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Southwest Nova Scotia (SWNS) is Canada's most productive lobster (Homarus americanus) fishing region.
Abandoned, lost, and discarded fishing gear (ALDFG) is widespread. This baseline study provides the first pre
liminary assessment of environmental and economic impacts of ALDFG on the commercial lobster industry in
SWNS. Fishers conducted 60 retrieval trips, searched ~1523 km2 of the seafloor and removed 7064 kg of ALDFG
(comprising 66% lobster traps and 22% dragger cable). Results showed that lost traps continued to capture target
and non-target species until gear degraded. A total of 15 different species were released from retrieved ALDFG,
including 239 lobsters (67% were market-sized) and seven groundfish (including five species-at-risk). The pre
sent findings, combined with information on regional fishing effort and market prices, estimate that commercial
losses from ALDFG can exceed $175,000 CAD annually. This baseline assessment provides useful data for gov
ernment and commercial fishing stakeholders to improve ALDFG management.

Marine debris is a global ubiquitous problem, where roughly 80%
originates from land-based sources (Walker et al., 2006; Jambeck et al.,
2015; Ambrose et al., 2019). Of the remaining 20% believed to be
derived from marine-based sources, abandoned, lost, and discarded
fishing gear (ALDFG), also known as “ghost gear”, comprises a consid
erable portion (Gilman, 2015; Gilman et al., 2016; Goodman et al.,
2019; Link et al., 2019; Richardson et al., 2019; Goodman et al., 2020).
For example, discarded fishing nets account for over 46% of debris in the
‘Great Pacific Garbage Patch’ (Lebreton et al., 2018). Additionally,
ALDFG is known to cause negative environmental, economic, and social
impacts (Sullivan et al., 2019), including habitat degradation, indis
criminate fishing (also known as “ghost fishing”) and entanglements,
decreased catches, at-sea safety hazards, and vessel damage (Macfadyen
et al., 2009; National Oceanic and Atmospheric Administration Marine
Debris Program, 2015; Richardson et al., 2019). Losses can be accidental
or caused by unfavorable environmental conditions, gear conflicts, poor
gear conditions, unaccounted gear left at-sea, and inappropriate disposal

(Goodman et al., 2019).
In Canada, the Fisheries Act (Government of Canada, 1985), Envi
ronmental Protection Act (Government of Canada, 1999), and Vessel
Pollution and Dangerous Chemicals Regulations (Government of Canada,
2001) govern the management of fishing gear loss and recovery, pro
hibiting disposal at-sea to protect the marine environment. The
Department of Fisheries and Oceans Canada (DFO) considers ALDFG a
“wreck” under the Wrecked, Abandoned or Hazardous Vessel Act
(WAHVA) that the Minister, on reasonable grounds, believes imposes a
“hazard” defined under WAHVA (Government of Canada, 2019). In
Atlantic Canadian trap fisheries, such as American lobster (Homarus
americanus) and snow crab (Chionoecetes opilio), it is estimated that
roughly 0.5 to 2% of total allowable traps are lost annually (Goodman,
2020). While fishers often attempt to retrieve gear when it becomes lost
during the fishing season, regular retrieval is challenging due to regu
latory requirements, relocation issues, and lack of resources (Goodman,
2020). Thus, allowing ALDFG to persist, potentially continues to
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indiscriminately catch commercially valuable lobsters and other species
and contributes to the growing problem of marine debris (Goodman
et al., 2019, 2020).
Previous studies have predicted (using local knowledge from fishers)
and verified (using underwater video footage) gear losses in Southwest
Nova Scotia (SWNS) (Goodman et al., 2019, 2020). To address known
barriers and knowledge gaps contributing to the issue in the region, this
study in collaboration with industry, academia, and government stake
holders aimed to reduce, and assess impacts of ALDFG on the South
Shore of Nova Scotia (Lobster Fishing Areas (LFAs) 33 and 34), through
retrieving ALDFG from targeted areas. Results from at-sea gear retrieval
efforts in this baseline study were used to estimate the first environ
mental and economic impact assessment of ALDFG in SWNS.
Retrieval areas were selected collaboratively with fishers and other
industry members using their local knowledge of lost gear and fishing
effort and DFO records of lost gear. Retrieval was conducted when winds
were low (<15 knots) and the sea state was calm (Beaufort scale <5).
Captains towed grapples behind their commercial fishing vessel from
either a hydraulic hauler and winch on the starboard side or a steel cable
dragger and A-frame winch from the stern, at a speed of 0.5 to 3 knots
(Fig. 1A-D). Sixty at-sea retrieval trips were conducted with five fishing
vessels and fisher harvesters in summer and fall 2020, searching ~1523
km2, calculated using a polygon feature class connecting the farthest
extent of all of the tow coordinates and the ‘calculate geometry’ tool
using Esri ArcPro version 2.5 (Fig. 2). In place of Automatic Identifica
tion System tracking data from retrieval vessels, the distance searched

was also calculated in ArcPro using the distance from when the grapple
was submerged into the water to when the grapple was removed; the
resulting paths were determined from the “Points to Line” tool. Using
“Summary Statistics”, the total distance searched was 2824 km; how
ever, this may not accurately reflect the actual distance searched
because some captains employed a non-linear search pattern, and towed
continuously for several hours, covering more area than the start and
end coordinates would capture. Nevertheless, these two geographical
metrics provide an estimate of the search effort in the region. All gear
collected was responsibly disposed of at local waste management facil
ities, returned to owners, or repurposed, where possible.
Standardized data were collected by captains during every retrieval
trip to determine total retrieval effort (Table S1), as required by DFO
Section 52 permit issued for gear retrieval events. Additional data on
retrieved gear and by-catch were collected by field technicians on 30%
of retrieval trips (19 trips in total) to preliminarily assess the impacts of
ghost gear (Table S2). This information included number of sessile
biofouling species present on the gear (algae, tunicates, barnacles), and
degradation level of gear. If organisms were trapped in gear (by-catch),
the length (cm or mm), weight (kg), and evidence of predation (partial
organisms or shells) or injury (missing limb, or mortality) were recor
ded. If American lobsters were caught, sex, clutch size, egg stage, and
shell hardness were also recorded. Standard methods for weighing,
measuring, sexing, determining clutch size, egg stage, and shell hardness
were adapted from Denton (2020).
During 60 retrieval trips, over seven metric tonnes of debris were

Fig. 1. Examples of grapples used for gear retrieval during retrieval efforts in LFA 33 and 34 in 2020. A: Double porcupine grapple used on cobble and hard bottom;
B: cylinder block grapple used on hard bottom – configured with additional chain weight and cylinder depending on conditions; C: span drag used for gear retrieval
on mud bottom; D: hook grapple used for retrieval on hard, gravel and cobble bottom.
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Fig. 2. The extent of at-sea retrieval efforts in 2020 conducted across 5 fishing vessels in Lobster Fishing Area (LFA) 33 and 34, searching ~1523 km2 of seafloor, and
the items retrieved in each area. Map produced by Leah Fulton.

removed from waters surrounding SWNS. Lobster traps comprised the
majority of the weight (66%), each weighing between 22 and 36 kg,
where approximately 35% of all traps retrieved were less than three
years old (Fig. 3; Table 1). Buoys, rope, and dragger cable were also
retrieved and were either disposed of or repurposed (Fig. 3). More buoys
were retrieved in LFA 34 than in LFA 33 (Table 1; Fig. 2); Based on their
markings, some originated from the United States (US), likely traveling
northward from the southern Gulf of Maine. Other marine debris items
recovered included tires, party balloons, and a fan belt. While some
dragger cable was expected, a total of 1500 kg was retrieved. Further,
fishers encountered more dragger cable that was not retrieved due to
safety concerns, as it was heavy and hazardous, causing vessel destabi
lization. Based on the quantity of cable encountered, it seems plausible
that cable is discarded by commercial trawl vessels (draggers) when it is
no longer of use. This may create operational hazards for other com
mercial vessels (lobster or groundfish) as it may compromise active gear,
create marine debris and disturb sensitive benthic habitats.
Several factors contributed to retrieval success among captains and
LFAs, including bottom type, bathymetry, and known locations of lost
gear, type, and quantities of gear loss. Traps retrieved in LFA 34 were
older and degraded, therefore entrapped fewer lobsters, as they were not
freshly baited or in working condition. In contrast, 36% of lobsters
released in LFA 33 were from freshly baited illegal, unregulated, unre
ported (IUU) lobster traps rather than ALDFG traps (Table 1). Most of

the gear retrieved was from Lobster Bay, NS (LFA 34; Fig. 2), which was
an area with historically high fishing effort in the 20th century (DFO,
1997) and mostly mud bottom, making it favorable for retrieval. Other
captains were towing across larger areas on hard bottom with less in
formation on lost gear positions, thus, exemplifying how these variables
contribute to retrieval success and explain differences between the two
areas.
Two hundred and thirty nine (239) lobsters (target species) were
released from the retrieved gear, along with seven groundfish. Five of
these groundfish were species-at-risk: Atlantic wolffish (Anarhichas
lupus), Atlantic cod (Gadus morhua), and cusk (Brosme brosme), and two
were sculpins (Myoxocephalus or Hemitripterus) (Table 2). The effects of
ghost gear on these populations of species-at-risk are unknown; how
ever, the effect of fishing on these species is well understood (Dorey and
Walker, 2018). Active groundfish longline and trawl fisheries have
higher by-catch rates for these at-risk species compared to lobster fish
ing, where overfishing and by-catch from the groundfishing industry is
their primary threat (COSEWIC, 2003; K.J. Clark et al., 2015; A.S. Clark
et al., 2015; COSEWIC, 2012; Hurley et al., 2019; DFO, 2020a). How
ever, results from this study are noteworthy and may indicate that ghost
gear could be an added threat to these at-risk species in SWNS. Further
research is thus necessary.
As observed during technician coverage on 30% of retrieval trips, 15
different species were caught as live by-catch, including 198 American
3
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Fig. 3. The proportion by weight (kg) of all debris collected from at-sea retrieval in LFA 33 and 34 during retrieval efforts in 2020.

lobsters (Table 2). Jonah crab (Cancer borealis) were the most frequently
ghost-fished species, while lobster were second (Table 2). Out of 246
Jonah crabs released, 245 were from one 15-trap trawl, thus, inflating
the number of this species. One cod, one cusk, and two Atlantic wolffish
were released, all of which are listed as species-at-risk by the Committee
on the Status of Endangered Wildlife in Canada (COSEWIC) (Dorey and
Walker, 2018). Numbers and species of by-catch found in gear retrieved
were consistent with active lobster fishing by-catch and discards (Pez
zack et al., 2014). Cod, cusk, wolffish, and sculpin are known lobster
predators and are frequently caught as by-catch in active lobster fishing
gear (Tremblay et al., 2011), where traps retrieved with these by-catch
fish also contained lobster, displaying the self-baiting cycle of ghost
gear.
Self-baiting occurs when animals become trapped in ALDFG and die,
attracting new scavengers that also become trapped, resulting in mor
tality and creating an endlessly destructive cycle (Gilardi et al., 2010;
Arthur et al., 2014; NOAA, 2015; Goodman et al., 2019). Evidence of the
self-baiting cycle was captured by recording injuries and predation,
where lobsters were the most frequently injured by-catch organism
encountered, sustaining various injuries such as missing or partially
severed claws, limbs, and antennas. Minimal dead or partial organisms
were observed, which was expected as they would have likely been
consumed by entrapped lobsters. Moreover, many retrieved traps con
tained multiple organisms, suggesting that organisms were attracted to
ALDFG and predate on the by-catch, which is comparable to other
studies (Erzini et al., 2008; Long et al., 2014). However, it is difficult to
determine the full extent of self-baiting and how injuries were sustained
without direct observational evidence, as injuries may be attributed to
other by-catch organisms or from the gear itself (Fig. 4).
Consequently, more by-catch were caught in traps that had attached
escape panels. As per DFO commercial lobster license conditions, escape
panels are a conservation mechanism that must be attached to the outer
walls of all lobster traps. They allow undersized lobsters to escape and
reduce by-catch if traps are lost, as attachments securing the panel
(cotton twine or rusting iron hog rings) degrade over time (Minister of

Table 1
Summary of retrieved gear and released by-catch in LFA 33 and 34 during
retrieval efforts in 2020.
Retrieval metric
Traps (number)
Buoys (number)
Rope (kg)
Cable (kg)
Other debris (kg)
Total weight (kg)
Lobsters (number)
Groundfish (number)
a

LFA

Total

33

34

54
6
252
625
0.1
2410
209
6

132
29
183
908
112
4654
30
1

186
35
435
1533
112.5
7064
239
7a

5 of the total number are species-at-risk, with 4 in LFA 33, and 1 in LFA 34.

Table 2
The number of by-catch organisms released during 19 trips of technician
coverage during retrieval efforts in LFA 33 and 34 in 2020.
Species

Number

American lobster (Homarus americanus)
Atlantic cod (Gadus morhua)
Atlantic wolffish (Anarhichas lupus)
Blood star (Henricia leviuscula)
Cusk (Brosme brosme)
Flatworm (Phylum: Platyhelminthes)
Jonah crab (Cancer borealis)
Rock crab (Cancer irroratus)
Sculpin (Hemitripterus americanus)
Spider crab (Libinia emarginata)
Starfish (Class: Asteroidea)
Toad crab (Hyas araneus)
Unknown fish
Urchin (Class: Echinoidea)
Worm (Class: Polychaeta)

198
1
2
6
1
1
246
15
1
2
3
21
1
4
14
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Fig. 4. Emaciated Atlantic wolfish with chaffing injury released from retrieved lobster trap in LFA 33 near Shelburne, Nova Scotia.

Justice, 2018; DFO, 2020b). Estimated time for disintegration of escape
panels is between six months and one year (DFO, pers. comm. Oct. 30,
2020). However, this study found that escape panels can take up to four

years to fall off. Therefore, results show that species-at-risk, such as
wolffish and cod, are being captured by derelict lobster traps. Trap
design has been also identified as a cause of indiscriminate fishing by

Table 3
Estimated annual ecological and economic impacts of lost lobster traps in Southwest Nova Scotia. Metrics are calculated with by-catch numbers and weights from
retrieval efforts in 2020.
Estimate

LFA 33

LFA 34

Trap loss (%)
a

Traps lost (number)
Cusk or cod by-catch (number)b
Altantic wolffish by-catch (number)c
Lobster by-catch (number)d
Market-sized lobster ghost-fished (kg)e
Loss of revenue (CAD)f
a
b
c
d
e
f

Trap loss (%)

0.5

1

1.5

2

0.5

1

1.5

2

852
9
18
1278
1329
$20,480

1705
18
37
2557
2659
$40, 960

2557
28
56
3836
3989
$61,441

3410
37
75
5115
5319
$81,921

1833
20
40
2750
2860
$44,054

3667
40
80
5501
5721
$88,108

5501
61
121
8251
8581
$132,162

7335
80
161
11,002
11,442
$176,216

TAT LFA 33/34 × trap loss variable (0.5–2%; Goodman, 2020).
Lost traps × 0.011 cod or cusk/trap retrieved during 2020 retrieval efforts (1 fish/89 traps).
Lost traps × 0.022 wolffish/trap retrieved during 2020 retrieval efforts (2 fish/89 traps).
Lost traps × 1.5 lobster/trap (138 market-sized lobsters/89 traps).
Lobster by-catch × 1.04 kg (mean weight of market-sized lobster by-catch during 2020 retrieval efforts).
Weight of market-sized lobster ghost-fished × $15 CAD/kg (SWNS captain, pers. comm., 2020, Oct. 2, 2020; price subject to market volatility).
5
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natural habitats. For example, most lobster traps in SWNS are made from
synthetic materials (PVC wire coating), and the industry relies on
polypropylene and polyethylene rope, which releases microplastics as
they degrade over time (Walker et al., 2006; Pettipas et al., 2016;
Coastal Action, 2018; Xue et al., 2020). Specifically, Laufer et al. (2012)
found that PVC coating on lobster traps can interfere with natural hor
mone production and disrupt endocrine function, which can cause shell
disease when ingested by crustaceans. Microplastics have also been
shown to decrease the oxygen consumption of larval lobsters (Woods
et al., 2020). Further, research from other commercially fished species in
Atlantic Canada has shown that target species ingest plastics from gear
used to catch them (Saturno et al., 2020). Regardless of economic and
ecological impacts of ghost fishing reported here, ALDFG continues to
generate sources of marine debris, despite the potential to create habitat
for some species.
The present findings demonstrate that derelict lobster traps can catch
market-sized lobsters until the trap is disarmed, highlighting the need to
target newly lost gear for maximizing by-catch release during retrieval
efforts. During technician coverage (19 trips), 89 traps were retrieved,
and 198 lobsters were caught. Two-thirds (67%) of lobsters were
market-sized, meeting the minimum legal carapace size (MLCS) of 82.5
mm for LFA 33 and 34 (Tremblay et al., 2011), with approximately 1.5
market-sized lobsters released per trap retrieved. Therefore, the average
weight of marketable lobster per trap was approximately 1.56 kg.
Regardless of size, male lobsters were more frequently encountered and,
on average measured and weighed more than females (Table 4). Nine
“jumbo” lobsters were caught in total, classified by weighing over 2.27
kg. Of the 79 female by-catch lobsters, only one had carried eggs. Lob
sters reach MLCS at ~8 to 10 years of age and weigh approximately 0.45
kg (Tremblay et al., 2011), where the average weight of all lobster bycatch in this study were over this estimate. When carapace length (CL)
is between 90 and 105 mm for females, 50% are estimated to be sexually
mature (Tremblay et al., 2011). The average carapace length of all bycatch female lobsters released were above this metric, and therefore, it
is likely at least 50% of females caught were sexually mature. Catch rate
differences between male and female lobsters could be explained by
several factors, including behavior and environmental factors (Huber
and Kravitz, 1995; Figler et al., 1998; Tremblay et al., 2011; K.J. Clark
et al., 2015; A.S. Clark et al., 2015). Interiguingly, a study conducted in
Womens Bay, Kodiak Island, Alaska estimated between 16% and 37% of
the red king crab (Paralithodes camtschaticus) population with CLs >60

ghost traps in the Norwegian creel fishery and in the Chesapeak Bay blue
crab fishery (Adey et al., 2008; Bilkovic et al., 2014). To help further
quantify and assess ecological impacts of ghost gear on observed speciesat-risk in the region, results were extrapolated to insinuate that upwards
of 90 cod, 90 cusk, and 220 wolffish could be ghost-fished in SWNS
annually (Table 3).
Assessing gear age, degradation level, and biofouling provides
further context to the ecological impacts of ALDFG. Information on the
lobster trap tags suggests that most traps were less than four years old
(median 1, mean 5.6), making them relatively new. The oldest trap
found was from 1987 (33 years old). Most gear found during retrieval
were not highly degraded, losing less than 25% of its original integrity.
The amount of biofouling (attached epifaunal organisms) on the gear
was recorded as a proxy for the gear's age; approximately 50% of
retrieved gear had three or fewer biofouling species attached. Together,
these proxies suggest that most gear retrieved was newer (<4 years old)
because it was intact and had low biofouling species diversity and
showed that by-catch decreased over time (Fig. 5). However, traps that
had more biofouling and by-catch species were likely older (>4 years),
indicating that over time, traps seem to provide an adequate substrate to
host smaller marine life (worms, starfish, juvenile lobster) which likely
use the gear as a refuge. Therefore, older traps could be considered
habitat for some species after four years of loss and may serve some
ecological purpose similar to artificial reefs, thus, reinforcing the
opinion of some fishers that ALDFG creates lobster habitat (Seaman,
2007; Goodman et al., 2019). However, while results show some support
for this belief (Bilkovic et al., 2014; Uhrin et al., 2014), until traps
degrade more than 25% or the escape panel detaches, gear can trap
organisms and contribute to the growing amount of marine debris in the
North Atlantic (Goodman et al., 2020).
In comparison to species recruitment on intentional artificial reefs
over time, species diversity on ALDFG is much lower. This suggests that
the structure and materials of derelict lobster traps may not create
suitable artificial reef-like habitat (Brown, 2005; Roy, 2020). Lobsters
often seek shelter from predators in crevices on hard substrate (Cobb,
1971; Ennis, 1984). Although derelict traps may provide some physical
protection for lobsters and other species alike, provided they do not get
caught, lost traps may cause further damage to benthic habitats, as lost
gear can be mobilized with wind and wave action, causing abrasive
damage to benthic habitat (Arthur et al., 2014). Additionally, marine life
taking refuge in plastic materials can be hazardous in comparison to

Fig. 5. The number of by-catch organisms in tagged lobster traps by trap age retrieved in LFA 33 and 34 during retrieval efforts in 2020.
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Table 4
Length (mm) and weight (kg) summary statistics of all lobster by-catch and market-sized by-catch from technician coverage from retrieval efforts in 2020 in LFA 33 and
34, rounded to one decimal point.
Sex
All
Market-sized

Female
Male
Total
Female
Male
Total

Length (mm)

Weight (kg)

n

Mean

Median

Min

Max

Mean

Median

Min

Max

87
96
92.6
95.5
101
99.5

84
93
88.5
90.5
96
94

50
66
50
83
83
83

144
155
155
144
155
155

0.7
0.9
0.8
0.9
1.1
1

0.5
0.8
0.7
0.8
0.9
0.8

0.1
0.1
0.1
0.5
0.3
0.3

3.0
4.5
4.5
3
4.5
4.5

mm were killed by ghost fishing annually, making ghost fishing a sub
stantial source of mortality in the region (Long et al., 2014).
This study estimates that ALDFG results in annual commercial losses
of target species between $82,000 and $176,000 CAD for fish harvesters
(Table 3). Estimates are based on amount of gear retrieved and marketsized lobsters released from this study, combined with a loss of 2% of
total allowable traps in LFA 33 and 34. While commercial losses from
ghost gear on the lobster industry may be small compared to the total
fishing effort and revenue generated in the region, they should not be
disregarded by marine resource and ecoststem managers, especially
given losses are likely underestimates. For example, ghost fishing likely
occurred before the gear was retrieved (i.e., self-baiting mortality),
which would not have been captured accurately during data collection.
Similarly, gear likely promoted the self-baiting cycle, and by-catch that
acted as bait would have been consumed and would not be present in the
gear. If the gear had not been retrieved, it likely would have continued to
fish for some time. Therefore, the lifetime impact of ghost gear is un
known, but if included, would likely increase these estimates. For
example, in an experimental study in the Florida Keys, researchers that
regularly monitored spiny lobster (Panulirus argus) traps to estimate
ALDFG ghost fishing found that between 3.0 and 6.3 lobsters were
caught in derelict traps per year depending on the location, and some
metal traps ghost-fished for three years (Butler and Matthews, 2015). In
the Chesapeake Bay blue crab fishery, an estimated 18 crabs were killed
per derelict pot annually (Bilkovic et al., 2014). Although the Florida
Keys' and Chesapeake Bay fisheries differs, these studies suggest that
estimates of lobster by-catch rates presented in this study (i.e., 1.5 lob
sters/year) could potentially be two to four times lower than true levels
of ghost fishing. Further lost traps catch reproductively fit lobsters,
ceasing their contribution to stock replenishment and preventing future
reproduction by immature lobsters that are by-catch or consumed by
others in the ALDFG self-baiting cycle. Lastly, gear that is illegally dis
carded at-sea would not be captured in the gear loss variables, which has
been reported in SWNS (Goodman et al., 2019; Goodman, 2020).
Given these factors, data presented in this premiminary study pro
vides a baseline estimate of potential ecological and economic impacts
of ALDFG in SWNS and offers insight into the complex issue of ghost
fishing on the Atlantic lobster industry. Considering that ghost fishing is
a potential threat to fisheries sustainability and ecosystem health, losses
of ghost gear should be avoided and recovered, if and when possible, as
removal efforts can positively increase catches and reduce losses (Gilardi
et al., 2010; Scheld et al., 2016; Sullivan et al., 2019). While this study
focused on SWNS, results are comparable to similar fisheries in the US,
Europe and South America (Adey et al., 2008; Anderson and Alford,
2014; Arthur et al., 2014; Bilkovic et al., 2014; Link et al., 2019; Scheld
et al., 2021). Further research on ghost gear monitoring, retrieval
techniques and estimates of ecological and economic impacts can help
inform manrine management strategies to reduce impacts of ghost gear
globally (Richardson et al., 2019). The stewardship-based approach
used in this study can be applied eslewhere to assist in assessing and
managing ALDFG as it provides the industry opportunities to be part of
the solution in reducing this source of marine pollution. Overall, base
line data in this study will help marine governing bodies and commercial

79
119
198
42
92
134

fishing industry stakeholders to improve ALDFG management region
ally, nationally and internationally.
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