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ABSTRACT: Bycatch, the incidental capture of any marine animal in fishing gear, occurs globally in
nearly every type of fishing gear. This paper consolidates the existing published and unpublished
information about bycatch of protected species and other species of concern in commercial fishing
gear on the east coast of the United States. A total of 49 commercial fisheries were reviewed, 39 of
which had documented bycatch. The study identifies documented and potential bycatch of marine
mammal, sea turtle, sea bird, fish, and invertebrate species in addition to existing bycatch mitigation
and management in these fisheries. This information can be used as a resource for scientists, man-
agers, and conservation practitioners in understanding the extent of bycatch and bycatch mitigation

on the US east coast.
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INTRODUCTION

Bycatch is the incidental capture of any marine ani-
mal in fishing gear. It has been defined as the portion
of catch that is not targeted and that has no economic
value, either because no markets exist for a species or
because its retention is prohibited by law (Hall 1996).
Bycatch has negative consequences including gear
damage, lost fishing time, lost income, and safety con-
cerns for fishermen, as well as injury and death for
marine animals (Hall 1996). It can also have adverse
effects on an ecosystem through the removal of top
predators, large quantities of individuals, and impor-
tant prey resources (Hall et al. 2000). Marine animals
that are incidentally captured in fishing gear include
marine mammal, sea turtle, sea bird, fish, and inverte-
brate species. Bycatch is a leading conservation con-
cern for long-lived species with low reproductive rates
(Hall et al. 2000), particularly endangered or threat-
ened species with already small population sizes. It
threatens marine animals globally and in nearly every
type of fishing gear (Northridge 1991, Read & Rosen-
berg 2002).
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To date, most research on bycatch has focused on a
single species, taxonomic group, or fishery, making it
difficult to understand the extent and cumulative
impacts of the problem. Compounding the issue,
bycatch management across taxa is inconsistent, and
coverage by fishery observers is low. In a recent paper,
Moore et al. (2009) review the US policies on bycatch
that pertain to marine mammals, sea turtles, and sea
birds.They detail the gaps and policy limitations that
restrict the efficacy of multi-species bycatch reduction
efforts in the USA and call for consistent criteria across
taxa for setting bycatch limits by suggesting that the
existing approach for marine mammals be applied to
sea turtles and sea birds.

The synthesis by Moore et al. (2009) provides a ratio-
nale for taking a multi-species approach to bycatch
research and management and a broad overview of
marine mammal, sea turtle, and sea bird bycatch in US
fisheries. In the present study, I aim to provide a multi-
species investigation on a fishery-specific basis of
bycatch in the Atlantic Ocean by US commercial fish-
ing operations. I consolidate the available information
on bycatch of protected species and other species of
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concern in fisheries off the east coast of the United
States into a single resource for scientists, managers,
and conservation practitioners. This study is the first of
its kind to provide such a fine resolution analysis of
multi-species bycatch in these fisheries. In addition to
marine mammal, sea turtle, and sea bird species, I also
summarize documented bycatch of fish and inverte-
brate species. Criteria for the inclusion of a species in
the study are discussed in ‘Materials and methods'.
The criteria are based on protections afforded to cer-
tain species based on US fisheries management or on
the identification of species as being at risk due to
bycatch interactions. In addition to documented
bycatch events, I also infer, from knowledge of existing
bycatch in similar fisheries, where bycatch may poten-
tially occur (see Tables).

MATERIALS AND METHODS

I obtained a list of US east coast commercial fisheries
from the 2009 List of Fisheries developed by the
National Oceanic and Atmospheric Administration
(NOAA). I included all US commercial fisheries that
occurred in the Northwest Atlantic Ocean between
Maine and Florida in this analysis, with the exception
of dive fisheries and aquaculture facilities. I excluded
dive fisheries because of the selective nature of these
fisheries, which results in little to no bycatch. I
included fisheries that occurred in this area in addition
to another region, such as the Caribbean or the Gulf of
Mexico, and noted the distribution of each fishery.
However, fisheries that occurred solely in the
Caribbean or Gulf of Mexico were not included.

I investigated all documented interactions in pub-
lished and unpublished literature and data that oc-
curred between protected species or species of con-
cern and commercial fishing operations in the study
area. | present data in tables organized by type of
fishing gear, type of target and non-target catch, and
the status of bycatch mitigation and management in
each fishery. I used the most up-to-date literature
and data, due to recent changes in Northwest
Atlantic fisheries in response to management mea-
sures. For each fishery, I also included the category
of each commercial fishery as classified by NOAA
depending on the status of its interactions with
marine mammals (NOAA 2008a). Category I or II
fisheries have the highest levels of bycatch and must
carry a fishery observer if requested by the NOAA
(NOAA 2008a).

In fisheries where observations are limited, I extrap-
olated what is currently known about bycatch in simi-
lar fisheries to the fishery in question. I included a cat-
egory for this potential bycatch in the tables to

represent where it is believed that interactions may
occur but have not been documented. For instance,
since it is known that large whales can become entan-
gled in vertical lines of lobster pot gear, I extrapolated
that they are likely to face the same threat from other
pot fisheries found within the range of their distribu-
tion. Therefore, I included potential bycatch (1) where
spatial overlap is known to exist between a species or
taxonomic group and a fishery, and (2) where bycatch
is known to occur in similar fishing gear. I provided
species’' names where applicable and available; other-
wise, I listed the taxonomic group for the potential
bycatch category. The likelihood and extent of bycatch
are not only dependent on the spatial overlap between
a species and fishery but also on the density of a spe-
cies. The latter is not considered in this paper.

This study focuses on bycatch of protected species
and other species of concern and does not attempt to be
comprehensive in listing all species caught as bycatch.
The criteria for inclusion of species in the present study
varied between taxa, due to differences in the data
available and the management policies for the respec-
tive groups, and are discussed in the sections below.

Marine mammals. Seven marine mammal species on
the US east coast are protected as a result of listings in
the Endangered Species Act (ESA); these include blue
Balaenoptera musculus, humpback Megaptera novae-
angliae, fin B. physalus, sei B. borealis, sperm Physeter
macrocephalus, and North Atlantic right whales
Eubalaena glacialis in addition to the West Indian
manatee Trichechus manatus latirostris. Of these spe-
cies, fin, humpback, and North Atlantic right whales
are those most likely to interact with commercial fish-
ing gear. In addition to the ESA, the Marine Mammal
Protection Act (MMPA) provides protections to all
marine mammals in US waters. Thus, I included docu-
mented interactions between all marine mammals and
commercial fisheries on the US east coast.

According to the Stock Assessment Reports provided
by NOAA (1995, 1998a, 2002a, 2005, 2007a) and the
USFWS (2000), east coast commercial fisheries inter-
acted with 22 species (24 stocks) of marine mammals
(Table 1). There were no observed or reported interac-
tions between commercial fishing activities on the US
east coast and protected blue and sei whales; however,
it is possible that bycatch may be occurring but has not
been documented by fishery observers (S. Kraus pers.
comm., March 2009).

Sea turtles. All 6 sea turtle species found in US
waters are listed in the ESA. Five of these can be found
in US east coast waters and were thus included in the
present study: green Chelonia mydas, hawksbill
Eretmochelys imbricata, leatherback Dermochelys
coriacea, loggerhead Caretta caretta, and Kemp's rid-
ley Lepidochelys kempii turtles.
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Table 1. Marine mammal species that have been documented as bycatch by fishery observers in east coast commercial fisheries,
according to individual NOAA Stock Assessment Reports (NOAA 1995, 1998a, 2002a, 2005, 2007a and USFWS 2000). MMPA:
Marine Mammal Protection Act; ESA: Endangered Species Act; PBR: potential biological removal

Species with
documented bycatch

Scientific name

Status

Small cetaceans

Bottlenose dolphin
(coastal and
offshore stocks)

Common dolphin

Atlantic white-
sided dolphin

Risso’s dolphin

Atlantic spotted
dolphin
Atlantic pantropical
spotted dolphin
Striped dolphin
Harbor porpoise
Large whales
Humpback whale
Minke whale

Fin whale
North Atlantic
right whale

Sperm whale
Small whales

Long and short-
finned pilot whales

Cuvier's beaked whale

Mesoplodon beaked
whale

Pygmy sperm whale

Pinnipeds
Harbor seal

Harp seal

Gray seal
Hooded seal
Sirenians

West Indian
manatee

Tursiops truncatus

Delphinus delphis
Lagenorhyncus acutus
Grampus griseus
Stenella frontalis
Stenella attenuata

Stenella coeruleoalba
Phocoena phocoena

Megaptera novaeangliae
Balaenoptera acutorostrata

Balaenoptera physalus
Eubalaena glacialis

Physeter macrocephalus

Globicephala melas,
Globicephala
macrorhynchus

Ziphius cavirostris
Mesoplodon spp.

Kogia breviceps

Phoca vitulina
Pagophilus groenlandicus
Halichoerus grypus

Cystophora cristata

Trichechus manatus
latirostris

Listed as depleted under the MMPA (coastal stock); not listed under
the ESA, but status is unknown due to insufficient information on
population trends and interactions with commercial fisheries
(offshore stock)

Serious injury and mortality do not exceed PBR, but takes do exceed 10 % of
PBR, i.e. they are not insignificant and not approaching zero mortality

Serious injury and mortality do not exceed PBR, but takes do exceed 10 % of
PBR, i.e. they are not insignificant and not approaching zero mortality

Serious injury and mortality do not exceed PBR, but takes do exceed 10 % of
PBR, i.e. they are not insignificant and not approaching zero mortality

Takes are approaching zero or <10 % of PBR
Takes are approaching zero or <10 % of PBR

Takes are approaching zero or <10 % of PBR
Listed under the ESA; bycatch exceeds PBR

Listed under the ESA; bycatch exceeds PBR

Serious injury and mortality do not exceed PBR, but takes do exceed 10 % of
PBR, i.e. they are not insignificant and not approaching zero mortality

Listed under the ESA
Listed under the ESA; bycatch exceeds PBR

Listed under the ESA but takes are below 10 % of PBR

Serious injury and mortality do not exceed PBR, but takes do exceed 10 % of
PBR, i.e. they are not insignificant and not approaching zero mortality
While takes of short- and long-finned pilot whales combined do not

exceed PBR, there is concern about the possibility of serious injury or
mortality of one stock or the other exceeding PBR

Takes are approaching zero or <10 % of PBR

Takes are approaching zero or <10 % of PBR

Takes are approaching zero or <10 % of PBR

Serious injury and mortality do not exceed PBR, but takes do exceed 10 % of
PBR, i.e. they are not insignificant and not approaching zero mortality

Takes are approaching zero or <10 % of PBR. While bycatch is
approaching zero in US fisheries, there is a directed fishery in Canada
that takes an estimated 447 442 harp seals annually (NOAA 2007a)
Takes are approaching zero or <10 % of PBR

Takes are approaching zero or <10 % of PBR

Listed under the ESA; bycatch exceeds PBR. A high level of mortality
has been documented relative to the estimated population level, and
continuing threats to this stock exist

Sea birds. Only 2 sea bird species on the US east coast,
the Bermuda petrel Pterodroma cahow and the roseate
tern Sterna dougallii, are listed in the ESA; however,
there has been no documented bycatch of either of these

species (M. Warden pers. comm., December 19, 2008).
Furthermore, interactions with fisheries have not been
identified to be a conservation threat to either of these
protected bird species (SAFMC 2008).
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Since it is known that bycatch of other sea bird spe-
cies exists and may pose a threat to sea bird populations
or species, | extended the criteria for which sea birds
would be investigated to include sea bird species that
have been identified by regional partnerships as threat-
ened by interactions with fisheries. In the mid-Atlantic
and New England regions, the Mid-Atlantic/New Eng-
land/Maritime Regional Working Group (MANEM), a
regional collaboration between organizations and indi-
viduals to facilitate waterbird conservation, identified
negative fisheries interactions as a serious threat to
populations of red-throated loon Gavia stellata, com-
mon loon G. immer, red-necked grebe Podiceps grise-
gena, northern fulmar Fulmarus glacialis, greater
shearwater Puffinus gravis, sooty shearwater Puffinus
griseus, manx shearwater Puffinus puffinus, northern
gannet Morus bassanus, herring gull Larus argentatus,
sabine's gull Xema sabini, black-legged kittiwake Rissa
tridactyla, pomarine jaeger Stercorarius pomarinus,
common murre Uria aalge, thick-billed murre U.
lomvia, razorbill Alca torda, black guillemot Cepphus
grylle, and Atlantic puffin Fratercula arctica (Le Boeuf
2007). Of these, the red-throated loon, red-necked
grebe, greater shearwater, northern gannet, thick-
billed murre, razorbill, black guillemot and the Atlantic
puffin have also been identified as species at risk due to
fisheries bycatch (Le Boeuf 2007). In the Southeast re-
gion, the Southeast US Waterbird Conservation Plan,
an initiative focused on conserving waterbird popula-
tions and habitat in thirteen states — Texas, Oklahoma,
Arkansas, Kentucky, Tennessee, Louisiana, Mississippi,
Alabama, Florida, Georgia, South Carolina, North Car-
olina, and Virginia—identified populations of red-
throated loon, common loon, northern gannet, horned
grebe Podiceps auritus, black-capped petrel Ptero-
droma hasitata, Bermuda petrel, and Audubon's shear-
water Puffinus lherminieri as negatively impacted by
interactions with fisheries (Le Boeuf 2007).

Fish. Protected fish species that are listed on the ESA
and occur in the study area include the smalltooth
sawfish Pristis pectinata, Atlantic salmon Salmo salar,
and shortnose sturgeon Acipenser brevirostrum.
Although shortnose sturgeon occur only in rivers and
estuaries and are more likely to be threatened by
construction of dams and pollution than by commercial
fishery operations (NMFS 2002), bycatch of this spe-
cies still occurs and can threaten this endangered
species. Although bycatch is not listed as a factor for
the decline of the Atlantic salmon (NOAA 2007b, it is
unknown whether bycatch threatens the continued
existence of this species.

For fish, the criteria for inclusion in the present study
were extended to include ‘species of concern.’ Species of
concern are those that have been identified as being po-
tentially at risk by the NOAA Office of Protected Re-

sources (OPR); however, information is insufficient, and
status and threats are too uncertain to merit a listing un-
der the ESA (NOAA 2009). Thus, Iinvestigated the spe-
cies of concern which have either their entire, or a part
of, their habitat distribution along the US east coast and
which have been identified by the NOAA OPR as threat-
ened due to bycatch. The species that fit these criteria
are river herring (alewife Alosa pseudoharengus and
blueback herring Alosa aestivalis), Atlantic sturgeon
Acipenser oxyrinchus oxyrinchus, Atlantic wolffish
Anarhichas lupus, barndoor skate Dipturus laevis, cusk
Brosme brosme, dusky shark Carcharhinus obscurus,
night shark Carcharinus signatus, sand tiger shark Car-
charias taurus, speckled hind Epinephelus drummond-
hayi, thorny skate Amblyraja radiate, and warsaw
grouper E. nigritus (NOAA 2007b, 2008b).

Bycatch is only one of the threats to these species. It
should be noted that some of these species are tar-
geted by fishing efforts (NOAA 2007b, 2008b), while
others are not targeted but are landed if captured. For
instance, skates are caught incidentally while target-
ing other species, including monkfish and scallops,
and they are landed only if the price is high enough to
warrant the effort to prepare the wings (NOAA 2002d).
There is no directed fishery for barndoor skates; thus,
boats landing skate wings are likely catching them
incidentally (NOAA 2002d).

Invertebrates. Elkhorn Acropora palmata and
staghorn Acropora cervicornis coral are 2 invertebrate
species listed in the ESA and found in waters off the US
Southeast. Bycatch is not listed as a conservation con-
cern for these species (Acropora Biological Review
Team 2005). No additional invertebrates species found
on the US east coast are ‘species of concern’ as identi-
fied by NOAA (NOAA 2009).

RESULTS AND DISCUSSION

Forty-nine commercial fisheries were identified on the
US east coast, 39 of which have documented bycatch.
Gillnet and longline fisheries resulted in the highest
number of species that were documented as bycatch
(Table 2). The specific fisheries with documented by-
catch of the high number of species were: the Atlantic,
Caribbean, Gulf of Mexico large pelagics longline;
Northeast sink gillnet; and Mid-Atlantic gillnet fisheries.
Additional results are presented by fishing gear type.

Gillnets

Twelve commercial gillnet fisheries were researched,
10 of which experienced bycatch (see Table S1 in
Supplement 1, available at: www.int-res.com/articles/
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Table 2. Documented bycatch interactions for each taxonomic group by fishing gear type. Data correspond to the number of

species investigated in the present study that were documented as bycatch in the corresponding fishing gear type. No ESA-listed

sea bird species were documented as bycatch; the species included in this table are those that have been identified as being

threatened in part by interactions with fisheries. MMPA: species listed under the Marine Mammal Protection Act; ESA: species
listed under the Endangered Species Act

Gear Marine mammals Sea turtles Sea birds Fish Total
type ESA MMPA only ESA Regional ESA Species of concern
Gillnets 3 12 4 14 2 6 41
Longlines 1 15 6 3 1 8 34
Trawls 1 11 4 4 2 4 26
Traps/pots 4 3 3 0 1 2 13
Purse seines 2 5 0 0 0 1 8
Dredges 0 0 4 3 0 2 9
Pound nets, 0 6 4 1 1 1 13
stop nets,
seines, weirs

suppl/n009p049_app.pdf). Gillnets in all 3 regions
resulted in considerable bycatch, and management
measures are in place in over half of these fisheries in
response to bycatch of sea turtles and marine mam-
mals (Table 3). In the mid-Atlantic gillnet fishery, sep-

arate bycatch management regulations are in place for
large whales, bottlenose dolphins, harbor porpoise,
and sea turtles.

In the Northeast, a combination of time and area clo-
sures and acoustic devices, or pingers, has proven suc-

Table 3. Existing management regulations or recommended voluntary measures have been implemented in several of the re-
viewed fisheries to address protected species bycatch. ‘Sea turtle regulations’ include state and federal regulations designed
specifically to reduce bycatch of sea turtles. NE: Northeast USA; SE = Southeast USA; M-A = US Mid-Atlantic; P: proposed mea-
sures; G: gear requirements and/or modifications; B: bait requirements; T: regulations that apply to certain times and/or areas; C:
seasonal/area closures; I: included in plan, but no regulatory measures exist; V: voluntary measures; R: required release protocols
and/or equipment. Numbers in parentheses refer to sources as follows: (1) NOAA (1999); (2) Borggaard et al. (2008); (3) NOAA
(2006); (4) NOAA (1998Db); (5) NOAA (2008e); (6) ATGTRT (2008); (7) NOAA (2002c); (8) NOAA (2002b); (9) NOAA (2004); (10)
NMFS & USFWS (2008) (11) NOAA (2008d); (12) NOAA (2008c). These regulations include state and federal regulations
designed specifically to reduce bycatch of sea turtles

Bottlenose Harbor Atlantic Sea turtle

Fishery

Large
whale

dolphin porpoise

Atlantic pelagic

longline trawl gear regulations

M-A gillnet

NE sink gillnet

NE anchored float gillnet

NE drift gillnet

SE shark gillnet

SE gillnet

North Carolina inshore gillnet

Large pelagics longline

M-A mid-water trawl

M-A bottom trawl

NE mid-water trawl

NE bottom trawl

SE shrimp trawl

Shellfish bottom trawl

Georgia cannonball
jellyfish trawl

Blue crab trap/pot

Mixed species trap/pot
NE/M-A sea scallop dredge
Virginia pound net

NE/M-A American lobster pot
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North Carolina long haul seine

I
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cessful at reducing incidental takes of harbor porpoise
in gillnets from 2900 ind. in 1990 to 323 ind. in 1999
(Read et al. 2006). These measures may also have
reduced bycatch of Atlantic white-sided dolphins in
Northeast sink gillnets (Read et al. 2006). Estimated
bycatch of this species was highest in the period 1992
to 1994 but decreased in subsequent years, most likely
as a result of the implementation of bycatch mitigation
measures to reduce harbor porpoise bycatch in gillnets
(Read et al. 2006). Despite this success, a lack of com-
pliance with pinger requirements may be responsible
for recent observed increases in harbor porpoise
bycatch; however, habituation or poor pinger mainte-
nance may also be to blame (Read 2000). Another
possible explanation recently identified by the NOAA
for the increase in takes is that bycatch is occurring
outside of areas currently managed by the Harbor Por-
poise Take Reduction Plan.

Although pingers have been successful for harbor
porpoise in the Gulf of Maine, their effectiveness
appears to be fishery and species specific (see Barlow
& Cameron 2003, Cox et al. 2003). Behavioral differ-
ences between species suggest different solutions may
be needed to address bycatch.

Other mitigation measures, such as the use of tie-
downs, have been implemented for marine mammal
bycatch in gillnet gear. Tie-downs, a gear requirement
for gillnet fishing gear, have been mandated to reduce
harbor porpoise bycatch; however, they may increase
mortality of Atlantic sturgeon in gillnet gear (ASMFC
2007).

A number of mitigation measures have also been
developed to reduce bycatch of seabirds in gillnets,
including visible net panels and barium sulphate nets
(see Melvin et al. 1999, Trippel et al. 2003). Despite this
research, no mitigation measures have as yet been
implemented on the east coast of the United States to
reduce bycatch of sea birds.

In the Northwest Atlantic, a number of US states,
including Georgia, South Carolina, and Florida, have
prohibited most gillnets and entangling nets in state
waters (NMFS 2002, 2009). Thus, there is very little
gillnetting in waters off the US southeast coast, which
hasled to decreases in sea turtle bycatch (NMFS 2002).
The gillnet ban in Florida also has an impact on the
recovery of smalltooth sawfish which are extremely
vulnerable to capture in gillnets. If the ruling was
reversed or weakened in Florida's state waters, this
could have detrimental impacts on this species (NMFS
2009). As the recovery of the smalltooth sawfish
extends beyond Florida's waters, gillnets will become a
serious threat to the success of recovery efforts (NMFS
2009). Gillnetting remains active in other areas, espe-
cially in the mid-Atlantic and in federal waters (NMFS
& USFWS 2008). While regulations are in place in the

Mid-Atlantic for gear with mesh greater than 7 inches
(17.8 cm) stretched, it is known that smaller mesh also
capture and kill marine life, including sea turtles
(NOAA 2002c).

Longlines and hook and lines

Seven longline and hook and line fisheries were
reviewed, 5 of which experienced bycatch (see
Table S2 in Supplement 1, available at: www.int-res.
com/articles/suppl/n009p049_app.pdf). The Atlantic
Ocean, Caribbean, and Gulf of Mexico large pelagics
longline fishery catches or has the potential to catch
the largest number of marine species (Table S2). This
fishery is the only hook and line fishery on the East
Coast with existing regulatory or voluntary measures
to address bycatch of protected species or species of
concern (Table 3). Documented bycatch in this fishery
includes marine mammals, sea turtles, sea birds,
sharks, and billfish, and the potential exists for bycatch
of other sea bird and ray species (Table S2). The poten-
tial also exists for ray species to be caught in the large
pelagics longline fishery (Mandelman et al. 2008).

Pelagic longlines, which can be up to 100 km in
length and can carry up to 3500 barbed hooks, are
believed to be generally more selective than trawl and
gillnet gear and do not directly damage habitat (Alver-
son et al. 1996, Brothers et al. 1999, Gilman et al. 2006).
Bycatch has been known to occur with multiple taxo-
nomic groups most likely as a result of depredation, or
marine animals feeding on baited hooks, while a
smaller number of incidences are believed to result
from an animal becoming entangled in gear that was
not perceived (Gilman et al. 2006). These behaviors,
which occur on longline and hook and line gear, lead
to lost fish and gear for fishermen, and often injury and
death to marine animals (Zollett & Read 2006). These
interactions can also cause fishermen to take retalia-
tory measures to protect their gear and catch
(Donoghue et al. 2003, Zollett & Read 2006). Zollett &
Read (2006) devised a gear modification that would
deter bottlenose dolphins from engaging in depreda-
tion of fish from a hook and line troll fishery in Florida;
however, no such gear modification has been devised
for longline gear.

Despite the absence of such gear modification, a
number of bycatch mitigation measures have been
tested and implemented in longline fisheries through-
out the world, usually by taxonomic group. For sea tur-
tles, mitigation measures in longline fisheries have
focused on regulatory controls on effort, such as limits
to seasonal bycatch levels, fishing areas, and fishing
seasons; voluntary communication systems in fishing
fleets which report occurrence of bycatch; safe han-
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dling and release practices for increasing the likeli-
hood of survival; and modifications to fishing gear and
methods (Gilman et al. 2006, NMFS 2008). Modifica-
tions or restrictions to fishing gear have included limits
on branch line or mainline lengths, requirement of cor-
rodible hooks, reduced fishing effort at shallow depths,
or changes in effort associated with frontal systems
(NMEFS 2008).

Two mitigation measures implemented in the North-
west Atlantic large pelagics fishery include the use of
circle hooks instead of 'J' style fishing hooks and the
use of fish rather than squid bait; these modifications
have been shown to effectively reduce sea turtle
bycatch. Circle hooks in this swordfish fishery have not
only decreased the capture rates of leatherback and
loggerhead sea turtles, but they have also decreased
the incidence of hooks being swallowed by logger-
heads (Watson et al. 2003, 2004, 2005, Shah et al.
2004). As aresult, it is widely believed that circle hooks
are more likely to hook an animal in the mouth,
whereas 'J' hooks are often more deeply swallowed
(NMFS 2008). Loggerhead sea turtles, which are often
caught as a result of depredation, are captured when
they attempt to eat bait, and leatherback sea turtles are
more likely to become entangled in the gear (NMFS
2008). Some evidence suggests that turtles captured in
hook and line fisheries are released alive, but the
ingestion of hooks and entanglement in monofilament
and steel line likely cause some turtles to strand or die
(NMFS & USFWS 2008). It is important to note that
generalizations regarding hooks and baits can be
misleading as their effectiveness varies by fishery,
target species, and hook size and degree of offset
(NMEFS 2008).

Circle hooks impact bycatch of other taxa besides
sea turtles. Pelagic longline fishing is the primary
source of mortality for billfish species, including sail-
fish, swordfish, and blue and white marlin (Cramer
2004). Several studies have found that a higher mortal-
ity of these species corresponds to deeper hooking
which occurs when ‘J' hooks rather than circle hooks
are used (see NMFS 2008). The deep-hooking may be
related to the level of offset of a hook, with a higher
degree of offset corresponding to deeper hooking
(NMEFS 2008).

Reductions in sea bird bycatch have also been attrib-
uted to circle hooks. Observer data from the Northwest
Atlantic indicate that seabird bycatch may be 6 times
lower on circle hooks than on 'J' hooks (NMFS 2008).
Further studies are needed to confirm this finding
(NMFS 2008). Other mitigation measures for sea bird
bycatch in hook and line fisheries have been tested
and implemented in other parts of the world. Those
that have been successful or that have shown promise
include paired streamers, side-setting practices, bait

setting capsules, weighted branchlines, bait pods, and
smart hooks (NMFS 2008). In the USA, research and
management of sea bird bycatch has focused largely in
the Pacific Ocean fisheries where interactions with
albatross occur (NMFS 2008). To date, no management
measures for sea bird bycatch have been implemented
in fisheries of the US east coast.

For marine mammal interactions with longline gear,
mitigation strategies that have been employed or that
have show promise include: using shorter sets of gear;
hauling back gear at faster rates; prohibiting
haulbacks in areas with marine mammals; using sur-
face buoys with no longlines as a decoy; avoiding
hotspots of marine mammals; moving if depredation
occurs; and reducing noise associated with haulbacks
(Donoghue et al. 2003, NMFS 2008). In the Atlantic
pelagic longline fishery, mitigation measures have
been proposed specifically for pilot whales and Risso’s
dolphins by the Pelagic Longline Take Reduction
Team, which was convened in 2005 to devise a strat-
egy to reduce bycatch in the mid-Atlantic region of the
Atlantic pelagic longline fishery (NOAA 2008e).
Bycatch for pilot whales has increased since circle
hooks were mandated in 2004 (Fairfield-Walsh & Gar-
rison 2007).

Trawls

Seven commercial trawl fisheries were investigated,
all of which have documented bycatch (see Table S3 in
Supplement 1, available at: www.int-res.com/articles/
suppl/n009p049_app.pdf). All of these fisheries have ei-
ther regulatory or recommended voluntary measures to
reduce bycatch of protected species (Table 3). Turtle
excluder devices (TEDs), the best known method for
bycatch reduction in trawl fisheries, were implemented
to address sea turtle bycatch and are now mandated in
areas throughout the US east coast, including the state
waters off Georgia (NMFS & USFWS 2008). TEDs may
also be beneficial for other taxa, as other large organ-
isms such as sharks may be able to escape through
these devices. Similar excluder devices have been
tested in other parts of the world to reduce bycatch of
marine mammals in trawl gears, but the results have
been variable (Gibson & Isakssen 1998, Northridge
2003a,b, Northridge et al. 2003, 2004). Excluder devices
for marine mammals have not been tested or imple-
mented in the United States. Additional gear modifica-
tions have been developed on the US east coast to re-
duce bycatch in trawl gear; however, the focus has
been on species such as cod and haddock that do not fit
the criteria for inclusion in the present study.

In addition to gear modifications, areas along the US
east coast are closed to trawl fisheries. Although often
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implemented for a single species or taxa, such as
reduction of cod catch in New England, time and area
management or fishery closures protect multiple spe-
cies and taxa that frequent the areas closed to fishing
efforts. However, the impacts of displaced fishing
effort need to be considered for species that use areas
where trawl gear is relocated.

Finally, the Atlantic Trawl Gear Take Reduction
team has recently identified several voluntary mea-
sures that fishermen in the Northeast and Mid-Atlantic
can take to reduce marine mammal bycatch. These
measures include reducing the number of turns made
by the fishing vessel, decreasing tow times at night,
and increasing communication between fishermen as
to sightings or incidental takes of marine mammals
(ATGTRT 2008).

Traps and pots

Seven commercial trap and pot fisheries on the
US east coast were included in the present review, 5
of which have documented bycatch (see Table S4 in
Supplement 1, available at: www.int-res.com/articles/
suppl/n009p049_app.pdf). Management measures that
are in place to reduce bycatch in 3 of these fisheries
have been developed for large whales (Table 3). Large
whales, including the endangered North Atlantic right
whales, become entangled in pot gear when parts of
their bodies, particularly their mouths or flippers, catch
the float or buoy lines. Right whales are particularly
vulnerable to mouth entanglements since they are
skim feeders, meaning they swim with their mouths
open and filter small prey species from the water.
A number of gear modifications including sinking
groundlines and breakaway or weak links have been
designed to reduce entanglement of large whales in
pot gear. Some of these modifications have been inte-
grated into existing management on the US east coast.
DeAlteris (1999) developed and tested an acoustic
release system for offshore lobster buoy lines to reduce
right whale entanglements with vertical lines in the
Gulf of Maine and southern New England lobster pot
fishery; however, this gear has not been adopted by
the east coast fishery. The NMFS and the Atlantic
Large Whale Take Reduction Team are considering
options to reduce the risk to large whales from vertical
lines.

Sea turtles also become entangled in vertical lines of
trap and pot gear and may subsequently drown (NMFS
& USFWS 2008). Stranded turtles have been recovered
surrounded by trap gear. It has been contended that
leatherback sea turtles are the most susceptible sea
turtle species to entanglement in fishing gear, includ-
ing trap and pot gear (SAFMC 2004), while other

reports argue that loggerhead sea turtles are particu-
larly susceptible to entanglement in pot gear due to
their attraction to and attempts to feed on bait in the
traps (NMFS & USFWS 2008).

Depredation from pot gear is also a problem with
regard to cetacean and pinniped species. Cetaceans
and pinnipeds have been known to enter pot gear in an
attempt to eat the bait or catch, and occasionally
become trapped and drown. Noke & Odell (2002)
devised a technique to modify the design of crab pots,
which prevented dolphins from opening pot doors,
entering the gear, and taking bait fish. These gear
modifications are included in the voluntary efforts of
the Atlantic blue crab pot fishery to reduce bycatch
(Table 3). Noke & Odell (2002) noted that dolphins
were not only becoming trapped in pot gear while
engaging in depredation, but that they also became
entangled in float and buoy lines. Similar to large
whales, smaller marine mammals are also bycaught in
pot gear by swimming into the gear and becoming
entangled.

Purse seines

Four commercial purse seine fisheries on the US east
coast were included in the present review, and they all
experience some degree of bycatch (see Table S5 in
Supplement 1, available at: www. int-res.com/articles/
suppl/n009p049_app.pdf). Modifications to purse seine
gear and fishing practices have been successfully
implemented in a US fishery in the eastern tropical
Pacific Ocean where bycatch of 4 dolphin species once
averaged group sizes of 400 to 500 ind. per haul and
occasionally resulted in more than 1000 captured dol-
phins (see Hall 1998, Hall et al. 2000). On the US east
coast, purse seine fisheries do not experience this same
high level of marine mammal bycatch. Currently, there
are no bycatch mitigation measures in place for purse
seine fisheries within the study area.

Dredges

Four commercial dredge fisheries on the US east
coast were included in the present review, 2 of which
had documented bycatch (see Table S6 in Supple-
ment 1, available at: www.int-res.com/articles/suppl/
n009p049_app.pdf). No marine mammal bycatch was
documented in the dredge fisheries. The Gulf of
Maine and Mid-Atlantic sea scallop dredge fishery
was the dredge fishery with the most documented
bycatch on the US east coast, including bycatch of 4
sea turtle species (Table S6). Recent bycatch mea-
sures have been put into place for this fishery to
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address sea turtles that interact with dredge gear as it
passes through the water column (Table 3) (NOAA
2008d). No measures currently address interactions
that occur on the sea floor where the gear operates;
however, experimental gear has been tested to
develop a modified dredge that will guide turtles
over the top of the gear instead of under it, an occur-
rence which often results in injury or death (Milliken
et al. 2007). Additional modifications to the experi-
mental gear and subsequent testing are still needed
before modified dredges to address seafloor interac-
tions with turtles can be implemented in the fishery.

Pound nets, stop nets, seines and weirs

Eight commercial pound net, stop net, seine, and
weir fisheries on the US east coast were analyzed
(see Table S7 in Supplement 1, available at: www.int-
res.com/articles/suppl/n009p049_app.pdf). Six of these
fisheries resulted in documented bycatch; however,
the Virginia pound net fishery is the only one which
has bycatch management in place (Table 3). The mod-
ifications in this fishery are designed to prevent sea
turtles from becoming entangled in the pound net
leaders (NOAA 2008c).

CONCLUSIONS

The present study successfully consolidated the
available information on documented and potential
bycatch in 49 commercial fisheries on the US east
coast. The resulting tables provide a comprehensive
resource for scientists, managers, and other conserva-
tion practitioners on bycatch of protected species and
other species of concern in commercial fishing gear in
the study area. Of the fisheries investigated, the Mid-
Atlantic and Northeast gillnet fisheries and the
Atlantic Ocean, Caribbean, and Gulf of Mexico large
pelagic longline fisheries had the highest number of
documented bycatch species. Twenty of the fisheries
reviewed, including these 3 gillnet and pelagic long-
line fisheries, have either regulatory or voluntary mea-
sures in place to address bycatch, although these mea-
sures are generally implemented to address bycatch of
a single species or taxonomic group (Table 3).

The results begin to highlight some of the areas
where bycatch research and management is of utmost
importance. It is clear that bycatch of ESA-listed spe-
cies in commercial fisheries should be a priority, partic-
ularly where species are extremely endangered,
global populations are low, and high bycatch exists.
Bycatch reduction efforts should also focus on species
with slow life histories, such as slow maturation rates,

long gestation periods, and long periods of maternal
care, which are exhibited by marine mammal species
and other taxonomic groups. The tables help to iden-
tify where these interactions are known or are likely to
occur.

However, some care should be taken when drawing
conclusions and prioritizing areas of research and
management based solely on these tables. For
instance, 3 fisheries emerged as having the highest
number of species that were documented as bycatch.
While it is known that bycatch of multiple species does
occur in these fisheries, it is possible that they emerged
with the most documented bycatch as a result of high
observer coverage. It is also possible that they are sim-
ply operating in the most highly diverse geographic
areas. Fisheries with a large number of documented
bycatch species are, in many cases, already the focus
of existing management efforts. Fisheries with less
bycatch may have resulted from less observer cover-
age, or they may simply experience low levels of
bycatch.

The information presented in the tables does not say
anything about whether bycatch interactions are sus-
tainable, but simply whether these exist or are likely.
All documented bycatch was included regardless of
how often it occurred. Although some interactions are
extremely rare, they are still included since they may
still threaten species with small populations or low
reproductive rates or in fisheries with high or increas-
ing effort. A fishery does not have to interact with
many species for bycatch to be a conservation concern,
since unsustainable bycatch of a single stock or species
may be occurring. Thus, these limitations must be
taken into consideration when using the information
presented in the tables.

Despite these limitations, this study provides a
resource for scientists, managers, and other conserva-
tion practitioners to gain a better understanding of
where bycatch of multi-species and multi-taxa is
occurring within the study area and where manage-
ment or mitigation measures either exist or are still
needed. Bycatch is a problem that is not going to go
away, and as populations of marine species continue to
be overexploited or threatened by emerging conserva-
tion concerns, it will become even more important to
reduce the incidental capture of protected and threat-
ened marine populations.
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