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EXECUTIVE SUMMARY

This study compared entanglement rates of seabirds and marine mammals and cacch rates of salmon
among up to three experimental gear treacments and a conerol {nylon monofilament netting) and among three rime-
of-day categories in two Washington non-treaty salmon fisheries: the 1996 sockeye fishery in Management Area 7,
the San Juan Istands viciniry of north Puget Sound; and the 1995 fall chum fishery in Management Area 10, south
Puger Sound. Because the scope of activities and seabird interactions were greater in the sockeye fishery than in the
chum fishery, research in the sockeye fishery is emphasized.

This research continued a universiry-industry research program begun in the 1994 non-treary sockeye
fishery and continued in a 1995 sockeye test fishery, Our goal was to develop methods that eliminate or significantly
reduce the incidental caprure of seabirds in salmon gillnet fisheries without significantly reducing the fishing
cfficiency of the nets, This work was funded by a grant from the National Marine Fisheries Service Saltonsrall-
Kennedy Grant Program and by Washingron Sea Grant Program.

Experimental nets incorporated either visual or acoustic alerts into traditional nylon monofilamenc gear.
Visual bartier nets were monofilament nets with highly visible netting replacing the upper quarter (50 Mesh} or
upper cighth (20 Mesh) of the net. Acoustic alert ners were monofilament ners with low frequency sound-emitting
devices (pingers) actached to the corkline. Pingers were tested in the 1996 sockeye test fishery only. Fishing time was
divided into three categories: morning change of light (AM COL), daytime, and evening change of ighr (PM
COL). Puger Sound Gillnerrers' Association fishing vessels were contracted by the Washington Department of Fish
and Wildlife (WDFW) to fish experimental nets in a Washingron State Test Fishery under our research protocol.

During the 1996 sockeye test fishery, we caught 13,151 sockeye salmon in 642 sets during seventeen
fishing trips from 28 July to 29 August. This level of effort exceeded our minimum effort targee of 600 sets by 7%.
During the 1995 chum test fishery, we caught 6,822 chum salmon in 107 sets in eight fishing trips from 25 Ocrober
to 11 November. This level of effort met out minimum effort target of 100 sets. Both test fisheries were highly
selective for the target species relative 1o other salmon species: sockeye salmon accounted for 98.4% of the salmon
caught in the 1996 sockeye test fishery and chum salmon accounted for 99.7% of the salmon catch in the 1995
chum fishery.

In the 1996 sockeye test fishery, common murres were the most abundant seabird in the study area (30.7
sightings/set)—a rate 59 times greater than what we observed in our earlier research in the 1995 test sockeye fishery.
Rhinoceros auklets made up almost all other alcid sightings and were almost three times more abundant in 1996
(4.5 sightings/set) than in 1995. A total of 349 alcids were entangled: 260 common murres (75% of the toral), 87
rhinoceros auklets, onc pigeon guillemot, and one marbled murrelet. Murre entanglement rates were 15 tmes
higher than in the 1995 sockeye test fishery (0.60 murres/set vs. 0.04 murres/se); rhinoceros auklet entanglement
rates were 2.8 times higher than 1995 (0.20 auklets/set vs. 0.07 auklets/set in 1995). Seabird and sockeye zbundance
changed dramatically within the 1996 sockeye scason but in opposing patterns. During the final weeks of the
fishery, sockeye catch rates dropped off to trace levels (about two fish/ser) and murre abundance peaked at near 100
sightings per set.

1n the 1995 chum test fishery, there were fewer alcids present than in either the 1996 or 1995 sockeye
fisheries in Area 7 and abundance patterns were most similar to the sockeye fishery in 1995. Rhinoceros auklets were
the most abundant seabird (0.51 aukler sightings/set) but they were three times less abundant than in the 1995
sockeye and nine times less abundant than in 1996 sockeye test fisheries. Common murres were few (0.1 murre
sightings/set)—five times fewer than the 1995 sockeye test fishery and dramatically fewer {over 300 times) than the
1996 sockeye test fishery. Eleven rhinoceros auklets and rwelve common murres were entangied. Muire and auklet
entanglement rates exceeded those of the 1995 sockeye test fishery by four times and 1.6 times, respectively.

In the 1996 sockeye test fishery, entanglement rates of common murses and rhinoceros auklets and catch
rates of sockeye salmon varied significantly among the experimental gears, time-of-day categories, and lacations
tested; however, the parterns of variation zamong all these factors were species specific. Pinger, 20 Mesh and 50 Mesh
gears cntangled alcids at rates 58%, 5%, and 50% (respectively) of the monofilament control; sockeye carch rates
were 85%, 88% and 39%, respectively. In the 1995 chum test fishery, chum salmon catch rates varied significantly
among the three gear types tested; however, alcid entanglement rates did not.



In the 1996 sockeye test fishery, davtime and evening change-of-light sets (COL) entangled alcids ar rates
of 36% and 68% respecrively of those made during the morning COL, whereas sockeye carch rates were 79% and
74% respectively. In the 1995 chum test fishery, neither alcid entanglement rates ror chum catch rates varied
significantly by the three ume-of-day caregories tested; however, the pattern and magnitude of variarion was similar
to that observed in the 1996 sockeye fishery.

Results of this study identify three basic tools thar can be used to reduce seabird bycatch in Puget Sound
salmon drift gillner fisheries: abundance-based or ecosystem management, alternative gear, and time-of-day. The
dramaric inter-annual and in-season variation of seabird abundance in Puget Sound is the most important facror
determining the rate of seabird entanglements in Area 7. Inter-year and intra-season sources of variation in seabird
abundance provide grear opportunity for improved management of the fishery based on an ecosystem management
concepr.

We confirmed that visual barriers are an effective seabird bycatch reduction tool. The 20 Mesh gear met
our eriginal goal of significanty reducing seabird bycacch without significantly reducing fishing efficiency. It was
tested and proved in multiple fisheries, and was conceived by and endorsed by the Puger Sound Gillnetrers’ Associa-
tion as an acceptable ool 1o reduce seabird bycarch in this fishery. 50 Mesh nets, those with the deeper of the two
visual barriers tested, were eliminated as possible seabird reduction tools because they did not meet goals of the
rescarch program, were impractical to fish, and entangled porpoise. Although pingers have the greatest potential as
tools to reduce seabird bycatch in a wide range of gillner fisheries, we do not recommend these devices as alternatives
for Puget Sound at this time because we believe that they can be improved, results need to be duplicated, and the
prototype device is not commercially available. The time of day that gillnets are fished significantly affects scabird
bycatch rates. Elimination of morning change-of-ligh fishing is likely to reduce most thinoceros aukler enrangle-
ments and consribute significantly to reducing common murre entanglements.

Although seabird bveatch and sockeye catch varied significantly by location, areas of high salmon carch and
high seabird bycatch tended to overlap, eliminating the possibility of significantly reducing seabird bycatch without
significantly reducing salmon catch through zonal or area closures within Management Area 7. Data suggest that
the number of birds in the vicinity of the net is probably the most important factor influencing the entanglement
rates of seabirds, buc that sea state and weather also might be important.

Employing all available tools. fishing 20 Mesh nets at nmes of high fish abundance during openings that
include cither daytime and dusk or daylight-only fishing, have the potential to reduce seabird bycatch by up o 70%
e 75% In years similar to 1996.

Recommendations
Based on this research, we recommend several management actions thar will reduce the bycatch of alcid
seabirds in Puget Sound drift gillne fisheries and enhance seabird conservation in the shared waters of Washington
and Canada. Recommendations focus on institutional change for fishery and wildlife management agencies as well
as fishery practices. We recommend the following:
* Make seabird conservation an objecrive of all fishery management agencies with jurisdiction over Puget
Sound and its adfacent warers.
* Implement seabird bycatch reduction measures that arc comprehensive, extending to all fishers repardless
of country or treaty status.
* Link seabird dara from existing on-coleny, outer coast and Puget Sound survey programs with seabird
abundance darta collected on the fishing grounds.
* Prioritize the development of a comprehensive seabird abundance data set and incorporare it into the
fishery management process via wildlife management agencies responsible for seabird canservarion,
» Manage the fishery interactively using real time seabird and fish abundance dara.
* Eliminate morning change-of-light sets in the gillner fishery and restrict fishing to daylight hours in years
of high murre abundance.
* Require 20 Mesh nets (upper 20 meshes replaced with white, highly visible seine rwine) to replace
traditional monofilament drift gillnets in the Area 7/7A Fraser River sockeye fishery, and allow rime for full
compliance. The effectiveness of the 20 Mesh gear in the fall chum fishery has not beer: proved, and
therefore, is not recommended.
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INTRODUCTION

In 1993 and 1994 the Washington Department of Fish and Wildlife (WDFW) carried ourt observer
programs in Puger Scund non-treary drift gitlnet fisheries to determine the extent to which marine mammals and
marbled murrelets (Brackyramphus marmoratus), a species listed as threatened under the Endangered Species Act in
1992, are entangled in these fisheries. Results showed that marbled murreler and harbor porpoise (Phocoena
phocoenz) entanglements were extremely rare (Plerce er al., 1996), but that other seabirds were entangled at rares
ranging from one bird every five sets in the south Puget Sound chum (Oncorhynchus keta) fishery (Erstad et al.,
1996) to one bird every two sets in the north Puget Sound sockeye (Q. nerka) fishery (Erstad et al., 1994). Based on
obscrver data WDFW estimated that more than 3,500 seabirds were entangled in drift gillners in the 1994 non-
treary sockeye fishery in north Puget Sound (WDFW, unpublished daca).

Most birds entangled during these observer programs were diving seabirds of the family Alcidae, mainly
common murses (Uria 2alge) and thinoceros auklets (Cerorhinca monocerata). Mzhaffy e al. (1994) suggested thar
seabird morralities from net entanglements may contribute to declines of local breeding populations. In general,
alcids are long-lived, low-fecundiry animals with delayed maturity (Tuck, 1960). Up to half the population may
consist of pre-breeders (Hudson, 1985). These life history characteristics make alcid populations highly sensitive to
small increases in mortality rates from both natural and human sources (Hudson, 1985; Ford er al., 1982). Seabird
mortalities in gillnet fisheries are a violation of the Migratory Bird Treary Act (MBTA), a misdemeanor offense.
Unlike the Marine Mammal Protection Act (MMPAY}, the MBTA has no provision for the incidental capture of
protected species. These biological and legal concerns have heightened scrutiny of seabird bycatch in Puget Sound
gillnet fisheries.

Common murres breed on uninhabired, mostly rocky islands along the coast of North America from
central California to the Gulf of Alaska and Bering Sca. Exclusive of the Bering Sea, West Coast common murres
number approximately 3 million to 3.5 million (. Parrish, unpublished dara). Along the Washington coast, murres
aggregate during the breeding season (May through Seprember) on a variery of islands within the U.S. Fish and
Wildlife Service (USFWS) Outer Coast Refuge and on Tatwosh Island (Figure 1), but are known to breed only on
Tatoosh Island (Parrish, 1996). Common murre chicks fledge from California and Oregon colonies in late June te
early July (Beeklheide et al., 1990). Fledging is four to six weeks later on Washington colonies (mid-August to late
Seprember; Parrish, 1996;.

Although the status of common murre populations attending Washington colenies is pootly understood,
the trend appears to be decline. Wichin the Outer Coast Refuge murre colony artendance declined sharply from
about 30,000 birds (1979 o 1982) to a mean of less than 5,000 birds beginning with the El Nifio event in 1983
{Wilson, 1991). From 1991 ro 1996 colony attendance in the refuge has ranged from 565 w0 6,600 and averaged
abour 4,000 birds (Wilson, 1996). There are no dara on the breeding status of these colonies, leaving their biological
significance uncertain. On Tatoosh Istand, murre attendance has ranged from 3,400 ro 4,200 and averaged 3,700
since 1991 (Parrish, 1996). Although murre attendance at Tatoosh Island has been relatively stable in this time,
direct and indirect pressure from bald eagles (Faliaeetus leucocephatus) has led ta chronically depressed reproductive
success and shifts in breeding habitat selection (Parrish, 1996). If trends continue, the Tatoosh colony could be in
serious decline. Based in part on declining population size and depressed reproductive success, Washingron common
murres were recently listed as a species of concern by WDFW (Warheit, 1997). Common murres migrate inte Puget
Sound from coasral colonies beginning as soon as July (Manuwal et al., 1979). Whether they are from Oregon,
California or Washington colonies is unknown.

Rhinoceras auldets breed on vegetated islands along the coast of North America frem California to the
Aleutian Islands (Gaston and Dechesne, 1996). Thirteen percent of the total North American population breeds in
Washington (Gaston and Dechesne, 1996} on Protection and Smith Islands within Puget Sound (2 to 14 nautical
miles fromm the fishing grounds), and on the coast at Destruction Island and several smaller islands including Tatoosh
{Speich and Wahl, 1989; Figure 1). As with common murres, there is concern that some rhinoceros auklet popula-
tions are in decline. On Protection Island, estimates of the number of rhinoceros auklet breeders have declined from

more than 34,000 birds in the mid 1970s (Wilson, 1977} to 25,000 birds in 1993 (U. Wilson, 1997, pers. comm.},
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whereas Smith Island (1,200 birds) and Destruction Island {26,000 birds} populations appear relatively stable
{Manuwal et al., 1979, and U. Wilsen, 1997, pets. comm.}. Protection and Smith Island aukler chicks fledge from
late July 1o early September with 75% fledged in most years by mid-August (U. Wilson, 1997, pers. comm.). This
peak fledging period overlaps peak sockeye fishing activity in the north Puget Sound sockeye gillner fisheries in most
years. The effect of Puget Sound gillner fisheries on thinoceros auklet breeding populations is poorly understood.

Pugee Sound commercial salmon resources are allocated among treaty and non-treaty sectors by gear type
{puse seine, gillner and reef net) and are managed by a complex mix of agreements and treaties. The Area 7/7A
sockeye and she Area 10/12 chum fisheries (Figures 2 and 3} are the largest and most important commercial salmon
drift gillnet fisheries in Puget Sound

The Fraser River sockeye salmon fishery occuts in Puget Scund from early July to early September, but
exact timing varies annually depending on the strength of more than twenty individual runs of sockeye salmon and,
in odd-numbered years, sockeye and pink salmon (O. gorbuscha ). The number of fish available to Puget Sound
fisheries varies based on the size of the total run, the size of individual runs, allocations, and the diversion rate—ithe
ratio of fish returning to the Fraser River via the Juan De Fuca Strait and Puget Sound versus Johnstone Scrait. In
most years, the Fraser River sockeye fishery is managed by the United States and Canada under the Pacific Salmon
Treaty (PSC. 1996). In some years, such as 1994, 1995 and possibly 1997, negotiations between the two countrics
are contentious and management of the fishery can default 1o the individual countries. In this case, management
relies on escapement dara from Pacific Salmon Commission staff. Under the Treaty, the Fraser River Panel is
responsible for in-season management of Fraser River sockeyc and pink fisheries from Vancouver Island south. Panel
decision priorities are 1o achieve gross salmon escapement, international and domestic aliocations, and to address
concerns for other salmon species and stocks (PSC, 1996). The panel modjfies the fishing times stated in the
management plan based on real time data from commercial and test fisheries and Fraser River escapement monitor-
ing programs 1o allow for unexpected developments. At present, seabird bycatch reduction is not 2 priority in these
decisions.

The chum salmon fishery is managed by the WDFW and individual treary tribes under a co-management
system. The chum season occurs typically from mid to late October through late November. The bulk of fishing
occurs in south Puget Sound in Areas 10 and 12 (Figure 3) and targets wild and hatchery fish produced within
Puger Sound watersheds. Non-rreary gillnet openings in both the sockeye and chum fisheries have been traditionally
scheduled from dusk to dawn to reduce gear conflicts with the daylight-dependent purse seine fleet. WDFW has
taken a number of actions in its management of the non-treaty gillnet fleet to reduce the bycarch of marbled
murrelets and alcids in general, beginning in 1994. These actions included implementing area closures to protect
marbled murrelets, restricting gillnet fishing to primarily daylight hours, and requiring gear research (T. Scott, 1997,
pers. comm.). “Treaty Indian fisheries managers implemented seabird surveys to identify high risk areas and subarea
closures beginning in 1995 to protect marbled murrelets in waters adjacent to the San Juan Islands. However,
because the jurisdiction of the Migratory Bird Treaty Act with regard to treaty rights is not established and no
specific conservartion need has been demonstrated for other alcid species in northwest Washington, the tribes have
not yet implemented measures 1o reduce gillner bycatch of other species” (W. Beattie, NWIFC, 1997, pers. comm.).

Drift gilinets used in Washington commercial salmon fisheries are made from single or multi-strand
monofilament nylon (approximately 0.5 mm in diameter). Monofilamenc is effective at catching fish because it is
virtually invisible underwarer. Mesh size is regulared by state law and varies with the species being targeted: sockeye
drift nets use 5 to 6 in. (127 to 152 mm) mesh; chum nets use a2 minimum ruesh size of 6.25 in. {159 mm). In both
fisheries, non-treaty nets are limited to a maximum length of 1,800 feet (549 m). Most sockeye nets are 200 meshes
deep (60 ft or 18.3 m) and chum necs are about 180 meshes deep (66 fr or 20 m). When deployed or “set” the net
remains attached to the vessel throughout the ser, zbour rwo hours.

In 1994 under the MBTA, the U.S. Auorney for the Western District of Washington required the non-
treaty fishing industry as represented by the Puget Sound Gillnetters’ Association {PSGA) to establish 2 five-year
plan to reduce seabird entanglements in Puget Sound gillnet fisheries (T. Zimmerman, 1996, pers. comm.). The
principal component of the plan was to initiate research on gear medifications that might reduce seabird bycarch.
Withour gear research, the most productive fishing area {Area 7) would have been closed to non-treary gillnets
beginning in 1994. Although seabird bycatch has been documented in coastal gillnet fisheries in California
(Takekawa et al., 1990, Wild, 1990}, British Columbia (Carter and Sealy, 1984), and Alaska (Wynne ecal., 1991
and 1992}, as well as many coastal gillnet fisheries in locations throughous the world (Christensen and Lear, 1977,
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Platt ec al,, 1984, Oldén et al., 1985, Strann et al., 1991, Dunn, 1994, Stempniewicz, 1994}, no research specifically
aimed at reducing seabird bycarch by medifying fishing gear has been published.

In the Japanese high seas drift gillnec fishery for flying squid (Ommastrephes bartrami), Hayase and Yatsu
(1993) found that seabird encanglements were significantly lower in nets submerged two meters below the surface as
compared to surface nets. Hawever, fishing efficiency of subsurface nets was greatly compromised. Acoustic alerts
(pingers) have been used successfully to reduce bycatch of hashor porpoise in set gilinets (Kraus et al., 1995, Gearin
cral., 1996) and humpback whales in fish traps (Lien et al., 1992) without reducing the carch rare of the targeted
fish species. These devices emit a low-frequency, low-intensity sound designed to alert marine mammals to the
presence of a gillner, rather chan harassing them. The actual mechanism by which pingers reduce bycatch is poorly
undersicod. The porential use of pinger technology to reduce seabird bycarch is unknown.

For gillner modifications to be successful they must specifically address alcid biology. Both common murres
and rhinoceros auklets are aggressive diving birds with great underwater agility and speed (Harrison, 1983). Both
species, especially murres, aggregare in large flocks on the surface of the water. Common murres can dive to 180
metets (or cight times the depth of Puget Sound drift gillners) and routinely dive for periods exceeding one minute
(Piatt and Nettleship, 1985; Netdeship and Birkhead, 1985). Rhinoceros auklees tend to forage in the upper ten
meters of the warer column, but are capable of diving to 60 meters (Burger et al, 1993}, Evidence from demersal
cod fisheries in Newfoundland (Piart and Netdleship, 1985} and demersal California halibut fisheries in California
(Wild, 1990) indicates that commen murre entanglements occur in nets 8 w 180 meters (26 to 590 ft} below the
surface. Given these abilities and existing evidence, subsurface nets are an unlikely solution for reducing the bycatch
of deep-diving alcids. Subsurface nets also are difficult and dangerous to handle due to the potential for suspension
lines {connecting the suzface floats to the top of the net) o rangle on the hydraulic drum as the net is re-deployed
{backlash).

In 1994, in response to the required five-year seabird bycatch reduction plan and threacs by WDFW o
restrict the fishery to less productive areas, a cooperative research program was initiated under the auspices of
Washington Sea Grant Program (WSGP) to develop and test gear modificarions desigred to reduce seabird bycarch.
Strategles to reduce seabird bycatch were developed using the combined observations of PSGA fishers, fishing gear
retailers, WSGP and WDFW. Participants agreed that gillner corklines can form a barrier to surface swimming
alcids—the birds tend to hesitate at the corkline, are reluctant to pass over or around it and sometimes become
entangled as they attempt to dive below it. Several fishers indicated that they are least ablc to avoid aggregations of
birds when they deployed the net in the dark and sometimes found ar sunrise that they were surrounded by birds
leading to increased entanglements. They also suggested that seabird numbers and perhaps activity levels were
grearest near sunrise,

Based on previous research and inpur from individual fishermen, research to reduce seabird bycacch
focused on modifying nets using visual barriers and fishing the nets at different times of day. Assuming thar aleids
rely on vision. fishers suggested modifying nets with visual barriers which incorporate highly visible netting into the
upper portions of a traditional monofilament net. We hypothesized that birds could readily sense the visual barricr
below the corkline and that most would opt not to dive beneath. We also assumed salmon would follow horizoncally
or vertically along the visual barrier and mest would dive into the relatively invisible monofilament netting below,
thus visual barriers would have little effect on fishing efficiency. Based on these ideas, two assumptions were key to
our subsequent approach: (1) most alcids became entangled in drift gilinets when diving to pass under the corkline
or while foraging and (2} more birds are entangled near sunrise than at other times of day.

Beginning with a piloc study in the 1994 sockeye fishery, Melvin (1995) compared several gear alternatives,
including muldifilament nets and monofilament nets with visual barriers, to a monofilament control. Results
indicated that monofilament nets with visua! barriers had the greatest potential 25 an alternacive gear; however,
results were not conclusive because of the limired scope and resources of the research. In 1995, Melvin and Con-
quest {1996) tested visual barriers at ewo depths, 20 and 50 meshes, and found that seabird bycatch rates and
salmon catch rates decreased significancly as the depth of the visual barrier increased from the surface. Alcid en-
tanglement rates were 43% to 93% less respectively, and sockeye salmen catch rates 8% to 36% less than with
traditional nets. They also found thar alcid entanglement rates were greatest near sunrise and that salmon catch rates
varied liztle by time-of-day, but neither of these differences was statistically significant.

This report summarizes the results of our final year of research developing fishing gear modifications and
fishery pracrices 1o reduce seabird bycatch in the Puget Sound drift gillne fisheries. Specifically, our goal was to
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develop methods that eliminate or significantly reduce the incidental caprure of seabirds in salmon gillnet fisheries
without significantly reducing the fishing efficiency of the nets. Qur objective was to compare seabird bycatch rares
and salmon catch rates among experimental gillnets and traditional monofilament drift gillnets, and among three
time-of-day categeries.

This report provides a detailed data summary of (1} observations of seabirds and marine mammals near
nets during fishing activitics and from scabird transects on the fishing grounds; {2} comparisons of catch rates of
salmon and entanglement rates of seabirds and marine mammal by gear ype, time of day, and lacation; (3} compari-
sons of several management scenarios and their effect en seabird bycarch in these fisheries; and (4) recommendations
for management. This work was funded by a grant from the Sahonstall - Kenredy Fisheries Development Program
of the National Marine Fisheries Service and by Washingron $ea Grant Program.

METHODS

We compared entanglement rates of seabirds and marine mammals and carch rates of salmon among up to
three experimental gear treatments and a control (nylon monofilament netting) and among three time-of-day
categories in two Washington non-trearv salmon fisheries: the 1996 sockeye fishery in Management Area 7, the San
Juan Islands vicinity of north Puger Sound. and the 1995 fall chum fishery in Management Area 10, south Puget
Sound (Figures 2 and 3). We have emphasized research in the sockeye fishcry because the scope of activities and
seabird interacrions were greater than in the chum fishery.

Experimental Gear Treatments

Experimental nets incorporated either visual or acoustic alerts into traditional nylon monofilament gear. In
early 1996, we developed specifications for a seabird pinger using the generic audiogram of avian species {Dooling,
1980) and behavioral observations. We speculated that a pinger-generated acoustic field might serve to alert birds of
a possibie hazard and provoke a cautionary or avoidance response. The frequency selected was above the hearing
frequency of salmonids (500 Hz, A. Popper, 1996, pers comm.}.

The following are the specifications for the control and experimental nets compared in the 1996 sockeye
and 1995 chum fisheries. Specifications differ berween the two fisheries because sockeye nets use smaller netring
than chum nets (3-inch mesh vs. 6.25-inch mesh) and because experimental chum nets were a compasite of ™wo
treatments and a control in a single 1,800 foot nei.

1996 Sockeye Fishery: Each experimental gilinet was made of 3-inch (127 mm) mesh netting hung even
and was 200 meshes deep (approximately 60 ft or 18.3 m) by 1,800 feet (549 m) long. All monofilament netting
was high strength #8, triple knot, shade green (shade M4 Momoi or matched equivalent) neteing. Two each of the
following four experimental gillner types were builc and compared (Figure 4):

» Mono (Conurol): 2 3-inch (127 mm) mesh nylon menofilament net rypically used in the sockeye

fishery.

+ 20 Mesh: a 200 mesh nylon monofilament net with the upper 20 meshes replaced with 20 meshes of 5-

inch mesh, white #18 multifilament nylon seine twine (210d/48) type netting {leaving 180 meshes of

monofilamnent in the lower portion of the net). This configuration makes the upper six feet {1.8 m) of the
net highly visible.

* 50 Mesh: a 200 mesh nylen monofilament net with the upper 50 meshes replaced with 50 meshes of 5-

inch mesh, white #18 multifilament nylon seine twine (210d/48) type netting (leaving 150 meshes of

monofilament in the lower portion of the net). This configuracion makes the upper 15 feet (4.6 m) of the
net highly visible.

* Pinger: a nylon monofilament control net with acoustic pingers clipped to the corkline every 150 feet

(50 m), including each end of the net, for a otal of 13 pingers per net. Pingers were designed to emita 1.5

kHz (+/- 1 kHz) frequency signal with a pulse width of 300 ms (+/- 10%]} every four seconds (+/- 1098} at

a minimum intensity of 120 dB re. 1 micro Pascal or 35 to 40 dB above background noise levels. Field

measurements confirmed that pingers produced a 2.2 kHz signal at 37 dB re 1 micro Pascal at the source

and 9 dB 1 micro Pascal ar 75 & (23 m) from the source {(Ken Nelinore, pers. comm.).
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1995 Chum Fishery: Two gillner modifications were compared to a control of traditional menofilament
netting. Three experimental gillnets were constructed with all three gear treatments included in each nes. Each gear
rrearment unit within each net, referred to as a shackle, was 600 feet (183 m) long, making each experimental net
1,800 feet (349 m) long (Figure 4). Nets were 180 meshes deep. The shackles in each ner were sequenced randomly.
All nylon monofilamenr nerting was high strength, #12, double knot, shade green {shade M4 Momoi or matched
equivalent) netting. The three gear treatments tested consisted of the following;

* Mone (control): a 6.25-inch (159 mm) nylon monofilament net typically used in the chum fishery.

* 20 Mesh: a 180 mesh nylon monofilament net with the upper 20 meshes replaced with 20 meshes of

6.25-inch {159 mm}) mesh, white #18 multifilament seine twine {210d/48) type nening (leaving 160

meshes of 6.25-inch monofilament in the lower portion of the net). This configuration makes the upper

7 feer (2.1 m) of the net highly visible.

* 40 Mesh: a 180 mesh nylon monofilament net with the upper 40 meshes replaced with 40 meshes of

6.25-inch (159 mm) mesh, white #18 multifilament seine twine (210d/48) type netting {the lower 140

meshes of 6.25-inch monofilament). This configuration makes the upper 15 feet (4.6 m) of the net highly

visible.

1996 Sockeye Fishery 1995 Fall Chum Fishery

Mono 40 Mesh Mono 20 Mesh
Pinger Mcmo 20 Mesh 40 Mesh

PPDPE P PPPP P PP P

20 Mesh 20 Mesh 40 Mesh Mono

50 Mesh

Figure 4. Experimenial Gillnes. Schemaric flbusirarion of
experimental gilnets. ’
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Time of Day Categories

In borh fisheries, fishing rime was divided into three categories: morning change of light (AM COL},
daytime, and evening change of light (PM COL). Change of light was arbitrarily defined as a three-hour period 1.5
hours before and after sunrise or sunsct. Daytime was defined as the daylight period from the morning change of
light to the evening change of light. Nets were not fished at night.

Fishing Protocol

Fishing vessels were contracted by the Washington Department of Fish and Wildlife (WDFW) through the
Puget Sound Gillnetters” Association (PSGA) to fish experimental nets in a Washingron State Test Fishery under our
research protecol. The Test Fishery arrangement provided two critical elemencs that allowed this study 10 occur: (1}
fishers were compensated for their fishing time with revenue derived from the sale of their fish, and (2) the experi-
mental net research program was given the flexibility to fish ourside very unpredictable commercial fishery openings.

1996 Sackeve Fishery: Eight fishing vessels were contracred and assigned to one of two teams of four. One
fisher in each team was designated as team leader and coordinated the fishing activities of his ream. Each vessel
within a team fished one of the four experimental net types listed above. To minimize the possible effect of indi-
vidual fishing skill on specific gear catch and entanglement rates, every week each vesscl within a team switched nets
with another team member and fished thar net for the entire week. To minimize locacion effects, team members
fished within sight of each other {in general, within a rwo-mile radius) in a location selected by the team leader.
Fishers were asked to fish aggressively near birds. They were asked not to harass birds away from the nec or chase fish
into che net with the vessel (run the ner).

The experimental nets were fished from 28 July to 29 August 1996. All vessels were based in the Porc of
Anacortes and fished exclusively in Management Area 7 (Figure 2) where high concentrations of seabirds and
sockeye salmon overlap. Each team of four vessels made seventeen wips of approximately five two-hour sets per
vessel per trip, All trips included one PM COL, one AM COL, and three dayrime sets. Vessels anchored up after the
evening change-of-light set and were back on the grounds for the morning change-of-light set. Team departures were
offsec so thar vessels were on the water through all daylight conditions with minimum bias toward early or late day
and, wich the exception of four of the thiccy-three days of the study, a team was on the water ar ail times.

1995 Chum Fishery: Three vessels were contracied as above and fished experimencal nets two to three
times per week, twelve to fourteen hours per day, over a three-week period from 25 October to 11 November. Al
vessels were based at Shilshole Marina in Seattle, and experimental nets were fished in WDFW management Area
10, from Colvos Pass to Kingston (Figure 3). Vessel operators targeted five two-hour sets per fishing trip.

Observations

Trained observers were aboard each fishing vessel during experimental fishing. They recorded seabird and
marine mammal entanglements and fish catch by species and gear type for each set, as well as seabird and marine
mammal abundance by species near the net throughout the set. The location of seabirds and marine mammals
entangled in the net was recorded to the nearest 10 meshes. Entangled seabirds were labeled with 2 unique number
and informartion on date, time, vessel, gear, location and species, and immediately stored on ice for later necropsy.

The location at which fish were caughs in the net was recorded as being in the upper or lower net. In the
sockeye fishery, the upper net was the upper 50 meshes for all but the 20 Mesh rets, which were the upper 20
meshes. In the churm fishery, the upper ner was the upper 40 meshes of the Mono and 40 Mesh shackles, and the
upper 20 meshes of the 20 Mesh shackles. Lower net was the remaining area of the net. Areasin the 20 Mesh ners
were defined differently because of the difficulty of reliably estimating fish catch in the 30 meshes that lie berween
the visual barrier and the imaginary 50 mesh line. Salmon damaged by seals and not acceprable by a commercial fish
buyer were enumerated and recorded separarely. Physical and logistic variables (rime, ride, depth, date, visibilicy,
cloud cover, weather, sea state, distance from shore, current speed, and locarion) were recorded for each ser. The
number of alcids and marine mammals observed by species was recorded in two zones around the net during each
set (Figure 5). Encounters were defined as the rotal number of alcids and marine mammals by species in an area 10
meters on either side of the corkline. Sightings were defined as the maximum number of alcids and marine marm-
mals in an area becween 10 and 100 meters on either side of the corkline {outside the encounter zone) of the net.
Seabird sightings per set is a rigorous estimate of seabird abundance in the areas we fished. To investigate environ-
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Figure 5. Seabird Observation Zones. Schemaric illusration of scabird observation zones around gillnesi. Encounter zone is within 10 m of the neg
sighting zone is from 10 to 100 m around the ner,

mental conditions that might influence seabird entanglements, observers recorded whether individual birds were on
the lecward or windward side of the corkline or on the up or down side of the prevailing ridal current for both
sightings and encounters. They also recorded fisher behaviors which may have influenced entanglement rates, such
as running the vessel along the ner to harass fish into the net, Observers were debriefed and dara sheets reviewed and
edited by project coordinators immediately after each trip.

Seabird Transects (Sockeye Test Fishery only)

In addition to enumerating and recording seabird and marine mammal abundance during each set, each
vessel team ran a ten- to rwenty-minute. fixed-speed (8 o 10 knots) seabird rransect at one of five established
locations to and from the fishing grounds cach trip. Transects varied from 2.5 to 5 nm in length. Transect locations
were as follows: Salmon Bank-Hein Bank area, southwest San Juan [sland {a criangle beginning at Eagle Point, San
Juan Island, on a line to the Salmon Banks navigational buoy, from the Salmon Banks navigation buoy to a poinc 5
nm along a line to the Hein Bank navigational buoy, and from that point 1o Eagle Point); lceberg area, south Lopez
Island falong a 3.5 nm line running from the Point Colville navigational buoy due west to off lceberg Point); lower
west Rosario Strait {a 3.5 nm line from the navigational buoy off Cape St. Mary, Lopez [sland to Bird Racks);
Boundary Bay-Deceprion Pass Area or the Bluffs (2 4 nm line due north from off Deception Pass inside of Lawson
Reef to 0.25 nm off Biz Point, Fidalgo Island, to the northern tip of Young Island in Burrows Bay); and west
Cypress Island {a 2.5 nm line running from the navigational buoy south of Reef Poiat, Cypress Island t¢ Tide Point,
Cypress Island}. The number of alcids was recorded by species in an area within 100 mecers of the vessel in a 90
degree arc from a line straight off the bow 1o a line perpendiculer ro the side of the vessel. Observations were made
on the side of the vessel with the most favorable viewing conditions. Observers recorded date, vessel speed, visibility,
Beaufort sea state, start time and locaticn, and end time and location for each transec.

Statistical Analyses

The distributions of entanglement rares of seabirds per set and catch rates of sockeye and chum salmon per
set do not follow the normal distribution, even after transformarion. Chum salmon was the exceprtion; a square root
transform was used to conform data to a normal distribution. All data sets were analyzed using GLIM sofrwarc for
general lincar models (Crawley, 1993).

General linear models allow the user to run standard analyses of vartance and regression analyses using
normal and non-normal errors. The Poisson error term and log-lincar model we used allow for the large number of
zeros characteristic of this data set. The log linear model allows partitioning the variation in the outcome (response]
variable (sockeye catch or bird entanglements per set] inte systematic or known {(gear treatment, time of day,
location, sea state, trip; etc.) and random or unknown (the error rerm} sources of variation. This method yields a
more realistic characterization of the error term. The log-linear model is then vsed to predict the natural log of the
outcome variable. The acrual value of the outcome vacable used in comparative analyses was obrtained by
exponentiating back from the log-linear predicted value. The estimated variance term was obtained in a similar way
using the delra-method (Seber, 1982}, (The log-linear model vields the variance for the log of the ficred cutcome
variable.) Using the delra method, the variance of the exponentiated fitred value is: {variance for the log of the
predicted value) x (fired value 2).

Comparisons of sockeye catch and bird entanglement rates per ser were made among gear treatments, time
of day and location factors using a factorial multiple comparison technique similar to analysis of variance (ANQVA)
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with covariates, but with a Bonferroni correction (Miler, 1966). These are approximare Z-tests with Bonferroni-
adjusted alpha levels obrained by taking the alpha level (0.05) divided by the number of comparisons made in that
particular set of comparisons. The null hypotheses (Ho's) tested in these comparisons were:

Entanglement rates of common muztes and rhinoceros aukles per set and catch rates of sockeye or chum
salmon per st are equal in all gear types, at all times of day, and in all locations.

The number of sets required ro compare seabird entanglements and fish catches among factors was
determined based en our 1995 work {(Melvin and Conquest, 1996), power analyses, and financial and logstical
constrainss. In the sockeye fishery we estimated that a minimum of 150 sets would be required per gear treatment,
or 600 sets total to detect significant differences in rates of bird entanglements among factors. In the chum fishery
where measuring fish catch rates among gear rypes was the primary objective, we estimated that a minimum of 100
total sers would be necessarv o derect significant differences. Sets that did not conform to study protocols (net not
fully deployed, less than one hour in duration, or not made within change-of-light categories) wece eliminated prior
to statistical analyses. In the sockeye test fishery 44 sets were deleted from a toral of 686 sets yvielding 642 for
analyses; in the chum test fishery 4 sets were eliminarted from a toral of 107 .

Seabird Age and Necropsies

Each seabird killed was examined for molt stage. measured for weight (g) and culmen length {¢m), and
dissected to determine sex, bursa size and condition, and gonad condition. Birds were sexed by visual inspection of
the gonad.

We aged birds using a combination of characters: cloacal bursa condition, plumage charactenistics, female
gonad condition, and culmen length. Cloacal bursa condition was classified into one of three categories adapted
from Broughron (1994): as eicher large and fleshy, thin-walled, or membranous/absent. Plumage was classified into
one of four categories, adapted from Baker (1993): winter (juvenile/first basic plumage), pre-molt breeding plumage
{all old feathers}, molting breeding plumage, or pest-molt {all new winter plumage}. Female gonad condition was
classified into four categories: translucent, with numerous follicles, enlarged follicles/non-dilated oviducr, and
enlarged follicles/dilared oviduct.

Common murres and rhinoceros auklets were aged into three categorics: young of the year {(YOY), pre-
breeders, and breeders. Common mutres were aged by combining bursa-based criteria (Gaston and Bradstreet,
1993}, and plumage- and culmen-lengrh-based criceria (Baker, 1993}. In the sockeye fishery when YOY murres were
4 maximum of 1.5 to 2 months old, YOY birds were those that had a large fleshy bursa, juvenile/first basic plumage,
and a calmen shorter than 4.1 cm. Pre-breeders were those with a fleshy or thin-walled bursa, and breeding plum-
age. Breeders were those with 2 membranous or absent bursa and breeding plumage. Only one fernale pre-breeder
had a gonad without follicular development (translucent gonad), which is cypical of YOY birds, and all bur five
breeders had enlarged follicles, typical of breeder females. In each of these cases, these animals were in the upper
ranges of weight and culmen length for their categories.

Rhinoceros auklets were aged by combining bussa-based criceria (Gaston and Bradstreer, 1993), culmen-
length-based criteria (primarily for males), and female gonad condirion. Because YOY birds fledge from breeding
sites within 4 to 17 nm of the fishing grounds (Protection and Smith Islands, Wash.) and can be no more than 3
months old when entangled, cuimen length is useful ro separate them from pre-breeders (external characteristics
such as bill and iris color and presence or absence of head plumes were not recorded). Given a mean culmen length
of 2.6 cm (range of 2.3 to 2.8 cm; U. Wilson, 1997, pers. comm.) for Fledgling rhinoceros auklers (approximately 7
weeks old) at Protection Island, Wash., we defined YOY auklers as those with a large fleshy bursa and a culmen less
than 3.0 cm. Pre-breeders were those with a fleshy or thin-walled bursa, with old or pre-molt breeding plumage or a
culmen longer than 3.0 cm (in one case 2 male with old breeding plumage had a culmen 2.9 em long and was aged
as a pre-breeder). Breeders were those with a membranous bursa or no bursa. Only ene female pre-breeder was
devoid of follicular development (transtucent gonad), and all female breeders had enlarged follicles. As with the
common murre fernales, this one atypical pre-breeder wich a translucent gonad was in the upper range of weight and
cutmen length for female pre-breeders.

During the fall chum fishery when YOY murres can be 4.5 to 6.5 months old and rhinoceros auklets YOY
can be 5 months old, we wete unable to distinguish YOY birds from pre-breeders. Entangled birds with fleshy bursac
and new winter plumage were categorized as YOY/pre-breeders.
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RESULTS

GENERAL TRENDS
1996 Sockeye Fishery
Fishing Effort/Catch

We caught 13,151 sockeye salmon in 642 sets in seventeen fishing trips from 28 July ro 29 August
{Appendix 1). This level of effort exceeded our minimum effort carget of 600 sets by 7%. The fishery was highly
selective for sockeye salmon relative to other salmon species with scckeye accounting for 98.4% of the salmon carch.
Relatively few king salmon (O. sshaupsscha), coho salmon (O. kisuzch), Aclantic salmon {Salmo salar) or steelhead {O.
mykiss) were caught—collectively they accounted for 1.2% of the carch; however, 8,852 dogfish (Squalus acanthias)
were captured and discarded. Salmon were caught in 71.2% of the sets made. Salmon catch/set was relatively high in
trips within the first three weeks of the season (through trip 10) ranging from 8.4 w0 93.3 sockeye/set, and relatively
low the last twao weeks of the season, ranging from 2.0 to 5.0 sockeye/set (Figure 6).

Seabird Interactions
Aleids were observed within 100 merers of the net (sightings) during most sets (75%), and within 10
meters of the net {encounters) during slightly fewer sets (59%; Appendix 2). Common murres were the most
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Year Sightings Encounters |Entanglements
(rates per set) {manclitament) Sea State Weather
Murre  Aukiet | Murre Auklet] Murre  Aukiet
1996 Sockeye 2070 450 | 440 085 | 0.60 0.202 1.10 1.06
1995 Chum 0.10 051 | Q16 079 | 0147 0117 zie 1.75
1995 Sockeye 0.53 164 | 0.36* 0.411% 0,039 0072 1.48 1.63

* 3 times birds per shackie set (overestimate)

Table 1. Inter-Year Copparisons. Mean rate per set of common murre and rhingceros auklet sightiings, encownters and eneanglements and mean Beaufort
sea seate and weather for the 1996 Sockeye, the 1995 Chum and the 1995 Sockeye Test Fisheries (Melvin and Conguese, 1996).

abundanr bird in the study area, accounting for 83% of the alcids sighted at an average of 30.7 sightings/ser, a rate
59 times greater than what we observed in 1995 test sockeye fishery (0.53 sighrings/set; Table 1 and Figure 7).
Rhinoceros auklers made up almost all other alcid sightings and were almost three times more abundant in 1996
(4.5 sightings/set) than 1995 (1.6 sightings/ser).

Murres made up 81% of alcid encounters at an average rate of 4.4 murres/set {Table 1 and Appendix 2).
rhinoceros aukiets made up most other alcid encounters ar a rate of 0.9 auldets/sec. Pigeon guillemors were rare,
averaging 0.12 sightings/set and 0.04 encounters/set. Marbled murrelets were extremely rare, averaging 0.03
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1996 Sockaye Fishery

Age/Measurements  (Commoen Murre Rhinoceros Atklst
Fomale Mals  Total  Percent |Femaie Male Total Perernt
Young of the Yaar 0 o 0 12 7 36 44%
Pre-Bresders <l:) -35 kAl 29% g 16 25 3%
Breeders 75 102 177 1% 14 7 21 26%
Unknown 3 1% [c}
Releasad Alive 9 3% 5
Total 111 137 260 42 40 87

Table 2. Alcids Entangled: Numbers and AgesiSocieye Test Fishery. The number of common warres and shinocerss aukies entangled in giliners by
spectes, age, and sex for the 1996 Sockeye Test Fishery in Area 7.

sighrings/set and 0.0 encounters/ser.

Common murre sightings and encounters steadily increased throughour the study period and peaked
during the final week (Figure 6 and Appendix 2), approaching 100 murre sightings/ser on 27 Avgust and 12.6
murre encounters/set on 25 August. Rhinoceros auklet sightings and encounters peaked in week two (22.6 auklet
sightings/set and 2.5 aukler encounters/set on 7 August) when fledging began ar Protection and Smith Islands (U.
Wilson, 1996, pers. comm.). Auklet sighting and encounter rates then decreased steadily through the final week of
the study.

In general, entanglement rates by species reflect the pattern of sightings and encounters. A total of 349
alcids were entangled during the study: 260 common murres (75% of the total), 87 rhinoceros auklets, one pigeon
guillemor, and one marbled murreler (Table 2 and Appendix 3). Nine common murres and five rhinoceros auklets
were released alive with no apparent injury. Most (71%) of the common murres entangled were breeders (58% male)
and the rest were pre-breeders {1:1 sex rario). None were YOY birds hatched in 1996 (Table 2 and Appendix 4).
Almost all other alcid entanglements were rhinoceros auklets. In contrast to murres. most rhinoceros auklets
entangled were YOY birds (44%); 26% were adults and 30% were pre-breeders. The sex ratio of entangled rhinoc-
eros auklers was 1:1 overall. That a greater percentage of auklets compared to other alcids were entangled (25%)
than observed in the sighting or encounter zone (12% and 16% respectively} might be explained by the predomi-
nance of recently fledged, inexperienced birds. The single pigeon guillemot (Cepphus columba } and marbled
murreler entanglemens reflect the rarity of both species near the nets.

Both the number of sets with alcid entanglements (entanglement events) and the magnirude of alcid
entanglement rates were much greater in 1996 than 1995. Alcid entanglements occurred in 25% of sets made in
1996 versus less than 2% of the sets in 1995. Murre entanglement rates in 1996 were 15 times greater than those of
1995 (0.60 murres/sec vs. .04 murres/set); Rhinoceros auklet entanglement rates were 2.8 times higher in 1996
(0.20 auklers/set vs. .07 auklets/set, Table 1 and Figure 7). Because fishers were asked to fish aggressively around
birds in the 1995 and 1996 experimental gear programs, possible comparisons of these entanglement rates and those
of the fishery observer programs of 1993 and 1994 (Pierce et al., 1994 and Erstad et al., 1994} are limited. However,
the fact that common murre and rhinoceros auklet entanglement rates from the 1993 and 1994 WDFW observer
programs were intermediare relative to the 1995 and 1996 experimental gear programs (Figure 7), suggests thar
1995 and 1996 represented exiremes in alcid abundance in Management Area 7.

Murre entanglernent rates by week showed no identifiable pattern and did not reflect the pattern of murre
sightings and encounters by week; however, they correlate well with Beaufort sea state condition by week (Figure 6
and Appendix 10}, suggesting that sea state may influence aicid entanglement rates. In contrast, rhinoceros auklet
entanglement rates decreased as the season progressed, reflecting their decreasing abundance in the study area.

Marine Mammal Interactions

Harbor seals accounted for most marine mammal interactions with experimental gillnets. Marine mam-
mals wete in the sighting zone during more than half the sets and most (85%; Appendix 5) were harbor seals (Phoca
virulina) Killer whales (Oreinus orea), Dall's porpoise (Phocoenoides 4allf), and harbor porpoise accounted for 9%,
4%, and 1% respectively, of the marine mammals observed in the sighting zone. Of marine mammals observed in
" the encounter zone of the net (62% of the sets), almost all (97%) were harbor seals feeding on salmon caught in the
gillnets (Appendix 5). Killer whales and Dall’s porpoise accounted for about 2% and 1% respectively, of marine
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Figure 8. By-Week Comparisons/1995 Chum Test Fishery. Mean
rates per set of chum selmon catch, and rhinoceras aukler and
common murre entanglements, sightings and encounsers, and
Beaufart scafe sez state by week for the 1995 Chum Test Fishery.
Errar bars are standard errors.

mammal encounters. Eight marine mammals were entangled in the experimental nets: three harbor seals (one was
released alive with no apparent injury), three Dall’s porpoise and two Harbor porpoise. All porpoise were entangled
in the 50 Mesh gear treatment.

1995 Chum Fishery

Fishing Effort/Caich

We caught 6,822 chum salmon in 107 sets in eight fishing trips from 25 October to 11 November 1995
(Appendix 1). This level of effort met our minimum cffort targer of 100 sets. Similar to the 1996 sockeve fishery, the
chum salmon fishery was highly selective for the target species with chum accounting for 99.7% of the salmon
catch. Relatively few king or coho salmon were caught—cellectively they accounted for 0.3% of the salmon catch;
95 dogfish were captured and discarded. Salmon were caught in all the sets we made. Salmon carch/set was refatively
high for all trips, ranging from 25 to 100 chum per ser and averaging 64 chum/set overall (Appendix 1, Figure 8).

Seabird Interactions

In general there were fewer alcids in the 1995 Area 10 chum fishery than in either the 1996 or 1995
sockeye fisheries in Area 7 and abundance patterns were more similar to the sockeye fishery in 1995. Few chum sets
had alcids within the sighting zone (25% of sets) or encounter zone (31% of sets) of the nets (Figure 5 and Appen-
dix 6). This result was similar to the 1995 sockeye fishery where 29% and 14% of the sets had alcid sighrings and
encounters, respectively (Melvin and Conquest, 1996). Rhinoceros auklets were the most abundant bird in the
sighting zone, accounting for over half (53%} of the alcids sighted at an average of 0.51 auklets/set; a rate 3 times
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less than 1995 sockeye and 9 times less than 1996 sockeye test fisheries (Figure 7, Table 1 and Appendix 6). Uniden-
tified murrelets, ancient murrelets and marbled murrelets collectively made up the second most abundant aleid
grouping accounting for 33% of the alcids sighted in the 1995 chum test fishery (Appendix 6); murrelet species
were rare in both the 1996 and 1993 sockeye test fisheries. Common murres represented only 11% of the alcids
sighted and averaged 0.1 murres/set—S3 times fewer than the 1995 sockeye test fishery and dramacically fewer (more
than 300 times) than the 1996 sockeye test fishery. A variety of non-alcid bird species were observed in the sighting
zone of the ner {grebes, scoters, cormorants, and loons, Appendix 6).

More rhinoceros auklets and more common murres were observed in the encounter zone of the ner (0.79
auklers/set and 0.16 murres/set) chan in the sighting zone (Table I and Appendix 6). This result contrasts with che
1995 and 1996 sockeye fisheries which showed the opposite trend; aukler and murre sighting rates were 4 to 11
times thar of encounter rates (Figure 6 and Appendix 2; Melvin and Conquest, 1996). Rhinoceros auklet encounter
rates exceeded those in the 1995 sockeye fishery (0.41 auklets/set), but were similar 1o those the 1996 sockeye
fishery (0.85 aukdets/ser). Murre encounter rates were less in the 1995 chum fishery than both the 1995 and 1996
sockeye fisheries, but greater than sighting rates might suggest. These data strongly suggest that aspects of the
physical environment in Area 10 force increased alcid interaction with gillnets despite the relatively low abundance
of alcids in the area.

Despite the variery of bird species being observed in the vicinity of experimental nets, only thinoceros
auklets (11) and common murres {12) were entangled (Table 3 and Appendix 6). Murres and auklets were en-
tangled at rates exceeding those of the 1995 sockeye fishery by 4 times (0.15 murres/set) and 1.6 times (0.12
auklets/set; Figure 7 and Table 1). Thesc increases may be due to a number of facrors: higher encounter rates,
rougher sez conditions, increased water turbidity, and dense boar traffic characteristic of this urban waterway in the
fall, but actual causes are uncertain, As might be expected. murre and aulder encanglement rates were less (4 and 2
times) than those in the 1996 Area 7 sockeye fishery, reflecting the lower sighting and encounrer rates of both
species in the chum fishery {Figure 7 and Table 1}. The weekly pattern of seabird entanglements poorly reflects
encounter or sighting rates, but appear to mirror sea state conditions with entanglement rates increasing as sea state
increases (Figure §).

All birds were classified as YOY /pre-breeders {Table 3} because of limitations of the aging methodology
{see methods). Females and males of both species were equally represented. Although rhinoceros auklets were about
6 times more abundant than murres in the study area, similar numbers of auklers and murres were entangled.

1985 Chum Fishery

Age/Measurements  [Common Murre Rhinoceros Auklet

Female Male Total Porcent |Female Male Total Percent]
YOY/Pre-Breeders ] o] 1 100% & & 12 100%
Broaders o ol o 2 a o
Released Aifve o o
Total <] 5 1 8 8 12

Table 3. Alcids Ensangled: Numbers and AgesiChum Test Fishery. The number of common murres and rhinoceros asehlys enzangled in gillmets &y species,
age, and sex for the 1995 Chum Test Fishery in Area 10.

Marine Mammal Interactions

Sea lions accounted for most marine mammal interactions with experimental gillnets. Marine mammals
were observed in the sighting zone in only 15% of sets and most were California sea lions, Zalaphus californianus,
{57%; Appendix 5); harbor seals and Dall's porpoise accounted for 33% and 109% respectively. Marine mammals
were observed in the encounter zone of the net in over half the sets (50%); most were sea lions (86%) or harbor seals
{13%) feeding on salmon caught in the gillnets; harbor porpoise and Dall's porpoise (1%) also were observed in the
encounter z¢ne {Appendix 3). No marine mammals were enrangled in the experimental nets.

Gear Comparisons
1996 Seckeye Fishery: The entanglement rates of common murres, rhinoceros auldets and sockeye salmon
varied significantly among the three experimental gears and the monofilament control (P<0.05); however, the
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1996 Sockeye Fishery 1995 Chum Fishery
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Figure 9. Gear Comparisons/Rases. Mean vate per se: of rhinoceros aubler and common murre enianglements and mean salmon catch by gear type for the
1996 Sockeye and the 1995 Chuom Test Fisherier. Ervor bars are standard errors. P values are for factorial mudtiple comparisons, Significant groupings
from posi-hor comparisons ave shown @ “a” or "6

pattern of variation among pear rypes was species specific (Figure 9 and Appendix 7). Significantly fewer common
murres were entangled in all three experimental gears (0.30 to .36 murres/set) than in the monofilament control
(0.60 murres/set}. Rhinoceros auklets entanglement rates, though less in all experimental gears (0.04 w 0.16 auklers
per set) compared 1o the control (0.20 auklets/set}, were significantly less only in 50 Mesh nets. Pinger, 20 Mesh and
50 Mesh gears entangled all alcids at 589, 55%, and 30% {respectively) of the monofifament conurol (Figure 10).

The percent of sets with entanglements was similar for Mone, Pinger and 20 Mesh nets (27% to 29%;
Table 4). However, the percentage of large entanglement events (ses with greater than two birds/event) in all
experimental gears was half (17% to 19%) that of the monofilamenr control (37%). These data suggest thar the
significantly reduced entanglement rates observed in the experimental nets do not result from reducing the number
of entanglement events, but rather from reducing the number of birds enrangled per event.

Variable Monp Finger 20 Meah 50 Mesh
Mo of Sats 168 153 161 160
Total Sirds 138 b 72 23]
Entanglement RalerSet .81 oA 0447 0,408
% Sers wf Entanglernenis 282% 21.5% 26.7% 15.0%
% Entanglement Sels »2 Bird 3B5.7% 18.1% 18.6% 16.6%
iMean # birds/Entangierment Event 28 4 17 27

Degth Entangled {Meshes)
Median 30 ool 50 7o
Mean 49 43 El 85

Table 4. Gear Comparisons/Sackeye Test Fishery. Total number of secs and birds entangled, and mean rate per set of bird entanglemenss. percent of sess
with enzanglements, percent of sers with move than rwo birds entangled, mean member of bird; per envangloment event (set), and median and mean depth
of bivd encanglements by gear type for the 1996 Sockeye Test Fishery.
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1996 Sockaye Test Fishery 1985 Chum Test Fishery
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Figure 10 Gear ComparisonsiPercens, Percent rate per set—relative ip the monofilament control (control = 10096)-—cf aitid entanglements and sockeye
and chum salmon carch by gear type and peveent () caught in the upper ne1 for the 1996 Sockeye and the 1995 Chum Test Fisheries. Upper net is upper
50 mieshes for the Mono, Pinger and 50 Mech sockeye treatments, upper 40 meshes for the Mong and 40 Mesh chum salmon rearments, and she upper
20 meshes of the 20 Mesh creacmenys.

Most seabirds were entangled within the upper 50 meshes of the mono and pinger nets (70% and 74%,
respectively; Figure 10}, at a median depch of 30 meshes in both gears (Table 4}. Seabirds were entangled progzes-
sively deeper in 20 Mesh and 50 Mesh nets at median depths of 50 and 70 meshes respectively. No seabirds were
caughr in the white meshes of the 20 Mesh gear, and only two birds were entangled in the white meshes of the 50
Mesh gear. These data strongly suggest that seabirds were able to recognize the visual barricrs and avoided them, in
some cases by diving beneath them.

Fewer sockeye salmon were caught in all three experimental gears (10.3 w0 22.3 sockeye/ser) compared to
controls {26.1 sockeye/set) but only the 50 Mesh gear caughut significantly fewer sockeye than the other netws (Figure
9 and Appendix 7). Pinger, 20 Mesh and 50 Mesh gears caught salmon at rates 85%, 88% and 39%, respectively, of
the monofilament control (Figure 10 and Appendix 7). Few sockeye were caught in the white meshes of the 20
Mesh and 50 Mesh gears, (1% and 2% respectively}, whereas 21% and 35% of the sockeye were caught in the upper
50 meshes of the Mono and the Pinger nets.

More harbor seals and more seal-darnaged fish (not salable} were found near or in Pinger nets (Figure 113,
suggesting that harbor seals are artracted to and damage more fish in nets with pingers. Two harbor porpoise and
three Dall’s porpoise were entangled dead in S0 Mesh nets, two harbor seals were entangled dead in the 20 Mesh
nets and one harbor seal was entangled in the Pinger nets and released alive. No marine mammals were caught in
monofilament nets.

1995 Chum Fishery: Alcid entanglement rates did not vary significantly among the three gear types tested,
despite a pattern of decreasing entanglement rates with increasing depth of opaque mesh from the surface (P>0.05;
Figure 9 and Appendix 7). This result was expected because few birds were caught and the rotal number of sets was
designed to detect differences in fish catch rates only. Entanglement rates were highest in the monofilament control
{0.26 alcids/ser), intermediate in the 20 Mesh gear (0.23 alcids/set), and lowest in the 40 Mesh gear (0.15 alcids/ser).
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Figre 11, Pinniped Interactions by Gear Type. Mean rate per ser of nor-salabie (pinniped damaged) salmon and mean harbor seal andior sea lion
enconnzers by gear type_for she 1996 Sockeye and the 1995 Chum Test Fisherier. Error bars are standard ervars,

The proportion of murres and auklets caught was similar in all gear types. Entanglement rates were 90% and 56%
of the monofilament control for the 20 Mesh and 40 Mesh gears, respectively (Figure 10). Almost half (44%) of the
birds caught in the monofilament ner were caught in the upper 40 meshes: no birds were caught in the opaque seine
twine of the two experimental gears (Figure 10;.

Chum catch rates varied significantly among the two modified gears and the manofilament control
(P<0.05) and illustrated a pattern similar to that of alcids—decreasing catch rates with increasing depth of the
opaque mesh from the surface (Figure 9). Catch rates were greatest in the monofilament control {77.8/set), interme-
diate in the 20 Mesh gear (61.1/ser), and least in the 40 Mesh gear (53 4/set}. In post hoc comparisens, we found
owo overlapping groupings: monofilament and the 20 Mesh gear, and the 20 Mesh and 40 Mesh gears. This
indicates rhar significancly fewer fish weze caught in the 40 Mesh gear than in the monofilament control, but neither
were significantly different than the 20 Mesh gear. Catch rates were 79% and 69% of the monofilament control for
the 20 Mesh and 40 Mesh gears, respectively (Figure 10). Almost 20% of the chum caughe in the monofilament
control were caught in the upper 40 meshes of the net (519 fish); few (12) fish were caught in the opaque meshes of
the 20 Mesh and 40 Mesh gears.

The number of fish damaged as a result of pinniped predation was greatest in the menofilament control
despire similar numbers of California sea lions and harbor seals interacting with individual gear shackles within the
nets (Figure 11).

Time of Day Comparisons

1996 Sockeye Fishery: Entanglement rates of common murres and rhinoceros auklets and carch rates of
sockeye salmon varied significantly among the three time-of-day categories (P<0.05) and the pattern of variation
among gear types was species specific (Figure 12 and Appendix 8). Rhinaceros aukler entanglement rates were
significantly (4 tirnes} greater In morning change-of-light {COL) sets, than in dayume or evening COL sets
(F<0.05). In contrast, common murres were entangled ar significantly greater rates in both morning and evening
COL sets, than during the daylight hours (P<0.05),

The percentage of sets with entanglements was similar in the morning and evening COL sets {36% and
32%) and least during the day (19%} reflecting entanglement rates per set (Table 5). The percentage of large (greater
than two birds) entanglement events and the number of birds entangled per event were greatest in morning COL
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sets (33% of sets and 2.7 birds/event); both measures were similar for daytime {23% and 1.9 birds/event) and
evening COL sets (17% and 2.1 birds/event). These dara suggest thar although both COL categories have similar
entanglement frequencics, morning COL scts tended to carch more birds per entanglement-event.

Like those of rhinoceros auklers, the carch rates of sockeve salmon were significantly greater during
merning COL sets, than either daylight or evening COL sets (Figure 12 and Appendix 8). In general, time-of-day
had a much greater effect on alcid enranglement rares than on sockeye catch rates. Overall, daytime and evening
COL entanglement rates were 36% and 68% respecrively, of moming COL rates; whereas sockeye catch rates were
79% and 74% respectively. of merning COL rates (Figure 13).

1996 Sockeye Fishery 1995 Chum fishary
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Figure 12, Time of Day ComparfsonsiRare. Mean rate per ser of rbinsceros aukler and common murre encanglements and mean salmon caich by rime of
day category for the 1996 Sockeye and the 1995 Chum Test Fitheries, Error bars are standard ervars. P values are for factorial muitiple comparisons.
Significant groupings from post-hoc comparisons are shown & "2 o "6’
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Figure {3 Time of Day ComparisonyPercent. Pescent rate per ser — relative to the morning change-of-light (AM COL = 100%, — afzzin'd
entanglements and sovkeye salmon and chum salmon carch by time of day category far the 1996 Sockeye and the 1995 Chum Test Fisherves
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i\"ar‘iahb AMCOL DAY FM COL

. ot Sets 129 384 123

i Teta) Birds 126 134 85
Entang 't Rata/Sel 6.57 [ 056
*» Sets wf Entanglementz 36% 18% 32%
% Entanglernent Sets >2 Bird 3% 23% 17%
Mean # birge/Entanglemert Event 2.7 1.9 2.1

Dapth Entangled [Meshes)

Median
C. Murre 7 35 40
R. Auklet 40 3 35

Table 5. Time of Duay ComparisonsiSockeye Test Fishery. Toal number of sets and birds entangled, mean rate per ser of bird envanglements, pereen: of
sets with entanglements, percent of sets with more than two birds ertangled, mean number of birds per entanglemen: event (set), and median and mean
depehs of bird entanglements by rime of day category for the 1996 Sockeye Test Fishery. COL is change of light.

Although murres were entangled at similar rates per set in morning and evening COL sets, the median
depth at which murres were entangled during morning COL sers was almost twice {70 meshes) that of either
daytime of evening COL entanglement depths (35 and 40 meshes, respecrively; Table 5), presumably due to
increased feeding and therefore diving behavior in the carly morning. Rhinoceros auklets showed lirtle variation in
median entanglement depth by time of day, despite morning COL entanglement rates being 4 times that of either
daytime or evening COL sers,

All but one of the eight marine mammals entangled in the course of the study were entangled during
daylight fishing; one porpoise was caught during an evening COL set.

1999 Chum Fishery: Neither alcid entanglement rates nor chum carch rares varted significantly (P>0.05}
by the three time-of-day categoties tested; however, the partern and magnitude of variation was similar to thar
observed in the 1996 sockeye fishery (Figure 12 and Appendix 8). Alcid entanglement rates were greatest in
morning COL sets (0.35 birds/se}, least during day sets (0.13 birds/set), and incermediate during evening COL sets
{0.29 birds/set). Daytime and evening COL sets entangled birds at rates 43% and 81%, respectively, of sers made
during the morning COL; whereas chum salmon were caught ar 81% of morning COL sets for sets made during the
davtime and evening COL periods (Figure 13 and Appendix 8).
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Location Comparisons

The areas fished in Management Arca 7 were divided into seven categories: the Banks (west of San Juan
Island around the Salmon and Hein Banks), Iceberg (Iceberg Point to Colville Point including McArthur Bank,
South Lopez Island), Bluffs (Williamson Rocks to Deception Pass, Fidalgo Island), Strawberry {west side of Cypress
Island), Lummij Island (Village Point, Lummi Island te Sinclair Island), San Juan Channel (south of Pear Point, San
Juan Island), and Bird Rocks-Kellert Ledge (Colville Point, Lopez [sland to James Island (see Appendix 9).

Common murre and rhinoceros auklet entanglement rares and sockeye catch rates varied significancly
among the locarion categories {P<0.05, Figure 14 and Appendix 9), but as with other comparisons, the partern of
variation was species specific. The number of sets made per location category varied greatly (4 to 299 sets}, making
comparisons difficulr. For example, entanglement rates in San Juan Channel were relatvely high for both commen
murres (2.8/set) and rhinoceros auklets (¢.5/set), bu are not discussed here because only 4 sets were made there and
these were during extreme weather conditions {Appendix 9).

Commen murre entanglement rates were greatest {from the Banks to mid-Rasario Strait along Lopez Island
{Bird Rocks-Kellett Ledge (1.0/set), lceberg (0.G/set}, Strawberry (0.6/set) and the Banks (0.4/set). Rhinoceros
auklet entanglernent rates were greatest in these same areas and did not vary (0.2/set). The fewest birds of both
species were entangled ar the Bluffs and Lummi Island. Sockeye salmon catch rates were generally greatesc in the
areas where seabird entanglements were greatest, 31.1/ser at the Banks, 26.7/set at Bird Rocks 1o Kelletr Ledge and
36.3/set at Iceberg. Strawberry, where catch rates were 11.5/ser, was the exceprion.

Alcid sightings followed the same pattern as alcid entanglements {(Figure 14 and Appendix 9) with one
exceprion; murres were almost as abundant at the Bluffs as ar Bird Rocks-Kellett Ledge and Iceberg areas, where
entanglement rates were ™o to three times higher. Rhinoceros auklets were about twice as abundant ar the Banks as
other locations, though entanglement rates were similar to other locations. Bird transect dara {Figure 14 and
Appendix 9} approximated the same general patterns of alcid abundance in the study area as sightings data, but
showed fewer alcids ar the [ceberg and Bluff locations. This suggests that vessel surveys zlong the transects we chose
in this study can be used ro reliably estimate relative alcid abundance by location and throughour the study area.

Sighrings, encounters and survey dara indicated that marbled murrelet sbundance was greatesc at the Bluffs
near Burrows Bay, a quiet water location closed ro commercial salmon fishing to protect marbled murrelets; one
marbled murreler was entangled there during this study. Although marbled murrelers were observed in the sighting
zone of the net at [eeberg (rwo birds) and the Bluffs {three birds), none were observed in the encounter zone of the
net in these locations.

Environmental Factors

In the 1996 sockeye fishery, most sets with entanglements had aleids in the sighting zone (84%) and the
encounter zone (78%) of the net (Table 6 and Appendix 10). This was also true for encounters (53%) in the 1995
chum fishery, but not for sightings, which were rare overail. In both fisheries, bird entanglements do not appear to
be linked to the position of birds in the encounter or sighring zones of the net relative to the prevailing wind and
tide direction and the corkline (Table 6). These data agree with chose from che 1995 sockeye test fishery (Melvin and
Congquest, 1996). Collectively they strongly suggest that wind and tidal currents are not important factors influenc-
ing seabird entanglemnents in drift gillnets.

1996 Sockeye Figshery 1995 Chum Fishery

Bird Lecation Encounters  Sightings | Encounters  Sighlings
Relative to Corkline

Sets 123 132 10 5

Up WindAJp Tide 24 23 2 2

Up WindDown Tids 10 17 0 o]
Oown Wind/Up Tide 11 10 o o]
Cown Wind/Down Tide 40 36 2 1
Both Sides 18 29 4 2
Other ) 20 17 2 0

Table 6 Alctd Poition Relacive to Nees/Sockeye Tese Fishery, The number of sets wnith seabivd entanglements where aleids were observed in the encounter
zone ot sighting zone of the nex and the position of alcids relative w the corkline of the net and the prevailing wind and nide for the 1996 Sockeye Test
Fishery.
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Comparing sets with and without bird enranglements in both fisheries, sets with entanglements tended 1o
be longer, to have larger numbers of birds near the net, and catch more salmon {Appendix 10). Entanglement sets in
the 1996 sockeye fishery occurred in rougher sea conditions. This was not true in the 1995 chum fishery where sea
conditions were rougher averali, but less variable than in the sockeye fishery. Entanglement sets in the 1995 chum
fishery rended to occur in more inclemenr weather conditions, Tidal state, current speed and water depth were
similar for sets with and withour entanglements. Although we have documented cases where a fishing vessel
running the length of the net has caused individual entanglements, the percentage of sets with and without en-
tanglements were stmilar in sets with and without this behavier. These dara suggesr thar, with the possible exceprion
of sea state and weather, physical factors have litele influence on entanglement rates. The number of birds in the
viciniry of the ner is likely the most important factor influencing the entanglement rates of seabirds.

In both the 1996 and the 1995 sockeye fisheries, sets that entangled seabirds tended to carch almost twice
as many salmon as those that did not entangle seabirds; and in the 1995 chum fishery, 25% more. This phenom-
enon reinforees the suggestion thar entanglements may be more likely when alcid prey (bais fishes) co-oceur with
sockeye and chum salmon prey (euphausiids; Melvin and Conquest, 1996).
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DISCUSSION

The Ecosystem

The extreme inter-annual variation of seabird abundance in Puget Sound is the single most important
factor determining the rate of seabird entanglement in Area 7. Berween 1995 and 1996, commeon murre abundance
varied by a factor of almost 60 and murre entanglement race by a factor of 15. This variation in murre abundance in
the Area 7 gillner fishery is probably due ro variation in the timing of the post-breeding migration of Oregon
breeders (over 700,000 birds; R. Lowe, 1997, pers. comm.} and perhaps California breeders (360,000; Takekawa et
al., 1990} ro Puget Sound. In most years these large populations leave their coastal breeding colonies in late June o
early july (Boeklheide et al., 1990} and intermingle with the much smaller population of Washington breeders
(about 5,000 murres, ]. Parrish, unpub. dara) which begin leaving Tatoosh Island four to six weeks later in mid-
August. Typically, male-chick pairs leave the colonies first and swim to their wintering grounds while females leave
later and fly. In 1996, Oregon murre breeding colonies failed (R. Lowe, 1997, pers. comm.). The earlier post-
breeding migration and the breeding failure of California and Oregon murres, together with higher entanglement
rates and the absence of YOY birds entangled in the fishery, strongly suggest that murres encangled in the Puget
Sound fishery originated from southern colonies in 1996. In 1995 the opposite occurred——QOregon murre breeding
activiry was near normal and their migration to Puger Sound was later, and murre entanglements in the sockeye
fishery were dramaucally lower.

Rhinoceros auklet abundance and entanglement rates were three times greater in 1996 than in 1995
(Melvin and Conquest, 1996). Auklets are much less variable in their vear-to-vear interaction with Area 7 gillnet
fisheries, because their colonies at Protection and Smith Islands are close to the fishing grounds and their annual
breeding success is relatively constant (U. Wilson, 1997, pers. comm.). The variabiliry that we saw in auklet
inceractions between 1995 and 1996 was likely a function of where in Puget Sound these birds chose to forage and
minor variation in the number of breeders on dn annual basis.

QOur understanding of the seabird-gillnet interaction in the Area 10 chum fishery is incomplere. Although
there were fewer alcid sightings in the Area 16 chum fishery, the alcid entanglement rate and the rhinoceros aukler
encounter rate exceeded those of the 1995 sockeye fishery in Area 7. This and other observations suggest chat aspects
of physical environment in Arca 10, such as rougher sea conditions and/or increased boar rraffic, increase the
intensity of the interaction berween alcids and gillners in this location. The lack of inter-annual data on seabird
abundance for the Area 10 chum fishery limits our understanding of the importance of this arca for seabirds and the
relationship between abundance and entanglement rates.

Seabird and sockeye abundance changed dramatically within the 1996 sockeye season but in opposing
patterns. During the final weeks of the fishery, sockeye catch rates dropped off to trace levels (abourt 2 fish/set) and
murre abundance peaked at near 100 sightings per set (Figure 6). It was during this same period that the only two
non-treary fishery openings for gillners were scheduled (16 and 19-20 August). Clearly it is not in the best interest of
fishers or murres to schedule openings when the likelihood of catching salmen is extremely low and entangling
murres is high. It was also during this period that murres from the stressed Tatoosh Island population began to
fledge (15 August, J. Parrish, unpublished data) and possibly recruit to the aggregarion of post-breeding birds in
Puget Sound. Although the 1996 schedule of non-treaty gillnet openings was atypical because of allocation shifts to
protect Washington coho salmon stocks (ID. Austin, 1997, pers. comm.}, it demonstrated that without an ecosystem
management approach to the fishery management and seabird conservation, objectives can conflicr. Scheduling
fishery opentings when fish are scarce, birds are abundant, and murres from a stressed population might begin
recruiting to post-breeding aggregations in Puger Sound is not the best approach to fisheries management, if
reducing seabird bycatch is a resource management prioriry.

At present seabird abundance is not measured on the fishing grounds nor are seabird data from existing
research programs considered in fishery management decisions. Data are collected annually at seabird breeding
colonies in Oregon (R. Lowe, USFWS) and Washington (U. Wilsan, USFWS and J. Parrish, University of Washing-
ton). Seabird survey data are collected along the cuter coast of Washington throughout the summer (C. Thompson,
WDEFW) and in Puget Sound during July (Puget Sound Ambient Monitering Program (PSAME D. Nysewander,
WDTFW). It may be possible to adapt both WDFW survey programs to enhance the data required for improved
management of the fishery, We have demonstrated that the vessel transects used in this study reliably measure
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seabird abundance on the fishing grounds in Area 7. We urge that seabird abundance be measured on the fishing
grounds in areas 7 and 7A before, during and after the sockeye fishery using vessel transects, and thar these daca be
merged with those from existing scabird monitoring programs to form a comprehensive dara ser. These dara and real
time fish dara could be incorporated into an interactive management system to manage the fishery.

Inter-vear and Intra-season sources of variation in seabird abundance provide great opportunity for
improved management of the fishery based on an ecosystem management concept. We recommend the following:

* Make seabird conservation an objective of ll fishery management agencies with jurisdiction over Puget

Sound and irs adjacent waters.

» Implement seabird bycatch reduction measures that are comprehensive, extending to all fishers regardless

of country or treaty status.

» Link seabird dara from existing on-colony, outer coast and Puget Sound survey programs with seabird

abundance data collected on the fishing grounds.

* Prioritize the development of a comprehensive seabird abundance dara set and incorporate it into the

fishery management process via wildlife management agencies responsible for seabird conservation.

* Manage the fishery interactively using real tme seabird and fish abundance data.

+ Eliminate morning change-of-light sets in the gillnet fisherv and restrict fishing to daylight hours in years

of high marre abundance.

*» Require 20 Mesh nets (upper 20 meshes replaced with white, highly visible seine twine) to replace

traditional monofilament drift gillnets in the Area 7/7A Fraser River sockeye fishery, and allow time for full

compliance. The effectiveness of the 20 Mesh gear in the fall chum fishery has not been proved, and

therefore, is not recommended.

These data also argue strongly that studies designed to measure seabird interactions in fisheries need o be
multi-year programs in order 1o accomplish their goals.

The Fishery

The different entanglement patterns for common murres and rhinoceros auklets by time of day reflect their
general activity patterns. Rhinoceros auklets leave their breeding colonies ar Smich and Protection Islands before
sunrise and return prior to sunset each day (Wilson and Manuwal, 1986). This behavior explains the rare entangle-
ment of auklets during evening change-of-light sets and their commeon entanglement {over half} during morning
change-of-light sets. Murres, on the other hand, are on the water constantiy bur were entangled most during change-
of-light sets (60%). We recommend that morning change-of-light sets be eliminated in the gitlnet fishery and
that, where possible, fishing be restricted 1o daylight hours in years of high murre abundance.

We found that common murre entanglement rates were significantly less in all three gear treatments tested,
but that rhinoceros aukler entanglement rates, though less in the experimental gears, were significantly less only in
nets with the deeper visual barrier (50 Mesh). Statistical comparisons were less robust for rhinoceros auklets because
fewer auklets were entangled (3 times less than murres), thus reducing the effective sample size. It is likely that fewer
rhinoceros auklets were entangled because they were 7 times less abundant than murres, and seldom enrangied afrer
carly morning. Results from this study and our earlier work (Melvin and Conquest, 1996} confirm that visual
barriers are an effective seabird bycarch reducrion tocl.

The 50 Mesh nets were the only net type tested that caught significantly fewer salmon {over 60% less than
the control) as well as significantly fewer murres and auklets. These nets were difficult to fish because of their weight
and bulk and thar they entangled the only porpoise {five animals) in the 1996 sockeye test fishery, suggesting thar
rhey may be a hazard to these echo-locating species. For these reasons, the 50 Mesh gear is not a pracrical seabird
bveatch reduction alternative in Puget Sound drift gillnet fisheries.

Nets with pingers and 20 Mesh visual barriers caught fewer rhinoceros auklets and significantly fewer
common murres than controls, but only slightly fewer salmon. Evidence suggests thar these gears do not reduce the
number of entanglement events, but rather reduce the number of birds entangled per event. We speculate thar visual
barriers reduce aggregate behaviot/decision making (follow the leader) and force individuals o decide how to avoid
the obstacle that the corkline /visual barrier array presents, Although pingers have the grearest potential as a ool 1o
reduce seabird bycatch in a wide range of gillner fishettes because one array of pingers can be casily applied to other
nets and fisheries, we believe that we need to refine the pinger design as we learn more abour seabird hearing,
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especially hearing capabitities underwater, o make them more effective. Ideally, pinger research shenld be directed
at developing a device that is effective ar reducing the bycarch of porpoise and perhaps other species as well ag
seabirds, Secondly, pinger tests should be repeated and results reproduced before they are required by law as a
bycatch reduction tool. On a more practical level, the prototype we developed is not commercially available at chis
time.

Of the three gears tested, only the 20 Mesh gear {upper 20 meshes replaced with white, highly visible
seine twine) is recommended as a seabird reduction management tool in the Area 7/7A drift gilinet fishery.
The 20 Mesh gear met our original goals, was tested and proved in mulriple fisheries, and was conceived by and
endorsed by the Puger Sound Gilinetcers' Association as an acceptable tool to reduce seabird bycarch in this fishery
(L. Pillatos, PSGA, 1997, pers. comm.). The cost of incorporating the 20 mesh strip of whire, #18 seine rwine into
existing nets is estimated at $1,800 to $2,000 per net including a week or more of labor (T. Crump, LFSI, Inec.,
1997, pers. comm, and J. Armstrong, Redden Net Co., 1997, pers. comm. ). Tts usable life is estimared at six to nine
years depending on use patterns, yielding an annual cost of approximately $223 o $333 for each fisher. The time
necessary 1o arder and ship the seine twine nerting and incorporate it inte an existing net is estimated at chree to six
months, depending on the time of vear. The effectiveness of the 20 Mesh gear in the fali chum fishery has not
been proved, and therefore, is not recommended.

Although seabird bycatch and sockeye carch varied significancly by location, aress of high salmon catch and
high seabird bycatch tended to overlap, eliminating the paossibility of significantly reducing seabird bycarch without
significantly reducing salmon catch through zonal or area closures within Management Area 7. However, the
significant variation in both seabird abundance and bycatch by locarion demonstrared in this study and our earlier
work (Melvin and Conquest, 1996) underscores the importance of accounting for geographic variation in experi-
meral comparisons.

Management Tools

The Fraser River sockeve salmon fishery is carefully managed to allocate the sockeye resource among
United States and Canadian user groups by gear and by treaty starus. Seabird bycatch reduction measures that
decrease the fishing efficiency of gillnets can thus cause a de facto reduction in allocation unless gillnetters are given
more sets to catch their allocation. Results of this study identify three basic tools that can be used to reduce seabird
bycatch: alternadive gear, time of day, and abundance-based or ecosystem management. We use a simple model to
demonstrate the percentage of seabirds that might be entangled under a range of management scenarios relative to
the monofilament control fished at all times of day (Appendix 11}, The fishing effort (the number of sets) required
to carch a hypotherical allocacion of sockeye salmen (272,000 sockeye) is determined based on the catch rates we
measuzed in this study for the four gears under the three time-of-day scenarios and two fish-abundance scenarios.
For each gear type and scenario combination, we project the number of seabirds thar might be entangled based on
the entanglement rate estimates for that scenario. This model cannort forecast the range of seabirds thar are likely o
be caughr in this fishery because fish abundance and quotas, run timing, fishing effort and bird abundance vary
tremendously from year to year. In addition, entanglement rates used here are likely to be higher than these from an
actual fishery, because fishers participating in this study were instrucred to fish aggressivelv near birds, and are useful
only for comparisons.

Focusing on gear alone (fishing at all times of day at mean fish abundance), results indicate that seabird
bycatch can be reduced by 32% w 37% by fishing nets with pingers or 20 Mesh barriers respectively, and that
seabird bycatch would actually increase 28% using 50 mesh nets (Table 7 and Appendix 11). Using the same

approach, we compared the projected scabird bycatch of monofilamenc nets fished at chree time-of-day combina-
~ tions. Results indicate that seabird bycarch in monofilament nets could be reduced 13% by fishing daylight and
evening change-of-light hours, and 25% by fishing during only daylight hours. The greatest reduction in seabird
bycarch from any single activity can be achieved (43%) by limiting fishery openings to periods when fish are in high
abundance {monofilament nets fished all rimes of day) simply because this approach reduces effort, Clearly, there
are significant conservation consequences to fishery managemenc practices, Fishing 20 Mesh nets at umes of high
fish abundance, and during openings that include either daytime and dusk or daylight-only fishing, have the
potential o reduce seabird bycatch by 70% to 75% in years similar to 1996,
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GEAR JIME OF DAY
ALL NO AM DAYTIME
Monofilament 0% ) S 1% . 2%
Monc + Pinger ) | CB2% _ 45% 7%
20 Mesh : | L 3% 2% 55%
Abundance Basad -: ... E8% L% S T
50 Mesh I L% 40P A%
Abundance Basedt - L. 2% 6% 45%
" ) .
~ gontrol

Table 7. Management Scenario Matrix(Sockeye Tese Fishery, Matrix of estimated percent veduciion in seabird ensanglement vates by gear pipe and time
of day for periads of mean fish abundance (afl weeksi and high fish abundance (first three weeks} for the 199G Sockeye Test Fishery, For details, see
Appendix 11,
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CONCLUSIONS

Results of this scudy identifi three basic tools that can be used to reduce seabird bycatch in Puget Sound
salmon drife giliner fisheries: abundance-based or ecosysten management, alternative gear, and time of day. The
dramaric inter-annual and in-season variation of seabird abundance in Puget Sound is the most imporrant facror
determining the rate of seabird entanglements in Area 7. Inter-year and intra-season sources of variation in scabird
abundance provide great opportunity for improved management of the fishery based on an ecosystem management
CDﬂCCpt.

We confirmed thar visual barriers are an effective seabird bycatch reduction tool. The 20 Mesh gear met
our original goal of significantly reducing seabird bycatch without significantly reducing fishing efficiency. It was
tested and proved in mulripie fisheries, and was conceived by and endorsed by the Puger Sound Gillnetters Associa-
tion as an acceptable tool to reduce seabird bycatch in this fishery. The 50 Mesh nerts (with the deeper of the two
visual barriers tested) were eliminated as a possible seabird reduction tool because they did not meet goals of the
research program, were impracrical to fish, and entangled porpeise. Although pingers have the greatest potential as a
rool to reduce seabird bycatch in a wide range of gillnet fisheries because of their versatility, we do not recommend
these devices as an alternarive for Puger Sound at this time because we believe that they can be improved, results
need to be duplicated, and the prototype device is not commercially avaiable. The rime of day thar gillnets are
fished significantly affects seabird bycatch rates. Elimination of morning change-of-light fishing is likely to reduce
most rhinoceros aukler entanglements and conuibute significandly 1o reducing common murre entanglemencs.

Although seabird bycarch and sockeye catch varied significantly by location, areas of high salmon catch and
high seabird bycarch tended to overlap, climinating the possibility of significantly reducing seabird bycarch without
significantly reducing salmon carch through zonal or area closures within ManagementArea 7. Data suggest that the
number of birds in the vicinity of che ner is probably the most important factor influencing the entanglement rates
of seabirds, bur that sea state and weacher mighe also be important.

By employing all available tools, fishing 20 Mesh nets at times of high fish abundance during openings that
include either daytime and dusk or daylight-only fishing, managers have the potential to reduce seabird bycarch by
up te 70% ro 75% in years similar to 1996.

Recommendadions
We recommend several management actions based on this research that will reduce the bycatch of alcid
seabirds in Puget Sound drift gillnet fisheries and enhance seabird conservation in the shared waters of the Washing-
ron and Canada. Recommendations focus on institutional change for fishery and wildlife management agencies as
well as fishery practices. We recommend the following:
* Make seabird conservation an objective of all fishery management agencies with jurisdiction over Puger
Sound and its adjacent waters.
* Implement seabird bycatch reduction measures that are comprehensive, extending to all fishers regardless
of country or treary status.
» Link seabird darta from existing on-colony, outer ceast and Puget Sound survey programs with seabird
abundance data collected on the fishing grounds.
* Prioritize the development of a comprehensive seabird abundance data set and incorporate it into the
fishery management process via wildlife management agencies responsible for scabird conservation.
* Manage the fishery interactively using real time seabird and fish abundance data.
* Eliminate morning change-of-light sets in the gilinet fishery and restrict fishing to daylight hours in years
of high murre abundance.
* Requite 20 Mesh nets (upper 20 meshes replaced with white, highly visible seine twine} to replace
traditional monofilament drift gillnets in the Area 7/7A Fraser River sockeye fishery, and allow time for full
compliance. The effectiveness of the 20 Mesh gear in the fall chum fishery has not been proved, and
therefore, is not recommended.
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EPILOGUE

On 30 May 1997 the Washingron Fish and Wildlife Commission acred to reduce seabird bycatch in non-
treaty Puget Sound drift gillnet fisheries based on the results of this study’. They acred ro require use of the 20 Mesh
gear modification in Management Areas 7/7A beginning in 1998. The minimum twine size of the whire opaque
netting or “bird strip” was sec ar #12 {as opposed to #18) in response to fisher concerns over safety, weight and cost.
Action came too late to require the 20 Mesh gear in 1997, They will also restrict fishing to a period from 1.5 hours
after sunrise to 11:59 p.m. This action precludes morning change-of-light and most night fishing.

In preference 1o a propesed WDEW regulation to restrict fishing to a projected period of high fish
abundance, 1 to 23 August, they delegated to the WDFW director “the authority to take emergency action to ensure
fishing in areas 7 and 7A is beneficial to the protection of birds based on abundance of satmon.” This alternative
action was in response to uncertainty regarding the timing and abundance of both fish and birds and the potential
for unnecessary lost fishing opportunity. The commission indicated that this action serves the fishing industry and
seabird conservation objectives better by scheduling fishery epenings based on acrual sa;mon abundance and the
relative abundance of seabirds. No acrion was raken on monitoring seabird abundance.

" Source: Bern Shanks, PE.D, Director of the Deparement of Figh and 'l?.’r'ffszfﬁ’ in a 24 June 1997 lerrer to Mr. Fure Smirch, Assistan: Regional Direcror,
US Fish and Wildlife Service, North Pacific Coast Ecoregion.
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APPENDICES

1996 Sockeye Flshery

DATE EFFORT

"SALMON CATCH PER SET

ingiudes four partial net sets due to gear damage

Trip Seis Seots Porcont | Sockeye King Coho  Atiantic  Steethead Unid, Total | Dogfish
Total | with salmcn

28-Jul 1 28 28 100% 54.3 0.2 0.0 0.3 0.0 0.0 54.8 24.7
29-Ju 2 4 34 100% 58.5 03 00 0.1 0.0 0.0 59.4 241
31-Ju 32 23 29 100% 81.0 03 0.0 01 0.0 21 51.6 15.0
4-Aug 4 49 45 92% 334 02 0.1 0.1 0.0 0.0 310 | 212
6-Aug 3 35 34 87% 174 0.1 0. 0.0 0.0 0.0 155 15.2
7-ALg 8 a1 34 83% 18.1 a1 a1 LR 0.0 0.3 13.7 10.2
11-Aug 7 ae 32 %% 933 0.2 Q.0 0.0 0.0 0.3 £23.4 12.6
12-Aug 8 3e 34 89% 306 0.1 0.0 0.1 0.0 04 27.8 6.2
14-Aug 9 36 a5 97% 258 0.3 0.0 0.0 0.0 0.1 25.2 123
15-Aug 10 33 13 5% 8.4 00 Q.0 01 01 0.0 34 138
18-Aug 1 42 30 71% 3.7 08 0.0 0.0 0.0 00 32 26.5
20-Aug 12 40 26 65% 3.0 0.2 0.0 0.0 0.0 0.0 22 135
21-Aug 13 39 21 54% 5.0 o1 0.2 0.0 0.0 00 29 58
22-Aug 14 41 15 3% 341 00 01 G.0 0.0 1.1 16 4.5
25-Aug 15 35 20 56% 3.0 01 0.1 0.0 0.0 02 19 128
27-Aug 16 4 12 259% 3.3 .0 0.2 oo 041 0.3 1.1 10.3
28-Aug 17 40 15 38% 2.0 0.1 0.3 1] 0.8 0.1 .0 8.1
Totals 17 642 457 13,151 84 27 25 a 62 13,367 | 8852
Mean 205 + 3] 0.0 a0 0.0 [+R ] 208 13.8
SE . 1.999 0.024 0.60S 0008 0.004 0027 2005 1.142
Percent 71.2% 98.4% 0. 7% 0.2% 0.2% 0.1% 0.5% 100.0% =
1995 Chum Fishery Appendix 1. Fish Catch, Mean rate per set of satmen and dogfish
DATE E'I'Frizoagets s‘“t’:ﬂ? CATg:thH SE}gng Totar | Doghieh catch and oral catch by species for the 1996 Sockeye and the 1995
=0 | 1 12 | 252 01 01 255 | 05 Chum Test Fisheries.
26-Oct 2 14 483 01 Q1 49.5 0.7
1-Now 3 14 639 0.1 0.1 6a.2 0.4
2-MNov 4 14 798 0.0 0.0 79.8 0.9
3-Nov 5 12 1002 01 ne2 100.5 ¢4
S-Nov -] 14 59.1 0.6 0.0 64.7 2.5
10-Nov 7 13 66.3 0.2 0.0 80.0 0.5
131-Nov B 14 66.6 0.1 0.0 66.2 04
Totals 12 167 6,822 19 5.0 6,856 850
Meaan €3.75 ¢.18 0.06 6417 0.90
SE 3110 0.045 .021 3.111 7 d.420
Percant 99.7% 0.3% (.0 100% *

19896 Sockeye

ms:;HTNGS. ENCOUNTERS
Date  Trip Sets| Sets Pement| Common Ahinoceros Matded  Pigeon  Unid.  Other  Total | Sels Percent|Commen Rhinacercs Unid. Wr sarbled  Total

Wume Auklet  Mumsiet Guillemot  Akcid  Alcid Alcitts Murre Auklal Aeid  Alcid  Murrelat

28-Jul 1 28|28 B% 13.82 3.56 +] 1] D.a2 [+ 18.0¢ e 1% 3404 0.57 014 007 u] 3.82
2%-Jul 2 34015 d44% 6.94 1.00 Q 0.03 Ga7 0 8.4 15 4% 187 1.50 0.0 q 0 353
Iedul 3 29|19 8% 4.52 0.76 ul 10 100 0 .38 " 8% .59 Q.10 014 063 o] 086
&ALg 4 43| 3 T¥% 4.57 4,69 0.02 .12 1.73 il 1534 32 £5% 173 1.3% 0.37 ] o 3.49
&Aug 5 33| 28 % 1558 1.56 28 L] o Q.35 0 1840 20 51% 123 .4 008 1] o 1.72
T-Alg B 41| 35 8% 1417 2259 o e 6.51 0 4323 23 7% a2 2.43 905 002 o 550
1A 7 3|29 % 2528 azs 0.03 017 172 0 3044 26 2% 6.58 1.58 0.56 Q 403 a7
12-Aug & 38| 28 7% 547 097 ol 0.05 0.53 13 7.55 1% 0% .03 0.47 0.03 Q.08 o 3.58
1480 9 36 24 ET% 1047 4.08 a 0 0.33 ] 14.56 21 58% 3an 122 0.08 o} 4] ;4:
15-Aug 10 33 27 82% 40,88 121 0.06 0.06 0.21 1.22 42,46 23 7% 648 0.55 006 003 008 A
18-Aug 11 42| 37  BE% 26.08 057 0 .31 013 1.14 2774 32 T6% 464 0.2 0.24 029 Qg £.48
20-Aug 12 40 32 B3% 25.80 208 ] Q.15 4.58 (] a2 60 25 3% 4.88 .75 010 003 Q 575
21-Aug 13 AP N 7R | 2356 E.51 i} o 077 0 3085 | 31 T¥% | 1087 1.97 o5 © G 12.90
Z2-Aug 14 41| A TE% 16554 1.59 o 022 0.33 v} 17.66 20 4%% 1.85 017 O 0.15 4] 2._1?
25-Aug 16 36 30 B3% 28.72 Q.42 ¢ o] nz22 0 79.36 24 6% 1264 0.19 014 Q ] 12.97
2T-Aug 16 41| 3 TE% 83.72 g.41 2,10 noz 024 o 54 51 21 1% 781 .37 1.05 Q e B.12
FZB-AUQ 17 4G ] 25 63% 3168 0.25 0 G158 0,08 1] 3215 0 25% 1.85 0.i5 O 4] { 240
Totals 17 5a2| 4B2 14,845 2.‘1‘5‘6 12 3] 798 3 17.800 | 379 2,835 548 B2 26 7 3,498
Mear/ast 30.735 4,526 0.025 [PRRL 1652 Q006  37.060 4,416 0.854 0128 0040 0011 5448
SE 2,724 0.784 0.007 0.028 Q390 0028 2.903 0.446 0141 0025 0021 0006 Q477
Percent 5% | RI% 12.2% 01% 0.3% 4.5%  00% 100.0% 59.0% | 81.0% 15.7% 23% 07% 02% 100.0%

* 24 Pigeon Guillemots, one Tufted Putfin and one Cassin's Aukiet

Appendiz 2. Alcid Abundance/Sockeye Test Fishery. Mean rate per set of aleid sightings (maximuem number within 10 ts 100 meters of the corkline) and
encounters (within {Q meters of the corkiine; by date and species and tosal vghtings and encounters by species for the 1995 Sockeye Test Fishery.
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ENTANGLEMENTS

Date Trip Seis | Sats  Percent | Common HRhinoceres Marbled  Pigeon Total

{total} Murre Auklet Murelet  Guillemot _ Aleids
28-Jul 1 28 14 6% 0.57 0.14 0 0 am
28-Jul 2 34 15 44%, 1.32 .50 0 o] 1.82
31-Jul 3 29 13 45% 0.82 0.24 0 [ 0.86
4-hug 4 48 16 3% 027 jukc ] 0 0.57
E-Aug 5 39 ] 13% 015 o 4 0 .15
7-Aug & 41 8 20% 0.22 007 |y 0.0z 0.32
11-Aug 7 36 14 % 1.7 0.22 G ] 1.39
12-Aug 8 36 5 13% 0.43 003 0 0 016
14-Aug <] 36 14 9% 028 0.28 { 0 0.55
15-Aug 10 33 11 33% 0.61 0.06 ] 0 .67
18-Aug 11 42 13 3% 31 017 0 0 0.48
20-Aug 12 40 2 5% 0.08 4] & 0 0.08
21-Aug 13 39 14 36% 0.85 010 g 0 0.83
22-Aug 14 41 3 T 010 0.07 0 4] 017
25-Au) 15 36 9 25% 0.50 M 003 o] 0.53
27-AUg 16 41 8 15% 0.07 (R 14] 0 o 017
28-Aug 17 40 0 0% 0.0¢ 0 ] 0 0.00
Totals 17 842 | 188 258 85 1 i 345
Dead 249 BO 1 1 331
Alive 9 [ 0 Q 14
Non-analyses 2 2 i} 0 4
Taotal - alf sets 269 87 1 1 349
Percant 25% 75% 25% % o 100%
Mean/set ¢.402 0132 0.002 0.002 0.537
SE 0067 0.020 0.002 0.002 0.0

* hirds entangled in sets delsted from anatyses (see methods)

Appendix 3. Alcid Entanglements/Sockeye Tes Fishery. Mean rate per set of aleid entanglement: by date and species and total aleid entanglements by

species for the 1996 Sockeye Test Fishery.

185¢ Sockeye Fighory
{Age/Meaaurements Comomon Mure Ahinsceres Auklet
Femais Male Famals Male
Mean Range Mean Range Total Maan Range Maan Rarge Totat
4%
Young of the Year |no.) [} L1} 4] 19 17 36
Culmen Length {sm} 27 2529 238 2610340
Body Weight (g} ave2 2414104554  JB36 7 StodsRS
29% 3
Pre-Breeders (no.) 26 & 71 9 16 25
Culman Length (em) 47 421051 5.0 4554 3z 31153 3.3 281038
Body Wesghl {g) 1.004.4 B0T7I01.152.3 1,042.1 528310 1.2084 54,7 473210 6026 5787 4962 ta 8551
% 26%
Bresders {no) 73 102 AT? 14 7 2
Culmen Length {gm) 448 431054 49 431055 az 28w 35 33 281036
Bedy Weight {g} 1,047.8 &78510%,3448 10703 §95.1tp 13,3202 5655 484.2 o GE9.4 6213 567 ZI0GTL4
Unknewn 3 i
jReleased Alive g 3
Taotal 111 137 260 42 40 0 BT
1995 Chum Fshary
AgeMeasurements |Commen Murte Rhinocems Aukist
Femate Mada Femae Mata
Mean Hange Mear Range Total Maan Hange Mean Range Total
YOY/Pre-Brevdecs (no.) 3 ] E 6 € 12
Gulmen Length (em) 4.4 391048 46 431052 a1 281033 3 281032
Sady Waight {g) 1,0240 9028t 1.0746 10005 S§56.7t01067.4 5800 534210634 5980 EI16106867
Brsaciers {no.] Q 0 o 0 0 ]
RAeloased Alive {nc.} ¢] 0
Total {no.) -] 5 n & 6 12

Appendix 4. Ages of Entangled Seabirds. The number, mean and range culmen lengeh (mm), and raean and range wial weight (grams) of entangled

seabirds by species, age and sex for the 1996 Sockeye and the 1995 Cham Test Fisheries,

43




1996 Sockm Fishery

SIGHTINGS ENCCUNTERS ENTANGLEMENTS
Dala Trip Sets| Sats Parcent| Harbor Harber Dall's  Killer Other  Unid. | Sels  Percent| Marbor Dalls  Killer [Sets PercertHarbor Harpor  Dail's
[Tuta Seal Porpeise Porpoise Whale Seal  Popome Whals Seal Porpoise Pompoise

| 28dul 1 28 7 25% 039 o ¢ & 0 004 11 3% 0.57 ] H 8 0% | 00D 000 0.00
26-Jul 2 A 5 15% 0.29 1 ] 0 0 0 15 44% 1 065 1] o 0 00% | 0600 000 0.00

il 3 29 7 24% 045 1] ] 2 0 ] 14 48% | 0.97 o o 0 00% | GO0 000 0.00
4-Atkj 4 49 17 3% 0.33 Q 0 0.24 g Q 12 3% 0.45 o 212 0D 00% | 000 000 0.0¢
&ALy 5 3% 18 48% 1.44 o 0 026 a 1] 21 54% 1.72 @ 026 | 0 O0% | 000 DGO 0.60

Tuhlry B 41 23 56% 0.98 0.08 0.08 020 002 0.05 23 56% 1.07 a [+] 1 24% | ¢.00 009 062

-Aug T 38 i4 38% 0.B3 a 13 0 0 0 20 56% 1.22 o o 0 0O% | 000 D00 0.00

12-Aug B 38 14 37% 045 o] sR 3 .13 0 0.03 14 % 0.50 0.08 o n 0o% | 0.00 000 0.00

1d-Aug 9 34 14 39% 0.72 g il 0 0 0 21 8% | 0.97 ] 0 0 040% | 000 Q00 0.00
154ug 10 33 ] T0% 176 a ] [ Q g 26 T% 1.78 1] o] 1 3.0% | 003" 000 .00
18-Aug 11 42 23 55% 107 2.05 il ¢A7 0 4] 24 ET% 1190 +] a 1 24% | 000 002 0.00
20-Aug 12 40 21 53% 140 o il a a 0 28 B5% 1.60 ¢] o 0 00% | 9C0 000 eleli]
21-Aug 13 38 26 7% 1.3 010 0.26 ¢z 0463 0.9 26 ET% 1.56 4] 0.08 1 268% | 0.00 .00 0.03
22-Aug 14 41 N 8% 266 1] 0.4 ¢z oe2 1] ar 90% 3.28 415 0.02 t 2.4% | 0.00 000 0.02
25-Aug 15 36 3l BB% 2.4 1] a .03 ¢ 1} 32 29% 2.47 [+] a 1 28% | 003 OO0 000
27-Aug 16 41 3 BU% 1.80 a Q 0 a 1405 35 85% 224 0 o 2 45% | 002 002 Q.00
28-Aug 17 40 30 715% 1.83 0.05 4] 1] [ 0.08 35 BE% 1.95 a il 0 0.0% ! 0,09 0.00 0.00
Tatel 17 42 | 337 782 19 <2 78 E] 12 299 923 9 20 [: 3 2 3
Ratw'Sat 119 202 0.05 012 0005 0.02 1.44 [sE4 3] 0.03 Q005 0003 0.005
SE 007 o 0.02 003 0003 0N Qo7 001 oo2 0003 0002 0003
|19l'°€m 525% | B4.8%  1.1% 38% B5% 03% 1.3% B2 1% | S7.0% 0.9% 21% 12% |37.5% 25.0% 37.58%
" other marne mammals: irips & and 14, Minke Whale; trip 13, Elephant Seal ** released alive

1995 Chumn Fishery

SIGHTINGS ENCOUNTERS | Appendix 5. Marine Mammal Abundance. Mean
Cite Trlpﬂsms Sais Parcent| Maor  CA Dalfs | Sets Parcent SeCA H:':'m Forpaisel rate per set afmarine mammal sigﬁfiﬂgi, EFEOUTLETS
atal) Seal  Sealign Porpoise a Lion Seal .
T = 7% ooe 500 o7 T Ior | 0%8 o0 ooE" and entanglements by date and s:pfa‘esﬁr the :7996

2e0ct 2 14 | 4 pew | oo7 0.43 000 | 10 71% | 336 086 o07eee| Sockeye and the 1995 Chum Test Fisheries. No

1-Now 3 14 1 % 0.07 000 0.00 [ 43% 129 050 000 marine mammals were m:ngffd in the chum test
2-Nov 4 14 4 29% oz 0.14 2.00 7 50% 207 014 000 ﬁfiff’_'»"-

FNew 5 12 o 0% o 0.00 0.00 5 42% | 2256 025 O00

S-Nov 5] 14 2 14% 007 007 .07 g 45% 053 021 000

10-Now 7 13 2 15% Q.00 a0 .00 ] 59% 254 DO3 000

1oy 8 14 1 7% o.00 0.00 0.08 g 43% | 143 0480 000

Totels 8 o7 16 8 12 2 194 29 3

Lean 0.08 a1 [eXory 181 027 Q@3

SE oMy 0025 0.01% 55 G261 0060 0021

Fercent: 15.0% | 33.3% 57.1% 9.5% 514% | 85.8% 1248% 08%

T inciudes four partiai nel sots ** Dall's Porpeise , o Habor Porpoise

1895 Chum Fishery

SIGHTINGS
Date Trp Sets | Sels Parcent]! Rtwne. Unid. Common Ancient Marbled Unid. Grebe Scoter Commomant  Loon
(Tetaf) Aukigt  Murrelet Murre  Murrelet Mumelel  Aleid  Spp.  Spp. Spp. Spp.

25-0ct 1 12 1 B% 0.08 0.00 Q.00 .00 0.00 0.00 0.00 0.00 0.0 0.80

26-0ct b4 4 ] % c.00 .00 0.00 0.00 C.00 0.0 0.14 0.00 .07 0.00

1-Mowv 3 14 T 50% 0.57 G.0G Q.57 .00 0.00 Q.14 1.07 1.4 014 0.0v

2-Mov 4 14 4 29% o.1a o0 0.07 0.00 0.07 0.00 1.00 043 .07 0.07

3-Mov H 12 2 1% 050 aoe 00 0.00 000 0o 017 000 0.00 0.0¢

Sehlory B 14 3 43% 143 150 014 0.00 0z 0.00 014 0.00 0.00 .00

18-Now 7 13 4 3% 123 pgo Q.00 046 000 000 GO0 Q00 0.00 0.00

11-Now ] 14 3 21% 0.14 0.0C 2.00 a.21 000 .07 0.00 000 0.00 0.00

Totals g 107 27 58 21 1 9 4 a 35 22 4 2

Mean/sat 0.5% 020 210 0.08 0.04 0e3 038 02t 0.04 .02

SE 0.135 0.04 0026 oo

Percant 25% 55% 20% 1% % 4% 3%

1995 Chum Fishery

ENCOUNTERS ENTANGLEMENTS
Vate Trip Sets | Sels Parcent| Rhino. Grebe Common  Unid Unid. Loen | Sets Pergent| Phing, Common  Teotal
{Total Auklet  Spp.  Murre  Mumrelel  Alcid Spp. Auklat  Murre

25-Cct 1 12 3 25% 042 000 000 0.00 .00 000 1 &% Q.00 008 0.08

26-0ct 2 14 4 9% 0.50 043 014 Q.00 o8 Q.00 3 21% 0.21 oor 029

1-Nav 3 14 g 43% 043 1400 029 0.00 Q.00 0.07 2 14% oa7 014 0.21

2+Nov 4 14 3 21% 02 D4 Q.00 Q.00 0.00 0.00 1 T 0.00 007 0.07

3Nov 5 12 3 28% 0.67 033 008 0.00 0.00 .00 1 8% 0.08 0.00 0.08

Moy & 15 ! & 4¥% 164 028 a7t 0,14 .00 .00 3 21% 2.07 021 a.2%

10-Mov 7 13 3 46% 2.08 Q.08 0.08 0.00 0.00 0.00 3 23% 423 0.08 an

11-Nov 8 14 2 14% 043 0.00 0.00 0.00 0.00 0.00 = % 0.21 0.14 038

Totals 8 107 3 a5 K1l 17 2 2 1 1% 12 13 23

Msarvaat ¢H 029 316 .02 .02 o o1 010 022

SE 0,181 .0GE Q.033 0.033 0.045

Parcen 1% B2% 22% 12% 1% 1% 1% 18% 5% 48% 100%

Appendic 6. Seabird Abundance and Entanglements/Chum Test Fishery. Mean rate per set of seabird sightings, encounters and entanglemenys by date
and species for the 1995 Chum Test Fishery.
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1008 Sockaye Fig

Total mumber, percent, mean rase per

emtangled in gillners by gear type for

SPECIES MONG PINGER 20 MESH 50 MESH

{caught/ n=188 n=184 n=181 =160
jentangied) Tatsl  %* Rate SE | Total % Fate SE |Total % Rate SE (Total % Rats SE
{Sackeye

Total 4391 100% 26137 2136 | 3415 85% 22520 2067|3669 B8Y 20004 2035 (1843 39% 10269 1.37¢
Alcids

C. Mume 101 0607 0080 | 46 0301 0oE0| 53 0329 D06 ] 58 €.363 (.064
R. Auldet 3 0202 0osa| 25 0183 04| 19 018 0032] 7 Q.0aa 0024
M. Murrsiat 1 0006 0006 1 o g l 0 [} o 0 ]
P. Guillemat [} 0 a ] oouT 07| ¢ 0 0 ¢ o 0
Total 136 100% 0.81C QAT3] 72 5B% Q471 0074 72 55% 0447 0080 | 65 50% 0406 0193
Marine Mammals

Harpor Saals [s] o] a 1 007 oLoT) 2 0012 QODEY 0 0 0
Pompuise o . 0 0 ¢ 0 o [ Q ¢ 5 0031 0014
Toral o g ] 1 - Q007 00OTE 2 02 Co0% | S 0031 0014
" parcent is catch rale divided by Mono catch rale

“*includas 2 Harbor Porpoise and 3 Dalf's Porpoiss

95 Chum Flshery ) )
SPECIES ; MONO 20 MESH 40 MESH Appeadix 7. Gear Comparisons
{caught/ ! L [1<] A=103 =103
Lentanglsd) Total %' Rate™ SE |Votal % Rate SF |Totasl % Hme SE st and seandard evvor for saimon,
Chum aletd, and marine mammal species
Total 2671 10008  FT.A0D  B.504| 2,088 7% 61107 S5.301{1833 69% 53388 4058

1996 Sockeye and the 1995 Chum

Alclds Tuse Fichers

C. Murre 5 0.147 0083 4 o117 o072 2 0.057 0042 £5t Lasipenes,

R. Auklet 4 0117 0057 4 0117 p.Q18| 3 .07 D051

Total ] 100% o261 0087 8 $0% 0234 0081| 57 56% 0147 0083

° percent is calch rate divided by Mono calch rale

** rate Is cach or entanglement rate per full net set |3 x shackle set).

" exctudes one seabird caught in a4 partial net set {only two shackles dadloyed)

1996 Sockeye

SPECIES AMCOL DAYTIME PM COL

(caught/ n=12% n=3g4 n=129

entangled) Total Rato™ SE Total Rate SE Total Hate SE

Sockeye 3219 24953 2638 7.535 19622 1.223 | 2397 185Bi 2.048

Percent 79% TA

Alcids

C. Murres an neiz2 0033 103 0.258 0.036 75 0.581 0.051

A. Auklets 4 0,341 0.076 h| 0.081 .My 10 0.0¥8  0.032

Total 126 0.969 0239 134 0.348 0.062 85 D659 060

Parcem 100% 36% GE%

Harbor Seal 1 0.008 0.008 2 0.005 0.004 [ Q c

Porpoise 3} 0 ] 4 0.101 0.065 1 0008 0008

* rate is cateh or entanglement rate per set

1885 Chum Fishery

SPECIES AM COL DAYTIME PM COL

[caught! n=51 n=195 n=63

antangled) Tatal Rate* SE Total Rata SE Total Rate SE

Chumn 1285 78.176 3.9 4010 61692 3933 | 1,297 B1.761 6126

Percent 100% Bi% 81%

Aleids

. Mumes 3 0177 0.09s 4 0.063 0.03% 4 0189 0083

B. Auklets 3 077 0.093 [ 0.093 0.038 2 0086  0.086

Tolal & 0.354 0.144 10+ 153 0.048 & 0285 0117

Percent 43% 81%

* rate is cateh or entanglement rate per full net set {3 x rale par shackle set)
* excludes seabird caught in partial net set

Appendix 8. Time of Day Comparisons. Total number, percent, mean rate per set and standard error for salmon, aicid and marine mammal species

entangled in gillnew: by time of day category for the 1996 Sockeye and the 1995 Chum Tt Fisheries.
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1551 5 B
Varisble’ Skt [Strawberry laland L betand Ean Junr Channel | Bird Focky' ITotal
Specie Keflalt Lacign

] =r9 [k rimd. Am2y n=d

ol Maan  SF | Takal  Wan SE | Totel  bdean EE [ Tolml  Maeen SF | Tawl  Moan SE Toml _ Mesn SE
C. Myrme 10406 34803 S486 1,086 10384 0B | 30 1FES 08T 7 A7E0 104t 06 000 D039| 14848 Z3U23 2T
R. Auldst 2483 | 345 FI57 0345| FB 3R LITE| 42 247 18384 1 5250 5250 T ZAI4 QB9 | 28 ZaDS 07
M. Mumaat 0 Q00 000, 2 0¥ 015 7 00 0n2 3 0038 0028 ¢ 00 a0 00000 000D D 0000 0000 12 ooip 0007
Crhar Al & 0020 bom 9 0000 0000 45 0154 00BE Tooees  00m G 06 0000 1 02680 G250 1 0038 04034 £3 Q092 002
Unia, Arc I 16V D9l 4 0250 (.73 146 D4B8 0172 & LT Q562 & 02383 0266 00000 GO0 76 B 51T 756 1243 B39
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Appendix 9, Location Comparisans/Socheye Test Fishery. Total number and mean rate per set of alesd and marine mammal sughtings. encounters and

entanglements by species and sockeve salmon catch by location; and rotal number and mean number of seabivds per five minuce mansect uni
{approximately 34 nm) by rransect locarion for the 1996 Sockeye Test Fiihery

1996 Sockeve 1995 Chum flshery
Variables Sets Without  |Seta With Sets Without Sats With
Entanglements |Entanglements Entanglemants |Entanglamants
Physical Ner, of Sets No. of Sets Parcant No. of Sets No.of Sets  Percent
Total 484 158 25% a8 19 18%
Trdat State
Flocd Tide (sats) 14g 40 21% &2 4 15%
High Slack 25 -] 199 o] Q 0%
Ebp Tide {sets) 114 38 25% 2% 7 19%
Low Slack 21 9 30% i 4] %
Mixed 375 &5 27T% a5 ] 18%
Qperatianal
Nat Aun Net 310 108 26% no data no data
Aun Net 174 50 22% no data ng data
Mean Mean Difterencs Difference
Set Duration (min.} 116 125 g 137 157 20
Weather (index) 1.07 iom {0.08} 1.87 212 045
Saas (Beawfort seafe) .99 1.43 0.44 2.18 207 (0.08)
Max-current (nots) 117 1.09 {C.08) 0.50 0.55 .05
Depth (fathams) 54 49 4] 87 74 13
Biolagical
Totat Alcid Sightings 25.50 3524 a7 0.98 0.80 32)
Total Aleid Encodnters 380 10.50 67 0.82 147 0.6
Sockeye Catch 17.05 3102 14 £0.30 7520 15 J
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Appendix 10. Environmensal
EffectsiSockeye Test Fishery.
Mean values contrasting
physical and biolagical variables
Jor sers with and withou
seabird entanglements for the
J996 Sockeye Tese Fishery, See
appendix 12 for sea stair and

weather waits.,



1986 Seckeye Fishery

Times of Day All Day and PM COL Day Chnly

Mono Fingers  20Mesh 50Mesh | Mono  Pingers 20Mesh 50Mesh | Mono  Pingers 20Mesh 50Mesh
Variables
Sockeye
(catch/set)
Mean Fish Abundancs 26.14 22.32 2299 10.27 26.32 2158 12.36 10.00 2188 2237 18.92 .43
High Fish Abundance 4548 4173 4212 18.37 45.54 39.52 35.33 17.67 . 48,09 41.57 46 1800
Effort
{272,000 fish}
Maan Fish Abundance 10,406 12,186 11,831 26485 | 10,334 12,604 14,062 27200 G820 12,157 14,330 28.847
High Fish Abundance 5,881 8517 6,458 14,814 5,934 6,882 7638 15396 | 5656 6,543 7,893  17.000
Eeabirds
(Entang.fset) .
R. Aukdst 0.202 0.163 0.118 0044 o097 0.10% 0085 0023 | ON9 0421 0053 0031
C. MurTe 0.6 0.201 0328 0.3683 0612 0.266 0333 0.163 0.525 0376 0.213 0.143
Total Alcids 0810 0.471 0.447 1.406 0.708 0.371 0429 0186 | 0.644 0297 0.266 0173
Aleids

| (Emtanglemants/set)

B. Auklet 2,102 1,956 1,356 1,165 14002 1,323 1,335 626 1,169 1471 762 894
C. Murre 6,254 3568 3,852 9614 5,324 3,353 4672 4434 | 5157 2,140 3,083 4125
Algide Entangled
(Projected)
Mean Fish Abundance ) 5o
Total Akius B.428 5,740 5289 1,753 j 72T 4,676 g,028 5059 | 6323 3611 3823 2 ,1
Percent 100% BE% B3% 128% 8T% 55% TE2% £08% 75% 43% 45% 59%
High Fish Abundanes _
Total Alcids 4,845 3,070 2.887 6013 4,207 2,553 3303 2,884 | 3842 1.843 2.1?0 2,9:11
Parcant 7% 26% 34% T1% 50% 30% 3% 34% 43% 23% 25% 35%

Appendix i1 Management ModeliSockeye Test Fishery, Model of study resules by grar mype and time-of-day category for the 1996 Sackeye Test Fishery.
Model sstimates the total number of birds that might be entangled under a variety of managemens scenarios for periods of high fish abundance (weeks 1
t0 3) and low fish abundance (weeks 4 and 3). 1t assumes 2 gillnet quota of 272,000 sockeye.

Beaufort Scale Sea State Codes

Code  Wind Speed
<1

1-3

4-8

7-10

11-186

17-21

22-27

28-33

3440

o~k 2O

Weather Codes

Drizzle
Rain
Fog

O~ k@ = O
nnoni

Other

Intermittant fog

Etfects

Sea like mimor

Ripples with appearance of scales; no foam crests

Small wavelets; crests glassy, not breaking

Large wavelets; cresis beginning to break; scatterzd whitecaps
Small waves becoming longer, rumerous whitecaps

Moderate waves becoming longer, many whitecaps; some spray
Larger waves forming; whitecaps evenywhere; more spray

Sea heaps up; white foam from breaking waves blown in streaks
Moderate high waves; waves breaking into spindrift; blowing foam

Clear {<10% ¢loud cover)

Partly Cloudy {10-50% cloud cover)
Cloudy {60-20% cloud cover)
Qvercast (»90% cloud cover}

Appendix 12. Codes. Sez state and weather rodes.
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