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SUMMARY

We compared seabird bycatch per unit effort (BPUE) in Alaskan longline fisheries before and
after the adoption of streamer lines (bird scaring lines) using 23 years of fishery observer data
(> 0.25 million sets of > 1 billion hooks). Streamer lines were adopted voluntarily in 2002 and
mandated in 2004 based on two years of highly collaborative research with the fishing industry,
which found that streamer lines reduced BPUE of surface-foraging seabirds by 88-100%
compared to no deterrent. In the 14 years following streamer line adoption, mean albatross and
nonalbatross BPUE decreased by 89% and 78%, respectively, in all fisheries combined.
Seabird BPUE, however, varied by target species and seabird grouping, and models showed
an increasing trend in BPUE in two target fisheries following streamer line adoption. Night
setting reduced albatross BPUE by > 90%, most nonalbatross BPUE by > 51%, while
increasing target fish catch rates by > 7%. Northern fulmar was the exception: BPUE increased
by 40% during night sets. Most vessels in recent years had no seabird bycatch (67% to 72%);
however, fleet BPUE was driven by a small number of vessels with anomalously high seabird
bycatch. Although area and season were significant predictors in nearly all models, a clear
pattern suggesting a coherent time-area management strategy was not evident. Alaskan
longline fisheries represent one of the few cases where sharp reductions in seabird BPUEs
demonstrated in research translated into sharp reductions in seabird BPUEs when results were
applied to an active commercial fishery. Seabird conservation in a large, complex fishery was
achieved using a single technical measure—streamer lines—and available evidence from
Alaskan fisheries does not support mandating additional measures such as night setting, line
weighting or time-area management that are included in ACAP Best Practice Advice. This case
history provides strong evidence that seabird bycatch reduction measures should be fishery
and seabird assemblage specific.
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Consider that:
1.

RECOMMENDATIONS

ACAP Best Practice Advice is not universally applicable to world fisheries and that
best practice conservation measures are seabird assemblage and/or fishery
specific.

The seabird assemblages and appropriate seabird bycatch conservation measures
differ for the northern and southern oceans.

Research conducted in collaboration with fishing industry participants and with
sufficient scale and scope to yield definitive outcomes, is a powerful driver for
adoption of seabird bycatch conservation measures by the industry and fishery
managers.

The expectation for ACAP Best Practice Advice, which is based on the best
available science from many fisheries, is that it serve as a toolbox to inform ACAP
nations and parties of successful strategies. Strategies applied to specific fisheries
should be identified through collaborative research with affected fishing fleets and
adopted based on those results and the assemblage of seabirds attending those
fishing operations.

Ongoing outreach to fishing fleets on the need for seabird conservation and
implementation of best practice mitigation strategies is essential to maintaining
successful seabird conservation.

Analyses of seabird bycatch data derived from observer programs should include
evaluating the performance of individual vessels and where possible directing
outreach to vessels with anomalously high seabird bycatch, preferably in real time.

Lecciones aprendidas a partir de la conservacidon de aves marinas en

Comparamos la captura secundaria de aves marinas por unidad de esfuerzo (BPUE) en las
pesquerias de palangre de Alaska antes y después de que se adoptaran las lineas
espantapajaros usando los datos de observacion recopilados durante 23 afios (> 0,25 millones
de lances de > 1.000 millones de anzuelos). Las lineas espantapdjaros se adoptaron de
manera voluntaria en 2002 y pasaron a ser obligatorias en 2004 tras dos afios de intensas
investigaciones conjuntas con la industria pesquera, a partir de las cuales se determiné que
las lineas espantapdjaros reducian la BPUE de aves marinas que se alimentan en la superficie
entre un 88 % y un 100 % en comparacion con las lineas que no tienen un efecto disuasorio.
Durante los 14 afios posteriores a la adopcion de las lineas espantapajaros, el promedio de

pesquerias de palangre de Alaska: estudio de caso

RESUMEN
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BPUE de albatros y petreles disminuy6 en un 89 % y un 78 %, respectivamente, en todas las
pesquerias en su conjunto. La BPUE de aves marinas, sin embargo, varié segun las especies
objetivo y los grupos de aves marinas, y los modelos sefalaron una tendencia creciente de
BPUE en dos pesquerias objetivo luego de la adopcion de la lineas espantapajaros. El calado
nocturno redujo la BPUE de albatros en > 90 % vy, en la mayoria de especies distintas del
albatros, el BPUE disminuy6 en > 51 %, mientras que las tasas de captura de peces objetivo
aumentaron en > 7 %. El fulmar boreal fue la excepcién: la BPUE de esa especie aumentd un
40 % durante los lances nocturnos. En los ultimos afios, la mayoria de los buques no
presentaron captura secundaria de aves marinas (entre 67 % y 72 %); sin embargo, la BPUE
de flotas pesqueras estuvo impulsada por un reducido nimero de buques con una tasa de
captura secundaria de aves marinas inusualmente elevada. Si bien la zona y la temporada
fueron indices de prediccion significativos en casi todos los modelos, no era evidente que
existiera un patrén claro que sugiriera una estrategia coherente para la ordenacién espacio-
temporal. Las pesquerias de palangre de Alaska representan uno de los pocos casos en los
que las reducciones marcadas en las BPUE de aves marinas que se demostraron en las
investigaciones se hayan plasmado en reducciones pronunciadas en las BPUE de aves
marinas cuando se aplicaron los resultados a una pesqueria comercial en actividad. La
conservacion de aves marinas en una pesqueria grande y compleja se logr6 mediante el uso
de una Unica medida técnica —las lineas espantapajaros—, y la evidencia disponible de las
pesquerias de Alaska no implica la implementacién de medidas adicionales, como el calado
nocturno, el lastrado de brazoladas o la ordenacién espacio-temporal, que estan incluidas en
las recomendaciones de mejores practicas del ACAP. Este caso ofrece soélida evidencia de
gue las medidas para reducir la captura secundaria de aves marinas deberian ser especificas
para cada pesqueria y conjunto de aves marinas.

RECOMENDACIONES
Considerar lo siguiente:

1. Las recomendaciones de mejores practicas del ACAP no son universalmente
aplicables a las pesquerias del mundo y las medidas de conservacion
recomendadas como mejores practicas para asegurar la conservacion son
especificas para cada conjunto de aves marinas y/o pesqueria.

2. Los grupos de aves marinas y las medidas de conservacién apropiadas para las
aves marinas difieren para los océanos septentrionales y para los meridionales.

3. Las investigaciones realizadas en colaboracion con los participantes de la industria
pesquera, en una escala y con un alcance suficientes para generar resultados
definitivos, constituyen un factor poderoso que influye a favor de la adopcion de
medidas de conservacion para mitigar la captura secundaria de aves marinas por
parte de la industria y de los administradores de pesquerias.

4, La expectativa en torno a recomendaciones de mejores practicas del ACAP, que
se basan en los mejores conocimientos cientificos disponibles de muchas
pesquerias, reside en que sirve como instrumento para informar a las naciones y a
las Partes del ACAP sobre estrategias satisfactorias. Las estrategias aplicadas a
pesquerias especificas deberian identificarse mediante investigaciones conjuntas

3



SBWG9 Doc 11
Agenda Item 12

con las flotas pesqueras afectadas y deberian adoptarse en funciébn de esos
resultados y de los conjuntos de aves marinas presentes en esas operaciones
pesqueras.

5. Las actividades de difusion permanentes dirigidas a las flotas pesqueras sobre la
necesidad de la conservacion y de la implementacion de estrategias de mitigacion
recomendadas como mejores practicas son esenciales para mantener una
conservacion de aves marinas satisfactoria.

6. Los andlisis de datos de captura secundaria de aves marinas obtenidos a partir de
programas de observadores deberian incluir la evaluacion del desempefio de
buques individuales y siempre que sea posible, orientar la difusion a los buques
con tasas de captura secundaria de aves marinas inusualmente elevadas, de
preferencia, en tiempo real.

Enseignements tirés de la conservation des oiseaux de mer dans les
pécheries palangriéres en Alaska : une étude de cas

RESUME

Nous avons comparé les captures accessoires d’oiseaux de mer par unité d’effort (BPUE) dans
les pécheries palangriéres d’Alaska avant et aprés I'adoption de lignes de banderoles (lignes
d’effarouchement) en utilisant 23 ans de données recueillies par des observateurs de
pécheries (> 0,25 million de péches de > 1 milliard d’hamecons). Les lignes de banderoles ont
été adoptées volontairement en 2002 et rendues obligatoires en 2004 sur la base de deux ans
de recherche éminemment collaborative avec l'industrie de la péche. Cette recherche a montré
que les lignes de banderoles réduisaient les BPUE des oiseaux de mer se nourrissant en
surface de 88-100 % par rapport aux situations ou ces lignes de banderoles n’étaient pas
utilisées. Au cours des 14 ans qui ont suivi I'adoption de lignes de banderoles, la moyenne des
BPUE d’albatros et d’autres oiseaux a diminué de 89 % et de 78 %, respectivement, dans
toutes les pécheries combinées. Les BPUE d’oiseaux de mer varient cependant en fonction de
'espece cible et du groupement d’oiseaux de mer, et les modéles ont montré une tendance
croissante dans les BPUE dans deux pécheries cibles a la suite de I'adoption des lignes de
banderoles. Le lancer nocturne a réduit les BPUE d’albatros de > 90 %, d’autres oiseaux de >
51 % alors que les taux de capture des poissons cibles ont augmenté de > 7 %. Le fulmar
boréal a constitué une exception : les BPUE ont augmenté de 40 % au cours des lancers
nocturnes. Ces dernieres années, la plupart des navires ne présentaient pas de captures
accessoires d'oiseaux de mer (67 % a 72 %) ; mais les BPUE de flottes étaient portés par un
petit nombre de navires ayant un taux anormalement haut de capture accessoire d’oiseaux de
mer. Bien que la zone géographique et la saison soient des indicateurs importants dans
presque tous les modéles, une tendance claire suggére qu’il n’est pas évident de mettre en
place une stratégie de gestion cohérente du temps et des zones. Les pécheries palangrieres
d’Alaska représentent I'un des rares cas ou des réductions drastiques des BPUE d’oiseaux de
mer visibles dans la recherche se sont traduites en des réductions drastiques de BPUE
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d’oiseaux de mer lorsque les résultats étaient appliqués a une pécherie commerciale active. La
conservation des oiseaux de mer dans une pécherie vaste et complexe a été réussie en
n’utilisant qu’'une seule mesure technique, les lignes a banderoles, et les éléments disponibles
auprés des pécheries d’Alaska n’indiquent pas qu’il faille rendre obligatoire des mesures
supplémentaires comme la mise a I'eau nocturne, le lestage de lignes ou la gestion du temps
et des zones qui sont reprises dans les conseils en matiére de bonnes pratiques de 'ACAP.
Cette étude de cas fournit de nombreux éléments solides indiquant que les mesures de
réduction des captures accessoires d’oiseaux de mer doivent étre spécifiques a chaque
pécherie et a chaque groupement d’oiseaux de mer.

RECOMMANDATIONS
Envisager que :

1. Les conseils en matiére de bonnes pratiques de 'ACAP ne sont pas applicables de
maniére universelle aux pécheries du monde entier et que les mesures de
conservation recommandées sont spécifiques a chaque groupement d’oiseaux
et/ou pécherie.

2. Les groupements d’oiseaux de mer et les mesures de conservation relatives a la
capture accessoire d’oiseaux de mer différent en fonction de si 'on se trouve dans
un océan boréal ou austral.

3. Les études menées en collaboration avec des participants de l'industrie de la
péche, sur une échelle et avec une portée suffisantes pour donner des résultats
définitifs, sont un facteur majeur pour I'adoption des mesures de conservation en
matiére de capture accessoire d’oiseaux de mer par les gestionnaires de I'industrie
et de pécheries.

4. Il est attendu que les conseils en matiére de bonnes pratiques de I'ACAP, qui se
fondent sur les meilleures données scientifiques disponibles provenant de
nombreuses pécheries, servent de « boite a outils » ayant pour but d’informer les
nations et les Parties a 'ACAP des stratégies qui fonctionnent. Les stratégies
appliquées a des pécheries spécifiques soient identifiées par le biais d'une
recherche collaborative menée de concert avec les flottes des pécheries touchées
et adoptées sur la base des résultats obtenus et du groupement d’oiseaux de mer
présents lors des opérations de péche.

5. La tenue réguliére d’activités de sensibilisation visant les flottes de navires de
péche quant a la nécessité de préserver les oiseaux de mer et de mettre en ceuvre
des stratégies d’atténuation recommandées est essentielle pour maintenir un statut
de conservation des oiseaux de mer positif.

6. Les analyses des données relatives aux captures accessoires d’'oiseaux de mer
dérivées des programmes d’observateurs incluent une évaluation de la
performance des navires individuels et, le cas échéant, la sensibilisation des
navires présentant un taux anormalement élevé de captures accessoires d’oiseaux
de mer, de préférence en temps réel.
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Table S1. Definitions of model variables.

Variables Definition Levels
Era Time period pre- and post-streamer line Pre-adoption — 1993-2001
adoption Post-adoption — 2002-2015
Year Calendar year continuous integer
Season Defined by target fishery Sablefish: Mar-Jun, Jul-Nov
Pacific cod: Jan-Jun, Jul-Dec
Area Large management area specific to target ~ Sablefish:
fishery BSAI — Bering Sea (BS)/Aleutian Islands (Al)
W — GOA — western Gulf of Alaska
C— GOA —central GOA
E — GOA — eastern GOA
Pacific Cod: BS, Al, GOA
Processing Type Vessel processing type CP — catcher-processing vessel
CV — catcher-only vessel
Time-Of-Day Time-of-day defined by civil twilight Day
Night
Total Hooks Total hooks deployed in a set continuous integer
Target Fish CPUE Kg of target fish/1,000 hooks continuous integer
Depth Bottom depth continuous integer

Table S2. Variables tested in zero-inflated negative binomial models by target species and seabird groupings for the entire data

series (1993 to 2015) and after the adoption of streamer lines (2002 to 2015) by Alaska longline fleets.

Era 1993-2015 2002-2015

Pacific Pacific
Target Fishery Sablefish cod Sablefish cod
Seabird Non- Non- Non- Non-
Grouping Albatross Albatross Albatross Albatross Albatross Albatross
Era X X X
Year X X X
Season X X X X X X
Time-of-Day X X X
Area X X X X X X
Processing
Type
Total Hooks X X X
Target Fish
CPUE X X X
Depth X X X






Table S3. Final and competing zero-inflated negative binomial models (count | binomial) with associated AAICs relative to final
model by target species—seabird grouping for the full 1993 — 2015 time series.

Model AAIC
Albatross (Sablefish target)
~ Era + Area+ Season + Area:Season + Era:Area| Era + Area + Season + Area:Season 0.0
~ Era + Area+ Season + Area:Season + Era:Area| Era + Area + Season +Area:Season + 0.4
Season:Era
~ Era + Area+ Season + Area:Season + Era:Area + Season:Era| Era + Area + Season 20
+Area:Season
~ Era + Area+ Season + Area:Season + Era:Area| Era + Area + Season +Area:Season + 102
Era:Area
~ Era + Area+ Season| Era + Area + Season 89.4
Null model (~1 | 1) 344.2
Non-Albatross (Sablefish target)
~ Era + Area + Era:Area | Era + Area + Season 0.0
~ Era + Area + Season | Era + Area + Season 3.2
~ Area | Era + Area + Season 8.9
Null model (~1 | 1) 248.7
Non-Albatross (Pacific cod target)
~ Era + Season + Era:Season | Era 0.0
~ Era + Season | Era 22.0
~ Era + Season + Area | 1 178.5
Null model (~1 | 1) 4,623.3

See Table S1 for variable definitions





Table S4. Final and competing zero-inflated negative binomial models (count | binomial) with associated AAICs relative to final
model by target species and seabird grouping in the post-streamer line adoption era (2002-2015).

Model AAIC
Albatross (Sablefish target)
~ Year + Season + Area | Season + TOD + Area 0.0
~Year + Season + Area | Year + Season + TOD + Area 0.2
~ Year + Season + TOD + Area | Season + TOD + Area 0.3
~ Year + Season + Area + Area:Season | Season + TOD + Area -1.1
~ Year + Season + Area + Year:Area | Season + TOD + Area 3.0
~ Year + Season + Area | Season + Area 62.9
~ Year + Season | Season 128.4
~ Year | 1 135.3
Null model (~1 | 1) 148.1
Non-Albatross (Sablefish target)
~ Year + Area + Depth + Total Hooks +SableCPUE + Area:Total Hooks| Year + Season + Area + 0.0
Area:Season
~ Year + Area + Depth + Total Hooks +SableCPUE + Area:Total Hooks| Year + Season + Area 2.0
~ Year + Area + Depth + Total Hooks +SableCPUE + Area:Total Hooks + Year:Area| 37
Year + Season + Area + Area:Season
~ Year + Area + Depth + Total Hooks +SableCPUE| Year + Season + Area + Area:Season 9.7
~Year + Area + Depth + Total Hooks + SableCPUE | Year + Season + Area 12.4
~Year + Area| Year + Season + Area 32.4
~Year + Area| Year + Area 59.5
~Year | Year 112.1
Null model (~1 | 1) 136.5
Non-Albatross (Pacific cod target)
~ Year + Season + TOD + Area + Depth + Area:Year + Season:Area| Year + TOD + Area + Depth + 00
Area:Year
~ Year + Season + TOD + Area + Depth + Area:Year + Season:Area| Year + TOD + Area + Depth 18.6
~ Year + Season + TOD + Area + Depth | Year + TOD + Area + Depth 128.9
~Year + TOD + Area + Depth| Year + TOD + Area + Depth 594.2
~Year + TOD + Area | Year + TOD + Area 667.1
~Year + Area| Year + Area 877.2
~Year | Year 973.6
Null model (~1 | 1) 1209.6

See Table S1 for variable definitions





Table S5. Estimated annual total bycatch of albatrosses, nonalbatrosses and total birds and fishing effort (1000 hooks) pre and
post adoption of streamer lines in Alaska longline fisheries from Fitzgerald et al. (2008) and Eich et al. (2016).

Pre Streamer Line Adoption

Post Streamer Line Adoption

Year Albatross  Non-Albatross Total Effort (1000) Albatross  Non-Albatross Total (f(f)f(;’(;)t*

1993 1,147 8,024 9,171 179,046.2

1994 608 10,756 11,364 185,473.0

1995 1,253 19,766 21,019 185,935.5

1996 1,141 9,113 10,254 177,134.0

1997 548 21,071 21,619 218,699.0

1998 2,018 24,252 26,270 206,568.0

1999 963 12,302 13,265 191,013.9

2000 738 18,355 19,093 228,842.1

2001 590 9,964 10,554 262,315.5

2002 90 4,019 4,109 255,011.7

2003 359 5,342 5,701 331,721.1

2004 158 4,821 4,979 326,087.5

2005 126 6,244 6,370 320,874.4

2006 191 4,340 4,530 265,431.6

2007 235 8,097 8,332

2008 529 6,001 6,530

2009 197 9,944 10,141

2010 308 3,799 4,107

2011 442 8,904 9,346

2012 222 4,618 4,840

2013 673 3,767 4,439

2014 439 1,650 2,090

2015 594 4,698 5,292
Mean 1,001 14,845 15,845 203,892 326 5,446 5,772 299,825
SE 155 2,008 2,075 9,445 49 598 591 16,342
Minimum 548 8,024 9,171 177,134 90 1,650 2,090 255,012
Maximum 2,018 24,252 26,270 262,316 673 9,944 10,141 331,721

* Effort data unavailable after 2006
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Figure S1. Mean predicted bycatch rates (birds/1,000 hooks) by major fisheries management area and season for albatrosses in
the sablefish fishery (a), and nonalbatross species in the sablefish (b) and Pacific cod (c) fisheries in the post streamer line
adoption era (2002 to 2015).
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Abstract: Although bycatch of seabirds and other long-lived species is a critical conservation issue in world
fisheries, case studies documenting significant reductions in the mortality of these low-productivity species in
a fishery are rare. We studied progress toward seabird conservation in the Alaskan longline fisheries, one of
the largest and most diverse demersal fisheries. We generated annual seabird bycatch rates in 4 target fisheries
and all fisheries combined from 23 years of fisheries observer data. We used O-inflated negative binomial
models to evaluate variables influencing seabird bycatch per unit effort (BPUE) in 2 target fisheries. Following
adoption of streamer lines, at first voluntarily and then mandatorily, seabird BPUE was reduced by 77-90%,
preventing mortality of thousands of birds per year. Despite this, BPUE increased significantly in 2 of 4 target
fisheries since streamer lines were adopted. Although night setting yielded significant reductions (74-97%) in
seabird BPUE and significant increases (7-11%) in fish catch per unit effort over daytime setting, nighttime
setting increased the BPUE of Northern Fulmar (Fulmarus glacialis) by 40% and nontarget fish species by
5-17%. Thus, best practices to prevent seabird mortalities in longline fisberies varied by species assemblage
and fishery. Our results inform global efforts toward fisheries bycatch reduction by illustrating that successful
conservation requires fisbery-specific solutions, strong industry support, constant vigilance in analysis and
reporting observer data, and ongoing outreach to fleets, especially to vessels with anomalously bigh BPUE.

Keywords: best practice mitigation, bird scaring lines, case history, demersal longline fisheries, fishery specific
solutions, night setting, seabird bycatch

Aprendizajes de la Conservacion de Aves Marinas en las Pesquerias con Palangre de Alaska Melvin

Resumen: Aunque la captura accesoria de aves marinas y otras especies con ciclos de vida largos es un
asunto de importancia para la conservacion en las pesquerias a nivel global, son raros los estudios de caso
que documentan las reducciones significativas de la mortalidad de estas especies de baja productividad en
las pesquerias. Estudiamos el progreso bacia la conservacion de aves marinas en las pesquerias con palangre
en Alaska, una de las pesquerias demersales mds grandes y con mayor diversidad. Generamos tasas anuales
de capturas accesorias de aves marinas para cuatro pesquerias y todas las pesquerias combinadas a partir de
23 arios de datos de observacion de pesquerias. Usamos modelos binomiales negativos con inflacion 0 para
evaluar las variables que influyen sobre la captura accesoria de aves marinas por unidad de esfuerzo (BPUE,
en inglés) en dos pesquerias. Después de la adopcion de la cavia de pescar, al principio voluntariamente
y después de manera obligatoria, el BPUE de aves marinas se redujo entre un 77 y 90%, lo que previno
la mortalidad de miles de aves por ario. A pesar de esto, el BPUE incremento significativamente en dos
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de las cuatro pesquerias diana desde que se adoptaron las carias de pescar. Aunque las puestas nocturnas
resultaron en reducciones significativas (74-97%) en el BPUE de aves marinas e incrementos significativos
(7-11%) en la captura de peces por unidad de esfuerzo comparadas con las puestas diurnas, las puestas
nocturnas incrementaron el BPUE del fulmar boreal (Fulmarus glacialis) en un 40% y entre un 5y 17% el de
las especies de peces cuya captura no es relevante para las pesquerias. Por lo tanto, las mejores prdcticas para
prevenir la mortalidad de las aves marinas en las pesquerias con palangre variaron dependiendo del grupo
de especies y de la pesqueria. Nuestros resultados informan a los esfuerzos globales hacia la reduccion de la
captura accesoria de las pesquerias al ilustrar que la conservacion exitosa requiere de soluciones especificas
por pesqueria, un fuerte apoyo por parte de la industria, una vigilancia constante del andlisis y el reporte de
los datos de observacion, y una participacion continua de las flotas, especialmente en el caso de navios con
un BPUE anormalmente alto.

Palabras Clave: captura accesoria de aves marinas, historia de caso, lineas espanta aves, mitigacion de mejor
practica, pesquerias demersales con palangre, puesta nocturna, soluciones especificas por pesqueria
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Introduction
Incidental mortality (bycatch) of longlived, low-
productivity fauna (e.g., marine mammals, turtles,

seabirds, elasmobranchs) ranks among the most critical
conservation issues in world fisheries (Zydelis et al. 2009;
Lewison et al. 2014). Stemming fishery bycatch, espe-
cially of the most vulnerable species, is a fundamental
component of successful ecosystem-based fishery man-
agement (Hilborn 2011). Seabird bycatch in longline fish-
eries is linked to population declines and poor recovery
of seabird populations and is the primary at-sea threat to
albatrosses and petrels (Croxall et al. 2012). Attracted to
offal and bait from fishing vessels, seabirds can become
hooked and drown while foraging on baited hooks as they
sink during longline deployment. The annual mortality of
seabirds attributable to longline fisheries is estimated in
the hundreds of thousands (Anderson et al. 2011).
Quantifying the extent of longline mortality relies on
documentation by fishery observers and reporting by fish-
ery managers. In general, the existence, extent, and qual-
ity of fishery observer programs and bycatch reporting
vary across fisheries. Despite global attention in response
to fishery-caused population declines and the develop-
ment of best practice seabird-mitigation recommenda-
tions (CCAMLR 2003; ACAP 2010), few case studies exist
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documenting significant reductions in the mortality of
seabirds or other low-productivity species in a fishery
following the implementation of conservation measures
(Cox et al. 2007).

In Alaska, from 1993 to 1999, estimated annual seabird
bycatch of all seabird species averaged 16,137 birds/
year (0.083 birds/1,000 hooks) and ranged from 9,171
to 26,270 birds (Fitzgerald et al. 2008). Seabird bycatch
concerns in Alaskan longline fisheries initially focused on
Short-tailed Albatross (Phoebastria albatrus), a species
once thought extinct and now listed as vulnerable to
extinction by global criteria (IUCN 2017) and endan-
gered under the U.S. Endangered Species Act (ESA)
(USFWS 2008). Regulation under the ESA established an
incidental-take limit for Short-tailed Albatross from 1 bird
annually to 6 birds biennially for all Alaskan longline
fisheries. Conservation efforts also called for research
to determine the effectiveness of recommended seabird
deterrent measures, analyze options to improve their ef-
fectiveness, and modify existing regulations based on
the outcome. In 1999 and 2000, the fishing industry,
researchers, and fishery and wildlife managers collabo-
rated on testing of seabird bycatch avoidance options in
Alaskan longline fisheries. Streamer lines (or bird scaring
or tori lines) were determined the best option because
they reduced seabird bycatch per unit effort (BPUE) of





Melvin et al.

surface-foraging birds, a guild that includes albatrosses,
by 88-100% compared with no deterrent in the 2 fisheries
examined (Melvin et al. 2001). Streamer lines with perfor-
mance and material standards were adopted voluntarily
by the fishing industry in 2002 and mandated in 2004.

We compared seabird BPUE in Alaskan longline fish-
eries based on 23 years of data collected by fisheries ob-
servers in the North Pacific Observer Program before and
after the adoption of streamer lines and modeled recent
trends in seabird BPUE in the sablefish (Anoplopoma fim-
bria) and Pacific cod (Gadus macrocephalus) fisheries
following the adoption of streamer lines. We sought to
determine whether seabird conservation can be achieved
in a diverse demersal longline fishery with measures
demonstrated to be effective through research; assess
recent trends and evaluate variables influencing BPUE;
and identify alternative management options that might
further improve seabird conservation in Alaskan longline
fisheries.

Methods

Fishery Description and Observer Data

The Alaskan longline fishery is one of the largest (US$300
million ex-vessel value) and most diverse demersal long-
line fisheries in the world. Mostly separate fleets target
4 species: sablefish, 300 vessels; Pacific halibut (Hip-
poglossus stenolepis), 900 vessels; Pacific cod, 130 ves-
sels; and Greenland turbot (Reinbardtius bippoglos-
soides), 7 vessels.

Most fishing vessels operating in Alaska must have a
fisheries observer for some or all of their fishing days.
Prior to 2013, observer requirements were based on ves-
sel length (minimum 38.1 m) and excluded the halibut
fishery. With the restructuring of the observer program
in 2013, vessel selection was randomized and observer
coverage was expanded to include smaller vessels (mini-
mum 12.2 m) and those targeting halibut. Target species
is determined by the dominant species by weight landed
following a given vessel trip and is not a factor in assigning
observers to vessels (Cahalan et al. 2014).

Data Analyses

We analyzed observer program catch and effort data for
Alaskan longline fisheries from 1993, when seabirds were
first included in observer catch sampling, through 2015.
We excluded sets with <20% of the hooks monitored,
research sets, and sets with missing data (or ~2.5% of
the sampled sets).

Numbers of sampled hooks in a given set varied by
more than 2 orders of magnitude; therefore, we used
weighted means and standard errors of BPUE with sam-
pled hooks as the weighting factor. We calculated SE

of weighted means with the approximate ratio vari-
ance (Cochran 1977; Gatz & Smith 1995). We compared
day versus night BPUE (birds/1,000 hooks) and target
fish catch per unit effort (CPUE) (kg/1,000 hooks) after
streamer-line adoption (2002 to 2015) with a nonpara-
metric rank Mann-Whitney U test. In night sets, the first
hook was deployed after civil dusk and before civil dawn
(sun angle >6° below horizon). We also examined the
BPUE of individual vessels in the period following the
restructuring of the observer program (2013 to 2015) to
determine whether some vessels accounted for a dispro-
portionate bycatch of seabirds.

Seabird bycatch events were rare and yielded data
that were zero-inflated and overdispersed. We used a
Vuong test to establish that zero-models were superior
to noninflated models and a boundary likelihood ratio
test to establish that a negative binomial distribution
was preferred over a Poisson distribution in zero-inflated
models (Hilbe 2013). Zero-inflated negative binomial
models that incorporate a count and binomial processes
in the same model (Hilbe 2013; Zuur & Ieno 2016a,
2016b) were used to evaluate variables influencing
seabird BPUE (Supporting Information). The response
variable was the number of birds caught in a sample
(within a set); the log of sampled hooks was included as
an offset. We used a forward, followed by a backward,
stepping variable-selection process that retained
variables with the lowest AIC and were significant based
on standard likelihood-ratio tests (Hilbe 2013). We also
monitored changes to the dispersion statistic and the
significance of robust SE estimates around coefficients.
We excluded models with large SEs around coefficients
even if AIC improved. Final models were those with
the fewest factors relative to competing models within
a AAIC of <2 (Burnham & Anderson 2002). The
full time-series models included 3 terms (Supporting
Information), and all single-term interactions were tested.
Postadoption models included nearly 3 times as many
terms (Supporting Information); therefore, we included
only a subset of possible single-term interactions based
on relevance to our objectives, potential fisheries
management implications, and results from previous
studies (Dietrich et al. 2009). All analyses were conducted
in R statistical software version 3.3.2 with the pscl and
Imtest packages (Zeileis et al. 2008; Jackman 2015; R Core
Team 2016).

For our models and most comparisons, seabirds
were categorized as albatross (Laysan [Phoebastria im-
mutabilis], Black-footed [P. nigripes], Short-tailed [P.
albatrus]) or nonalbatross (primarily Northern Fulmar
[Fulmarus glacialis], gulls [Larus spp.], and shearwa-
ters, Short-tailed [Ardenna tenuirostris] and Sooty [A.
griseal). We modeled BPUE with respect to all or a sub-
set of 4 temporal (pre- or poststreamer-lines era, year,
season, time of day), 2 spatial (area, water depth), and 3
fishery (processor type, hooks set, target CPUE) variables
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Figure 1. The annual weighted mean bycatch rate of
albatrosses and nonalbatross species in all Alaskan
longline fisberies combined from 1993 to 2015
derived from North Pacific Observer Program data
(error bars, weighted SE).

(Supporting Information). Continuous variables, except
year, were centered (value minus the mean).

We modeled BPUE in the 2 fisheries that were sampled
most—sablefish and cod fisheries. Nonalbatross BPUEs
were modeled in both fisheries. Albatross bycatch, how-
ever, was modeled only in the sablefish fishery—the fish-
ery with the highest albatross BPUE. Albatross BPUE was
not modeled in the cod fishery because albatross bycatch
was rare (0.07-0.7% of sets) and BPUE was exceedingly
low, despite accounting for 88% of hooks observed. Hal-
ibut and turbot were not modeled because the halibut
fishery has been monitored only since 2013 and effort
in the turbot fishery was low in the postadoption era. In
all 3 cases, we generated models for the entire 23-year
data set to compare BPUE before and after streamer-line
adoption and for the 14 years after streamer-line adoption
to explore variables affecting seabird bycatch.

Results

Observers reported 45,337 seabirds caught in >0.25 mil-
lion sets of a billion hooks (Table 1). The BPUE of al-
batross and nonalbatross species dropped precipitously
from highs in the middle to late 1990s to new lows start-
ing in 2002 with the voluntary adoption of streamer lines
(Fig. 1).

Before and After Streamer-Line Adoption

Over the 9 years prior to voluntary adoption of streamer
lines, observers reported 31,988 seabirds caught during
>98,000 sets of over 370 million hooks (mean BPUE =
0.086 [SE 0.002]) (Table 1). Albatrosses were 6.1% of
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observed seabird bycatch, and the remainder was non-
albatross species (93.9%) (Table 1). Albatross BPUE was
highest in sablefish and turbot fisheries and lowest in
cod fishery (Table 2). In contrast, BPUEs of nonalbatross
species were similarly high in cod and turbot fisheries
and lowest in sablefish fishery (Table 2).

Over the longer period after streamer-line adoption
(14 years), observers reported 13,389 seabirds caught
during over 164,000 sets of over 703 million hooks (mean
BPUE = 0.019 [SE < 0.001]), a 78% decrease from before
adoption (Table 1).

Models Before Versus After Streamer-Line Adoption

For the albatross and sablefish model, era, season, and
area were retained in the count and binomial compo-
nents of the final best-fit model (Supporting Information),
meaning both the number and magnitude of bycatch
events decreased significantly across seasons and areas
after streamer lines were implemented in the sablefish
fishery. Mean albatross BPUE decreased by over a factor
of 3 between pre- and postadoption eras. The interaction
between season and area was also significant in both parts
of the model, suggesting that predicted occurrence and
magnitude of bycatch events varied differently among the
4 geographic areas for the first and second halves of the
season. The era-area interaction was significant in only
the binomial component of our model, suggesting the
likelihood of 0 bycatch events varied differently among 4
areas before and after streamer-line adoption.

For the nonalbatross sablefish model, era and area were
included in the count and binomial components of the
final best-fit model (Supporting Information), meaning
both the number and magnitude of nonalbatross bycatch
events decreased significantly across the 4 geographic
areas after streamer lines were implemented in the sable-
fish fishery. Season was included in only the binomial
component of our model, suggesting the likelihood of
a bycatch event of a nonalbatross species was reduced
across seasons but not the magnitude of the event.
Mean nonalbatross BPUE decreased by over a factor
of 2.6 between the pre- and postadoption eras. The
only significant interaction was between era and area in
the model’s count component, suggesting the pattern
of the magnitude of bycatch events of nonalbatross
species varied differently among the 4 areas before and
after streamer lines were implemented in the sablefish
fishery.

For the nonalbatross Pacific cod model, only era was in-
cluded in both the count and binomial components of the
final best-fit model (Supporting Information), meaning
both the number and magnitude of nonalbatross bycatch
events decreased significantly after streamer lines were
implemented in the Pacific cod fishery. Season was in-
cluded in only the model’s count component, suggesting
the predicted magnitude of nonalbatross bycatch events
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Table 1. Summary of observed (unextrapolated) longline effort” and seabird bycatch by species” before (1993 to 2001) and after (2002 to 2015)

adoption of streamer lines in Alaskan longline fisheries.

Preadoption Postadoption
Variable number BPUE* (SE) number BPUE (SE) BPUE decrease (%)*
Hooks sampled (x 1,000) 370,458 - 703,120 - -
Sets sampled 98,700 - 164,779 - -
Sets with albatross (%) 12 0.2
Sets with nonalbatross (%) 9 4
Total albatross 1,959 0.0053 392 0.0006 88.7
(0.0002) (0.0000)
Black-footed Albatross 310 0.0008 135 0.0002 75.0
(0.0001) (0.0000)
Laysan Albatross 1,415 0.0038 245 0.0003 92.1
(0.0002) (0.0000)
Short-tailed Albatross 3 0 4¢ 0 -
() (V)
Unidentified albatross 231 0.0811 8 0.0185 77.2
(0.0000) (0.0000)
Total nonalbatross 30,029 0.081 12,997 0.018 77.8
(0.0016) (0.0004)
Northern Fulmar 18,999 0.0513 6,816 0.0097 81.1
(0.0013) (0.0003)
Gulls 5,692 0.0154 3,565 0.0051 66.9
(0.0005) (0.0002)
Shearwater spp. 1,168 0.0032 1,563 0.0022 313
(0.002) (0.0001)
Other’ 4,170 0.0113 1,053 0.0015 86.7
(0.0005) (0.0001)
Total birds 31,988 0.086 13,389 0.019 77.9
(0.0017) (0.0004)

“Hooks, sets sampled, and number of sets with albatross and nonalbatross bycatch.
b Bird numbers, weighted mean bycatch per unit effort (BPUE) (birds/1,000 books), and weighted SE.

“Birds/ 1,000 books.
9 percent change in BPUE after streamerline adoption.

¢One additional Short-tailed Albatross was caught but excluded from this analysis based on our criteria to exclude sets with <20% of the books

monitored.

SIncludes unidentified birds (97 %), Rissa spp. (1.5%), Alcidae (1.2%), Stercorarius spp. (0.1%), and Oceanodroma spp. (<0.1%).

was variable among seasons but not the predicted likeli-
hood of an event. The mean nonalbatross BPUE in the cod
fishery decreased by more than a factor of 3.7 between
the pre- and postadoption eras. The only significant in-
teraction was between era and season in the model’s
count component, suggesting the magnitude of bycatch
events of nonalbatross species varied differently among
era-season pairings.

Postadoption Models

In the albatross sablefish model, season and area were
included in the count and binomial components of the
final best-fit model (Supporting Information), whereas
year— a continuous variable— was significant in only
the count component and time of day was significant
in the binomial component of the model. No signifi-
cant first-order interactions were detected. Although pre-
dicted mean albatross BPUE decreased in the postadop-
tion era by 68.5% compared with the preadoption era, it
steadily and significantly increased across the 14 years af-

ter streamer-line adoption (Fig. 2b). The increasing trend
was consistent across the 4 geographic areas; albatross
BPUE were highest in the Bering Sea and Aleutian Islands
(BSAD but similar among the 3 Gulf of Alaska (GOA)
areas. Albatross BPUE was lower in all but the central-
GOA (C-GOA) in the second half of the fishing season,;
the most dramatic reduction was in the BSAI (>4 times)
and the western-GOA (W-GOA) (>3 times) (Supporting
Information). Albatross BPUE was 5 times or 80% lower
when hooks were deployed at night (0.002 BPUE; SE
0.003) than when hooks were deployed during the day
(0.011 BPUE [SE 0.008]).

In the nonalbatross sablefish model, year and area were
included in the count and binomial components of the
best-fit model (Supporting Information). Three predictor
variables absent from the albatross and sablefish model
were retained in the count component of the nonalba-
tross model (depth, total hooks, target fish CPUE) and
1 (season) in the binomial component. Retained interac-
tions were area * total hooks in the count component
and area % season in the binomial component. Unlike
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Figure 2. (a) Major management region of Alaskan longline fisheries and mean annual predicted rate of seabird
bycaich overall (black line) (gray shading, 95% CI) and for (b) albatrosses (Laysan, Black-footed, Shori-tailed) in
the sablefisb fishery, (c) nonalbatross species (primarily Northern Fulmar, gulls, and Short-tailed and Sooty
Shearwaters) in the sablefish fishery, and (d) overall seabird species in the Pacific cod fisheries after streamer-line
adoption (2002 to 2015) (BSAL Bering Sea and Aleutian Islands; GOA, Gulf of Alaska; W, western, C, central; E,

eastern; BS, Bering Sea).

albatross bycatch, BPUE of nonalbatrosses in the sablefish
model showed a curvilinear trend; overall BPUE increased
steadily from 2002, peaked at 0.014 BPUE (SE 0.009) in
2008, and declined steadily to a low of 0.007 BPUE (SE
0.002) in 2015 (Fig. 2¢). The curvilinear trend was evident
across the 4 geographic areas, but the year in which peaks
occurred varied by area. In the W-GOA, BPUE matched
the overall pattern. Rates in the C-GOA and E-GOA peaked
in 2006 and 2007, respectively, and the BSAI peaked in
2012. Nonalbatross BPUE was more than 50% lower in
the second half of the fishing season in all areas except
the BSAI, where rates were 22% higher in the early season
(Supporting Information). Unlike albatross BPUE, time of
day was not retained in the final model.
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In the nonalbatross Pacific cod model, year, time of
day, area, and depth were included in the count and
binomial components of the best fit model. Season was
significant only in the model’s count component (Sup-
porting Information). Two interactions were retained:
area * year interaction in both components of the model
and area * season in the count component. Although pre-
dicted mean nonalbatross species BPUE decreased after
adoption by 73% compared with before adoption, like
albatrosses in the sablefish fishery, the predicted BPUE
of nonalbatross species in the cod fishery steadily and
significantly increased in the Aleutian Islands (AI) over
time after streamer lines were adopted (Fig. 2d). In con-
trast, the BS showed a decreasing trend, and the GOA





Table 2. Summary of seabird bycatch” and sampling effort (hooks and sets) by target species recorded by fishery observers for albatrosses and nonalbatross seabird species before (1993 to 2001)

and after (2002 to 2015) adoption of streamer lines in Alaskan longline fisheries.
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Postadoption

Preadoption

sets with
birds (%)

sets with birds

sampled

nonalbatross

albatross

(%)

sampled

nonalbatross

albatross

albatross,

hooks x

BPUE BPUE

albatross,

hooks x

BPUE

BPUE

1,000
(sets)

1,000
(sets)

nonalbatross

B

number

(B

number

nonalbatross

(€1

number

(SB)

number

Target species

0.018 698,040

12,997

0.0006

392

362,948
(94,620

0.081

(0.0016)

0.0053 30,029

(0.0002)

1,959

All

(161,504)

(0.0004)

09,13

30,841
(21,275)
650,682

(130,381)

437 0.014
(0.001)

0.007
(0.001D)

230

3,4

26,209
(13,0149

942 0.036
(0.002)

0.024

630

Sablefish

(0.002)

0.07,5

0.0002 11,750 0.018

()

0.7, 11 116

317,882
(74,832)

0.003 27,309 0.086
(0.002)

(<0.001)

829

Pacific cod

(<0.001)

0.001 699 0.048 14,413 02,7
0.009) (5,167

(<0.001)

3,8 12

18,857
©,779

1,582 0.084
(0.006)

0.019

355

Turbot

(0.002)

0.1,0.3

2,104
(4,681)

0.007
(0.002)

14

0.003
(0.001)

Halibut?

“Bird numbers, weighted mean bycatch per unit effort (BPUE) (birds/1,000 books) and weighted SE.

b Rates calculated using 2013-2015 only.

showed a subtle curvilinear trend peaking in 2010. In the
second half of the fishing season, BPUEs were consider-
ably higher in the BSAI (2 times) and the GOA (1.5 times)
compared with the first half of the season, but there was
little difference in seasonal BPUE in the Al. Nonalbatross
species BPUE was 29.5% lower when hooks were set
at night (0.021 BPUE [SE 0.016]) than when they were
deployed during the day (0.029 BPUE [SE 0.003]).

Time-of-Day Effects

Mean BPUE per observation of all but 1 seabird species
or species grouping were significantly lower (by >50%)
for night sets (all target species combined), whereas
the mean nighttime CPUE for target and nontarget fish
species in the sablefish and cod fisheries were signifi-
cantly higher (4.7% to 16.6%) relative to daytime sets
(Table 3). The positive effects of night setting were
most dramatic for the albatrosses and shearwaters, whose
BPUEs were >85% lower at night. Similarly, the pos-
itive effects on target CPUE were greatest in the cod
fishery. Cod nighttime CPUE was 10.6% higher than day-
time; however, this was offset by an even higher (16.6%)
mean nighttime CPUE of nontarget species. The night-
time CPUE of sablefish and sablefish fishery nontarget fish
species were 6.7% and 4.7% (respectively) higher than
daytime sets. Among seabirds, Northern Fulmars were
the exception— they were caught at significantly higher
rates (by 40.4%) at night.

Individual Vessel Effect

In both the sablefish and cod fisheries, seabird bycatch
was rare to absent on most vessels. Of monitored vessels
from 2013 to 2015 that targeted sablefish (178 vessels)
and cod (98 vessels), 28% and 33%, respectively, caught
seabirds. Of the vessels with seabird bycatch, a few ac-
counted for a disproportionate share. In the sablefish
fishery, 3 vessels accounted for 46% of the 94 albatrosses
caught, and in the cod fishery 3 vessels accounted for
78% of the 18 albatrosses caught. The same trend was
true for nonalbatross species. 3 vessels accounted for
51% of the 49 birds caught in the sablefish fishery, and 3
vessels accounted for 31% of the 1,524 birds caught in the
cod fishery. Our ability to determine whether individual
vessels incidentally catch seabirds at anomalously high
rates year after year was limited by the fact that few
vessels were monitored in sequential years in both the
sablefish (~18%) and cod (~33%) fisheries during this
period.
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Table 3. Simple mean (SE) seabird bycatch rate (BPUE) (birds/1,000 hooks) by seabird species or species groupings for all target species combined
and fish catch per unit effort (CPUE) (kg/1,000 hooks) of target and nontarget fishes in the sablefish and cod longline fisheries for sets made during
the day and at night after streamer-line adoption (2002 to 2015).

Day Night
Seabird species BPUE/CPUE SE BPUE/CPUE SE Mann-Whitney U b Change (%)
All albatrosses 0.003 0.0002 0.000 0.0001 3380200000 0.0000 -91.1
Black-footed Albatross 0.001 0.0002 0.000 0.0000 3373800000 0.0000 -97.1
Laysan Albatross 0.001 0.0001 0.000 0.0001 3376000000 0.0000 —86.8
Short-tailed Albatross 0.000 0.0000 0.000 0.0000 3369900000 0.3509 —-93.8
All nonalbatrosses 0.023 0.0006 0.017 0.0007 3414800000 0.0000 —26.7
Northern Fulmar 0.008 0.0003 0.013 0.0006 3350000000 0.0000 40.4
Gulls 0.010 0.0005 0.003 0.0002 3404500000 0.0000 —-73.7
Shearwater spp. 0.004 0.0002 0.000 0.0001 3397500000 0.0000 —87.8
Other* 0.002 0.0001 0.001 0.0001 337860000 0.0000 —51.4
Fish catch
Sablefish target 273.3 1.9 2927 3.2 42949000 0.0000 6.7
Sablefish nontarget 321.7 2.8 337.5 4.5 43448000 0.0000 4.7
Pacific cod target 464.4 1.2 519.2 1.1 1836200000 0.0000 10.6
Pacific cod nontarget 144.2 0.8 161.0 0.5 1787700000 0.0000 16.6

" Includes unidentified birds (97%), Rissa spp. (1.5%), Alcidae (1.2%), Stercorarius spp. (0.1%), and Oceanodroma spp. (<0.1%).

Discussion

Before versus After Streamer-Line Adoption

Our case study is unique and revealing in several ways.
Alaskan longline fisheries represent one of the few cases
where sharp reductions in seabird BPUEs demonstrated
in research translated into sharp reductions in seabird
BPUEs (77-90%) when results were applied to an ac-
tive commercial fishery. Comparing the mean bycatch
between the pre- and poststreamer-line periods in pub-
lished reports of total estimated bycatch from fishing
effort and BPUE data (Fitzgerald et al. 2008; Eich et al.
2016), we estimate that these reductions in bycatch pre-
vented the mortality of 675 albatrosses/year (1,001 alba-
trosses/year [SE 155] preadoption versus 326/year [SE 49]
post adoption) and 9,399 nonalbatrosses/year (14,845
birds [SE 2,008] preadoption versus 5,446 birds/year [SE
598] postadoption) despite a 47% increase (203,892,000
hooks [SE 9,445,000] preadoption versus 299,825,000
[SE 16,342,000] postadoption) in annual mean fishing
effort through 2000, the last year for which total fishing
effort was estimated (Supporting Information).

We attribute the rapid adoption of streamer lines and
seabird bycatch reduction to several factors. The threat
of lost fishing opportunity should a handful of endan-
gered Short-tailed Albatross be caught and the loss of
baits to birds motivated fishers to participate in the re-
search and to act quickly on the outcome. At the same
time, industry leaders were proactive in calling for re-
quired conservation measures in their fisheries and for
comprehensive studies to find long-term solutions. The
manner in which the initial research program (Melvin
et al. 2001) was carried out also played an important
role. It was highly collaborative; industry leaders and in-
novators identified options for testing and were integrally
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involved in structuring and hosting the research trials;
conducted during standard fishing operations; large in
scale (>7.5 million hooks in 2 fleets and 8 vessels); and
used controls (no deterrent) to yield unambiguous results
in 2 years. The research effort was well funded through
fishery and wildlife management agencies and had their
solid support. Results were shared following each phase
of research trails, and industry input was central to formu-
lating subsequent trials and final management recommen-
dations. The streamer-line solution was affordable, safe,
and applicable to all vessel classes in this diverse fleet
and did not negatively affect CPUE (Melvin et al. 2001).
Extensive outreach through industry meetings, fliers, and
a video and making streamer lines available to the fleet at
no cost all contributed to this outcome.

After Streamer-Line Adoption

In the 14 years after streamer-line adoption, the magni-
tude and trends in seabird BPUE varied by target fish-
ery and seabird species groupings. The highest albatross
BPUE was in the sablefish fishery - 35 times higher than
the cod fishery BPUE and 7 times higher than the tur-
bot fishery BPUE. The sablefish fishery is a deep-water
fishery at the continental shelf break in the GOA and Al,
where albatrosses are most abundant (Kuletz et al. 2014).
The highest BPUE of the nonalbatross species was in the
turbot fishery - 3 times that of the sablefish and cod
fisheries. The turbot fishery is also a shelf-break fishery,
but centered in the northern BS where Laysan albatross
and black-footed albatross are relatively uncommon (Eich
et al. 2016). Alaskan longline fisheries were a compos-
ite of target fisheries with unique seasons and fishing
grounds, which means each fishery encounters and inter-
acts differently with the seabird species attending fishing
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operations. Consequently, analysis of BPUE for Alaskan
fisheries are best conducted at the target-fishery level in
order to detect meaningful trends.

Despite sharp declines in seabird bycatch following
the adoption of streamer lines, albatross BPUE in the
sablefish fishery and nonalbatross species bycatch in the
cod fishery showed a significant increasing trend over
time after streamer-line adoption. Although these trends
are alarming, the highest mean rates in 2015 remained
3 (0.012 albatrosses BPUE) and 2 times lower (0.042
nonalbatross species BPUE) than that of the mean BPUE
preadoption in the sablefish (0.036 BPUE) and cod (0.086
BPUE) fisheries, respectively. The increasing trend in
albatross BPUE in the sablefish fishery was consistent
across all 4 management areas, suggesting a pervasive,
area-independent driver. In the sablefish fishery the an-
nual bycatch trends of nonalbatross species varied in all
areas and were uncoupled to trends in albatross BPUE,
suggesting that in the same fishery albatrosses and non-
albatross species were responding to different forces.
Although area and season were significant in nearly all
our models, a clear pattern suggesting a coherent time-
area management strategy across these fisheries was not
evident (Supporting Information).

An explanation for the increasing trends in albatross
bycatch was also not readily evident from our results. We
suspect the few reported bycatch mortalities of Short-
tailed Albatross after adoption (none until 2009 and 4 in
14 years, all in the cod fishery) may have led to a less-
ening of the urgency that prevailed in 2002. Over time,
this, and possibly a lessening of the awareness of the
need for seabird conservation, may have led to streamer
lines not being deployed to specifications. Accordingly,
a program of port-based outreach and free streamer-line
distribution was renewed in 2015 to address this possi-
bility. Other possibilities include a wider range of vessels
in the observer program starting in 2013, changes in the
distribution of fishing effort, reduced natural prey for
seabirds, or seabirds habituating to streamer lines. Con-
tinued adaptive management of the fishery is essential to
ensure seabird conservation is maintained.

Night setting is an accepted best practice to pre-
vent seabird bycatch in longline fisheries globally (e.g.,
Lokkeborg 2011). However, few researchers considered
the impact of night setting on the CPUE of target fishes.
We found that night setting reduced BPUE of most seabird
species and increased CPUE of target fish species, sable-
fish and cod. The BPUE of Northern Fulmar, the bird most
caught in Alaskan longline fisheries, was the only seabird
in this assemblage caught at significantly higher rates (by
40%) during night sets. Higher Northern Fulmar bycatch
at night is consistent with Northern Fulmar bycatch in
the cod fishery (Melvin et al. 2001), a finding that led
fishery managers to eliminate night setting as a seabird-
bycatch reduction measure in Alaskan longline fisheries.
Higher BPUE of a seabird species at night versus during

the day may be unique to Northern Fulmar in Northern
Hemisphere fisheries and supports the contention that
best practice recommendations should be area and fish-
ery specific (Gladics et al. 2017).

Management and Conservation Implications

Night setting presents trade-offs. Although it is com-
pelling that night setting reduced bycatch of most
seabirds and increased CPUE of target fishes, several
factors limit the potential of night setting as a conser-
vation measure. The first is that an increase in Northern
Fulmar and nontarget fish species bycatch during night
setting fails to meet our basic criterion for best practice
measures— reduce seabird bycatch without increasing
the bycatch of other species. The second factor is that in
high-latitude fisheries, such as those in Alaskan waters,
hours of darkness are few from late Spring to early Fall,
when effort peaks for sablefish and halibut, the fisheries
with the highest albatross BPUE. The best application
of night setting in Alaskan waters could be voluntary
implementation in areas where endangered Short-tailed
Albatross are present or when albatrosses dominate the
seabird assemblage and Northern Fulmars are few. This
trade-off between the conservation of species of special
conservation concern, the albatrosses, versus an abun-
dant species with minimal conservation concern, North-
ern Fulmar, creates a challenge to fishery managers. In
a fishery where the take of 6 Short-tailed Albatrosses
could close a US$300 million fishery with over 1,000
vessels, managers might opt for albatross conservation as
the overriding priority.

Conservation measures should be fishery specific.
What is unique to the Alaskan longline fisheries is that
seabird conservation was achieved using a single tech-
nical measure—streamer lines. This stands in contrast
to the Convention for the Conservation of Antarctic Ma-
rine Living Resources (CCAMLR) demersal longline fish-
ery for Patagonian toothfish (Dissostichus eleginoides),
the iconic fishery in which best practices for preventing
seabird bycatch in demersal longline fisheries were pio-
neered. In that fishery, seabird bycatch decreased sharply
when seasonal closures to prohibit fishing during the
seabird-breeding season were added to technical mea-
sures (streamer lines, line weighting, night setting) that
had been in place for several years (Waugh et al. 2008).
In contrast, sharp declines in seabird BPUE in Alaskan
longline fisheries occurred almost immediately following
research and without requirements for night setting, line
weighting, or seasonal closures. We found that in Alaska
seasonal closures are unlikely to contribute to bycatch
reductions and that night setting presents unwelcomed
trade-offs. Experimental research in the Alaskan fisheries
has consistently demonstrated that combining streamer
lines with line weighting did not further reduce the BPUE
of albatrosses and other surface-foraging birds relative to
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streamer lines alone (Melvin et al. 2001; Dietrich et al.
2008).

Differences between the Alaskan and CCAMLR fish-
eries may be explained by differences in the compo-
sition of the seabird assemblage interacting with these
fisheries. In the southern oceans, a greater diversity of
albatrosses and petrels attend fishing operations, which
overlap the foraging grounds of many of these birds
when they are breeding. Also, most birds in the southern
oceans assemblage can access baited hooks farther be-
low the surface than birds that attend vessels in Alaskan
waters. These factors make the Southern Hemisphere
seabird assemblage more difficult to deter, thus requir-
ing a multiple conservation measures to successfully pre-
vent fishery mortalities. These collective observations
strongly suggest that conservation measures should be
tailored to specific fisheries and that universal best prac-
tice prescriptions should be the starting point for fisheries
specific vetting via experimental research and adaptive
management.

Two earlier studies exploring drivers of seabird BPUE
in Alaskan longline fisheries show that vessel was most
influential factor explaining variation in seabird BPUE
(Dietrich et al. 2009; Dietrich & Fitzgerald 2010). Our
analysis identified 3 vessels that accounted for 46% to
78% of the albatross bycatch and 31% to 51% of the
nonalbatross species bycatch over 3 years, depending
on the fishery. The reasons for anomalously high BPUE
by these vessels are unknown. We posit that the greatest
potential to further reduce seabird bycatch in Alaskan
longline fisheries lies with reducing the BPUE on individ-
ual vessels with high BPUE. Although this could possi-
bly be achieved through punitive measures, we suggest
nonpunitive measures, such as outreach and education,
aimed at these vessel operators be a first step. It could
be that the operators of vessels with high BPUE are un-
aware of their performance relative to their peers and
may lack understanding of the need for seabird conser-
vation or how best to achieve it. Given most vessels do
not catch birds, this strategic outreach approach could
direct scarce resources to where they are most needed.

Our findings strongly suggest that routine analysis and
reporting of observed seabird BPUE by target fishery is
central to detecting trends and reducing or maintaining
reductions in seabird bycatch, independent of changes in
fishing effort. With routine reporting, corrective actions
can be identified and taken quickly. Estimating total by-
catch of a species is also important to assess population-
level effects, but these extrapolations are less reliable in
detecting trends because of large uncertainty in the num-
ber of hooks deployed. Ultimately, however, both BPUE
and estimates of total bycatch by species or species group
are needed to evaluate seabird conservation in a fishery.
The increasing trend in BPUE of albatrosses and nonal-
batross species in 2 different fisheries following sharp
reductions in overall BPUE allowed us to alert fleets and
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fishery managers so that corrective measures could be
pursued.

Although we could not definitively identify the rea-
sons for the increase in BPUE in two fisheries following
streamer-line adoption, we believe continued outreach
to fleets on the need for seabird conservation, changing
trends in BPUE in their fisheries, and techniques to reduce
seabird bycatch could stabilize and reverse these unwel-
come trends. As fishing crews turnover and Short-tailed
Albatross populations grow, the risk that small incidental
bycatch limits may be exceeded could increase. Ongo-
ing research and outreach is fundamental to minimizing
these risks and keeping seabird conservation awareness
a constant in fishing operations.
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