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Abstract

Since the collapse of groundfish stocks in the early 1990s, market demand and industry
diversification has placed considerable ‘essure upon crab stocks in Newfoundland and
Labrador, specifically snow crab (Chionoecetes opilio). The total allowable catch (TAC)
for snow crab in the Newfoundland region peaked in 1999 at 69,000 tonnes. Fisheries and
Oceans Canada has been reactive in its approach to management and has implemented

various measures in line with the precautionary approach.

Work conducted on modifications to crab pots, speci :ally the development of escape
mechanisms for undersized crab, has generated attention as a means to improve
sustainability of the resource. Commen y from local crab harvesters using experimental
escape devices in their pots has been po ive in that they are seeing less undersized crab
in their catch. This translates to reduced sorting time for the harves -, less mortality, and
fewer non-commercial crab exposed tc  and drop factors. This further increases the

chance that these undersized individuals will be available for harvest in subsequent years.

The use of escape mechanisms in shell 1 fisheries is not a new concept. Reducing ghost
fishing of lost and derelict gear has prc  >ted research that has translated into new
management measures in many jurisdi ns. Reducing the incidental capture of
undersized crab and lobster has been an additional outcome of escape device utilization 1s

most crab and lobster fist es around 1 : world.

Experiments were conducted in Newfoundland as early as the 1890s with escape devices

in lobster gear. While lath spacing in lobster pots has been enforced since 1937 it is
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interesting that the use of rigid escape mechanisms in snow crab pots has not yet been
adopted as a mandatory management measure : hough efforts to recommend policy

changes have been underway since 2004 in the region.

The following document reviews the use of escape mechanisms in different decapod
fisheries around the world, benefits of their use in Newfoundland and Labrador, and the

implications for snow crab stock conservation and policy review.
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of resource users while protec ~ gthen ine environment and ensuring long-term

sustainability of Canada’s oceans and its resources (DFO, 2002a; 2002c).

Fisheries throughout the world have been challenged to meet sustainability goals.
Bycatch is at the forefront of critic for many fisheries and, as such, bycatch reduction
research is prevalent in the peer-reviewed literature. Research has often led to
recommendations that have further led to the adoption of regulations set in place in an
effort to reduce the amount of bycatch in particular fisheries (Templeman, 1939; 1958;
Wilder, 1949; Jow, 1961; Bowen, 1963; Krouse and Thomas, 1975; Eldridge et al., 1979;
Brown and Caputi, 1983; 1985; 1986; Maynard et al., 1987; Everson et al., 792;

Lanteigne et al., 1995).

Research efforts began in the late 1800s to reduce the catch of undersized I¢ ster
(Homarus americanus) and effectively protect undersized lobster from handling mortality
(Templeman, 1958). As other valued rc  irces have been reported as overfished or
declining, protecting undersizi ~ non- t animals had led to considerable publications
on crab species in more recent years (I 1, 1987; G Iron and Hébert, 19 ); Gagnon
and Boudreau, 1991; Hébert et al., 1991; Kimker, 1¢ - Guillory and Prejean, 1997,
Guillory, 1998; Guillory and Hein, 1998a; Guillory et al., 2004; Salthaug and v 1k,

2004; Watanabe, 2005).




The snow crab (Chionoecetes opilio) fishery in Newfoundland and Labrador is of
considerable economic importance to the province. The total allowable catch of snow
crab peaked in 1999 but total allowable catches and associated landings have not reached
comparable levels since. Stock levels are known to fluctuate both temporally and
spatially. In an effort to sustain the resource DFO has implemented several management

measures.

This paper will discuss the research, u  and regulations pertaining to escape
mechanisms in decapod fisheries throv  out the world available in the scientific
literature. Escape mechanisms enable fishing gear to be more selective 1d allow
undersized, non-target animals to esca before the gear is hauled. Additionally, this
paper will discuss the implications of ¢ h devices for snow crab (Chionoecetes opilio)

stock conservation, sustainability, and policy review in Newfoundland and Labrador.



2.0 History of the Snow crab fishery in Newfoun( ind and Labrador

The Newfoundland and Labrador snow crab (Chionoecetes opilio) fishery began in 1968
in Trinity Bay but was not widespread along the northeast coast (NAFO Divisions 3KL)
until 1979. Fisheries began on the south coast of Newfoundland (NAFO Subdivision 3Ps)
and off Labrador (NAFO Division 2J) in 1985 and moved offshore on the northeast coast
(NAFO Division 3K) during the mid-1980s as well (Dawe et al., 2006; DFO, 2006;
2007a). At is point in time the Alask red king crab fishery plummeted greatly (Dew
and McConnaughey, 2005; Orensanz et al., 1998) and the growing Japanese market

demand created opportunities for other  isdictions (Louckes, 2007).

The crab fishery continued to expand in Newfoundland and Labrador as a result of
market demand and industry diversific. n (Taylor et al., 1989). Supplementary
fisheries, that is, fisheries developed tc  ovide fishers who had been ni atively impacted
by declining groundfish stocks access to the snow crab resource to supplement incomes,
were developed in 3K, 3Ps, and 3L, ar  2J. The fishery continued to expand into the
offshore and small-scale exploratory fi eries in Bay St. George, Bonne Bay, and Bay of
Islands ont :west coast of Newfoundland further developed the industry. Significant
landit . were harvested from NAFO I ision 4R starting in 1993 (Dawe et al., 20006;

DFOQO, 2006; 2007a).

For a visual representation of the man  nent areas of the snow crab fishery in

Newfoundland and Labrador please re -to Figure 1.1 (below).









2.1 Management of Snow Crab Fishery

The snow crab resource in Newfoundland and Labrador is currently managed under a
three-year integrated fisheries management plan. The status of the snow cr.  resource is
assessed annually and conservation measures and quota levels are announced annually as

well (DFO, 2006).

2.2 Manag: ient Tools for Snow Crab

2.2.1 Minimum caraj e size limits
The overall management strategy for snow crab is to ensure that the total harvest has little
impact on the reproductive potential of the snow crab resource. The minimum carapace
(shell) width (CW) for harvesting snow crab in Newfoundland and Labradc¢ is 95 mm.
At this legally set size most males have had the opportunity to mate at least during one
mating season. Female snow crab do not reach this size and are thus ex: 1ded from the
capture fishery. Females, undersized m s, and uncaught legal sized males are assumed
to be sufficient to maintain reproductive tential of the resource (Dawe et al., 2006;

DFO, 2006).

2.2.2 Gear Restrictions and T.  Limits
The primary mechanism to regulate the size of captured crab is by regulating the size of
the mesh in crab traps. TI minimum 1 I mesh size of the traps is 135 mm, which
enables the majority of small crab to est  e. Trap limits are also imposed and vary by

fleet and area (DFO, 2005; 2006; Dawe  al., 2006).



2.2.3 Harvesting Practices
In recent years significant emphasis has been placed on maintaining the quality of landed
snow crab. Trip limits have been set to avoid harvest and processing gluts and observer
coverage on vessels and dockside monitoring have become mandatory activities.
Education initiatives have been put in place on the proper handling practices for grading
and stowing market size crab as well as effective rel  ing practices for undersized and
soft shell snow crab. Shorter fishing seasons and strict protocols to close areas with a
high incidence of soft shell crab being harvested have provided additional protection to
the resource during moulting when crab are highly vulnerable (DFO, 21 3). Soft :ll

crab also exhibit a lower meat yield than hard shell crab (Taylor et al., 1989).

2.3 Stock Assessment of Snow Crab

A Regional Advisory Process (RAP) n ting for snow crab is held in the spring of each
year where Department of Fisheries an Oceans (DFO) scientists and fisheries managers,
industry representatives, and external e: :rts review available informal 1 on research
and commercial data. Two key indicatt  of stock status are the commercial catch rate
and the fall bottom trawl surveys. Data is compared with catch rates from inshore trap
surveys, fishery logbooks, observer catch-effort data, and post-season trap surveys (DFO,

2007a).

Research on the performance and use of escape mechanisms in conical snow crab pots
under commercial conditions was prese ed at the RAP meeting held from February 27 -

March 2, 2007. Eleven harvesters from : communities along the east and south coast of




Newfoundland used specially designed escape mechanisms in their pots. Results showed
that escape mechanisms ¢ act as selectivity devices. Pots that fished w  escape
mechanisms caught significantly less undersized crab while catching the same amount of
legal size crab compared to traditional pots without escape mechanisms installed.
Recommendations from the researchers, including participant (harvester) feedback,
suggested that escape mechanisms be permitted in crab pots on a voluntary basis (DFO,

2007b).

Although meeting participants consid¢ | the preliminary research results to support
voluntary implementation of escape mechanisms in the fishery (DFO, 2007b), the use of
escape devices in crab pots in Newfou  ind and Labrador was still under management
consideration for 2007 and 2008. The e of these escape mechanisms increased to 36
harvesters in 25 communities for the - 18 fishery (Keats et al., 2008) and an estimated
136 harvesters were to use escape mec nisms in their pots during the 2009 fishery (Dr.

Paul Winger, Centre for Sustainable A  itic Resources, pers. comm.).

There is ¢ eement that fishery-inducc  1ortality of undersized males  1d females)
could affect future recruitment. Options ) reduce fishery-induced mor ity include the
use of escape mechanisms and biodeg “able panels in pots. Early fishing seasons,
increasing mesh size and soak time, as well as improving handling practices and reducing
high-grading have also been suggested to reduce fishery-induced mortality (DFO, 2005;

2006).




3.0 Escape Mechanisms

The idea of escape “mechanisms” to regulate the capture of undersized decapods has
been around for over a century. For cli fication purposes, escape mechanisms in this
document’s context refer to rigid devices that are incorporated into fishing pots or traps to
enable non-targeted animals, including undersized target animals, to escape prior to being

harvested, culled, and then returned to the sea.

Escape mechanisms are not to be confi | with escape panels, that is, sections of a pot or
trap that are either made from a biode;  lable material or are attached to the pot or trap
with some type of biodegradable mate 1. Over time the biodegradable material of
escape panels will degrade and allow t|  escape of animals from the gear. Escape panels

will also be discussed in this paper astl ' are mandatory in some crab fisheries.

3.1 The mechanics of escape mechan s

Today, escape mechanisms are used ¢ monly in many decapod fisheries throughout the
world. Studies have shown that the rig  ty of such a device, coupled with the rigid
exoskeleton of the dexterous animal, facilitates undersized animals to escape from the pot
through the escape vents or rings. Such a rigid structure enables precise size selectivity of
targeted animals (Miller, 1990). In fact. ; a generalization, Stasko (1975) noted that rock
crab (Cancer irroratus) and lobster (Homarus americanus) can orient themselves so well
that the sm: est opening that one can| sh an animal through by hand is the smallest

opening that an animal can orient itsell  ough alone. Escape gaps are erefore designed
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Preliminary observations by Miller (1¢ )) indicated that, given the opportunity, crab will
escape from pots. In fact, he noted that rock crab (Cancer irroratus) and spider crab (Hya
araneus), although with some difficulty, managed to manoeuvre themselves around a
sharp 180 degree turn to escape from the top side of a pot entrance. Once he fitted pots
with a plastic collar or a one-way door for traps with side entrances all animals captured
were retained. While this research didn’t directly involve observations of animals towards
escape mechanisms it does indicate that rock crab and spider crab are motivated to

escape, given the opportunity.

Laboratory and at-sea observations characterized a four stage behavioural process
regarding the escape of snow crab (Chionoecetes opilio) from rigid, circular escape
mechanisms (see Figure 3.1 below). Initially, crab approach the escape hole with the
body low while extending three of four nd legs through the opening. The animals then
raise and orient their body through the opening and bring the closest claw through the
opening as well, either before of after 1t  body proceeds through the opening. Finally, the
crab bring the other claw throv ".the :ape :xha ~ nand lower * » elves to the
ground outside the pot with hind limbs  m the other side of the body trailing (Winger et

al., 2006; Winger and Walsh, ~107).
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the lobster trap. Many fishermen however were sceptical of this law ar the value it
brought to e fishery. They suggested that undersized lobster would still be caught, that
small lobster and other animals, such as crab, could freely enter and ex the trap and eat
the bait, thus affecting the attraction of larger lobster to the pot, and also that legal sized
lobster could escape through the 1 % inch (4.4 cm) lath spacing so fewer legal sized
lobster, at that time 9 inches (22.9 cm) lor  and over, would be caught (Templeman,

1939; 1958).

Although Neilsen’s research was limit  and it was later determined that he had
underestimated the size of lobster able to escape from a lath space of given size his work
did establish the use of lath spacing in  sster pots. As well, research continued in an

effort to protect undersized, non-targe  animals from pot fisheries (Templeman, 1958).

As the minimum size limit for retaining lobster varied in the early twentieth century in
Newfoundland so did the regulation re; ding the space of the laths. In 1897, for
example, the minimum size for lobster was nine (9) inches (22.9 cm) and the lath spacing
was regulated at 1 %2 inch (3.8 cm). By 704 the size limit for lobster was reduced to
eight (8) inches (20.3 cm) and laths w  required tc 2 not less than 1 % inches (3.8 cm)
apart. The size limit again changed to cight and one-half (8 '2) inches (21.6 cm) in 1929,
nine (9) inches (22.9 ¢cm) in 1935, and  t over nine (9) inches in 1942. The spacing

between the two undermost laths rema ed at 1 2 inches (3.8 cm) until 733 or later but
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the 1 % inch (4.4 cm) lath spacing regulation has been enforced in Newfoundland since

1937 (Templeman, 1958; Elner, 1980).

Templeman (1939) conducted research on the west coast of Newfoundland in St.
George’s Bay in 1938 that supported the 1 % inch (4.4 cm) regulation. His experimental
results demonstrated that lobster traps with the 1 % (4.4 cm) lath spacing retained a much
smaller number of undersized lobster _ renty per cent less) but the same number of legal
lobster in comparison to traps fished v the 1 % inch (4.4 cm) lath spacing closed.
Templeman conducted his experiments during warm weather when bait disappears
quickly. Yet, the same numbers of leg  sized lobster were attracted to the traps with the
1 % inch (4.4 cm) lath spacing as ~ 2t 5 without the lath spacing. The argument that
the 1 % inch (4.4 cm) lath spacing will low other animals to eat the bait therefore does
not stand. He further noted the importance of a smaller catch of undersized lobster.
Fisherman would be more likely to th v back small lobster when there were fewer of
them and fewer undersized lobster wc  d be rough handled to the detriment of their

valuable claws.

3.2.2 Early Lobster Research in the ritimes

Between 1943 and 1946, Wilder (194¢ conducted similar lath spacing experiments in
many areas of the Maritimes with the  p of exper.  :ed and successful lobster
fishermen under commercial conditions. His results advocated for spacing ap laths not
closer than 1 % inch (4.4 cm) apart. W der further promoted the idea by advising of the

additional advantages of wide-spaced s, asic  from the escape of unders” :d lobster.
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He reported that bycatch of other spec ; would be reduced and fewer lobster would be
injured by jamming their claws betwt¢  the laths. This would make the culling process
more efficient. Additionally, new traps built with wider lath spacing would require fewer
laths, less ballast, and would be lighter and easier to haul. Finally, old traps could be
modified by widening only the lowes! iths on the sides (Wilder, 1949). Subsequently, a
law was passed in 1949 a :cting fishers in the Gulf of St. Lawrence that required lobster
caught for canning to be fished in traps with 1 ' inch (3.2 cm) lath spacing and lobster
destined for the live export market to be fished with traps requiring 1 5/8 inch (4.1 cm)

spacing between the laths (Templeman, 1958).

Fisherman complained about the effort volved in modifying large numb:  of pots.
They also believed that lobster were ¢ 1aging their legs and chelipeds with the wider
lath spaces which represented a financ  loss to the harvesters when they went to sell
their catch. They further alleged that|  disappeared more quickly with wider lath
spacing and legal sized lobster es ed through the lath spacing. Finally, the laths could
be chewed and worn increasing the si  >f the spacing and thus allowing additional legal-
sized animals to escape. Although the  1spacing r 1lations for the Mar mes and
Quebec were rescinded in 1955, Tem; an (1958) continued to advocate for the

revoked regulation and challenged ev 7 argument and belief put forward.

Direction for Canadian lobs 'mana; :nt research subsequently shifted and

investigated escape vent panels which :re less controversial, but viable, alternates to
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lath spacing. Lewis (1978) conducted field trials with lobster pots fitted with a wooden
panel containing three circular escape vents of 45 millimetres in diameter. He also
compared plastic escape vents under similar circumst. :es. Although he noted no
significant difference in the number of undersized lobster that escaped, there was a trend
indicating 1 it legal-sized lobster preferred the wooden panels. Lewis’ results were
communicated to Prince Edward Island lobster fisherman to encourage the use of escape

panels in their pots.

3.2.3 Lobster Research in Australia and New Zealand

Early research in Australia and New Ze ind documented lath spacing work as well.
Bowen (1963), from his research in W :rn Australia, determined that the size
selectively of crayfish (Panulirus cyg) ) pots was largely dependent on the lath spacing
in the pots. Ritchie (1966) considered :total area of the escape vent panel in
determining its effectiveness for crayf  escape in New Zealand. Winstanley (1971)
conducted a statistical evaluation on the :lationship between carapace length and height

of the southern rock lobster (Jasus nove 1ollandiae) in Tasmania.

While all Western Australian rock lob :r (Panulirus cygnus) pots required a 54 x 305
millimetre escape mechanism as per regulation (Bowen, 1963), Brown and Caputi (1983;
1985; 1986) still advocated to increase ¢ size of the regulated escape gaps as an
estimated 16 to 20 million undersized rock lobster were caught, handle and released

each season. Experimental work with three widths of escape gaps (54 . 55 mm, and

56 mm) and one and two escape gaps in pots owed a significant trend such that as the
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escape gap size and number increased, the percentage of undersized lobster retained
decreased while the percentage of legal-sized animals remained relatively constant.
Additionally, the authors advocated for minimal exposure and displacement of
undersized animals that are harvested suggesting further education and publicity was

needed ( ‘own and Caputi, 1983; 1985; 1986).

Chittleborough (1974) noted in his st * on homing range of juvenile western rock
lobster (Panulirus longipes cygnus) on ustralian reefs that both escape mechanisms in
pots and encouraging fishermen to return undersized lobster to the reef of capture is
important from a fisheries management perspective. As Brown and Caputi [983) noted,
displacement makes lobster more vuli  able to predation, which has implications on the

future of the stock.

Work by Brock et al. (2006) also shows that pots fitted with escape mechanisms do not
impact predation rates of southern rock lobster (Jasus edwardsii) by octopus.

Fu © more, the pc  equipped with e ipe mechanisms retained less undersized lobster.
The presence of escape mechanisms m: therefore 1 p in controlling oct« us predation,
a significant problem in some areas, v ile reducing mortality of undersize lobster. This
recent work is noteworthy as the South Australian Rock Lobster Fishery does not require
mandatory escape mechanisms. The ¢ hors encouraged the use of the escape devices
while noting their use in the southern e of the fishing area would decrease the number

of undersized lobster killed by octopus ~about 50 per cent per year. Wo  conducted by
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Ritchie (1972) demonstrated similar effectiveness of escape gaps to reduce predation on
rock lobster (Jasus edwardsii and Jasus verreauxi) by octopus in New Zealand. Escape

gaps in this fishery have been in effect since 1970.

3.2.4 Lobster Research in New Eng 1d
Coinciding with the time period in which Adolph Neilsen was experimenting and
conceptualizing the use of lath spacing to reduce the catch of undersized lobster a
convention was held in Boston, Massac 1setts in September 1903 to secure better
protection of the lobster resource in A rican waters. Delegates from the Dominion of
Canada and Newfoundland were also invited to the meeting to consider options and
uniform regulations to prevent the “cc  mercial extinction” of the lobster. At this meeting
Captain Robert E. Conwe of Provincetown, Massachusetts presented to the convention
that the fishers involved with the Prov :etown lobster fishery put the slats in their traps
2 inches (5.1 cm) to 2 % inches (5.7 cm) apart. As a result, fishermen claimed they did
not catch any undersized lobster. Prior to this, Dr. Field of Sharon, Massachusetts stated
confidently that a lobster pot could be :veloped that would automatically regulate the
size of lobster caught in traps by prever ng the entrance of large adults and allowing
undersized lobster to escape. He advis  that such a trap would help w 1the
enforcement issue at the time, that is, ¢y lobster between 9 and 11 inches (22.9 and 27.9
cm) could be retained. Law enforcers needed only to examine lobster pots to ensure they
adhered to prescribed dimensions d alize fishers possessing illegal pots (Collins,

). Clearly, individt the turn of the twentieth century were ah: 1 of their time in

terms of published research which ma  alized in the 1970s as discussed below.

20




To reduce the culling of excessive numbers of undersized lobster observed by Krouse and
Thomas (1975) in the commercial fishery in Maine, investigations were conducted that
supported the 1 % lath spacing recommendation of Canadian research¢ At the time of
their study, raising the minimum legal carapace size of lobster was beii  considered.
Thus, they recommended if the minimum legal carapace size was increase  escape vent
size should change accordingly. However, they advocated for the use of an escape vent
made of a durable material and manufactured to appropriate specifications (see Figure
3.3. below). The escape vent could therefore be easily incorporated into any conventional
lobster tr. , new or old, at minimal cost to the harvester. An escape ver made of a
durable material, such as plastic, would also retain its original dimensions and not wear
over time and thus create a larger oper  for legal sized lobster to potentially escape.
Krouse and Thomas (1975) further su; irted the use of escape vents as a conservation
measure to reduce culling of undersized bster, reduce sorting time by fisherman, reduce
the illegal sale of undersized lobster, as  also reduce the number of lobster otentially

retained in lost traps.

As the benefits of escape mechanisms = :ame recognized, research effi s expanded to
develop more precise devices and designs. The escape panel that became a regulation of
the Maine lobster fishery, for example. rompted the development of a research program

into plastic escape panels by A. Camp!  at St. Anc  »s, New Brunswick (Elner, 1980).
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3.2.5 Orientation of escape mechanisms

Fogarty and Borden (1980) studied the effect of escape vent orientation (horizontal
versus vertical) in pots for the inshore Rhode Island lobster (Homarus americanus)
fishery as did Krouse (1978) for the M e fishery. Fogarty and Borden’s (1980) study
noted that the orientation of the rectangular escape mechanism, that is, horizontal versus
vertical, was negligible on the undersized catch. Fogarty and Borden (1980) had
postulated that orientation may impact : probability of the animal locating the vent or
the time required for the animal to esc: | :. They thought this would be more of a concern

with short immersion times of pots ho :ver.

Krouse (1978) reported that fewer large crab (C. irroratus) were trapped in pots with
horizontal vents and CPUE values we lower com; :d to pots with circular vents,

vertically oriented rectangular vents, ¢ | nonvented pots.

Maynard et al. (1987) took Bowen’s ( 33), Winstanley’s (1971), and Nulk’s (1978)
work a little further in the southern Gu of St. Lawrence. Tt _ first investigated the
efficiencies of three escape mechanisn proposed by fisheries management for the
lobster fishery. They tested four types scenarios (plastic rectangular lath, wooden lath
with three circular holes, and two wooden lath space openings) and found at each type
of escape device had its own merits. However, the p  tic escape mechanism, only one
millimetre in size difference from one of the wooden lath openings, was d° 1mined to be

the most effective in enabling the most 1dersized animals to escape. ..le lath with three
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circular holes retained the most legal s :d lobster but also retained the most undersized

sized anim: ..

Due to the variation in lobster carapace size frequency distribution from area to area in
the southern Gulf of St. Lawrence, the :earchers remarked on the pre cament of
fisheries management regarding varying points of view. They noted that for any proposed
escape mechanism being tested, industry is concerned about the proportion of
commercial sized lobster escaping, wh :biologists are interested in knowing the
proportion of undersized lobster escap . Fisheries managers need to know both pieces
of information. For that reason they de* oped a selectivity prediction model.
Management would then be able to select the size of the escape mechani  that would
enable the maximum proportion of uni  ized animals to escape without affecting the
proportion of legal sized lobster retain ~ As mentioned by Nulk (1978), the model offers
a low cost alternative to repetitive field trials. Maynard et a/. (1987) further reiterated that
if the legal carapace size for the fishery changes then the escape vent opening size should

follow suit.

The work of Maynard et al. (1987) led to a regulation in the same year that all lobster
pots in the southern Gulf of St. Lawre1r  be fitted with an escape mechanism to enable
undersized animals to escape. Fishers 1 | some choice on the type of escape mechanism

employed depending on their Lobster Fishing Area (refer to Table 3.1) as a result of the
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varying legal minimal carapace sizes in the different areas. All escape mechanisms
needed to be positioned 76 mm or less om the floor of the trap (Lanteigne e al., 1995).
Table 3.1 Regulations on minimum carapace size and escape mechanism (shapes and

dimensions) in each Lobster Fishing Area of the southern Gulf of St. Lawrence. (Source:
Lanteigne et al., 1995).

Lobster Fishing Minimum carapace Diameter of Height and width of

Area size at capture (mm) | openings, circular openings,
mechanism* (mm) rectangular
mechanism (mm)

23,25 66.7 44.45 38.1 (H) x 127 (W)

24 63.5 44.45 221 (H)x 127 (W)

26A 65.1 44.45 38.1 (H) x 127 (W)

26B’ 27 70.0 N Q R 1T M v 1177 (W)

*a minimum of two circular openings _

Fishers in Prince Edward Island thoug the 1987 regulation was too ¢« 1pliant which
prompted a joint study between the Pri e Edward Island Fishermen Association
(PEIFA) and the Department of Fisher  and Oceans (DFO) in 1995." e selectivity of
the 44.45 n 1 circular escape mechani 1s and the 38.1 x 127 mm rectangular escape
vents required in LFA 24 were compar  in a commercial lobster fishing situation.
Results showed that fewer undersized a nals were retained in pots equipped with the
rectangular escape mechanisms (Lante et al., 1995). Although the studies by
Lanteigne et al. (1995) and Maynard e. . (1987) both noted some reduction in the
capture of commercial sized lobster («  er size category) it was gener ly felt that this
would be temporary as lobster that escape would grow larger and be captured in

subsequent years when they reach com ercial size.
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3.2.6 Lobster and crab research

The development of potential new fisheries for rock crab (Cancer irroratus) and Jonah
crab (Cancer borealis) raised concern that harvesters would capture ar impact valuable
lobster (Homarus americanus) as bycatch. As a result, research was conducted, and

interestingly, the use of various types of escape mechanism were studied.

Stasko (1975) investigated several types of traps for use in a potential fishery for rock
crab (Cancer irroratus) in New Brunsy k. The fishery, which was to be held during the
closed season for lobster (Homarus americanus), required a trap that would prevent the
capture of lobster. In laboratory tests, rock crab were observed to walk sideways through
available openings making their body depth the limiting factor for escape in rectangular
openings. As they passed -ough rour and square openings (sideways) their overall
body length became the limiting factor ) escape. Lobster, however, ge ‘rally walked
through the various openings head first. From these tests it was found that a round
opening would be more selective than square one to retain commercial sized rock crab
while allowing lobster to escape. In fi | tests, the effectiveness of escape mechanisms

could not be assessed unfortunately as e modified traps did not catch any lobster.

Escape vent shape was also explored by Krouse (1978). He noted that Cancer crab are
often caught as lobster bycatch and so ¢ fishers may wish to capture both crab and
lobster or be selective for eitl . Therefore, he examined the efficiency of both circular

and rectangular  :ape vents for inii  commerc’ “sit lrock b T irrorc s),
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Jonah crab (Cancer borealis), and lobster (Homarus americanus). Res s from his work
led to the recommendation that all lobs - and crab traps in Maine should have a
rectangular escape vent or two circular escape vents. To select for market-sized lobster he
suggested that escape vents should be positioned next to the sill on the side or end of the
trap’s parlour section. Fisl : selecting for lobster while minimizing crab catches should
employ rectangular escape mechanisms. Fishers interested in both lobster and crab, or
only crab should use circular vents in their pots. Krouse also recommended the use of
synthetic, prefabricated vents recomm: ed by Krouse and Thomas (1975), discussed

above, and Fogarty and Borden (1980).

3.2.7 Research with escape mechanis :in crab fisheries

While rese:  :h to avoid the target of u  rsized lobster appears to have dominated the
literature, Jow (1961) published work on mechanisms tested that enabled undersized
Dungeness crab (Cancer magister) to escape from pots. Experiments conducted between
1955-1959 with various sizes of circu  and rectangular escape vents recommended the
use of two 4 % inch (10.8 cm) or 4 ' inch (11.4 cm) diameter circular escape ports to
allow non-marl ab crabtc c:apev Hut : y ofl zed als
in the catch (see escape port in Figure .4 below). Concurrent with volunteer efforts by
fishermen and research work, the state of California mandated the use of one 4 inch (10.2
cm) escape port in all crab traps in 1957 although, as discussed later, tl legislation
changed in 1978 to require the use of 1 escape ports of 4 % inch (10.8 cm) diameter in

each pot (Dahlstrom and Wild, 1983).
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Vincent Guillory has published extensively in the area of blue crab trap selectivity and
ghost fishing either alone or with others. The excessive capture of undersized blue crab
has prompted research stu es since the late 1970s (e.g. Eldridge er al., 1979) but
research efforts heightened in the 1990s when bycatch issues were at the t¢  of fisheries

management agendas in the United States.

Guillory and Prejean (1997) noted that while much research has been conducted on blue
crab trap efficiency the studies have not considered mesh size and shape as a means of
maximizing legal catch and minimizir undersized catch. Experiments conducted with
various sizes of square and rectangular mesh and hexagonal mesh demonstrated that a
blue crab trap fitted with 38.1 millime  hexagonal mesh was the most effective trap to
maximize legal catch and minimize un rsized catch. This was of concern as crab
harvesters were adopting traps constru :d of 38.1 millimetre square mesh wire which
were preferred for their sturdiness and  1rability over the longer term, but ey also catch

more undersized crab.

Management measures to contend with increasing effort, competition and conflict,
wasteful or damaging fishing practices, habitat degradation, and insufficient assessment
information for the blue crab fishery in North Carolina are discussed by Henry and
McKenna (1998). Escape rir  have b | mandatory since 1989 asar asure to reduce
the harvest of undersized crab in that . Gear types and modifications have been

investigated to reduce the bycatch of |  : crab in the shrimp trawl fishery although more
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work is needed. Additional study of biodegradable panels and escape mechanisms has

been suggested to deal wi  concerns regarding ghost fishing.

Guillory (1998) further studied optimum mesh size selection in blue crab pots to account
for the over ten per cent catch of undersized animals still being retained, even with the
presence of escape mechanisms in the ar. He suggested that a mesh size of 44.4
millimetres square was superior to the other sizes tested in that the mesh size had the
lowest retention rates of undersized 1 crab while still retaining high numbers of legal
crab. He fu 1er postulated that an opt  1m mesh size could complement or even replace

the use of escape vents for reducii  the itch of undersized animals.

While Guillory and Hein (1998a) rep«  :d that an escape ring size of 5.87 centimetres in
diameter did reduce the catch of undersized crab to 28 to 33 per cent of the catch they
still determined this to be excessive. Fi  1er pursuing the work discussed above by
Guillory and Prejean (1997) they advc  ed for use of the hexagonal mesh with 6.03
centimetre escape rings to reduce undersized catch of blue crab. Field stud  conducted
by Guillc | (1989) on square (5.08 cm) and circular (6.03 cm diameter) escape vents
recommended the use of three escape * s in a pot. This work also stated at square
vents were more economical and easi: to construct than of the circular PVC vents used
in the study although both square and  cular escape vents performed equally well

during field trials.
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In Guillory and Hein’s (1998b) review of the literature and escape mechanism evaluation,
they reported that an escape ring of 6.03 centimetres (diameter) would be optimal for the
blue crab fishery and enable some esc.  ment of small, legal-sized crab. They further
suggested that if state regulations do not require the use of escape rings in crab pots,

commercial fishers should be encouraged to use them voluntarily.

Guillory er al. (2004) directly studied { :selectivity efficiency of the 5.87 centimetre and
6.03 centimetre escape rings by comp g the catch of undersized and legal sized blue
crab per unit effort in traps fitted with  : escape mechanisms. Again, the larger ring size
was recommended in order to minimize the capture of undersized crab. In fact, they
stated that the use of escape rings of  appropriate size, number, and location can

reduce the capture of undersized crabl 75 to 80 per cent.

Gendron and Hébert (1991) conducted nilar work to Fogarty and Borden (1980) in
Baie des Chaleurs, Quebec, field testii  seven different types of traps. Although the
recommen: | conical trap that maxim  lcatchoi ck crab (Canc - oratus) did
capture some lobster it was felt that the lacement of a suftficient number of escape
mechanisms of the appropriate size we |d minimize the number of lobster effectively

harvested.

An investigation of escape mechanisn for the Norwegian red king crab (Paralithodes

camitschaticus) was conducted by Sal wg. 1Furevik (2004). Results were similar to
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other studies in that pots fitted with circular escape openings with a diameter greater than
160 milli etres saw a reduced catch of undersized animals. The authors also noted that

undersized males had a higher escape ¢ than small female crab.

Generally, rectangular escape mechani s are commonly used to retain legal lobster
while permitting escapement of many crab and fish species while circular escape devices
are used to retain both lobster and targeted crab and fish species (Fogarty, 1996; Miller,
1995). However, Everson et al. (1992) und that a circular vent was more effective for
spiny lobst.  (Panulirus marginatus):  slipper lobster (Scvllarides spp.) in the
Northwestern Hawaiian Islands. This work recomm: led that lobster pots be equipped
with two escape mechanisms. ‘own and Caputi (1986) also suggested 1e use of more
than one escape gap to reduce the catc and potential mortality of undersized western
rock lobster. Several authors have sug  ed that the dimensions of the escape vent
should be slightly larger than the min.  m size that retains legal anim:  but allows for
some minimal escapement of legal sizc animals lobster in order to ensure maximize
escapement of undersized animals (Fc  ty and ™ »rden, 1980; Brown, 282; Guillory
and Hein, 1998b). It is important to note however that the use and applicability of an
escape mechanism is species-dependent and the size of the device is deper :nt on the

legal size of the animal a fishery istar  ng (see Figure 3.6 below).
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Figure 3.6 The entrance size and  ipe of an escape mechanism cam be used to select for

the animal to be captured and excluded om capture. (Source: Miller, 1995).
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4.0 Benefits of Escape Mechanisms
So, why would one use an escape mechanism? Ultimately, the use of escape mechanisms
protects undersized, non-targeted animals for future years of the fishery, effectively

creating a more sustainable fishery for years to come.

Providing an escape opportunity for undersized and non-target animals reduces the
number of undersized animals caught and subsequently stressed and/or injured by trap
confinement, handling during onboarc 1illit  includir air and temperature exposure at
the surface, and subsequent discard. V  le undersized and non-target animals may be
returned to the sea with no noticeable s of imminent mortality, the stress, injury,
and/or exposure during the harvest and culling experience may result in reduced growth
of the animal, reduced reproductive p«  tial, and increased susceptibility to disease,
predation, or starvation. Any of these factors could result in delayed or eventual mortality
of the animal, also known as discard r  ality (Templeman, 1958; Bowen, 1963; rouse
and Thomas, 1975; Fogarty and Bord:  1980; Guillory and Prejean, 1997; Eldridge et
al., 1979; Grant, 2003). On-board har g and discarding could also lead to limb loss
which can also reduce reproductive pe  rmance (Sainte-Marie ef al., 199¢ and  Hact

stock recruitment as well as reducing commercial value.

With a reduced number of undersized imals in each pot fishing efficiency would

increase as sorting time of harvesters would be reduced (Templeman, 1958: Krouse and

Thomas, 1975; Eldridge ef al., 1979; ] irty and Borden, 1980; Brown, 1982; Brown

35



and Caputi, 1986; Acrement and Guillory, 1993; Guillory and Prejean, 797) and
undersized animals would be handled 1icker, resulting in reduced exposure time (Brown

and Caputi, 1986).

The quality of the catch may increase as fewer animals in the pots would reduce the
number of conspecific-inflicted injuries such as claw loss (Templeman, 1958; Pecci et

al., 1978).

Some studies have documented that the use of escape mechanisms in pots to reduce
undersized catch has further increased 1e catch of legal sized animals (Pecci ef al., 1978,
Fogarty and Borden, 1980; Brown, 1982; Acrement and Guillory, 1993) and therefore pot
efficiency. Work by Treble er al. (199¢ however did not support the findings of these

previous studies.

In other decapod fisheries the sale of u  ersized animals has been problematic to
enforcement personnel. Personnel intl  field are not able to catch all those engaged in
illc 1l activity. Unders” :d animals are so not profitable for processc (Eldridge a4/,
1979; Acrement and Guillory, 1993; C illory and Prejean, 1997; Guillory and Hein,
1998b). Re 1cing the number of undersized animals captured would lessen the
temptation of fishers to harvest and sut quently sell undersized animals (Templeman,

1958; Krouse and Thomas, 1975; Smolowitz, 1978a; Lyons, 1986).
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As previously stated, one of the benefits of using escape mechanisms is to reduce the
capture of non-target animals. Weber and Briggs (1983) investigated tI impact of
equipping lobster (Homarus americanus) pots with escape vents in the black sea bass
(Centropristis striata) fishery off the south shore of Long Island, New York. Although
their results did not show a difference  catch rates of black sea bass in vented and
unvented lobster pots they did conclude that the use of escape vents in the lobster fishery
does not constitute any economic loss  r the black sea bass fishery. This is significant as
incidental bycatch is usually dead by tI  time it is returned to the water (Saila, 1983).
One valuable fishery seeming to significantly impact another valuable fishery could lead
to conflicts and reduced stock sizes in one, or both fisheries. Therefore, mitigation of
impacts, such as the use of escape me  1isms to prevent the capture ¢ non-targeted

animals, would benefit both fisheries1 1e longer term.

Escape devices are cheaper than re-m:  ng old pots with larger mesh, if and when
regulations change, or when the mesh  :ars out. Crab harvesters may re-mesh crab pots
two to three times as size distribution changes for optimal exploitation of the resource

(Dr. Paul Winger, Centre for Sustainable Aquatic Resources, pers. comm.).

Escape me: anisms, if sewn into pots v h biodegradable twine or attached with
corrodible :vices can also be used to  ice ghost fishing if pots should become lost.
Smolowitz (1978b) suggested that esc e mechanisms may reduce ghost fishing and trap

related injuries and morta y due to the decreased catch of undersized animals in lost
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pots. The issue of ghost fishing will be addressed separately in the next section as the

published literature on the subject matter is extensive.

Incorporating escape mechanisms in crab pots also offers opportunities to industry in
terms of market based incentives. The heavy exploitation rate on world fisheries has
encouraged the development of various mechanisms to ensure the sustainability of stocks.
Ecolabeling is one such mechanism th.  works to influence consumers and buyers to
purchase seafood harvested or produce in a sustainable fashion. This works to the
benefit of the fishing industry such th: a higher price can be paid for product that has
been harvested using responsible and/  sustainable fishing practices. Although it is
difficult to determine if ecolabelii  schemes have had any impact on sustainability of
fish stocks thus far, the certification process itself enables the industry to be reflective of
its practices and adopt more environm tally friendly fishing methods that support

conservation policies (Washington, 2(

Incorporating escape mechanisms in p ; in the Newfoundland and Labrador snow crab

(Chionoecetes opilio) fishery would be a strategy that the industry could take in an effort
to adopt more sustainable fishing practices. In that regard, installing escape mechanisms
in pots wor | provide the opportunity to undersized crab to voluntanly escape from crab
pots before harvest instead of being s1  cted to harvesting and discarding lated injury
and/or mortality. This would have lon;  term impacts on stock recruitment and

conservation.
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5.0 Gho: Fishing

Ghost fishing has received much attention in the literature on trap fisheries. When traps
or pots are lost or abandoned they do effectively continue to capture and retain the
targeted species and potentially other non-targeted species as well. For this reason, much

research has been done to confirm and sess the problem.

There are two phases of ghost fishing. Initially, bait attracts a high volume of animals.
However, once the bait is gone, the pot continues to “fish” and captured animals remain
in the pot until the trap is recovered, brc :n up, or degrades such that animals can escape

(Miller, 1990).

Acrement and Guillory (1993) explain 1at ghost fishing occurs in three phases for blue
crab (Callinectes sapidus) such that the first stage, as Miller (1990) describes, involves a
short period of high recruitment, escape, and mortality due to the attrac ‘eness of the
bait. They note the second phase as being transitional in that recruitment declines but
mortality increases due to the presence « crab in the pot from the captured in the first
phase. The third phase then is the long  phase of continued declining recruitment and

lower mortality which serves to attract or rebait other blue crab to the pot.

Guillory (1993), in his research on ghost fishing of blue crab, suggested that mortality of

the species in a lost pot would attract ol rs due to the species’ cannibalistic nature.

Studies conducted on other species su¢ as spider crab (Libinia spp.) (Richards and
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Cobb, 1987), western rock lobster (Panulirus cygnus) (Morgan, 1974), and snow crab
(Chionoecetes opilio) (Miller, 1977) however exhibite the opposite behaviour, in that
conspecifics act as a deterrent to others approaching a pot. Prior conditioning to entering
traps, as suggested by Smolowitz (1978b) and Karnofsky and Price (1989), prem: [t
females attracting males to traps, and premoult blue crab (Guillory, 1993), 1d lobster
(Karnofsky and Price, 1989) seeking s| “ter were also proposed as reasons blue crab

(Callinectes sapidus) would enter unba :d (lost) pots (Guillory, 1993).

Miller (1977) reported that crab that die in lost traps do not act as bait and therefore do
not attract additional crab. In fact, exj iental results indicated that the presence of

dead crab in pots actually repelled oth  crab from entering pots.

Research conducted by Richards and C b (1987) further supported this apparent alarm
response that seems to reduce the catch of conspecifics. To avoid the bycatch of spider
crab (Libinia spp.) in traps targeting A rican lobster (Homarus american ) they added
freshly crushed L. emarginata to the bait bags. The catch of spider crab was significantly
reduced when crushed L. emai ‘nata was added to the bait. However, 1 : catch of
lobster, Jonah crab (Cancer borea ), ck b (Cancer irroratus) was not impacted
by the addition of the crushed spider ¢ in the bait in comparison with e: erimental

pots.
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High (1976) conducted experiments to determine if Dungeness crab (Cancer magister)
could escape from lost pots in Washington. While different escape rates were observed
for undersized males, females, and legal males, his results led to the conclusion that crab
will escape given an appropriate sized opening such as an escape ring « entrance tunnel
(if the triggers are raised or inoperative). The author, however, still questioned the

frequency of crab entering unbaited lost pots and eftectively becoming trapped.

Pecci et al. (1978) conducted a series « experiments in Maine and Massachusetts to
assess the « ‘ectiveness of escape vents  lobster pots while also observing pot-related
mortality d :to ghost fishing of “lost” pots. ..iey determined that selectivity of lobster
pots can be improved by using escape  :chanisms. While the vented pots caught fewer
lobster, the pots equipped with escape echanisms caught larger lobster than pots
without escape vents. It was thought tt  the vents enabled undersized bster to escape
from the pots and thereby reduce injuri  and mortality induced by entrapment. Their
work also confirmed that “lost” pots do continue to fish; over the study time 25 per cent
ofthelobs e pped inthe “lost” p: :died. “Lost” pots with escape vents or lath
spacing of 45 millimetres however de nstrated that mortality can be reduced with their

use€.

In terms of early research, most studic on ghost fishing have focused on identifying the

factors that actually affect ghost fishii  These factors include the number of pots lost,

the pot type, size, shape, head design, e location where the pot was lost, and the target
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species’ behaviour (Smolowitz, 1978a; 1978b). However, as ghost fish  x has become
recognized as a conservation issue and an economic loss to the industry, more recent

work has ¢« centrated on preventing and decreasing ghost fishing.

While it would be desirable to believe at all harvesters are conservation-minded and
have concerns regarding ghost fishing it is the direct economic cost of lost gear that is
important to the majority. With modern gear becoming more durable, easier to handle,
and highly efficient in terms of catch rates it becomes the challenge to modify or redesign

gear to reduce ghost fishing but still n  1tain the efficiencies associated with operations.

A move forward in this respect was the suggestion by Smolowitz (1978a) to design a pot
that retains only legal-sized animals. Ir  is review he recognized that escape vents were
not a new idea and described the early >rk in Newfoundland and Car la, as discussed
above, as well as the work completed Western Australia and Tasmania with the rock
lobster (P. cvanus) fishery. He also linl 1 recommendations from research conducted in
1975 by the State-Federal obster Mar  :ment Program and by Krouse and Thomas
(197" it «d to the re  1lation in Mi  achusetts and Maine requir  zesc. |, :v

lobster pots.

Although Smolowitz (1978a; 1978b)1 ed that escape mechanisms may reduce ghost

fishing mortality of undersized target a1 nals, he also noted that non-degradable pots

should contain a section that would degrade over time. Realizing that fishers may find
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the pot if it were to become lost. Their results showed that crab can escape but some will

remain in the pots and die.

Sea trials using galvanic time release mechanisms were conducted by Gagnon and
Boudreau (1991) to assess the rate of corrosion of the devices for potential se for the
snow crab fishery in the Gulf of St. Lawrence (refer to Figure 5.2 below). While the
galvanic devices performed as per the manufacturer’s guarantee, the plywood doors
installed in the pots were closed with the galvanic devices. It was not k »wn if the action
of hauling the pots would increase the ik of the device releasing prematurely due to the
increased stress put on the device. The authors also thought that the installation of the
plywood doors would be more costly so they recommended installing the galvanic time
release devices on a mended section of 1€ mesh that would create a horizontal opening
when the device was released. They also recommended further trials be conducted with
commercial fishers during the 1991 ¢1  fishing season. In 1994, the use of a
biodegradable escape mechanism such  the galvanic time release device entioned
above or untreated cotton twine (size ) or #90) woven into the! 2 of the pot became
a mandatory regulation in the southwestern Gulf of St. Lawrence region (Hébert ef al.,
2001). The escape device described above is not to be confused with the rigid escape
devices discussed for use in the Newfoundland and Labrador snow crab (Chionoecetes

opilio) fishery.
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Figure 5.2 Crab pot used in the snow crab (Chionoecetes opilio) fishery in the Gulf of St.
Lawrence showing a galvanic time reli e device attached to biodegradable twine in the
mandatory escape panel section of the  t. The door (porte) shown in- :diagram above
was also closed with a galvanic devic. it was not recommended by t|  authors of the
study. (Source: Gagnon and Boudreau, 1991).

Concern about ghost fishing prompted ¢ voluntary installation of an escape panel in
sablefish (4noplopoma fimbria) pots| rto the 1984 regulation coming into effect in
Canada. Scarsbrook er al. (1988) recommended cotton butcher’s twine (1.5 mm diameter)
as a binding material for escape panels as the twine disintegrated the fastest. A time
release magnesium alloy devicev sa  tested but was not deemed as effective as the

more degradable twine.

In 1993, as a result of experimentatior 1d an analysis of alternative s¢ itions, the Alaska

Board of Fisheries adopted that regulation that an escape panel be fitted in pots for all
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crab fisheries in Alaska. The pots coul be equipped with a degradable mechanisms made

of cotton twine or a galvanic time release device (Kruse ef al., 1994).

Guillory (1993) investigated the impact of ghost fishing for the blue crab fishery in
Louisiana. Due to the technological advances in trap design, modemn traps, although
highly efficient, are often made of materials that do )t degrade quickly. In his study,
mortality of blue crab (Callinectes sapidus) in ghost pots was highest in the first month of
ghost fishing. Therefore, even traps re 1ining in the water for short periods of time could
significantly impact mortality of blue ¢ ) in the area. He advocated that a biodegradable
panel or hinged flap with a time release  :chanism be incorporated in the ot that would
reduce the long-term impacts of ghost  hing. He also continued to recommend the use
of escape vents to enable undersized @ als to escape. His work with Acrement
(Acrement and Guillory, 1993) indica  that vented pots reduced overall mortality of

ghost pots by 69.2 per cent.

5.1 Preventing ghost fishing

Smolowitz’s (1978b) discussion on ghost fishing in the New England lobs fishery
provided several preventative solutior  Reduced effort, that is, less traps fished, is an
obvious solution to reduce the numbers of pots lost that subsequently ghost fish.
Determining the causes of pot losses ¢  improving operations to reduce the losses was
also suggested. Degradable sections n  le of materials such as wood, natural fibre, or
untreated iron wire could be added to 2 pots. Hov , as the section would degrade

over time a fisher would have to replace it frequently and may be tempted to replace the
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section with nondegradable material. Escape vents were suggested as a 1eans of
reducing ghost fishing of undersized animals. Finally, a combined esca  vent and
degradable section was recommended to be combined in one unit. The escape vent would
allow the undersized animals to escape and, after a period of time, the degi lable section

will break down and enable legal sized lobster to escape from the ghost pot.

Smolowitz (1978b) further suggested -t the panels should be mass produced by the
States and the panels be stamped with ¢ cence number. Harvesters we  d be required to
purchase one catch escape panel per p« fished. This would serve several purposes in
addition to preventing (or reducing) the 1trapment of undersized lobster and ghost
fishing by lost pots. The State would now how many pots are being fished, and
subsequently, how many pots are lost.  ‘orcement of the regulation requiring the use of
a catch escape panel in each pot would  easier with a highly visible common panel on
all pots. Furthermore, the presence of the escape mechanism in the pot would reduce the
number of undersized lobster in the pot which brings with it additional benefits as

discussed previously.

Hébert et al. (2001) also advocated for e need for biodegradable escape panels in
conical crab pots used in the snow crab (Chionoecetes ophilio) fishery in the Gulf of St.
Lawrence. The results of their study di  nstrated the negative effects of ghost fishing

and the unnecessary mortality associat ~ with it. Vienneau and Moriyasu (1994) similarly
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advocated for the installation of a self-destructing mechanism, ideally biodegradable, that

would prevent ghost fishing of pots lost at sea, as did Winger and Walsh (2007).

Watanabe (2005) conducted simulated 1ost fishing experiments for the red queen crab
(Chionoecetes japonicus) fishery in the Sea of Japan. Pots were fitted with circular
escape mechanisms (90, 100, and 110 millimetres) and mesh of 34 and 150 millimetres
and left to soak for approximately six onths. The SELECT model results showed that
the majority of the crab with a carapar  width of less than 99 millimetres escaped,
including females. However, crab with :arapace width of more than 3 millimetres

would be retained by the lost pots and erefore removed from the population.

Fish harvesters do not necessarily rept  lost pots and it is very difficult to undertake long
term studies to assess impacts of ghost fishing (Bullimore ef al., 2001). Although ghost
fishing is an issue of global concern a  research has proven that lost pots and other gear
losses do indeed contribute to fishing 1 Hrtality, work can still be done to quantify the
magnitude of the problem. Gear retrieval programs have been a typical management
response to the problem of "ost fishit t “itiseq ~ -important to consider the cost
benefit of such programs which is diff It when the economic loss to the  hery from
lost gear is largely unknown (Brown &  Macfadyen, 2007). Regardless, the use of
escape mechanisms, vents, and/or pan: ; to reduce losses from ghost fishing, in addition
to the establishment of co s of good 1 :tice and fishing fewer pots, would contribute to

reduced mortality from lost pots.
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6.0 Crab Fisheries Using Escape Me« 1nisms

Although many lobster fisheries, as discussed earlier, have mandated the use of escape
mechanisms, the focus of this paper is{ :use of escape mechanisms in the snow crab
(Chionoecetes opilio) fishery in Newfi  dland and Labrador. Therefore it is important to
highlight significant crab fisheries within North America that incorporate escape

mechanisms in their fishing gear.

6.1 West Coast Dungeness Crab (Cai ’r magister) Fishery

The Dungeness crab fishery is prosecu  in the states of Alaska, Califc 1ia, Oregon, and
Washington and in the province of Bri h Columbia as their range reaches from the
Aleutian Islands, Alaska to Santa Bart a, California (Dewees, ef al., 2004b). The fishery
has been the most valuable single-spec  fishery in Washington, Oregon, and California
since 1990 ‘ewees ef al., 2004a). A eational fishery also exists for Dungeness crab
in Canada and the United States (Dahlstrom and Wild, 1983; DFO, 2000). The fishery is

an important economic activity for Aboriginals in British Columbia (DFO, 2002b).

The Dungeness crab commercial fishe began in 1848 near S:  Francisco, California
(Hankin and Warner, 2001). It began in Canada near Vancouver, Britic Columbia in
1885 (DFO, 2000; 2002b). Concerns :  ut the resource prompted protective legislation
for female crab as early as 1897 in Cal rnia whereby the possession and sale of female
crab was prohibited. Closed seasons, ¢«  ;ested by fishermen, were introduced in 1903,

and a minimum size limit of six inches 3.2 cm) was enacted in 1905. The minimum
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size was in :ased to seven inches (17.8 cm) in 1915 which further pro :ted female crab

(Dahlstrom and Wild, 1983).

Since the 1956-57 fishing season at least one rigid circular escape port (4 inches, 10.2
cm) has be.  required in cr.  pots enabling undersized males and most females to escape
in California. Variations of the escape mechanism regulation developed over time, as
well as the required placement of the devices in the pot (Jow, 1961; Dahlstrom and Wild,
1983). Since 1978 all crab pots have been required to have two 4 '4 inch (10.8 cm) escape
openings. Traps must also be equipped  th a destruction device that will enable a trap to
open and enable retained crab to escape should the pot become lost (Dahlstrom and Wild,

1983; Hankin and Warner, 2001).

The cyclic nature of the Dungeness cr  fishery since the 1940s has prompted various
research initiatives, particularly & ng e 1970s (Hankin and Warner, 2001) in
California. Ghost fishing studies have  1gested the use of self-destruct devices in pots
that could « :ompose over time if pots become lost. As well it has been recommended
that the escape port size required in pc  be increas¢ to 4 3/8 inch (11 cm) with a time-

lock on their use (Dahlstrom and Wild, 1983).

The Dungeness crab fishery is manag  separately by state (nationally in Canada) but

common regulations for all regions inr  de no takir of female crab, a minimum size

limit, and a closed season coinciding with the moulting cycle of the species in California,
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1998). However, dredging and trotlines are still common harvesting methods in certain

regions.

Today, the East Coast blue crab (Callinectes sapidus) fishery along the Atlantic and Gulf
Coasts of the United States and Mexico is one of :[he most important commercial and
recreational crustacean fisheries in North America. Blue crab is harvested commercially
in all Atlantic coast states (as far north as New York) with the Chesapeake Bay area
accounting for more blue crab production and marketing than any other region (Rugolo et
al., 1998). The decline of king and Du  ness crab stocks in the last decade has enabled
blue crab products to occupy a gre er  ‘centage of the market (Steele and Burt, 1998),
however, competition with other cour i developing or expanding their crab resources
is impacting the domestic industry, particularly with respect to imported crab meat
(Oesterling, 1998; Steele and Bert, 1998). Surimi, or imitation crab meat, has also filled a
niche in markets that natural crab meat innot supply at current prices (Steele and Bert,
1998). However, marketing campaigns raising awareness of the superior quality and taste
of the domestic crab product are enco  ing consumers to purchase locally produced

crab meat (Oesterling, 1998).

The fishery itself has many components. The commercial blue crab fishery prosecutes
hard crab, peeler crab, and soft crab. P er crab are “hard” crab that exhibit
characteristics of imminent moulting. Soft crab are animals that have recently moulted

their carapace. Soft crab can be harvested in the wild but are often held in shedding tank
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operations with other peeler crab until moulting has occurred (Rugolo ez al., 1998). The
recreational blue crab fishery throughout the United States is often not reported and in
terms of management becomes difficult to quantify. Recreational harvests are estimated
to be between four (4) per cent and 20 per cent of the commercial harvest, which is
significant in terms of management (Guillory, 1998; Guillory and Perret, 1998; Guillory

et al., 1998; Heath, 1998; Steele and Bert, 1998).

The East Coast blue crab (Callinectes s ridus) fishery in the United States is managed
state by state with participants from co: al states prosecuting the fishery. States
bordering the Chesapeake Bay area ha organized various committees and commissions
to advise state legislatures accordingly ¢« stock status and recommended management
measures(Guillory and Hein, 1998b). | 1lations, therefore, are state dependent. The
following table (Table 6.1) provides an overview of escape mechanism regulations by

State.
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Table 6.1 Escape Ring Regulations for the blue crab (Callinectes sapidus) shery in the
Eastern United States by State. (Source: Guillory and Hein, 1998b. Effective July 1,
2008, all crab pots in Virginia waters require four escape rings (Harper, 2008)).

State Number Size Placement | Other Info
Maryland 1 5.8/ cm Side of upper chamber
(minimum) that may be closed at
OR any time to catch
peeler crab
5.08 X 5.08 c¢m square
mesh with four
openings in crab pots
with mesh size greater
than 3.81 cm or less
than 5.08 ¢cm
Virginia 2 of two sizes 5.55 cm and Upper chamber side ard crab traps
(effective July 1, 2008 | 5.87 cm panels of hard crab fished within the
pots require four traps dredge lines of
escape rings) Chesapeake Bay,
in Pocomoke and
Tangier Sounds,
and on seaside of
the Eastern Shore
may have the 5.87
4 rings for peeler traps | 3.81 cm cm ring closed for
the retention of
small mature
females
North Carolina | 2 (since 1989) 5.87 cm Upper chamber side Outer Banks are
(n num) panels er et
Georgia 2 (since 1996) 6.03 cm Outside vertical walls Pecier waps are
{minimum) exempt
Flonda 3 6.03 cm At least one on the Peeler traps are
(n  mum) vertical surface of each | exempt
chamber
Louisiana 2 5.87 cm Located flush with the
(minimum) floor or baffles, with
one in each chamber
Texas 4 6.03 cm Two in each chamber
(minimum)}) located on the lower

edge of the outside trap
wall

6.3 Alaskan crab fisheries

The productive waters around Alaska |

> supported significantly imp«

ant commercial

crab stocks including three species of king crab (red - Paralithodes camtschaticus, blue —
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(Paralithodes platypus), and brown o1 Hlden - Lithodes aequispina), Tanner crab
(Chionoecetes bairdi), snow crab (Chionoecetes opilio), hair crab (Erimacrus isenbeckii),
and Dungeness crab (Cancer magister). Many of the fisheries expanded  »5idly during
1960 to 1980 and have since collapsed or are consic :d depressed, the most prominent
stock decli:  being the red king crab ( ralithodes camtschaticus) in the early 1980s

(Orensanz et al., 1998; Woodby et al., 2005).

Crab stocks in the Bering Sea and Aleutian Islands, the areas accounting for the majority
of commercial crab landings, are managed jointly between the State of Alaska and the
United States government through the North Pacific Fishery Managem: t Council
(NPFMC). However, crab stocks in the Gulf of Alaska, including stocks in Southeast
Alaska, are managed solely by the State of Alaska (Woodby et al., 2005). 1 :ase refer to
Figure 6.1 for orientation of the location of the various crab fisheries and regions in

Alaska (below).
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and the social impacts were therefore not as prevaler during the 1970s. Additionally, the
fleet moved further offshore in the late 1960s following the migration of crab into deeper

waters (Otto, 1986; Orensanz et al., 1998; Woodby et al., 2005).

Asthered! g crab stocks collapsed, harvesters began to target brown kir  crab
(Lithodes aequispina) around 1980/1981. The species is also located in similar areas to
red king crab but at depths greater than 30 metres. The species was fished so heavily
that the leg: size of brown king crab v ; reduced in 1984. This reduction in legal size
targeted new recruits rather than post-r¢  1its. An increase in recruitment in the early
1980s enabled the fishery to continue, t  as was evident, fishing effort and catch peaked

in 1987 and declined to 50 per cent by 14 (Orensanz et al., 1998; Woodby et al., 2005).

Blue king crab (Paralithodes platypus) e found as discrete populations around the
islands in the Bering Sea as well asin  lated cold water areas in the Gulf of Alaska at
depths of less than 180 metres (Woodby ez al., 2005). Worthy of mention are the stocks
of blue king crab in the eastern Bering :a. The stock around the Pribilof Islands is
slightly 1 1er in size that the stock ne . Matthew Island and the minimum legal size
limit reflects the size differences. The fi  zry in the Pribilof Islands was developed in
1965 by the Japanese with the United Sates fishery starting to target blue king crab
specifically in 1973. Oil exploration s1  gys led to the discovery of the St. Matthew
Island population and commercial interr  developed for that population in 1977 (Zheng

et al., 1997).
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The fishery Hr Tanner crab began in 1967 in Alaska and catches increased faster than
fishing effort in the early 1970s. However, fishing e Hrt peaked in the early 1980s. As
catches declined between 1980 to 1985, the fishery was targeting new re  its, as was the
case with the brown king crab fishery (Orensanz ef al., 1998). Tanner crab are distributed
in the eastern Bering Sea, Aleutian Islands, and the Gulf of Alaska in areas where the

depth is less than 300 metres (Woodby et al., 2005).

While king crab and Tanner crab represent significantly larger fisheries, ow crab are
found in the northern and central Beri:  Sea on the continental shelf in depths of less
than 300 metres primarily. Hair crab are concentrated around the Pribilof I inds in the
Bering Sea (Woodby et al., 2005). Adc ionally, although the west coast Dungeness crab
fishery was previously mentioned itis  »ortant to note here that it is the oldest
commercial crab fishery in Alaska, be; 1ning in 1916 (Orensanz et al., 1998). This
species, as in more southern areas, is fc  d from estuaries to open ocea areas at depths

greater than 300 metres (Woodby et al., 2005).

The Alaskan crab fisheries e several  erent types of pots depending on species
targeted. However, all pots are framed  steel and covered with nylon webbing of
various mesh sizes. Pots are lowered on single buoy lines for the most part, although in
deeper and rough bottom areas longlines are used. Alaskan crab fisheries are male only
fisheries and therefore females and uni  ized males are released overboard if captured

in pots (Stevens et al., 2000; Woodby et al., 2005).
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Since 1977, all crab pots in Alaska have required an escape opening 45.7 cm in length,
within 6 inches (15.2 cm) from the bottom of the pot and parallel to the bottom of the pot.
The opening is laced, sewn, or secured together with cotton or untreated twine so that the
material de des within 90 days and prevents the pot from ghost fishing if lost.
Dungeness crab pots may substitute the opening by securing the pot lid with cotton twine,
such that when the twine degrades the pot lid will not be securely closed. Galvanic time
release (GTR) devices may be used, but be integral to the length of the twine such that
when the device releases, no more than  irty days immersed in salt water, the twine will

not be securing or obstructing the pot «  11ing (Stevens ef al., 2000).

Red king crab are harvested with rectai 1lar pots, usually from 2.0 metres by 2.0 metres
to 2.4 metres by 2.4 metres, with heights from 0.7 to 1.0 metres. These pots have two
funnel shaped entrance tunnels on opposite sides; one tunnel is for crab  try and the
other is secured for emptying the pot w n the pot is hauled. The tunnel eye opening
cannot be higher than 13 centimetres in eight to ensure larger crab do not enter the pot.
Wooden slats are usually placed in 1el eye of these pots to preve:  rger crab

from being captured (Stevens ef al., 20 ; Woodby et al., 2005).

Pyramidal and conical pots are slightly 1aller than rectangular pots and have a single
square or round entrance at the top of tI  pot, often fitted with a plastic collar. Pyramidal
shaped pots are used in Southeast Alas  specifically for Tanner crab fisheries while

Dungeness crab pots are round, ranging  diameter from 1.0 to 1.5 met ;and 0.4 to 0.5
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metres high. Dungeness crab pots in Alaska, as required in the other western states, have
escape rings to allow undersized crab to escape (Stevens et al., 2000; Woodby et al.,

2005).
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7.0 Research Efforts with Escape Mechanisms in the Newfoundlan and Labrador
Region

As discussed earlier, research efforts to protect undersized, non-targeted animals from
capture in Newfoundland date back to e late nineteenth century when Ne en
investigated lath spacing to protect uni  sized lobster (Homarus americanus)
(Templeman, 1958). In fact, Newfoundland was the first lobster fishery in eastern Canada
and the United States with a regulation for “escape mechanisms”. Wilder (1949) and
Templeman (1939) conducted additional research in Newfoundland in the 1930s to 1940s
advocating for the use of escape mech: isms in lobster pots. Other important lobster
fisheries in the Maritimes and eastern United States also mandated the use of escape
mechanisms following research efforts 1t acknowledged the value in protecting the
resource (Templeman, 1958; Lewis, 19°  Elner, 1980; Maynard et al., 1987; Lanteigne

etal., 1995.

As the snow crab (Chionoecetes opilio) shery began to develop in Newfoundland in the
latter part of the 1900s several researchers conducted investigations on e gear used to

harvest the species and fishing methods themselves.

Experiments with different mesh sizes ( , 119, and 129 millimetres stretched-mesh) off
the southeast coast of Newfoundland showed a decrease in capture of undersized crab
with increasing mesh size (Miller, 1976). Following this, Miller (1976) recommended
that 129 mm mesh size, or possibly larg  be used in pots instead of the commonly used

91 and 119 mm mesh size. He further ¢ sested that a larger mesh size would reduce
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Bay, Newfi ndland, in the spring of 1989. Xu and Millar (1993) also conducted work in
St. Mary’s Bay, Newfoundland, finding the commercial-sized pots (133 mm mesh)

almost twice as efficient as control traps covered with 25 millimetre mesh.

Twenty-five years later, the Centre for Sustainable Aquatic Resources, 1 applied
research un of the Fisheries and Marine Institute of Memorial University of
Newfoundland, began investigating the use of escape mechanisms in ¢« mercial
decapod fisheries, principally in the N¢  hwest Atlantic. The shape, size, location, and
material of escape mechanisms studied and in use were reviewed (Winger, 2003) which
set the stage for further research regarc  ; the use of escape mechanisms in the

Newfoundland and Labrador snow crab (Chionoecetes opilio) fishery.

In the first instance, Winger and Walsh (2007) conducted laboratory observations on the
behavioural response of undersized ma snow crab :ss than 94 millimetres carapace
width) to rigid escape mechanisms insta :d at two different heights in both commercial
mesh pots and prototype wire traps. The escape mechanism tested was developed by the
researchers to suit the current legal size mit for the snow crab fishery, that is, 95
millimetres carapace width (see F:_ re 7.1). Individual crab were manually inserted
through a s es of circular openings ol vo millimeter increments, ranging from 91 to
103 millim: es, to determine the minin n size opening that a crab could escape. As
such, the diameter of the opening in the cape mechanism was determined to require an

opening of 95 millimetres.
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biodegradable twine or a corrodible m. rial to render the pot ineffective for ghost

tishing if lost.

Controlled at-sea experiments followed the above laboratory study to investigate the
performance of two sizes of rigid, circu - escape mechanisms (95 and 100 millimetres in
diameter) installed in three types of pots: traditional Japanese-style conical pots hung
with 5 %2 inch (14 cm) and 6 inch (15.2 n) mesh, a similar shaped wire prototype pot,
and small mesh pots with plastic collars (see Figure 7.2 below). The pots with the escape
mechanisms retained fewer undersized crab with no significant reduction in the number
of legal crab caught when compared to e catch of the traditional 5 2 inch esh pot. The
wire trap performed well under contre | conditions catching fewer undersized crab.
There was no significant reduction in numbers of legal sized crab retained, as compared
to the catch of the traditional 5 /2 inch cm) mesh pot. Finally, increasing the width of
the plastic collars was deemed effective in excluding smaller crab from entering the pot.
However, it was noted that if small crab happened to enter the pot (covered in 2 inch or
5.1 cm mesh) they would not necessarily be able to escape, as these pots did not contain
escape mechan ns. As well, none of  collardes ;experimentc " withach eda
respectable balance between the capture of a small number of undersized crab and high

quantities of legal sized animals (Winger et al., 2006).
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Figure 7.2 View of a crab pot used in  sea experiments to evaluate the performance of
escape mechanisms under commercia hing conditions. (Source: Keats et al., 2008).
Further observations of snow crab pot entrance, escape, and collar behaviour were also
conducted in this study using underwa  camera systems. All crab observed entered the
pots from the top of the pot, that is, no ab were observed entering the pot through the
mesh or escape mechanisms. Escape b avior at-sea was similar to behavior under
laboratory conditions. Undersized crat ;caped either through the bott: 1 couple of
meshes of the pot or through the escape mechanisms by orienting themselves accordingly

(Winger et al., 2006).

Winger and Keats (2006) expanded the -eas of testing for the 2005 crab fishing season.
They distributed escape mechanisms to eleven harvesters in six communities along the
east and south coast of Newfoundland use under commercial harvesting conditions.
Researchers assisted harvesters with tl  installation of the escape mechanisms to ensure
compliance with rigging instructions (  Figure 7.3 elow). Three mechanisms were

installed horizontally in each pot equ: ’ spaced around the bottom, 1 to 1.5 meshes
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above the bottom ring. Harvesters provided feedback to researchers, which was
supplemented by logbook data and at-sea sampling by researchers. Overall, commercial
trials were successful in that fewer undersized crab were caught, on average, compared to
traditional pot catches of the same mesh size in almost all regions. Harvester feedback
was favour: le as the use of the escape mechanisms reduced the number of crab
discarded without impacting the catch of legal sized crab. As well, they noted that the use

of the escape mechanisms did not affect eir operation.

Figure 7.3 Installing escape mechanis  in snow crab (Chionoecetes opilio) pots as part
of a commercial trial project in Newfoundland and Labrador. (Source: Keats et al., 2008).

Catch results from the 2005 and 20061  ing seasons were compared for the harvesters
using escape mechanisms in their gear from Petty Harbour, Newfoundland and Labrador
(Hiscock et al., 2006). Results from the 2005 season were more favour: le as the data
depicted fewer undersized crab and m  legal sized crab in pots fitted with escape
mechanisms than in tt 7106 fishii m. " cdotal information from harvesters in

the area  ;gestedtl there N( Il  »onthefit __ wundsin 2006.
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Therefore, the researchers suggested tI  pots fitted with escape mechanisms should
continue to be fished alongside traditic 1l pots, such that more information can be
gathered for multi-year comparisons. All in all, harvester feedback continued to be
positive . d harvesters recommended 1t the voluntary use of escape mechanisms

should be permitted for the Newfound 1d and Labrador snow crab fishery.

Further expansion of the use of escape  :chanisms in snow crab pots across
Newfoundland and Labrador continue in 2007 and 2008. In fact, as p.  of a controlled
program, irty-six harvesters in twenty-five communities through the province used
escape mechanisms in their crab pots Figure 7.4 below). Harvester feedback reported
for 2007 was equally favourable to the  ults from the 2005 and 2006 fisheries with
harvesters agreeing that escape mechanisms are effective selectivity devices in their

regions and would therefore be of bent  to o er regions (Keats et al., 2008).
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8.0 Declining Crab Stocks

The Total Allowable Catch (TAC) for ow crab in the Newfoundland and Labrador
region peaked in 1999 at 61,200 tonnes (DFO, 2007a). As with the cycli " nature of crab
stock growth and decline in abundance (Gardner Pinfold, 2006), the stock was at a lower
level before it increased significantly from the mid-1990s to 2000 (DFO, 2007a). During
that same time period, many harvesters entered the snow crab fishery and the industry

became dependent on the resource (FF  C, 2005; G iner Pinfold, 2006).

The yearly fall multi-species surveys ivisions 2J3KLNO have indicate a resource
decline in exploitable biomass since 1 1. Quota management is an important sustainable
management strategy of DFO in respo  : to indications of stock decline in line with the
precautionary approach. Measures we implemented in 2000 to address the forecasted
decline in the stock biomass and the o0 11 TAC was adjusted. Additionally, re 1 =nt
declined from 1996 to 2002 and i ains at a low level, although short t¢  recruitment
prospects have improved in some divisions. Long term recruitment prospects however are

uncertain (DFO, 2005; 2006; 2007a).

From a fisheries management perspect 3, as evidenced from the demise of Alaskan crab
stocks, it is important to learn from ot jurisdictions. Crab fisheries rely on an accrued
biomass of old, large individuals upon itial expansion (Orensanz ef al., 1998). As crab
species are long-lived, once the n "»rity of these individuals have been harvested the

structure of the stock will change and the fishery will begin to rely on new recruits. In
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some cases, exceptional year classes w  result and the stock biomass will increase,
which brings with it an expectation of increased quotas. Expansion of the fishery into
previously unexploited areas and further and further offshore will also impact and

possibly obliterate stocks completely (Orensanz et al., 1998).

weyond the basic biology of the s) :ies and indications of declines in stock biomass are
other factors impacting the fishery that are not under the control of scientists, fisheries
managers, and the industry itself, such  disease, regime shifts, and to some extent,

fishery mortality.

8.1 Disease

Incidences of bitter crab disease (BCL 1 the Newfoundland Region have been more
broadly distributed during 1996 to 2006. The disease has been most prevalent in Division
3K but has increased, particularly in Division 3L, and appears to have extended
southward recently (DFO, 2006; 2007 . The disease is of concern because infections
have been documented as highest in fe ales and undersized males. Shields er al. (2004)
conducted a mortality study and concluded that all naturally infected crab died while 50
per cent of experimentally infected crab died. Death due to BCD represents another level
of uncertainty in determining recruitmer prospects and will have an impa:  on the
resource should outbreaks of the parasitic dinoflagellate continue to spread to more

divisions.
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8.2 Regime Shifts

A negative relationship of six to ten yi s lag time has been demonstrated between
bottom temperature and catch per unit. ort of snow crab. This has led scientists to infer
that cold temperatures during the early fe history of snow crab may be linked to strong
year classes for the capture fishery (D] ), 2005). A warm period over the past decade
therefore implies poor recruitment prospects (DFO, 2007a) which does not bode well for

the fishery in the coming years (Dawe et al., 2005).

A regime shift has also been postulated r the crash of Alaska’s Bristol Bay red king
crab (Paralithodes camtschaticus) poy  ition in the early 1980s (Muter ¢t al., 1995)
although the debate between laying the lame on a regime shift or on overfishing is still
unresolved (Dew and McConnaughey, )05). In fact, Poulsen (1995) advocates that the
red king crab fishery was impacted gr  ly by bycatch issues and the lack of acceptance

of fishery managers in recognizing the  blem.

Regardless, the Bristol Bay red king ¢ fishery, Alaska’s second highest value fishery
during the 1970s, bottomed out in 1983 (Dew and McConnaughey, 2005). It is important
to note the similarities between the re  ng crab (Paralithodes camtschaticus) fishery in
Alaska and the snow crab (Chionoece  opilio) fishery in Newfoundland in terms of
economic and social dependency on a single species resource. For this reason eve
precaution should be taken by fisheries  anagers and industry to conserve Newfoundland

and Labrador’s snow crab resource.
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practices can also impact the quantity ¢ legal-sized crab available to the fishery in future

years (Grar  2003).

Ke et al. (1981) also examined handling and holding practices of harvesters from a
processing perspective. Just as undersized animals are impacted by dropping and
exposure, test and field observations indicate that legal sized snow crab (Chionoecetes
opilio) have extremely low (five per ¢ ) survival rates when they lose two legs and 50
per cent survival when they lose one ' or have been dropped from a height of one
metre. Handling techniques on board v els are equally important for legal sized crab as
for undersized discarded crab because legal animals must be processed live and reach the
processing plant in a live state. The qua y of the finished (processed) product is

dependent on the initial quality of the live animal immediately before it is processed.

Kennelly et al. (1990) conducted labo  ory and field experiments with discarded spanner
crab (Ranina ranina) in Australia and  orted significant mortality rates of animals
subjected to injuries, namely limb loss, due to handling of bycatch. Durkin et al. (1984)
reported a high incidence (66 per  t of the total catch) of Dungeness crab (Cancer
magister) either missing or regeneratii  gs in the Columbia River Estuary noting such
limb loss or regeneration could signific  tly impact the animal’s ability to move, feed,
moult, compete for space, protect itst . 1d ultimately survive. Similarly, Shirley and
Shirley (1988) reported a 25 per cent int  lence of injured limbs, either missing,

regenerating, or damaged, of the Dungeness crab sampled in Southeast Alaska. They
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further noted that appendage injuries were correlated with date such that more injuries

occurred during moulting, mating, and shing.

Kruse et al. (1994) documented that m¢ ity of softshell animals from a Dungeness crab
study in Alaska was directly related to the incidences of capture, handling, and
subsequent release into the ocean. Bas  on their experiments, they calculated that
softshell crab had a 45 per cent higher ortality than hardshell crab due to handling and
exposure effects. Zheng et al. (1995)s  zsted that extreme handling mortality may have
accounted for the increase in unexplaii  mortality that was significant in the collapse of
the Bristol Bay red king crab (Paralithodes camtschaticus) population collapse in the

early 1980s.

As a specific case in point, Warrenchu  and Shirley (2002) conducted work to estimate
the discard mortality of snow crab (C/ noecetes opilio) during the Bering Sea Fishery in
Alaska in 1998. While snow crab are caught and discarded in other fisheries in the Bering
Sea, it is thought that the snow crab fi ry itself accounts for most of the bycatch,
specifically of undersized snow crab. Recognizing the stress on the unc sized animals
experienced during the harvesting, ho  1g, sorting, and discarding process, including
injuries from handling, as well as ee: ‘eme weather conditions prev: nt during the
winter fishery, the authors estimated 2 catch mortality of 22.2 per cent. They noted that
this estimate was likely conservative, as they did not consider the synergistic effect of

handling and  posure to cold temper 1res and wind. As well, the mc lity estimate
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was for direct mortality resulting from the capture and discard process. Prolonged effects
of handling and exposure such as reduced growth, mating success, and vulnerability to

predation could also impact mortality of animals.

Grant (2003) quantified mortality of undersized and high-graded snow crab by
considering drop height and air expos  in relation to conditions prevalent on
commercial fishing boats in Newfoun« d and Labrador. Instant and delayed mortality
of crab increased substantially with an crease in drop height and air exposure duration.
Results showed that survival can be r  .imized when crab are treated gently and released
back into the water quickly (within five 1inutes). Earlier researchers demonstrated that
time out of water, air temperature, wat temperature, shell hardness, wind speed,
sunlight, and the size of crab influence scard mortality rates of crab as well (Miller,
1977; Dufour et al., 1997). Tallack (2007) also reported high mortality rates from drop

effects for deep water queen crab (Ch:  »n quinquedens), particularly for females.
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9.0 Approaches to Bycatch Reductic

9.1 Education and Training of Harve 'rs

Adequate education and training on the front-end of developing a sustainable fishery to
include new entrants is critical. Fishers should be aware of how to han« :the animal to
bring a premium product to market. When pots are emptied into the vessel, fishers need
to be aware that the survivability of both the product they retain and the resource they

return to the water impacts their livelihoods.

Brown and Caputi (1983; 1985; 1986, ‘e conducted studies on the survival and
subsequent growth of undersized west  rock lobster (Panulirus cygnus) that survive
exposure to the atmosphere, damage, :  l/or displacement following capture in pots. The
significant fishing-generated mortality :termined by the researchers, ¢ cussed
previously, led to an eighteen month €  :ation program being carried out in 1981 and
1982 that publicized the effects of poor andling methods on the survi' | of undersized
lobster. The program encouraged fishers to return undersized animals immediately to the
sea in the immediate vicinity of where * e animal was caught. They found that the
education | rgram did improve handling of undersized animals. One noted and
recommended change was to sort direc  from the pot or sort after each pot was hauled
instead if sorting after the line of pots  1s pulled. More than 50 per cent of the sample
group of fi ers monitored however (£~ 5 %) still did not use the recommended method
of minimizing exposure time of the un :rsized animals before being returned to the

ocean. The authors recommended fur :r education and publicity to further enhance
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recruitment to the fishery. Lyons (1986) also suggested that educational programs were
critical toward long-term resource pro ictivity for the spiny lobster (Panulirus argus)

tishery in South Florida.

9.2 Reducing Handling Mortality

The survival of discarded animals is particularly important to the future success of the
fishery. The most practical way to reduce mortality, injury, and/or stress to non-
commercial crab caught in the fishery is to avoid their removal until they reach
commercial size for the fishery. This  Is one to consider options that work to

effectively reduce the number of unde  zed crab being caught in commercial crab pots.

Much of the gear technology research work to date has been aimed at reducing the

number of undersized crab caught in«  pots with the added bonus aim of reducing the
overall mortality rate associated with « carding undersized crab. Further to this, studies
on modifications to crab pots have bee conducted including the development of escape

mechanisms for undersized crab.

9.2.1 Pot Modifications
Chiasson et al. (1993) investigated the se of various sized vertical panels (or excluder
rings) installed at different heights on 1 :slope of the conventional pot used in the Gulf
of St. Lawrence fishery. 7 e plastic panels were developed as selectivity devices to
reduce the capture of softshell and/or1 dersized crab, thereby discouraging them from

climbing the slope of the pot. The heiy, of the pan : used considered the length of the
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extended walking legs (from tip to tip) of a minimum legal sized (95 mm) male snow
crab. The study found a trend of decreased softshell and undersized crab with increased
panel height, and therefore concluded it the vertical panel was a good alternative pot

modificatic in conserving future recnt s to the fishery.

Hébert et al. (2001) evaluated the catch performance of three types of commercial traps
(conical, pyramidal, and rectangular). They found that the pyramidal and conical pots
were more efficient than the rectangul  pots in catching larger crab. The conical pot was
modified with plastic panels to serve as  barrier to be more selective to reduce the catch
of undersized and soft-shelled crab. Fo  different sized panels were investigated and the
use of a plastic panel of 18 or 24 centimetres attached vertically to the top of a pot was
shown to catch significantly less soft-  led and undersized crab than a conical pot
without a panel. The pots with the pan« still maintained the same catch rates for
commercial crab while avoiding unnecessary discard mortality of soft-shelled and
undersized snow crab. This has longer term stock conservation implications. Hébert et
al.’s work with ghost fishing in this st 7, as discussed previously, also  essed the need

to incc | orate biode_ 1dable escape st ions in pots to avoid unnecessary mortality.

Zhouand ! irley (1997) also investiga | pot design as a way to reduce the bycatch of
female and undersized male red king « > (Paralithodes camtschticus). By considering
crab behaviour towards pots and crab 1 rphology, their new pot design incorporated

smaller mesh size, lower and wider e 1ce tunnels, and precise gaps between one-way
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opening triggers to reduce untargeted catch by over 60 per cent. The catch of legal males
increased by over 25 per cent compared to the catch of a standard red king crab pot. The
authors noted however, that a large scale field test was required to further test the

effectiveness of a new pot design.

In a related at-sea study, Zhou and Kruse (2000) tested an experimental pot design in the
castern Bering Sea. The experimental ts had four tunnels instead of two, positioned
lower than standard red king crab pots. 'pening triggers were spaced 10 centimetres
apart. Unlike the previous study, the ¢ erimental pot design did not reduce the catch of
undersized crab or increase the catch of legal sized animals. The authors encouraged
observation work to be undertaken usii  a remotely operated vehicle to adequately
observe crab behaviour on the sea floor. This information could be used to redesign an

experimental pot to be more effective1  er commercial fishing conditions.

9.2.2 Increasing ! :sh Size
Sinoda and Kobayasi (1969) conducte experiments on the mesh selectivity of crab pots
with mesh sizes of 46, 90, 120, and !. illime sf ‘he Beni-zuwai crab
(Chionoccetes japonicas) fishery in the Japan Sea. As the authors wished to prevent the
capture of immature males below 103 Ilimetres, they concluded that a mesh size of
over 196 millimetres would be requirc  in the fishery to maintain crab stocks. The
recommended mesh size was estimate based on the 50 per cent selection point for mesh

selectivity of the pot.
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Years later, Sinoda et al. (1987) tested snow crab (Chionoecetes opilio) pots with four
different stretched mesh sizes of 3, 10, 13, and 15 centimetres in the Jap:  Sea. The legal
size of snow crab in the region was 9 timetres. Results showed the pot with the 15
centimetre mesh retained 78 per cent I 1l sized crab, and thus was efficient in enabling
undersized animals to escape. Furthermore, they determined that changing the mesh size
of the pot would increase the catch 50 per cent by weight and 36 per cent by numbers.
Therefore, the authors recommended a change in the mesh size of the pot to be more
selective for the target-size animals, tI| by protecting the undersize crab from the catch

and discard process.

Similarly, Jeong et al. (2000) conducte mesh size studies for the benefit of the red queen
crab (Chionoecetes japonicus) fishery  the east coast of Korea. Six ¢ ferent mesh
sizes (95, 112,122,132, 152, and 172 llimetres mesh opening) were compared.
Results showed that inc  1sed mesh si.  would enable more undersized and lower valued
crab to escape with no decrease in fisl 1 efficiency. Enlarging mesh size in pots
therefore would decrease bycatch of v lersized and female red queen crab in a step
towards b¢ r conservatic of the resource. Although not tcsted in the study, the authors
thought that under high trap capacity ¢ litions the large area of mesh would be more

selective in reducing bycatch of undersized animals than an cscapc gap or vent.

Groeneveld et al. (2005) conducted a study pertaining to the 1984 regulation change in

the Cape rock lobster (Jasus lalandii) fishery in South Africa. At that time, the mesh size
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requirement changed from 62 millimetres stretched mesh to 100 millir res stretched
mesh in an effort to reduce the catch of undersized lobster. However, in more recent
years 35 to 40 per cent of the commercial catch was undersized and required release.
Upon investigation, while the authors determined that theoretically the stretched mesh of
100 millimetres was adequate in allowing undersized animals to escape, all animals able
to escape did not. It was noted that some undersized 1imals did use the trap entrance to

escape however.

Miller (1976) and Hoenig and Dawe (1991), previously discussed, conducted mesh size
studies in Newfoundland with snow ¢ (Chionoecetes opilio) and advocated for a larger
mesh size in pots to reduce the number of undersized crab caught and subsequently
subjected to possible injuries. Taylor . 2/. (unpublished m.s.) also suggested an increase
in mesh size from 5 % inches (13.3 cr  to 5 % inches (14 cm) follc  ing investigations in

Bonavista Bay and Conception Bay (NAFO Division 3L).

9.2.3 Soak Time Studies
Increasing soak time has also been su; sted as a method to allow undersized crab more
time to escape through the mesh of the pot before the pot is hauled to the surface (Hébert

et al., 2001).

Bennett (1974) analyzed log book data om fishermen in Devon, England ) determine

s effect of soak time on catch per unit  fortofcr ~ (C icer ‘ lobster
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(Homarus gammarus). The catch peru  effort of lobster decreased at - the first day of

immersion but the crab pots continued to fish up to four days.

Miller (1980) reviewed several previous studies and noted as well that catch does not
increase proportionally to soak time. In fact, he stated that catch stabilizes with increasing
soak time. Following experimental wc  comparing trap catches and st < times, Miller
(1983) reported that no significant dif  :nces were apparent for pots that were soaked

one day or longer.

Pengilly and Tracy (1998) studied the e ct of soak time on the catch of red king crab in
the traditional fishing grounds of Bristol Bay, Alaska. Their results indicated that the use
of longer soak times will result in less  rcatch of undersized animals as per the
predictions of fishers. It should be note however tk the catch of legal or undersized
crab did not increase or decrease prop«  onately, that is, doubling or tripling the soak
time of the pots did not double or triple the catch or reduce the bycatch accordingly. In
fact, they r.  orted that soak times of up to 72 hours were not sufficient to eliminate the
capture of 1 Jersized red king crab in{ : Bristol Bay fishery. Further to this, the authors
noted that the effectiveness of the requ  :d escape panel should increase with increasing

soak time as undersized animals are provided with greater opportunity to escape.

Poulsen (1995) also deemed a cc  Hir ion of large pot mesh size and increased soak

time as part of the solution to decrease bycatch in the Alaskan crab fisheries. He noted
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that the management measures to introduce pot limits to the crab fisheries in the Bering
Sea and Aleutian Islands region however instigated harvesters to haul their gear more
often, as often as twice a day, prior to e introductic of pot limits, thus not allowing
sufficient soak time for nontargeted ani als to escape from pots. He did point out that the
introduction of an individual transferable quota (ITQ) system would enable fishers to
increase pot mesh size and soak t s as they wouldn’t be impacted by factors such as
time and pot limits. This ITQ based r  1gement system would then be a potential

solution to mitigate bycatch.

Zhang et al. (2002), in their study of tI Dungeness crab (Cancer magister) fishery in
Fraser Delta, British Columbia, noted at there are several factors that can make a crab
fishery vulnerable to overfishing. Two of them, handling mortality and 1e number of
undersized crab caught in traps, could = managed through appropriate measures such as
closing the fishery when a high percentage of softshell crab are being caught, increasing

the regulatory size of escape rings, and increasing the soak time of pots.

Taylor et al. (unpublished m.s.), discussed above, recommended a soak time of three days
for snow crab harvesters in the Newfo dland and Labrador following investigations in
Bonavista Bay and Conception Bay (NAFO Division 3L). While they recognized
handling mortality was a concern, the thors observed reduced under. ed crab and
increased catches of legal sized crab ft »wii  a three day soak period of pots hung with

the suggested 5 '2 inch (14 cm) mesh.
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Some fishers have noted it can be imp :tical to soak pots for three days, e ecially for
distant fleets that conduct multi-day tr . If the enterprise approaches inclement weather
pots may need to be hauled sooner than desired as well (Dr. Paul Winger, Centre for

Sustainable Aquatic Resources, pers. comm.).

It is important to thoroughly study the _irticular spe s targeted in ea.  specific area if
one is to recommend increased soak ti :as amanage ent measure to reduce bycatch of
undersized crab in an effort to sustain e stock. It should be noted however that with pot
limits and a relatively short fishing season, particularly if the season is late starting due to
weather, soak time in the Newfoundland and Labrador snow crab fishery is difficult to
enforce and therefore may not be the most appropriate management measure to mitigate

the bycatch of undersized snow crab.

9.2 Use of Escape Mechani s
As outlined above, the majority of developed crustacean fisheries throughout the world
require the use of escape mechanisms  their gear to reduce the capture of undersized,
non-targeted animals in the pots. Many crab fisheries worldwide have expanded since the
early 1990s with the development of 1 v markets and increased value of the resource.
These fish: es, as well as other decapod fisheries, are incorporating sustainable

practices.

The demand for crab product and its associated high market value will rompt the

development of “new” commerci fi  ies that will entice participants to increase
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fishing effort on stocks that have never been exploited. As has been the pattern with other
crab fisheries, particularly with modern and efficient gear, a few decades of cyclical catch
will likely be followed by a period of dramatic decline. Few depleted stocks have shown
adequate signs of recovery once they I e been depleted to any extent. The impo ince
of the precautionary approach is therefore appropriate to reiterate if one is to prosecute a

sustainable fishery.

New regulations for escape mechanisms came into effect for the Bering Sea snow crab
fishery in 2001 as part of the stock ret  lding plan. Pots using circular escape
mechanisms were required to be fitted ith eight escape rings rather than four with inside
diameter of the escape rings required increasing from 3 % inch (9.5 cm) to 4 inches (10.2
cm). The rings were to be placed withi one mesh of the bottom of the pot. For pots using
la :r mesh rather than rings, mesh si:  on the side of the pot increased from 5 inches
(12.7 cm) to 5 % inches (13.3 cm) and e required area of the larger mesh increased from

1/3 of the side panel to ' of the side panel (Byersorfer and Pengilly, 2001).

These new regulations were due, in part, to the significantly high bycatch of legal-sized

(but not in«  stry standard sized) male: w crab (Chionoecetes opilio) in the Bering Sea
snow crab fishery between 1995 and 1999. The industry standard size of retention for the
fishery was a carapace width of 4 incl ~ (10.2 cm), while the legal size for capture was a

carapace width of 3.1 inches (7.9 cm). lale crab harvested with a carapace width
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Exploratory fisheries for rock crab (C. :er irroratus) and Jonah crab (Cancer borealis)
in the Maritimes during the 1990s req  ed the use of circular escape mechanisms in
conical pots. It is noteworthy that from 2 beginning of the fishery regulations were put
in place to protect undersized animals  d the future of the resource. In fact, when the
fisheries commercialized in 2004, fist s in LFA 36 (in the Bay of Fundy) egan using
larger escape mechanisms than those mandated to avoid sorting out small crab in their

pots (Adams et al., 2000; Robichaud et al., 2000; Robichaud and Frail, 2006).

Recognition that bycatch mortality is i issue in the Bering Sea snow crab shery and the
recent measures introduced to reduce | atch are significant and may help to incorporate
these measures into management strat.  es in other jurisdictions. Mandating the use of
escape mechanisms in exploratory and/or newly developing fisheries, as appropriate, is
also encou 1ing. However, testing the  fectiveness of proposed regulations before
adopting them would be a significant in ensuring credibility with | rvesters who

ultimately embrace or oppose changes it impact their livelihood.
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openings (Miller, 1990), such as the rigi escape mechanisms discussed here. Mesh may
shrink over time or may not be fitted properly in the pot further decreasit  1e selectivity
of the mesh (Winger and Walsh, 2007) for its intended purpose, that is, enabling
undersized animals the opportunity to escape prior to | rvest while retaining legal sized

crab.

As well as legal sized soft shelled crab at is caught and returned to the water, as
previously stated, an effective way to  nimize some fishing induced mortality would be

to use escape mechanisms in commerc ~ crab pots.

The 2006 and 2007 Stock Assessment  orts for the snow crab fishery in Newfoundland
and Labrador both include the use of € 1pe mechanisms and biodegra ble panels as
options for reducing fist y-induced n tality of undersized crab (DFO, 2006; 2007a).
Over a century of research efforts, detailed above, have recommended the incorporation
of escape mechanisms into pots leadii to regulations in other jurisdictions with
important lobster and crab fisher’ /  tionally, recent work by rese 2rs with the
Centre for Sustainable Aquatic Resov ., in concert with harvesters, has generated

interest throughout the Newfoundland and Labrador region.
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induced mortality of the animals that are caught, culled, and discarded. Care must be
taken throughout the sorting and discar ng process as well to minimize exposure time of
the animals to high temperatures and ¢ and reduce drop factors that could also impact

mortality of undersized and soft shell animals.

11.3 Instilling a conserv: on ethic

Yet another impact on the long term sustainability of the crab fishery in Newfoundland
and Labrador is the mentality of cons  ition. Although conservation is DFO’s primary
goal in the management of the crab fis :ry many of their management approaches are not
built on strong science. There are limit  funds for surveys and most of the indices of
stock biomass and size distribution are :veloped based on multi-species bottom trawl
surveys which do not catch many crab. Some small scale pot surveys are conducted but
they are restricted in scope as well. Ot -ver coverage is reported to be low and highly
seasonal so it is difficult to estimate high grading and ensure other conservation based
practices such as softshell protocols,]  lling and holding of undersized animals, and
discarding of bycatch before steaming > actually followed. Additionally the hanging
ratio of mesh is not stipulated in man:  nent documents. The way in which the mesh is
hung on the pot’s frame impacts the si :ctive properties of the pot. As we crab pots
aren’t required to be tagged like gillnets are in the Newfoundland and Labrador Region,
for example. Therefore fishii  effort is ird to manage and if pots are lost there is no
retrieval program in place to reduce gl ;t fishing by lost pots (Dr. Paul Winger, Centre

for Sustainable Aquatic Resources, p¢  comm.).
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In the industry, the message of sustain.  lity is not well understood. Some fishers do not
appear to have a vested interest in the longevity of the natural resources that could sustain
their communities for years to come. However, stewardship initiatives are increasing in
the province and an apparent change in attitude is encouraging. The Fish, Food and
Allied Workers Union (FFAW/CAW), the Provincial Department of Fisheries and
Aquaculture (DFA), the Canadian Centre for Fisheries Innovation (CCFI), the
Department of Fisheries and Oceans (DFO), the Marine Institute (Ml), the Fogo Island
Co-operative, Petty Harbour Fisherm ’s Co-operative, and individual harvesters have
been working collaboratively to expar  ie use of escape mechanisms across
Newfoundland (Dr. Paul Winger, Centre for Sustainable Aquatic Resources, pers.

comm.).

The notion of conserving the snow cr  stock for the future is fundamental. By actively
participating in sustainability initiatives and working cooperatively with agencies and
organizations interested in resource ¢t servation a conservation ethic becomes instilled
within the industry itself. The fishing industry, in effect, becomes a steward of the

resource for future generations.

11.4 Preventing pot loss and ghost fi. ing

In addition to reducing the capture of undersized cr. and, in effect, r¢ 1cing associated
handling mortality, the issue of ghost f 1ing should also be addressed. Effort should be
dedicated to retrieve lost gear by invest ating technology and other methods to help

locate lost gear, prevent the likelihood of losing gear, and report pot losses to include the
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The snow crab resource in Newfoundland and Labrador is currently managed under a
three-year integrated fisheries manage nt plan. The 2006-2008 Snow Cr. Integrated
Management Plan is being reviewed and revised for 2009-2011. If management plan
objectives are to be met, that is, conservation and sustainability, it is imperative that

industry and management appropriately respond during this crucial time.

The precautionary appro¢  for crab m: 1gement needs to be taken into consideration
more than ever with increasing pressure to increase TACs, continued fishing during soft-
shell periods, increased incidences of b er crab disease, and no adequ. : stock
assessment r the species to ensu tt mistakes made in the management of other
fisheries, namely Atlantic cod (Gadus rhua), are not repeated. Instilling a conservation
and stewardship ethic in fishers is alsc  1cial to ensure the sustainability ¢ the crab

tishery with a resource for future fishc  to harvest.

From another angle, with increasing aw eness, consumers are demanding sustainable
fisheries. Without such a designation, t : Newfoundland and Labrador snow crab fishery
could be in danger of collapse, despite the resource status, as markets will not purchase

the resource from fisheries that are not sustainable.

In conclusion, the benefits of escape mechanisms have been discussed in detail above.

Although it is difficult to put value: a sustainably managed fishery, market based

incentives in the future may very well  the impetus for change. However, the negligible
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cost of inst:  ing escape mechanism in crab pots at this point in time certainly has

benefits for the future of the snow crab fishery and merits policy review.
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