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Introduction

illions of dollars are spent each year
in the/research and development of fishing
techniques to reduce unintended injuries and
fatalities to non-target marine species that forms
a major component of “bycatch.” The vast
majority of this investment in conservation
occurs in economically developed countries
(principally the United States, Canada, Aus-
tralia, and Europe) although the problem is
global in scale. Taken as a whole, bycatch is
one of the major threats to the survival of many
endangered marine populations and species.

This paper describes both proposed and
existing fishing techniques for reducing non-
target species bycatch, and reviews their focus
across different fisheries and wildlife groups.
The intent of this inventory was to gain a
better understanding of the range of tech-
niques available and to highlight priorities for
research and development.

The bycatch reduction methods summa-
rized in this paper are all intended to accom-
modate continued fishing of target species.
Other strategies that can lead to lowered
bycatch levels include fishing area closures,
temporal closures, reductions in fishing effort,
and cessation of fishing altogether. In some
cases, applying one or more of these other
measures may represent a better strategy for
solving a particular bycatch challenge than
altering fishing methods, though they often

face resistance from the fishing industry.
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ABSTRACT

Unintended injuries and fatalities to non-target marine species—a major component of
“bycatch”—is one of the principal threats to the survival of many endangered marine
populations and species. This paper describes both proposed and existing fishing tech-
niques for reducing non-target species bycatch, and reviews their focus across different
fisheries and wildlife groups. The intent of this inventory was to gain a better understanding
of the range of techniques available and to highlight priorities for research and develop-
ment. In all, 55 techniques were identified, with the majority directed at reducing bycatch in
longline fisheries, and intended to benefit primarily seabirds, sea turtles, and small mam-
mals. Bycatch reduction is a dynamic field with many examples of effective techniques,
though some underserved fisheries and wildlife groups should receive more attention.

Methodology

We attempted to document all available
information on fishing techniques that have
been used to reduce non-target wildlife spe-
cies bycatch in world fisheries. Information
on bycatch reduction methods is highly dif-
fuse and for this review we consulted various
sources including journal articles, unpublished
government reports, and experts in the field.
A number of reviews have examined bycatch
reduction for particular fisheries (e.g.,
Broadhurst, 2000; Hall, 1995) or for wildlife
groups within particular fisheries (e.g., Gilman
etal., 2005), but the scope of this study is all
commercial fishing methods and multiple
wildlife groups. The decision to pursue a more
comprehensive treatment was motivated by
an interest in identifying bycatch reduction
approaches that might find application in more
than one fishing method, and to better appre-
clate the potential impacts on species or wild-
life groups apart from the one targeted.

Excluded from consideration were recre-
ational fishing; target species bycatch (i.e., ju-
venile fish), and strategies for mitigating the
consequences of ghost fishing, a serious and
widespread form of bycatch in which fishing
gear can continue to catch and kill animals
after it has been lost, discarded, or abandoned
by fishers. Depredation, or the predation of
fishing bait or catch by non-target species,
was considered in this review. This meant that

some techniques mainly used in aquaculture
operations became part of the final list.

Generally, in categorizing bycatch reduc-
tion approaches the tendency was to be inclu-
sive. For example, Turtle Excluder Devicesand
Sea Lion Excluder Devices were combined as
one approach, under “excluders”, because they
fundamentally work the same way.

Both existing and proposed bycatch miti-
gation techniques were considered, and orga-
nized according to whether they represented
anapproach (1) intended to avert contact with
a fishing operation and gear altogether, (2)
intended to facilitate escape from temporary
capture, or (3) that required release post-cap-
ture. For each technique we identified the fish-
ing method (gillnet, surrounding net, trap/
pot, trawl, dredge, and hook-and-line) in
which it was or could be used, and identified
studies undertaken to evaluate its efficacy for
various wildlife groups. The studies compiled
consisted mainly of ones that directly reported
on ascientific field trial as opposed to papers
summarizing general findings or synthesizing
responses from fishers. Occasionally, however,
reports of lab studies or third-party papers
reporting on original field research were in-
cluded. Wildlife group classifications were se-
lected somewhat arbitrarily and represent
broad categories (sea birds, for example) in
order to keep this review ata manageable scale.
Certainly the number of categories could be



expanded to include different groups (most
notably non-pelagic fin fish) as well as subsets
of the headings already represented. Never-
theless, using broad categories of wildlife
groups enables a cursory analysis of the taxo-
nomic emphasis in bycatch reduction research
and implementation of its methods.

Description of Techniques

Fifty-five modifications to fishing gear or
methods were identified for reducing non-
target species bycatch. Below is a brief de-
scription of each. Those in italics indicate meth-
ods either not yet developed or widely used
by the fishing industry that may be undergo-
ing experimental evaluation.

Acoustic pingers/alarms

Underwater sound-emitting devices (maxi-
mum level of intensity equivalent to approxi-
mately 175 dB re 1 uPa @ 1m) attached to
fishing gear, principally gillnets. [Under NOAA’s
Harbor Porpoise Take Reduction Plan for the
Gulf of Maine, the sound output intensity for
pingers is stipulated as 10 (+2) kHz at 132 (+
4)dBre 1 uPa@ 1m (NMFES/NOAA, 1998)].
Pingers are now mandated for use in some fish-
eries in the U.S. Northwest Adantic, California
driftnet, and in Europe. The sound of these
devices s believed to alertan animal to the pres-
ence of the netand thus decrease the probabil-
ity of entanglement. Although some studies
have shown that pingers can have the unin-
tended consequence of attracting pinnipeds to
fishing operations (Bordino etal., 2002), this
may be controllable by raising the emitted fre-
quency of the pingers above seal hearing (Kraus
etal,, 1997).

Acoustic harassment devices (AHDs)

Devices that emit sounds of such high
intensity that they cause pain or alarm in
certain underwater species. The minimum
sound level is approximately 200 dB re 1
uPa @ 1m. References for AHDs primarily
dealc with aquaculture operations. These de-
vices may exclude some animals from impor-
tant habitat (Olesiuk et al., 2002), and pose
arisk of impairing an animal’s hearing. These
drawbacks render this approach potentially
harmful and dangerous.

Passive acoustic deterrents

Objects such as rubber tubes, thick poly-
ester rope, and chains attached to fishing nets
to alert a marine cetacean to their presence
using echolocation.

Vessel noise reductions

Structural or operational changes to fishing
vessels that would decrease the intensity or sig-
nature of their sound output, potentially de-
creasing the degree to which they attract ani-
mals that presumably associate these vessels with
afeeding opportunity. At least one study in the
Pacific indicated that the noise from longline
haulers attracted false killer whales from long
distances (J. Watson, pers. comm.).

Animal predation sounds

Audio recordings of an animal in distress, or
of its predator, played to deter individuals of
that species from entering into a fishing area.
Jefferson and Curry (1996) concluded that this
technique was largely ineffective for reducing
marine mammal interactions with fishing activ-
ity based on their review of multiple studies.

Metal oxide nets

Nylon nets infused with barium sulfate or
other metal compounds that have acoustical de-
tection features for reducing small cetacean
bycatch. These may reduce small cetacean and
sea turtle bycatch by increasing the likelihood
that these animals would “bounce” off the net-
ting. Experimental results show that they can be
effective in reducing the bycatch of harbor por-
poiseand greater shearwater (Trippel etal., 2003),
though it has not been ascertained if this is be-
cause of their acoustic reflectivity, increased stiff-
ness, or greater visibility over conventional gillnets.

Echolocation disruptors

Sounds produced to disrupt the normal
echolocation abilities of cetaceans. Preliminary
research in Europe has shown some promise
that these devices reduce depredation by bottle-
nose dolphins in gillnets and trammel nets,
although habituation may be a challenge
(S. Northridge, pers. comm.).

Pyrotechnics
The use of loud explosive devices, includ-
ing gunshots, to scare non-target species such

as sea lions away from a fishing operation.
Deterrence may result from noise or tactile
annoyance. Anecdotal evidence from some
fishermen suggests this practice is widespread
though its efficacy is not backed up by a num-
ber of studies, and it obviously threatens ani-
mal survival.

Quick-release metal wire

A metal wire attached to an outrigger clip
ona troll line. The quick-release mechanism of
the outrigger clip causes the wire to travel down
the bait line when a fish is captured. The metal
wire may deter dolphin depredation (Zollett
and Read, 2006).

Glow rope

Rope consisting of polypropylene blended
with a phosphor that glows a bright yellow-green
underwater in wavelengths large cetaceans can
see. It glows for 48 hours after activation at an
intensity a human can see readily at 20 yards (18
m). The design isbased on the premise that with
increased visibility cetaceans and perhaps turtles
would be more likely to avoid rope entangle-
ments at night or at depth. Current research is
looking athow to maintain the glowing proper-
ties under the rigors of mechanized hauling,

Bird-scaring devices

A number of devices used to disturb birds
from foraging on bait. These include stream-
ers attached to a pole suspended above the
area where bait is set or placed in the water,
towed buoys, and water jets.

Dyed bait

Bait dyed blue to reduce its visibility to
non-target species such as seabirds hovering
around longlines as baited hooks are deployed.

White mesh on gillnets

‘White mesh panels on the upper partofa
gillnet to make it more visible to diving sea-
birds. The mesh probably also increases net vis-
ibility to other animals such as cetaceans, pinni-
peds, and sirenians though the effect would be

reduced in water with poor visibility.

Flashing lightsticks
Battery-operated lights setat different flicker
rates intended to attract fish but not sea turtles.
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Reflectivelcolored buoys

Buoys coated with a material to make them
reflect or blend into the natural environment
so that they are a less conspicuous signal to sea
turtles, which are thought to be attracted to
buoys used in fishing operations.

Scent deterrents

The application of substances that pro-
duce odors to deter non-target species from
entering into a fishing area.

Noxious bait

Bait that is treated with compounds in-
tended to make it unpalatable to non-target
species.

Aprtificial bait

Bait manufactured from non-natural sub-
stances as a substitute to natural bait that may
render it less appealing to non-target animals.

Novel bait species

Changing the type of bait, such as switch-
ing from squid to mackerel, to deter non-tar-
getanimals (such as sea turtles) that prefer one
type of bait versus another.

Animal prodding

The physical prodding of non-target
species using a pole or other implement to
deter them from interacting with a fishing
operation.

Electromagnetic deterrents
Electromagnetic fields created in the vi-
cinity of a fishing activity to deter interac-
tion of non-target species with fishing gear,
bait, or target species. The main prize of the
2006 Smart Gear competition run by the
World Wildlife Fund was for a magnetic
shark deterrent to be tested on pelagic
longlines. Polet et al. (2005) describe evalu-
ations of an “electro-trawl” in which electric
charges stimulated shrimp into moving
upward from the sea floor into the path of
the trawl mouth. In this approach, the space
between the groundrope and the benthos
might be increased without reducing target
catch levels but decreasing the contact the
trawl might have with some non-target
benthic invertebrates and groundfish.
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Buoy line messenger system

Underwater traps or nets linked to a sur-
face buoy by a weak line. To haul the gear, a
messenger device would be sent down the
weak line along with a stronger hauling line.
The messenger device would attach the haul-
ing line to the bottom gear for retrieving the
gear. The premise is that a large whale would
easily break free from a weak line suspended
in the water column, and the stronger line
needed for hauling could be located out of
harm’s way.

Acoustic releases

Devices that use an acoustic trigger for re-
leasing a buoy attached to submerged pots that
would then float to the surface for retrieval.
This would eliminate vertical (and potentially
entangling) lines in the water column.

Bait casting machines

Devices that toss the bait beyond the tur-
bulence of longline boat propellers that tend
to keep bait buoyant longer where it is more
prone to seabird predation.

Thawed bait

Frozen bait is thawed before it is set in the
water to increase the rate at which it sinks in
longline fisheries. (The sinking rate can also
be increased by puncturing the swim bladder

of fish bait).

Alternative offal discharge

Discarding waste away from where bait
enters the water to lure non-target species
(seabirds) away from baited hooks in longline
fisheries.

Side sets

The placement of fishing gear over the
side of a longline vessel rather than the stern.
Studies have shown that seabirds avoid going
after baited hooks near the vessel hull, and by
the time the stern passes the hooks they are
deeper in the water than they would be in
stern sets (Brothers and Gilman, 20006).

Night sets

The setting of fishing gear at night so that
seabirds are less likely to see sets. Lights may
also be dimmed to enhance the effect.

Underwater sets

Methods that reduce bycatch by eliminat-
ing gear sets at the ocean surface. These include
devices such as setting chutes that place sets
below the ocean surface in longline operations
where they are less prone to seabird predation,
and setting gillnets below the sea surface to
reduce entanglement rates of small cetaceans.

Line shooter

A device used on longline vessels to in-
crease the speed at which baited lines get be-
low the water’s surface where seabird preda-
tion mainly occurs.

Raised footropes

An alteration to the lower edge of a trawl
netin which the “mouth” is raised high enough
in the water column to prevent it from drag-
ging across the benthos. Raised footropes are
obligatory during certain periods of the year
in bottom trawling in Massachusetts to re-
duce the bycatch of non-target demersal spe-
cies such as flounder.

Decreased soak time

Soak time is the length of time that fish-
ing gear is submerged between hauls; reduc-
ing it appears to change bycatch probabilities.

Sinking/weighted lines

Changing the property of fishing lines so
that they are less likely to catch or ensnare ani-
mals feeding at the surface or in the mid-water
column. They include low profile line, a kind
of rope linking lobster pots that might be sus-
pended deep enough to avoid whale entangle-
ments but with enough floatation to lie above
rocky bottoms that tend to abrade them.
Weighted mainlines may also increase the sink-
ing rate of pelagic longline gear, making it less
likely to capture surface-feeding seabirds.

Decoy deterrents

Approaches that include setting longlines
in novel patterns (such as in a sinusoidal shape)
or using “dummy” sets to mask the presence of
afishing operation.

Vessel chasing (hazing)
The use of boats to chase non-target ma-
rine animals from a fishing area.



Remote attractor devices

Devices used for attracting non-target ani-
mals away from fishing activity where they
might become captured or entangled in gear.

Deep-water sets

Baited hooks in longline fisheries set be-
low 100 meters of water to avoid the principal
feeding zones of sea turtles and other epipe-
lagic species. Increasing the depth at which
pelagic drift nets are set may also reduce bycatch
rates of air-breathing vertebrates.

Fence or net barriers

Barriers erected in aquaculture and corral-
type fishing gear to exclude non-target spe-
cles. Barrier nets can create a separate bycatch
problem based on reports of fatal entang]e-
ments that have occurred with California sea
lions and humpback whales (Petras, 2003).

Trap guards (T-bars, otter guards)
Welded bars or netting placed in some pot
traps to prevent pinnipeds or otters from enter-
ing them and preying on the target catch (such
as eels). Bungee trap guards have also shown
success at reducing bottlenose dolphin interac-

tions with crab pots (Noke and Odell, 2002).

Fleet communication

The dissemination of real time informa-
tion between fishing vessels on the presence
of non-target animals to avoid fishing in areas
in which they are congregating.

Excluder devices

A grid of metal bars or mesh placed usu-
ally within the neck of a trawl that has an
opening for escape at either the top or bot-
tom. Large animals that strike the bar exit
through the opening, while the smaller tar-
get species pass through the bars and are cap-
tured in the net. Examples of excluder de-
vices in trawls are the Nordmore grid, the
Turtle Excluder Device (TED), and the Sea
Lion Excluder Device (SLED). A sea turtle
excluder chain matis used in the Northwest
Adantic scallop dredge fishery. A new modi-
fication to pound nets may reduce sea turtle
bycatch by replacing the upper two-thirds
of the leader netting with vertical ropes spaced
wide enough apart to let sea turtles swim

through without becoming entangled
(DeAlteris et al., 2005).

Circle hooks

A circular hook design in which the point of
the hook is perpendicular to the hook shank.
Circle hooksare used widely in many recreational
and commercial fisheries and recendy have been
shown to reduce both the hooking rate and the
mortality of turtles that are hooked on pelagic
longline gear. Asa resultof several successful field
trials (Bolten and Bjorndal, 2005; Watson etal.,
2005), these hooks are becoming increasingly
used in longline fisheries.

Break-away lines

Ropes that use weak links or are designed
to break at strengths substandially lower than
usual for hauling ropes. The intent is for ropes
to function normally for fishing but allow a
large whale to break free if entangled.

Time tension line cutter

A link connecting the bottom gear and
vertical line in a pot fishery that would break
under any pressure sustained longer than
the time it takes to haul in the gear when
fishing. This device was designed to reduce
large whale entanglements in pot fishery
endlines. The line cutter can be reset before
it is redeployed.

Buoy line trigger release

A line-cutting device that will detach a
surface buoy from vertical line when pres-
sure—such as that from a whale’s baleen—is
exerted against a plate that is attached to the
buoy. It was designed in order to prevent ropes
becoming entangled in whale baleen.

Stiff rope

A kind of rope that would be stiff in the
water column but loose on the deck of a boat.
Various prototypes are in research and devel-
opment. The theory behind these ropes is that
their rigidity will prevent them from entan-
gling large whales while fishers will find them

at least as practical as regular rope.

Medina Panel
Used in the purse seine fishery for yel-
lowfin tuna in the Eastern Tropical Pacific,

this is a panel of fine mesh attached to the
part of the purse seine farthest from the
boat when the net is “pursed.” The mesh is
fine enough so that dolphins are unlikely to
be entangled, and allows dolphins to es-
cape over the top of the net. These panels
are used in conjunction with a “back down”
procedure in which the purse seine is towed
backwards, lowering the cork line to facili-
tate the escape of dolphins.

Alternative net filaments

Varying the diameter of gillnet filaments or
their weaves (e.g., multi-monofilament) to re-
duce mortality of small cetaceans and other ani-
mals in gillnets by making the nets stronger and
stiffer. Stronger nets may result in larger non-
targetanimals being less prone to entanglement.

Galvanic releases

Links on fishing gear (such as crab pots or
lines) designed to eventually dissolve thereby
releasing any entrapped or entangled animal.
Galvanic releases have been proposed to reduce
the number of vertical lines in the water by
securing hauling lines in a coil at the ocean floor
until the release dissolves, freeing a buoy that
brings the hauling line to the surface.

Wealk hooks

Hooks that are strong enough to hold the
target catch but straighten out under the pull
of larger, non-target animals.

Baiting techniques

Applying alternative methods of securing
bait to a hook or other fishing gear. A singly
threaded baiting technique is being evaluated
as an approach for reducing loggerhead sea
turtle bycatch in longline fisheries (Eric
Gilman, pers. comm.).

Long gangions

Longer gangions (leader lines attached to
the main floating line of a longline) are used to
reduce sea turtle bycatch mortality by allow-
ing turtles to swim to the water’s surface to
breathe if hooked. NOAA Fisheries prohibits
longliners from setting gangions within two
gangion lengths of the floatline, and requires
that “the length of the gangion [be] at least 10
percent greater than the length of the floatline
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forlongline sets in which the combined length
of the floatline and the gangion is 100 meters
orless” NMFES/NOAA, 2002).

Lipid soluble rope

A fishing line that would dissolve once

embedded in the blubber of a large whale.

Sea turtle-friendly bridles
A bridle design used in trap fishing for
minimizing sea turtle entanglement.

De-hookers

Devices designed to safely remove hooks
from sea turtles and other byatch species cap-
tured by hook-and-line fisheries. Dipnets may
be used for small turtles or other non-target
animals to haul them on to the deck more
safely for hook removal.

Summary of Results

Table 1 lists these techniques together
with an indication of the commercial fishing
method in which they are or could be used,
and a reference to studies evaluating their
efficacy for various groups of wildlife. An
estimated 33 of the methods are presently
used with the remainder proposed for po-
tential development and application. By far,
most of the techniques in use take an ap-
proach of avoiding contact with fishing gear
(81%) as opposed to facilitating escape or
release once an animal has come into contact
with it. Considering only those approaches
geared towards avoiding conflicts, 61% (or
16/26) operate under the principle of physi-
cally excluding animals from fishing areas,
gear or bait. The other 10 can be divided
according to the type of sensory detection
the animal would use in averting conflict:
auditory, visual, olfactory, gustatory, tactile,
or electromagnetic. Of these, the visual and
auditory approaches predominate with sea-
birds being the principal target group based
on the number of available techniques.

Circle hooks were listed as both a device
for escaping contact with gear and for facili-
tating release upon capture. This is because
circle hooks have been shown to reduce the
capture rate of sea turtles over J-hooks as well
as result in fewer deep hookings that cause
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greater injury to the animal (Bolten and
Bjorndal, 2004; Watson et al., 2005). Pyro-
technics also were listed twice, once asan acous-
tic deterrent and again as a tactile deterrent
because the effect on an animal may be sensed
both ways. One more device, the quick-
release metal wire, occurs twice in Table 1
because it may be sensed by dolphins using
eyesight or echolocation.

More techniques have been applied to hook-
and-line fisheries (longlines, specifically) than for
all other fishing methods combined. This is due
to the large number (nearly half of the total
longline techniques) of bycatch mitigation ap-
proaches developed exclusively to deter sea bird
bycatch that results from predation on baited
longline hooks as they are being set. In contrast,
only one bycatch reduction method was idend-
fied for dredges (although see Smolowitz, this
issue of MTS]J). Similarly lacking were studies
evaluating bycatch reduction methods fora num-
ber of wildlife groups suspected or known to
pertish following conflicts with fishing operations,
including sirenians (manatees and dugong), sea
snakes, and non-commercial pelagic fishes (Read
et al., 2006; Milton, 2001; Goodyear, 1999).
Thelist also highlights the absence of mitigation
techniques for two other non-target groups com-
monly occurring as bycatch: elasmobranchsand
invertebrates. The former includes many species
vulnerable to extinction from fishing and the
latter represents diverse and threatened commu-
nities such as deep-sea coral reefs (Fowler etal.,
2005; Probert et al., 1997). Table 2 shows the
taxonomic coverage of the studies compiled as
partof this review.

The number of available approaches,
however, is not necessarily a proxy for the suc-
cess of bycatch mitigation. A single effective
approach, such as excluder devices for sea
turtles in prawn trawl fisheries, may be suffi-
cient for achieving the reductions desired.

Nearlyall of the techniques used by the fish-
ing industry have been subjected to some degree
of scientific field evaluation as shown in Table 1.
Itis important that modifications to fishing gear
and methods undergo this scrutiny to ensure
that they are likely to have the desired impacton
bycatch rates and that the industry has adequate
justification before making costly changes. Some-
times, however, researchers need to adopt cre-
ative approaches, particularly in cases in which

bycatch events are rare in space and time even
though the consequences may be critical for spe-
cies survival. The entanglements of North At-
lantic right whales in lobster potand gillnet lines
represent a perfect example of this point. This
species occurs exclusively in the Northwest At-
lantic and its total population is an estimated
350 individuals. Its small population size means
that even infrequent entanglement events may
be catastrophic for the population. Very high lev-
els of fishing effort, even when offset by a low
encounter rate, mean thatalarge proportion (15%)
of this remnant population interacts with fishing
gear each year (Knowlton etal., 2005). Thelow
encounter rate and critical status of this popula-
tion rule out any field evaluation of potental
bycatch mitigation measures, so alternative meth-
ods for testing gear must be devised. Several scien-
tists in the United States and Canada are working
with the fishing industry to experiment with al-
ternative gear types to see whether or not they are
viable fishing techniques. But the best methods
for testing “whale-safe” gear may be in tank tests
with models, and monitoring whale entangle-
ment records to determine progress as new gear
typesare implemented.

The development and use of bycatch re-
duction methods (particularly gear modifica-
tions) almost always targets one population,
species, or animal group. Based on the 52 stud-
ies identified that reviewed the efficacy of these
methods (Table 1), all but 7 evaluated bycatch
levels for just one species or wildlife group; typi-
cally the results apply to only a subset of that
population. Though not surprising, an obvi-
ous concern in altering fishing methods is the
impact that the change might have not only on
one population but also on different groups
and ecosystems. An undesirable consequence
of using new fishing methods would be to in-
crease the total mortality of endangered marine
species or populations even though bycatch is
reduced for the species of initial concern. For
example, many studies indicate that circle hooks
can reduce sea turtle byatch in longline fisheries
but in at least one study they were shown to
increase the catch of blue sharks (Bolten and
Bjorndahl, 2003). In that particular study, blue
sharks made up the target catch and so the
study results represented an optimal outcome
for fisheries bycatch research in which a low-
cost modification produces not only a reduc-



TABLE 1

A list of techniques for reducing non-target species bycatch. The ones in bold presently exist; the remainder are proposed for possible use or further
development. An "X" under Fishing Method indicates where a technique is known to be used, and an asterix denotes where it potentially could be used
(excluding any assumption of its efficacy). Large whales and large elasmobranchs (e.g., whale sharks) were combined in one column due to shared large body
size. Checkmarks in Wildlife Group columns refer to field studies that showed the efficacy of a method; an "X" in these columns represents studies that showed
no effect. The numbers used are identified in the References, and the Appendix summarizes details from these studies. The types of circle hooks used did not
reduce sea turtle hookings, but there were fewer throat hookings which is though to increase post-hooking survivability; also reduced some non-target finfish
bycatch; cunclear if the potential benefits extend beyond the entrapment section of the gear; ‘summary of other studies; ®simulation in flume tank using dummy
animals; fin this case, blue shark was a target species; °results contrasted between trial periods.

T i Fishing Method Wildlife Group

Hook-and-line Elasmobranchs
Surrounding Traps/ (incl. Large whales (except largest
Gillnets nets Pots Trawls Dredges longlines) and sharks  Small cetaceans Pinnipeds _species) Seabirds Sea Turtles

Acoustic

% I EA-2,3,4,5,6, | -2 B -9

7,8,52

Pingers/alarms X * * X - 48, 49 X-3,4
Acoustic harassment devices * * * * %] -10 x-11,12¢
-39
Passive acoustic deterrents * * X-7,13
Vessel noise reductions

g

B -16 B .q4,15¢
|Animal predation sounds * * * X-17
1| -18 A -18
Metal oxide nets (also listed under escape deterrents) * X-49 X -49
Echolocation disruptor X
Pyrotechnics (also under tactile deterrents) * * * * X-19 X-21
Quck release metal wire (also under visual deterrents)

Visual
Glow rope * *
- 22,23, 24
Bird-scaring devices X
E4 -24" EA- 23, 24, 25
Dyed bait X X -26,27
White mesh on gillnets X 1 -9, 40
Flashing lightsticks

Reflective/colored buoys

Quick release metal wire (also under acoustic deterrents)

Olfactory.
Scent deterrents

Gustatory
Noxious bait * X-28
Artificial bait *
Novel bait species X Bl -29

Contact Averted

Tactile
Animal prodding
Pyrotechnics (also under acoustic deterrents) * * * * X-19 X-21

Electromagnetic
Electromagnetic deterrents

Physical exclusion
Buoy line messenger system * *
Acoustic releases * *
Bait casting machines
Thawed bait

Alternative offal discharge 1 -24
A- 25, 34, 41
Side sets

Night sets

Underwater sets/chutes
Line shooter

Raised footropes X
Decreased soak time X X *
Sinking/weighted lines X

Decoy deterrents * *
Vessel chasing *
Deep-water sets X
Remote attractor devices

Fence/net barriers

Trap guards (T-bars, otter guards)
Fleet communication X * * X

& -24, 30
A -13 EA- 22, 25, 32

AXRXX XX XXX X XXX

M .51

x %
8

- 50

%] ~46 B - a5° M 20, 35,

Excluder devices (multiple taxa) X X X-47 X-36°
EA-29, 31, 43

Circle hooks (also listed under post-capture release) X X - 33,37 X - 33, 42°
Break-away lines

Time tension line cutter
Buoy line trigger release
Stiff rope

Medina panel X

+x X
e oa X

-44°
-18 B -18
* X - 49 X - 49
{va| -49
= X - 49

Escape Contact
KE

Metal oxide nets (also listed under acoustic deterrents)

Alternative net filaments
Galvanic releases

\Weak hooks >
Baiting techniques

Long gangions X
EA-29, 31,43

Circle hooks (also listed under escape contact) X X -33%, 37 X - 33, 42°
Lipid soluble rope
Sea turtle-friendly bridles *
D X

or entanglement

Release post-capture
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TABLE 2

The focal species of studies that evaluated bycatch reduction techniques for non-target animals based
on this review. (Note: some occurrences may reflect multiple references from one long-term study).

Species

Number of occurrences

Loggerhead sea turtle (Caretta caretta)

11

Harbor porpoise (Phocoena phocoena)

Black-footed albatross (Phoebastria nigripes)

Laysan albatross (P immutabilis)

Leatherback sea turtle (Dermocheles coriacea)

California sea lion (Zalophus californianus)

Common dolphin (Delphinus delphis)

Bottlenose dolphin (Tursiops truncatus)

Green sea turtle (Chelonia mydas)

Harbor seal (Phoca vitulina)

Common murre (Uria aalge)

Rhinoceros auklet (Cerorhinca monocerata)

Killer whale (Orcinus orca)

Kemp’s ridley sea turtle (Lepidochelys kempii)

Franciscana (Pontoporia blainvillei)

Short-beaked common dolphin (Delphinus delphis)

Humpback whale (Megaptera novaeangliae)

Hector’s dolphin (Cephalorhynchus hectori)

New Zealand fur seal (Arctocephalus forsteri)

Pan-tropical spotted dolphin (Stenella attenuata)

Gray whale (Eschrichtius robustus)

Beluga whale (Delphinapterus leucas)

Dall’s porpoise (Phocoenoides dalli)

Shearwater (Puffinus gravis)

Olive ridley sea turtle (Lepidochelys olivacea)

Long-snouted spinner dolphin (Stenella longirostris)

Hawksbill sea turtle (Eretmochelys imbricata)

Hooker’s sea lion (Phocarctos hookeri)

7
6
6
5
3
3
3
3
2
2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1

tion in non-target species bycatch butan in-
crease in target catch. However, this finding
raises the question of what impact circle hooks
may have on pelagic sharks generally.

On the other hand, many bycatch reduc-
tion methods showed benefits across multiple
non-target groups of wildlife. Acoustic pingers
provide a good example; multiple studies have
shown that their use can reduce the bycatch of
cetaceans, pinnipeds, and seabirds (Barlow and
Cameron, 2003; Bordino etal., 2002; Gearin
etal.,2000; Culik etal., 2001; Koschinski and
Culik, 1997; Kraus et al., 1997; Lien et al.,
1992; Melvin et al., 1999; Stone et al. 1997),
although pinnipeds may habituate to and even

56 Marine Technology Society Journal
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increase their interactions with fishing opera-
tions with prolonged use (Geiger and Jeffries,
1987; Stewardson and Cawthorn, 2004). In
another example, TEDs reduced non-target
finfish bycatch in addition to that of sea turtles
(Christian and Harrington, 1997). In general,
excluder devices in trawl gear appear to work
well for many different wildlife groups which
in part explains why they have received so
much research attention around the world.

Conclusion
Mitigating bycatch in non-target species

through modifications to fishing gear and meth-

ods is a dynamic field that has produced many
effective strategies for some endangered popu-
lations of marine wildlife. In commercial fisher-
ies, most available techniques are directed at
reducing the bycatch of small marine mam-
mals, seabirds, and sea turtles. Although this
taxonomic emphasis is justifiable given the high
degree of endangerment from fishing encoun-
ters, it is certainly the case that other non-target
species are as or more seriously endangered by
conflicts with fishing operations but to date
have received little bycatch mitigation attention.
With respect to gear type, hook-and-line fisher-
iesappear to have more bycatch mitigation tech-
niquesavailable than exist in other fishing meth-
ods. This is encouraging given the concerns about
the consequences of longline fisheries to non-
target species bycatch, but at the same time it
amplifies the contrast with other fishing meth-
ods inwhich thereare relatively fewer techniques
for reducing bycatch. In other fisheries such as
coastal gillnets, individual nets may cause lower
levels of bycatch than trawls and longlines, but
because of their widespread use worldwide they
may have a major contribution to non-target
species bycatch. These are areas of research wor-
thy of attention.

To suggest that this review was exhaustive
would be misleading. Fisheries bycatch reduc-
tion is a very active area of research with many
ongoing studies and the frequent development
of novel initiatives. Among these are initiatives
to address mammal bycatch in trawls, the re-
search and development of innovative ground
and endlines for trap and gillnet fisheries by the
Consortium for Wildlife Bycatch Reduction
(administered by the New England Aquarium),
and several prospective techniques supported
through World Widlife Fund’s Smart Gear com-
petition. Nevertheless, we hope that the infor-
mation contained in this article will contribute
to the evolving global knowledge base of
bycatch reduction approaches. We intend to
publish this content on the Worldwide Web
where it will be available for use and applica-
tion by the fishing industry, fisheries research-
ers, marine biologists, and managers of living
marine resources. Over time, such a Web-based
database could invite ongoing contributions
and updates by international experts and thus
more efficiently capture the state of the art of
bycatch reduction.



86 25rd 1o panursnos

6661 “18 19 WA

JUBDIJIUSIS 10U UOIINPIY

opne
SOJO00UIYI OY} JOU JNQ LN
UOWIWOD JO [9)eoAq Poonpay

K12ysiy 1ouqi3
uowi[es punog 3o3nd

(viv.1200u0Ut
DOUIY.L042)))
19[[NE SOIIDOUIY

(28jpp
D14/)) d1INW UOWWO))

s1o3uid o13snooy

(0}€0 109JJ€ 0} pa3oadxa jou

pue SuLIesy Ysypunoid 9A0qe d1om VSN ‘enysduwey (puaoooyd puaosoyJ)
G661 “Te 12 UAIT spunos wefe Jo Aouanboar] — YN [o1e0Aq poonpay MON] JO JJO s)ou[ID) ostodiod Joqreyy s1o8utd onsnooy
(ov113upavaou
K1dysiy den p.12)dD 32PN )
7661 “[e19 UdI'T Sl 910w JyIned sue[e yim sder], SUOISI[0D PAONPAY POO PUB[PUNOJMIN oreym yoeqduny s1o3urd onsnooy
s1ogurd yyim sjou ur Jysned 3uLLoy
10818)-UOU SSO] puE ‘PojdAIJe Jou
oY JOAIS J9318)-UOU {PIJOAYJe JoU K1oysyy jouqi3 (puaoo0yd puaoo0y ) (. swuere,,)
L661 “Te1d sners]  (5yooqjod ‘pod) yojes soroads 1a31e ], [0)Je0Aq paonpay JuIs uIBA JO JIND ostodiod 10qieHq s1o3uid o1snooy
epeue) ‘eiquinjo)
L661 USILIg Ul saul| Jeo[J (puaoo0yd vuz020Yy g)
SIND PuB D{SUIYISOY AN SouI[ JeO[J 1QU[[I3 POPIOAY  [ejudwiLIddXa paIsa], astodiod 1oqreHq s1o3urd o13snooy
(purngia
DoY) 183S J0qIRH
eI
u0)3uIyse A\ WIDYIIOU
S[B3s JO Jey) Jou ur K19ysyy jouqi3 (vu20o0yd PU2020Y )
000Z “Te 39 uLIean) QOUQIQMJIP JuBOYIUFIS ON  Inq Yojedkq astodiod paonpay  uod3ims pue uoures astodiod 10qreq s1o3urd o1snooy
s1o3urd owes Sursn pa3ueyoun sem
BG onfeg oy} ul A19ysiy JUILIP 103urd & yum
B WOIJ POpI0oa1 yojed (snduaipy  paddmba joulni3 jejuowrodxo jou (I8 [eyudwLadxo (puaoooyd pu2020YyJ)
100Z “Te 30 Y1) padny)) FuLLdY y3noyy YN punoJIe BoIE POPIOAY  ‘[BUIS[-UOU UBIPBUER)) ostodiod Joqrey s1a8urd onsnooy

(p11044q pLID}()) SUOL] BIS

UBOLIOWTY (INOS [)IM SUOT)ORIONUI

A1ysy jouqi3

(121114u10]q LIOdOJUO)

7007 “Te 10 ourpiog PISBAIOUT UT PAINSAI ING YN [JJBIAQ Paonpay wo0q Uerunua3Iy BUBISIOURI] s1o3urd onsnooy

(snupru.iof1po

snydojpy)

asn UOI[ B3OS BIUIOJI[R))

103urd Aq paodgje jou a1om (SIRYS

OYeW UIJ}I0YS PUB “YIBYS JOYSAIY) (sydjap

€00T UOuIwod YSYpPIoMs [[Iqpeoiq) soroads A1ysy jouqi3 snurydjaq) urydjop
‘uoIoWE)) pue MofIeq soroads ysiy 10318 JO Yoe) 10q Ul [0)e0Aq Paonpay LI BIUIOJI[RD)  UOWIOD PIyedq-1oys s1a8urd onsnody
Q0URIRJY 03B J9318) U0 10917 Synsoy uoneoo| ‘AIoysiq (s)wsiue3iQ 1031k, anbruyoa],

*(uBrsop [erudwLIadx2 9 Jo 1red se papIoda 10U 10 partodariou = N) ‘so1oads 19831e1-UoU 10] SPoIOW UONONPaT YIBIAq JO AJBDIJJ0 o) SUNEN[EAd SAIPM

xipuaddy

57

Fall 2006  Volume 40, Number 3



6 23vd uo panunuos

9661 sIoem (1wp saproua0d0y ) (soreym Joy[1y)
‘A1In)) pue uosIojjor AN aimaedap Bary osouede[ uroylIoN ostodiod s [[eq SpuUnos 103epald
IOATY
SEYOIAY S BYSE[Y
pokerd spunos oreym uring A1oysiy  (svonaj snaaydpurydjaq) (soreyMm I9[[1Y)
1L6] ‘BIUBA PUB [SI] AN I9[[I UdyM pPapn[oxd sesnjog © UI PIJS9} JON oreym esnjog SpUnos I10jepaid
1L61 ‘uosdwoy], (Snpsnqo.r Snyo14YyIssy) (sareyMm I9[[1Y)
pue s3urwwny) AN BOIR POPIOAY 1SBOO BIUIOJI[RD) oreym AeIn Spunos 10jepaid
pueI00g
R RCA
S661 ul sjou[I3 Jos-90.JINS (smpoun.y sdois.any) SIUDLIIOP
‘0ARJA] PUB UOSPOOD) AN QOUEBPIOAR PISBAIOU] Sunenurs sIoLeg urydjop asouaog o1ISNOJL JAISSBJ
epeuR) ‘BIqUIN[0))
L661 $103091J01 2AIssed USnLIg Ul Soul| Jeo[J (ruaoooyd puaod0yJ) SIUQ1I0NP
IND pue B{SUIYISO] AN )M IOLLBQ B PIOAB JOU PIJ  [BIUSWILIOdXd PoIsa], ostodiod 1oqreq o1SNOJk JAISSBJ
(vionuayp
vjjoua)s) urydiop
panods jeordon-ueg
Sjou payyrpourun
ur Joy31y 9, ¢ 17 se payodar soroads Joul3 (speoq
1861 JOU30 pue ‘Ysy[[Iq ‘[eIoddeW ‘euny yojeokq  o13ejed soroads-nnw (smpoun.y sdoisany) JI[elowW) SIULIANIP
‘POOMIBH 2 99IqUISH ‘syreys Surstdwoo 1ojed 810 paonpar oN - (er G861) BIRNSNY YLON urydjop asouaog J1ISNOJL JAISSBJ
00T ‘uIoyme) A1Rusy [men)  (1421s.40f snjpydas0jo.1y) SAJTAD
PUB UOSPIBMI]S AN QAT}ORYIA JON 30y PUB[BIZ MON [€9S INJ PUB[BIZ MON  JUOWISSEIBY] O)SNOJY
BIqUIN[OD (ru2020yd pu2020Y J) S901AJD
7002 “Te 39 JNISA[O AN BOIR POPIOAY ysnug ur skeqg ostodiod J0qIeH  JUSWISSEIRY J)SNOOY
ULI9)-110T[S 91}
1861 JIOAO 1SBI[ JB ‘Uow[es  pageurep,, AToUsTy 10U[[I3 (puzpnia S901AOP
‘SOLIJJOf pue 119D Ul UONONPAI 9[qIssod (oAISN[OUOIU] punos 0} pajeniqey uour[es uogaIQ D20YJ) [edS J0qIeH  JUSWISSBIRY J1)SNOOY
(3ou
[o1BoAq K1oysty (mery ared (stydjap snurydja(q) Jo Jear ur pooed)
€00T “Te 12 93pLIYIION AN UBOLJOO 00NPAIJOU PI(]  SSBQ WOPIULY] pAYUN urydjop uowrwo)) s1o3urd onsnooy
(3du Jo nowr
o1eoAq K1dysiy (men) ared (siydjop snurydjao(y) punoie paoeyd)
BEOOT “©O3pLIYON AN UBJ0BJD 90NPAI JOU PI(]  SSeq WOpSury] payun urydjop uowto)) s1o3urd onsnooy
(110100y
pue[ea7 MIN snyoudy.1oppyda?))
L66] T8 10 dU0IS AN SBAIR JOU[[IS POPIOAY ‘IN0QIeH BOILYY urydiop s,10300H s1o8urd onsnooy
0UIRJOY 03B J9318) U0 1094 Synsoy uoneoo| ‘AIaysiq (s)wstue3iQ 1931e], anbruyoa],

xipuaddy

Marine Technology Society Journal

58



Qw NMNwQﬂ NRQ\GN&N\‘N.NNKQM .LUHNUNAH— uuu.mé_wvﬂw ur uononpar Dﬂu Ppasned \A—wvﬂ: ONSLINOBIBYD 1SE| Qﬂu ijcﬂu ‘s10U Dﬂu
wo \Au::“:m:w 1018213 10 .mw@ﬂ&muw ﬁﬁuﬂmkﬂm .\A“:\LHQDGD.H ONSNOJE pasea1dul Dﬂu 01 oNp 2I19M PauTeIqo $IMNSaT o ! Paure1adse Jou SeM I
(stjrqopnuiui
‘d) ssoxeqe uesAe|
S)00Y Pajieq d[qe[lBAER 2I0W 0} dnp saroads y30q K1oysy ounuoy  (s2dLiSiu vLISPGaoY]) (sour Joweans)
100T ‘s330g OSBAIOUI P[NOM JWNSSE INQ YN J0J JTBQ YIIM JOBIUOD PAINPIY USPIOMS UBITEME]]  SSOXBQ[E POJOOJ-de[g  SIOIAOP SuLIROS-PIIg
(snuvruiof1jpo
S661 ‘MAd snydojvz) (squioq
uoj3uryse p\ /SAAN AN o) JOAO 9OUALIDP ON SY00[ UOISUIYSE A\ UoI| ©9S BIUIOJI[B)) [89s) SoTuyo)0ILJ
K1oysy (praquirf
(uowroysiy Aq pajrodox puodojdouy) (vo.10 (s[1oys 1930€10)
8861 ‘WA AN se) uonepaidop paonpal oN ySIJo[qes ueyse|y snu124()) ofeyMm JO[[TY SOIUY09)0IA]
10U JUSWEIJOUOUI
(AN sa102ds) uim) Aowﬁ ysow
SIPoS ww 06 Q&o&m%
JUIM) W) ULy}
SoLIOYSY SNSIdA (9IS ysou
saroads y30q JoU][I3 pueI0ds Jo (puaoooyd puaosoyJ) wwl /97 ‘I9joWeIp
€002 & 32 9SpLIYLON AN JO YojeoAq paonpalr ouIm) Ury ], 1SOA\ PUB BOS YIION ostodiod Joqreyy  ourmj wwg') YOIy T,
SOLIdYSIY (3ou Juowreyouowr
JoU][I3 pueIods Jo (puaoooyd puaoooy ) 0} paredwod) jou
€00T “T& 32 93pLIYION AN UOoIONPAI JUBOIIUTIS ON 1S9\ PUB 8IS YHON ostodiod J0qIe  JUSWIE[IJOUOW-INIA
(N se102dg) s[eas
SoLIOYSY
JoU[[I13 pueO9S (puao20yd pua0o0yJ)
€00T “'Te 10 93pLIYION AN serads yyoq Jo yoreokq 1oy3iy 1SOA\ PUB 8IS YIION ostodiod 1oqreyy SJOU 9PIXO [BIOIN
(S1apD43
snuffing) 10yeMIBIYS
(ysySop Auids “Sooppey K1oysty
oorjod ‘poo) saroads ysiy saroads JoUl[I3 [eSIOWOP (pu2o20yd pua0o20y J)
€007 “Te0 1oddir],  TeroIoWIOD JO 03ed UT 93UBYD ON )0q Ul 4ojedkq paonpay BpeUR)) UId)seq ostodiod 1oqreyy ,S1OU OPIXO LN
A12ysyy
(r12up.1103 oUlILS) (snuvruiofijpo
€661 nox peay[edlg snydojvz) (soreym Io7Iy)
‘10J19Jd PUE OUIPIOIS AN 90UQ1I}Op ON uo)3uIyse A\ UoI| BOS BIUIOJI[ED) Spunos 10jepaid
Q0URIRJOY o380 J31.) UO 199JJ S)nsoy uonedo] ‘AIoysiq (s)wstueS1Q 39818 onbruya ],

xipuaddy

59

Fall 2006  Volume 40, Number 3



19 25vd 1o panuuos

(p2op1.100 S2]Y20ULID(T)
9} 8IS }IRQIAILI ]

K1aysyy aurj3uof (pp12.402 DIJ2UD)))
700T “Te 30 UoSie g\ AN UOTIONPAT JUBIIUSIS ON. ONUEBY UIISI M 91N} B3OS PeAYIa330] (onq) 1req paLQg
(sopdw vruojay?))
o[MIN} 8IS UAAID)
A1oysty  (vaovaijo sdjayoopida)
S00T “Te 10 JWWIMS AN [9)BIAQ PaINpaI oN ouI[3uo[ BNy 150D 93N} 8IS AJ[PLI QAT (on1q) 31Bq PoAQ
(sodLi3u ")
ssoneqre pajooy-3oelg
K1oysy (s1p1gognuun
SO0y PIJIEq S[qE[IBAR QIOW 0} NP A1oysyy USIJPIOMS pue BUn) D14ISDGa0Y ] )
BEOOT B 30 UBW[ID) 9SBAIOUI P[NOM dUWINSSE INg YN BUN) U Y[0)BIAQ PRONPIY Jur3uo| uelreMep ssoqeq[e ueske| (enjq) 1eq paAQ
(strqoimuiuty
‘d) Ssoneqe uesAe|
SO0y PJIEq S[qE[IBAR QIOW 0} NP sordads yroq Aroysyy ouruo]  (s2d1431u vLiISPG20Y )
100T ‘s330g OSBAIOUI P[NOM dWINSSE INq YN JOJ 11Bq (1M JOBIUOD PAoNpay USIJPIOMS UBITBMBH  SSOIeq[E Po100J-)deg (onq) 1req paLQg
0Jed SIeys aNnjq paonpal (s171g01nuy
‘(ysyurydjop pue ooyem ‘yedo ‘d) ssoxeqe uesAe|
‘ysipreads [[1qI0ys ‘YSypIoms SOLIdYST
“dds euny pue urrew [[e) saroods oul3uo| eun) pue  (sadriSiu D1ISPGI0Y ] )
6661 “Te 10 BIBWENON  9[qelos el pu. Jo51e) U0 J09JJd ON [J1BIAQ PaINpay USIJPIOMS UBITBMBH  SSOIBq[E Po100J-3de[g (onq) 1req paLQg
(s1p1gognuun
‘d) ssoneqre uesAe]
SoLIOYSY
oul3uo| eun) pue  (sadLi31u D1SPGI0Y ] ) (sAonq pamoy)
6661 T8 19 BIBWENDN AN [91BIAQ paInpay USIJPIOMS UBITBMBH  SSOIJBQJE POJOOJ-Yor[g  SIJIAP SULIBIS-pIIg
(s1p1gognuun
‘d) ssoneqre uesAe]
SoLIoYsY
oul3uo| eun) pue  (sadriSiu D1SPGI0Y ] ) (sour 1oweans)
6661 T8 10 BIBWENDN AN [91BIAQ padnpay USIJPIOMS UBITBMBH  SSOIJBQJE POJOOJ-or[g  SOJIAP SULIBdS-pIIg
(pajouts vajopy)
3ul] pue ‘(autso.1q auiso.1g) Js10)
(snuifo13a0 SnuUDASOUD]PY ) (sour] Joweans)
100T ‘31090 Yo0ppeRY — [0JBd PaseaIdu] [o1e0Aq paonpay  SAuI3uo] uBISOMION SpIIqedS  SOOIAD JuLIBOS-pIIg
Q0URIRJOY 9380 J31.) UO 199JJH S)nsoy uonedo] ‘AIoysiq (s)wstue31Q 3818 onbruya ],

xipuaddy

Marine Technology Society Journal



29 23vd uo panursnos

(S1j1qinuiuil
‘d) ssoneqye uesAe|
S)00Y pajieq JO sajel K1oysy
900C Sunyuis paroxdwir pue jieq ourguo oyroed  (SodLiS1u p14iSpqaoyJ)
‘B10ATY] pue BIOYO A AN Sunye) woj spIiqeds parRg UMON UIOJSOA\  SSOJjeq[e Pojooj-yor[g 39S 9pIS
(siprqopmuiuiy
‘d) ssoneqe uesAe|
SOLIdYSY
BUN) PUB YSIJPIOMS (s2d1431u D1ISPG0Y ] ) (ureymo
ssaxd ur “Te 10 uewID AN (0180Aq PRonpay our3uo| uelremMBH ~ SSOJJeq[e PAJOOJ-YOr[g  PIIq UIM) S}OS 9PIS
(sodLas1u )
ssoneq[e pajooj-yoe[q
SALIdYSIY (s1p1gopnuiun
SO0y Pajieq J[qe[leA. 210w 0} NP K1oysty BUN) PUE YSIJPIOMS D14ISDGa0Y J)
BEOOT T 30 uBWIID) 9SeaIOUl PJNOM dWINSSe NG YN BUN} UI YOJBIAQ Paonpay our3uo| uerremey ssoqeq[e uesAe| 39S 9pIS
(s1pqoinuiu
‘d) Ssoneq[e ueske|
SOLIdYSY
J1eQ Paso0y ourj3uoj eun) pue  (sad1431u p14SLGI0YJ) SpIBISIP

6661 ‘Tt 19 BIRWENDON

AN

wo1J SPIIqeds pajoensiq

USIJpPIOMS UBIIEMEBH

sso1jeq[e pajooj-yoeg

[eJJ0 ATIEUIO) Y

syjooy
Q0110 LM PIAUIQUIOD USYM

(p2op1.100 S2]2Y20ULID(T)

O}IN} BOS OBQIOYIEI ]

(1919308W 03 pInbs

POASIYOR UOIIONPAI YoJBIAQ KI9Us1} YSIJpIOMS (v112.402 DIJ2.D))) woJy uIyoyIms)
S00T “Te 12 Uosje A\ uoroNpaI oN 1S9y31y <yoreokq paonpay Jur3uo| onuepy o[an) B3s peay1330] J1eq [QAON
K19ysyy (roup41ip3 (snupbru.10f1pd
oujpg) o1 snydojpy)
8861 [ 12 ULIBdD) 199139 ON oW} JOAO QOUALIONOP ON  PBIY[IS UOISUIYSBA\ uol] B3S BIUIOJI[RD J1Bq SNOIXON
(piv.1200u0W
DOUIY.L042)))
19N. S0Ido0UIYY
(Sumou ysow
9661 saroads K1dysy jouqi3 (23jpp onbedo) sjouyi3
9sonbuo)) pue uA[oN uowyes 3231e} JO [o1Bd pasearodd [0JBdAq paonpay  uowjes punos 323ng p14/)) dLINW UOWWO)) uo ysoul oJIy A\
(piv.1200u0W
DIUIY.L042)))
19PNE SOIIOOUTY
ysow
-0 Suisn uononpai JuedyIugIs A1dysiy Jouqi3 (28jpp sjouqI3
6661 “TBI9 UIA[Q]N  OU INg YSAW-()S Ul §OIBd Pasearod (o1e0Aq paonpay  uowjes punog jo3ng p14/)) d1INW UOWO)) U0 YSow YA
Q0UIRNY 03B 39318} U0 100JJ SN UoIed0[ ‘AIoySI] (s)wstue31Q 30316, onbruyoay,

xipuaddy

61

Fall 2006  Volume 40, Number 3



€9 a5vd uo panurjuos

100 ‘s330g

S300Y Pajieq S[qE[IBAR 2I0W O} NP
9SBAIOUI P[NOM SWINSSE NG YN

sa10ads yjoq
I0J 1eq )IM JOBIUOD PAONpay

K1dysiy ourj3uof
USIJPIOMS UBTTEMEH]

(S171gDINuIul
‘d) ssoneqre uesAe|

(s2d1131u vLIISVGOOY )
ssoxeq[e PooJ-oe[g

11eq PAYSIOA

S00T I 10 UOSIBA\

'UN}
9A931q 10J sem Inq YSJPIOMS I0OJ
JUBOIJTUSIS JOU SEM W) BOS - YN

oI yeos [8)0) Ul ASLAIOUL U
UIM PaSEaIoul Yojedkq o[pny,

K1dysiy aurj3uof
USIJPIOMS Uy

(vn12.402 D112.4D)))
9[n) B3S peoy1330]

owI) JEOS PAseaInd]

L861
‘POOMIBH PUE 92IqUIDH

S1ou doJINSqNS
Ul JOMO] AJJUBOLJIUSIS Sem [0)Bd
[o1930BW oy} ATU0 ‘sa10ads 19130

pue ‘YSIJ[[1q ‘[oIdOrUW ‘BUn) ‘SYIRYS

Surstadwos yojed 18101 oY) JO

(%05~)
ojeoAq paonpay - (e 9861)

1ui3
o13ejad soroads-nnw
BI[RNSNY YUON

(s1.4150.41310] D]]oU}S)
urydjop
Jouurds pojnous-3uo|

(smoun.y sdoisany)
urydjop asousnog

(3ouqI3 2oeLmMSqnNS)
NENREIZS ]

S300Y PajIeq S[qE[IBAE AIOW O} NP

K1dys1y euny

(sad1131u ~g)
ssoqjeqe pooJ-yoe[g

(stpqonua
DLSDGaoY )

(sonyo)

q€00z T8 12 uew(ID JSBAIOUI P[NOM QWINSSE INQ YN [o180AQ paonpay our3uo| uerremeyq ssoneqre uesAe| $10S 19jeMIdPUN)
(pajows vajopy)
Sur] pue ‘(auis0.4q au1so.4g) Js10)
(snuifo13an SNUUWDASOUD]D ) (1ouuny)
100T ‘51099330 JO0PPRY — YIIBD PISBAIOU] UOJBOAQ PAONPIY  SOUI[SUO[ URISIMION SpIIqeas S10S IojEMIOPU)
(sod1131u ")
ssoxeqe pjooJ-yoe[g

~
SOLIQYST) (s1p1gonuun m
$)00Y pajieq d[qe[IBAR dI0UI 0} dNP K12ysyy BUN} PUE YSIJPIOMS DLUSDG20Y ] ) (sonyo) S
BEOOT “'TR 10 UBWI[ID) 9SBAIOUI P[NOM JWINSSE INQ YN BUN) UT [0JBIAQ PIoNpay ouIr[3uo| ueIreMeH ssoneqre uesAe| S10S JoJEMIOPU[) W
K19ysy aur[3uo| 3
€007 ‘s330g AN [o1e0Aq paonpay USIJpIOomS UBITEMEH SpIIqeas SENEISIING S
(sirgognuaua ) ./M._w
ssoneq[e uesAe| R
SOLIdYST) =
ourj3uof eun) pue  (s2d1431u D11ISDGI0Y ] ) T”
6661 T8 19 BIBWENDON AN [o180Aq paonpay USYPIOMS UBITBMEBH  SSOIJBQ[R PJO0J-oR[g $19S JYSIN 3
S
J0UIRJY 03B 19318} U0 100} Synsoy UuoIed0[ ‘AIoysIq (s)wstue31Q 30318, onbruyoa, =

xipuaddy &



£9 25vd uo ponursuos

A19ysy [mex Jred (siydjop snurydjo(y) (Sueooe3do [[BwWS)

007 T8 30 93pLIyLION AN [0JB0Aq 90Nparjou pi  SSeq WopIury] pajun urydjop uowrwo)) SOO1AQD I19PN[OXH
K1aysty (mery ared (stydjap snurydjaq) (sueooe3ao [[BWS)

Q€00 “@3pLyHoN (%T1>) sso[ ysy 91qI31139N [01B0AQ UBIOBID PAONPIY  SSBQ WOpPSUrs] pajrun) urydjop uowwo)) SQJTAQP JOPN[OXY

8661
‘U9SSIBS] pue UOSqIN)

AN

19U JO PUSPO
wolj S[eds Awunp papnoxg

s[eas Awwunp

M MUB) dwnyy

B UT 90TAJP IOPNJOXd
M JOU [MBI) PAISAT,

(14218.10f SNIDYd220]2.1})
[B9S INJ pUB[RIZ MIN

(r12y00y s032.4020Y )
Uol] B3S S 19)00H

(spodruurd)
SOOTAQP IOPN[OXH

(svpdut v1uojay)))
9[}IN) BIS UAAID)

(201100 S2]2Y20ULID(T)
9[}N) 8IS }ORQIAYILI ]

L661 ‘uojsuLIeq
pue uensLy)

dwiniys ur 9sea109p B payqryxa
sexa] ur (Ja.L [eueuniadxa auQ
“Jou [01U0D B YA pareduiod usym
SAHL t 9U3 JO € UI SOJel oJed
dwys ur 9ouaIaIp JuedyIUSIS ON

ysyuy
pUE S9[3IM] JO Y03edAq paonpay

Kaysiy (men umerd
OJIXAIN JO JIND

sp11030d0.421p\]) 193[BOID
onueRY -ysyury

(vpa.4v2 v112.40))
9[3IN] BAS PeIYIZT0T

K1dysty
So[my o3paip dojress (p1102.102 D112.1D))) (oM e2s)
007 e 30 [nednq (%1.°9) yoIed JO UonINpay BIS JO [0JBIAQ pojeurwuIy JNUB[Y ISOMULION 9[3n} B3S peoy1e330] S9O1AP 19PN[OXH
s1ou prepuels yym pasedwod
[0JBIAQ J9MO] 10 Joy31y K1oysiy
IOy pamoys sAL ‘porrad  [mery dwniys 091X SO[}IN) BAS OJIXAIN (opam eos)
L661 “Te 10 pneudy AN [e1n Jua1yIp uo Surpuado@  JO JIND pue dURY JO JInD pue Jnuepy SOOIAQD IOpN[OXY
(syp3a.1 uo12soud?))
ysyeaMm ‘(s1/af sniy)
USIIed BIS ‘(Sn.nyjunxo
SNui03s0127)
"Jojed jods ‘(snagppnpun

(opany ©2s)
SOOIAQD I9pN[OXy

200T ‘TIPPO Pue RON

AN

1833
jod y3rm suonoRIAUI PAONPaY

A1dysyy jod (snpidps
sapoaulIp)) qBId AN[q
u00JeT JOATY ueIpU]

(smpoun.y sdoisany)
urydjop asousnog

(p109 293unq jo
opew) sprens deiry,

QOURIRJY

[ojed 3081.) UO J09JJq

SHNSY

UoIeo0| “‘AI9USI]

(s)wstue3iQ 1931e],

anbruyoa],

xipuaddy

63

Fall 2006  Volume 40, Number 3



(smpop1rdan
snj14da g ) YSISOATRY 10 ‘(sappjnpun

(11dwy s470420p1d27)
oI eas A9[pur s dwoy]

sp11030do.o1 ) 19301D Jou 9y} Jo ystyuiy
‘(s1p3a.1 uordsoud)) ysyyeom jo - eore juowdenud oy) ul Ised je  I0y A1oysiy jou punod (vy2.402 D112.4D))) usisop
S00Z 1B 10 SV Yoyeo oy 9onpai o} Jeadde jou pi  SUOIIORIOIUI O[}IN BIS POONPIY Keg ayeoadesoy) o[ ©as peoy1o330] IOpBI[ OAIJBUIN Y
uononpal
[03BIAQq JO [9A9] ISay31y
PAASIYIR 11BQ [OINJBU [IIM
SY00Y 211D JO UOIIBUIqUIOD (p2op1.400 s2]2Y20ULID(T)
{So[1IN) BOS peAYISFTO[ O[MMN) ©OS OBQIAYILI ]
[oJed YSIJPIOMS UO J09JJ0 Aq uonse3ur yooy jo syooy
0AT)ESOU OU Pey JTeq [OIO3OBW  JJeI POONPAI OS[E SO0 9[IIID KI0USI] YSIJpIOoms (pp2.402 D112.4D))) -[ s paredwoo
S00T “Te 10 uosje g\ pUE S001] 9010 JO UONRUIqUIO)  A3UedIIUSIS YdJedAq PIonpay our3uoj onuepy o[n} aS peayra330  (/81) SO0y 901D
“[9I9¥dBW )M PIIIEq UM
pasea1dop nq pmbs yym pojreq
QI0M SYOOY 9[IIID USYM PISLIOUT pinbs jo pesjsur [o1930RW (p2op1.100 s2]2120ULI2(T)
[ojed BUN], [OIONOBW [HIM )M PojIEq 9IOM SJOOY O[N] 8IS JOBQIAYILI ]
PaIeq UOYM PAsEaIoOUr Jnq ‘Prnbs  9[OII0 UOYM UOTIONPAI YOILOAq
M PalIeq 919M SYOO0Y 9110 JO [9A9] 15938213 poAdIyOe K19ysy aurj3uo| (p112.402 DI124D)))
00T “Te 10 Uosje A\ UQUM PISBIIOOP [OIed YSPIOMS  A[IUROIIUSIS 0)BIAQ PIoNpay ONUB[Y UIDISOAN o[y 89S peoyro33o] S)001] 9[9I1))
(s>ooy
90115 (/91 198}JO-Uou uet) S/S W 9°¢
S9[3N} 19M3J Jy3ned syooy yooy euny asauedef
90110 (/8] 19SJJO-UON]) “JeoIy} ym paredwod
S001] 911D o} UI SO[}IN) dI0W P00y KIoySIy SIeys (0/81 198330

500C 0M] U9IM)AQ SIIBYS dN[q JO [oIed pUE SO0y 9[2I1D URL} SO[IIN) onjq pue ysypioms (vpa4pd v1j240))  -UOU PUR ()/9] JOSHO

‘lepulofg pue udjjog Ul SOUAIIP JUBIJIUSIS OU ING YN a10w Jy3ned yooy asoueder our3uo] sa10zy 93N} B3IS peoyI1a330] -uou) s)ooy 9211
1SOM3J Y Sunjooy

Suryoies (/971 J9SIO pue JsOW Y)Y -JBOI} JO 9)BI PISLIIOIP KI0USI} SIRYS (0/81 198330 “0/91

007  Sumyoied (/91 19SIO-UOU YIM “OZIS S001] 9[2110 y3notp[e on|q pue ysyypIoms (vy2.402 D112.4D))) 19SIO ‘0/91 19S}J0

‘leputofg pue usyjog ooy Aq paLIBA [ojed JIeys onjg ‘401e0AQq UI UOTIONPAI ON ourj3uoj se10zy o[ ©as peoyro33o] -uou) syooy ooII)

syooy

-[ 0/6 198}J0 pue

K19ysyy yreys ySrens o) paredwod

€00T SYOOU-[ ()/6 SuISn Uey]) SYILYS [oreokq on|q pue ysyypIoms (vpa4pd prj20)) (/8 PUB /91 19SHO

‘Teputolg pue uojjog on[q a1ow Apuedyudis ysne) Ul UO1JONPAI JUBDIIJIUIIS ON ourSuo[ sa10zy 9[3IN) BOS peayI0330] -uou) s)00Y J[I1)D)

Q0URIRJY 03B 19318} U0 100} synsoy UuoIed0] ‘AIoySI] (s)wstued1Q 1031e], anbruyoa],

xipuaddy

Marine Technology Society Journal

64



Acknowledgments

Individuals that reviewed the preliminary
list of bycatch reduction techniques partici-
pated at the 2005 Annual Meeting of the
Consortium for Wildlsfe Bycatch Reduction and
included Ken Baldwin (University of New
Hampshire), Nelson Beideman (Blue Water
Fishermen’s Association), Nigel Brothers
(Consultant), Glenn Delaney (Consultant),
Marianne Farrington (New England
Aquarium), Doug Forsell (U.S. Fish and
Wildlife Service), Martin Hall (Inter-Ameri-
can Tropical Tuna Commission), Norm Holy
(Better Gear), Scott Kraus (New England
Aquarium), Ed Lyman (Massachusetts Divi-
sion of Marine Resources), Patrice McCarron
(Maine Lobstermen’s Association), Alice
Mackay (University of St. Andrews), Larry
Madin (Woods Hole Oceanographic Insti-
tution), Bill Montevecchi (Memorial Uni-
versity), Andrew Read (Duke University),
Glen Salvador (U.S. National Marine Fish-
eries Service), Carolyn Stewardson (Austra-
lian Department of Agriculture, Fisheries and
Forestry), Ed Trippel (Canadian Department
of Fisheries and Ocean), John Watson (U.S.
National Marine Fisheries Service), Tim
Werner (New England Aquarium), and Pat
White (Maine Lobstermen’s Association).
Valuable contributions were subsequently
received from Jack Ames (California Depart-
ment of Fish and Game), Karin Forney
(NOAA), Eric Gilman (Blue Ocean Insti-
tute), Amy Knowlton (New England
Aquarium) and Erika Zollett (University of
New Hampshire).

References
(Those preceded by numbers are referenced in

Table 1)

“Barham, E., Taguchi, W.K. and Reilly, S.B.
1977. Porpoise reduction methods in the
yellowfin purse seine fishery and the importance

of Medina panel mesh size. Mar Fish Rev.
39(5):1-10.

? Batlow, J. and Cameron, G.A. 2003. Field
Experiments Show That Acoustic Pingers
Reduce Marine Mammal Bycatch in the
California Drift Gill Net Fishery. Mar
Mammal Sci. 19:265-83.

» Boggs, C.H. 2001. Deterring albatrosses
from contacting baits during swordfish longline
sets. In: Edward E Melvin and Julia K. Parrish,
eds. Seabid Bycatch: Trends, Roadblocks and
Solutions. pp. 79-94. Fairbanks, Alaska:
University of Alaska Sea Grant College Program.

% Boggs, C.H. 2003. Annual Report on the
Hawaii Longline Fishing Experiments to
Reduce Sea Turtle Bycatch under ESA Section
10 Permit 1303. U.S. National Marine
Fisheries Service Honolulu Laboratory,
Honolulu. 42 pp. [Results cited by: Gilman,
E., N. Brothers and D.R. Kobayashi. 2005.
Principles and approaches to abate seabird
by-catch in longline fisheries. Fish and
Fisheries 6:35-49.]

¥ Bolten, A. and Bjorndal, K. 2002.
Experiment to Evaluate Gear Modification on
Rates of Sea Turtle Bycatch in the Swordfish
Longline Fishery in the Azores. Final Project
Report submitted to the U.S. National Marine
Fisheries Service. Archie Carr Center for Sea
Turtle Research, University of Florida, Gainesville.

*Bolten, A. and Bjorndal, K. 2003. Experiment
to Evaluate Gear Modification on Rates of Sea
Turtle Bycatch in the Swordfish Longline
Fishery in the Azores—Phase 2. Final Project
Report submitted to the U.S. National Marine
Fisheries Service. Archie Carr Center for Sea

Turtle Research, University of Florida, Gainesville.

“Bolten, A. and Bjorndal, K. 2004. Experiment
to Evaluate Gear Modification on Rates of Sea
Turtle Bycatch in the Swordfish Longline
Fishery in the Azores—Phase 3. Final Project
Report submitted to the U.S. National Marine
Fisheries Service. Archie Carr Center for Sea

Turtle Research, University of Florida, Gainesville.

“Bolten, A. and Bjorndal, K. 2005. Experiment
to Evaluate Gear Modification on Rates of Sea
Turtle Bycatch in the Swordfish Longline
Fishery in the Azores—Phase 4. Final Project
Report submitted to the U.S. National Marine
Fisheries Service. Archie Carr Center for Sea

Turtle Research, University of Florida, Gainesville.

*Bordino, P, Kraus, S., Albareda, D., Fazio, A.,
Palmerio, A., Mendez, M. and Botta, S. 2002.
Reducing incidental mortality of Franciscana
dolphin Pontoporia blainvillei with acoustic
warning devices attached to fishing nets.

Mar Mammal Sci. 18:833—42.

Broadhurst, M.K. 2000. Modifications to
reduce bycatch in prawn trawls: a review and
framework for development. Rev Fish Biol
Fisher. 10:27-60.

Brothers, N. and Gilman, E. 2006. Technical
Assistance for Hawaii Pelagic Longline Vessels
to Change Deck Design and Fishing Practices
to Side Set (Executive Summary). Report
prepared for the Hawaii Longline Associtation,
U.S NOAA Fisheries, and Western Pacific
Regional Fishery Management Council.
(Accessed September 27, 2006: http://
www.wpcouncil.org/pelagic/Documents/
Exec_sum_Side_set_tech_assist_HI.pdf#search=
%22side%20sets%20bird%20bycatch%22).

$Christian, P and Harrington, D. 1987.
Loggerhead turtle, finfish and shrimp retention
studies on four excluder devices (TEDs). In:
Proceedings of the Nongame and Endangered
Wildlife Symposium, 8-10 September, 1987.
pp. 114-127 Georgia DENR, Social Circle,
GA. [Publication cited in Broadhurst, M.K.
2000. Modifications to reduce bycatch in
prawn trawls: a review and framework for
development. Rev Fish Biol Fisher.10:27-60.]

Fall 2006  Volume 40, Number 3 65



°Culik, B.M., Koschinski, S., Tregenza, N.
and Ellis, G.M. 2001. Reactions of harbor
porpoises Phocoena phocoena and herring

Clupea harengus to acoustic alarms. Mar
Ecol-Prog Ser. 211:255-60.

'*Cummings, W.C. and Thompson, PO.
1971. Gray whales, Eschrichtius robustus, avoid
the underwater sounds of killer whales,
Orcinus orca. Fish Bull. 69:525-530.

“Dahlheim, M.E. 1988. Killer whale
(Orcinus orca) depredation on longline catches
of sablefish (Anoplopoma fimbria) in Alaskan
waters. NWAFC Processed Rep. 88-14.
Alaska Fish. Sci. Cent., NMFS, NOAA,
Seattle, Washington. 31 pp.

3¥DeAlteris, J., Silva, R., Estey, E., Tesla, K.
and Newcomb, T. 2005. Performance in 2005
of an alternative leader design on the bycatch
of sea turtles and the catch of finfish in
Chesapeake Bay pound nets, offshore
Kiptopeake, VA: Data and results of
preliminary analyses. Final report to NMFS.

DeAlteris Associates, Inc., Jamestown, RI.

2DuPaul, W.D., Rudders, D.B. and
Smolowitz, R.J. 2004. Industry trials of a
modified sea scallop dredge to minimize the
catch of sea turtles. Final Report to NMFES.
VIMS Marine Resource Report No.2 2004-12.

Fish, J.E and Vania, J.S. 1971. Killer whale,
Orcinus orca, sound repel white whales,

Delphinapterus leucas. Fish Bull. 69(3):531-535.

Fowler, S.L., Cavanagh, R.D., Camhi, M.,
Burgess, G.H., Cailliet, G.M., Fordham, S.V.,
Simpfendorfer, C.A. and Musick, J.A. 2005.
Sharks, Rays and Chimaeras: The Status of the
Chondrichthyan Fishes. Status Survey. TUCN/
SSC Shark Specialist Group. ITUCN, Gland,
Switzerland and Cambridge, UK. X + 461 pp.

“Gearin, PJ., Gosho, M.E., Laake, ]J.L.,
Cooke, L., Delong, R.L. and Hughes, K.M.
2000. Experimental testing of acoustic alarms
(pingers) to reduce bycatch of harbor porpoise,
Phocoena phocoena, in the state of Washington.
Journal of Cetacean Research and Management.

2:1-9.

66 Marine Technology Society Journal

#Gearin, PJ., Pfeifer, R,, Jeffries, S.]J., DeLong,
R.L. and Johnson, M.A. 1988. Results of the
1986-87 California sea lion-steelhead trout
predation control program at the Hiram M.
Chittenden Locks. NWAFC Processed Report
88-30, Alaska Fisheries Science Center,
NMES, NOAA, Seattle, Washington. 111 pp.

"Geiger, A.C. and Jeffries, S.J. 1987.
Evaluation of seal harassment techniques to
protect gill netted salmon. In: B.R. Mate and
J.T. Harvey, eds. Acoustical Deterrents in
Marine Mammal Conflicts with Fisheries. pp.
37-55. Oregon State University Sea Grant
College Program No. ORESU-W-86-001.

“Gibson, D. and Isakssen, B. 1998. Functionality
of a full-sized marine mammal exclusion device.
Science for Conservation 81, Department of

Conservation, New Zealand. 19 pp.

Gilman, E., Brothers, N. and Kobayashi, D.R.
2005. Principles and approaches to abate

seabird by-catch in longline fisheries. Fish and
Fisheries. 6:35-49.

»Gilman, E., Brothers, N. and Kobayashi, D.
2003a. Performance Assessment of Underwater
Setting Chutes, Side-Setting, and Blue-Dyed
Bait to Minimize Seabird Mortality in Hawaii
Pelagic Longline Tuna and Swordfish Fisheries.
Final Report. U.S. Western Pacific Regional

Fishery Management Council, Honolulu.

%Gilman, E., Boggs, C. and Brothers, N.
2003b. Performance assessment of an
underwater chute to mitigate seabird bycatch
in the Hawaii pelagic longline tuna fishery.

Ocean Coast Manage. 46:985-1010.

#Gilman, E., Brothers, N. and Kobayashi,
D.R. Comparison of three seabird bycatch
avoidance methods in Hawaii pelagic longline

fisheries. Fisheries Sci. (in press).

¥Goodson, A.D. and Mayo, R.H. 1995.
Interactions between free-ranging dolphins
(Tursiops truncatus) and passive acoustic gill-net
deterrent devices. In: R.A. Kastelien, J.A.
Thomas, and PE. Nachtigall, eds. Sensory
Systems of Aquatic Mammals. pp. 365-380.
Woerden, The Netherlands: De Spil Publishers.

Goodyear, C.P. 1999. An analysis of the
possible utility of time-area closures to
minimize billfish bycatch by U.S. pelagic
longlines. Fish Bull. 97(2):243-255.

Hall, M.A. 1995. Bycatches in purse-seine
fisheries. In: T.J. Pitcher and R. Chuenpagdee,
eds. By-catches in Fisheries and their Impact
on the Ecosystem. Fisheries Center Research
Reports, Vol. 2. pp. 53-58. Vancouver, BC:
University of British Columbia.

“Hembree, D. and Harwood, M.B. 1987.
Pelagic gillnet modification trials in northern
Australian seas. Report of the International

Whaling Commission. 37:369-373.

S'Twama, G., Nichol, L. and Ford, J. 1997.
Aquatic mammals and other species.
Discussion Paper, Part E. Salmon Aquaculture
Review; Technical Advisory Team Discussion
Papers Vol. 3, British Columbia Environmental

Assessment Office. 58 pp.

BJefferson, T. and Curry, B. 1996. Acoustic
methods of reducing or eliminating marine
mammal-fishery interactions: do they work?

Ocean Coast Manage. 31(1):41-70.

Knowlton, A.R., Marx, M.K., Pettis, H.M.,
Hamilton, PK. and Kraus, S.D. 2005. Analysis
of Scarring on North Atlantic Right Whales
(Eubalaena glacialis): Monitoring Rates of
Entanglement Interaction: 1980 — 2002. Final
Report to National Marine Fisheries Service.

Boston, MA: New England Aquarium. 20 pp.

"Koschinski, S. and Culik, B. 1997. Deterring
harbour porpoise from gillnets: observed
reactions to passive reflectors and pingers.
SC/48/SM14. Report of the International
Whaling Commission 47:659-68.

8Kraus, S.D., Read, A.J., Solow, A., Baldwin,
K., Spradlin, T., Anderson, E. and Williamson,
J. 1997. Acoustic alarms reduce porpoise

mortality. Nature. 388:525.

'Lien, J., Barney, W., Todd, S., Seton, R. and
Guzzwell, J. 1992. Effects of adding sounds to
cod traps on the probability of collisions by
humpback whales. In: R.A. Kastelien, J.A.
Thomas, and PE. Nachtigall, eds. Sensory
Systems of Aquatic Mammals. pp. 701-708.
Woerden, The Netherlands: De Spil Publishers.



’Lien, J., Hood, C., Pittman, D., Ruel, P,
Borggaard, D., Chisholm, C., Wiesner, L.,
Mahon, T. and Mitchell, D. 1995. Field tests
of acoustic devices on groundfish gillnets:
assessment of effectiveness in reducing harbour
porpoise by-catch. In: R.A. Kastelien, J.A.
Thomas, and PE. Nachtigall, eds. Sensory
Systems of Aquatic Mammals. pp. 349-364.
Woerden, The Netherlands: De Spil Publishers.

“Lokkeborg, S. 2001. Reducing seabird
bycatch in longline fisheries by means of bird-
scaring lines and underwater setting. In:
Edward E Melvin and Julia K. Parrish, eds.
Seabird Bycatch: Trends, Roadblocks and
Solutions. pp. 33-41. Fairbanks, Alaska:
University of Alaska Sea Grant College

Program.

%McNamara, B., Torre, L. and Kaaialii, G.
1999. Hawaii Longline Seabird Mortality
Mitigation Project. US Western Pacific Regional

Fishery Management Council, Honolulu.

“Melvin, E. and Conquest, L. 1996.
Reduction of seabird bycatch in salmon drift
gillnet fisheries: 1995 sockeye/pink salmon
fishery final report. Washington Sea Grant
Program. Project number A/FP-2(a). Available
from National Sea Grant Depository or from
Washington Sea Grant Program, University of
Washington, 3716 Brooklyn Avenue, NE,
Seattle, WA 98105. WSG AS 96-01.

’Melvin, E.E, Parrish, J.K. and Conquest, L.L.
1999. Novel tools to reduce seabird bycatch in
coastal gillnet fisheries. Conserv Biol.

13(6):1386-1397.

Milton, D.A. 2001. Assessing the susceptibility
to fishing of populations of rare trawl bycatch:
sea snakes caught by Australia’s Northern
Prawn Fishery. Biol. Conserv. 101(3):281-290.

“'National Marine Fisheries Service and
‘Washington Department of Fish and Wildlife.
1995. Environmental assessment on protecting
winter-run wild steelhead from predation by
California sea lions in the Lake Washington
Ship Canal. NMFS/WDFW Environmental
Assessment Report, Seattle, Washington. 107 pp.

NMEFS/NOAA. 1998. Taking of Marine
Mammals Incidental to Commercial Fishing
Operations; Harbor Porpoise Take Reduction
Plan Regulations. Federal Register.
63(231):66464-66490.

NMEFS/NOAA. 2002. Atlantic Highly
Migratory Species; Pelagic Longline Fishery;
Shark Gillnet Fishery; Sea Turtle and Whale
Protection Measures. Federal Register.

67(69):17349-17353.

*'Noke, W.D. and Odell, D.K. 2002.
Interactions between the Indian River Lagoon
blue crab fishery and the bottlenose dolphin,
Tursiops truncatus. Mar Mammal Sci.
18(4):819-832.

“Northridge, S. 2003a. Reduction of cetacean
bycatch in pelagic trawls. Final Report to
DEFRA & JNCC, Project MF0733.

“Northridge, S. 2003b. Further development
of a dolphin exclusion device. Final Report to

DEFRA, Project MF0735.

“Northridge, S., Sanderson, D., Mackay, A.
and Hammond, P. 2003. Analysis and
mitigation of cetacean bycatch in UK fisheries.
Final Report to DEFRA, Project MF0726.

“Northridge, S., Mackay, A., Sanderson, D.,
Woodcock, R. and Kingston, A.. 2004. A
review of dolphin and porpoise bycatch issues
in the Southwest of England. An occasional

report to the Department for Environment

Food and Rural Affairs.

1°Qlesiuk, P, Nichol, L.M., Snowden, M.].
and Ford, J.K.B. 2002. Effect of the sound
generated by an acoustic harassment device on
the relative abundance and distribution of
harbor porpoises (Phocoena phocoena) in
Retreat Passage, British Columbia. Mar
Mammal Sci. 18(4):843-862.

Petras, E. 2003. A Review of Marine Mammal
Deterrents and Their Possible Applications to
Limit Killer Whale (Orcinus orca) Predation
on Steller Sea Lions (Eumetopias jubatus).
AFSC Processed Report 2003-02, NMFS,
NOAA, Seattle, WA, 49 pp.

Polet, H., Delanghe, E and Verschoore, R.
2005. On electrical fishing for brown shrimp
(Crangon crangon) 11. Sea trials. Fish Res.
72:13-27.

Probert, PK., McKnight, D.G. and Grove,
S.L. 1997. Benthic invertebrate bycatch from a
deep-water trawl fishery, Chatham Rise, New
Zealand. Aquat Conserv. 7:27-40.

Read, A., Drinker, P and Northridge, S. 2006.
Bycatch of Marine Mammals in U.S. and
Global Fisheries. Conserv Biol. 20(1):163-169.

*Renaud, M., Nance, J., Scott-Denton, E.
and Gitschlag, G.R. 1997. Incidental capture
of sea turtles in shrimp trawls with and
without TEDs in U.S. Atlantic and Gulf
Waters. Chelonian Conservation and Biology.

2:425-427.

Scordino, J. and Pfeifer, R. 1993. Sea lion/
steelhead conflict at the Ballad Locks, Seattle.
National Marine Fisheries Service and
Washington Department of Wildlife, Seattle,
Washington. 10 pp.

2Stewardson, C.L. and Cawthorn, M.W.
2004. Technologies to reduce seal-fisheries
interactions and mortalities. In: Australian
Fisheries Management Authority and Bureau
of Rural Sciences: Final Report of the Special
SESSFEAG Meeting: Reducing Seal Interac-
tions and Mortalities in the South East Trawl
Fishery, 20-21 November 2003, Canberra,
ACT. pp. 81-95 (+ Appendix pp. 96-99).
Canberra: AFMA.

SStone, G., Kraus, S., Hutt, A., Martin, S.,
Yoshinaga, A. and Joy, L. 1997. Reducing
bycatch: can acoustic pingers keep Hector’s
dolphins out of fishing nets? Mar Technol Soc
J. 31:3-7.

“Swimmer, Y., Arauz, R., Higgins, B.,
McNaughton, L., McCracken, M., Ballestero,
J. and Brill, R. 2005. Food color and marine
turtle feeding behavior: Can blue bait reduce
turtle bycatch in commercial fisheries? Mar

Ecol-Prog Ser. 295:273-278.

"Trippel, E.A., Holy, N.L., Palka, D.L.,
Shepherd, T.D., Melvin, G.D. and Terhune,
J.M. 2003. Nylon barium sulphate gillnet
reduces porpoise and seabird mortality. Mar

Mammal Sci. 19(1):240-243.

Fall 2006 Volume 40, Number 3 67



“"Watson, J., Foster, D., Eppetly, S. and Shah,
A. 2002. Experiments in the Western Atlantic
Northeast Distant Waters to Evaluate Sea
Turtle Mitigation Measures in the Pelagic
Longline Fishery. Report on Experiments
Conducted in 2001. NOAA Fisheries,
Southeast Fisheries Science Center Report,

Mississippi Laboratories, Pascagoula, MS.

S'Watson, ].W., Foster, D., Epperly, S. and
Shah, A. 2004. Experiments in the Western
Atlantic Northeast Distant Waters to Evaluate
Sea Turtle Mitigation Measures in the Pelagic
Longline Fishery. Report on Experiments
Conducted in 2001-2003. U.S. National

Marine Fisheries Service, Pascagoula, MS.

“Watson, ].W., Epperly, S.P, Shah, A.K. and
Foster, D.G. 2005. Fishing methods to reduce
sea turtle mortality associated with pelagic

longlines. Can J Fish Aquat Sci. 62:965-981.

*Yokota, K. and Kiyota, M. 2006. Preliminary
report of side-setting experiments in a large
sized longline vessel. National Research
Institute of Far Seas Fisheries, Fisheries

Research Agency, Japan.

Zollett, E.A. and Read, A.J. 2006. Depreda-
tion of catch by bottlenose dolphins ( Zursiops
truncatus) in the Florida king mackerel
(Scomberomorus cavalla) troll fishery. Fish Bull.
104(3):343-349.

68 Marine Technology Society Journal
— Y o





