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REFERENCE #: A001

Rollefsen, G. 1953. The selectivity of different fishing gear used in Lofoten. J. Cons. Cons. Int. Explor. Mer.
19:191-194.

B. History and statistics

"The oldest of the fishing gears still in use in Lofoten is that employing a single hook - a handline furnished with
a heavy stone or iron sinker and a special device to keep the hook free of the line. The hook is fairly large and
has a bright coating of cast lead or pewter in the form of a small fish, and, as a rule, a piece of white fish-skin is
fastened to the hook." p. 191

"The longline, which was introduced to Lofoten in 1580, carries a large number of hooks baited with herring or
mussels. The line may rest on the bottom or be kept at a certain depth by means of floats. The success of this
gear also depends on the activity of the fish." p. 191

"The use of nets in Lofoten dates from about 1650. A varying number of nets are joined to form a fleet. The nets
may be used as bottom nets or float nets anchored to remain a certain distance above the bottom. The meshes of
the nets are of a size corresponding to the average size of the fish. However, as the average size of the fish may
change from year to year the fishermen...try to choose a mesh width in accordance with their experience of the
preceding year."p. 191

C. Selectivity

"The sex ratio for hooks is 40% males to 60% females; for nets it is 60% males to 40% females. It is obvious
that the male cod is much more active than the female during the spawning time. From observations in aquaria
we learn that it is the male cod which is the more aggressive. Accordingly the activity of the male sex may be the
reason for the high percentage of males caught by net. On the other hand, a female fish just hovering about, with
no fixed aim, no pronounced urge, may very well not only avoid the risk of running into a net, but also have time
to investigate objects which might be edible. This may be the reason why the females are more frequently found
on lines." p. 192

"The purse seines used in Lofoten work in the usual way, except that they are lowered to a depth of 20-30
fathoms below the surface ... The gear takes no account of whether the fish is hungry or dejected, male or
female, or whether it is large or small. The circular curtain of the purse seine sinks down and cuts out a portion
of the shoal of fish and brings it up without any prejudice as to sex or size. But we have to bear in mind that the
fish may have a tendency to stratify or segregate themselves with respect to size, sex, or stage of maturity. Our
confidence in the purse seine catches is... strengthened by the fact that the sex ratio in them seems to be 50-50."
p. 192

"If we compare the relative number in each length-group of fish caught by line and purse seine, we find that the
lines catch 5 times as many cod belonging to the 70 cm group as the purse seine, and twice as many fish of 80
cm length. The smaller size-groups have a very pronounced tendency to be caught on longlines, while on the
other hand the larger size-groups are under-represented in line catches compared with those from the purse
seine.". p. 193

"The tendency of the cod to be caught by line decreases with increasing number of spawnings and the fish seem
to be able to keep clear of the nets more and more effectively.” p. 194.

F. Management issues

"The purse seine has demonstrated the existence of a group of fish which has been naturally protected against
longlines and nets by their large size and by their behaviour. It will be very interesting to follow the fate of this
reserve of old fish in the years to come, now that we have introduced gear which apparently takes a heavy toll of
these as of younger fish."
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REFERENCE #: A002

Rhule, P. 1969. Longlining for swordfish. New England Marine Resources Information Program, Publ. No. 4.
8p.

A. Gear Construction and Operation

"The lines are suspended from buoys, each buoy line being about 5 fathoms long. In the summer when fish are
swimming high in the water, the buoy lines can be shortened to 2.5 fathoms but this is dangerous for passing
steamers which can cut the lines. The hooks are attached to gangings or snoods about 3 fathoms long. Usually 5
snoods are attached, 10 fathoms apart, between the buoy lines. The maximum number of hooks between buoys is
10."

"Marker dhans or poles fitted with radar reflectors should be attached to the line, at least one every 1/2 mile or
3/4 mile. The higher the radar reflector, the further it will be seen, and the closer the dhans are to each other, the
less line will be lost."

"One of the best kinds of bait is Boston mackerel of about 1 1b. in weight. It is possible to fish with mackerel of
less than one pound but those under 3/4 pound are of no use. They will not take swordfish."

D. Incidental Fishing Mortality

"Blue sharks are fairly small (under 200 lbs) and tend to prefer the colder water (48-60 deg F). In the spring they
are moving inshore and one should try to set the lines behind them i. e. to seaward. By mid-June most of the blue
sharks will have moved inshore and the problem thereafter is to stay ahead of the brown sharks which prefer the
warmer water. The brown sharks are very large and can cause considerable damage to the hooked swordfish.
Mako sharks also attack hooked fish. If a shark is caught on a hook, the best procedure is to cut the snood and let
both hook and shark away. This enables you to haul faster when sharks are biting."

"Setting usually commences just as the sun hits the water. One should avoid setting earlier as the sharks bite well

in the late afternoon. Also if the sharks hit the line soon after setting, they may sever it and the broken portion
can drift a long way before morning."
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REFERENCE #: A003

Forster, G.R. 1973. Line fishing on the continental slope- The selective effect of different hook patterns. J. Mar.
Biol. Ass. U.K. 53: 749-751.

C. Selectivity

This is a brief report covering the results of several sets made with a 100 hook longline in 800-3600 m in the
South Biscay area continental slope. An incurving hook design was compared to a normal hook design. Of 14
species caught, seven were in sufficient numbers to make a comparison.

Equal catches were made, between the two hook designs, of large elasmobranches (Centrophorus sp.). However,
the incurving hooks caught more of the smaller species of elasmobranches, and more of two gadoid species,
Mora moro and Antimora rostrata.

"For the incurving hook to function there must be some slack in the line or snood, allowing the fish to move
away with snood trailing. At the end of the slack the fishes head is pulled around and the hook (providing the
point has engaged) makes a half turn usually in the corner of the mouth. Once one of these hooks is engaged it is
very difficult for it to be shaken out."

D. Incidental Fishing Mortality

"The skin covering of the lower jaw of some deep-sea fish is rather delicate. After several hauls a number of
Mora and Antimora were picked up floating at the surface having become detached from the line shortly before
the end of hauling. These fish all had a slit of 2-3 cm length in the skin of the lower jaw; they had presumably
become freed from the hook by the irregularity of the hauling rate caused by the role of the ship; also near the
surface rapid expansion of the gas from the swim bladder makes the fish positively buoyant."
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REFERENCE #: A004

Ferno, A., S. Tilseth, and P. Solemdal. 1977. The behavior of whiting (Gadus merlangus) in relation to
longlines. ICES C. M. 1977/B:44. 11p.

A. Gear Construction and Operation

Eighty-nine percent of the fish that were attracted to the baited hooks swam against the current.

C. Selectivity

The reaction of fish to longline hooks was observed using underwater TV. This series of experiments observed
two Mustad No. 8 and two No. 10 hooks on 40 cm long snoods spaced 40 cm apart. One hook of each type was
blunted and the other sharp; they were baited with mackerel.

In this study two periods of high activity were observed; 6 to 10 am and 7 to 10 pm. When several fish were
hooked there was more activity than if no fish were hooked. "The sharpness of the hook did not significantly
influence the hooking probability, but a small hook (#10) was about twice as effective as a bigger hook (#8)."
Whiting seemed to increase each other's activity through competition. Cod were seen chasing away whiting, thus
the authors speculate that the presence of one species may influence the catch of another.

D. Incidental Fishing Mortality

Out of 53 whiting that were hooked in the experiment, six broke loose and two were lost during hauling. "Thirty-
eight fish were hooked in the mouth and seven fish had swallowed the hooks."

Cod were observed biting at hooked whiting.
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REFERENCE #: A005

Ralston, S. 1982. Influence of hook size in the Hawaiian deep-sea handline fishery. Can. J. Fish. Aquat. Sci. 39:
1297-1302.

C. Selectivity

"Experimental bottom fishing trials were conducted in the Northwestern Hawaiian Islands where four different
hook sizes (Nos. 28, 30, 34, and 38) were fished simultaneously. Within this series the biggest hook is about
71% larger than the smallest hook. Alterations in gear within this range have no substantive effect on the catch
of bottom fish. In all cases examined, variation in catch statistics associated with differing replications (days and
sites) greatly exceeded any effect attributable to different hook sizes. It is concluded that for medium- and large-
sized fish, the catch is reasonably representative of those fish which strike the hooks and that a sigmoid selection
curve most accurately describes the selective properties of the gear in this fishery." Abstract.

The author reviews hook selectivity literature that supports two possible representations of hook selectivity;
dome-shaped selectivity curves similar to that for gill nets and sigmoid-shaped selection curves similar to that
for trawls.

This experiment caught 1110 fish, mostly opakapaka and snappers. The mean size of opakapaka caught ranged
from 37-61 cm. The variation in hook size had no impact on bait retention.

The sigmoidal-shaped curve best represents the selection process in this experiment since there was little
differential sampling of the larger fish while the small hooks seem to be more effective at retaining smaller fish.

The author uses an index which measures the size range of hooks by forming a ratio of the largest hook/smallest
hook; hook size being the product of hook length and width. If hook sizes are significantly different, the size
composition of the catch must ultimately vary. This explains why in some cases researchers reported seemingly
different selection results.
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REFERENCE #: A006

Ferno, A. and I. Huse. 1983. The effect of experience on the behaviour of cod (Gadus morhua L.) towards a
baited hook. Fisheries Research 2: 19-28.

C. Selectivity

The authors present some evidence that fish can learn hook avoidance. The results include a number of identified
behavioural patterns. Cod that have been held in tanks are tested individually in an experimental tank with a
single baited hook. Their behavioural patterns were recorded in 134 trials.

"The experimental cod showed a decrease in the intensity of the response after experience with a baited hook
whether or not the fish was hooked. The decreased intensity could be caused by conditioning- biting the hook
could act as a negative reinforcement to the cod in the same way as a stickleback's spines induce cessation of
feeding response in pike or perch." "...in experiments with baits attached with a string instead of a hook where
the fish movement was similarly restrained, no decrease of response intensity was found."

Different degrees of response were noted over the time of the experiment which was related to the seasonal
change in cod feeding response.

The authors conclude that cod do learn and this probably affects an individual's vulnerability to hooks for at least
a period of time. Referencing a study where cod catches on monofilament longline were 40-300% higher than on
multi-twine line the authors postulate that "It is possible to explain this difference with a learning process in the
fish. If both types of lines are attacked equally often initially, the more visible multi-twine line could be more
easily recognized by a conditioned fish and therefore more effectively avoided."

Regarding hooks that curve inward..."This hook shape may decrease the probability that a fish comes into
contact with the point of the hook and thus experiences aversive stimulation when biting which in turn could lead
to a greater number of strong responses and higher percentage of hooked fish. Such an effect could combine with
a higher hooking probability when fish rush on a bent hook as opposed to a straight hook."
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REFERENCE #: A007

McEachron, L.W., J.F. Doerzbacher, G.C. Matlock, A.-W. Green, and G.E. Saul. 1988. Reducing the bycatch in
a commercial trotline fishery. Fish. Bull. U.S. 86: 109-117.

D. Incidental Fishing Mortality

"Trotlines are a specialized longline used in shallow (<4 m) Texas estuaries to catch fish...Red drum, Sciaenops
ocellatus, and spotted seatrout, Cynoscion nebulosus, were the primary targets until 1981 when their sale was
prohibited because of overfishing...The effort has since been redirected toward black drum, Pogonias cromis."
Regulations requiring the use of circle hooks were placed into effect but a bycatch still occurred.

The year-long experiment took place in two locations, used three different baits, and had the hooks either on the
bottom or suspended in the water column. Details of the gear and illustrations of the setting are provided.
Twenty species were caught, totalling 4324 fish.

The results show that bottom set hooks reduce the bycatch without affecting the catch of the target species, black
drum. "Catch rates for hardhead catfish, red drum, spotted seatrout and total fishes were significantly lower on
bottom trotlines." Sight feeders, such as spotted seatrout, probably do not take baits laying on the bottom as
readily as baits suspended in the water column.

F. Management Issues

"Management objectives could better be met by requiring placement of trotline hooks on bottom than by
allowing hooks to be fished from the surface...Operational efficiency of commercial fishermen should improve
with less handling of non-target species. Mortality of non-target fishes would decrease because they would not
be caught and subsequently handled."
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REFERENCE #: A008

Way, E. 1988. Comparative fishing trials of moored monofilament longlines-feather hooks vs baited hooks-
conducted in Newfoundland-1988. DFO Fish. Devl. Div., St. John's, Newfoundland. 11p.

A. Gear Construction and Operation

The gear consisted of 400 1b test monofilament groundlines, with snood lengths of 20 inches, to which 80 hooks
(#15) were attached with a spacing of 42 inches. Five to six lines were attached for total longline lengths of 250-
300 fathoms. Greater hook spacing (78 inches) was used during part of the experiment.

The feathered hooks were made by affixing red polyethylene strands, from rope, to the hook by wrapping one
strand around the others and melting the strand to weld the unit together.

C. Selectivity

A total of 46,100 hooks (half baited, half feathered) were fished over a period of 42 days. The total catch of cod
was 17,293 kg; 57% caught on the feathered hooks.

Feathered hooks have several advantages over baited hooks. Since bait is not required, all costs (including
environmental) associated with bait are eliminated. The feathered hooks are easier to set and haul since no time
is involved in baiting and the fish come off easy. More feathered hooks can be hauled per day.

"The feather hooks continue to fish as long as they are in the water. The baited hook fishes only as long as the
bait stays on the hook or until the bait spoils. This is an important factor when poor weather prevents daily
hauling of the gear. Higher catches are experienced on the feather hooks after several nights fishing. There is no
difference in the average size of fish caught on either the feather or baited hook."
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REFERENCE #: A009

Lokkeborg, S., A. Bjordal, and A. Ferno. 1989. Responses of cod (Gadus morhua) and haddock
(Melanogrammus aeglefinus) to baited hooks in the natural environment. Can. J. Fish. Aquat. Sci. 46: 1478-
1483.

C. Selectivity

The authors used underwater television, suspended from an oil platform in the North Sea, to observe the
behaviour of cod and haddock towards baited hooks. The paper's observations are based on 2956 cod and 860
haddock. Behaviour is only reported for hooks baited with mackerel. Many observations are presented, some of
which follow:

"Both species exhibit a diel rhythm of feeding activity, most pronounced in cod, with an increase at dawn and a
decrease at dusk. The activity rhythm of cod changed from bimodal with peaks in the morning and afternoon in
September, to unimodal in December."

"Activity in fish decreased at high current velocities. Both cod and haddock swam upstream towards baited
hooks. More haddock responded to the bait than cod, but haddock showed a less intense response characterized
by biting repeatedly at parts of the bait, whereas cod completely ingested the bait and thereby increased the
probability of getting hooked.""...the hooking probability for haddock was 0.11 (calculated as the ratio between
number of hooked fish and number of bites, 52/456). The probability of being hooked was twice as high in
September (42/284=0.15) as in December (10/172=0.06)."

Cod responded to struggling hooked haddock. "Of the total number of cod hooked on mackerel bait, 50% were
hooked while another fish was making an intense response as jerk or rush. Attacks by cod towards hooked
haddock were also observed." "The hooking probability for cod was 0.37 (16/43), significantly higher than for
haddock...The probability of being hooked was 52% higher in September than in December..." Cod and haddock
vertically migrate off the bottom at night possibly accounting for the low activity observed during that period.
The differences between September and December observations may be related to spawning.

"A small bait increases the probability of fish biting the hook. Smaller bait size could, on the one hand, increase
the hooking probability for haddock. Cod can, on the other hand, take larger baits into the mouth, and the bait
size will not influence the hooking probability to the same degree...For such species, like cod, a bait that
effectively triggers biting and swallowing is perhaps more crucial than gear design in the overall efficiency of
the longline."
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REFERENCE #: A010

Huse, I. and A. Ferno. 1990. Fish behavior studies as an aid to improved longline hook design. Fisheries
Research 9: 287-297.

A. Gear Construction and Operation

The paper briefly describes the two basic hook designs referred to as the Atlantic-type and the Pacific-type
(Ruvetus hook). The Atlantic-type was originally made of bone with some hooks dating from 7000 BC. Bronze
versions of this hook were used in 200 BC and are very similar to the present form. "The hook has a barb; the
point is close to parallel with the shank, pointing in the same direction as the eye end of the hook, forming a
semicircular hook head."

The Pacific-type hook were made of wood and bone. This design originally did not have a barb; the point itself
served the barb function of keeping the hook in place in the fish mouth. The point curved around pointing to the
shaft rather than the eye end. New versions of this hook have barbs, but the hooking principal is the same.

Recent hook design efforts have focused on facilitating baiting and gear handling.

C. Selectivity

Observations were made of the behaviour of cod and haddock towards baited hooks. The behaviour patterns
were standardized and recorded for both species. The paper presents the results as a matrix of transitions from
one behaviour to another. There was some evidence of hook-avoidance learning in the experiments. There were
some marked differences between cod and haddock in their behaviour towards the hooks.

Several experimental hook designs were constructed and tested. The design was based on an hypothesis
formulated from the behaviour work; hooks with points toward the line of pull will catch more fish than those
with points parallel to the line of pull.

The experimental hooks caught more fish than the standard hooks in all experiments. In one experiment, the

increase in catch was 34%. In another experiment, where there was a high proportion of swallowed hooks, the
results were not as clear.
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REFERENCE #: A011

Matthews, P. 1990. A blueprint for the year 2000. Longlining Symposium, Halifax, Nova Scotia. 17 p.

F. Management Issues

This presentation compared operating and fixed costs for three different types of trawlers and longliners.
Assumptions included that the vessels operated out of Nova Scotian ports in a manner appropriate for their size,
stocks were at reasonable levels, there were no catch limits, and the vessels were new. Crew costs were
excluded.

The results, based on straight operating costs and fixed expenses, find that a 65-foot and 90-foot trawler have the
lowest cost per pound of fish landed ($0.21 and $0.27) and a 150-foot trawler the highest ($0.31). The longliners
fell in between at $0.24, $0.25, and $0.27. One comparison, between a 99-foot longliner and a 90-foot trawler,
found the longliner fishing 10 more days per year but catching a half million pounds (25%) less fish than the
trawler.

The author then goes on to discuss the environmental costs of fishing by asking whether trawler fishing has
turned the fishery into a non-renewable resource (resource extraction exceeding regenerative capacity). He
believes that the true cost of catching fish must include the environmental costs. As an example, he cites that
longliners catch fish in the 20-30 pound range versus 3-7 pound fish caught by trawlers. Trawlers thus catch
three to seven times more fish than trawlers for the same landed weight. Longliner discard rate is only 0.002
percent.

Costs that need to be quantified include immature fish tonnage, lost spawning potential, community costs (plant
shut downs due to over-harvest), enforcement and management. If the true costs were calculated, the author
believes trawling costs would be significantly higher than longlining. He believes that Canadian managers have
neglected the impact of fishing technology, and that the root cause of the fishery problems is the trawler.
"...getting the resource to long term sustainability is the only basis for a successful commercial fishery.."
Destructive fishing methods must be phased out by phasing in more appropriate harvesting technology using
catch based incentives (more quota).

Hooks are easier to manage because hook size can not be tampered with as mesh can. There are limits to the

number of hooks that can be fished per day. The author ends his remarks with management measures that can be
used on trawlers, longliners, and gill netters.
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REFERENCE #: AO12

Ralston, S. 1990. Size selection of snappers (Lutjanidae) by hook and line gear. Can. J. Fish. Aquat. Sci. 47:
696-700.

C. Selectivity

"There has been no coherent development of theory concerning the manner in which fish hooks sample a
population...To determine which type of curve (logistic or normal) best describes the selective sampling
characteristics of fish hooks, an experiment was conducted in the Marianas Islands during 1982-84. During all
fishing operations two different hook sizes (#20 and #28) of circle fish hooks were fished simultaneously and in
equal number." The length-frequency ratios of snapper were used to then determine the best curve fit.

Over 7000 thousand fish, consisting of more than 30 species, were caught. Analysis looked at 86% of the catch
which consisted of four snapper species.

"While small hooks caught substantially more small fish, large hooks were somewhat more effective in capturing
the larger size classes." The results do not clearly support the gill net or trawl type models of selection.
Increasing hook size shifts the selection curve to the right, but also shows increasing catchability. "Thus, the
assumption that catchability in the fully vulnerable size range is independent of gear size is too simplistic."
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REFERENCE #: A013
Aguilar, R., J. Mas, and X. Pastor. 1992. Impact of Spanish swordfish longline fisheries on the loggerhead sea
turtle, Caretta caretta, population in the Western Mediterranean. Greenpeace Mediterranean Sea Project,

presented at 12th Ann. Wkshp. on Sea Turtle Biol. and Consv., Feb. 25-29, Jekyll Island, GA, USA. 9p.

A. Gear Construction and Operation

A fleet of 60-80 Spanish vessels, typically 15 m wood boats of 40 gross tons and 300 HP, longline for swordfish
with eight man crews. Their gear consists of a 300 m surface main line with 12 hooks (90 mm per 35 mm), 20 m
apart, attached using 25 m snoods. As many as 200 of these main lines are attached together, reaching lengths of
60 km with 2400 hooks. Hooks are baited with flying squid, mackerel, and gilt sardine. Sets are made at sunset
and hauled at sunrise. Bycatch consists of turtles, stingrays, sharks, and tuna.

D. Incidental Fishing Mortality

"More than 20,000 subadult loggerhead turtles are incidentally captured every year as a result of the Spanish
longlining fishery activities. Turtles are usually released alive with the longline hook still lodged internally.
However, at least 20% of the sea turtles captured by this fishing gear could eventually die, due to the injuries
caused by the hooks."

"Observers onboard 26 fishing boats during a period of 143 days, between the summer months of 1990 and

1991, recorded the captures of 1,098 loggerhead (Caretta caretta) and two leatherback (Dermochelys coriacea)
sea turtles. 94% of the turtles captured while observers were onboard were tagged and released..."
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REFERENCE #: A014

Lokkeborg, S. and A. Bjordal. 1992. Species and size selectivity in longline fishing: a review. Fisheries
Research 13: 311-322.

C. Selectivity

This paper is a general review of longlining examining the impact on selectivity of various factors including fish
distribution, fishing strategy, feeding range, fish competition, type and size of bait, and hook design.

The literature reviewed indicates that fishing location plays a key role in species composition of the catch. The
location of the hook in the water column as well as the hook position relative to the bottom are important factors.
Species composition can change seasonally in a particular location.

Bait is the most important factor affecting species selectivity of hooks. Different species have different
preferences for bait type and this preference can vary seasonally. Bait size may also have a species selective
effect.

Hook size and shape plays a role in species selectivity. Larger and stronger fish species have a different
probability of being hooked than smaller and weaker species. Even similar sized species, such as cod and
haddock, have shown differences in catch rates between hook designs.

Bait is probably an important factor affecting the size selectivity of hooks based on studies that have found a
linear relation between predator size and optimal prey size. Field work has found that larger baits caught larger
cod independent of hook size.

There is contradictory information about hook size and size selectivity within the range of commercial hook

sizes that would be used for a particular fishery. Moderate changes in hook size may not affect size selectivity.
Hook spacing may also have an effect on size selectivity.
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REFERENCE #: A015

Skillman, Robert A., 1992. Leatherback turtle captured by ingestion of squid bait on swordfish longline. Fishery
Bulletin, U.S. 90:807-808.

This paper reports capture of a leatherback turtle, Dermochelys coriacea, by longline gear while fishing for
swordfish in the eastern Pacific. The leatherback is listed as endangered under the U.S. Endangered Species Act,
the International Union for Conservation of Nature, and the Convention on International Trade in Endangered
Species. While ingestion of baited hooks has not been reported in the literature, entanglement has been reported
with lobster pot lines, drift nets, pelagic longline, gillnets, and swordfish tangle nets.

In January 1991, a leatherback turtle was hooked and released alive at 26°58.3' N, long. 168°53.5'W, while
experimental longline fishing operations were being conducted. The hook line could be seen coming from the
turtle's mouth. (The turtle's long flippers have been hooked in other tuna and swordfish longline interactions.)
The turtle was caught in 2400 metres of water at 21.4°. The longline gear consisted of 16 km of 4.0 or 3.2 mm
monofilament main line suspended with floats every 3 hook lines. The turtle was taken on the first hook of a 3-
hook basket located about mid-set. Each hook was baited with a whole, Argentinean squid. An estimate of time
of hooking is not available, though gear was set between 1818h and 0907h the next day.

Other researchers have suggested the potential importance of bioluminescence to turtles during the night or on

deep dives when preying upon free-swimming tunicates. The chemical light sticks used to attract swordfish may
have attracted the leatherback to the gear.
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REFERENCE #: AO16

Lokkeborg, Svein, 1990. Reduced catch of under-sized cod (Gadus morhua) in longlining by using artifical bait.
Can J. Fish. Aquat. Sci., Vol. 47, 1990.

This study describes how the shape and size of artificial bait affects the size of cod caught compared to natural
shrimp bait. Manipulating the size of fish harvested has mostly been approached with different gear
configurations, as opposed to selection by line fishing. Other studies have shown that both hook and bait size
may influence the size of fish caught.

Fishing trials were conducted during the spring fishery for Atlantic cod on a commercial longliner operating off
the coast of Northern Norway. Experimental longlines were baited with two baits - one artificial and the other,
natural - in clusters of 48 similarly baited hooks. The artificial baits were composed of reinforced polyurethane
foam injected with feeding attractants similar to those found in natural shrimp bait. The natural bait (Pandalus
borealis) was of generally one size (mean 79x33x14 mm), which was larger than the small, medium, and large
sizes of the artificial bait (large size being 50x20x8 mm).

The length distribution of the catch was influenced by both bait type and bait size. In all comparisons artificial
baits caught a lower number of small cod, whereas there was no difference in the number of large cod. Mean cod
length was therefore higher on the artificial baits. The proportion of under-sized cod (<42 cm) caught on
artificial baits was significantly lower than for natural shrimp bait.

Preference by small cod for natural shrimp bait may be based on discrimination between the different shapes of
natural and artificial baits. Since larger cod have a greater diet breadth, this preference by small cod may also
reflect a restrained response towards attacking novel prey, or differences in texture and taste. The present results
indicate that the size selectivity of this gear could be further improved by using baits of certain shapes and sizes.
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REFERENCE #: A017

Yetman, L., L. Hogan and M. Lacey. 1991. Longline hook selectivity study - south coast of Newfoundland.
Atlantic Fisheries Adjustment Programme Project Report 1991-181.

A. Gear construction and operation

This study compared the sizes of cod caught using four different hook sizes: #16, #15, #14 and #6/0. All were J-
hooks produced by O. Mustad and Son. The #16 hook was generally preferred by fishermen, and the object was
to compare the catch of those hooks with the larger #15 and #14 and the differently-shaped #6/0. Work was
conducted on the south coast of Newfoundland in January to March 1991.

The #16 and #6/0 hooks were the most effective at catching fish. However, the larger #14 hook caught the same
number of large fish but fewer smaller fish

“There was a relationship between the size of hook used and the size of fish that the fish catches. That is, larger
hooks are more selective, catching fewer small fish.” p. 17

F. Management issues

“Changing to larger hooks could result in a reduction of profit for fishermen. With this, two scenarios are
possible. One involves the fishermen changing to larger hooks without increasing the number of hooks fished
above normal, resulting in a drop in catch. The second involves the fishermen changing to larger hooks and
increasing the number of hooks fished to compensate for lost catch, leading to increased operating costs.” p. 17
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Seabirds on Hook Gear

and in Gill Nets
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REFERENCE #: B0O1

Cornelisse, K.J., and K.D. Christensen, 1993. Investigation of a cover net designed to reduce southern cormorant
(Phalacrocorax carbo sinensis) fisheries depredation in a pound net. ICES J. mar. Sci., 50: 279-284.

A cover net was placed over the pot of a pound net to determine if cormorant predation on Atlantic herring, cod,
and flounder would decrease, and thereby increase the total catch. The protected southern cormorant population
in Denmark has grown to 33,000 breeding pairs from a few hundred pairs in the 1960s. Cormorants commonly
feed at pound nets, and conflict between fishermen and cormorants has intensified. Over the years methods of
deterrence have been investigated, though cover nets have not been used to date.

A 17 mm mesh bar net was stretched over and tied to the upper edge of a pound net pot, and hung down just
below the surface of the water. Cormorant activity was monitored inside and out of the net, with and without a
cover net in place during periods in the morning and afternoon. Total catch was compared with and without the
cover net in place.

The total number of cormorants observed did not differ with and without the cover net in place. The total daily
number of fish caught with and without the cover net was not significant, and individual species (herring, cod,
and flounder) were not significantly affected by the presence or absence of the net.

Cormorants quickly adjusted to the cover net. A narrow strip around the inside edge of the pot where the cover

net did not touch the surface of the water allowed cormorants to dive into the pot. This may be prevented by a
floating net; studies using a floating 100 mm mesh cover net are recommended.
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REFERENCE #: B002

Brothers, N., A. Foster and G. Robertson. 1995. The influence of bait quality on the sink rate of bait used in the
Japanese longline fishing industry: an experimental approach. CCAMLR Science 2:123-129

A. Gear Construction and Operation:

In the Japanese tuna longline fishery the rate at which baited hooks sink once deployed is an important factor
contributing to seabird mortality and the associated economic cost to fishermen of bait loss incurred by birds....
The likelihood of successful bait strikes and subsequent hooking of seabirds should decrease with increased bait
sink rates, particularly if the baits can be made to sink to a depth greater than that achievable by diving birds
within the area astern of a ship that is protected by a bird scaring streamer line.

The purpose of this study was to determine the sink rates of bait of different species, size and condition (thawed
or frozen), and to examine the contribution to sink rates of adding weight to baited hooks.

The most powerful effect was due to the condition of the samples when deployed: all thawed baits sank and all
frozen baits floated.

For the bait species tested the results indicate:

(a) thawed bait with deflated swim bladders sank while most frozen baits floated. Baits that are totally thawed
when deployed by Japanese vessels longlining for tuna are therefore less likely to be eaten by seabirds.

(b) inflated swim bladders caused some specimens to float when thawed. Fish belonging to species suspected of
maintaining air in their swim bladders when caught should be spiked to expel air before they are to be used as
bait.

(c) the sink rate of baited hooks was greatly improved by adding lead sinkers to hooks (e.g. a 20 gram sinker to a
conventional 20 gram tuna hook).

Assuming the sink characteristics of these baits resemble those of bait deployed from a longliner, it is possible to
speculate on the protection afforded by the bird scaring streamer line during line setting. At a line setting speed
of 10.5 knots, baits will be left astern at a rate of 5.4 m/sec. This means that the fastest sinking baits would still
only be at a depth of 1 m when 31 m astern, 2 m at 62 m and 3 m at 93 m. At the latter distance from the ship the
bait can be protected by a properly constructed and deployed streamer line, and should be too deep to allow
direct attack by albatrosses. In contrast, the slowest sinking baits would not reach a depth of 3 m until over 400
m astern, which is about 300 m or 1 min beyond the protection zone of the streamer line.
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REFERENCE #: B003

Klaer, N. And T. Polachek. 1995. Japanese longline seabird bycatch in the Australian Fishing Zone April 1991 -
March 1994. CSIRO Division of Fisheries Report, Australia

B. History and Statistics

The Japanese longline fishery for southern bluefin (SBT) tuna is the largest fishery which is likely to have
significant takes of albatross. While global Japanese effort targeting SBT has decreased recently, about 1/3 of
the effort occurs in Australian waters. This report uses observer and logbook data from vessels fishing within the
Australian EEZ to examine the effect of variations in fishing practices on seabird bycatch rates.

C. Selectivity

Almost all of the birds which were retrieved dead during hauling were hooked during line setting. The authors
found that catch rates varied with season and area, as well as interannually. A number of mitigation measures
were shown to be effective in reducing seabird bycatch rates including: setting the longline in the dark rather
than in daylight, the use of tori poles and lines which frighten birds away from baits floating near the water
surface, use of bait throwing machines which reduce the time that baits float near the water surface, and the use
of thawed baits which sink more quickly than those which are frozen. However, there was insufficient
information available in most cases (except for night setting) to accurately estimate the degree of effectiveness of
each mitigation measure.

D. Incidental Fishing Mortality:

The overall seabird catch rates during both 1992 and 1993 were 0.16 birds per 1,000 hooks. The figure for 1991
was lower at 0.08 per 1,000 hooks, but the authors cite several factors which suggest the 1991 data were not
representative.

For the three years examined, black browed and shy albatross appeared to be caught in the greatest numbers,
while catches of yellow nosed, wandering and grey headed albatross were also significant. Individual species
catch proportions varied considerably from year to year.
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REFERENCE #: B004

Anon. 1996. Report of the CCAMLR Working Group on Fish Stock Assessment, Hobart, Australia, 10-18
October 1995.

B. History and Statistics

Catches of this Patagonian toothfish in the waters of the southwest Atlantic (South Georgia and adjacent high
seas) have ranged between 4,200 tonnes and 8,500 tonnes over the past five years, including increasing amounts
of so-called illegal fishing (i.e. out of season, no licence).

C. Selectivity

One working paper reviewed by the Working Group documented seabird bycatch by Chilean and Argentinian
vessels. An overall lower catch rate compared to earlier years was attributed to a combination of night-time
setting, fishing later in the breeding season of the most vulnerable seabird species and the use of streamer lines.
Seabird catch composition had also changed, with a far lower percentage of the catch being albatross and
corresponding increase in petrels. The Group noted that this change was probably due to the setting of the lines
at night, and emphasized the need to use streamer lines at all times.

F. Management Issues

CCAMLR has adopted Conservation Measure 29/XIV concerning the reduction of seabird bycatch. Among its
provisions:

- fishing must be done in such a way that the hooks sink as rapidly as possible: only thawed bait can be used

- lines must be set at night, and deck lighting must be kept to a minimum

- the dumping of offal (which attracts birds) should be avoided as much as possible during line setting or
discharged on the opposite side of the vessel

- a streamer line must be used during line setting (detailed specifications are included) .
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REFERENCE #: B005
Brothers, N. 1995. An investigation into the causes of seabird mortality and solutions to this in the Spanish
system of demersal longline fishing for Patagonian toothfish Dissostichus eleginoides in the South Atlantic

Ocean. Report prepared for Consolidated Fisheries Limited, Falkland Islands.

A. Gear Construction and Operation

This report examined the Spanish System of longlining, in which one heavy 20 mm line is connected by 30 m
long joining lines to a 4 mm diameter hook line. The hook line is weighted at 35 m intervals with stones, and the
hooks are placed on 1 m nylon snoods at 1.2 m intervals between the stones. Generally 2 of these lines were set,
each about 10 km long with 10,000 hooks.

B. History and Statistics

The fishing grounds were in the Falklands Outer Fishing Zone

C. Selectivity

The study made a number of recommendations for reducing the incidental mortality of seabirds, and noted the
advantages and disadvantages for each recommendation:

- adopt a fishing strategy using only one, longer fishing line

- confine line setting to night-time

- avoid use of line tension to pull stones off the ship, either by having crew push them or by some mechanical
process

- discharge offal from opposite side of the ship to that from which the line is set

- discharge homogenized offal, not large solid pieces of offal

- detailed recommendations on stone weight and spacing

- use bird scaring line or lines

The author also urged that fishing vessels which have a history of high bird bycatch NOT be left out of the
fishery, as that would mean that these vessels will simply move elsewhere to fish with the same problem. Rather,
these vessels should be targeted for observers in order to determine, and then rectify, the reason for their high
bycatch rate. He also noted that fishing technology will evolve, with consequences for bird bycatch. New
technologies should be assessed before they are adopted in order to avoid or adapt those with negative results for
bycatch

D. Incidental Fishing Mortality

A total of 42 seabirds were caught on 38 lines: 37 albatrosses, 3 Cape petrels and 2 southern giant petrels. All
were caught on lines set at night.
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REFERENCE #: C001

Goujon, M., L. Antoine, and A. Collet, 1993. Incidental catches of cetaceans by the French albacore tuna driftnet
fishery - preliminary results. ICES Statutory Meeting, N:13 Ref. H.

Not to be cited without prior reference to the author

This study is part of a two-year research program to assess the ecological risk of the Northeast Atlantic French
driftnet fishery, which uses 5 km long nets to catch albacore tuna during the summer. In 1992, the European
Council banned the use of driftnets longer than 2.5 km in the French community tuna fleet, following a
recommendation by the United Nations. Vessels fishing for albacore tuna with driftnets in the Northeast Atlantic
were exempt. Subsequently, the French Ministry of the Sea solicited data to assess the ecological impacts of the
fishery.

In 1992, observers monitored forty percent of the exempted fleet for bycatch and incidental catch. Eighty-five
percent of the catch in the driftnets was albacore tuna. Four hundred seventy-five cetaceans were caught,
representing 0.17% of the overall catch. The total number of cetaceans incidentally caught by the exempted and
non-exempted fleet is estimated to be 1700 individuals. Principal cetaceans involved are the striped dolphin
(69%) and the common dolphin (24%). Incidental catches occur during the whole season from May-September,
with the greatest number per fishing operation occurring in August and September. Calves of the year represent
almost half of the incidental catches.

These results are preliminary. Further discussion will follow after receiving a progress report from studies done
on the biological samples from the cetacean mortalities.
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REFERENCE #: C002

Jefferson, Thomas A. and Barbara E. Curry, (1994). A global review of porpoise (Cetacea: Phocoenidae)
mortality in gillnets. Biological Conservation 67, 167-183.

This paper reviews known incidental takes of six species of porpoises throughout the world, including
information on species distribution and abundance, and the status of affected populations. Gillnet fisheries
present a major problem for all six species of porpoises (the term gillnet in this paper is used to describe passive
nets and includes setnets, driftnets, and trammel nets). The most threatened species is the vaquita, in danger of
extinction due to catches in gillnets.

Gillnets represent the single most important threat to porpoises as a group. Following is a list of the porpoises,
and the areas in which they are affected:

Species Geographic region of impact
Harbor porpoise, Phocoena phocoena North Pacific

western and eastern North Atlantic

Vaquita, P. sinus Gulf of California, Mexico
Burmeister's porpoises, P. spinipinnis South America (mainly Peru)
Spectacled porpoises, Australophocaena southern South America
dioptrica
Dall's porpoises, Phocoenoides dalli western North Pacific
Finless porpoise, Neophocaena China
phocaenoides

Precise areas, fishery type, and known and estimated takes are tabled for each species.

Recommendations:

According to the authors, "there is a lack of understanding of the reasons why porpoises become entangled in
gillnets. Studies of gillnet detection are needed, though technological solutions may not be the only answer to
reducing incidental takes of porpoises. Other solutions may be to 1) ban the use of gillnets, 2) require fishermen
to switch to more selective gear, or 3) enforce time and area restrictions on gillnet use. Fisheries where
incidental takes are not fully known should be monitored with 100% observer coverage. In addition, fishermen
must be included to a greater degree in documenting, studying, and solving the problem of porpoise
entanglement. Where closures or gear bans are in effect, government and private organizations should be willing
to provide economic incentives to fishermen for their cooperation. Solutions to the porpoise bycatch problem
will entail combinations of technological developments, scientific discoveries, management enforcement actions,
educational programs, cooperative studies, and economic and social reforms."
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REFERENCE #: C003

Klinowka, M., D. Goodson, and P. Bloom, 1992. Progress in the development of efficient warning devices to
prevent the entrapment of cetaceans (dolphins, porpoises, and whales) in fishing nets. ICES C.M./N:17-Ref. B.

* Consulting authors before citation recommended

Two field experiments are described to test whether dolphins are able to detect with their sonar emissions nets
equipped with passive acoustic reflectors. This approach to reducing incidental mortality of cetaceans in fishing
nets considers the animals' behaviour and sensory abilities. If proved successful, reflectors on nets would also
assist in the retrieval of lost nets using ship sonar. This would help prevent another danger to marine life, and
reduce financial loss to the fishing industry.

Non-acoustic approaches to avoiding cetacean by-catch entails either modifying fishing gear, or modifying how
the gear is deployed. The latter involves orienting the gear in such a way as to not interfere with the
environmental cues the cetacean is using to navigate. Work has been done in modifying gear which indicates that
lowering the head rope of the net below the surface greatly reduces the by-catch of sea birds, and may mitigate
cetacean entanglements. In addition, certain chemicals treated to nets could serve as a warning signal to animals.

Acoustic approaches may be active (such as pingers which emit a pulse frequency sound) or passive, described
here. The idea behind the passive reflector is that it will make the net more detectable to the dolphin by altering
the interface between the net and water. The "acoustic transparency of the net is probably a major cause of the
dolphin's perception problem."

Field tests took place in the Moray Firth, northeast Scotland. In the first test, researchers deployed a 200 m
headrope with rope tails attached, on which the reflectors were placed at 2 m intervals. No net webbing was
present. Over a period of several days, no dolphins attempted to penetrate the barrier of prototype acoustic
reflectors. Data obtained were limited, and the reflectors need refinement, though the initial results were
promising. In the second test researchers deployed a net with unmodified net panels and panels with reflectors.
This was performed to test gear deployment, and how the gear would be perceived 'acoustically' by the dolphin.
While successful in providing sidescan sonar images of normal and modified net panels, the experimental
method for attaching the reflectors proved unsatisfactory in several respects in a working environment.

The potential for an acoustic engineering approach to mitigate cetacean by-catch should be assessed further.

"While it is clear that no single modification of gear or deployment is likely to provide complete protection, a
combination of techniques, possibly specific to the fishery and area in question, could be effective."
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REFERENCE #: C004

Kraus S., A. Read, E. Anderson, K. Baldwin, A. Solow, T. Spradlin, and J. Williamson, April 1995. A field test
of the use of acoustic alarms to reduce incidental mortality of harbor porpoises in gill nets. IWC report
SC/47/SM17, 28 pp.

This study tests whether acoustic alarms set in gill nets are an effective means of reducing the incidental catch of
harbor porpoises in the Gulf of Maine. Harbor porpoises have been subject to a significant level of incidental
mortality in gill nets targeting demersal fish species. The effect of these mortalities on the porpoise population
has provoked efforts to list the species as 'Threatened' under the U.S. Endangered Species Act. The New
England Fishery Management Council has regulated specific areas closed to fishing where harbor porpoises are
subject to by-catch. Some view closures and further sanctions under the ESA, however, as threats to the future of
the sink gill net fishery in New England.

In autumn of 1994 a field test of acoustic alarms was conducted off the coast of New Hampshire where large
numbers of porpoises are known to be taken (primarily Jeffrey's Ledge). Fifteen fishermen set strings of nets
and observers were placed on vessels to record data. Each string was comprised of 12 nets equipped with either
13 active or 13 control alarms placed 300 feet apart. Active alarms produced a signal centred at 10 kHz with a
source level of 132 dB, emitting only when submerged in water, and control alarms were silent. Neither
fishermen nor observers were aware of which alarms were active or control.

Active and control strings were set in similar water depths and locations, and soak times were similar. Control
and active strings captured similar quantities of cod and pollock, and herring was caught less frequently in active
strings. Two harbor porpoises were captured in 423 active strings and 25 were taken in 421 control strings. The
use of alarms caused no adverse effects on targeted commercial fish, nor on the frequency of damage to the catch
caused by seal predation.

According to the authors, "the use of acoustic alarms appears to hold considerable promise as a mitigation
measure to reduce the number of harbor porpoises killed in sink gill nets in the Gulf of Maine." The porpoises
may be responding directly to the sound produced by the alarms, or they may be affected indirectly by the
behaviour of herring, a primary source of prey in the Gulf of Maine. Unlike other fishes, herring have an
unusual capacity for high-frequency hearing, sensitive to up to 10 kHz.

"To ensure that the incidental catch of harbor porpoises in the sink gill net fishery of the Gulf of Maine is as
effective as possible, we recommend that alarms be used in conjunction with existing area closures. We
provisionally recommend that alarms be built to standard specifications (described), with a minimum standard of
3 months of underwater life required for commercial alarms (low maintenance)."
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REFERENCE#: C005

Perrin, W.F., G.P. Donovan and J. Barlow [ed]. 1994. Gillnets and cetaceans. Report of the International
Whaling Commission. Special Issue 15. vi+629 pp.

This volume contains the report of a symposium and workshop which was held in October 1990 to (i) identify
and describe net and trap fisheries which entangle cetaceans, (ii) investigate why and how entanglement occurs,
(iii) estimate mortality and its impact on the populations and (iv) to consider possible ways to reduce net-caused
mortality. Note that only passive gear was considered, and the impact of active gear such as seines and trawls
was ignored. The report provides a comprehensive survey of fisheries throughout the world which were known
to catch cetaceans as well as a review of those aspects of cetacean physiology, behaviour and morphology which
could affect entanglement. The final section of the report considers approaches to mitigating the mortality
including modifications to nets, time and/or area closures, outright bans of certain gears or practices and others.

Among the many conclusions of the report were:

U cetacean populations in general seem unable to sustain kill rates of more than a small percentage of the
population per year, such that even rates as low as 2% per year may not be sustainable;

o the impacts of coastal gillnets and traps were especially important;

. the data then available indicated that several populations were unable to sustain current levels of

entanglement mortality (vaquita in the Gulf of California, baiji in the Yangtze River, Indo-Pacific
hump-backed dolphins on the Natal coast, striped dolphins in the Mediterranean, harbour porpoises in
the western North Atlantic, bottlenose dolphins on the Natal coast); other populations could also be
affected but insufficient data were available;

. wherever cetaceans and gillnets are found in the same area, at least some cetaceans are caught;
. there is no universal cause or solution to cetacean entanglement;
. small cetaceans have sensory abilities which can detect the rigging and webbing of gillnets and other

passive gear, though less is known of the sensory abilities of large cetaceans.

The report’s recommendations included:

o the collection of better data on fisheries and their cetacean bycatch;

. that new fisheries should only be opened after a rigorous assessment of its impact on target and non-
target species, including cetaceans;

. further research is needed on the causes and solutions of cetacean entanglement;

. studies on solutions to cetacean bycatch should consider the impact on the bycatch of other species;

o significant technological changes in fisheries should be preceded by an assessment of their likely
impacts.

The volume also contains 43 papers which review the entanglement of cetaceans in specific fisheries. Eight
others examine possible causes and solutions in some detail, including a theoretical discussion of sonar detection
of gillnets by dolphin (W.W.L. Au), two reviews of the potential for reduction of entanglement by acoustic
modifications to gillnets (A.D. Goodson et al. and S.M. Dawson - see Annotated Reference XXX) and a
description of the response of harbour porpoise to gillnet modifications (Silber et al.).
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REFERENCE #: C006

Dawson, S.M. 1994. The potential for reducing entanglement of dolphins and porpoises with acoustic
modifications to gillnets. pp 573-578 in Perrin, W.F., G.P. Donovan and J. Barlow [ed]. Gillnets and cetaceans.
Report of the International Whaling Commission. Special Issue 15. vi+629 pp.

Frequent proposals have been made to render gillnets more acoustically visible to small cetaceans and thus
reduce incidental mortality. This paper reviews the results of several such experiments, the difficulties inherent
in this approach and makes specific recommendations for managing the bycatch problem.

In order to be accepted and effective, net modifications must meet several conditions: they must have reasonable
longevity under actual commercial fishing conditions; the modifications must be safe to handle, reasonably
lightweight and inexpensive; they must not decrease the catch rates of the target species.

A number of experiments have been conducted to increase acoustic visibility, but with limited success. Japanese
workers intertwined three air-tube threads into the central band of a standard gillnet, which reduced
entanglement by about 20% in four of the six seasons it was tested. In other nets, three multifilament threads
were interwoven into the central band. Results were variable, with significantly lower entanglement in some
seasons and insignificant differences in other tests. In one test the multifilament net caught more porpoises than
the air-filled net. The insertion of metal bead chains into nets did not significantly reduce dolphin entanglement;
indeed, in one season, it even increased the catch rate, though insignificantly.

The author discusses possible reasons for these sometimes conflicting results. Few of the experiments were
conducted following a balanced design, with equal numbers of modified and unmodified nets. Further, the
strategy of increasing target strength relies on the assumption that the sonar of cetaceans is unable to detect nets,
which the author doubts. For instance, harbour porpoise can detect nylon filaments of 0.1 mm diameter, yet are
routinely entangled in gillnets made of much thicker fibres (0.8 mm). Increasing acoustic visibility is useless if
the cetaceans are not using their sonar when they encounter the nets, and it is noted that no study has quantified
the amount of time which free-ranging dolphins and porpoises spend echo-locating, which would be a very
difficult task. Finally, it is possible that cetaceans lack a ‘search image’ which interprets echoes from gillnets as
an impassable barrier.

The effective use of active sound emitters to reduce entanglement of cetaceans require that the sound frightens
the cetaceans from the nets but has no such effect on the target fish. Habituation could also be a problem.

The author urges two possible courses of action:
(i) abandon work on acoustic gillnet modifications and concentrate on time/area closures and/or gear
restrictions to achieve the necessary reductions in incidental catch, or
(ii) if acoustic approaches are to be pursued, use experiments of balanced design, using power analysis
to determine the appropriate scale for the work.
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REFERENCE#: C007
D. Potter, T. Smith, D. Palka and F. Serchuk. 1996. Further results from experimental fisheries using acoustic
devices to reduce harbor porpoise bycatch. Paper SMWP 19 submitted to 1996 meeting of the International

Whaling Commission. (mimeo)

A. Gear construction and operation

To test the efficacy of acoustic deterrents (“pingers”) in reducing the entanglement of harbour porpoise in the
Gulf of Maine sink gillnet fishery, short-term experimental fisheries have been conducted during 1995 and 1996
in areas and seasons where bycatch rates have been historically high and which were closed to normal fishing
operations as part of a management programme to reduce bycatch. . Two were conducted on Jefferys Ledge
(autumn 1995, spring 1996), the same area as an earlier 1994 experiment (Annotated Reference C004) and two
in more southerly areas of the Gulf of Maine (Massachusetts Bay, south of Cape Cod, both in spring 1996).
Fishermen were required to use pingers meeting the acoustic standards of the earlier experiment (i.e. signal
centred at 10 kHz with a source level of 132 dB). Data collected by observers were used to compare catch rates
in each fishery to those rates observed in previous years in the same area and time during operations without
pingers.

D. Incidental fishing mortality

Harbour porpoise bycatch rates (number of dead porpoise per observed haul) varied from 0 to 0.10. In the
autumn 1995 experiment, no porpoise were observed in 225 hauls, while data show that in the five previous
years, fishing without pingers during the same season yielded catch rates of 0.02 to 0.03 porpoise per haul. In the
spring 1996 fishery south of Cape Cod, no porpoise were observed in 53 hauls. In the other two fisheries, on
Jefferys Ledge (spring 1996) and Massachusetts Bay, 2 and 9 porpoise were caught in 171 and 88 hauls
respectively. These result in catch rates of 0.01 and 0.10, the same as has been observed historically.

“Although the results of the autumn 1994 experimental fishery were consistent with the results of the 1994 Kraus
et al. scientific experiments, the experimental fisheries conducted in spring 1996 suggest that pingers may not be
effective in reducing by-catch during that season. Further analyses are required to determine the probability of
the spring experimental fishery by-catch rates being observed by chance. Pending these analyses, we tentatively
conclude that there is no evidence that pingers were effective in mitigating harbor porpoise by-catch in the
spring in either Massachusetts Bay or in the Mid-Coast region of the Gulf of Maine.”

The failure rate of pingers was no different from the 1994 experiment and could not account for the lack of
efficacy.

During the 1994 experiment, it was noted that nets with pingers caught fewer herring, a principle prey of harbour
porpoise. Similarly, anecdotal evidence suggests that shad catches have been reduced when pingers are used.
The authors suggest two hypotheses: “First, if porpoise are actively pursuing prey such as herring, and if these
prey species are being deterred from the nets by the pingers (rather than the porpoise themselves), then the by-
catch of harbour porpoise might be expected to be substantially reduced when pinger-equipped nets are used. On
the other hand, if porpoise are feeding on other species of fish that do not respond to the acoustic signals of the
pingers, then by-catch rates in pinger-equipped gear would not be expected to be any different than in non-
pingered gear.”
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REFERENCE #: D001

Kennedy, W.A. 1951. The relationship of fishing effort by gill nets to the interval betw