund et al., 2006). Therefore, we interpret
this survey as a hybrid approach, incorporating a stratified survey
design along with a gear-mitigation exercise aimed at maximizing
the amount of gillnetting retrieved.

BIM survey in 2006
The BIM survey in July/August 2006 covered the eastern slopes of
Rockall and Porcupine Banks (Figure 4). The depth covered

ranged between 200 and 1600 m and comprised three strata:
,400, 400–800, and 800–1600 m. As very little information on
the positions of lost gear was available, it is treated as a survey
rather than a hybrid survey/mitigation exercise. Most of the
creeping was conducted randomly inside the designated sampling
areas.

Norwegian Greenland halibut gillnet retrieval exercise
in 2005
The Norwegian Greenland halibut gillnet retrieval exercise in
2005 was a mitigation exercise, with the single aim of retrieving
as much lost fishing gear as possible at positions where fishers

Figure 3. BIM gillnet-retrieval surveys in 2005. Survey areas southeast of Rockall Bank and northwest of Porcupine Bank (see inset) and the
geographic positions of completed creeping transects (straight black lines running across contours) within each area.
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had reported lost nets. Each year, the Norwegian Directorate of
Fisheries sends out a questionnaire to the local fishers’ organiz-
ations to collect information on the position and number of lost
nets. This exercise frequently yields little valid information; since
2000, the Directorate has hired fishery consultants to carry out a
survey of fishers to collect information on the position and
amount of lost gear. For the 2005 exercise, fishing skippers of
235 gillnet vessels were contacted, and 62 retrieval hauls were
conducted at positions where fishers had reported lost nets
(Figure 5).

Results
2005 Cefas survey on and around Rosemary Bank
All the northern transects and 84% of the planned tow distance on
Rosemary Bank were completed. The distribution of completed

creeping effort by survey subarea and depth stratum is summar-
ized in Table 1, and the geographic positions of completed tows
are shown in Figure 2.

No lost or abandoned fleets or whole/complete panels of gill-
nets were retrieved from tows along transects. Retrieved fishing
gear consisted of three small (1–4 m2) fragments of gillnet, part
of a codend, a section of longline (400 m), a small piece of trawl
wire (,2 m), a length of cable from a trawl (200 m), a section
of unidentified wire, and a crab pot. Given the small amounts of
fishing gear retrieved, a full quantitative analysis of retrieved
gear km21 crept by depth stratum was considered to be inap-
propriate. The fishing gear retrieved appeared not to be new, but
it was not possible to determine whether it had been abandoned
or lost. Of the three fragments of gillnet retrieved, two were of
the mesh size used in the anglerfish fishery (280 mm) and the

Figure 4. BIM gillnet-retrieval surveys in 2006. Survey areas on the eastern slopes of Rockall and Porcupine Banks (bottom right), and
geographic positions of completed creeping transects (straight black lines running across contours) within each area.
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other was of a mesh size 60 mm less than that used in the deep-
water shark fishery (220 mm).

The only ghost catch present when fishing gear was brought
aboard the vessel was a single deep-water red crab in the crab
pot, which was retrieved in the shallow stratum on the eastern
part of Rosemary Bank.

2005 BIM survey at Rockall and Porcupine Banks
In all, 54 tows were completed in depths of 400–1300 m and
covering a distance of 320 km (Table 2). Fishing gear of various
types was retrieved from 17 of the 54 tows completed. Some 648
gillnet panels were recovered, with an estimated total length of
35–40 km. Most of these (630) were recovered from three fleets
retrieved, two of which were classified as anglerfish nets (mesh
size 280 mm) recovered in 400–800 m from the Rockall area.
The third fleet (8 km long) was taken at Porcupine Bank at a

depth of 800–1300 m, and this was classified as a shark net. The
average mesh size of this net was 155 mm, considerably smaller
than the 220-mm legal minimum mesh size required at that
time in the shark fishery (EC Regulation 850/1998). Other
fishing gear taken included 100 m of longline southeast of
Rockall and various short lengths (,400 m) of trawl cable,
warp, and wire, mainly at Porcupine Bank.

At the time the gillnets were brought aboard the vessel, the total
ghost catch of fish and crustaceans by weight was 14.3 t, and the
main species were leafscale gulper shark (6.2 t), anglerfish
(2.3 t), Greenland shark (Somniosus microcephalus; 1 t), and box
crab (Paramola cuvieri; 2.2 t). Most of the box crabs (exact
numbers were not reported) were alive, and from a sample of
57 crabs measured, 17 were males (CW range: 6–15 cm, mode:
11 cm) and 40 were females (CW range: 5–10 cm, mode:

Table 2. BIM 2005 survey: total distance towed (km) by survey
area and depth stratum.

Survey area
Upper slope stratum

(400 – 800 m)
Deep stratum
(800 – 1300 m) Total

Southeast Rockall 63 33 96
Northwest Porcupine 16 78 94
South Porcupine 80 50 130
Total 159 161 320

Figure 5. Positions of lost nets reported in the Norwegian Greenland halibut gillnet fishery in 2005 (after Misund et al., 2006).

Table 1. Cefas 2005 survey: total distance towed (km) by survey
area and depth stratum.

Survey area
Upper slope stratum

(400 – 800 m)
Deep stratum
(800 – 1200 m) Total

Rosemary Bank 100 59 159
Northern transects 0 69 69
Total 100 128 228
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8–9 cm). The total ghost catch of fish was 11 t, of which 62%
(5.5 t) was considered unfit for human consumption. The pro-
portion of decayed fish varied between species, depth stratum,
and area. The greatest proportion of decayed fish was in the fleet
hauled south of Porcupine at a depth of 1000–1100 m, where
.70% (4.3 t) of leafscale gulper sharks were decayed and unfit
for consumption. From a sample of 90 fish measured, 62 were
males (length range: 89–119 cm, mode: 105–109 cm) and 28
were females (length range: 87–119 cm, no clear mode). Almost
all (99%) the anglerfish were taken from a single fleet retrieved
from 650–800 m southeast of Rockall, and of these, half were
deemed unfit for human consumption; most were dead and
severely damaged or consisted of bone relics (actual numbers
were not reported). The length range of sampled fish (sample
size not recorded) was 50–125 cm, and the modal length was
70–74 cm. All the deep-water crabs were fit for human consump-
tion. The average ghost catch (fish and crustaceans) in each gillnet
panel at the time of net recovery was estimated to be 22 kg.

2006 Cefas survey at Porcupine Bank
The targeted transects (Figure 2) in each depth stratum west of
Porcupine Bank were 100% completed, and those southwest of
Porcupine Bank were 91% completed. The distribution of com-
pleted creeping effort, expressed in kilometres by survey area
and depth stratum, is summarized in Table 3.

Several technical problems were encountered during the survey.
The single grapnel repeatedly became fast in clay substrata in
the 800–1200-m depth stratum west of Porcupine Bank. This
problem was resolved by switching temporarily to a smaller
grapnel taken from the Norwegian retrieval gear. Moreover,
some of the grapnel prongs (both large and small grapnels)
became distorted mainly on hard or clay substrata. However,
even when distorted, the gear continued to entangle fishing gear.
When the distortion became particularly severe, a new grapnel
was fitted (three large grapnels were used during the trip). A
further problem was that warp tensions were rather high (3–5 t)
at depths .600 m in both survey areas, making any changes in

warp tension through contact with fishing gear difficult to
detect. An additional technical problem was that a winch seal
failed while operating in the 800–1200-m depth stratum
southwest of Porcupine Bank; as a result, it was not possible to
monitor warp tensions from tow 79 to the last completed
tow (116).

Only fragments of gillnets totalling 34 km long were retrieved;
no complete fleets were retrieved. Gillnet fragments recovered
included small parts of net a few square metres in area, short
lengths of headline or leadline with some netting attached, or
occasionally both headline and leadline with netting attached.
The total length of fishing gears retrieved is summarized by area
and depth stratum in Table 4. Almost all (33.5 km) recovered gill-
nets had a mesh size of 270–290 mm, suggesting that they were
from the anglerfish fishery (mesh size 280 mm), although some
were taken in the deep stratum. No nets from the shark fishery
(mesh size 220 mm) were retrieved. Some relatively small parts
of gillnets (,0.5 km) taken in 200–800 m at southwest
Porcupine may have been from the hake fishery (mesh size
120 mm). All nets retrieved appeared not to be new, but it was
impossible to determine whether they were discarded or lost
because fragments were not labelled with vessel names (current
legislation requires labelling of individual fleets, but not all parts
of a fleet). Most (exact number not recorded) longlines retrieved
had hooks, but occasionally hooks were absent, suggesting that
they had been stripped and discarded. Trawl gear, mainly warp,
was only retrieved from southwest of Porcupine Bank. On one
transect, a large unknown quantity of trawl warp was brought to
the surface (measurement was not possible because it was too
heavy to retrieve), but had to be cut free and released.

Data on the length of fishing gear retrieved per kilometer of
transect are compared by area and depth stratum in Table 4.
Values for trawls and longlines in the shallow stratum southwest
of Porcupine are conservative, because they exclude gears that
could not be retrieved (see above). The greatest density of gear
observed was for longlines in the upper slope stratum at southwest
Porcupine. Longlines were also relatively abundant in the deep
stratum at west Porcupine. Gillnets were found in all strata and
areas and were particularly abundant in the upper slope stratum
southwest of Porcupine.

Ghost catches were found at the time of retrieval in five of the
12 gillnet fragments retrieved, but almost all were small numbers
(,25 specimens per fragment, but one large catch of �2600 speci-
mens) of deep-water crab, mainly Geryon trispinosus, all of which
were males (CW range: 7.5–9.9 cm, n ¼ 72) and most were alive
(exact numbers alive and dead were not recorded).

Table 3. Cefas 2006 survey: total distance towed (km), by survey
area and depth stratum.

Survey area
Upper slope stratum

(200 – 800 m)
Deep stratum
(800 – 1200 m) Total

West Porcupine 298 298 596
Southwest Porcupine 228 233 461
Total (km) 526 531 1057

Table 4. Cefas 2006 survey: length (km) of fishing gear retrieved per km transect, and total length of fishing gear retrieved (km), by survey
area and depth stratum.

Survey area Gear type

Upper slope stratum (200 – 800 m) Deep stratum (800 – 1200 m)

Length (km) retrieved
per km transect

Total length
retrieved (km)

Length (km) retrieved
per km transect

Total length
retrieved (km)

West Porcupine Gillnet 0.026 7.8 0.025 7.5
Longline 0.002 0.5 0.057 17.0
Trawl 0 0 0 0

Southwest Porcupine Gillnet 0.059 13.5 0.024 5.5
Longline 0.083 19.0 0 0
Trawl 0.002 0.4 0.003 0.6
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2006 BIM survey at Rockall and Porcupine Banks
In all, 137 tows were completed in depths of 200–1300 m, with a
total length of 885 km (Table 5). The tows averaged 2.03 h
(SEM ¼+0.12 h) (revised by DJR, pers. comm.).

Fishing gear of various types was retrieved from 26 of the 137
tows completed, including some longlines (totalling 0.4 km) and
rope (4.9 km). The total number of gillnet panels recovered was
239, with an estimated total length of 12 km. No complete fleets
of nets were retrieved. No gillnet panels/fragments were found
in the shallow (,400 m) or the deep stratum (800–1600 m), in
all three areas surveyed (Table 5). Gillnets were only found in
the intermediate depth stratum (400–800 m), with greatest abun-
dance southeast of Rockall, and all were of the mesh size used in
the anglerfish fishery (�280 mm). The type of lead line found in
one tow suggested that the net panels retrieved (30) may have
been lost or abandoned .5 years earlier. The ghost catch at the
time of retrieval comprised three C. affinis (condition, sex, and
CW not recorded). A bale of discarded stripped netting (no head-
line or footrope) of mesh size 100 mm was recovered from the
400–800-m depth stratum at south Porcupine.

None of the gillnets retrieved contained fish. There was a total
catch of 0.25 t of deep-water crab in gillnets retrieved from 400–
800 m southeast of Rockall. Most (71%) were toothed rock
crabs (Cancer bellanius) [sex ratio¼ 0.97 males: 0.03 females;
CW range: males 14–20 cm (mode 18 cm), females 12–19 cm
(mode �16–17 cm); n ¼ 213], and box crabs (P. cuvieri; 22%)
[sex ratio ¼ 0.59 males: 0.41 females; CW range: males 8–18 cm
(mode 12 cm), females 8–10 cm (mode �9–10 cm); n ¼ 66].
Apart from those damaged by retrieval, most were alive (exact
numbers were not recorded).

Norwegian Greenland halibut gillnet retrieval exercise in
2005
In all, 536 gillnet panels were retrieved. This amounted to some 12
fleets of gear (calculated assuming that each fleet consisted of 35
nets of average length 30 m; Misund et al., 2006), with an
overall total length of �13 km. Of these, 434 were Greenland
halibut nets retrieved from depths of 500–800 m, along with
quantities of longlines, dahn lines, and anchors. It was estimated
that �80% of the retrieved gillnets originated from the fishery
that year (i.e. 2005).

Approximately 2.9 t of fish and crustaceans was found in the
nets at the time of retrieval, 2.5 t of which was Greenland
halibut and 42% of which was still alive. The fish (all species)
caught per fleet varied between 0 and 1500 kg, averaging
�200 kg fleet21. The species composition of crustaceans and bio-
logical data (length distributions, etc.) for fish and crustaceans
were not reported.

Discussion
The primary purpose of this paper is to review the methods used
and the outcomes from the BIM and Cefas gillnet retrieval surveys
carried out in 2005 and 2006 along with the Norwegian gillnet
retrieval exercises carried out annually, and to identify impli-
cations for future studies.

Since the recent EU ban on gillnetting at depths .600 m, there
have been few deep-water gillnet fisheries in the NE Atlantic. Apart
from the fishery for anglerfish already mentioned, the only other
major fishery is the Norwegian fishery for Greenland halibut. In
that fishery, it has been demonstrated that it is possible to retrieve
gillnets (using the gear shown in Figure 1) with reasonable effi-
ciency (Misund et al., 2006), but experience has shown that it is
important to have good information on the quantity of lost gear
and the positions where it was lost. Notwithstanding, the location
and retrieval of these nets can be time-consuming, given that the
fickle nature of currents on the continental slope (where most
nets are lost) can result in a need to cover an area up to 4 km2

around the reported location of gear loss to contact and retrieve
the nets. A cumulative total of 10 784 gillnet panels (totalling
�320 km) was retrieved from Norwegian Greenland halibut
fishing grounds during 1983–2003 (Misund et al., 2006), and
this outcome demonstrates how, given appropriate reporting pro-
cedures and retrieval mechanisms, a high level of cooperation
between fishers and fisheries authorities can result in reducing
the potential environmental and ghost-fishing impacts of lost
deep-water gillnets.

In common with the results from the Greenland halibut retrie-
val surveys, the results from the Cefas and BIM surveys in the
anglerfish fishery are mostly documented in the grey literature,
but also on various websites, and are available in a range of
formats and detail. An attempt has been made here to standardize
these formats, but this has not always been possible. However,
there is sufficient comparability to attempt to review major out-
comes and to identify implications for future studies. This is
attempted by breaking down the surveys into three major com-
ponents: (i) retrieval gear design, operation, and efficiency; (ii)
survey design and protocols; and (iii) the format and interpret-
ation of results.

Retrieval gear design, operation, and efficiency
A wide range of retrieval gears has been used in retrieval surveys in
shallow-water fisheries (Brothers, 1992; Anon., 2002; Tschernij
and Larsson, 2003; Brown et al., 2005), but it is unlikely that
such gears are sufficiently heavy, robust, and tangle-proof to be
used in deep water. Some of the designs include chains and
anchors towed with trawl doors or between two vessels in much

Table 5. BIM 2006 survey: distance (km) towed, and the number of gillnet panels retrieved per km towed, by survey area and depth
stratum.

Survey area/depth
stratum

<400 m 400 – 800 m 800 – 1600 m

Distance
towed (km)

Number of panels
retrieved per km

towed
Distance

towed (km)

Number of panels
retrieved per km

towed
Distance

towed (km)

Number of panels
retrieved per km

towed

Southeast Rockall 44 0 57 1.2 102 0
Northwest Porcupine 20 0 180 0.2 206 0
South Porcupine 30 0 161 0.2 85 0
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the same way as a trawl. Such systems have advantages in ground
coverage, but are likely to rotate or tangle in deeper water.

All indications are that the most appropriate gear for use on
deep-water gillnet retrieval surveys is the Norwegian retrieval
gear. However, although this type of gear has been tried and
tested extensively in the Norwegian Greenland halibut fishery,
those surveys are mitigation surveys where several attempts are
made to retrieve lost gear at a known location. The retrieval
gears used by fishers to retrieve their own lost nets are also used
in the same way. In contrast, an important aim of future studies
is likely to be to conduct structured surveys to estimate the quan-
tity and range of lost and abandoned nets in the fisheries investi-
gated. Little is known about the efficiency of the Norwegian
retrieval gear when operated continuously along transects, for
example.

A particular concern is that the Irish and Cefas surveys fre-
quently retrieved parts of gillnets, which often consisted of small
fragments of net a few metres square, short lengths of headline
or leadline with some netting attached, or occasionally both head-
line and leadline with netting attached. One explanation is that the
gillnet fragments retrieved were from complete fleets that parted
on contact with the retrieval gear. Another explanation is that
the retrieved pieces could be gillnet fragments discarded by
fishers as they replaced old, damaged, or worn sections of netting.

Another possible explanation if whole gillnet fleets are being
contacted but not retrieved is tow duration. The maximum tow
duration when no major changes in warp tension (indicating
contact with fishing gear or snagging on seabed obstructions,
etc.) were recorded was 4 h in most surveys, after which the gear
was hauled to the surface and examined. Perhaps gillnets were con-
tacted by the retrieval gear without (for whatever reason) a clear
change in warp tension monitored on the vessel. If this happens,
a fleet could be towed for some time and disintegrate. If this is a
problem, it may be appropriate to reduce the maximum tow dur-
ation to �2 h, although this would have an adverse effect on
survey coverage, particularly in very deep water because of the
additional time needed to deploy and retrieve the gear. Another
problem may be that the lifting of nets from the seabed to the
surface may be less successful in deeper water in poor weather.
However, gillnet fragments were retrieved in both deep and
shallow water and in ideal and non-ideal weather conditions.

A further concern is that the angle of a transect to contacted
gillnet fleets may impact on retrieval efficiency. Information
from scientific observers on UK gillnetters suggest that fishers gen-
erally set gillnets parallel to slope contours, particularly on steep
slopes (C. Garrod, Cefas, pers. comm.). Consequently, transects
running directly down the slope (as in the Cefas surveys, for
example; see Figure 2) will mainly contact nets at an angle of
around 908, and this may not be the optimum angle for retrieval
efficiency. The point of contact on a fleet (middle or close to the
end) may also impact on retrieval efficiency. Another factor that
may impact on efficiency is the continued use of grapnels with
bent prongs. In future surveys, the design of the grapnel prongs
should be modified and strengthened to minimize bending, but
if this cannot be achieved, the grapnels should be replaced
immediately after bending occurs.

To address the above concerns, the efficiency of the Norwegian
retrieval gear under various conditions could be investigated using
an underwater camera mounted in a buoyed frame connected by
wires to the retrieval gear. Short fleets of gillnets could be shot
in a predefined area and the creeper with camera attached towed

through the nets at different angles, at different points of contact
with the gillnet fleet, and for different tow durations (to mimic
dragging a net). The results from these efficiency trials would
provide valuable information to facilitate the design and efficiency
of future retrieval surveys and the future development of improved
retrieval gears.

Survey design and protocols
Two important aims of future retrieval studies are likely to be to
conduct structured surveys to estimate the quantity and range of
lost and abandoned nets in identified fisheries (survey com-
ponent), and to carry out a retrieval exercise of lost, discarded,
and abandoned nets in deep-water gillnet fisheries (mitigation
component). For the mitigation component, information should
be collected from fishers and fisher organizations, and creeping
should be carried out at locations where fishers have reported inci-
dences of lost or abandoned nets. Ideally, protocols, codes of
conduct, or even regulations could be introduced to encourage
the automatic reporting of position data for lost nets, although
there will probably remain a need to supplement this with infor-
mation from questionnaires and/or interviews with skippers.
Regarding the survey component, the survey areas should be
depth- or area-stratified according to the level of gillnetting
activity in each depth/area stratum, as indicated by VMS and
logbook data, and sampling should be weighted towards strata
of high activity. The selection of areas should not be based on a
priori information on lost nets reported by fishers or on reported
competition for fishing grounds between different vessels using
different fishing gears, because this would bias upwards any
survey estimates of lost and abandoned nets from that fishery.
However, areas exhibiting high competition between gears could
be treated as a separate stratum in the overall survey design.
Once the survey areas and depth/area strata have been identified,
creeping can either be random or follow a transect grid. Attention
should be paid to avoiding submarine cables and areas of vulner-
able habitats, cold-water corals, and carbonate mounds, for
example.

Following from the information from scientific observers on
UK gillnetters that transects running directly down the continental
slope will mainly contact nets at an angle of around 908, the results
from efficiency trials, such as suggested above, could throw light
on whether this is the optimum angle for creeper efficiency. If
retrieval efficiency is greater at, say, an angle of 458 to the net,
then sawtooth-shaped transects may be more appropriate.

Finally, whenever both approaches (survey or mitigation) are
used on the same trip, the results need to be presented separately
to improve the clarity of outcomes.

Format and interpretation of results
The results available from the surveys reviewed here are difficult to
interpret because, to a large extent, the surveys had different aims
and the results were presented in different formats. The sole aim of
the Cefas surveys was to carry out a depth-stratified evaluation of
the quantity and mesh size of lost and abandoned gillnets in pre-
defined areas where there had been intense gillnet fishing, as indi-
cated by VMS data. The Irish survey in 2005 was a hybrid approach
incorporating a stratified survey design and a gear-mitigation exer-
cise aimed at maximizing the quantity of gillnetting retrieved. For
the 2006 Irish survey, very little accurate information on the pos-
itions of lost gear was available, so most creeping was random
within the survey area. Therefore, it seems reasonable to assume
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that that was more of a survey than a mitigation exercise. In con-
trast, the Norwegian surveys are solely a mitigation exercise aimed
at retrieving nets at locations identified by fishers.

A further problem is that the units used to quantify results
could be improved for all the surveys reviewed here. There is
frequently mention of the number of gillnets in survey reports
when this is actually the number of gillnet panels. The important
quantitative factor is the number and total length of the gillnet
fleets retrieved. Moreover, if the total length of fleets retrieved
is expressed per kilometer of transect distance, this gives some
idea of the relative scale of the lost and abandoned gillnet
problem between different depth/area strata and fisheries.
Further, a useful statistic for fishery managers (who are requested
to commission and fund retrieval surveys) would be the relation-
ship between the total length of gillnets lost/retrieved and the
total length of gillnets shot within the fishery in a year.
However, deriving such estimates may not be straightforward.
Fisheries often extend over large areas, so, to cover an entire
fishery, retrieval surveys would have to be extensive and conse-
quently prohibitively expensive. This is why previous surveys
have generally targeted areas of high VMS activity. However, if
estimates of the extent of lost nets in the entire fishery are required,
either areas of low and medium activity may also have to be
sampled or some means of extrapolating the results from areas
of high VMS activity to these other areas will have to be developed.
This could be achieved by applying a raising factor such as the total
length of nets shot annually in unsampled areas to the ratio of
the total length of gillnets lost/retrieved and the total length of
gillnets shot within areas of high VMS activity. An alternative
would be to use a swept-area approach, although this would
again require sampling in all strata to avoid introducing bias.

Fishery managers and assessment scientists are also interested
in obtaining estimates of the total annual ghost catch so that it
can be incorporated into estimates of total removals by a fishery.
A crude estimate could be derived by raising observed ghost
catches in nets retrieved on surveys to the estimated annual total
length of nets lost in the fishery. However, this would be an under-
estimate because it would not take into account the cumulative
ghost catch in a net over a year or the fact that some nets may
have been lost for many years and may have continued to ghost
fish over several years. If a more accurate estimate is required,
experimentation will be needed to quantify the cumulative ghost
catches over time, along with some means of determining how
long each retrieved net had been lost or abandoned.

Referring to the actual results presented here, those from
the Cefas and Irish surveys in 2006 should be interpreted
with caution, because the EC introduced a temporary ban on
gillnetting at depths .200 m in Divisions VIa,b and VIIb,c,j,k
on 1 January 2006 [EC Regulation 51/2005; note that this was
extended to 600 m on 1 January 2007 (EC Regulation 41/2006)
and remains in force], and this may have impacted the results
from these surveys. Notwithstanding, the results from the four
surveys, particularly when considered in terms of lost fleets
rather than gillnet panels, suggest that the scale of lost and aban-
doned gillnets and the related incidence of ghost fishing, particu-
larly of fish species, may have been low in the deep-water shark
fishery, but higher in the deep-water anglerfish fishery around
Ireland and the British Isles. However, no firm conclusions can
be drawn until the efficiency of the Norwegian retrieval gear is
evaluated and more extensive surveys and mitigation exercises
are carried out.

Conclusion
A recent paper on ghost fishing in European waters (Brown and
Macfadyen, 2007), using a cost-benefit model to assess the relative
cost effectiveness of different management measures, concluded
that gear retrieval programmes may provide less value for
money than management responses such as preventative
measures. They also concluded that rates of permanent net loss
appeared to be low (,1% of nets deployed), largely as a result
of financial motivation for fishers not to lose costly gear in the
first place and the use of GPS to aid self-recovery of nets when
they were lost. They also argued that the level of ghost catches
made by lost nets is generally low and declines rapidly once nets
have been lost, because many static-net fisheries take place in
shallow water, where storm and tide action can quickly roll up
the nets, and bio-fouling reduces their catching efficiency.
Although Brown and Macfadyen (2007) report that some fisheries
operating in deep water appear to be a particular cause for concern
because of a greater rate of net loss and a persistence to ghost fish,
this is not clearly reflected in their overall conclusions for
European waters, because those are based almost exclusively on
gillnet fisheries on the European continental shelf. In deep-water
gillnet fisheries, the potential loss of nets is much greater. Poor
weather in exposed seas, the potential for gear conflicts between
high-seas fisheries, the scope for persistent ghost fishing (there is
little storm or tide scouring), and low rates of bio-fouling,
coupled with the difficulties in retrieving nets in deep water,
suggest that lost and abandoned gillnets are likely to account for
a significantly greater proportion of the total nets operating, and
result in considerable and persistent biological impacts through
ghost fishing. The latter is a particular concern if deep-water fish
species are taken as bycatch, because most are long-lived, slow-
growing, have low reproductive capacity, and, therefore, are
highly vulnerable to exploitation (Merrett and Haedrich, 1997;
Koslow et al., 2000; ICES, 2001).

In our opinion, there remains a need to conduct structured
surveys in deep-water gillnet fisheries to estimate the quantity
and range of lost and abandoned nets and to evaluate their biologi-
cal impact. Fishery managers would then be better informed as to
the appropriateness and frequency of retrieval mitigation exercises
and the additional mortality attributable to ghost fishing. In this
context, we note that even in the highly regulated and long-
standing Norwegian fishery for Greenland halibut, ghost fishing
is perceived to be of sufficient concern to warrant annual
net-retrieval exercises.

Acknowledgements
This work was carried out with financial support from the
Commission of the European Communities open call for
tenders “FISH/2006/15/Lot No.5”, SI2.466030 “Recuperation of
fishing nets lost or abandoned at sea” (DEEPCLEAN). It does
not necessarily reflect the views of the European Commission,
and in no way anticipates the Commission’s future policy in this
area. We thank Mary J. Donohue and an anonymous reviewer
for useful comments and suggestions on the submitted draft.

References
Anon. 2002. Preliminary assessment of the scale of ghost fishing off the

Irish coast, November–December 2002. BIM Internal Report. 8 pp.

Armstrong, M. J., Payne, A. I. L., and Cotter, J. R. 2008. Contributions
of the fishing industry to research through partnerships. In
Advances in Fisheries Science—50 years on from Beverton and

332 P. A. Large et al.



Holt, pp. 63–84. Ed. by A. Payne, J. Cotter, and T. Potter. Blackwell
Publishing, Oxford. 546 pp.

Brothers, G. 1992. Lost or abandoned fishing gear in the
Newfoundland aquatic environment. Marine Stewardship in the
Northwest Atlantic. Presented at the Symposium on Marine
Stewardship in the Northwest Atlantic, St John’s, Newfoundland,
November 1992.

Brown, J., and Macfadyen, G. 2007. Ghost fishing in European waters:
impacts and management responses. Marine Policy, 31: 488–504.

Brown, J., Macfadyen, G., Huntington, T., Magnus, J., and Tumilty, J.
2005. Ghost fishing by lost fishing gear. Final report to DG
Fisheries and Maritime Affairs of the European Commission,
Fish/2004/20. Institute for European Environmental Policy/
Poseiden Aquatic Resource Management Ltd Joint Report.

Carr, H. A., Blott, A. J., and Caruso, P. G. 1992. A study of ghost gill-
nets in the inshore waters of southern New England. In MTS ‘92:
Global Ocean Partnership, pp. 361–367. Marine Technology
Society, Washington, DC.

Davies, A. J., Roberts, J. M., and Hall-Spencer, J. 2007. Preserving
deep-sea natural heritage: emerging issues in offshore conservation
and management. Biological Conservation, 138: 299–312.

Erzini, K., Monteiro, C. C., Ribeiro, J., Santos, M. N., Gaspar, M.,
Monteiro, P., and Borgues, T. C. 1997. An experimental study of
gillnet and trammel net ‘ghost fishing’ off the Algarve (southern
Portugal). Marine Ecology Progress Series, 158: 257–265.

Fishing News. 2005. Monks slaughter in deepwater fishery. Fishing
News, 11 March 2005.

Hareide, N-R., Garnes, G., Rihan, D., Mulligan, M., Tyndall, P., Clark,
M., Connolly, P., et al. 2005. A preliminary investigation on shelf
edge and deep-water fixed net fisheries to the West and North of
Great Britain, Ireland, around Rockall and Hatton Bank. Bord
Iascaigh Mhara, Fiskeridirecktoratet, NEAFC, Sea Fish Industry
Authority, Joint Nature Conservation Committee, Marine
Institute Foras na Mara. 47 pp.

Humborstad, O-B., Løkkeborga, S., Hareide, N-R., and Furevik, M.
2003. Catches of Greenland halibut (Reinhardtius hippoglossoides)
in deep-water ghost-fishing gillnets on the Norwegian continental
slope. Fisheries Research, 64: 163–170.

ICES. 2001. Report of the ICES Advisory Committee on Fishery
Management 2000. ICES Cooperative Research Report, 242.
911 pp.

Koslow, J. A., Boehlert, G., Gordon, J. D. M., Haedrich, R. L., Lorance,
P., and Parin, N. 2000. Continental slope and deep-sea fisheries:
implications for a fragile ecosystem. ICES Journal of Marine
Science, 57: 548–557.

Large, P. A., Randall, P., Doran, S., and Houghton, C. 2006.
Programme 12: Western Edge Ghost Nets (gillnet retrieval).
Fisheries Science Partnership Report. http://www.cefas.co.uk/
media/40274/fsp200607prog12gillnetrerievalsurveyfinalreport.
pdf.

Large, P. A., Revill, A., Randall, P., Armstrong, M., and Houghton, C.
2005. Programme 5: Western Edge Ghost Nets (gillnet retrieval).
Fisheries Science Partnership Report. http://www.cefas.co.uk/
media/38022/fsp200506-prog-5-gill-net-rerieval-survey-final-
report.pdf.

Matsuoka, T., Nakashima, T., and Nagasawa, N. 2005. A review of
ghost fishing: scientific approaches to evaluation and solutions.
Fisheries Science, 71: 691–702.

Merrett, N. R., and Haedrich, R. L. 1997. Deep-Sea Demersal Fish and
Fisheries. Chapman and Hall, London. 282 pp.

Millner, R. S. 1985. The use of anchored gill and tangle nets in the sea
fisheries of England and Wales. MAFF Directorate of Fisheries
Research, Lowestoft, UK, Laboratory Leaflet, 57. 27 pp.

Misund, R., Kolle, J., Haugen, S., and Hareide, R. 2006. The
Norwegian retrieval survey for lost gillnets 2005. Report from the
Norwegian Directorate for Fisheries, March 2006. 19 pp.

Morgan, L., and Chuenpagdee, R. 2003. Shifting Gears: Addressing the
Collateral Impacts of Fishing Methods in US Waters. Pew Science
Series, Island Press, Washington, DC. 42 pp.

Pawson, M. G. 2003. The catching capacity of lost static fishing gears:
introduction. Fisheries Research, 64: 101–105.

Revill, A., and Dunlin, G. 2003. The fishing capacity of gillnets lost on
wrecks and on open ground in UK coastal waters. Fisheries
Research, 64: 107–113.

Rihan, D., and Mulligan, M. 2005. Irish gillnet retrieval survey for lost
gear. BIM Internal Report. 44 pp.

Rihan, D., and Mulligan, M. 2006. Gillnet retrieval survey for lost gear.
BIM Internal Report. 40 pp.

Tschernij, V., and Larsson, O. 2003. Ghost fishing by lost cod gillnets
in the Baltic Sea. Fisheries Research, 64: 151–162.

doi:10.1093/icesjms/fsn220

Lost and abandoned nets in EU deep-water gillnet fisheries in the NE Atlantic 333


