
New Tools for

Puget So.und
Drift Gillnet .

S l F'b

fQ

~~g jopy ONO'

Seabird
Bycatch

Reduction:

Sy Ecfword F. Ahalvin, lamday L Conquast end 3vtia K, Pomsh

gASHU-T-97-001 C2



Seabird Bycatch Reduction:
New Tools for Puget Sound

Drift Giltnet Salmon Fisheries

1996 Sockeye and 1995 Chum Salmon Test Fisheries Final Report

By
Edward F. lvlelvin

itlarine Fisheries Specialis~
Washington Sea Grant Program

University of Washington

Loveday L, Conquest
Professor, School of Fisheries/Center for Quantitative Science

Associate Dean, College of Ocean and Fishery Sciences
Universitv of Washington

and

Julia K. Parrish

Research Assistant Professor

Zoolo~ Department
University of Washington

A. Publication of the University of Washington pursuant to
National Oceanic and Atmospheric Administration Award VA56FD0618 and

Washington Sea Grant Program,
and in cooperation with the Puget Sound Gillnetters' Association and the

Washington Department of Fish and Wtldlife

June 15, 1997

Washington Sea Grant Program
University of Washington

3716 Brooklyn Avenue N.E.
Seattle, WA 98105-6716

tHltrRSITv OF WDStli4GTON



This research was funded bv the Saltonstall-Kennedy Grant Program of rhe Vational Marine Fisheries Service
 VMFS! award NA56FD0618, and by Washington Sea Grant Program  %'SGP!, award NA76RG0119 from the
Vational Oceanic and Atmospheric Administration  NOAA!, U.S. Department of Commerce.

The views expressed herein are the authors' and do not necessarily reflect the views of the National Oceanic and
Atmospheric Administration or any of irs subagencies.

'A'SG AS 97-01

Suggested Citation:
Melvin, Edward F., Loveday L. Conquest. ,and Julia K. Parrish, 1997, Seabird bycatch reduction: new tools for Puger
Sound drift gillnet salmon fisheries: 1996 sockeve and 1995 chum non-treatv salmon rest fisheries final report.
Washington Sea Grant Prograin. Project A/FP-7. Available on loan from the National Sea Grant Depository, and
from publisher, WSG-AS 97-01

! University of Washington, Board of Regents.

No part of rhis report may be reproduced except by permission of the publisher. Contact Washington Sea Gran~
Program, 3716 Brooklyn Avenue V.E.. Seattle, WA 98105-6716, �06! 543-6600, or Fax �06! 685-0380.

Email: seagrant@u.washington.edu

Home page; htrp://www.wsg.washington.edu



CONTENTS

Executive Summary 5
Acknovuledgements
Introduction 9

ivlcthods 15

Results 20

Discussion 32

Conc!usions 36

Epilogue 37
Literature Cited 38

Appendices 42

Figures
1. Seabird Breeding Colonies 10
2. Fraser River Sockeye Study Area 11
3. Fall Chum Study Area 12

4. Experimental Gillnets 16
5. Seabird Observation Zones 18

6. Bv-Week Comparisons/Sockeye Test Fishers 20
7. Inter-Year Comparisons 21

8. By-Week Comparisons/1995 Churn Test Fishery 23
9. Gear Comparisons/Rates 25
10. Gear Comparisons/Percent 26

11. Pinniped Interactions by Gear Type 2
12. Time of Day Comparisons/Rare 28
13. Time of Day Comparisons/Percent 28

14. Area 7 Sockeve Tesr Fishery Location Comparisons 29

Tables
1. Inter-Year Comparisons 21

2. Alcids Entangled: Vumbers and Ages/Sockeye Test Fishery 22
3. Alcids Enrangled: Vumbers and Ages/Chum Test Fishery 24
4 Gear Comparisons/Sockeyc Test Fishery 25
5, Titne of Day Comparisons/Sockeye Tesr Fishery 29
6. Alcid Position Relative to Vets/Sockeye Test Fishery 30

,'. Management Scenario Matrix/Sockeye Test Fishery 35

Appendices
I Fish Catch 42

2. Alcid Abundance/Sockeye Test Fishery 4t2
3, Alcid Entanglernents/Sockeye Test Fishery 43
4. Ages oF Entangled Seabirds 43
5, Marine Mamma! Abundance 44

6. Seabird Abundance and Entanglements/Chum Test Fishery 44
. Gear Cotnoarisons

8. Time of Day Comparisons 45
9. Location Comparisons/Sockeye Test Fishery 46
10. Environmental E/tects/Sockevc Tesr Fishery 46

11. Management iVIodel/Sockeye Tesr Fishen. 47
12. Sea State and Weather Codes 47





EXECUTIVE SUMMARY

This study compared entanglement rates of seabirds and marine mammals and catch tates of salmon
among up to three experimental gear treatments and a concrol  nylon monofilament neccing! and among chree time-
of-day categories in two Washington non-treacy salmon Fisheries: the 1996 sockeye fishery in Management Area 7,
rhe San Juan Islands viciniry of north Puget Sound; and the 1995 fall chum fishery in Management Area 10, south
Pugec Sound. Because the scope of'activities and seabird interactions svere greater in rhe sockeye fishery chan in the
chum fisherv, research in the sockeye fishery is ernphasizec}.

This research continued a university-induscry research program begun in the 1994 non-treary sockeye
fishery and continued in a 1995 sockeye test fishery, Our goal v;as to develop methods that eliminate or significantly
reduce the incidental capture of seabirds in salinon gillnet fisheries withour significantly reducing the fishing
efficiency of the nets, This work was funded by a grant from the Narional Marine Fisheries Service Saltonscall-
Kennedy Gram Program and by Washington Sea Grant Prograin.

Experimental nets incorporated either visual or acoustic alerts into traditional nylon monofilament gear.
Visual barrier nets werc rnonofilarnent nets v,ith highly visible netting replacing rhe upper quarter �0 Mesh! or
upper eighth �0 Mesh! of the net. Acoustic alerr necs were monoFilament nets with lov. frequency sound-emitting
devices  pingers! attached to the corkline, Pingers were tested in the 1996 sockeye test fishery only. Fishing time was
divided into three categories: morning change of light  Aint COL!, daytime, and evening change oF light  PM
COL!. Pugec Sound Gillnetrers' Association fishing vessels were contracted by the Washington Department of Fish
and Wildlife  WDFW! to fish experimental nets in a Washington State Test Fisherv 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 ol eFfort exceeded our minimum effort targec of'600 sets by 7%.
During the 1995 chum test Fishery, we caught 6,822 chum salmon in 107 secs in eight fishing trips from 25 Ocrober
to 11 November. This level of effort met our miniinum effort target of 100 secs. Both test fisheries were highly
selective for the target species relative ro other salmon species: sockeye salmon accounted for 98.4 io oF the salmon
caught in the 1996 sockeve test fisherv and churn salmon accounted for 99. r% of the salmon catch in the 1995
chum fishery.

In che 1996 sockeye tesc fishery, common murres were the most abundant seabird in the study area �0,7
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 abund.ant in 1996
�,5 sighcings/set! than in 1995. A rotal of 349 alcids were entangled: 260 common murres �5% of the total!, 87
rhinoceros auklets, one pigeon guillemot, and one marbled murreler. Murre entanglement rates were 15 times
higher than in the 1995 sockeye test fishery �.60 murres/set vs. 0.04 murres/sei!; rhinoceros auklet entanglement
rates were 2.8 times higher chan 1995 �.20 auklets/set vs. 0.07 auklets/sec in 1995!. Seabird and sockeye abundance
changed dramatica.lly within the 1996 sockeye season but in opposing patterns, During the final weeks of'the
fishery, sockeye catch rates dropped off to trace levels  about two fish/sec! and murre abundance peaked at near 100
sightings per set.

In the 1995 chum rest 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 �,51 auklec sightings/set! buc they were three times less abundant than in rhe 1995
sockeye and nine times less abundant than in 1'996 sockeye test fisheries. Common murres were few �.1 murre
sightings/sec! � five times fewer than che 1995 sockeye test fishery and dratnatically Fewer  over 300 times! chan the
1996 sockeye test fishery. Eleven rhinoceros auklets and twelve common rnurres were entangled. Murre 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 rnurres and rhinoceros auklets and catch
rates of sockeye salinon varied significantly among the experimental gears, time-of-day categories, and locations
tested; however, the patrerns of variation among all these factors were species specific. Pinger, 20 Mesh and 50 Mesh
gears entangled alcids at. rates 58%, 55%, and 50%  respectively! of the monofilamenr control;. sockeye catch tates
were 85 io, 88% and 39%, respectively. In ihe 1995 chum tesr fishery, chum salmon catch rates varied significantly
among the three gear tvpes tested; however, alcid entanglement races did noc.



In the 1996 sockeye test fishery, daytime and evening change-of-light sets  COL! entangled alcids at rates
of 36% and 68% respectively of those made during the morning COL, v hereas sockcyc catch rates were, 9% and
74% respectively. In the 1995 chum test fishery, neither alcid entanglement rates nor chum catch rates varied
significantly by the three arne-of-day categories tested; however, the pattern and magnitude of variation v'as similar
to that observed in the 1996 sockeye fishery.

Results of this study identify three basic tools that can be used to reduce seabird bycatch in Puget Sound
salmon drift gillnet fisheries: abundance-based or ecosystem management, alternative gear, and rime-of-day. The
dramaric inter-annual and in-season variation of seabird abundance in Puget Sound is the roost important Factor
determining the rate of seabird entangleinents in Area 7. Inter-year and intra-season sources of variation in seabird
abundance provide great opportuniry for improved management of the fishery based on an ecosystem management
concept.

We confirmed that visual barriers are an effective seabird bvcatch reduction tool. The 20 Mesh gear met
our original goal of significantly reducing seabird bycatch wirhout significantly reducing fishing efficiency. It was
tested and proved in multiple fisheries, and was conceived by and endorsed by the Puget Sound Gillnetters' Associa-
cion as an acceptable tool to reduce seabird bycatch 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
research 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 gillnet fisheries, we do not recommend these devices as alternatives
for Puget Sourid at this time because we believe that they can be improved, results need to be duplicated, and thc
prototype device is not commercially available. The time of day that gillnets are fished significantly affects seabird
bycatch rates. Elimination of morning change-of-light fishing is likely to reduce ruost rhinoceros auklet entanglc-
ments and contribute significantly to reducing common murre entanglements.

Although seabird bycatch and sockeye catch varied significantly by location, areas of high salmon catch and
high seabird bycatch tended to overlap, eliminating the possibility of significantly reducing seabiid bycatch v"irhout
significantly reducing salmon catch through zonal or area closures wirhin Management Area, . Etata suggest that
the number of birds in the vicinity oF the net is probably thc most important factor influencing the entanglcmcnt
rates of seabirds, bur that sea state and weather also might be important.

Einploving all available tools. Fishing 20 Mesh nets at times of high fish abundance during openings that
include either daytime and dusk or dayhght-only fishing, have the poteniial to reduce seabird bycarch by up to 70%
io 75% in years similar to 1996.

Recommendations

Based on this research, we recommend several management actions that will reduce the bycatch of alcid
seabirds in Puget Sound drift gillnet 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 flishery practices. We recommend the following:

' Make seabird conservation an objective of all Fishery inanagement agencies with jurisdiction over Puget
Sound and its adjacent waters.

Implement seabird bycatch reduction measures that are comprehensive, extending to all fishers regardless
of country or treaty status.
~ Link seabird data from existing an-colony, outcr coast 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 seabird conservation,
~ Manage the fishery interactively using real time seabird and Fish abundance data.
~ Eliminate morning change-oF-light sets in the gillnet Fishery and restrict fishing to daylight hours in years
oF high murre abundance,
~ Require 20 iVIesh 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 time for full
compliance. The effectiveness of the 20 iMesh gear in the fall chum fishery has not been proved, and
therefore, is not recommended,







INTRODUCTION

In 1993 and 1994 the Washington Department of Fish and Wildlife  %T!FX'! carried out observer
programs in Puget Sound non-treaty driFt gillnet fisheries to determine the extent to which marine mammals and
marbled murrelets  Braehyramphus mar rnorarier!, a species listed as threatened under the Endangered Species Acr in
1992, are entangled in these Fisheries. Results showed that marbled murrelet and harbor porpoise  Phocoena
phocoena! entanglements were extremely rare  Pierce et al., 1996!, but that other seabirds were entangled at rates
ranging from one bird every five sets in the south Puget Sound chum  Oneorhynchsis kera! fishery  Erstad et al.,
1996! to one bird every two sets in the north Puget Sound sockeye  O. nerka! fishery  Erstad et al., 1994!, Based on
observer data WDFW estimated that more than 3,500 seabirds were entangled in drift gillnets in the l 994 non-
treaty sockeye fishery in north Pugct Sound  WDFW, unpublished data!.

Most birds entangled during these observer programs were diving seabirds of rhe fainily Alcidae, mainly
common murres  Latria aalge! and rhinoceros auklets  Cerorhinea monoeerasa!. MahatTy et al. �994! suggested that
seabird mortalities frotn net entanglements may contribute ro declines of local breeding populations. In general,
alcids are long-lived, low-Fecundity animals with delayed maturity  Tuck, 1960!. Up to half the populatio~ may
consist of pre-breeders  Hudson, 1985!. These life history characteristics make alcid populations highly sensinve to
small increases in mortality rares from both natural and human sources  Hudson, 1985; Ford et al,, 1982!. Seabird
inortalities in gillnet fisheries are a violauon of the Migratory Bird Treaty Act  MBTA!, a misdemeanor offense.
Unlike the Marine Mainmal Protection Act  MMPA!, the MBTA has no provision for the incidental capture of
protected species. These biological and Ie& concerns have heightened scrutiny of seabird bycatch in Puget Sound
gillnet Fisheries.

Common murres breed on uninhabited, mostly rocky islands along the coast of North America from
central California to the Gulf of Alaska and Bering Sea. Exclusive of the Bering Sea, West Coast common murres
number approximately 3 million to 3.5 million  J. Parrish, unpublished data!. Along the Washington coast, murres
aggregate during the breeding season  May through September'! on a variety of islands within the U,S. Fish and
Wildlife Service  USFWS! Outer Coast ReFuge and on Tatoosh Island  Figure 1!, but are known to breed only on
Tatoosh Island  Parrish, 1996!. Common murre chicks Fledge from California and Orego~ colonies in late June to
early July  Boeklheide et al., 1990!. Fledging is four to six weeks later on Washington colonies  mid-August to late
September; Parrish, 1996!,

Although the statiis of' common rnurre populations attending Washington colonies is poorly understood,
the trend appears to be decline. Within the Outer Coast Refuge rnurre colony attendance declined sharply frotn
about 30,000 birds �979 to 1982! to a mean of less than 5,000 birds beginning with the El Niino event in 1983
 Wilson, 1991!. From 1991 to 1996 colony attendance in the reFuge has ranged From 565 to 6,600 and averaged
abour 4,000 birds  Wilson, 1996!, There are no data on the breeding status of these colonies, leaving their biological
significance uncertain. On Tatoosh Island, murre attendance has ranged from 3,400 to 4,200 and averaged 3,700
since 1991  Parrish, 1996!, Although murre attendance at Tatoosh Island has been relatively s~able in this time,
direct and indirect pressure from bald eagles  Haliaeetra leteeoeephalrrs! has led to chronically depressed reproductive
success and shiFts in breeding habitat selectio~  Parrish, 1996!. If trends continue, the Tatoosh colony could be in
serious decline. Based in part on declining population size and depressed reproductive success, Washington common
murres werc recently listed as a species oF concern by WDFW  Warheit, 1997!. Common murres migrate into Puget
Sound f'rom coastal colonies beginning as soon as July  Manuwal et al., 1979!, 'X'hether they are from Oregon,
California or Washington colonies is unknown.

Rhinoceros auklets breed on vegetated islands along the coast of North America from 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 � to 14 nautical
miles from the fishing grounds!, and on the coast at Destruction Island and several smaller islands including Tatoosh
 Speich and Wahl, 1989; Figure I!. 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 bircLs in the mid 1970s  Wilson, 1977! to 25,000 birds in 1993  U. Wilson, 1997, pers. comm,!,
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whereas Smith Island �,200 birds! and Destruction Island �6,000 birds! populations appear relatively stable
 iVanuwal et al., 1979, and V. Wilson, 1997, pers. comm.!. Protection and Smith Island auklet chicks fledge from
late July to early September with 75 lo fledged in inost years by mid-August  U. Wilson, 1997, pers. comm.!. This
peak. fledging period overlaps peak sockeye fishing activity in the north Puget Sound sockeye gillnet fisheries in most
years. The effect of Puget Sound gillnet fisheries on rhinoceros auklet breeding populations is poorly undersrood,

Puget Sound commercial salmon resources are allocated among treaty and non-treaty sectors by gear type
 purse seine, gillnet and reef net! and are managed by a complex mix of agreements and treaties. The Area 7/7A.
sockeye and the 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 occurs in Puget Sound 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 sa! mon  O. gorbsucha !, The number oFFish available to Puget Sound
fisheries varies based on the size oF the total run, the size of individual runs, allocations, and the diversion rate � rhe
ratio of fish returning to the Fraser River via the Juan De puca Strait and Puget Sound versus Johnstone Strait. In
most years, the Frasei 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 countries
are contentious and management of the fishery can default to the individual countries, In this case, management
relies on escapement data From Pacific Salmon Commission staffl Under the Treaty, the Fiaser River Panel is
responsible For in-seasan management of Fraser River sockeyc and pink fisheries from Vancouver Island south. Panel
decision priorities are to achieve gross salmon escapement, international and domestic allocations, and to address
concerns for other salmon species and stocks  PSC, 1996!. The panel modifies rhe fishing times stated in the
managemenr. plan based on real time data from commercial and test fisheries and Ftaser River escapemenr monitor-
ing programs to allow for unexpected developments. At presem, seabird bycatch reduction is not a priority in these
decisions.

The chum salmon fishery is managed by the WDFW and individual treaty 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
Puget Sound watersheds. Yon-trea.ty 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 bycatch 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 tnurrelets 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 conservation need has been demonstrated for other alcid species in northwest Washington, the tribes have
not yet implemented measures to reduce gillnet bycatch oF other species"  W. Beanie, NWIFC, 1997, pers. comm.!.

Drift gillnets used in Washington cominercial salmon fisheries are made fiom single or multi-strand
monofilament nylon  approximately 0.5 mm in diameter!, Monofilainent is effective at catching fish because it is
virtually invisible underwater. Mesh size is regulated by state law and varies with the species being targeted; sockeye
drift nets use 5 to 6 in. �27 to 152 mm! mesh; chum nets use a minimum mesh size of 6.25 in, �59 mm!. In both
fisheries, non-treaty nets are limited to a maximum length of I,BOO feet �49 m!, Most sockeye nets are 200 meshes
deep �0 ft or 18.3 m! and chum nets are abou~ 180 meshes deep �6 ft or 20 m!. When deployed or "set" the net
remains attached to the vessel throughout the set, about two hours,

In 1994 under the MBTA., the U.S. Attorney for the Western District of Washington required the non-
treaty fishing industry as represented by the Puget Sound Gillnetters' Association  PSGA! to establish a five-year
plan to reduce seabird entanglernents in Puget Sound gillnet fisheries  T. Zimmerrnan, 1996, pers, comm,!, The
principal component oF the plan was to initiate research on gear modifications that mighr reduce seabird bycatch.
%ithout gear research, the most productive fishing area  Area 7! would have been closed to non-treaty 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 Scaly, 1984!, and Alaska  Wynne et al., 1991
and 1992!, as well as many coastal gillnet fisheries in locations throughout the world  Christensen and Lear, 1977,
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Piatt et al�1984, Olden et al., 1985, Strann et al., 1991, Dunn, 1994, Srempniewicz, 1994!, no research specifically
aimed at reducing seabird bycarch by tnodifying fishing gear has been published.

In the japanese high seas drif~ gillnet fisherv for flying squid  Ossrmmrrephes banrami!, Hayase and Yatsu
�993! found that seabird entanglements were signif'icantly lower in nets submerged rwo meters below the surface as
compared to surface nets. However, fishing efficiency of subsurface nets was greatly compromised. Acoustic alerts
 pingers! have been used successfully to reduce bycatch of harbor porpoise in set gillnets  Kraus et al., 1995, Gearin
ct al., 1996! and humpback whales in fish traps  Lien et al., 1992! without reducing the catch rate of'the targeted
fish species. These devices erniE a low-frequency, Iow-intensity sound designed to alert marine mammals to the
presence of a gillnet, rather than harassing them. The actual inechanism by which pingers reduce bycatch is poorly
understood. The potential use of'pinger technology to reduce seabird bycatch is unknown.

For gillnet modifications to be successful they must specifically address alcid biology, Both common rnurres
and rhinoceros auklets are aggressive diving birds with great underwater agility and speed  Harrison, 1983!. Both
species, especiaIly murres, aggregate in large Hocks on the surface of the water. Common murres can dive to 180
meters  or eight times the depth of Puget Sound drift gillnets! and routinely dive For periods exceeding one minute
 Piatt and Nettleship, 1985; Nettleship and Birkhead, 1985!. Rhinoceros auklets rend to forage in the upper ien
tneters of the water column, but are capable of diving to 60 meters  Burger et al., 1993',, Evidence from demersal
cod fisheries in Nev foundland  Piatt and Nettleship, 1985! and demersal California halibut fisheries in California
 Wild, 1990! indicates rhat common murre entanglements occur in nets 8 to 180 meters �6 to 590 ft! below the
surface. Given these abilities and existing evidence. subsurface nets are an unlikelv 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 surface Hoats to the top of the oet! to tangle 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 threars by WDFW to
restrict the Fishery to less productive areas, a cooperative research program was initiared under the auspices of
Washington Sea Grant Program  WSGP! ro develop and test gear modifications designed to reduce seabird bycatch.
Strategies to reduce seabird bycatch were developed using the combined observations of PSGA fishers, fishing gear
retailers, WSGP and WDFW. Participants agreed that gillnet corklines can form a barrier to surface swimming
alcids � rhe birds tend to hesitate at the corldine, are reluctant to pass over or around it and sometimes become
entangled as they attempt to dive belovv it. Several fishers indicated that they are least able to avoid aggregations of
birds when rhe> deployed the net in the dark and sometimes found at sunrise that they were surrounded by birds
leading ro increased entanglements. They also suggested that seabird numbers and perhaps activity levels were
greatest near sunrise.

Based on previous research and input from individual fishermen, research to reduce seabird bycatch
focused on modifying nets using visual barriers and fishing the nets at di&ercnt times of day. Assuming that. alcids
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 barrier
below the corkline and that mos  v"ould opt not to dive beneath. We also assumed salmon would follow horizonrally
or vertically along the visual barrier and most 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: �! most alcids became entangled in drift giHnets when diving to pass under the corkline
or while roraging and �' ,more birds are entangled near sunrise than at other times of day.

Beginning with a pilot study in the 1994 sockeye Fishery, Melvin �995! compared several gear alternatives,
including multifilamenr nets and rnonofilament nets with visual barrier's, to a rnonofilament control. Results
indicated that monofilament nets with visual barriers had the greatest potential as an ahernative gear; however,
resuhs were not conclusive because of the litnited scope and resources of the research. In 1995, Melvin and Con-
quest �996! tested visual barriers at two depths, 20 and 50 meshes, and found that seabird bycatch rates and
salmon catch rates decreased significandy as the depth of the visual barrier increased from the surface. Alcid en-
tanglement rates were 43~v'o to 93% less respectively, and sockeye salmon catch rates 8% to 36 lo less than with
traditional nets. They also fo~nd thai alcid entanglement rates were greatest near sunrise and that salmon catch rates
varied little by time-of-day, but neither of these differences was statisticaily signiHcant.

This report summarizes the results of our final year of research developing fishing gear modifications and
fishery practices to reduce seabird bycatch in the Puget Sound drift gillnet fisheries. Specifically, our goal was to



develop methods that eliruinate or significantly reduce the incidental capture of seabirds in salmon gillnet fisheries
without significantly reducing the fishing efficiency of the nets. Our objective was co compare seabird bycatch ra~es
and salmo~ catch rates among experimental gillnecs and traditional monofilament drift gillnets, and among three
time-of-day categories.

This report provides a detailed data suinrnary of �! observations of seabirds and marine mammals near
nets during Fishing accivities aud From seabird transects on the fishing grounds; �! comparisons of carch rates of
salmon and entanglement rates of seabirds and marine mammal by gear type, time of day, and location; �! compari-
sons of several management scenarios and their efFect on seabird bycatch in these fisheries; and �! recommendations
for management. This work was funded by a grant from the Saltonstall - Kennedy Fisheries development Program
of the National Marine Fisheries Service and by Washington Sea Grant Program.

METHODS

We compared entanglemenr races oF seabirds and marine mammals and catch rates of salmon among up co
three experimental gear treatments and a control  nylon monofilament netting! and among three time-of day
categories in two Washington non-treaty salmon fisheries; the 1996 sockeye fishery in Management Area 7, the San
Juan Islands vicinity of north Pugei 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 fishery because the scope of activities and
seabird interactions were greacer than in the chum fishery.

Experimental Gear Treatrnertts
Experimental nets incorporated either visual or acoustic alerts into traditional nylon monofilarnenc 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 mighr serve to alert birds of
a possible hazard and provoke a cautionary or avoidance response. The frequency selected was above the hearing
frequency of salmonids �00 Hz, A, Popper, 1996, pers comm.!.

The following are the specifications for the control anti experimental nets compared in the 1996 sockeye
and 1995 chum fisheries. Specifications differ between the two fisheries because sockeye nets use sinaller netting
than chum nets �-inch mesh vs. 6.25-inch mesh! and because experimental chum nets were a composite of cwo
treatments and a control in a single 1,800 Foot net.

1996 Sockeye Fishery: Each experimental gillnet was made of 5-inch �27 mm! mesh netting hung even
and was 200 ineshes deep  approximately 60 ft or 18,3 m! by 1,800 feet �49 m! long. All monofilament netting
was high strength F8, triple knot, shade green  shade M4 Momoi or matched equivalent! netting. Two each of the
following four experimental gillnet types were built and compared  Figure 4!:

' Mono  Comrol!: a 5-inch �27 inin! mesh nylon rnonofilarnent net t>apically used in the sockeye
fishery.
~ 20 Mesh: a 200 mesh nylon monofilament nec with the upper 20 meshes replaced with 20 meshes of 5-
inch mesh, white zt18 mulrifilarnent nylon seine twine �10d/48! type netting  leaving 180 meshes oF
monofilamenc in the lov.er portion of the net!. This configuration makes the upper six feet �,8 m! oF the
net highly visible.
' 50 Mesh: a 200 mesh nylon monofilament net with the upper 50 meshes replaced with 50 meshes of 5-
inch mesh, whice 418 rnultifilament nylon seine twine �10d/48! type netting  leaving 150 meshes oF
monofilament in the lower portion of the net!. This configuration makes the upper 15 feet �.6 m! of the
net highly visible.
~ Pinger: a nylon monofilament control net with acoustic pingers clipped to the corkline every 150 feet
�0 m!, including each end of the net, for a total of 13 pingers per net. Pingers were designed to emit a 1.5
kHz  +/- 1 kHz! frequency signal with a pulse width of 300 ms  +/- 10/o! every four seconds  +/- 10/o! at
a minimum intensicy 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 Fi' �3 m! from the source  Ken Neltnore, pets. comm.!.
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1995 Chuni Fishery: Two gillnet modifications were compared to a control of traditional monofilarnent
netting. Three experimental gillnets were constructed with ail three gear treatments included in each net. Each gear
rrearment unit within each net, referred to as a shackle, was 600 Feet �83 m,' long, making each experimental net
1,800 feet �49 m! long  Figure 4!. iXets were 180 meshes deep. The shackles in each ner were sequenced randomly.
All nylon monofilamcnr nerting was high strength, ¹12, double knot, shade green  shade M4 Momoi or matched
equivalent! netting. The three gear treatments tested consisted of the Following;

' Mono  control!: a 6.25-inch �59 mm! nylon monofilament net typically used in the chum fishery.
~ 20 Mesh: a 180 mesh nylon rnonof~lament net with the upper 20 meshes replaced with 20 meshes oF
6.25-inch �59 mm! mesh, whire ¹18 multifilamcnt seine twine �10d/48! type nerting  leaving 160
meshes of 6.25-inch monofilament in the lower portion of' the net!. This configuration makes the upper
? feet �.1 m! oF the net highly visible.
~ 40 Mesh: a 180 mesh nylon monofilament net with rhe upper 40 meshes replaced with 40 meshes of
6,25-inch �59 mm! mesh, white ¹18 multifilament seine twine �10d/48! type netting  the losver 140
meshes of 6,25-inch monofilament!. This configuration makes the upper 15 feet �.6 m! of the net highly
visible.
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Time of Day Categories
In both fisheries, fishing time 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 sunset. Daytime was defined as the daylight period From the morning change of
light to the evening change of light. Jets were not fished at night.

Fishing Protocol
Fishing vessels were contracted by the Washington Departinent of Fish and Wildlife  WDFW! through the

Puget Sound Gillnetters' Association  PSGA! to fish experimental nets in a Washington State Test Fishery under our
research protocol. The Test Fishery arrangement provided nvo critical elements that allowed this study to occur:  I!
fishers were compensated For their fishing time xvith revenue derived from the sale of their fish, and �! thc experi-
mental net research program was given the flexibility to fish outside very unpredictable commercial fishery openings.

1996 Sockeye Fishery: Eight fishing vessels wer«contracted and assigned to one of two teams of Four. One
fisher in each team svas designated as team leader and coordinated the fishing activities of his team. Each vessel
within a team fished one of the four experimental net types listed above. To minimize the possible effect ot indi-
vidual fishing skill on specific gear catch and entanglement rates, every week each vessel within a team switched nets
with another team member and fished thar net for the entire week. To minimize location effects, team members
fished within sight of each other  in general, within a two-mile radius! in a location selected by the teain leader.
Fishers were asked to fish aggressively near birds. T'hey were asked not to harass birds away f'iom the net or chase fish
into the net with the vessel  run the net!.

The experimental nets were fished from 28 July to 29 August 1996. All vessels were based in the Port 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 trips oF appioximateh five rwo-hour sets per
vessel per trip, All trips included one P,"vl COL, one A,'v[ COL, and three daytime sets. Vessels anchored up after the
evening change-ol-light set and svere back on the grounds for the morning change-of-light set. Team departures were
offset so that vessels were on the water through all daylight conditions with minimum bias toward early or late dav
and, with the exception of Four of the thirty-three days of the study, a team was on the water at all times.

1995 Chuin Fishery: Three vessels were contracted as above and fished experimental nets two to three
times per week, twelve to tourteen hours per day, over a three-week period from 25 October ro 11 November. All
vessels were based at Shilshole Marina in Seattle, and experimental nets werc fished in 'X DFW management Area
10, from Colvos Pass to Kingston  Figure 9!. 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 maminal entanglements and fish catch by species and gear gee 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 a unitlue number
and information on date, time. vessel, gear, location and species, and immediately stored on ice For later necropsy.

The location at which fish were caught in the net was recorded as being in the upper or lower net. In the
sockeye fishery, the upper ncr was the upper 50 meshes for all but the 20 Mesh nets, which were the upper 20
meshes. In the chum fishery, the upper net was the upper 40 meshes of the Mono and 40 Mesh shackles, and ihe
upper 20 meshes oF the 20 Mesh shackles. Lower net was the remaining area oF the net. Areas in the 20 Mesh nets
were defined di8'erently because of the difficult of reliably estimating fish catch in the 30 meshes that lie between
the visual barrier and the imaginary 50 mesh line. Salmon damaged by seals and not acceptable by a commercial fish
buyer were enumerated and recorded separately. Physical and logistic variables  time, tide, depth, date, visibility,
cloud cover, weather, sea state, distance from shore, current speed, and location! were recorded for each set. The
number of alcids and marme mamma s observed by species was recorded in two zones around the net during each
set  Figure 5!. Encounters were defined as the total 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 mam-
rnals in an area between 10 and 100 meters on either side of thc 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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mental conditions that might influence seabird entanglemencs, observers recorded whether individual birds were on
the leeward or windward side of the corldine or on the up or dov n side of the prevailing tidal current for both
sightings and encounrers. T'hey also recorded fisher behaviors which may have influenced entanglement rates, such
as running the vessel along the net to harass Fish into the nec, Observers were deb!i»f»d and data sheets rcviesved and
edited by project coordinators immediately after each trip.

Seabird Transects  Sockeye Test Fishery only!
Iri addition to enumerating and recording seabird and marine inainmal abundaiic» during each set, each

vessel team ran a cen- to twency-minute, fixed-speed  8 to 10 knots! seabird transect at one of five established
locations to and from rhe fishing grounds each trip, Transects varied from 2.5 to 5 nm in length. Transect locations
were as Follows: Salmon Bank-Hein Bank area, southwest San Juan Island  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 point 5
nm along a line to the Hein Bank navigational buov, and From chac point to Eagle Point!: Iceberg area, south Lopez
Island  along a 3.5 nm line running From the Point Colville navigauonal buoy due west to off iceberg Point!; lower
west Rosario Strait  a 3.5 nm line from the navigational buoy oFF Cape St. Mary, Lopez Island to Bird Rocks!;
Boundary Bay-Deception Pass Area or the Bluffs  a 4 nm line due north from off Deception Pass inside of Lawson
Reef to 0.25 nm off Biz Point, Fidatgo Island, to th» northern tip oF Young Island in Burrows Bay!; and west
Cypress Island  a 2.5 ncn line running from the navigational buoy south of Reef Point, Cypress Island to Tide Point,
Cypress Island!. The number of alcids was recorded by species in an area within 100 meccrs of thc vessel in a 90
degree arc from a line straight off the bow co a tine perpendicular to chc side of the vessel. Observations were inade
on the side of the vessel with che most favorable viewing conditions, Observers recorded dace, vessel speed, visibility,
Beaufort sea state, start time and location, and end cime and location for each transect.

Statistical Analyses
'The distributions of entanglement rates of seabirds pcr set and catch rates of sockeye and churn salmon per

sei do noc follow the normal distribution, even after transformation. Chum salmon was the exception; a square root
transform was used to conform data to a normal distribution. All data sets were analyzed using GLIM software for
general linear models  Crawley. 1993!.

General linear inodels allow the user to run standard analyses of variance and regression analyses using
normal and non-normal errors. The Poisson error term arid log-linear inodel we used allosv for the large number of
zeros characceriscic of this daca set. The log linear model allows partitioning the variation in the outcome  response!
variable  sockeye catch or bird entanglernencs per set! into systematic or known  gear treatment, time of day,
location, sca state. trip; etc.! and random or unknown  che error cerrn! sources oF variation. This method yields a
more realistic characterizarion of the error term. The log-linear model is then used to predict the natural log of the
outcome variable. The actual value of the outcome variable used in comparative analyses was obtained by
exponentiating back from the log-linear predicted value. T' he estimated variance term was obtained in a similar way
using the delta-method  Seber, 1982!.  The log-linear model yields the variance For the log of the fined outcome
variable.! Using the deha method, che variance ot the exponentiated fitted value is;  variance for the log of the
predicted value! x  fitted value i!.

Comparisons of sock»ye cacch and bird entanglement rates per sec were made among gear treatments, time
of day and location facrors usiiig a factorial multiple comparison technique similar to analysis of variance  AVOVA!



with covariates, but with a Bonferroni correction  Vliller, 1966!. These are approximate Z-tests with BonFerroni-
adjusted alpha levels obtained by taking the alpha level �.05! divided by che nutnber ot comparisons made in that
particular set of comparisons. The null hypotheses  Ho's! tested in these comparisons were;

Entanglement rates oF common murres and rhinoceros auklets per set and catch rates oF sockcye or chum
salmon per sec are equal in all gear pres, at all times of day, and in all locations.

The number of sets required to compare seabird entanglements and fish catches among Factors was
determined based on our 1995 work  Melvin and Conquest, 1996!, power analyses, and financial and logistical
constraincs. In the sockeye fishery we estimated that a minimum of 150 secs would be required per gear treatment,
or 600 sets total to detect significant differences in races oF bird entanglements among factors. In the churn fishery
where measuring fish catch rates among gear rypes was the primary objective, we estimated that a ininimum of 100
total sets would be necessary co detect significanc 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! were eliminated prior
co statistical analyses. In the sockeye test lishery 44 sets were deleted fiorn a tota! of 686 sets yielding 642 for
analyses; in the chum test fishery 4 sets were eliminated from a total of 107 .

Seabird AN;e and Necropsies
Each seabird killed was examined for inolt stage, measured for weight  g! and culmen length  cm!, and

dissected co 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 characteristics, fernale
gonad condition, and culmen lengch, Cloacal bursa condition was classified into one of' three categories adapted
from Broughton �994!: as either large and fleshy, thin-walled, or meinbranous/absent. Plumage was c1assified into
one oF lour categories, adapted from Baker �993!: winter  juvenile/first basic plumage!, pre-molt breeding plumage
 all old feachers!, molting breeding plumage, or post-molt  all new v,.inter plumage!. Female gonad condition was
classified into four categories: translucent, with numerous follicles, enlarged follicles/non-dilated oviduct, and
enlarged follicles/dilated oviduct.

Common murres and rhinoceros auklecs were aged into three categories: young of' che year  YOY!, pre-
breeders, and breeders. Common murres were aged by combining bursa-based criteria  Gaston and Bradstreet,
1993!, and plumage- arid culrnen-length-based criteria  Baker, 1993!. In the sockeye fishery when YOY murres were
a maximum of 1.5 to 2 inonths old, YOY birds were those that had a large fleshy bursa, juvenile/first basic plumage,
and a culmen shorter than 4.1 cm. Pre-breeders were those with a fleshy or thin-walled bursa, and breeding plum-
age, Breeders were chose with a membranous or absent bursa and breeding plumage. Only otic female pre-breeder
had a gonad without Follicular development  translucent gonad!, which is cypical of YOY birds, and all but five
breeders had enlarged follicles, typical ofbreeder 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 bursa-based criteria  Gaston ancl. Bradstreet, 1993!, culmen-
length-based criteria  primarily for males!, and female gonad condition. Because YQY 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, culmen length is useful to 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 auldets  approximately 7
weeks old! at Protection Island, Wash., we defined YOY auklets as those with a large fleshy bursa and a culrnen 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 crn  in one case a male with old breeding plumage had a culmen 2.9 cm long and was aged
as a pre-breeder!. Brecders were those with a inembranous bursa or no bursa. Only one fernale pre-breeder was
devoid of follicular development  rranslucent gonad!, and all temale breeders had enlarged follicles. As with the
common murrc females, this one atypical pre-breeder with a translucent gonad was in che upper range of weighr and
culmen length for female pre-breeders.

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

19



RESULTS

GENERAI. TRENDS

1996 Sockeye Fishery

Fishing E&ort/Catch
We caught 13,151 sockeye salmon in 642 sets in seventeen fishing trips fiom 28 1uly to 29 August

 Appendix 1!. This level of effort exceeded our minimum effort carg«t of 600 sets by 7%. The fishery was highly
selective for sockeye salmon relative to ocher salmon species with sockeye accounring for 98,4% of che salmon catch,
Relatively few king salmon  O. rshartryfrc'ha!, coho salmon  O. kirrefrh!, Atlantic salmon sSalrno ssrlar! or steelhead  O.
rsrykiis! v'erc caught � collectively they accoumed for 1,2% of che carch; however, 8,8 52 dogfish  Sqt/a/'us acanthi eU!
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 to 93.3 sockeye/sec, and relatively
lov the last cwo weeks of the season, ranging from 2.0 to 5,0 sockeye/set  Figure 6!.

Seabird Interactions

Alcids were observed within 100 meters oF the net  sightings! during most sets �5%!, and within 10
meters oF the net  encounters! during slightly f'ewer sets �9%; Appendix 2!. Common murres were the most
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Table I. Inter- Year Comparisons sWean rare per set of common murre and rhi noceros aukler sighti ngs, encounters and entanglem ears and mean Beaufort
ua srate and a cather for rhe 1996 Sockeye, the I995 Chum and rhe I995 Sockeye Test Fishertes  Melotn and Conquest, /996!.

abundanr bird in the study area, accounting for 83% of the alcids sighted at an average of 30.7 sightings/set, a rate
59 rimes greater than v hat we obser ved in 1995 test sockeye fishery �.53 sighrings/set; Table 1 and Figure 7!.
Rhinoceros auklets made up almost all other alcid sightings and were almost three times more abundant in 1996
�.5 sightings/set! than 1995 �.6 sightings/set!,

Murres made up 81% of alcid encounters at an average rate of 4.4 murres/set  Table 1 and Appendix 2!.
rhinoceros auklets made up most other alcid encounters at a rate of 0.9 auldets/set. Pigeon guillemots were rare,
averaging 0.12 sightings/set and 0.04 encounters/set. Marbled murrelets were extremely rare, averaging 0.03



Ta/s/e 2. rt/cids Enrarsglect sVusssbers and/sresrSocscc/e Test /s'shery The number ofeomrnon rnurres and rhinoceros aued es ensangledinrillnecs by
species, age, arid sea fnr rhe l996$oe/seye Tees Fisher/i ii Area r.

sightings/set and 0.01 encounters/set.
Common murre sightings and encounters steadily increased throughout the study period and peaked

during the final week  Figure 6 and Appendix 2!, approaching 100 murre sightings/set on 27 August and 12.6
murre encounters/set on 25 August. Rhinoceros auklet sightings and encounters peaked in week two �2.6 auklet
sightings/set and 2.5 auklet encounters/set on 7 August! when fledging began at Protection and Smith Islands  LI,
'4"ilson, 1996, pers. comm.!. Auklet sighting and encounter rates then decreased sreadily 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 �5o/o of the total!, 87 rhinoceros auklets, one pigeon
guillemot, and one marbled mtirreiet  Table 2 and Appendix 3!. Nine co~mon murres and five rhinoceros auklets
were released alive with no apparent injury. Most �1/o! of the common murres entangled were breeders �8o/o male!
and rhe iesr were pre-breeders,'1:1 sex ratio!. Intone were YOY birds hatched in 1996  Table 2 and Appendix 4!,
Almost all other alcid entanglements vvere rhinoceros auklets. In contrast to murres, mos  rhinoceros auklets
entangled were YOY birds �4 /o!; 26/o were adults and 30/o were pre-breeders. The sex ratio of entangled rhinoc-
eros auklets was 1:1 overall. That a greater percentage of auklets compared to other alcids were entangled �5o/o!
than observed in the sighting or encounter zone �2!o and 16o/o respectively! might be explained by the predorni-
nance of recently fledged, inexperienced birds. The single pigeon guillemot  Cepphus columba ! and marbled
murrelet entanglement reflect the rarity of both species near the nets.

Both the number of sets with alcid entanglements  entanglement events! and the magnitude of alcid
entanglement rates were much greater in 1996 than 1995. Alcid entanglements occurred in 25o/o of sets made in
1996 versus less than 2+a of the sets in 1995. Murre entanglement rates in 1996 were 15 times greater than rhose of
1995 �,60 murres/set vs, 0.04 murres/set!; Rhinoceros auldet entanglernent rates were 2.8 times higher in 1996
�.20 auklets/set vs. 0.07 auklets/sei, Table 1 and Figure 7!. Because fishers were asked to fish aggressively around
birds in the 1995 and 1996 experimental gear programs, possible coniparisons oF these entanglement rates and those
of the fishery observer programs of 1993 and 1994  Pierce et al�!994 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 inrermediate relative to the 1995 and 1996 experimental gear programs  Figure 7!, suggests that
1995 and 1996 represented extremes in alcid abundance in Management Area 7.

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

Marine Mammal Interactions

Harbor seals accounted tor most marine mammal interactions with experimental gillnets. Marine mam-
mals were in thc sighting zone during morc than half the sets and most  85o/o; Appendix 5! were harbor seals  Phoca
viru/sna! Killer whales  Orcinur orca!, Dali's PorPoise  Phocoestoic/ci ct'sz//i!, and harbor PorPoise accounted for 9o/os
4 /o, and 1/o respectively, of the marine mammals observed in the sighting zone. OF marine mammals observed in
the encounter zone ol the net �2 /o of the sets!, almost all  97o/o! were harbor seals Feeding on salmon caught in the
gillnets  Appendix 5!. Killer whales and Dali's porpoise accounted for about 2/o and I /o respectively, of marine
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mammal encounters. Eight marine mammals were entangled in rhe experimental nets: three harbor seals  one was
released alive with no apparent injury!, three Dali's porpoise and two Harbor porpoise, All porpoise were entangled
in the 50 VIesh gear treatment.

1995 Chum Fishery

Fishing ERortJCatch
XVe caught 6,822 chum salmon in 107 sets in eight fishing trips from 25 CIctober to 11 November 1995

 Appendix 1!. This level of effort met our minimum effort target of 100 sets. Similar to the 1996 sockeye fishery, the
chum salmon fishery v as highly selective for the target species with chum accounting for 99.7% of the salmon
catch. Relatively few king or coho salmon were caught � collectively they accounted for 0.3% of the salmon catch;
95 dogFish were caprured and discarded. Salmon were caught in all the sets we made. Salmon catch/set was relatively
high for all trips, ranging From 25 to 100 chum per set and averaging 64 chum/set overall  Appendix 1, Figure S!.

Seabird Interactions
In generai there were fewer alcids in the 1995 Area 10 chum fisherv 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 �5% oF sets! or encounter zone �1% of sets! of' the nets  Figure 5 and Appen-
dix 6!. This result was similar to the 1995 sockeye fishery where 29 ra and Isi% of the sets had alcid sightings and
encounters, respectively  Melvin and Conquest, 1996!. Rhinoceros auklets were the most abundant bird in the
sighting zone, accounting for over half �3%! 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 tesr fisheries  Figure 7, Table 1 and Appendix 6!. Uniden-
tified murrelets, ancient murrelets and marbled murrelers collectively made up rhe second most abundant alcid
grouping accounting for 33% of the alcids sighted i n the 1995 chum test fishery  Appendix 6!; murrelet species
were rare in both the 1996 and 1995 sockeye test fisheries. Common murres represented only 11 r'o oF the alcids
sighted and averaged 0.1 murres/set � 5 times fewer than the 1995 sockeye test fishery and dramacically fewer  more
than 300 times! chan the 1996 sockeye test fishery. A variecy of non-alcid bird species were observed in the sighting
zone ot che ner  grebes, scoters, cormorants, and loons, Appendix 6!.

More rhinoceros auklets and more common rnurres v eie observed in the encounter zone of the net �., 9
auklecs/set and 0.16 murres/set! chan in che sighting zone  Table I and Appendix 6!, This result contrasts with che
1995 and ] 996 sockeve fisheries which showed the opposite tre~d; anklet 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 fisherv �.41 auklets/set!, but were similar to those the 1996 sockeye
fishery �.85 auklets/set!. Murre encounter rates v ere less in the 1995 churn fishery than both the 1995 and 1996
sockeye fisheries, but greater chan sighting rates might suggesc. These data strongly su.ggest that aspects of the
physical environment in Area 10 force increased alcid interaction with gillnets despite che relatively Iow abundance
of alcids in the area.

Despite the variety of bird species being observed in che vicinity of experimental nets, only rhinoceros
auklets �1! and common murres �2! were enrangled  Table 3 and Appendix 6!. sVIurres and auk!ets were en-
tangled at rates exceeding chose oF tbe 1995 sockeye fishery by 4 times �.15 rnurres/sei! and 1.6 times �.12
aukleis/set; Figure! and Table 1!. These increases may be due io a number of factors: higher encounter rates,
rougher sea condicions, increased water turbidity, and dense boat traffic characteristic of this urban waterway in the
fall, but actual causes are uncertain, As might be expected, murre and auklct entangleineni rates ivere less � and 2
times! than those in the 1996 Area 7 sockeye fishery, reflecting the lower sighting and encounter rates of both
species in the chum fishery  Figurc 7 and TabIe 1!. The weekly pattern of seabird entanglements poorly reflect
encounrer or sighting rates, but appear to mirror sea state condicions with entanglement rates increasing as sea state
increases  Figure 8!,

All birds were classified as YOY /pre-breeders  Table 3! because of limitations of rhc aging inethodology
 see methods!. Females and males of both species were equally represented. Although rhinoceros anklets were about
6 tiines more abundant than murres in the study area, similar numbers of auklets and rnurres were entangled.

Table 3 AlcrdsEnrangledr lVumbersandAres!Churn Tarsi Fishery. Thenumber af'common murresand rhinoceros anklets enaengled ingnlneis by species,
are, and sex f' or ihe 1995 Churn Terr Fishery in Area l0.

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 mosr were California sea lions, Zakphses cali'fcrr niarrssr,
�7%; Appendix 5!; harbor seals and Dali's porpoise accounted for 33% and 10% respectively, Marine mammals
were observed in the encounter zone of the net in over half the sets �0%!; most were sea lions  86 lol or harbor seals
�3%! feeding on salmon caught in the gillnets; harbor porpoise and Dali's porpoise �%! also were observed in the
enco~n~er zone  Appendix 5!. iVo inarine mammals were entangled in the experimental nets.

Gear Comparisons
1996 Sockeye Fishery: The encanglemenc rates of common murres, rhinoceros auk!ets and sockeye salmon

varied significantly among the three experimental gears and che monofilamen  controI  P<0.05!; however, the
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patter~ of variation among gear t�es was species specific  Figure 9 and Appendix 7!. Significantly fewer common
murres were entangled in all three experimental gears �.30 to 0.36 rnurres/set! than in the rnonofilament control
�,60 murres/set!. Rhinoceros auklets entangletnent rates, though less in all experimental gears �.04 to 0.16 auklers
per set! compared to the control �.20 auklets!set!, were significantly less only in 50 Mesh nets. Pinger, 20 Mesh and
50 Mesh gears entangled all alcids at 58%, 55%, and 50%  respectively! of the monofilament control  Figure 10!.

The percent of sets with entangleinents was similar for Mono, Pinger and 20 Mesh nets �7% to 29%;
Table 4!. However, the percemage of large entanglement events  sets with greater than two birds!event! in all
experimental gears was half �7 yo to 19%! that of the monofilament control �7%!. These data suggest that the
significantly reduced entanglement rates observed in the experimental nets do not result from reducing the number
of entanglement events, but rather f'rom reducing the number ofbirds entangled per event,
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Most seabirds were entangled within the upper 50 meshes of the mono and pinger nets �0% and 74%,
respectively; Figure 10!, at a median depth of 30 meshes in both gears  Table 4!. Seabirds were entangled progres-
sively deeper in 20 Mesh and 30 Mesh nets at median depths of 50 and 70 meshes respectively. Vo seabirds were
caught in the white meshes of the 20 Mesh gear, and only cwo birds were entangled in the white meshes of the 50
Mesh gear. These data strongly suggest that seabirds were able co recognize the visual barriers and avoided them, in
some cases by diving beneath them,

Fewer sockeye salmon were caught in all three experimental gears �0.3 to 22.3 sockeye/set! compared ro
controls �6.1 sockeyelset! but only the 50 Mesh gear caught significantly fewer sockeye than the ocher nets  Figure
9 and Appendix 7!. Pinger, 20 Mesh and 50 Mesh gears caught salmon at rates 85%, 88% and 39%, respectively, of
the inonofilament comrol  Figure 10 and Appendix 7!. Few sockeye were caught in the white meshes of the 20
Mesh and 50 Mesh gears, �% and 2% respectively!, whereas 21% and 35% of the sockeye were caught in the upper
50 meshes of'the Mono and the Pinger necs.

tvlore harbor seals and more seal-dainaged fish  not salable! were found near or in Pinger nets  Figure 11!,
suggesting that harbor seals are actracced co and damage Inore fish in nets with pingers, Two harbor porpoise and
three Dalps porpoise were entangled dead in 50 Mesh nets, cwo harbor seals were entangled dead in the 20 Mesh
ctets and one harbor seal was entangled in th» Pingcr nets and released alive, No marine mammals were caught in
monofilament nets.

1995 Chum Fishery: Alcid entanglement rates did not vary significantly ainong the three gear types tested,
despite a patcern of decreasing entang/ement races with increasing depch 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 total number of sets was
designed to detect differences in fish catch rates only, Entanglement rates were highest in the monofilament control
�.26 alcidslsec!, intermediate in the 20 Mesh gear �.23 alcids/set!, and lowest in the 40 !Mesh gear �.15 alcids/set!.
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Time of Day Comparisons
1996 Sockeye Fishery: Entanglement rates of common murres and rhinoceros auklets and catch rates of'

sockeye salinon varied signiticantly among the three time-of-day categories  P<0.05! and the pattern of variatior.
among gear types was species specific  Figure 12 and Appendix 8!. Rhinoceros auklet entanglement rates were
significantly � times! greater in morning change-of-light  COL! sets, than in daytime or evening COL sets
 P<0,05!, In contrast, cominou murres were entangled at 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 �6% and
32%! arid least during the day �9%! reflecting entangleinent 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

The proportion of murres 2nd auklets caught was similar in all gear types. En anglernent rates were 90% and 56 Io
of the monofilament control for the 20 Mesh and 40 Mesh gears, respectively  Figure 10!. Almost half �4%! of the
birds caught in the monofilament net were caugh: in the uppe~ 40 meshes; no birds were caught in the opaque seiiie
ovine of the two experimental gears  Figure 10!.

Chum catch rates varied significantly among the rsvo modified gears and the monofilainent control
 P<0.05! and illustrated a pattern similar to thai 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 �7.8/set!, interme-
diate in che 20 Mesh gear �1.1/set!, and least in the 40 Mesh gear �3.4/set!. In post hoc comparisons, we Found
two overlapping groupings; monofilament and the 20 iiMesh gear, and the 20 Mesh and 40 Mesh gears, This
indicates that significantly fewer fish were caught in thc 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 caught in the monofilarnent
control were caught in the upper 40 meshes of Ihe net �19 fish!; Few �2! fish were caught in the opaque meshes ot
the 20 Mesh and 40 Mesh gears.

The number of fish damaged as a result of pinniped predation was greatest in thc rnonofilamcnt co'ntrol
despite similar numbers of CaliFornia sea lions and harbor seals interacting with individual gear shacldes within the
nets  Figure 11!.



sets �3% of sets and 2.7 birds/event!; both measures v ere similar for daytime �30/o and 1.9 birdslevent! and
evening COL sets �7% and 2.1 birds/event!. These data suggest that although both COL categories have similar
entanglement frcquencics, morning COL sets tended to catch more birds per entanglement event.

Like those of rhinoceros auklets, the ca~eh rates of sockeye salmon were significantly greater during
rooming 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 entanglemen  rates than on sockeye catch tates. Overall, daytime and evening
COL entanglement rates were 36% and 68% respectively, of morning COL rates; whereas sockeye catch rates were
'9% and 74% respectively, ol morning COL rates  Figure 13!.
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Table S. Time ofEsay Comparisonst'Sockeyc Tes Fishery. Tata! numbtrofsets and birds enrangkd, t»ean rat«per scr afb rdenra»gltsnenrs percenrof
sets uith en!anglernents. ps rcent of sets wtth more than two b! rds entangled', mean number of otrds per enrang!ernenc et'enr /set!, and mediart and mean
citp h ofbi rd enranglemenrs by nmc afday taregaryfar the l996Sackeye Tetr Ftshcp. COL ts change ofs'tghr.
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Although murres were entangled at similar rates per set in morning and evening COL sets, the median
depth at which murres werc entangled during morning COL sets v'as almost twice  /0 meshes! that of either
davtime of evening COL entanglement depths �5 and ci0 meshes, respectivelvi Table 5!, presumably due to
increased feeding and theretore diving behavior in the early morning. Rhinoceros auklets showed lictle variation in
median entanglement depth by time of'day, despite morning COL entanglement rates being 4 times thar of either
daytime or evening COL sets.

All buc one of the eight marine mammals entangled in the course of the study were entangled during
davlight Fishing; one porpoise was caught during an evening COL set.

1995 Churn Fishery: Veither alcid entanglement rates nor chum catch rates varied significantly  P>0.05!
by the three time-of-day categories tested: however, the pattern and magnitude of variation was similar to char
observed in the 1996 sockeye fishery  Figure 12 and Appendix 8!. Alcid entanglement races were greatest in
morning CO1 sets �.35 birds/set!, l«asc during dav sets �.15 birds/set!, and itic«rmediate during evening COL secs
�,29 birds/set!, Daytime and evening COL sets entangled birds at rates /t3% and 81%, respectively, of sets made
during the morning COL; whereas chum salmon were caught at 81% of morning COI. sets For sets made during the
daytime and evening COL periods  Figure 13 and Appendix 8!,



Location Comparisons
The areas fished in Management Area 7 were divided inro seven categories: the Banks  west of'San Juan

Island around the Salmon and Hein Banks!, Iceberg  Iceberg Point ro Colville Point including McArthur Bank,
South Lopez Island!, Bluffs   X'iliiamson Rocks to Deception Pass, Fidalgo Island!, Strawberry  west side of Cypress
Island!, Lummi Island  Vi lage Point. Lummi Island to Sinclair Island!, San Juan Channel  south of Pear Point, San
Juan Island!, and Bird Rocks-Kellett Ledge  Colville Point, Lopez Island to James Island  see Appendix 9!.

Common murre and rhinoceros auklet entanglement rates and sockeye catch races varied significantly
among rhc location categories  P<0.05, Figure 14 and Appendix 9!, but as with other comparisons, the pattern of
variation was species specific. The nutnber of sets made per location category varied greatly � to 299 sets!, snaking
comparisons difficult. Fot example, entanglement rates in San Juan Channd were relatively high for both common
murres �.8/set! and rhinoceros auklets �.5/set!, but are not discussed here because only 4 sets were made there and
these were during extreme weather conditions  Appendix 9!.

Common mutre entangleinent rates were greatest from the Banks to mid-Rosario Strait along Lopez Island
 Bird Rocks-Kellett Ledge �.0/set!, Iceberg �.6/set!, Strawberry �.6/set! and the Banks �.4/set!. Rhinoceros
auklet entangletnent rates were greatest in these same areas and did not vary �.2/sct!. The fev est birds ol both
species were entangled at the BlufFs and Lumrni Island. Sockeye salmon catch rates were generallv greatest in the
areas where seabird entanglements were greatest, 31.1/set at the Banks, 26.7/set at Bird Rocks to Kelletr Ledge and
36.3/set at Iceberg. Strawberry. where catch rates were 11.5/set, was the exception.

Alcid sightings followed the same pattern as alcid entanglements  Figure 14 and Appendix 9! with one
exception; murres were almost as abundant at the Bluffs as at Bird Rocks-Kellett Ledge and Iceberg areas, where
entanglement rates were two to three times higher. Rhinoceros auldets were about twice as abundant at the Banks as
other locations, though entanglement rates were similar to other locations. Bird transect data  Figure 14 and
Appendix 9! approximated the same general patterns of'alcid abundance in the study area as sightings data, but
showed fewer alcids at the Iceberg and Bluff'locations. This suggests that vessel surveys along the transecrs we chose
in this srudy can be used to reliably estimate relative alcid abundance by location and throughout the study area.

Sightings, encounters and survey data indicated that marbled murrelet abundance was greatest at the Bluffs
near Burrov:s Bay, a quiet water location closed to commercial salmon fishing to protect marbled murrelets; one
marbled murreler was entangled there during rhis study. Although marbled murrelers were observed in the sighting
zone of the net at Iceberg  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 enranglements had alcids in the sighting zone  84o/o! and the
encounter zone �8 lo! of' the net  Table 6 and Appendix 10!, This was also true for encounters �3 yo! in the 1995
chum fishery, but not for sightings, which were rare overall. In both fisheries, bird entanglements do not appear to
be linked ro the position ofbirds in the encounter or sighting zones of the net relative to the prevailing wind and
tide direction and the corkline  ' Table 6!. These data agree with those from the 1995 sockeye test fishery  iVlelvin and
Conquest, 1996!. Collectively they strongly suggest that wind and tidal currents are not important factors influenc-
ing seabird entanglements in drift gillnets.

Table 6 A/erd Possri on /Ze/art'oe to /vers/5oreeye Tesr Fishery. The nam her of sets with stabi rit' entanglements where a/aids were observed tn the entorsnter
zone or sighting none of rhe net and the positron of air sds reiariee ro rhe' tor/tli ne of the net ana' the yireoai/'ing iotnd and ttdefor the /996 Soeheye Test
Fis herr
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Comparing sets with and without bird cntanglements in both fisheries, sets with entanglements tended to
be longer, to have larger numbers ofbirds near the net, and catch more salinon  Appendix 10!. Entanglemen~ 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 overall, but less variable than in the sockeye fishery. Entanglement sets in the 1995 chum
fishery tended to occur in more inclement weather conditions, Tidal state, current speed and water depth were
similar for sets with and without entanglements. Although we have documented cases where a fishing vessel
running the length of' the net has caused individual entanglernents, the percenrage of'sets with and without en-
tangleinents were similar in sets with and wirhout this behavior. These data suggest that, v ith the possible exception
of sea state and weather, phvsical factors have little influence on entanglement rates. The number of birds in the
vicinity of the net is likely the most important factor influencing the entanglement rates of seabirds.

ln both the 1996 and the 1995 sockeye fisheries, sets that entangled seabirds tended to catch almost twice
as many salmon as those that did not entangle seabirds; and in the 1995 chum fishery, 25 0 more. This phenorn-
enon reinforces the suggestion that entanglernents may be niore likely when alcid prey  bait fishes! co-occur with
sockeye and chum salmon prey  euphausiids: Melvin and Conquest, 1996!.



Disc USSION

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. Between 1995 and 1996, common murre abundance
varied by a factor of almost 60 and murre entanglement rate by a factor of 15. This variation in mucre abundance in
the Area 7 gillnet Fishery is probably due to variation in the cirning of the post-breeding migration of Oregon
breeders  over 700,000 birds; R. Lowe, 1997, pers. comm,! and perhaps California breeders �60,000; Takekav;a et
al., 1990! to Puget. Sound. In most years these large populations leave their coastal breeding colonies in late June to
early July  Boeklheide et al., 1990! and intermingle with the much sinaller population of Washington breedets
 about 5,000 murres, J. Parrish, unpub. data! which begin leaving Tatoosh Island four to six weeks later in mid-
August, Typically, male-chick pairs leave the coloiues First and swim to their wintering grounds while females leave
lacer and f!y. In 1996, Oi egon 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 ot YOY birds entangled in the Fishery. strongly suggest that murres entangled in the Pugei
Sound fishery originated fiom southern colonies in 1996. In 1995 che opposite occurred � Oregon rnucre breeding
activity was near normal and their migration to Puget Sound was later, and rnurre entanglernents in the sockeye
fishery were drarnancally lower.

Rhinoceros auklet abundance and encangleinent rates were diree tiines greasier in 1996 than in 1995
 Melvin and Conquest, 1996!. Auklets are much less variable in their year-to-vear interaction with Area . 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 variability that we saw in auklet
interaccions between 1995 and 1996 was likely a Function of'where in Puget Sound these birds chose co torage and
minor variation in the number of breedecs on an annual basis.

Our understanding oF the seabird-gillnet interaction in the Area 10 churn fishery is incomplete. Although
there were Fewer alcid sightings in the Area 10 chum Fishery, the Acid entanglement rate and the rhinoceros auklei
encounter rate exceeded those of the 1995 sockeve fishery in Area 7. This and other observations suggest that aspects
of physical environment in Area 10, such as rougher sea conditions and/or increased boat craRic, increase the
intensity of the interaction between alcids and gillnecs in this locadon. The lack of inter-annual data on seabird
abundance for the Area 10 chum fishery limits our understanding of the importance of this area 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  about 2 Rish/set! and
murre abundance peaked at near 100 sighcings per set  Figure 6!. It was during chis same period that the only rwo
non-treaty fishery openings For gillnecs were scheduled �6 and ! 9-20 August!. Clearly it is not in the best interest of
f'ishers or rnurres to schedule openings when the likelihood of'catching salmon is extremely low and entangling
murtes is high, It was also during this period that murres Fiom:he stressed Tatoosh Island population began co
fledge �5 August, J. Parrish, unpublished data! and possibly recruit io the aggregation of post-breeding birds in
Puget Sound. Although the 1996 schedule of non-creaty gillnet openings was atypical because of allocation shifts to
prorect Washington coho salmon stocks  D. Austin, 1997, pers. comm.!, it demonstrated that without an ecosystem
management approach to the fishery managemenc and seabird conservarion, objectives can conflict. Scheduling
fishery openings when fish are scarce, birds are abundant, and murres from a stressed population might begin
recruiting to post-breeding aggregarions in Puget Sound is not the best approach to Fisheries managemenc, if
reducing seabird bycatch is a resource management priority.

At present seabird abundance is not measured on the Fishing grounds nor are seabird data From existing
research programs considered in fishery manageinent decisions. Data are collecced annually at seabird breeding
colonies in Oregon  R. Lowe, USFWS! and Washington  U. Wilson, USFWS and J. Parrish, University oFWashing-
ton!. Seabird survey data are collected along che outer coast of Washington throughout the suminer  C. Thompson,
WDFW! and m Puget Sound during July  Puget Sound Ambient Monitoring Program  PSA vIP, D. Nysewander,
WDF'vV!. 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 cransects used in this study reliably measu.re
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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 A before, during and after the sockeye fishery using vessel transecis, and that these data be
merged with those froin existing seabird inonitoiing programs to form a coinprehensive data set. These data and real
time fish data could be incorporated into an imeractive management system to manage the fishery.

Inter-year and intra-season sources of variation in seabird abundance provide great opportunity for
itnproved manageinent of the fishery based on an ecosystem management concept. We recommend the tollowing:

Make seabird conservation an objective of all fishery management agencies with junsdiction over Puget
Sound and its adjacent waters.
~ implement seabird bycatch reduction ineasures that are comprehensive, extending to all fishers regardless
of country or treaty status.
~ Link seabird data 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 data set and incorporate it into the
fishery management process via wildlife management agencies responsible for seabird conservation.

Manage thc fishery interactively using real time seabird and fish abundance data.
Eliminate morning change-of-light sets in the gillnet fishery and restrict fishing to daylight hours in years

of high rnurre abundance.
~ Require 20 Mesh nets  upper 20 meshes replaced with white, highlv visible seine twine! to replace
traditional monoftlament di ift gillnets in the Area 7/7A Fraser River sockeye fishery, and allow time for full
compliance. The effectiveness of the 20 rvfcsh gear in the fall chum fisherv has not been proved, and
rhereiore, is not recommended.

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

The Fishery
The different entanglernent patterns for common murres and rhinoceros auklets by time of day reflect their

general activity patterns. Rhinoceros auklets leave their breeding colonies at Smith and Protection Islands before
sunrise and return prior to sunset each day  Wilson and Manuwal, 1986!. This behavior explains the rare entangle-
ment of auklcts during evening change-of-light sets and their common entanglement  ovet half, during morning
change-of-light sets. Murres, on the other hand, are on the water constantly but were entangled most during change-
of-light sets �0e/o!. %'e recommend that morning change-of-light sets be eliminated in the giIInet fishery and
that, ~here possible, fishing be restricted to 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 rhat rhinoceros auklet entanglement rates, though less in the experimental gears, were significantly less only in
nets with the deeper visual barrier �0 flesh!. Statistical comparisons were less robust For rhinoceros auklets because
Fewer auklets v'ere entangled � times less than rnurres!, 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 entangled after
early morning, Results From this study and our earlier work  Melvin and Conquest, 1996! contirrn thar. visual
barriers are an effective seabird bycatch reduction tool,

The 50 1Vlesh nets were the only net rype tested that caught significantly fewer salmon  over 60~70 less than
the control! as v ell as significantly Fewer muircs and auklcts. These nets were dificult to fish because of their weight
and bulk and that they enrangled the only porpoise give animals! in the 1996 sockeye test fishery, suggesting that
rhey may be a hazard to these echo-locating species. For these reasons, the 50 lvlesh gear is not a practical seabird
bycatch reduction alternative in Puget Sound drift gillnet fisheries.

Nets with pingers and 20 flesh visual barners caught fewer rhinoceros auklets and significantly fewer
common rnurres than controls, but only slightly fewer salmon. Evidence suggests that these gears do not reduce the
number of entanglement events, but rather reduce rhe number of birds entangled per event, We speculate that visual
barriers reduce aggregate behavior/decision making  Follow the leader! and force individuals to decide how to avoid
the obstacle that the corkline /visual barrier array presents, Although pingers have the greatest potential as a tool to
reduce seabird bycatch in a wide range of gillnet fisheries because one ai.ray of pingers can bc easily 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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especialIy hearing capabiiities underwater. co make chem more effective. Ideally, pinger research should be direcred
at developing a device that is efFective at reducing che bicatch of porpoise and perhaps othet species as well as
seabirds. Secondly, pinger tests should be repeated and results reproduced before they are required by lav' as a
bycatch reduction tool. On a more practical level, the prototype we developed is not coininercially available at this
time.

Of the three gears tested, only the 20 Mesh gear {upper ZG meshes replaced with white, highly visible
seine twine! is recommended as a seabird reduction ntanagement tool in the Area 7/7A drift gillnet fishery.
The 20 Mesh gear met our original goals, was tested and proved in multiple fisheries, and was conceived by and
endorsed by the Puget Sound Gillnetcers' Association as an acceptable tool co reduce seabird bycacch in this fishery
 L. Pillatos, PSGA, 1997, pers. comm.!. The cost of incorporating the 20 mesh strip of white, 418 seine twine into
existing nets is estimated at $1,800 to $2,000 per nec including a week or more of labor  T. Crump, LFSI, Inc.,
1997, pers. comm, and J. Armstrong, Redden Net Co., 1997, pers, comm,!, Its usable life is estimated at six to nine
years depending on use patterns, yielding an ann~al cost of approximately $223 to $333 for each fisher. The time
necessary co order and ship che seine twine netting and incorporate it into an existing nec is estimated at three co six
months, depending on the time of year. The effectiveness of the 20 Mesh gear in the fall chum fishery has not
been proved, and therefore, is not recommended.

Although seabird bycatch and sockeye catch varied significantly by location, areas of high salmon catch and
high seabird bycatch tended co overlap, eliminating the possibility of significantly reducing seabird bycatch svithout
significantly reducing salmon catch through zonal or area closures within Management Area 7. However, the
significant variation in boch seabird abundance and bycatch by location demonstrated in this study and our earlier
work  Melvin and Conquest, 1996! underscores che importance of accounting for geographic variation in experi-
mental comparisons.

Management Toob
The Fraser River sockeye salmon fishery is carefully matiaged co allocate the sockeye resource among

United States and Canadian user groups by gear and by treaty status. Seabird bycatch reduction measures that
decrease the fishing efficiency oF gillnecs 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: alternative gear, time of day, and abundance-based oi ecosystem inanagement. We use a simple model to
detnonstrace the percentage of seabirds that might be entangled under a range oF management scenarios relative to
the inonofilament control fished at all times of day  Appendix 11!, The fishing effort {the number of sets! required
to catch a hypothecical allocacion or" sockeye salmon �72,000 sockeye! is determined based on the catch rates we
measured in this study for the four gears under the three time-of-day scenarios and cwo fish-abundance scenarios.
For each gear type and scenario combination, we project che number of seabirds char might be entangled based on
the entanglernent rate estimates for that scenario. This model cannot forecast the range of seabirds thar are likely to
be caught in this fishery because fish abundance and quotas, run timing, fishing eFfort and bird abundance vary
tremendously from year to year, In addition, entanglement races used here are likely to be higher than those from an
actual fishery, because fishers participating in this study were instructed to fish aggressively 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% to 37% by fishing nets with pingers or 20 Mesh barriers respectively, and that
seabird bycatch would actually increase 28% using 50 inesh nets  Table 7 and Appendix 11!. Using the same
approach, we compared the projected seabird bycatch of rnonofilament nets fished at three time-oF-day cotnbina-
tions. Results indicate that seabird bycatch in inonoFilament 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
bycatch from any single accivicy can be achieved �3%! by limiting fishery openings to periods when fish are in high
abundance {monofilamenc nets fished all times oF day! simply because this approach reduces effort, Clearly, there
are significant conservation consequences to fishery management practices, Fishing 20 Mesh nets at times of high
fish abundance, and during openings that indude either daytime and dusk or daylight-only fishing, have the
potential to reduce seabird bycatch by 70% to 75% in years similar to 1996,



Table 7. Managerrrent Scenario Matrix/Soeheye Tist Fishery Ratrt'xofestimatedpereent reduction in seabirdentonglemertt rates bygear ape and  tmt
of day for periods of rr'ean fish abunda nte  all toeeks! and high fish a brendan re  first thri i ttteeks> for the l996 Soeheye Te» F shery, For details, see
Appendix l l.



CONCLUSIONS

Results oF this study idenciF three basic tools that can be used to reduce seabird bycatch in Puget Sound
salmon drift gillnet fisheries; abundance-based or ecosystem management, alrernative gear, and time of day. The
dramatic inter-annual and in-season variation of seabird abundance in Puget Sound is the most important factor
determining the rate of seabird entanglements in Area 7. Inter-year and intra-season sources of variation in seabird
abundance provide greac opportunity for improved managemenc of the fishery based on an eco~tem management
concept.

We confirmed that visual barriers are an effective seabird bycarch reduction rool. The 20 Mesh gear met
our original goal of significantly reducing seabird bycatch without significantly reducing fishing efficiency, It was
tested and proved in multiple fisheries, and was conceived by and endorsed by the Puget Sound Gillnetters' Associa-
tion as an acceptable tool to reduce seabird bycatch in this fishery. The 50 Mesh nets  with the deeper of the cwo
visual barriers tested! were eliminated as a possible seabird reduction tool because they did not meet goals of the
research program, were impractica1 to fish, and entangled porpoise. Although pingecs have the greatest potential as a
cool to reduce seabird bycatch in a wide range oFgillnet fisheries because of their versatility, we do not recommend
these devices as an alternarive for Puget Sound ar this time because we believe that they can be improved. results
need co be duplicated, and the protorype device is not commercially available. The time of day thar gillnets are
bshed significandy affects seabird bycarch rates. Elimination of morning change-of-light Fishing is likely to reduce
most rhinoceros auklec encanglements and contribute significantly to reducing common murre encanglements.

Although seabird bycarch and sockeye catch varied signiFicantly by location, areas of high salmon catch and
high seabird bycatch tended to overlap, eliminating the possibility of significantly reducing seabird bycatch without
significantly reducing salmon catch through zonal or area dosures 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 weacher mighc also be important.

By employing all available tools, fishing 20 Mesh nets at times ofhigh fish abundance during openings chat
include either daytime and dusk or daylight-only fishing, managers have the potential to reduce seabird bycatch by
up to 70ryo to 75'/o in years similar to 1996.

Recammertdations
We recommend several rnanagernenc actions based on this research thar 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 wirh jurisdiction over Puget
Sound and its adjacent waters.
' Implement seabird bycatch reduction measures that are comprehensive, extending co all fishers regardless
of country or treaty status,
~ I.ink seabird data From existing on-colony, outer coast and Puget Sound survey programs with seabird
abundance data collected on che 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 seabird conservation.
~ Manage the flishery interactively using real time seabird and fish abundance data.

Eliminate morning change-of-light sets in the gillnet fishery and restrict fishing to daylight hours in years
ofhigh rnurre abundance.
~ Require 20 Mesh nets  upper 20 meshes replaced with white, highly visible seine tv ine! to replace
traditional monoflilament drift gillnets in the Area 7/7A Fraser River sockeye fishery, and allow time for full
compliance. The effectiveness of che 20 Ivlesh gear in the fall chum Fishery has not been proved, ancl
therefore, is not recommended.
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EPILOGUE

Qn 30 May 1997 the Washington Fish and 'Wildlife Commission acted to reduce seabird bycatch in non-
treary Puget Sound drifi gillnet fisheries based on the results oF this study'. They acted to require use of rhe 20 ivlesh
gear modification in Management Areas 7/7A beginning in 1598. The minimum twine size of the whi~e opaque
netting or "bird strip' svas set at 412  as opposed ro >18! in response to fisher concerns over safesy, sveight 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 to a proposed %'DFW regulation io resrrict 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 aburidance ofsalinon." 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 indicared that this action serves rhe fishing industry and
seabird conservation objectives better by scheduling I'ishery openings based on actual sa,'mon abundance and the
relative abundance of seabirds. Vo action was taken on monitoring seabird abundance.

' Soarer Bern Shanks Ph D, Di rc ror of chc Depa rrrncnr of Fhh and tVildlifei n a 24/one l 997 lenc r ro &r Rvrr Srn rich, Asnrranc Regional Drreeror,
US Fhh and thrldl: fe Seni re, lVorrh Pacifi Coon Ecorcgion
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Apprrtdix 3. Alt la'Entanglements/5'ockeye Test Ftshrry. tjrlean rate per set of alcid entanglemennI by date and sprcirs ard total a!rid entangiementt by
spec es for the l'996 cockeye Test Fishers

1996 Fi
Aeetmtoauremema R hinoeerea Aotdet

Female
Mean Ran

Male
Maori Tang

17 36
2.8 2.5 to 30

383.5 327.5 to 492.5
3044

16 25
3.3 2.9 la 3.8,

578.7 496.2 ta 655. l
265o3

7 2
33 28 to 36

621 3 5672 la 671.4

19
2 7 2.5 la 2.9

3722 241.4 ta 4653

YOune Or am Year Ina.l
Caiman Length lam!
Body Weight lg! 29c

71ttreatreedera  no.!
Caiman Length  cm!
Body Weight �!

9
32 3,l to3.3

554.7 4732 to 602.6

35
4 2 to 5.1 5.0

540 7 to 1.152.3 1,042.1

36
47

1. 004. 4
4.5 la 5 4

52IL3 Io 1,208.4
716
177 14

3.2 2.8 to 3.5
565 6 454.2 la 669.4

4.3to5.4 49
876.5 lo ',344 8 L070.3

8 modern lna.j
Caiman Length {am!
Body Weigtn g!

4.8
1,047.6

44 los.s
899.1 ta 1,320%

0
5
87

unlaIown
Relaaaad Agee
Total

3
9

260

Apprndi'x 4. Ages of Entangled ceabtrds. The number, mean and range culmen lertgth  ram!, ana' mean and range rotal soeight lgrams! of entangled
seabi ra's b! speciet, age a ad sex for the 199rt Sockeye and tne /995 Chum Tnt Fisheries.

28-Jul
29-Jul
3 l dul
4-Aug
B.Aug
7-Aug
11-Aug
12-Aug
14-Aug
15-Aug
18-Aug
20-Aug
21-Aug
22-Aug
25-Avg
27-Aug
26-Au

1 28
2 34
3 29
4 49
5 39
6 41
7 36
8 38
9 36
10 33
1I 42
12 40
13 39
l4 41
15 36
16 41
17 40

10 361o
15 44o/o
13 459'o
16 33%
5 13%
8 20%
14 39%
5 13o
14 39%

3¹
13 31%
2 5%
14 36%
3 7 no
9 251o
6 15%
0 0%

0.57
1.32
0. 82
0.27
0,15
0.22
117
0.' 3
0.28
0.61
0.31
0.08
0.85
0,10
0.50
0.07
0.00

0.14
O. 50
0,24
O. 31
0

0,07
0.22
0,03
0.28
0.06
037
0

0.10
0.07
0

010
0

D D D 0 0 0 0 0 0 0 0 0 0 0
Ql�

0 0

0 D 0 0 0
0.020 0 0 0 0 0 0 0 0 D 0

0 71
1.82
0.86
0.57
D.t5
O. 32
1.39
0.15
0.56
0.67
0.46
O.QB
0. 95
0.17
O. 53
0.17
0.00



1996 Sock Fis
ENTANGLEMENTSSIGHTINGS ENCOUNTERS

Ha/bc r Harbor D airs
Seal se Pa osa

Date Trip Seta Sets Perceist
ITata

Killer Other
Whale

Unid.Hatbar Dell's
Pa arse Po

Sets percent Harbor Dali's Killer
Seat P ise Whats

Harbor
Seal

Sets Perbem

7 25%
5 15%a
7 24%
17 35%
18
23 56'%
14 39%
14 37%
14 39%
23 7PY
23 55%
21 53%
26 67%
31 76%
31 86%
33 80%
30 75% I

3 2 3
0.005 0.003 0 005
0,003 0.002 0.003
375e%%d 25.0% 37.5%

Toh8 17 642
Rata/Sm
SE
Peroent

12
0.02
0.01
1 3%

3
0.065
0.003
0.3%

923 9 20
1.44 0.0'I 0.03
0 07 0.01 0 02

621e%%de 97.0% 0.9'o S'l%

337

52.5'Yo

10
0.02
0.01
1.1 %%d

762
'l.19
0.07

84.9 %%d

34
0.05
0.02
38%%d

76
0.12
0.03
6.5a%%d 1.2'la

- released alve' ether manna memmah. trSss 6 and 14, Minkc Whale; trip 13, Eleph
1995 Chum Phrh

Appendix 5. Manne MammetlAbundancr. Mean
rate per sct o jmari ne rnamrnal ssgbrings, encounters
and enranglements by date and rpccrcs for rhc 1996
Sociiryc and rhe /995 Chum Test Frsheries,Vo
marine mammals u;rve rn tangled in the chum test
fishery.

SIGHTING S ENCDUNTERS
Dtne Tdp Sets Sets percent

otal
CA Dells

SeaLon Po tse
CA Harbor Porpoise

Ssa Lian Seal I
pefcalllHarbor

Seal

26-Oct
1-Nov
2-Nov
3-Nov
9-Nov
1 Detov
114Vav

I 12
2 14
3 14
4 14
5 12
6 14
7 13
8 14

0,17
Q.IX!
0.03
0.00
0.00
0.07
O.QO
O.DD

0.08
0 07
D.oj
0 28

0 07
0 00
000

D,QQ
OA3
0.00
014
0,00
007
0 QD
D 00

0.06 0.076"
0,66 0.072
0.50 0.00
0.14 0.00
025 0.00
0.21 0 00
D.DB Q.QO
0.00 0.00

6
10

6 7 5 6 9 6
50%
71%
43%
50%
42%
43%
SIYYo
43%

Q.SB
3.36
1.29
2.07
2.26
~ .93
254
1.43

2 17%
4 29%
I ja%%d
4 29%
0 0%
2 14%
2 15'Y

7%
Totals. S 'I 07
Mean
SE
Percent

12
011
0.025
57.1%

2
0.02
0 011
9.5%

194 29 3
1.ei 027 0.03
0 261 0.06C 0.021
85.8% 12.8% 0.9%

0.08
0.017
33.3% 51 4%1 5.0%

keludea faur panta ,;", Harbor Porpoise!jails PospaheI nel sets

1S95 Churn Plshe
StGRTINGS

Unid. Common Ancient
Murra let Mana Marinist

Lasid. Grebe Seater Cormorant Loon
Ahid .. S 5

Dale Tnp Seta Sets Pen enl

0.00 0.00 0.00
0.00 0.07 0.00
1.14 0,14 0,07
0.43 ~ .D7 D. 07
0 OD 0.00 0.60
0.00 0.00 Q.OO
0.00 0.00 0.00
0 00 0.00 0.00

Totals 8 107
Itean/tmt
SE
Peroent

4 2
0.21 0.04 0.02

11
0.10
0.04
11%

9
D.OB

4
0.04
0.029
4%

3 35
0.03 D.33
0 021
3%

21
020

20%

55
0.51
0.1 35
559e25%

1995 Chum Fis
EliTANG LESS ENTSENCOUttTERS

Sets Ps res nl Rhino, Common Tats I
Auklel Morse

Grebe Common Unid
Mune Murre le!

Date 7dp sets
ota

Ursd.
Aleut

Loon
5

Ses PercentRhino.
Auklst

0.00 0 08 0 DB
021 007 029
0.07 0.14 021
0.00 0.07 0.07
0.08 0.00 Q.OB
0.07 021 029
023 0.06 0 31
021 0 14 0-36

8%
3 21%

12
14

14%14
14
12
14
13
14

7%

e1%
23%
36%

1 I 23
0.10 0.22
0.033 0.045
4IP%%d 1 QQ'Ye

Teleia 8 107
Mean/eet
SE
Peroenl

1
0 D1

19 12
0.11
0.033
52'/a

17
0.16
0.06 8
12%

2
0.02

31
029

22%

0.79
0.181

0 02

'I e%%d1%

Appendix 6. Seabird Ab
nd species for rhe 1995

undance and Enranglements/Chum Test Fishery. Mean rare perset ofseabi rd'sighbngs, encounun and enranglemenn by date
Chum Ten Fishery.

26.Jul
29.Jul
31 v/ul
4-Aug
6-Aug
7aitug
11.Aug
1 2-Aug
14-Aug
15 Aug
I B.Aug
20-Aug
21-Aug
22-Aug
25-Aug
27-Aug
28-Au

25.0ct
26-Oct
I Jotav
2Jsav

10-Nov
11-Nav

~t
26-Oct
1-Nov
2 Nov
3-Nov
9-Nov
'I Q. Nav
11-Nov

1 28
2 34
3 29
4 49
5 39
6 41
7 36
S 36
9 36
10 33
11 42
12 40
13 39
14 41
15 36
16 41
17 40

12
14
14
14
12
14
13
14

0.39
029
0.45
0.33
1.44
0.98
0.83
QA5
0.72
1.76
1.07
1AQ
1.31
2.66
2.14
1.80
1.83

8%
0%

29%
17%vv
43%
31%
21%

25'%
29%
43%
21%a
25%
43%
48%
14%

D
0
0
0
0

0.05
0
0
0
0

0.05
0

0.1D
0
0
0

0.05

Q.DS
0.00
0.57
0.14
020
1 43
123
0.14

0.42
0.50
0.43
021
0.67
1.64
2.08
0.43

0
0
0
0
0

Q.D5
0

0.11
6
0
0
0

0.26
0,44
0
0
0

0.00
0 QO
0.00
0.00
0.00
I 50
D.OO
0.00

0.00
0.43
1.00
0.1 4
033
029
O. Ds
0.00

0
0
D

0.24
026
0.20
0

0.13
0
D

0.17
0

0.72
0.12
0.03
0
0

0 DQ
0.00
O. 57
0.07
O.OD
D.14
Q.DQ
0.00

QSM
014
029
O.OC
0.00
0.71
0.06
0.00

0 0 0 0 0
D.QZ

0 0 0 0 0 0
0,03
0.02

0 0 0

0 QO
D.OO
0,00
0.00
0.00
D.QO
0.46
021

0.00
0.00
0.00
Q.OO
O.OQ
0.14
Q.X
O.DO

0.04
0
0
0
0

Q.D5
0

0.03
0
0
0
0

0.1 0
0
0

Q.DS

D.QD
0.00
0.00
0.07
000
D21
000
000

0.00
0.14
0.00
D.OQ
0.00
0.00
0.00
0.00

11 39%
15 44'%%d

46%
19 39%
21 54%
23 56%
26 56'%
14 37%
21 58%
26 79%
24 57%
26 66%
26 67%

~a
32 89%
36 BST
SS SBV

D.OO 0.00
O.DO ~ .14
0.14 1,07
D.M 1.00
0.00 0.17
Q.OD D.14
0.00 0,00
0.07 D.OO

0.00
D.OO
0.07
0,00
0. 00
0.00
0.00
0.00

0.57 0
0.65 0
0.97 0
0.49 0
1.72 0
1.07 0
122 0
Q.SO 0.08
097 0
1.79 0
1.1 ~ 0
1.66 0
1.56 0
3.29 0.15
2A7 D
224 0
1.95 0

6 0 0
0.12
D26

0 0 0 0 0 0 0
0.08
0.02
0 0
0

0 0.0%
0 0.0%
0 0.0%
0 0.0%
0 0.0%
I 2.4%
0 0.0%
0 00%
0 0.0%
1 3stv

2 A%
0 0.0%
1 2.6%

2.4'%%d
2.6%

2 4.9'Ya
0 0.0%

O.DD 0.00
O,OD 0 00
0.00 0.00
0.00 0 DD
0.00 D 00
0.00 0 00
0.00 0.00
0.00 0.00
000 000
0.03" 0 00
0.00 0 02
0.00 0.00
0,00 0 OO
0.00 0 DQ
0.03 0 QD
0.02 0.02
D.QQ 0.00

0.00
0.00
0.00
0. 00
0.00
0.02
0.00
0.00
0.00
0.00
0 OO
0.00
0.03
0.02
0 00
Q. 00
0.00



1996 Socks Fle
50 MESH
n=160

Total '%%d Rats SE

SPECIES
 csugtdt
ants sd

20 MESH
n=181

Total % Rate

MONO
ns189

Total O' Rats SE

PING ER
n=153

Total sk Rate SE
Socks ye
Total 1643 39y 10259 1.3743869 88% 22.994 o P353415 85% 22220 2.05T4391 rptyks 25.13T 2.136

53 D.329 D.06'I
19 0.118 D.032
0 0 0
0 0 0
72 55K 0 447 0.080

25
3
1
72

Marine Msmamts
Harbor Seals
Porpoise
Total

D.pr 2 Q.ppg l 0 0 0
0 0 5" 0 031 0.014

0.012 0.009 5 ' 0.031 0,014

0.007 0.007
0 0

Q.QQT Q.DDT

' percent a catch rale dissdad by Mana Caleb rate
" krorudet 2 HaibOr Purpose snd 3 Dali's PorpaiSe

95 Chum Fl aha
20 MESH
ns103

Total % Rate

40 MESH
rc:1 03

TOtal ~%%d Rate

SPECIES
Icaugtot
entan lsd

MONO
tr-103

Total %' Rate SE SE

Chum
Total 2,671 100 tn' 77.800 6.504 2.098 79% 61 107 5.301 1,833 89% 53,388 4.056

Alclds
C. Murrs
R. Auklcl
Total

5 0.147 0.063
4 0,117 0.057
9 100% 0261 0.067

4 0.117 0.072 2 0 057 0 042
4 0.1 I 7 0.019 3 0.087 D 051
8 90'%%d 0.234 0.081 8'" 56'% 0.147 0.053

percent is catch isis divided by Mono caleb rate
rate Is catch or enrenglemenr rare pei full ner set l'3 x shackle sett.
exctudes one seabird caught in s penial ner sef loniy hyo shackles deoroysd!

1995 Spoke
AM COL
tmt29

Tote I Rate SE

DAYTIIEE
rm364

Tata I Rate SE

PM COL
ns129

Total Rate SE

SPECIES
 caughti
entan led

2,397 18.581 2.048
74%

3,219 24.953 2.638 7.535 19.622 1.223
79%

75 0.581 0.091
10 0.078 0.032
85 0.659 0.1 60

68%
0 0 0

0.612 0.093
0,341 0.076
0 969 0.254

103 0.268 0.036
31 0.081 0.017
134 0.349 0.062
36%

2 0.005 0,0040.008 0,008

0 0Porpoise 1 O. 008 0.0084 0.101 0, 005

rate is Catch Or enlanglement rate per Set

rale is catch Dr entangi ament rate per full net set � x rate per shadde sst!
" ekejudpe Seabird caught in partial net Set

Appendix 8, Time of Day Comparzsons. Total number pertenh mean rateperset and'standard'error for salmon, ausd and martne matnrrsal species
entangled in grdners by rime f oday category for the 19965oeireye ana' the 1995 Chum Test Fisheries.

Aphids
C. Muirs
R. Auklet
hl. Murraist
P. 6uiasmol
Total

Percent
Alclda
C. Murres
R. Auklets
Total
Percent
Harbor Seal

1 PI
34
1
0

135 'I 0014

0.601 0 080
0202 Q 053
0.006 ~ .006

0 0
0.810 0 173

60
44
126

10 9'%%d
1

0.301 0.060
0.163 0.04r

0 0
0.007 0.007

58 %%d 0.471 0.074

58 0.363 0.064
7 0.044 0.024
0 0 0
0 0 0
65 5ryy~ O.405 3 193

Appendix 7. Gear Compari:ons
Total number, percent, mean rate per
ser and stirndard error for salmon,
alerd, and ma~ne mammal specs'es
entanglrd in grllnrnbygear rypefor
1996 cockeye and he 1995 Chum
Test tithe n rs.
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1996 Sock Fishe
All

Mano Pin rs 20Mssn SOMesn
Times of fyay Day and PM COt.

Mono Pin rs 20M esh SOMesh
pay Onty

MOno Pin eie 20Mssn 50Mesh

Variables
Sookeye
 catch/set!
Mean Fish Abundance
High Fish Abundance

26.14 22.32 22.99 10.27
45.46 41 73 42.12 18.37

2769 2237 1892 943
48.09 41.S7 34.46 18.00

26.32 2 1.56 19.35 10.00
45.84 39.52 35.33 17.67

Effort
�72,000 fish!
Mean Fish Abundance
High Fish Abundance

14,380 28. 847
7,893 17, 00026,485

14,811
10,406 12,185
5,981 6,517

'i 0,334 't 2,604 14,052 27+00
5,934 6,682 7.699 15.396

11,831
6,458

9,622 12,157
5,656 6,543

Seabirds
 Entang Jset!
R. Auklat
C. Muire
Total Alcids

0.202 0.163 0.115 0.044
0.601 0201 0.329 0.363
0,810 0.471 0.447 0.4DS

0.119 0,121 0.053 0.031
0.525 0.176 0.213 0.143
0,644 0297 0.266 0.173

0.097 0.105 0.095 0 023
0.61 2 OMS 0 333 0 163
0.7D9 0,371 0.429 0.186

A sids
 Entsnglernsntstset!
R. Auklet
C. Moire

1,1 69 1,471 762 894
5,157 2,140 3,063 4, 125

1,002 1,323 1,335 626
5,324 3,353 4,679 4,434

2,102 1.986 1,396 1, t65
6354 3,688 3,892 9,614

Atcfds Entangled
 Proi ected!
Mean Fish Abundance
Total Akdds
Percent

6 325 3,611 3,825 4,991
75% 43% 45% 59%8,426 5,740 5,289 10,753

ioo%%d 68% 63% 126/o
7,327 4,676 6,028 5,059
87% 55% 72% 60%

High Flah Abundance
Total Alclds
Percent

3,642 1.943 2,100 2,94'I
43% 23% 25% 35%4,S45 3,070

574 36%
4,207 2,553 3,303 2,864
50% 30% 39% 34%

2,567 6.013
34%%d 792%

Appendix l J. Management JVodeflgock~ Test Fishery hfodef ofstudy resiilrs by gear rype and rime of'day category for rhe J996 Sockeye Jess Ft'shery.
.Model eidmates the rotal number ofbirds rhar rnighr be t'nrangled under a oarrep of rnanagernenr scenarios for periods of tsighfish abundance  uerbs J
ro 3! and Jou ash abundance  weehs ss and3 l. Jt assumes a gi linet tfuosa of 272,0JJ0 soekeye.

Beaufort Scaie Sea State Codes

Cade Wind Speed
0 <1
1 1-3
2 4-6
3 7-10
4 11-16
5 17-21
6 22-27
7 26-33
8 34%0

Weather Codes

Clear  <10% C!Oud cover!
Partly Claudy �0-50% cloud cover!
Cloudy �0-90% cloud cover!
Overcast  >90% cloud cove r!
Drizzle
Rain
Fog
I me rmitt ant fag
Other

Appendix J2. Codes. Sea start and weather codes.

0 1
2 3

4 5 6 1 8

Effects
Sea Ike mirror
Ripples with appearance of scales; no foam crests
Small wavelsts; crests glassy, not breaking
targe wavelets; crests beginning to break; scattered whitecaps
Smal waves becoming longer, numerous whitecaps
Moderate waves beCOming longer, many whiteCapS; SOrne Spray
 urger waves forming; whitecaps everywhere; more spray
Sea heaps up; white foam from breaking waves b own in streaks
Moderate high waves; waves breaking inta spindrift: blowing foam
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