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Abstract

This project investigates the role of fisheries management in the conservation
of loggerhead (Caretta caretta) and leatherback sea turtles (Dermochelys
coriacea), both of which are currently listed as vulnerable by the IUCN
(International Union for Conservation of Nature). These species migrate from
nesting grounds in South America to feed on gelatinous zooplankton (jellyfish) in
the North Atlantic off the coast of the United States and Canada. The seasonal
foraging grounds of sea turtles heavily overlap with areas of high fishing effort for
the longline tuna and swordfish fleet, a fishery that has significantly high rates of
sea turtle incidents. The dynamic nature of sea turtle foraging patterns renders
static spatio-temporal fishing area closures ineffective. Rather, turtle by-catch
mitigation requires small-scale, event-triggered closures and decentralized
management to reduce incidents while minimizing the negative socio-economic
impact of area closures on fishermen. A number of methods that increase fishing
selectivity have been implemented in other commercial fisheries around the
globe and are suggested for the Atlantic Canadian fleet moving forward.

1. Introduction

The two most common species of sea turtle found in Atlantic Canadian waters
are the leatherback sea turtle, Dermochelys coriacea, and the loggerhead sea turtle,
Caretta caretta (McAlpine et al. 2007). Although there is seasonal variability in the
number of turtles located off the coast of eastern Canada, recent studies suggest that
northern foraging grounds are critical habitat for western North Atlantic sub-
populations (McAlpine et al. 2007; Fossette et al. 2010; James et al. 2005).

1.1 Leatherback Presence in Canadian Waters

Leatherback sea turtles undergo an annual migration from nesting beaches in
the southern United States and South America to feed exclusively on gelatinous
zooplankton (i.e. scyphozoan jellyfish, Cyanae capillata) at higher latitudes (James &
Herman 2001; Fossette et al. 2010). Leatherbacks are present in Canadian waters
from June to November (James et al. 2005b) with abundance peaking between
August and September (McAlpine et al. 2007). Arrival in northern foraging grounds
appears to coincide with seasonal oceanic conditions that favor gelatinous
zooplankton blooms (Sherrill-Mix et al. 2008; Witt et al. 2007). Due to the low
nutritional value of their prey, leatherbacks need to consume an average of 60-120
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kg of gelatinous zooplankton per day (Jones et al. 2012) and are continuously
foraging during daylight hours (Wallace et al. 2015).

The frequency of leatherback sightings tends to increase with rising sea surface
temperatures (McAlpine et al. 2007). This increase is likely a result of the favorable
energetic efficiency of foraging in warmer conditions, as opposed to a thermal
restriction on the turtles (James & Mrosovsky 2004; Wallace et al. 2015; Casey et al.
2014). Physiological adaptations and the large body size of leatherback sea turtles
allows individuals to forage in cooler waters that often induce lethargy in other
marine turtle species (Witt et al. 2007; Greer 1973; James et al. 2006), although
dives below the thermocline in Canadian waters are rare due to the shallow
distribution of the prey species (Wallace et al. 2015; Fossette et al. 2010; Hays 2008;
Fernandez-Alamo & Farber-Lorda 2006; Bailey et al. 2012; Hamelin et al. 2014).

All leatherback sea turtles observed in Canada have been classified as adults or
large sub-adults (James et al. 2005b; McAlpine et al. 2007) and their size generally
increases as we move north into cooler waters (Witt et al. 2007; James et al.
2007;Dodge et al. 2014; James et al. 2005). Lower lipid stores and a relatively small
body size may restrict most sub-adults and juveniles from migrating as far north as
Canada (Dodge et al. 2014). If climate change results in increased sea surface
temperatures, the foraging habitat of leatherbacks may expand northward. This
would result in more individuals as well as smaller individuals foraging in Canadian
waters in years to come (McMahon & Hays 2006).

1.2 Loggerhead Presence in Canadian Waters

Loggerhead sea turtles exhibit a biphasic life history consisting of an oceanic
(offshore) juvenile stage and a neritic (inshore) adult stage (Bolton 2003). As
hatchlings from northwest Atlantic nesting beaches transition to juveniles, they are
picked up by the Gulf Stream and are passively carried to higher latitudes, where
they enter the oceanic zone (>200m in depth) (Bolton 2003; Harris et al. 2010).
Juvenile loggerheads forage year-round in the oceanic zone (Hochscheid et al.
2007), moving north into Canadian waters during the spring and summer months,
when productivity is high and sea surface temperatures begin to rise, and retreating
closer to the Gulf Stream for fall and winter (Mansfield et al. 2009).

The diet of loggerhead sea turtles in Canadian waters is largely unknown (Harris
et al. 2010), although feeding behaviors can be inferred from studies of the mid-
North Atlantic, eastern North Atlantic, and North Pacific populations. Juvenile
loggerheads are epipelagic (top 200m of the oceanic zone) foragers that primarily
exhibit short, shallow dives of 2-5 meters, and spend approximately 75% of their
time in the top 5m of the water column (Bolton 2003). Oceanic loggerheads in the
North Atlantic feed on a variety of epipelagic prey, especially Cyanea capillata and
salps (planktonic tunicates) (Smolowitz et al. 2015; Harris et al. 2010).

Juvenile loggerheads forage for 10-18 years in the oceanic zone (Harris et al
2010), moving both passively and actively relative to surrounding water currents
(Bolton 2003; Putman & Mansfield 2015). The role that the Gulf Stream plays in the
distribution of juvenile loggerheads can explain their commonality in Canadian
waters east of the continental shelf (McAlpine et al. 2007). Loggerheads are poor
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thermoregulators and can only maintain a body temperature 1-29C above
surrounding water temperatures (Zug et al. 2001). As such, their distribution is
largely limited by water temperature (Braun-McNeill et al. 2008). There is a
significant correlation between size distribution and latitude in juvenile
loggerheads, with larger individuals observed at higher latitudes (Arendt et al.
2012), suggesting that body mass is the primary physiological component that
drives thermoregulation for this species. Juvenile loggerheads are strongly
associated with sea surface temperatures (SST) above 159C (Narazaki et al. 2015;
Hochscheid et al. 2007) and have never been caught by the Canadian pelagic long-
line fleet below this thermal threshold (Brazner & McMillan 2008). Between 5.0-
9.0°C, juveniles undergo cold stunning, which can result in lethargy, a loss of
buoyancy, inability to dive, and reduced feeding (Shwartz 1978), although
individuals have been observed actively foraging in temperatures as low as 7°C
(Smolowitz et al. 2015). Due to the cool summer SST of coastal Canadian waters (12-
13°C) (McAlpine et al. 2007), Loggerheads are only occasionally observed inshore
(Brazner & McMillan 2008). An exception to this is when warm-core rings break off
of the Gulf Stream and carry warm water from the Sargasso Sea northwest, creating
temporary ‘hotspots’ in coastal waters (McAlpine et al. 2007). Since these oceanic
processes are relatively unpredictable, the presence of juvenile loggerheads close to
shore is considered highly variable (McAlpine et al. 2007). If sea surface
temperatures rise, the forging habitat of loggerhead sea turtles could expand further
north into Canadian waters (Witt et al. 2010).

1.3 Current Status

The global populations of both leatherback sea turtles and loggerhead sea turtles
are currently listed as “vulnerable” in the International Union on the Conservation
of Nature (IUCN) Red List (Wallace et al. 2013; Casale & Tucker 2015).
Leatherbacks are considered “endangered” by Canada’s Species at Risk Act (SARA).
The United States’ Endangered Species Act (ESA) considers leatherbacks
“endangered” throughout its range and lists the northwest Atlantic subpopulation of
loggerheads as “threatened” (NOAA 2014). The Committee on the Status of
Endangered Wildlife in Canada (COSEWIC) designated the Atlantic leatherback as
“endangered” under Criterion A due to global population decline in 2012 (COSEWIC
2012).

A 28% decline in the loggerhead nesting populations of the Peninsular Florida
Recovery Unit (accounts for 80% of all loggerhead nesting in the Atlantic) was
recorded between 1989 and 2006 (Witherington et al. 2009). The steep negative
trend of northwest Atlantic nesting populations provided rationale for the
designation of loggerheads as “endangered” under Criterion A of COSEWIC in 2010
(COSEWIC 2010).

[t should be noted that trends in loggerhead nesting populations are not a
reliable indicator of the recent impact of fisheries by-catch on the population since a
significant decline in juveniles may not translate to a decline in nesting populations
for 10-20 years or more (Ehrhart et al. 2014). Also, extensive mixing of genetically
distinct loggerhead populations occurs in oceanic waters (Bowan et al. 2005; Bowan
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& Karl 2007) and as a result a high level of overall juvenile loggerhead mortality
during the oceanic stage may result in only negligible changes in the nesting trends
of various sub-populations.

1.4 International Protection

Loggerheads and Leatherbacks are protected under Appendix I of the
Convention on International Trade in Endangered Species of Wild Fauna and Flora
(CITES), which renders commercial harvest illegal. Canada has been a signatory of
CITES since 1975. Both loggerhead and leatherback sea turtles are protected under
Appendix I and II of the Convention on the Conservation of Migratory Species of
Wild Animals (CMS). No North American country is a member state of CMS. The
Inter-American Convention for the Protection and Conservation of Sea Turtles (IAC)
is an international instrument that promotes the protection of sea turtle populations
and associated high-use habitats (IAC 2004). Canada is one of only four western
countries with an Atlantic coastline that is not a member of IAC.

“Canada is the only western country with a marine coastline that does
not have any federal legislation directed at marine sea turtles specifically”
(McApline et al. 2007).

1.4 Influence of Fisheries By-catch

Fisheries by-catch is the primary cause for population decline in all species of
marine turtle and is considered the biggest threat to the population recovery of both
loggerheads and leatherbacks (Lewison et al. 2004; Wallace et al. 2010; Wallace et
al. 2011; Wallace et al. 2013). Long line, gillnet, and trawl fishing gear have the
highest turtle by-catch rates observed in commercial fisheries, with gillnet and trawl
having significantly higher mortality rates than long line (Wallace et al. 2013;
Lewison et al. 2013), although this analysis does not consider the potentially high
post-release mortality associated with long line-turtle interactions (Garrison &
Stokes 2014; Chaloupka et al. 2004; Parker et al. 2005; Sasso & Epperly 2007; Hays
et al. 2003; Ryder et al. 2006; Swimmer et al. 2006; Swimmer et al. 2014). Turtle
Excluder Devices (TED) with large escape openings have been implemented in trawl
fisheries around the world and have drastically reduced the by-catch and associated
mortality of turtles by trawling without significantly impacting target catch rates
(Epperly 2003; Brazner & McMillan 2008; Finkbeiner et al. 2011). The recent
Marine Stewardship Council (MSC) certification received by the Canadian herring
gillnet fishery indicates that gillnets are not a significant source of mortality for sea
turtles in Canadian waters.

Turtles by-catch by the pelagic long line fleet directed at tuna and swordfish is
the only direct anthropogenic source of mortality for loggerheads and leatherbacks
currently recognized in Canadian waters (Harris et al. 2010; DFO 2010), although
entanglement in fixed gear (e.g. lobster and crab pots) in coastal waters may be a
significant source of mortality that is overlooked due to the relative rarity of
interaction events (James et al. 2005a). A conservative estimate quantifying the
number of marine turtles caught globally by long line gear suggests that at least
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220,000 loggerheads and 50,000 leatherbacks were either hooked or entangled in
gear in the 2000 fishing season alone, with 37% of all long line fishing effort
occurring in the Atlantic Ocean (Lewison et al. 2004). Canadian waters are
considered a high threat area for both loggerheads and leatherbacks as a result of
the high spatio-temporal overlap of the Canadian Pelagic Long Line Fishery with
critical foraging habitat for marine turtles (Wallace et al. 2011; Wallace et al. 2013).

The Canadian Pelagic Long Line Fleet directed for swordfish and “other tuna” (i.e
yellowfin (Thunnus albacares), bigeye (Thunnus obesus), and albacore (Thunnus
alalunga)) caught approximately 1,200 loggerheads annually between 2002-2008
(Brazner & McMillan 2008), with higher by-catch rates observed when the gear was
targeting tuna (Paul et al. 2010; Brazner & McMillan 2008). A similar magnitude of
marine turtle by-catch is exhibited in the U.S. and Canadian Pelagic Long Line
Fisheries, likely due to the close proximity of their fishing efforts (Brazner &
McMillan 2008). The U.S. Atlantic Pelagic Long Line Fleet caught approximately 365
leatherback turtles in 2013 (Garrison & Stokes 2014). It can be inferred that a
similar number of incidents occurred in Atlantic Canadian waters during the same
fishing season, although mortality of leatherback sea turtles in Canadian waters is
considered to be low (Atlantic Leatherback Turtle Recovery Team 2006).

There may be a higher post-release survival rate for leatherbacks compared to
loggerheads due to the nature of hooking incidents. Leatherbacks are primarily
found either entangled in long line gear or externally hooked, whereas loggerheads
are almost exclusively hooked internally (Garrison & Stokes 2014). The relatively
large body size of Leatherbacks may account for their increased susceptibility to
entanglement (Atlantic Leatherback Turtle Recovery Team 2006).

2. Potential Sea Turtle By-catch Mitigation Measures for Long Line Fisheries

The primary goals of a successful mitigation method is to minimize any
ecosystem degradation caused by fishing operations while maintaining the
economic viability of the fishery being managed (Dunn et al. 2011; O’Keefe et al
2013). The most efficient way to achieve both objectives is through increasing the
fishing selectivity (i.e. amount of target catch per by-catch event) of active vessels
(Dunn et al. 2011). The most common approaches to reducing by-catch include the
static area closure of critical habitat, annual by-catch caps, fleet communication to
identify and avoid areas with high by-catch rates, and gear modifications (O’Keefe et
al. 2013). Measures that minimize by-catch by means of fishing effort reductions
(e.g. long-term closures and by-catch caps) do not impact fishing selectivity (Dunn et
al. 2011) and in turn levy unwanted economic impacts on fishermen (O’Keefe et al.
2013). These measures should therefore be considered a last ditch attempt to
alleviate negative fisheries impact after all other measures fail. On the contrary,
modifications to operational procedures (e.g. fleet communication, dynamic
closures, and gear restrictions) have the potential to increase fishing selectivity and
lessen negative economic impacts of by-catch mitigation on fishermen (Dunn et al.
2011).

2.1 Marine Protected Areas/ Long-term fishing closures
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Marine protected areas (MPA) are areas of the ocean in which human activities
(e.g. fishing) are restricted in order to conserve critical marine habitats and
maintain biodiversity (Edgar et al. 2007). MPAs and long-term fishing closures levy
a similar constraint to fishing operations and will therefore be analyzed as a single
management technique for the purposes of this paper. The Canadian federal
government has recently committed to raising the proportion of Canadian coastal
and oceanic waters that are considered protected areas from the current 1.3% to
5% by 2017 and 10% by 2020, in accordance with targets set at the International
Convention on Biodiversity in 2010 (Liberal Party of Canada 2016). The oceanic
conditions that govern sea turtle movements and aggregations are highly dynamic
(Roe et al. 2014; Howell et al. 2008; Witt et al. 2007; Dunn et al. 2011), whereas the
space allocated by MPAs and long-term area closures is static. The mismatch of the
basic nature of long-term closures and critical sea turtle habitat in Canadian waters
renders MPAs an ineffective measure for reducing sea turtle by-catch in the long line
fleet (Game et al. 2009).

Long-term area closures directed at the protection of sea turtles can displace
fishing effort into areas that provide habitat for other species of concern (Baum et
al. 2003), therefore this mitigation method fails to reduce the impact of by-catch on
biodiversity but rather redistributes it amongst other susceptible species (O’Keefe
et al 2013). Furthermore, much of this displaced fishing effort is highly localized
around MPA borders (Murawski et al. 2005), potentially forming a wall of fishing
effort that sea turtles would have to travel through in order to access the critical
habitat being protected. Long-term closures can also have negative economic
impacts on fishermen, including longer steam times to arrive at fishing grounds that
are further from shore and reduced catch rates of the target species (O’Keefe et al
2013).

2.2 By-catch Caps

Annual by-catch caps are limits placed on the number of incidents a fishery can
have with a specific non-target species within a fishing season. Once the by-catch
limit is reached, the fishing season closes, resulting in reduced target species
landings and substantial economic loss for fishermen. Annual incidental catch
quotas for loggerheads and leatherbacks introduced in some long line fisheries in
the U.S. (FAO 2009) have had little impact on slowing population decline. It is likely
that without 100% observer coverage to monitor by-catch and enforce limits,
incentives for fishermen to not report incidents and prolong the fishing season will
be high (O’Keefe et al. 2013). Fishermen will also be less likely to follow proper by-
catch handling protocol if sea turtles are identified as the limiting factor to their
economic pursuits, potentially reducing post-incident survival of turtles caught in
long line gear.

2.3 Voluntary Closures/ By-catch “Hotspot” Avoidance
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Voluntary closures that are either event- or temperature-triggered can reduce
sea turtle interactions by increasing fishing selectivity and directing fishing efforts
into areas with lower levels of by-catch per unit of effort (BPUE) (Dunn et al. 2011;
Gilman et al. 2006; Howell et al. 2008; Howell et al. 2015). Event-triggered closures
exploit the fact that there is a higher probability of a sea turtle interaction occurring
in the days following an initial by-catch event in that area (Gardner et al. 2008;
Gilman et al. 2007; Lewison et al. 2009) since sea turtles are often foraging when
they are caught on long line gear (Watson et al. 2005) and aggregations of marine
predators in the oceanic zone are largely driven by prey availability (Davoren 2013;
Houghton et al. 2006; Wallace et al. 2015; Bailey et al. 2012; Dewar et al. 2011).
Therefore, if a sea turtle is caught on gear, it is likely that the gear is set in an area
with high prey availability. Real-time vessel communication to identify areas with
high rates of sea turtle captures, via email or radio, is suspected to reduce turtle by-
catch in the U.S. Atlantic swordfish fleet by about 50% (Gilman et al. 2006).

On the other hand, voluntary closures based on sea surface temperature allow
fishermen to avoid sea turtles prior to placing any hooks in the water. Sea surface
temperature is used as a gage to initiate rolling closures in some U.S. Atlantic
fisheries in order to avoid interactions with sea turtles (Murray 2009). The
TurtleWatch program in the Hawaiian pelagic long line fleet provides fishermen
with up-to-date maps that identify areas where vessels are likely to encounter
loggerhead and leatherback sea turtles, based on the current thermal conditions
(Howell et al. 2008; Howell et al. 2015). In the first fishing season following the
introduction of the TurtleWatch program, 67% of all loggerhead by-catch events
occurred in areas that were identified by the program as having a high probability of
sea turtle presence (Howell et al. 2008). Through collaboration between scientists
and industry, the TurtleWatch product provides fishermen with the tools to evade
sea turtles while maintaining a high target catch rate (Howell et al. 2015). Both fleet
communication and by-catch hotspot avoidance are relatively inexpensive
mitigation methods that may help to separate fishing effort from sea turtle habitat in
time without the need for direct regulation from resource managers (Gilman et al.
2006; Howell et al. 2008; Howell et al. 2015).

2.4 Modifying Fishing Practices

The modification to long line fishing practices that has been most thoroughly
investigated for reducing sea turtle interactions is lowering the depth at which
baited hooks are set. This is often done by elongating the float line (line that
connects floats to the mainline) and using a weight to drag all hooks below the
desired depth (FAO 2009; Beverly et al. 2009). Modifying fishing practices to shift
effort into waters deeper than 40 meters would likely result in a reduction of sea
turtle by-catch in Canadian waters, given that sea turtles rarely dive beneath the
thermocline in these regions (Bailey et al. 2012; Wallace et al. 2015; Bolton 2003).
Furthermore, there is little historical by-catch by the Canadian pelagic long line fleet
below 40 meters (Brazner & McMillan 2008), which aligns with the results of
experimental data that suggests that the highest rate of turtle by-catch occurs within
the top 50 meters of the water column (Gilman et al. 2006; Beverly et al. 2009).
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Lowering the depth of long line fishing operations would not be feasible for target
species that are fished at shallow depths (e.g. swordfish (FAOQ 2009)) (Brazner &
McMillan 2008), but would be expected to have little impact on the catch of deeper
species (e.g. tuna (Dagorn et al. 2000)) (Beverly et al. 2009; Polovina et al. 2003).
The only additional cost associated with fishing in deeper waters is the increased
time required for gear deployment and retrieval (Beverly et al. 2009), although this
cost would be offset by a reduction in the time spent removing hooks and line from
turtles if by-catch were successfully reduced. With fewer turtles caught in the gear,
there will also be more hooks free to catch the target species (Cox et al. 2007).

2.5 Modifying Fishing Gear/Bait

The most common methods aimed at reducing sea turtle by-catch and mortality
in long line fisheries include modifications to the hook type, bait species, and the
technique used to hook the bait. Switching from the traditional J-hook with squid
bait to the wider circle-hook with mackerel bait has shown to significantly reduce
loggerhead by-catch by as much as 90% (Gilman et al. 2007; Watson et al. 2005),
while increasing the catch of swordfish by 30% (Watson et al. 2005). Leatherback
by-catch was most successfully abated by using a J-hook and mackerel bait, with
swordfish catch under this treatment increasing by 67% compared to J-hooks baited
with squid (Watson et al. 2005). Swordfish and tuna catch rates display highly
dissimilar responses to various hook-bait combinations (Watson et al. 2005),
suggesting that these modifications should be further examined within species-
specific fisheries to avoid undesirable effects on target species catch rates.

Although the use of circle-hooks have been a promising method to reduce sea
turtle by-catch in some long line fisheries (Santos et al. 2013; Watson et al. 2005;
Sales et al. 2010; Gilman et al. 2007), there is variability in its effectiveness in
Atlantic fleets (Huang et al. 2016; Foster et al. 2012; Fernandez-Carvalho et al. 2015;
Richards et al. 2012). In an Atlantic tuna fishery, the use of circle-hooks did not
reduce the by-catch of leatherback sea turtles, but did significantly increase the
catch of both swordfish and tuna (Huang et al. 2016). In another Atlantic-based
study, circle-hooks reduced both leatherback and swordfish catches (Fernandez-
Carvalho et al. 2015). In the northwest Atlantic, the use of circle-hooks and mackerel
bait individually did lessen the by-catch of both leatherback and loggerhead sea
turtles, however circle-hooks with squid bait negatively impacted swordfish catch
and mackerel bait paired with either a J-hook or a circle-hook reduced tuna catches
(Foster et al. 2012). Richards et al. (2012) found no difference in either catch or by-
catch rates between circle-hooks and J-hooks. Moreover, mandatory use of circle-
hooks in the U.S. Atlantic pelagic long line fleet has not reduced the rate loggerhead
by-catch in this fishery (Fairfield-Walsh & Garrison 2007; Fairfield-Walsh &
Garrison 2008; Garrison et al. 2009; Garrison & Stokes 2014; Finkbeiner et al.
2011).

On the other hand, one known advantage of the circle-hook is an increase in the
post-hooking survivability of turtles (Finkbeiner et al. 2011), largely due to the
reduction of deeply ingested hooks and mouth/beak hooking events in loggerhead
and leatherback sea turtles, respectively (Stokes et al. 2012; Pargia 2012; Gilman et
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al. 2007). This shift in the location of hooks on sea turtles lessens the amount of line
left trailing after release, which has been identified as the “most dangerous part of
the gear” (Pargia 2012), and increases the probability of total gear removal (Stokes
et al. 2012). Itis for this reason that 90% of the Atlantic Canadian swordfish fishing
fleet had voluntarily switched to using the circle-hook exclusively by 2010 (DFO
2010). Another method that has been investigated for mitigating turtle by-catch is
hooking bait once rather than threading bait, which is the traditional baiting
technique. The idea behind this is that sea turtles will spend less time at a baited
hook if the bait is more easily removed, thus reducing the likelihood of a hooking
incident. Single hooked bait has not been shown to impact sea turtle by-catch and
does appear to negatively impact tuna catch rates compared to threading bait
(Richards et al. 2012), thus is not currently an economically viable option for turtle
by-catch mitigation.

3. Current Mitigation in the Canadian Pelagic Long Line Fishery

The Nova Scotia Swordfishermen’s Association (NSSA) is the principle organizer
of a large bulk of the current turtle by-catch mitigation methods in the Canadian
long line fleet (Atlantic Leatherback Turtle Recovery Team 2006; DFO 2010; DFO
2013). A majority of the swordfish-directed long line fleet has been using circle
hooks since 1995 to increase the post-release survivability of hooked turtles
(Atlantic Leatherback Turtle Recovery Team 2006). With funding from the Habitat
Stewardship Program, the NSSA was been able to develop a Code of Conduct for
Responsible Sea Turtle Handling and Mitigating Measures in 2003 that includes the
avoidance of areas with high sea turtle by-catch, the use of lines long enough to
allow captured turtles to reach the surface, and guidelines for the proper handling
and safe release of sea turtles (DFO, 2010; DFO 2013). From 2003-2004, the NSSA
purchased de-hooking and line-cutting Kits for all vessels in the swordfish long line
fleet and a fisherman from each vessel had received certification for the use of these
kits by 2008 (DFO 2010). A number of mitigation methods outlined in the Code of
Conduct have been implemented in the fishery through terms and conditions of
licenses, including increased observer coverage, the use of vessel monitoring
systems (VMS), the use of safe turtle handling protocols and kits, and the mandatory
use of circle hooks starting in 2012 (DFO 2010; DFO 2013).

The NSSA’s initiative to minimize the impact of the long line fishery on the
population recovery of Atlantic sea turtles displays the desire of the fishermen to
create a sustainable fishery. However, all of the mitigation methods currently in use,
save voluntary fleet communication between vessels to identify areas of high turtle
by-catch, do not reduce sea turtle incidents, the methods rather lessen the impact of
a by-catch event on sea turtles. Since the post-release mortality of sea turtles is
unknown, loggerhead and leatherback populations may still be under a great deal of
stress from fishing gear in critical foraging habitats. In addition, the negative
economic impact of turtle by-catch on fishermen (e.g. loss of hooks, loss of bait,
reduced of fishing opportunities, loss of the time spent removing gear and assessing
the nature of hooking incidents) has not been alleviated by current mitigation
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methods. Future mitigation policies should focus on reducing the rate of turtle
interactions within the long line fishery.

4. Suggestions

There is variability in the effectiveness of by-catch mitigation methods among
oceanic regions and among species-specific fisheries within a single region, thus the
efficacy and economic viability of various methods should be assessed through
experimental fisheries in a region of interest prior to further implementation (FAO
2009). The research and development of fishing practices aimed at reducing by-
catch ought to be carried out through collaboration between fisheries managers,
scientists, and active fishermen in order to maximize compliance among vessels
upon implementation in the commercial fishery (Cox et al 2007). Therefore, the
following suggestions should be evaluated through experimentation on active long
line vessels in Canadian waters prior to being considered for application via changes
in the terms and conditions of fishing licenses.

4.1 Temperature-based By-catch “Hotspot” Avoidance

Fishermen should be provided with up-to-date thermal maps of Canadian
surface waters so as to assist in the identification of areas that have a high likelihood
of sea turtle interactions occurring. The Code of Conduct for Responsible Sea Turtle
Handling and Mitigating Measures includes avoiding areas of high turtle abundance
as one of its procedures (DFO 2013) and Brazner & McMillan (2008) recommend
that setting gear on the cold side of an oceanic front will separate fishing effort and
foraging sea turtles in space without negatively impacting target catch. The
TurtleWatch program in the Hawaiian-based long line fishery has confirmed that
sea surface temperature can be a reliable tool for assessing the likelihood of sea
turtle interactions in a region (Howell et al. 2008), therefore a similar program
should be developed and made readily available for the Canadian Pelagic Long Line
Fleet to aid fishermen in the classification of areas with a high risk for turtle by-
catch. Fishermen will be able to review the thermal properties of potential fishing
grounds on their steam out to sea and infer the ideal range at which to deploy their
gear. It is in the best interest of the fishermen to reduce sea turtle by-catch through
voluntary avoidance so as to maximize fishing selectivity in the short term and avoid
the implementation of more restrictive measures (e.g. by-catch caps, reduced fishing
effort, shorter seasons) in the future.

4.2 Restrict Tuna-directed Long Line Sets to Depths Greater than 40 meters

In the Canadian Pelagic Long Line Fleet, sets directed at tuna historically have a
higher turtle by-catch rate than those targeting swordfish (Paul et al. 2010; Brazner
& McMillan 2008). Thus, establishing mitigation methods specifically for the long
line tuna fleet may be an efficient strategy to reduce the overall impact of Canadian
fisheries on sea turtle populations. Limiting the depth of Canadian tuna fishing
operations to waters deeper than 40 meters would separate sea turtles and baited
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hooks vertically in space (Bailey et al. 2012; Wallace et al. 2015; Bolton 2003) and
reduce sea turtle interactions, given that by-catch by Canadian long lines takes place
almost exclusively in the top 40 meters of the water column (Brazner & McMillan
2008). Tuna are traditionally fished during the day, which happens to overlap with
the deepest extent of the fish’s diel vertical migration (Lam et al. 2014; Dagorn et al.
2000). Adult tuna in the northwest Atlantic frequent an average depth of
approximately 200 meters during the day and move up the water column to about
45 meters at night (Lam et al. 2014), shadowing the vertical migration of their prey
species (Vaske et al. 2012). Tuna primarily forage at sub-thermocline depths during
the day (Vaske et al. 2012). Therefore, this vertical shift in fishing effort is expected
to have negligible impacts on tuna catch.

Furthermore, this mitigation technique could assist fishermen in selectively
fishing for larger adult tuna while minimizing the catch of juveniles. Juvenile tuna
generally remain in the top 40 meters of the water column (Brill et al. 2002),
displaying different diel vertical patterns than those of larger tuna (Dagorn et al.
2000). The size of a tuna determines the rate at which muscle temperatures change
with variations in surround water temperatures, with larger tuna cooling more
slowly, permitting them to dive to and remain in deeper waters (Dagorn et al. 2000).
[t follows that fishing at depths greater than 40 meters could increase the catch
weight per unit of effort of tuna species targeted by the Canadian Pelagic Long Line
Fleet. On the other hand, swordfish fishing vessels set their gear at night in shallow
waters (FAO 2009) to exploit the distinct diel vertical migration of swordfish that
forage in surface waters during the nighttime (Dewar et al. 2011). Thus, a shift in
fishing operations to deeper depths would not be an economically viable mitigation
technique for the long line fleet directed towards swordfish.

5. Conclusion

Atlantic Canadian waters pose a high threat to the population recovery of
loggerhead and leatherback sea turtles due to the presence of fishing operations in
critical northern habitat. The pelagic long line fleet has been identified as the most
significant source of sea turtle mortality in Canadian waters. Although mortality on
the line is extremely rare, the post-release mortality of sea turtles captured in long
line gear is expected to be high due to the adverse affects of gear that remains
attached, primarily fishing line. Canadian fishermen have initiated the current sea
turtle by-catch mitigation through voluntary measures to increase the likelihood of
survival for sea turtles released from long line gear. Since the post-release mortality
of sea turtles is not known, the effectiveness of these measures cannot currently be
evaluated. Future mitigating measures should focus on reducing the rate of sea
turtle by-catch in the long line fleet in order to minimize the impact of the fishery on
sea turtles and lessen the economic burden of by-catch events on the fishermen.
Two methods that would likely be effective in Canadian waters include providing
fishermen with up-to-date thermal maps of the sea surface to avoid setting gear in
areas with a high likelihood of sea turtle presence and lowering the depth of fishing
operations that target tuna. These measures should be tested in experimental
fisheries prior to implementation to assure effectiveness and economic viability.
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