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INTRODUCTION

Inresponse to the 1988 Amendment of the U.S,
Marine Mammal Protection Act, the bycatch of
marine mammals in fishing gear has been of in-
creasing interest. Research programs conducted
by the Northeast Fisheries Science Center have
identified the likely range of bycatch in the demer-
sal gill-net fishery in New England waters. Based on
observations made aboard fishing vessels and dur-
ing research sighting surveys. it appears that the
bycatch of harbor porpoise has been on the order of
2 to 5 percent of the abundance of this species in the
Gulf of Maine during the summer months,

Because the bycatch of harbor porpoise varies
greatly by season and by area, one approach to
reducing the bycatch is to restrict fishing activity in
those areas and during those seasons when bycatch
is the greatest. This approach is being explored by
the New England Fishery Management Council as
part of an amendment to the Multispecies Fishery
Management Plan. As an alternative to or a longer
term substitute for such restrictions, a workshop to
determine metheds of directly modifying gill-net
gear to reduce the bycatch was held Septermber 20-
23, 1993, in Falmouth, Massachusetts. This is the
report of that workshop (see Appendix 1 for the
agenda).

- The terms of reference agreed to by the work-
shop participants were:

1. Identify candidate approaches to directly
modifying sink gill-net fishing gear to
reduce harbor porpoise bycatch.

2. Rank all candidate approaches in order
of priority for future development and
testing, identifying relevant character-
istics of each candidate approach.

3. Identify steps for needed development
and testing of the highest ranking ap-
preoaches.

4. Develop a list of basic research that will
be needed to evaluate and/or further

" refine candidate approaches and their
likely success.

The terms of reference did not include evaluat-
ing methods that use active acoustic devices to

reduce bycatch. This approach was discussed toa

limited degree because the U.S. Marine Mammal
Commission and the NMFS plan to conduct a sepa-
rate workshop to specifically address this approach.

The workshop was modeled after a similar meet-

ing held by the International Whaling Commission
in 1990 on cetacean bycatch in fixed gear fisheries.
The present workshop focused on a single gear type
as fished in a specific region, and involved fisher-
men actively participating in the fishery and scien-
tists with broad experience with this and similar
fishing gear (see Appendix 2. Attendees). No at-
tempt was made to evaluate methods of modifying
other types of fishing gear.

“The report of the workshop is structured into
three major sections, corresponding to the discus-
sion within the workshop. In the first section. the
fishing gear and its use were described by fisher-
men and individuals involved in collection and
analysis of data on fishing activity. While primary
emphasis was given (o fishing in the Gulf of Maine,
the sink gill-net fishery in the Bay of Fundy between
New Brunswick and Nova Scotia was also dis-
cussed. To alesser degree, the New England fishery
was contrasted with those in California. Washing-
ton, and New Zealand. Although not discussed
during the workshop, a recent study by Larrivee et
al.? has revealed a similar fishery in the Gulf of St.
Lawrence. Bycatch of harbor porpoise or other
small cetaceans is characteristic of these fisheries.

The second section includes a review of previ-
ous scientific studies and fisheries experiments
potentially relevant to bycatch reduction in the Guif
of Maine fishery. The discussion, and hence the
repert, were organized using Working Paper 4,
“Mitigating porpoise - gill-net interactions: a se-
lected bibliography of potentially useful research.”™
The manuscript summarizes existing relevant lit-
erature, divided into subtopics under two broad
areas: acoustic methods and animal behavior.

Based on the information presented during the
workshop (including the working papers, listed in
Appendix 3), a list of all potential gear modifica-
tions, research needs, and data needs was devel-
oped by allowing each workshop participant to
nominate candidates. These candidates were
grouped subsequently into the three subject lists.
The list of potential gear modifications and more
general research needs were put in priority order by
consensus. The third list, pertaining to data needs,
was not ranked, All lists are found in Appendix 3.

Workshop participants agreed that future re-
search and experimental studies should proceed
along the priority order developed, and that the
identified data needs should be considered espe-
cially in conductiing the observer program.

' TWC 1990. In press. Report of the Workshop on Mortality of Cetaceans in Passive fishing Nets and Traps, La Jolla, California,

October 1990.

? Larrivee, M-L, M. C. S. Kingley. and C. Barrette. 1993. “Effect of fishery characteristics on bycatch of harbour perpoise in the Gulf
of 3t. Lawrence (Canada).” Oral presentation at the 10th Biennial Conference on the Biology of Marine Mammals, Galveston, Texas,
Nov. 11-15, 1993, sponsored by the Society for Marine Mammology.

® Northridge, 5. 1993, ms. Mitigating porpoise - gill net interactions: a selected bibliography of potenttally usefulresearch. (Available

from the auther.) -
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Figure 1. Fisheries Statistical Areas in the Northwestern Atlantic



DESCRIPTION
OF GILL-NET FLEETS
AND OPERATIONS

FISHING OPERATIONS

The New England Fishery

An overview of the New England gill-net fish-
eries was presented by Steve Drew (operations
manager of the sea sampling/fishery observer
program associated with this fishery) and Kathryn
Bisack {(NMFS data analyst working with the
information collected by that program). Figure 1
shows the statistical areas (SAs) used for fishery
management purposes in the Gulf of Maine.

Fishery observers have been sampling the
Gulf of Maine (GOM) fishery for about five years,
The information presented here was gathered
from the Gulf of Maine fishery north and east of
Cape Cod. The gill-net fleet operates in waters
from close to the beach to 150 miles offshore in
the Gulf of Maine. Recorded depths fished ranged
from 5 to 140 fathoms in data collected since
1990, with the data on the deepest sets recorded
only recently. Average boat size is between 35 and
55 ft, with some vessels as small as 25 ft and as
large as 62 ft reported.

Drew noted that there is competition for bot-
tom in the Gulf of Maine, both among giil-netters
and between gill-netters and vessels using other
types of gear. The gill nets are usually set on
rough bottom where the trawlers won't go.
Longliners will go out over the mud or use the
same bottom as gill-netters. Erik Anderson (fish-
erman, New Hampshire Commercial Fishermen's
Association) added that gill-netters are being
forced to set in less and less desirable areas,
because of increased competition for bottom with
large otter trawl boats, and to attempt to avoid
gear-conflict situations. These less desirable ar-
eas, he felt, were also the places that harbor
porpoises frequent. '

Most gill-netters in the GOM fishery use sink
gill nets that are hauled with the assistance of a
lifter. The net fishes on the bottom with anchors,
usually a steel bar, on each end. The nets are set
in 300 ft sections tied together in strings. Usually
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a string is 5 to 10 nets for a day boat, and 10 or 20
nets for a trip boat. Each end of the string is
marked with a buoy, a high-flier, and a steet
weight. Nets are rigged for demersal fishes in the
year-round fishery. They are made of nylen
moneofilament or multi-monofilament, hung on
the half.! Each net is 10 to 12 ft deep from
headrope to footrope. '

During discussion, fishermen reported great
variety in strategy with regard to rigging, weight,
and setting. Decisions depended on currents,
bottom. and other boat traffic. Jim Homstead
(offshore fisherman) noted that offshore boats
rarely use anchors since they tangle, so he has to
play the tide to compensate for that.

Day boats set in the aiternoon. go home,
return to pick up early in the morning, then reset
and return to port. Weather permitting, day boats
usually tend nets every day. The exceptions are
some gill-netters targeting flatfish. They use a
special net and a longer soak (3 to 4 days) because
the flatfish can survive in the nets for a longer time
than groundfish. Day boats account for about 80
percent of the GOM gill-net fleet.

Ofishore, the vessels set overnight, pick up in
the morning and set again. The subsequent sets
soak 12 to 18 hours and the average trip lasts 3 to
8 days. Nets are hauled at the end of the trip and
taken back to port. The time it takes to haul the
net varies with the amount of fish in them and the
experience of the crew in hauling and picking.
Nets are generally set off the stern and hauled
over the side. The anchors come up first and are
reset each time. Anchors weigh between 20 and
80 b and two are used on each string. The net is
“flaked” (headrope separated from footrope) manu-
ally, or with the assistance of a flaking bar.

The method of haul has implications for at-
taching devices to the lines or mesh. Drew noted
that instruments which are attached to nets
hauled with a drum often end up on the bottom of
the reel, making it hard to retrieve them during
hauling. David Goodson (sonar engineer,
Loughborough University, United Kingdom) noted
that in the English fleet, drum reels were uncom-
mon and gillnets are usually hauled using a belt
hauler over the side and hang free when picked.
This may make it easier to attach or recover

instruments before the net is flaked into the

storage pound. Drew noted that this was likewise
often true in the New England fishery. There was
also discussion of drum-type haulers used else-
where.

' Hung on the half means that they are rigged with a primary hanging ratio of 0.5, which is to say that the hung length of the

net is half of the fully extended net.
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The New Zealand Fishery.

Steve Dawson (Otago University, New Zealand)
discussed the gilinet fisheries of the South Island.
Net type and fishing practices vary by region and
target species. In the predominantly shallow
Canterbury region, nets are typically about 1000
m long, and individual fishers set up to 6000 m of
net. "Rig"” nets are commonly used {mesh size 164
to 178 mm. 10 to 20 meshes deep; made of nylon
monofilament, 0.7 to 0.9 mm diameter). In
Kaikoura, nets are shorter, and are set in much
deeper water {to 500 m}. In all regions, nets are
generally hauled and set over the stern, and are
wound onte a hydraulically driven drum. Gener-
ally. nets are left in the water continuously and
are not brought back to port unless bad weather
makes net loss likely. Most gillnetting vesseis are
30 to 45 ft long.

The California Fishery

Doyle Hanan (California Department of Fish
and Game) described the gill-net fishery in Cali-
fornia state waters. most of which was closed
closed by a referendum banning gill nets. The
fishery was primarily for halibut. Nets were fished
at 12 to 30 fathoms and hauled using a drum reel
over the stern.

GILL-NET GEAR

Most fishermen reported that their gear is
similar in material and hanging ratio, and that
their hauling techniques are similar. However,
other characteristics of gear and fishing opera-
tions varied with seascn, fishery, size of boat,
bottom fished. depth, and target species. Hanan
remarked that this circumstance made for many
different fisherles, not one, and that California
research showed that bycatch of harbor porpoise
varied quite a bit with the net rigging and use.

Ron Smolowitz (engineer, Coonamessett
Farms) compared solving the problem of harbor
. porpoise bycatch in gill nets with gear develop-
ment work conducted to improve fish catches
with the same gear. Fishermen and scientists can
alter most net characteristics: flotation, height,
resistance, and so on. When mesh is stretched,
he said, it affects the fish catch, whether the net
gills or entangles fish. The uniformity of the set,
the curve and bunching, can make a big differ-

erce in catch over the net; fish may pile up where
there's a little bag. Smolowitz suggested that net
characteristics which improve fish catches prob-
ably also increase chances of retaining a harbor
porpoise.

Rigging

Robert MacKinnon (fisherman, Massachusetts
South Shore Gillnetter's Association)- brought
some netting with him and demonstrated the
typical New England gill-net rigging. For the
leadline. he uses nylon wrapped lead core line.
For flounder, he said, nylon wrapped poly-core
line is used for the headrope (or floatline) and the .
net is fished inside the 30 fathom line. ' For
groundfish, floats would be added to the headrope.
The weight of the leadline varied from 50 to 90 b,
depending on the tide and how fast you want the
net to sink. Homstead pointed out that another
distinguishing characteristic of the flounder net
was the number of fleats, usually about 50 per
half-net. If there are more, he said, the net is
probably rigged for groundfish. Terry Stockwell
(fisherman, Southport, Maine) noted that adding
floats also prevents the net from being pushed
down on the bottom by the tide.

Drew described another method for flounder
rigging used by New England gill-netters. Ten feet
of net are rigged into two feet of vertical space and
“bagged” by tying the leadline to the floatline every
few feet. Dawson asked if such a rig would
capture fewer harbor porpoises. MacKinnon
thought that if bagged, it would catch fewer por-
poises and no groundfish. He suggested that
when the height of the net was lower, it was a
smaller target for the harbor porpoises to hit. He
also described a rigging method used by Vietnam-
ese fishermen out of Boston, a 20-mesh net with
a polyfoam core floatline used for flounder and
crustaceans. MacKinnon reported that the Viet-
namese-type nets had no porpoise bycatch.

Flotation

Dawson reported that some New Zealand fish-
ermen maintain that if they set the net more
rigidly, they catch fewer dolphins because the
animals “bounce off.” There was no scientific
evidence to support this claim, he said. Homstead
asked if there were any holes in the nets that
might have been caused by escaping animals.



Dawson said none were reported when interview-
ers asked about net damage.

There was some discussion of leadlines as
opposed to lead sinkers and on other aspects of
flotation as it related to harbor porpoise takes.
Smolowitz noted that lead sinkers had been used,
but were phased out in favor of leadline because
line caused less tangling than sinkers.

Goodson reported that the headrope and
leadline themselves can only be detected by the
animal’s acoustic senses directionally. Ellipsoi-
dal shapes have proven good targets for the
animal's acoustical detection senses, Floais so
shaped, he said, might be more successful than
sinkers as targets for porpoise sonar. If nets were
rigged with more floats placed more closely to-
gether on the headline, the gear would be more
buoyant, but it would be a better target for the
animals to detect. In addition to being ellipsoidal
in shape, the optimum fleat for detection would
be the hard plastic type with an internal air cavity.

Bridle Characteristics

Discussion moved to the amount of space
between nets on a string. Richard Turner (fisher-
man} said that bridle openings, the amount of
space between neis on a string, varied in the fleet,
but was customarily from 1 to 4 ft. Stockwell
reported that he had added a 1-fathom piece of
line between his nets fo make the bridle opening
bigger. In the limited time he used it, he said, it
had not made much of a differenice in harbor
porpeise takes.

Dawson asked if there were data on horizontal
distribution of animals caught in the nets. Bisack
indicated that quadrants of the net were recorded
for takes, but not proximity of the animal to the
bridle opening. How porpoises travel along the
net is one of the questions being addressed in
experiments conducted by Memorial University
of Newfoundland (MUN) using active acoustic
devices on gill nets. Thomas Jefferson (SWFSC}
said he had observed that Dall's porpoise bycatch
concentrated around bridle openings and near
the net ends in the Japanese drift gill-net opera-
tions. These operations used strings about 9
miles long, comprising 3 nets each, with about 30
ft between nets. Chris Cooper (Department of
Fisheries and Oceans, Canada) said Canadian
trawl data showed that fish tried to escape after
encountering some physical discontinuity in the
netting, and speculated that it might be the same
for porpoises. Homstead suggested that the most
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obvious discontinuity, besides the opening itself,
was the height of the net at the bridle which couid
be 7 to 12 ft different from the rest of the net,

Mesh Size

Andersonreported that 5.5in. mesh is not the
best for catching larger cod. The larger individual
fish, he said, seem to be taken around the bridle
openings and in bags in the net. Stockwell said he
thought seasons made more ditference in bycatch
than mesh size; more harbor porpoises were
caught simply when they were around. In his
case, that is in the fall during potlock season. For
groundfish nets he reported that the minimum
mesh size was 5.5 in., 10 in. for monkfish, and a
variety of sizes for flatfish. MacKinnon reported
that he fished 8 in. mesh because it retains the
larger fish and he got less bycatch of nontarget
species,

Set Direction and Current

Goodson asked if fish, when caught down tide
of the net, were somehow reacting to flow of water
through the net in detecting the gear. Smolowitz
said that no one knows what the fish are doing
exactly, but that they seem to feel some change
around the vicinity of the net. There was no
consensus on whether setting the net up from,
down from, or across the tidal current made any
difference. ‘

-Goodson asked if there was any evidence of
porpoises being caught when the net is being set.
Homestead replied that he had setright in schools
of white-sided dolphins without a catch. Katherine
Hood (Memorial University of Newfoundland) re-
ported that bycatch in the Newfoundland fishery
often occurred during the set. However, the faster
the net sunk, the fewer animals were captured.

SEA SAMPLING DATA AND
DATA ANALYSES RESULTS

Bisack reported on the data collected from the
GOM gill-net fleet by observers from 1989 to
1992. She had arranged the data elements col-
lected by observers into a table (Table 1). While
explaining cumulative results for each element,
she asked the group to make comments on how
this preliminary data analysis might be improved.
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Table 1. Summary of sea'sampiing data collected during chservations of the New England groundfish gillneiting

fleet

Netting

Net material:
Number of strands:
Mesh size:

Twine gauge:

Rigging

Hanging ratio:
Net height:
Flotation:
Anchor weigh:t

Range:

Setting

String length:
Soak duration:
Depth: -

Range:
Range;

nylon. in 99% of observations
monofilament. in 99% of observations
Range: 5.5 to 10 in.. mode at 5.5 to 6 in.
No. 12 and No. 14, in 96% of observations

0.5, in 99% of observations

Range: 1 to 12 ft, mode at 10

1 to 300 per net, mode at 50 (68% of ohservations)
Range: 1 to 60 b

Range: 1000 to 8000 ft, mode at 3500 ft
1 to 72 hr, mode at 24 to 36 hr
2 to 130 fathoms. mode at 18 fathoms

Since 1989, 220 of the approximately 300
vessels in the gill-net fleet have carried observers
on 2,200 fishing trips. Beginning in June 1989,
roughly 1 percentofthe fleet was sampled. Begin-
ning in June 1991, 10 percent of the fleet was
sampled. During the 2,200 sampled trips, 11,000
hauls were examined. Of these hauls, 99 percent
were made with nylon mesh. Ninety-six percent
of the nets were made with 12 or 14 gauge twine,
Hanging ratio was most commonly 0.5, or "hung
on the half.” Stretched mesh sizes range from 5.5
to 10 in., with 6 in. being most common. Headrope
to [ootrope measurements were generally 9 ft or
more, Those less than 9 ft deep were generally for
flatfish and monkfish, those 9 ft and deeper were
for groundfish. Observers recorded a range of
flotation, from 1 to 300 floats per net. When
observers began working with the gill-net fleet,
floating rope (poly-core) was entered as one float,
but later, observers recorded it as zero. Anchor
weights ranged from 1 to 60 lb, with nearly 50
percent of vessels using railroad rails. Siring
length was most commonly 10 nets, each net 300
ft long, averaging 3500 ft in total length. Soak
time averaged 24 hr.

Mesh Size

Tim Smith (NEFSC) asked if the group felt
detailed information on mesh size was important
to the problem of harbor porpoise bycatch, and if
50, how could that information be better verified

and reported. He was particularly interested in
pursuing this question because preliminary analy-
ses of the gill-net fishery sea sampling data pre-
sented in WP12 did indicate a correlation between
mesh size and harbor porpoise bycatch and it was
important to figure out why that seems to be the
case if mesh size reaily doesn’'t make any differ-
ence.

Smolowitz felt the existing data would not
yield much useful information because in many
cases the observers are recording an average, not
the actual, mesh size or mesh sizes in a net. He
felt that there was enough mixing of mesh sizes
within nets and strings to skew data that relies on
an average mesh size as a descriptor for a set.
Further, he said, there is no way to verify the
range of sizes or ages of the fish.

Stockwell said that most skippers know what
size mesh they are hauling before it goes in the
water. The sea sampler usually asks what it is
and they are told. The answer may not always be
right. but he wasn't sure there was any better
verification that could be made by an chserver at
sea during active fishing.

Anderson said that in his experience, harbor

.porpeises were caught in all mesh sizes and that

he didn't think the mesh size really made any
difference.

Hanging Ratios

‘With regard to hangirig ratios, fishermen re-
ported a great deal of variety depending on target



species. However they agreed that for groundfish
most nets are hung on the half. With regard to
precision in constructing nets to a particular
hanging ratio, Homstead pointed out that few
nets are actually measured before they are fished.
He noted. and others agreed, that skeins of net-
ting that arrive from the manufacturer are not
exactly measured. in practice. all nets are not the
same length, even when they were constructed to
be the same.

Soak Times

There was discussion of the recorded soak
time. Fishermen were concerned that the ob-
server data collected was far more detailed than
that presented by Bisack. Also, Smolowitz felt
observers tended to cover the day fleet more
heavily than the trip fleef because the time com-
mitment was smaller. However, the number of
sets soaked for more than 72 hr seemed high.
Fishermen said that a 72 hr soak indicated either
a flatfish trip or bad weather. Smolowitz re-
marked that the data sheets he'd seen for sets
longer than 72 hr were not flounder trips. Smith
then asked if it was safe to assume that a soak for
more than 72 hr was probably not made by
design. Stockwell said it was a safe assumption
for groundfish trips, because the fish were prob-
ably not marketable if they had been three days in
a net before landing.

Fishermen said cne thing that might improve
soak time data woulkd be for observers to accom-

pany the vessel on successive days s¢ that they -

were present when the gear was both set and
hauled. Also, fishermen expressed interest in the
census of fishing vessels and activity conducted
by port agents. They feit this information was
more specific with regard to fishing practices
{particularly soak times) and might be very useful
in trying to get a more precise fit between practice
and the sea sampling data. Smith noted that this
information was used to help verify the number of
gill-netters and the number of nets being fished.
Bisack noted that the census is not complete.

Depth

Bisack asked the group what characteristics
of a fishery, if any, could be discerned from depth.
For Maine trips, Anderson said that those at less
than 18 fathoms are probably for flatfish, since
that is too shallow for groundfish. Those trips at
40 to 50 fathoms are probably in eastern Maine.
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Those shoreward of 50 fathoms are most likely off
mid-coastal Maine. Vessels fishing shoreward
with gill nets are most likely targeting dogfish.
Stockwell asked if the depth data had been bro-
ken down by target species, DBisack said that it
had been for species alone, but not for species -
combined with depth. She noted that cross-
checking shallow depth trips with target species
might confirm relationships such as the correla-
tion between shallow depth and dogfish trips
suggested by Anderson.

Set Direction

Discussion revealed that fishermen's strate-
gies for setting varied with fishery. tide, wind
conditions, and location of the fish. Simon
Nerthridge (NEFSC) said that 65 to 70 percent of
the trips in the data were set along Loran lines,
MacKinnon noted that in crowded areas, people
set on the Loran lines so they wouldn't cross gear;
further offshore, he said, fishermen set on the
fish, which may or may not be on a Loran line.
Homstead indicated that he also set to make sure
he didn't have to haul into the tide or the wind, if
possible. It was generally agreed that if a set were
made on a Loran line, that revealed the location of
the set, but no additional information.

Enfanglement Data

At this time, observers only record the quad-
rant of the net in which animals are entangled.
Since there had already been discussion from
both fishermen and scientists about the preva-
lence of animals entangled around the bridle
ends, Bisack questioned whether further refine-
ment of this data element would be useful and/or
possible. Drew noted that sometimes the animals
are so wrapped in the net that it is not possible to
untangle them and still tell where they were
caught in the net. All agreed that getting more
precise informaticn on where in the net porpoises
become entangled is important, but there was not
good agreement on how that could be done effi-
ciently at sea by observers. '

Trip Target Species

There was further discussion about how to
discern or confirm the target species of a trip from
data already collected by observers. For example,
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further examination of the data may find correla-
tions between takes and target species that are
not now apparent. Stockwell, among others,
indicated that he had fished alongside vessels
using nets rigged for dogfish and observed those
nets taking harbor porpoises while his ground-
fish gill nets, fishing at the same time, did nottake
any. Hanan said that the California fishery log-
book program was divided by target species, and
that he felt it yielded some valuable information
about bycatch. All seemed to feel that target
species of the gili-net trip could probably be
cross-checked by comparing the gear rigging with

the stated target; and this could show correla-

tions between fishing operations and bycatch
that could be used to modify operations to reduce
bycatch.

Gear Attributes and Entangiement

John Wang {University of Guelph, Ontario)
indicated that work in the Bay of Fundy revealed
little difference in harbor porpoise bycatch with
mesh size. Smolowitz reiterated that hanging
ratio is very important, since a net could be made
to gill only, but wouldn't catch as many fish as a
net that i$ rigged to entangle. Smith added that
size selectivity experiments that have been done
with fish in gill nets of varying material and
rigging might provide some insights. However,
Wang indicated that he had found it difficult to get
useful information on selectivity of gill nets. Ex-
periments on size selectivity have used perfectly
hung nets, he said, but that's not what happens
in the fishery. Wang noted that size selectivity
information in the sea sampling data may indi-

cate either targeting for large individuals or a set

in an area with a lot of large fish.

MacKinnon said he he targets larger individu-
als by adjusting mesh size and hanging ratio, not
by moving into a particular area. Wang added
data from the Bay of Fundy fishery showed that
the gill-net fleet was using area, not adjustments
in gear attributes to target various sized individu-
als. Rollie Barnaby (Sea Grant Program, Univer-
sity of New Hampshire) said that Bay of Fundy
fishermen may not have enough experience with
the gill nets to realize that a larger mesh would
catch larger individual fish. Cooper said that his
work showed gill nets to be size, but not species,
selective.

Stockwell asked if anyone had done workwith
underwater cameras watching nets fish in real
fishing operations. Dawson said he knew of work
where divers observed the netsin situ. They found

that different species behaved differently around
nets and that some were better than others at
avoiding the nets. Stockwell said that he fishes a
6 in. mesh and gets all sizes and all species. He
sdid that while steaming he was looking for forage
fish (such as herring or mackerel) and he sus-
pected that harbor porpoises may be doing the
same thing. Smith asked if {ishermen used scnar
to target different sizes of fish. Stockwell said he
preferred to set on forage fish and in a position to
avoid other gear. He also may change the position
of the gear with each set, zigzagging or doing a
circle set if he thinks it will catch meore fish.

Hanan described a study of size selectivity of
gear in the California halibut fishery. Research-
ers found a difference in the size composition of
fish catches made with 8 and 8.5 in. mesh nets,
Pat Gearin (NMFS, AFSC) noted that the Bay of
Fundy. where Wang's work was conducted, is a
very high tidal area. In other Canadian fisheries
there is probably more selectivity than Wang
foundin the Bay of Fundy. Gearin said this might
be an important contrast since Wang's area is one
of apparently higher harbor porpoise bycatch
rates. :

Smolowitz reported on some experiments with
salmon gill nets in observation tanks. In these
tests, the nets bundled as they were filled with
fish. He described a study reported by Girard on
how the change from natural fibers to nylon
affected gill-net retention. Girard reported that
the nylon nets gilled fish, but also entangled

- many more fish than the natural fibernets. Fewer

salmon were captured by more rigid nets.
Smolowitz concluded that selectivity is relative,
and that there are good data available on selectiv-
ity of gill nets for fish,

Oceanographic and Weather
Factors

MacKinnon noted that he doesn't catch any
fish in slime and wondered if it was also true that
harbor porpoises. would not be caught. Drew
replied that observers tried to note slime condi-
tions when possible, but almost nobody fishes in
slime, so observations are sparse. That kind of
observation, he said, might only be recorded in
the comments section of the cbserver's log.

Goodson noted that sea state and wave height,
which are recorded by observers, may affect the
harbor porpoise's acoustic ability because of the
entrainment of air bubbles at the water’s surface
during sea states greater than Beaufort 3 or 4.
Smolowitz asked Goodson whether an animal's.



ability to use sonar is affected by the depth of the
water. GGoodson replied that in shallower inshore
water there is more background noise, but most
of this is wel below the operating frequency of the
animal’s sonar. He suspects that for the purpose
of gill-net detection. depth probably doesn't make
any difference unless the animal is in very shallow
water.

Jefferson asked whether anyone had seen any
evidence of cetaceans changing behavior with sea
state. Goodson said that bottlenose dolphins
have been observed to alter (shorten) their sonar
foraging range in shallow water when reverbera-
tion levels are higher.

REGIONAL AND SEASONAL
STRATEGIES

Fishermen from the major gillnetting fleets
operating off New England were represented at
the meeting. Each gave a short presentation of
describing the fishery, gear, and operations in his
fleet. To help with discussion of the Sea Sampling
Program data, the presenters also compared their
operations with that shown as average in Table 1.

Northern Gulif of Maine
Richard Turner, Stonington, Maine

Net material: nylon

No. of strands: 1 {monofilament)
Mesh size: 5.5-86.51in.

Twine gauge: mostly 14, some 16
Hanging ratio: 0.5

Net height: 9-121ft

Flotation: 50-55 floats per net
Anchor weight:  15-25 |b mushroom each end
String length: 4,500 - 6,600 ft
Soak duration: 16 - 18 hr

Depth:

50 - 100 fathoms

In areas 511 and 512, Stonington and
Jonesport are the major gill-net ports. There are

10 gill-netters in Stonington, and almost all of

them are day boats, fishing primarily one-day
trips. Their fishing style is roughly similar to that
of other ports, but they fish longer days and
deeper water on average, sailing around 1 AM and
returning to port around 4 PM.

The fishing season in the area used to extend
from March to November. In recent years the
season has started later, in response to the avail-
ability of fish, and runs roughly from May to
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November. Currentsin the area are stronger than
in many areas to the south and west. The target
species are cod and white hake. The fleet used to
fishinshallower water. Inrecentyears, itis rarely
found in water less than 50 fathoms deep because
of high catches of dogfish in shallow waters.

With regard to takes, it seems that when
porpoises are.seen swimming, they are not taken
in gill nets. When porpoises are taken, they most
often appear to be tangled by the dorsal fin, with
a few tangled by the tail. Few seals are caught in
nets. Attimes, fish in the nets have been bitten by
predators, but it is uncertain whether they are
bitten by seals or blue sharks.

Central Gulf of Maine
Terry Stockwell, Boothbay Harbor, Maine

Net material:

nylon
No. of strands: 1 {monofilament)
Mesh size: 5.5 - 6.0 in.
Twine gauge: 14
Hanging ratio: 0.5
Net height: 9-121t
Flotation: 50-55 floats per net
Anchor weight:  (old leadline sometimes used)

String length:
Soak duration:
Depth:

3,600 - 6,000 ft
18 - 24 hr
40 - 80 fathoms

In Boothbay Harbor there are about eight gill-
net vessels. They fish mostly one-day trips, and
occasional trips of two to three days' duration.
They have fished traditionally in area 513. but in
recent years during the summer they are more
frequently in area 512. They used to start fishing
in March, but in recent years the fishing season
has started in April in response to availability of
fish, and goes through the first part of December.
The target species is usually cod, although there
has been some directed fishing for dogfish. (This
year the dogfish are too small for the market.)
They fish at least 60 nets per day, with some boats
fishing 80 to 120 nets per day.

There are often several boats fishing in a
concentrated area, setting their gear on Loran
lines to avoid entanglement with other fishermen'’s
nets. The fishing is very variable, with conditions
changing daily. Seals are numerous in the area,
and seal damage to the catch is not uncommon.

Harhor porpoise takes are most likely to occur
in April-May and in November. In the autumn,.
takes often follow the passage of schools of mack-
erel through the area. Takes may be associated
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with the presence of herring. [t is not uncommon
for fishermen to see porpoises swimming, but not
taken in nets. When taken, it often appears that
they have been tangled by the pectoral fins, then
the dorsal fin, with very few apparently wrapped
by the tail.

New Hampshire North of
Portsmouth, Statistical Area 513
Erik Anderson, New Hampshire
Commercial Fishermen's Association
Portsmouth, NH

Fleet: 25 vessels

Trips: Duration: half day boats, half off
shiore boats. Days are to Jeffreys

Ledge
Season: Feb to March: Offshore boats,

no day boats

April to May: groundfish gearing up,
Spring flounder fishery is in the day
fleet

June to Aug: Peak for groundfish and
dogfish _ ‘

Oct-Dec: Active groundfish time

Net Material:
No. of strands:
Mesh size:
Twine gauge:
Hanging ratio:
HR to FR distance:

Flotation:

Anchor weight:

String length: day boats, 5 to 25 nets
trip boats, 20-25 nets

{Driven by size of vessel. Day boat
operators probably fish 60-90 nets;
larger boats fish 80 to 120 nets)
Soak duration: 16-18 hours, accom-
plished in one day.

{(Extended socak times not advanta-
geous because it affects the quality of
the product delivered.)

Whole length of Jeffreys Ledge is 40
fathoms and above. At more than 40
fathoms, the fleet runs into trawlers

Netting:
5.5 in.

Rigging:

Setting:

Depth:

Anderson noted that the vessels in this fleet
have higher harbor porpoise bycatch rates. The
depth of water does seem to make a difference in
bycatch rate. Anderson himself fishes inside of
Jeffreys Ledge more than offshore of it. He re-
poried that his bycatch used to occur in spring,
but in recent years has heen much more likely in
the fall.

The group noted that high takes have been on
the edge of Jeffreys Ledge. Anderson said that the
fleet has been forced inside by the mobile fleet
since 1991. which was the year of the highest
recorded take. Anderson said that happened
when he and others in the fieet moved to the 50 to
55 fathom line. He noted that five miles from that
line he didn't have any problem.

The gear used is fairly standard. Anderson
reports seeing differing patterns with harbor por-
poise entanglement and fish takes. He sees no
pattern per se in how harbor porpoises are en-

 tangled, although pectoral fins seem to be the

place they are first snagged.

Although it seems logical that both fishermen
and harbor porpoises are looking for bait, some-
times there is bait and ne harbor porpoises or
groundfish. Sometimes the net plugs up with bait
and sinks. In spring of 1993, Andersen caught a
harbor porpoise ina short (6 hr) scak. The group
noted that the only solid data on what bait fish are
present during takes is extrapolated from land-
ings data and comparison of activity in shoreside
processing of herring. Also, Anderson noted that
in Area 513, there was some success with fisher--
men warning each other of harbor porpoise activ-
ity, since Stockwell reported seeing the animals
about three weeks before they arrived in the area
Anderson fished.

In discussing the affect of gear on harbor
porpoises, Homestead remarked that although
the groundfish gill-net fleet had lost a lot of
bottom to trawlers in the recent past, there was
also encroachment of gill-netters into deeper wa-
ter, traditionally the grounds of trawlers. "Using
monofilament line and small floats, we wouldn't
normally go past 60 fathoms. Now we're ouf o
120 to 150 fathoms and that is traditionally their
water,” he said.

Discussion was inconclusive regarding
whether this spatial shift in fishing effort might
have an affect on porpoise takes. The data have
only been collected for three years, not lonig enough

‘to show a trend. There was a significant drop in

takes for the spring in SA513-514, but the reason
for it is not known.

Offshore Fleet
Jim Homstead, South Portland, Maine

Area: SA 515 with a few boats also using
SA 522

Fleet: 20 vessels

Trips:  Offshore, trip boats



Season: Year-round
January to March: pollock and hake in
eastern part of area
April to June: groundfish and dogfish
Surnmer: hake, pollock, a few cod
Fall: poliock

Netting: Net Material;
No. of strands:
Mesh size: 8.0, afewat8.5to 7 .
Twine gauge: 14 for 6.0, 12 for bigger
mesh

Rigging: Hanging ratio: 0.5
HR to FR distance:
Flotation: 60 floats per net
Anchoer weight: Not used offshore

Setting: String length: 20 to 30 nets

Soak duraticn: first set usually over
night and pulled after 12 to 14 hours,
reset and soaked for 18 to 20 hotirs.
75 to 125 fathoms, 130 fathoms in
January and February for pollock

Depth:

Homstead described his fishing operation. He
sets his gear on Loran lines or edges at depths of
75 to 130 fathoms, where he occasionally fishes
alongside trawlers. His first set is hauled in 12 to
14 hours. In the summer, the boat operates with
a crew of five and in other months with a crew of
four. Target species include pollock, hake, dog-
fish, and groundfish, In SA 515 during the winter,
he estimates there are 9 or 10 regular gill-netters.
More boats operate in summer, coming mostly
from Gloucester and Portsmouth, making up the
20 or so beats that fish year-round in the area.

Homestead remarked that in years past he
had fished SA 513, where he caught harbor por-
poises at a higher rate over the season. This was
inside the 50 fathom curve, never taking more
than one or two animals in a day. Since he has
been fishing SA 515, he sees only white sided
dolphins and does not know of any vessels catch-
ing these animals in their gear. He reported
taking only one harbor porpoise and three seals in
the past three years, _

Fishermen present reported that they did not
capture harbor porpoises when they could be
clearly seen traveling in groups. Smith summa-
rized sighting survey data, noting that the amni-
mals travel together in small groups. That is
important, he said, if they are present in notice-
able groups and not being taken. Anderson
remarked that if the fishermen can see harbor
porpoises they try to avoid them, so the resulting
reduction of effort or hesitation in resetting giil
nets might affect takes.
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Southern New England, SA 521 to
515, 522

Robert MacKinnon, Massachusetts South
Shore Giillnetter's Association

Marsihfield, Massachusetts

Fleet:  Small day boats, mostly out of Scituate,
38t042ft
Trips:
Season: Winter: cod at 20 to 50 fathoms
Spring: flounder at 80 to 125 fathoms
(bycatch of lobster)
June: monkfish, dogfish
July-August: trip fish offshore in 521
on the backside of Cape Cod
"Fall: pollock, cod on the East side of
Stellwagen
Netting: Net Material:
No. of strands:
Mesh size:
Twine gauge: inside waters, 13 when
other gears are around
Rigging: Hanging ratio: 0.5
HR to FR distance: .
Flotation: cod, 50 floats per net
Anchor weight: :
Setting: String length:
Soak duration: flounder, haul every 48
hours; otherwise try to fish every day.
Depth:

MacKinnon represents approximately 20 boats
from the port of Scituate. He reported that some
boats have shifted to Point Judith {R.[.) to catch
monkfish, at least one boat currently fishes for
dogfish on the Outer Banks of North Carolina,
and many boats go offshore to longline in Decem-
ber and February.

MacKinnon reported that most harbor por-
poise takes occurred off Stellwagen Bank, gener-
ally in shoal water (less than 30 fathoms deep). He
observed that when the herring move into the
area, the harbor porpoises follow them.
MacKinnon associates the lack of herring in the
area over the last two years with fewer harbor
porpoise takes in the last two years. The harbor
porpoises that he caught in earlier years were
taken in flounder nets with 5.5 in. mesh, and the
animal's tail seemed to be the first thing wrapped
in the net.

Gearin reported that the gill-net fishery he
worked with uses 7 to 8 in. mesh in 10 to 30
fathoms; most animals are head-caught, after
which they wrap or twist and the flukes and
pectorals are entangled. He has seen 360° net



Page 10

marks on the heads of harbor porpoises. This
phenomena was also reported by Cooper. Gearin
had theorized that takes happened when mothers
and calves were foraging near the bottom of nets,
since mature females and juveniles were taken
together. However, DNA fingerprinting tests
showed that the animals in muitiple-take sets
were not related. Work is now underway to
determine if relatives are taken during the fishery,
but not in the same haul or on the same day.
Jefferson reported that similar tests done on
mature females and calves taken in the California
gill-net fishery did not reveal family relationships.
Bisack reported that approximately 10 percent of
the observed takes in the Gulf of Maine were
multipie takes of two or three animals.

Bay of Fundy
John Wang, University of Guelph, Ontario

Area: Bay of Fundy, 10 to 15 minutes out from
North Head/Campobello; 2 to 2 1/2 hours to the
basin in the Bay

Season:  mid-July to mid-September (peak)
July- to October (compiete)

Refers to times when porpoises are
caught

22 boats out of North Head, Grand
Manan Island, 35 to 45 ft boats

Net material: monofilament

No. of strands:

Mesh size: 6 in.

Twine gauge:

Hanging ratio: 2/3

HR to FR distance: 33 meshes
Flotation: 80 to 100 floats per net,
45+ b lead Hne plus a leaded rope for
extra weight threaded with the
footrope

Anchor weight: 40 to 60 b admiralty-
style anchors

String length: 3 to 4 nets per string,
900 to 1600 ft per string, 5 to 6 strings
per boat

Soak Duration: 18 to 72 hours
depending on weather

20 to 80 fathoms

Fleet;

Netting:

Rigging:

Setting:

Depth:

The gill-net fleet consists of 22 vessels on
Grand Manan Island. Twelve boats fish from
North Head and ten from the southern part of the
island. There are six gill-netters located onnearby
Campobello Island. Gill-netters are also located
in Nova Scotia, but their interactions with harbor

porpoises are not well documented and are be-
lieved not to be as detrimental as those in the fleet
operating from New Brunswick.

The Bay of Fundy vessels are rigged with stern
rollers for hauling the nets. They raise the net to
the surface with fleats before hauling. There is
little tension on nets when hauling. One net (or
“web") in a string is approximately 400 ft long, and
9to 15 ft high. More floats are used on these nets
than on nets in the U.S. Gulf of Maine and the
hanging ratio is quite different,

The day fleet ravels about 10 to 15 minutes
from North Head to the fishing grounds. or about
two hours to the basin in the Bay of Fundy. [tis
an area of very high tides. Tidal flow can be
anything from slack to racing, and an average
tidal flow has not been calculated. Set netters
don't go some places because the tides are too
high. The fleet targets pollock, cod, and hake.
Average crew size is two.

A high concentration of harbor porpoises oc-
curs from July to September near the northern
portion of Grand Manan Island to the Wolves
[slands. A large number of porpeises are caught
in gill nets and weirs during this period each year.
Many gill-net entanglements are thought to occur
during daylight, when herring are demersal.
Herring compose 85 percent of porpoise stomach
contents. Porpoises may also become entangled
while trying to take hagfish caught in the nets
during leng soaks. Previously, harbor porpoise
bycatch estimates were derived from the number
of animals returned by fishermen, who receive a
bounty for each animal. A report of 30 animals
taken in one day was confirmed, and the fisher-
man involved estimated takes by other vessels

. were similar over a period of three weeks.

An observer program was initiated this year
{August to mid-September, 1993). Four techni-
cians were employed at four locations: North
Head, Whitehead (Southern part of Grand Manan),
Campobello, and Nova Scotia (Meteghan). There
was discussion about whether the concentration
of animals in the Bay of Fundy was higher than on
U.S. Gulf of Maine fishing grounds and if so,
might that result in the allegedly higher takes by
gill-netters than are seen in the U.S. part of the
fishery. Ed Tripple (Department of Fisheries and
Oceans, New Brunswick} noted that although
actual density of harbor porpoises in the area was
not known, there was no question it was high.

Smolowitz asked if any differences had been
observed in animal behavior in the Gulf of Maine
and the Bay of Fundy. Smith has not seen any
work showing major differences in animal behav-
ior in the two areas reported.

Stockwell asked what Canadians were doing
about the high kill rates. Tripple reported that



when the 1993 observer data are ready it will be
presented to managers. He predicted that since
the area concerned is relatively small with only a
few fishermen, the problem could be addressed a
little more easily than that of the United States.

Newfoundland

Katherine Hood,

Memorial University of Newfoundiand
St. Johns, Newfoundiand

Area: Newfoundland
Fleet:
Trips: Day trips
Season:
Netting:  Net Material: Monofilament
No. of strands:
Mesh size: 5.5 in.
. Twine gauge:
Rigging: Hanging ratio:
HR to FR distance:
Flotation:
Anchor weight:
Setting:  String length: Ranges from 5000 to
- 900 fathoms, 3 to 10 nets per string
Soak duration: hauled daily
Depth: offshore: 50 fathoms, kept about 1

fathom off bottom.
inshore: 12-20 fathoms, 1 to 3 mi.
offshore

. The fleet leaves port around 4:30 AM, hauls
the nets, resets, and returns to port at 3 to 4 PM.
In 1992, the east coast of Newfoundland was
closed to cod fishing. Recently, SA 3PS was also
closed, This is where Hood has been working with
an observer-based research project, an area that
traditionally has been both a big fishing and a
high bycatch area. The target species is primarily
cod with an inshore capelin fishery. Estimated
average landings ranged from 6000 to 51,000 b
per day. For the boats included in the study, the
average was 5000 1b. Fishermen in St. Brides
were offered a buy-out, and only one family chose
to continue fishing.

In 1992, 90 harbor porpoises were reported as
bycatch. Fourteen of these were retrieved and
used for study. The fleet also has a bycatch of
seals, with 800 to 1000 taken in 1992, primarily
in the inshore capelin fishery. Harbor porpoises
seem to be following the capelin in that instance,
and appear to follow herring as well. She esti-
mates an annual bycatch of about 3000 harbor
porpoises and many more seals. '

The study used CTDs and observers. Oceano-
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graphic data were collected at the nets in 15
minute transects: during haul, pre-, and post-
storm conditions. Data were obtained for nets
that did and did not capture harbor porpoises. At
each station and net. CTD data were recorded to
see if there were any correlations.

Observers collected daily haul numbers from
fishing vessels and daily numbers from the fish
plant to determine total catch. Information was
also collected by observers on all bycatch during
fishing operations. Stomachs from both captured
harbor porpeises and from the fishing target
species were examined.

Gear varies much more within the fishery in
Newfoundland than it dees in the New England
fishery, particularly with regard to number of
nets per string and strings per boat. Mostnets are
fished with the leadline off the bottom. Data were
collected on net construction. color, age. and
other descriptors. At the conclusion of fieidwork,
Hood reported that the fleet was going from 5.5 to
8 in. mesh and to hooks for ionglining.

Observers recorded where harbor porpoises
were found in the nets. A great percentage of them
were found by the bridle, or skirt, rolled up in the
net. On two occasions, a harbor porpoise was
taken along with seals (mostly young harp seals).

SEASONAL BYCATCH PATTERNS
IN NEW ENGLAND

Smith briefly outlined the areas and seasons
during which gill nets take harbor porpoises. The
information was based on observer data gathered
over the past three years. In 1988-1990, 1 per-
cent of gill-net trips were covered; in 1991 and
1992 10 percent were covered. The Gulf of Maine
fleet was covered in all years, and in 1992 areas to
the south of Cape Cod were also covered.

Reported harbor porpoise takes are shown by
geographical area in Figure 2. Conclusions about
takes and movements are inconclusive because
not enough sampling has been done to provide a
statistically sound basis for comparison. Takes
generally correspond with seasonal movements
of animals, but those movements do not fully
correspond with migratory data. For example, in
Massachusetts Bay in 1990, 10 percent of por-
poise takes occurred in March and 5 percent in
April. In 1991, no porpoises were taken. In the
more northerly areas, the bycatch has varied from
year to year.

Dawson asked how much information there
was on fishing effort, harbor porpoise movements,
and fleet changes over the years. Smi