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a b s t r a c t
We used a combination of seabird data (both ﬁshery-dependent and ﬁshery-independent) and ﬁshingeffort data to evaluate the relative ﬁsheries risk of ﬁve west coast groundﬁsh ﬁsheries and one
shrimp ﬁshery to black-footed (Phoebastria nigripes), short-tailed (P. albatrus) and Laysan albatrosses
(P. immutabilis). To assess risk, an overlap index was derived as the product of total ﬁshing effort and
at-sea survey density of black-footed albatross. This index was used as the primary tool to estimate overlap with the endangered, relatively rare short-tailed albatross, which show similar habitat utilization
from satellite telemetry tracks. Telemetry data indicate Laysan albatross primarily occur offshore beyond
observed ﬁshing effort. Black-footed and short-tailed albatross-ﬁshery overlap was highest at the shelfbreak (201–1000 m) north of 36◦ N. Overlap and reported albatross mortality indicate that the sableﬁsh
(Anoplopoma ﬁmbria) longline and Paciﬁc hake (Merluccius productus) catcher-processor ﬁsheries pose
the greatest risk to these species; the near-shore rockﬁsh (Seabastes spp.) longline, pink shrimp (Pandalus
jordani) trawl, California halibut (Paralichthys californicus) trawl, and non-hake groundﬁsh trawl ﬁsheries
pose relatively little risk. Implementing proven seabird bycatch-reduction measures will likely minimize
albatross mortality in the highest-risk ﬁshery, sableﬁsh longline.
© 2013 Elsevier B.V. All rights reserved.

1. Introduction

∗ Corresponding author. Tel.: +1 206 616 1260; fax: +1 206 685 7471.
E-mail address: troyguy@uw.edu (T.J. Guy).
1
Current address: University of California Davis, Department of Neurobiology,
Physiology and Behavior, 1 Shields Avenue, Davis, CA 95616, USA.
2
Current address: Peninsula College, 1502 Lauridsen Boulevard, Port Angeles, WA
98362, USA.
3
Current address: Department of Fisheries and Wildlife, Oregon State University,
104 Nash Hall, Corvallis, OR 97331, USA.
0165-7836/$ – see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.ﬁshres.2013.06.009

A major goal of sustainable ﬁshery management is to minimize
sources of incidental mortality, particularly of threatened species.
Albatrosses are among the most threatened seabird groups; 17
of the world’s 22 albatross species are listed as critically endangered, endangered or vulnerable (IUCN, 2011). In common with
many pelagic seabirds, albatrosses are susceptible to population
declines due to a range of anthropogenic threats (ﬁshery bycatch,
invasive species, and marine contaminants; Croxall et al., 2012) and
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life-history traits (delayed age of ﬁrst reproduction and low fecundity; Croxall and Rothery, 1991). Incidental mortality (bycatch)
in commercial ﬁsheries has been identiﬁed as one of the major
factors contributing to global declines in albatross populations
(Weimerskirch and Jouventin, 1987; Croxall et al., 1990; Croxall
and Gales, 1998). In recognition of the global threat ﬁsheries pose
to seabirds, several international agreements were established to
stem seabird mortality, including the International Plan of Action
for Reducing the Incidental Mortality of Seabirds in Capture Fisheries (IPOA-Seabirds) and the Agreement for the Conservation of
Albatrosses and Petrels (ACAP).
Albatrosses are attracted to ﬁshing vessels, which provide food
in the form of bait, offal and catch discarded at sea (discards).
In longline ﬁsheries, albatrosses can be caught or entangled as
they forage for baited hooks and drown as the ﬁshing gear sinks
(Brothers, 1991; Melvin et al., 2001). In trawl ﬁsheries, albatross mortality can result from net entanglement and/or collisions
with the trawl warps or net monitoring cables (Bartle, 1991;
Weimerskirch et al., 2000; Sullivan et al., 2006). Fortunately, incidental albatross bycatch in many ﬁsheries can be mitigated using
established tools and methods. Bird-scaring lines (also called tori
lines or streamer lines) can keep birds away from hooks and cables,
seasonal closures and setting longlines at night can avoid periods
of intense albatross-ﬁshery interactions, weighting ﬁshing gear can
limit bird access to hooks and nets, and offal management can be
used to limit bird attraction to ﬁshing vessels (Løkkeborg, 2011).
In general terms, IPOA-Seabirds calls for ﬁshing nations and
Regional Fisheries Management Organizations to develop plans
of action that characterize the extent of seabird bycatch in longline, trawl and gillnet ﬁsheries under their jurisdiction; if seabird
bycatch is found to be problematic, parties are directed to develop
plans to reduce that bycatch through required mitigation (FAO,
1999, 2009). An Ecological Risk Assessment approach has been
successfully used to identify the extent of seabird bycatch risk in
ﬁsheries (Hobday et al., 2011; Tuck et al., 2011). Key elements in
this approach include evaluating the conservation status of birds
caught incidentally and establishing the degree of overlap between
seabird distributions and ﬁshing effort (Tuck et al., 2011; Small
et al., 2012). Overlap indices such as these do not explicitly consider susceptibility to capture but do indicate the level of possible
encounters. In the presence of uncertainty they can offer a precautionary approach to determining if, where, and to what extent a
ﬁshery poses a potential threat to rare and vulnerable seabird populations (Birdlife-International, 2004; Cuthbert et al., 2005; Petersen
et al., 2008). Overlap analyses are useful for guiding the application of mitigation strategies, especially when available bycatch data
conﬁrm bird vulnerability to the ﬁshing gear (Tuck et al., 2011;
Small et al., 2012).
Three albatross species occur in the North Paciﬁc: short-tailed
albatross (Phoebastria albatrus), black-footed albatross (P. nigripes),
and Laysan albatross (P. immutabilis). All are internationally listed
as either vulnerable or near-threatened (IUCN, 2011; Table 1); all
are killed incidentally in commercial ﬁsheries throughout their
range (Artyukhin et al., 2006; Fitzgerald et al., 2008; Smith and
Morgan, 2005; Jannot et al., 2011; Table 1); and are listed for protection under ACAP (2012). Black-footed and Laysan albatrosses nest
in the central Paciﬁc, and breeding populations are two to three
orders of magnitude larger than those of short-tailed albatross
(Table 1). Black-footed populations are increasing in the western
North Paciﬁc (Chiba et al., 2007) and Laysan albatross have recently
expanded into the Eastern Paciﬁc (Henry, 2011). Concern for ﬁshery
mortality of short-tailed albatross is most acute in the United States
due to their perilously small breeding populations (600 breeding
pairs; Hasegawa and Sievert, 2012, unpubl. data). Unlike blackfooted and Laysan albatrosses, short-tailed albatross nest in the
western Paciﬁc and are categorized as endangered under the US
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Endangered Species Act (ESA; Federal Register 2000, 65 FR 46643).
Prior to short-tailed albatross being hunted to near extinction in
the early 20th century (Hattori, 1889; Austin, 1949), their numbers were similar to those of black-footed and Laysan albatrosses.
Fishery interactions are likely to increase as short-tailed and other
North Paciﬁc albatrosses repopulate their former ranges thanks to
recover efforts.
The issue of seabird bycatch came to the fore in the demersal trawl and longline ﬁsheries of the west coast of the United
States with the completion of an analysis, based on ﬁshery observer
data (2002–2006), of the extent of bycatch in these ﬁsheries
(NWFSC, 2008). The most recent analysis of these data (2002–2009,
Jannot et al., 2011) revealed chronic annual mortality of blackfooted albatross in the sableﬁsh (Anoplopoma ﬁmbria) demersal
longline ﬁshery (annual mean = 43 albatrosses, 95% CI = 23), and
detectable mortality in the Paciﬁc hake (Merluccius productus)
catcher-processor trawl ﬂeet, (annual mean = 1, 95% CI = 1). Relatively low levels of adult mortality such as these merit conservation
concern because ﬁshery mortality may be underestimated and
albatross are far-ranging and can suffer mortality in many ﬁsheries, resulting in cumulative negative population effects (Lewison
and Crowder, 2003; Niel and Lebreton, 2005; Véran et al., 2007;
Lebreton and Véran, 2012). Concern increased in 2011 when ﬁshery
observers documented the death of a short-tailed albatross hooked
on a sableﬁsh longline (NWFSC, 2011).
In neighboring US Paciﬁc longline ﬁsheries, incidental-take limits are in place for short-tailed albatross under the ESA. These
ﬁsheries include the Alaskan groundﬁsh longline and trawl ﬁsheries and Hawaiian pelagic longline ﬁsheries. In addition to
incidental take limits, mitigation measures are mandatory for
the Alaskan and Hawaiian longline ﬁsheries. Although neither
short-tailed albatross take limits nor mandatory seabird bycatch
mitigation is in place for the west coast groundﬁsh ﬁsheries at
this time (Table 1), outreach and research efforts are underway to
improve the understanding of the risk posed by these ﬁsheries to
albatrosses and to encourage the use of seabird bycatch mitigation
technologies.
In this study, we evaluate the spatial and temporal overlap of
ﬁve west coast ﬁsheries targeting groundﬁsh (two longline ﬁsheries and three trawl ﬁsheries) and one targeting pink shrimp (trawl
ﬁshery) with North Paciﬁc albatrosses to determine which ﬁsheries
pose a potential threat to albatrosses and where and when those
threats occur. Data sources included ﬁshery-independent (shipbased survey and satellite tracking) and ﬁshery-dependent seabird
data (opportunistic short-tailed albatross sightings, ﬁshery seabird
surveys) and ﬁshing effort (ﬁshery observer program, log books,
and landings data). We also determined the extent to which blackfooted and Laysan albatross distributions reﬂect the distribution of
the relatively rare short-tailed albatross. By structuring our analysis
by depth and management area for all components of the ﬁshery, we also endeavored to provide a framework for management
actions.

2. Methods
2.1. Study area
We divided the Eastern Paciﬁc, U.S. Exclusive Economic Zone
(EEZ), which includes the states of California, Oregon and Washington, into analysis regions based on the boundaries of the
International North Paciﬁc Fisheries Commission (INPFC) management areas and ocean bathymetric domains (Fig. 1). Management
areas delineated by latitude and longitude are the following: Vancouver (north of 47◦ 30 N), Columbia (47◦ 30 N to 43◦ N),
Eureka (43◦ N to 40◦ 30 N), Monterey (40◦ 30 N to 36◦ N), and

224

T.J. Guy et al. / Fisheries Research 147 (2013) 222–234

Table 1
Status, trends and bycatch in US domestic ﬁsheries for North Paciﬁc albatrosses (Phoebastria spp.). Seabird bycatch mitigation and take limits for short-tailed albatross are
noted as required (req.) or not (not req.) by region.
Species

Short-tailed (P. albatrus)
Black-footed (P. nigripes)
Laysan (P. immutabilis)
a
b
c

Breeding pairs (IUCN statusa )

600 (V)
61,000 (V)
590,000 (NT)

Population trendb

Increasing
Increasing
Stable

Reported as bycatch in U.S. North Paciﬁc ﬁsheriesc (take
limits and seabird mitigation required)
Alaska (req.)

Hawaii (req.)

U.S. west coast (not req.)

Yes
Yes
Yes

No
Yes
Yes

Yes
Yes
No

V, vulnerable; NT, near-threatened, IUCN (2011).
Short-tailed: Hasegawa and Sievert (unpubl. data); black-footed and Laysan: Arata et al. (2009).
Alaska: Fitzgerald et al. (2008); Hawaii: NMFS (2010); U.S. west coast: Jannot et al. (2011).

Fig. 1. Map of the study area showing the International North Paciﬁc Fisheries Commission (INPFC) management areas and ocean bathymetric domains No groundﬁsh ﬁshing
effort was observed in the oceanic domain in the study period.
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Conception (south of 36◦ N). We subdivided each management
area into four bathymetric domains: continental shelf (the shelf;
0–200 m), continental shelf-break (the shelf-break; 201–1000 m),
continental slope (the slope; 1001–2000 m), and oceanic (>2000 m)
to represent bathymetric categories of biological signiﬁcance
(Briggs et al., 1987; Yen et al., 2004; Suryan et al., 2007). We refer to
each of the resulting management area-bathymetric domain units
as analysis regions.
2.2. Fishery-independent data
We used two types of ﬁshery-independent seabird data: at-sea
distributions from vessel-based surveys and individual tracks from
satellite tracking. Although at-sea surveys sampled the study area
extensively, sightings of Laysan and short-tailed albatrosses were
few. Including available telemetry tracks in our analysis allowed
us to obtain insight on species-speciﬁc habitat use and residence
time in any given area, yielding a more robust comparison among
species. Because telemetry data were limited, we included more
years of telemetry data (14) than at-sea surveys (4 years) or ﬁsheries effort data (8 years).
2.2.1. At-sea surveys
We compiled 64,014 km of ship-based seabird surveys collected
over 4 years (2005–2008) from multiple research and monitoring programs (Table 2 and Fig. 2). All surveys determined seabird
abundance by species, behavior (on water, ﬂying, feeding, shipfollowing), and location in a 300 m strip off one forequarter of the
ship’s bow (Tasker et al., 1984). Each survey track was divided into
3 km segments to reduce the effects of spatial autocorrelation in
these data (Yen et al., 2004). Bird counts (regardless of behavior
category) and the total area of the strip surveyed (survey length
multiplied by 0.3 km) were assigned to the midpoint of each segment and each midpoint was assigned to an analysis region using
ArcGIS (version 9.3.1, ESRI, 2009). Bathymetric domain was determined using the ETOPO1, 1 arc-minute global relief model (Amante
and Eakins, 2009).
2.2.2. Satellite tracking
We obtained satellite telemetry data (Argos, CLS America, Inc.,
Maryland) for 98 albatrosses tracked within the U.S. Paciﬁc west
coast EEZ between 1998 and 2011 from several albatross tracking programs throughout the North Paciﬁc (Table 3). Transmitters
weighing 22–90 g (<1–2% of body mass) were attached with adhesive tape (Tesa® ) to dorsal body feathers of all birds except ﬁve
short-tailed albatross, for which transmitters were attached using
harnesses. Black-footed albatross tagged in Hawaii and Laysan albatross tagged in Mexico were tracked during incubation, brooding,
or chick-rearing periods and, therefore, were conducting centralplace foraging trips into the study area. Tracking durations for
individuals within the study area ranged from 1 to 70 days (Table 3;
see Section 3 for more details).
We standardized tracking data obtained from various transmitter duty cycles using linear interpolation with locations spaced
at hourly intervals (BFAL = 14,524, LAAL = 3431, STAL = 3509 hourly
locations). Position-only satellite transmitters (30–65 g) were most
common, and were programmed either to transmit continuously
(60 or 90 s transmission intervals) or to use duty cycles of 6–20 h
on or 4–24 h off. For short-tailed albatross tagged in 2009 and 2010,
solar powered, satellite-linked global positioning system (GPS)
receivers (22 g, Microwave Telemetry, Inc., Columbia, MD, USA)
were used. The GPS units acquired six ﬁxes per day at 2–4 h intervals
and transmitted these positions via Argos satellites every 3 days.
All data were ﬁltered using standard algorithms for Argos (Suryan
et al., 2008; Suryan and Fischer, 2010) and GPS (Suryan, unpubl.
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data) to remove locations with detectable positional error (<5% of
all positions were removed).
2.3. Fishery-dependent data
2.3.1. Opportunistic short-tailed albatross sightings
Given their rarity in at-sea surveys, we also mapped the
locations of short-tailed albatross (2001–2011) opportunistically
sighted by West Coast Groundﬁsh Observer Program ﬁshery
observers, all of whom are trained to identify and record ESA-listed
species.
2.3.2. Fishery seabird surveys
We acquired systematic seabird counts conducted during
annual longline and trawl surveys. These data included counts
from 127 stations surveyed during the International Paciﬁc Halibut
Commission (IPHC) longline stock assessment for Paciﬁc halibut
(2005–2008), and 1597 stations surveyed by the Northwest Fisheries Science Center – Fishery Resource Analysis and Monitoring
Division (FRAM) bottom trawl groundﬁsh survey (2006–2008). In
both surveys, trained ﬁshery scientists identiﬁed and recorded all
seabirds to species or species group within a 50 m radius from the
vessel’s stern immediately after hauling the ﬁshing gear, following
the methods of Melvin et al. (2006).
2.3.3. Fishery effort
We partitioned ﬁshing effort information for the west coast
groundﬁsh and pink shrimp ﬁsheries (2002–2009) into six ﬁsheries deﬁned by gear type (longline or trawl) and primary target
species. Longline ﬁsheries gear type included the ﬁshery for sableﬁsh (Anoplopoma ﬁmbria) and the near-shore ﬁshery targeting
rockﬁsh (Sebastes spp.). Although we broadly deﬁned all hookand-line (rod-and-reel, vertical longline, stick-gear) ﬁshing gears as
longline ﬁsheries, most hooks set for sableﬁsh and the minority of
hooks set for near-shore rockﬁsh were set using longlines (98% and
9%, respectively). Trawl ﬁsheries included the bottom trawl ﬁshery for a variety of non-hake groundﬁsh species (referred to from
here forward as groundﬁsh trawl ﬁshery), the bottom trawl ﬁshery targeting California halibut (Paralichthys californicus; CA halibut
trawl), the bottom trawl ﬁshery for pink shrimp (Pandalus jordani;
pink shrimp trawl), and the catcher-processor and catcher vessel
– mothership mid-water trawl ﬁshery for Paciﬁc hake (Merluccius
productus; at-sea hake). This analysis did not include longline effort
data for Paciﬁc halibut or for most Treaty groundﬁsh ﬁsheries (tribal
effort was included only for the at-sea hake ﬁshery).
The West Coast Groundﬁsh Observer Program trains and
deploys biologists on a spatially stratiﬁed randomized subset of
vessels to monitor ﬁshing effort, total catch, and discards on vessels
targeting the groundﬁsh species with the exception of hake (Jannot
et al., 2011). The At-Sea Hake Observer Program trains and deploys
biologists to monitor all vessels that process catch at-sea and sample nearly all tows at levels approaching 50%. For each ﬁshery other
than at-sea hake and groundﬁsh trawl (see below), we estimated
the ﬂeet-wide distribution of ﬁshing effort by linking spatially
explicit catch and effort information collected by ﬁshery observers
with commercial landing records maintained by the Paciﬁc Fisheries Information Network. To estimate total distribution of ﬁshing
effort in any given ﬁshery, we ﬁrst calculated an expansion factor by
dividing the weight of target catch recorded by observers to total
catch in metric tons. Second, we allocated ﬁshing effort spatially
by dividing the ﬁshing effort (hooks or towing hour) recorded by
observers in each analysis region by the expansion factor (Table 4).
This allocation procedure assumed a positive linear relationship
between catch and ﬁshing effort ﬂeet-wide. It also assumed that the
stratiﬁed randomized observer selection procedures adequately
reﬂected the actual spatial distribution of ﬁshing effort in any
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Table 2
Summary of the research program, survey years, spatial extent, and data provider and source for each at-sea survey dataset.
Program

Years

Extent

Provider

Source

California Cooperative Oceanic
Fisheries Investigation Program

2005–2008

Southern CA

William Sydeman, FIAER

Oregon–California–Washington
(ORCAWA)
Gulf of the Farallones National
Marine Sanctuary Survey
Olympic Coast National Marine
Sanctuary Survey
Wind to Whales

2005–2006

CA, OR, WA

University of California San Diego Scripps
Institute of Oceanography, NOAA National
Marine Fishery Service, California Department
of Fish and Game, PRBO Conservation Science,
Farallon Institute for Advanced Ecosystem
Research (FIAER)
NOAA, Southwest Fisheries Science Center

2007–2008

Central CA

2005–2007

Northern WA

2005–2007

Monterey Bay, CA

Ocean Salmon Ecosystem Survey
Juvenile Rockﬁsh Survey

2005–2008
2005–2007

Northern CA, OR, WA
Central CA

Sardine Survey

2006

CA, OR, WA

Lisa Ballance, NOAA-SWFSC

Gulf of the Farallones National Marine
Sanctuary
Olympic Coast National Marine Sanctuary

Jan Roletto, GFNMS
Barbara Blackie, OCNMS
Don Croll, UCSC

University of California Santa Cruz, Monterey
Bay Aquarium Research Program
NOAA Northwest Fisheries Science Center
NOAA Southwest Fisheries Science Center,
PRBO Conservation Science, Farallon Institute
NOAA Southwest Fisheries Science Center,
NOAA Northwest Fisheries Science Center,
Farallon Institute

Jen Zamon, NOAA-NWFSC
William Sydeman, FIAER
William Sydeman, FIAER

Table 3
Summary of the data provider, number of albatross tagged by species, tagging location, tagging years and months, tracking duration (days) within the U.S. west coast Exclusive
Economic Zone (EEZ), and citation for each telemetry data set.
Provider

Number/species

Tagging location

Tagging years and months in EEZ

Mean (range)
days in EEZ

Citation

Wake Forest
University/Tagging
of Paciﬁc Predators
Oikonos – Ecosystem
Knowledge
Tagging of Paciﬁc
Predators/Grupo de
Ecología y
Conservación de Islas
Oregon State University/Yamashina
Institute of
Ornithology

12 black-footeda , 1
Laysana

Hawaii

1998–2006 (January–July, Dec)

15 (2–70)

Fernández et al. (2001); Kappes
et al. (2010)

36 black-footedb

California

2004–2008 (July–October)

19 (4–50)

41 Laysan

Mexico

2003–2006 (January–April)

Hyrenbach (2008); Hester
(unpubl. data)
Henry (2011)

8 short-tailedb

Alaska, Japan

2003–2010 (January–June, September–December)

a
b

a

5 (1–11)

23 (4–65)

Suryan et al. (2007); Suryan
and Fischer (2010); Suryan and
Ozaki (unpubl. data)

Tracked during breeding period (i.e., central place trips returning to a colony).
Tracked during non-breeding period (i.e., not returning to a colony).

given ﬁshery. The expansion factor for sableﬁsh longline ﬁshery
was adjusted to account for the differing rates of observer coverage
among three sub-ﬁshery permit levels (Appendix A). Additionally,
because the near-shore longline ﬁshery was not observed in 2002,
and the pink shrimp trawl ﬁshery was not observed in 2002, 2003,
and 2006, we assumed the available observer data represented the
entire study period for these ﬁsheries.
The at-sea hake trawl ﬁshery is made up of two types of vessels:
(1) catcher-vessels that deliver ﬁsh to shoreside plants or motherships for processing and (2) catcher-processors that both catch and
process ﬁsh at sea. Unlike catcher-processors, catcher-vessels are

not monitored at-sea by ﬁshery observers; however, their catch is
monitored by ﬁsheries observers on motherships or at shore-side
processing plants. Effort data for those catcher vessels delivering to
motherships was available in the form of logbooks; effort data was
not available for catcher-vessels delivering to shore-side plants.
We used logbook data (Paciﬁc Fisheries Information Network) to
characterize ﬁshing effort of the groundﬁsh trawl ﬁshery. These
data included set and haul locations and times, and catch of target
species for all hauls.
Within each ﬁshery, ﬁshing effort data from analysis regions
with fewer than three vessels ﬁshing were pooled and divided

Table 4
Estimated total ﬂeet-level effort and landings over 8 years (2002–2009) for longline (hooks) and trawl (hours) ﬁsheries. Expansion factors, ﬂeet-wide landings, observed
landings, annual observed and ﬂeet landings (min–max and mean in parenthesis), and West Coast Groundﬁsh Observer Program landings category are shown. The expansion
factor is the ratio of catch in metric tons recorded by WCGOP ﬁshery observers to the landed catch in metric tons from the Paciﬁc Fisheries Information Network database
for each ﬁshery. N/A = ﬁsheries with logbook effort information.

Fleet-wide effort
Expansion factor
Fleet landings (mt)
Observed landings (mt)
Annual observed
landings (mt)
Annual ﬂeet landings
(mt)
Landings category

Sableﬁsh longline

Near-shore longline

Groundﬁsh trawl

CA halibut trawl

Pink shrimp trawl

At-sea hake trawl

66,688,391
17.22%
15,800
2596
162–550 (325)

19,500,233
4.15%
3493
145
0–26 (21)

108,676
N/A
164,789
N/A
N/A

52,615
11.12%
1208
134
4–38 (17)

235,154
3.10%
108,219
3350
0–882 (670)

40,454
N/A
980,438
N/A
N/A

1592–2577 (1975)

382–575 (437)

17,797–26,159 (20,599)

78–253 (151)

8400–25,375 (13,527)

72,123–180,419 (119,215)

Groundﬁsh

Groundﬁsh

Groundﬁsh

CA halibut

Shrimp

Hake
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Fig. 2. Map of black-footed (A) and Laysan albatross (B) mean density (bird/km2 ) and the individual sighting locations of short-tailed albatross (STAL; B) from at-sea surveys
(2005–2008). Density distributions are for 10 km by 10 km grid cells (display only).

equally among these regions. This step ensured adherence to legally
mandated conﬁdentiality restrictions (Magnuson-Stevens Fishery
Conservation and Management Reauthorization Act of 2006). This
conﬁdentiality restriction was rarely encountered in data pooled
over 4 years (less than 1% of all longline and 3% of all trawl ﬁshing
effort), and therefore had little effect on results.
2.4. Data analysis
2.4.1. Albatross distribution and density
We calculated the mean at-sea survey density (birds/km2 )
within a 100 km2 grid to evaluate the spatial distribution of blackfooted and Laysan albatross density across the study area. We
used the mean at-sea survey density (birds/km2 ) of black-footed

albatross in each analysis region for computing the overlap index
(see below).
We used satellite-tracking data from birds within the U.S. west
coast EEZ (but tagged outside the EEZ) to compare habitat use
among albatross species. First, we used kernel density estimation
with a 1 km smoothing factor to visually compare core use areas
(50% utilization distribution) for each species. Next, we contrasted
the mean proportion of hours spent by albatrosses north and south
of 36◦ N (Monterey and Conception management area boundary)
and landward of the 2000 m depth contour. We also calculated
the residence time within the U.S. west coast EEZ of non-centralplace foraging albatrosses (those not returning to a breeding colony
outside the study area; black-footed albatrosses tagged off central California and short-tailed albatrosses during the non-breeding
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period) to determine the amount of time individuals spent within
the study area (i.e., transitory vs. resident).
2.4.2. Vessel afﬁnity
To investigate the effect of ﬁshing vessels on albatross distributions, we compared the mean density of black-footed albatross
associated with actively ﬁshing vessels (derived from IPHC and
FRAM surveys) to their mean ﬁshery-independent density (derived
from at-sea surveys) using linear regression (SPSS v. 12.0). We converted black-footed albatross count data from the IPHC and FRAM
surveys into mean birds/km2 by summing albatross numbers from
each count and dividing the sum by the number of counts for each
analysis region.
2.4.3. Temporal analyses
We summarized ﬁshing effort for each of the six ﬁsheries by
month and ranked the totals as annual percentages (none, low < 5%,
med = 5–10%, high = 10–15%, or peak > 15%). We also calculated
several monthly temporal values for albatrosses – survey effort,
albatross breeding phenology, and opportunistic short-tailed albatross sightings – and contrasted those with monthly ﬁshing effort.
The annual percentage of survey effort by month was calculated
and ranked in the same way as effort.
2.4.4. Fishery-albatross overlap index
To calculate a relative index of overlap of albatrosses for each
ﬁshery, we multiplied the mean ﬁshery-independent albatross
density by the total number of hooks for each longline ﬁshery and by the total number of hours the net was towed for
each trawl ﬁshery within each analysis region (Cuthbert et al.,
2005; Tuck et al., 2011). Thus, the resulting overlap index has
units of birds × hooks/km2 for longline ﬁsheries and of birds × net
hours/km2 for trawl ﬁsheries.
3. Results
3.1. Fishery-independent data
3.1.1. At-sea surveys
Black-footed albatross was the most abundant albatross species
in the study area; a total of 4075 were sighted in 19,951 km2 of
strip transect surveys within the EEZ of the west coast. Almost
all black-footed albatross sightings (99%) occurred between 36◦ N
and the U.S.–Canadian border; most were (95%) landward of the
2000 m isobath (Fig. 2A) with the highest density values occurring
in the shelf-break domain (Table 5). Laysan albatross and shorttailed albatrosses were orders of magnitude less common (184
and 2 sightings, respectively). Unlike black-footed albatross, Laysan
albatross occurred throughout the EEZ and were most numerous
seaward of the 2000 m isobath (75% of all sightings; Fig. 2B). Two
short-tailed albatross were sighted in the course of 4 years of survey
effort; one in the Eureka area landward on the shelf-break and one
in the Columbia area seaward of the 2000 m bathymetric contour.
3.1.2. Satellite tracking
Kernel density (50%) maps show similar distributions for blackfooted and short-tailed albatrosses (Fig. 3). Both species spent most
of their time (52% and 57% for black-footed and short-tailed albatrosses, respectively) landward of the 2000 m isobath and north of
36◦ N. Consistent with at-sea survey data, Laysan albatross spent
most of their time (79%) seaward of the 2000 m isobath, beyond the
observed range of groundﬁsh and shrimp ﬁshing effort (Table 6).
Individual, non-breeding black-footed and short-tailed albatrosses varied in the amount of time spent within the U.S. west coast
EEZ, indicating both transient and resident behaviors. While both

Fig. 3. 50% kernel density of satellite-tagged (1998–2010) black-footed (n = 12),
short-tailed (n = 8), and Laysan albatrosses (n = 42). Black-footed and short-tailed
albatrosses occupied the area north of 36◦ N and landward of the 2000 m bathymetric contour in the U.S. Exclusive Economic Zone. Laysan albatross occupied the
southern portion of the study area, especially seaward of the 2000 m contour.

species demonstrated transient behavior with individuals spending as few as 4 days total within the study area, mean residence
times were 11 ± 6 SD and 8 ± 6 SD days per month for black-footed
and short-tailed albatrosses, respectively. Individual black-footed
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Table 5
Summary of the survey area, number of black-footed albatross sighted, and the mean and standard deviation of black-footed albatross density from at-sea surveys conducted
from 2005 to 2008 by management area and bathymetric domain (see methods for deﬁnitions). No black-footed albatross were sighted in the conception-shelf region.
Shelf (0–200 m)

Vancouver
Columbia
Eureka
Monterey
Conception

Shelf-break (201–1000 m)

Survey
(km2 )

Total
birds

Mean ± SD
(birds/km2 )

797
2204
68
1463
613

480
543
4
204
0

0.60
0.24
0.05
0.13

±
±
±
±

2.41
1.69
0.38
0.89

Slope (1001–2000 m)

Survey
(km2 )

Total
birds

Mean ± SD
(birds/km2 )

424
642
93
656
1411

399
819
113
314
16

1.03
1.28
1.17
0.48
0.01

±
±
±
±
±

3.28
4.08
4.40
1.22
0.11

and short-tailed albatrosses spent a maximum of 22 and 29 days
per month, respectively, and up to three consecutive months in the
study area.
3.2. Fishery-dependent data
3.2.1. Opportunistic short-tailed albatross sightings
Fisheries observers sighted a total of 114 short-tailed albatross
over 11 years starting in 2001. Short-tailed albatross sightings in
this period spanned all management areas except Conception, with
most sighted (76%) within the shelf-break domain (Fig. 4). Most
were sighted in the Columbia area (53%), with considerably fewer
in the Vancouver, Eureka, and Monterey areas (15%, 15%, and 18%
of sightings, respectively).
3.2.2. Fishery seabird surveys/vessel afﬁnity
Mean densities of black-footed albatross were 332 times
higher (SE = 99) near vessels longline ﬁshing (IPHC survey,
min = 43.5 birds/km2 , max = 270.9 birds/km2 ) and 370 times
higher (SE = 106) near vessels trawl ﬁshing (FRAM survey,
min = 1.2 birds/km2 , max = 157.4 birds/km2 ) than in the vicinity of vessels engaged only in strip-transect bird surveys
(min = 0 birds/km2 , max = 1.28 birds/km2 ). Black-footed albatross densities derived from strip-transect surveys reﬂected
black-footed albatross densities derived from longline (R2 = 0.88,
F(1,4) = 29.98, p = 0.005) and trawl (R2 = 0.59, F(1,13) = 18.63,
p = 0.001) vessel-based surveys (Fig. 5). The slope of the best-ﬁt
regression line was signiﬁcantly >1 for both ﬁsh surveys (longline:
t (4) = 5.44, p = 0.005) and trawl: t (13) = 4.27, p = 0.001).
3.2.3. Fishery effort
The sableﬁsh longline and near-shore rockﬁsh longline ﬁsheries
together set an estimated 86.2 million hooks from 2002 to 2009
(Table 4). The sableﬁsh longline ﬁshery set the majority of hooks
(77%), most in the shelf-break domain (92%, Table 7). In contrast,
effort in the near-shore rockﬁsh longline ﬁshery was conﬁned to the
shelf domain with most hooks (75%) set in the Eureka and Monterey
areas.
Total estimated trawl effort from 2002 to 2009 was 436,899
tow-hours across the four trawl ﬁsheries evaluated (Table 4). Pink
shrimp and groundﬁsh accounted for most of the west coast trawl
effort (54% and 25% of hours, respectively; Table 7). CA halibut and
at-sea hake accounted for 12% and 9% of tow hours, respectively.

Oceanic (> 2001 m)

Survey
(km2 )

Total
birds

Mean ± SD
(birds/km2 )

101
363
63
561
850

80
143
14
221
4

0.68
0.39
0.21
0.40
0.00

±
±
±
±
±

3.59
1.32
0.71
1.15
0.07

Survey
(km2 )
39
1508
1095
2729
4271

Total
birds
1
150
113
270
187

Mean ± SD
(birds/km2 )
0.02
0.10
0.10
0.09
0.05

±
±
±
±
±

0.16
0.47
0.41
0.45
0.35

The pink shrimp trawl ﬁshery occurred primarily on the shelf (93%
of all shrimp ﬁshery hours), with the bulk of tow-hours (77%) occurring in the Columbia area. For groundﬁsh trawl, the majority of tow
hours (72%) were within the shelf-break domain from Monterey
north. The distribution of effort in the CA halibut trawl ﬁshery was
limited, occurring exclusively on the shelf in the Monterey and Conception areas. The at-sea hake trawl ﬁshery occurred exclusively
within the three northern management areas (Eureka, Columbia,
and Vancouver), with most tow-hours (87%) within the shelf-break
domain.
3.2.4. Temporal analysis
All ﬁsheries, except the at-sea hake and pink shrimp trawl,
ﬁshed year round (Fig. 6). Sableﬁsh longline and near-shore rockﬁsh longline effort was greatest from May to November peaking
in August and September. Groundﬁsh trawl effort was greatest
between January and June with no clear peak. Fishing effort for CA
halibut trawl occurred throughout the year with the least effort in
May and the fall months. Effort for pink shrimp occurred from April
to September and was greatest in the May through August period.
Effort in at-sea hake occurred from May through December, but
was greatest May through June.
Albatrosses were present in the study area during all months
of the year. The highest at-sea survey effort spanned the April
through November period – the period of greatest ﬁshing effort for
most ﬁsheries in this analysis (Fig. 6). Nearly all black-footed and
Laysan albatross sightings were recorded during this period (96%
and 94% of sightings, respectively). As in at-sea surveys, satellitetagged albatrosses were detected in the study area throughout the
year: black-footed albatross December to October; Laysan albatross January through April; and ﬁrst-year short-tailed albatross
September to June. Fishery observers sighted short-tailed albatross
opportunistically near ﬁshing vessels every month of the year. The
two short-tailed albatross sighted in the 4 years spanned by the
at-sea surveys were both in the month of April.
The phenology of North Paciﬁc albatrosses can brieﬂy alter
the risk posed by west coast ﬁsheries to breeding albatrosses
in that most breeding birds migrate to colonies in the central to western Paciﬁc to lay and incubate their eggs from
November through February (Arata et al., 2009). However, during
the chick-provisioning period, which can start as early as January,
black-footed albatross make extensive foraging trips to the continental shelf of North America from central California to southern

Table 6
Mean proportion of hours spent (1998–2010) by North Paciﬁc albatrosses (central-place foraging birds only) tracked north and south of 36◦ N, relative to the 2000 m
bathymetric contour. Note: Because these proportions are calculated for the study area, they add up to 1.
Black-footed n = 12

◦

North of 36
South of 36◦

Short-tailed n = 8

Laysan n = 42

Landward

Seaward

Landward

Seaward

Landward

Seaward

0.52
0.22

0.02
0.24

0.57
0.09

0.23
0.12

0.09
0.12

0.40
0.39
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Table 7
Summary of expanded ﬁshery effort (2002–2009) used to calculate the overlap of albatross with longline and trawl gears by ﬁshery, management area, and bathymetric
domain (see methods for deﬁnitions). Bold values indicate effort totals that were allocated equally among adjacent analysis areas by ﬁshery in compliance with conﬁdentiality
requirements.
Area

Longline (per 10,000 hooks)
Sableﬁsh longline

Vancouver
Columbia
Eureka
Monterey
Conception

Shelf

Shelf-break

165.9
190.7
4.3
4.9
6.3

1529.7
1653.0
429.5
540.6
1970.7

Slope
4.3
29.5
135.1
4.3

Trawl (per 100 h)
Near-shore
longline

Groundﬁsh trawl

Shelf

Shelf

Shelf-break

Slope

199.6
1034.0
434.1
282.3

43.4
139.6
16.6
34.7
0.4

89.1
369.3
173.1
149.1
18.7

2.3
18.7
21.3
10.0
0.4

British Columbia and return to this area in their post-breeding
migration (Fernández et al., 2001). Laysan albatross breeding in
Hawaii provision chicks in foraging bouts as far north as the Gulf of
Alaska and Aleutian Islands, and migrate to these same areas postbreeding. Short-tailed albatross forage in Western Paciﬁc waters off
Japan when provisioning chicks (Suryan et al., 2008), but migrate to
US waters off western North America post-breeding (Suryan et al.,
2007) and throughout the year for non-breeding birds (this study).
Alaskan ﬁshermen have reported that albatrosses are most aggressive during foraging bouts during the chick-provisioning period
in the spring. Some unknown subset of older non-breeders may
visit the colony; however, in general non-breeding albatrosses are
likely to remain vulnerable to west coast ﬁsheries throughout the
year.

CA halibut
trawl

Pink shrimp trawl

At-sea hake trawl

Shelf

Shelf

Shelf-break

Shelf

Shelf-break

Slope

121.4

13.1
20.7
1.3

86.5
220.9
43.1

12.2
4.8
1.9

461.9
64.2

72.3
1813.3
234.7
36.6
36.6

36.6

and nearly all (95%) of the overlap in the sableﬁsh ﬁshery was in
the shelf break domain (Table 8). Albatross overlap with the nearshore rockﬁsh ﬁshery was low due to relatively low ﬁshing effort
in this ﬁshery and low albatross densities within the shelf domain.
We did not estimate overlap of Laysan albatross because they were
sighted primarily seaward of the 2000 m isobath, a region where
no groundﬁsh or shrimp ﬁshing effort was recorded.
Of the four west coast trawl ﬁsheries, albatross overlap was
greatest in the groundﬁsh ﬁshery (44% of total trawl overlap), with
near all (91%) overlap occurring in the shelf-break domain from
Monterey north (Table 8). Albatross overlap in the pink shrimp
trawl (32% of total trawl overlap) and at-sea hake trawl (21% of total
trawl overlap) ﬁsheries was also relatively high. Most pink shrimp
ﬁshery overlap (67%) occurred in the Columbia-shelf region, while
at-sea hake trawl ﬁshery overlap occurred primarily (95%) along
the shelf-break in the Vancouver, Columbia, and Eureka management areas. Albatross overlap was lowest in the CA halibut trawl
ﬁshery (3%), which occurred exclusively within the Monterey-shelf
region.

3.2.5. Fishery-albatross overlap index
In the two west coast longline groundﬁsh ﬁsheries, the overlap with effort in the sableﬁsh ﬁshery, as measured by the overlap
index, was near 30 times as high as that in the near-shore ﬁshery,

Table 8
Summary of the estimated black-footed, and, by proxy, short-tailed albatross, overlap with six west coast ﬁsheries. The overlap index is the product of the expanded ﬁshery
effort from Table 6 and the mean black-footed albatross density (birds/km2 ), derived from ﬁsheries-independent seabird surveys (2005–2008). Values highlighted in gray are
those greater than the mean overlap index value for each gear type (longline or trawl). Values in bold indicate regions with observed ﬁshing effort and no recorded albatross
(Conception-shelf). Null values are domain-region blocks with no observed ﬁshing effort.
Management area

Shelf

Shelf-break

Slope

Shelf

Shelf-break

Slope

Shelf-break

Slope

Shelf-break

Slope

Longline overlap (per 10,000 hooks × birds/km )
2

Sableﬁsh longline

Near-shore longline

Vancouver
Columbia
Eureka
Monterey
Conception

99.43
46.60
0.23
0.62
0.00

1575.01
2118.77
504.06
261.28
20.80

2.90
11.64
0.00
53.83
0.02

48.78
55.37
55.11
0.00

Management area

Shelf

Shelf-break

Slope

Shelf

Trawl overlap (per 100 h × birds/km2 )
Groundﬁsh trawl
Vancouver
Columbia
Eureka
Monterey
Conception
Management area

CA halibut trawl

26.03
34.11
0.89
4.41
0.00

91.74
473.35
203.14
72.08
0.20

1.55
7.38
4.53
3.99
0.00

58.65
0.00

Shelf

Shelf-break

Slope

Shelf

At-Sea hake trawl
Vancouver
Columbia
Eureka
Monterey
Conception

7.83
5.06
0.07

Pink shrimp trawl
89.10
283.16
50.57

8.27
1.90
0.40

43.31
443.10
12.57
4.65
0.00

155.59

0.39
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Fig. 5. Scatterplots and best-ﬁt regression lines comparing mean black-footed albatross density from ﬁsheries-independent strip transect surveys (2005–2008) with
mean black-footed albatross density collected during (a) the International Paciﬁc
Halibut Commission (IPHC) longline surveys (2005–2008), and (b) Fishery Resources
Analysis and Monitoring (FRAM) groundﬁsh trawl surveys (2006–2008) within
each analysis region. Points in each plot are mean densities with standard errors
from each area-bathymetric region pair for which data were available. The slope
of the best-ﬁt regression line was signiﬁcantly >1 in longline (p = 0.005) and trawl
(p = 0.001) comparisons.

Fig. 4. Map of opportunistic short-tailed albatross (n = 114) sightings by West Coast
Groundﬁsh Observer Program ﬁshery observers from ﬁshing vessels from 2001 to
2010. For a map of the distribution of ﬁsheries effort, see NWFSC (2011).

4. Discussion
4.1. Overall
This study is the ﬁrst to integrate data on the distribution
and density of North Paciﬁc albatrosses with ﬁshing-effort data

from multiple gear types as a means to spatially and temporally
delineate potential bycatch risk to albatrosses. Ship-based seabird
survey data provide an index of the density of albatross species
across habitats, whereas satellite-tracking data provides additional
insight into the behavior of individual birds, including their habitat
use patterns and their residence time in any given area. Together,
these data provide a comprehensive picture of North Paciﬁc
albatross distributions, relative density, residency patterns, and
pelagic habitat use. The delineation of potential bycatch risk by
management area and bathymetric domain provides a potential
framework to decide which ﬁsheries and management areas might
require greater observation or bycatch mitigation, and which ﬁsheries present little or no bycatch risk.
Within the study area, black-footed and short-tailed albatrosses
primarily utilized the shelf-break domain (201–1000 m) north of
36◦ N (Figs. 2 and 3), a region of high ﬁshing effort for three of
the six ﬁsheries examined. This ﬁnding is consistent with previous studies showing that black-footed and short-tailed albatrosses
most frequently use continental margins at or around the shelfbreak (Suryan et al., 2006; Kappes et al., 2010; Fischer et al., 2009).
In contrast, Laysan albatross primarily selected oceanic habitats
beyond the shelf-break, areas with little ﬁshing effort (>2001 m).
These ﬁndings are consistent with those of other telemetry studies,
which demonstrate intra-speciﬁc habitat partitioning of blackfooted and Laysan albatrosses during incubation (Fernández et al.,
2001; Hyrenbach et al., 2002; Kappes et al., 2010) and non-breeding
periods (Fischer et al., 2009). Our ﬁndings are also consistent with
the results of stable isotope analyses that show the pelagic habitats used by black-footed and short-tailed albatrosses to be more
similar to each other than to that of Laysan albatross (Suryan and
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Fig. 6. The ranked annual proportion by month of observed ﬁshing effort (2002–2009) for six west coast groundﬁsh ﬁsheries and at-sea seabird survey effort (2005–2008);
the number of opportunistic sightings of short-tailed albatrosses from ﬁshing vessels by month, and the generalized breeding phenology of North Paciﬁc albatrosses by
month.

Fischer, 2010). Given the habitat similarities of black-footed and
short-tailed albatross, we used the distribution of black-footed
albatross to evaluate the extent of ﬁsheries overlap with the much
less abundant short-tailed albatross.
Based on this analysis, the longline ﬁshery for sableﬁsh north
of 36◦ N (Monterey, Eureka, Columbia, and Vancouver) showed the
greatest overlap with albatrosses. This ﬁnding, coupled with ﬁshery
observer data documenting the highest annual mortality of blackfooted albatross is in this ﬁshery (Jannot et al., 2011) as well as the
recent short-tailed albatross mortality in 2011, strongly suggests
that, of all west coast ﬁsheries, the sableﬁsh longline ﬁshery north
of 36◦ N presents the greatest threat to albatrosses. Given that we
found the mean black-footed albatross density to be over 300 times
higher near actively ﬁshing longline vessels, the risk of albatross
mortality may be much higher than our overlap index indicates.
Several factors also indicate that the catcher-processor midwater trawl ﬂeet targeting Paciﬁc hake may pose considerable
risk to albatrosses. This ﬁshery showed comparatively high overlap with albatrosses in the three northern management areas
(Eureka, Columbia, and Vancouver). As in the longline ﬁsheries,
we found that albatross congregate around actively ﬁshing trawl
vessels, again suggesting our metric for overlap may be conservative. Moreover, albatross mortality is likely to be underreported
for this ﬁshery for a number of reasons. Although the At-Sea
Hake Observer Program deploys ﬁshery observers on nearly 100%
of ﬁshing trips and an average of 45% of the annual catch is
observed (Jannot et al., 2011), monitoring is focused on the ship
factory, but cable-strike related mortality is not monitored. This
protocol, where only seabirds captured in the trawl’s cod end
can be encountered and quantiﬁed, can underestimate seabird
bycatch. In similarly observed ﬁsheries, such as the Bering Sea pollock (catcher-processor) ﬁshery, observers underestimated seabird
mortality due to net entanglements by a factor of 7 and from
cable interactions by a factor of 3.5 (Melvin et al., 2011; Fitzgerald,
unpubl. data).
There is also evidence from other ﬁsheries of potential unobserved seabird mortality in the at-sea hake ﬁshery. High volume
catches typical of the hake ﬁshery can often leave the net ﬂoating
at the surface for extended periods during the haul back, increasing
the risk of seabird entanglement (Bartle, 1991; Weimerskirch et al.,
2000). Finally, the use of third wires or net sonar cables combined
with discards of ﬁsh-processing waste in the hake mid-water trawl
ﬁshery increases the likelihood of albatross mortality due to cable
strikes (Bartle, 1991; Weimerskirch et al., 2000; Melvin et al., 2011).
Albatross interactions with trawl cables are limited to vessels that
harvest and process ﬁsh at sea (Sullivan et al., 2006; Watkins
et al., 2008). In the case of at-sea hake, the risk to albatrosses
from cable interactions is likely limited to the catcher-processor
sector.
Although we lacked spatial data on the ﬁshing effort of catcher
boats delivering hake to shoreside plants, it is reasonable to assume
that the spatial distribution of effort was similar to that of the
catcher vessels delivering to motherships and catcher-processors,

and therefore that overlap was high for all components of the hake
trawl ﬂeet. Despite high overlap and the use of net sonar cables,
albatross cable interactions with catcher-vessels and related mortality are likely to be low due to the lack of offal discards. The recent
implementation of video monitoring at sea in 2008 and deployment
of ﬁshery observers in 2012 provide the opportunity to better evaluate the threat to albatrosses from the shore-side ﬁshery in the
future.
The groundﬁsh trawl ﬁshery showed the greatest overlap with
albatrosses among the four west coast trawl ﬁsheries assessed
in this study. However, ﬁsheries observers monitored a relatively
large fraction (approximately 20%) of the ﬂeet and over eight
years of monitoring (2002–2009) and no albatross mortalities
were detected (Jannot et al., 2011). Albatross bycatch mortality is
unlikely in the groundﬁsh trawl ﬁshery for a number of reasons: (1)
little processing takes place on these vessels, although they do discard whole ﬁsh at sea; (2) this ﬂeet does not use net sonar cables;
and (3) bottom trawls in this ﬁshery are weighted, making the cod
end less likely to ﬂoat at the surface during hauling and minimizing the risk of net entanglements. Together, these attributes suggest
that the risk of albatross cable interactions in the groundﬁsh trawl
ﬁshery is low compared to that in the Paciﬁc hake mid-water trawl
ﬁshery.
This analysis demonstrated that ﬁsheries focused on the shelf
(<200 m), such as the CA halibut trawl and near-shore rockﬁsh longline, have little overlap with albatrosses, and therefore pose little
threat to these species. Similarly, over 90% of trawling effort for pink
shrimp occurred in the shelf domain where albatross densities were
low. However, a small fraction of pink shrimp trawl effort (5%) did
take place in the shelf-break domain of the Columbia area, yielding
25% of its overlap score. In addition to having low overlap with albatrosses, pink shrimp trawlers typically deploy a trawl and warps to
each side midway along the vessel. This mid-ship warp conﬁguration, together with slow trawling speeds (∼2 knots), weighted nets,
and minimal at-sea processing, suggests that the risks of cable and
net interactions with seabirds is minimal. That ﬁshery observers
detected no albatross mortality in the pink shrimp ﬁshery over 8
years (2002–2009) supports existing evidence, although we note
that observer coverage over this time was relatively low (3.8%) in
this ﬁshery compared to the other ﬁsheries considered in this study
(Jannot et al., 2011).
4.2. Fishery management options
This study clearly showed that North Paciﬁc albatrosses are
present on the ﬁshing grounds of the west coast groundﬁsh and
pink shrimp ﬁsheries year round, providing no opportunity to
reduce albatross-ﬁshery interactions via season-based management measures.
4.2.1. Longline ﬁsheries
Given that our analysis found that the longline ﬁshery for sableﬁsh poses the greatest threat to North Paciﬁc albatross species,
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ﬁshery managers could take action to reduce this threat by
implementing proven seabird bycatch mitigation measures on
longline vessels targeting sableﬁsh north of 36◦ N. This management action has the greatest potential to reduce ﬁshing impacts
on albatrosses in west coast groundﬁsh ﬁsheries and would be
consistent with Alaskan and British Columbian demersal longline ﬁsheries and many demersal ﬁsheries worldwide that pose
mortality risk to albatrosses. Bird-scaring lines, weighting longlines to enhance sinking speed, and setting baited hooks at night
are widely accepted as best-practice seabird bycatch mitigation
in demersal longline ﬁsheries (CCAMLR, 2006; Løkkeborg, 2011;
ACAP, 2013). In the near term, ﬁshery managers should consider implementing seabird bycatch avoidance measures similar
to those required in Alaskan longline ﬁsheries, which include a
longline ﬁshery targeting sableﬁsh, until the most effective mitigation techniques and performance standards can be determined
for the west coast ﬂeet. Although the longline ﬁshery for Paciﬁc
halibut was not analyzed in this study, the risk to albatrosses
in this west coast ﬁshery is likely to be similar to that in the
sableﬁsh longline ﬁshery, and could merit the same management action to ensure albatross conservation. These management
actions would complement ongoing efforts to protect nesting
islands, restore nesting habitat, and exclude introduced terrestrial predators, and would therefore strengthen efforts to address
the full range of threats to North Paciﬁc albatrosses (Arata et al.,
2009).
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Appendix A.

4.2.2. Trawl ﬁsheries
Given the potential threat to albatrosses posed by the catcherprocessor vessels targeting hake and uncertainty regarding cable
and net-related mortality, we suggest ﬁshery managers consider
putting a program in place to more fully evaluate risk by monitoring hake catcher-processors’ trawl cables and nets for albatross
interactions. Effective mitigation options are available should mitigation be deemed necessary in this ﬂeet. For example, studies
conducted in the Eastern Bering Sea pollock catcher-processor ﬂeet
showed that warp and net sonar cable strikes can be mitigated
using streamer lines ﬂown from both sides of the vessel, and net
sonar cable interactions can also be reduced signiﬁcantly by drawing the cable to the water at the stern via a snatch block (Melvin
et al., 2011). These results are consistent with and included in
best-practice mitigation recommended for global trawl ﬁsheries
(Løkkeborg, 2011; ACAP, 2013). If high levels of interactions are
found in the hake catcher-processor ﬁshery, it may justify looking
more closely at other west coast groundﬁsh trawl ﬁsheries with
high overlap indices.
In 2011, the groundﬁsh trawl ﬁshery was converted to an individual ﬁshing quota (IFQ) management system, which included
a requirement for 100% observer coverage, as well as provisions
for switching to longlines, pots, or other gear types (PFMC, 2011,
Amendment 20). If trawl quota ﬁshing effort transitions to longline
methods, especially for sableﬁsh, the risk to albatrosses will likely
increase. Looking to the future, numbers of albatrosses, particularly
short-tailed albatross, will likely increase as recovery efforts take
hold. It is also likely that the distribution of albatrosses will shift
as numbers increase and populations respond to changes in the
ocean environment. All these factors make it imperative to track
the bycatch rates of albatrosses and other seabirds in a populationlevel context as a function of ﬁshing effort – in longline ﬁsheries, as
individuals per 1000 hooks, and in trawl ﬁsheries as birds per hour
or cable strikes per unit of time, to allow management to interpret
the need for and success of mitigation measures. Albatross bycatch
numbers alone would not account for changes in ﬁshing effort, nor
would bycatch rates alone account for potential changes in seabird
abundance.

Summary of the sub-ﬁshery observer coverage and landings
used to calculate the sableﬁsh longline ﬁshery expansion factor
(2002–2009). We multiplied the percentage of total observed hooks
by the ratio of observed landings to total landings at each level
to provide the percentage of hooks represented. We summed the
percentage of hooks to provide the expansion factor.
Permit level

Percentage of
total observed
hooks (%)

Ratio of
observed
landings

Hooks
represented (%)

Limited entry
sableﬁsh primary
Limited entry
non-tier
endorsed
Open access

64

0.23

14.74

32

0.07

2.35

4

0.03

0.13

Expansion factor (C) = 17.22%
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