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All three North Pacific albatross species forage in marine waters off Alaska.  Despite 

considerable foraging range overlap, however, the three species do show broad-scale niche 

segregation.  Short-tailed albatross (Phoebastria. albatrus) range most widely throughout 

Alaska, extensively using the continental shelf break and slope regions of the Bering Sea and 

Aleutian Archipelago in particular, and the Gulf of Alaska to a lesser extent.  Due to small 

population size, however, short-tailed albatrosses are generally far less prevalent than the other 

two species.  Black-footed albatrosses (P. nigripes) are most abundant in the Gulf of Alaska, and 

in late summer near some Aleutian passes, occupying foraging habitat similar to short-tailed 

albatrosses.  Laysan albatrosses (P. immutabilis) are the most abundant of the three species in the 

Aleutian Archipelago and the Bering Sea and use foraging habitat offshore and inshore of the 

continental shelf break-slope more extensively than the other two species.  In recent decades, all 

three species have expanded northward, perhaps associated with warming seas, which may 

provide foraging opportunities that extend to higher latitudes and later in the fall.  Range 

expansion for short-tailed albatrosses is also caused by continued population size increase (~7% 

yr-1) and re-occupation of its former range.  The wide-ranging distribution of albatrosses in 

Alaska results in overlap with commercial fisheries.  The fisheries most threatening to 

albatrosses are hook and line gear (longlines) used for sablefish (Anoplopoma fimbria) and 

Pacific cod (Gadus macrocephalus).  Albatrosses attempt to steal bait from hooks as longlines 

are deployed over the stern of the vessel.  A large part of the interaction with the sablefish 

fishery is co-existence while using similar foraging habitat over deep waters of the continental 

shelf break-slope.  Fortunately, the longline fishing industry in Alaska adopted the use of bird 

scaring lines over a decade ago and have drastically reduced albatross mortality in Alaskan 

fisheries.  Although albatross breeding colonies are in distant, lower-latitude regions, all three 

species range widely throughout the North Pacific and Alaska in particular provides important 

year-round foraging habitat.       
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Introduction 

Albatrosses are well-known for making long distance flights, often crossing entire ocean basins 

(Fernández et al. 2001, Croxall et al. 2005). Another aspect of albatross flight that is remarkable 

is the efficiency by which they accomplish such long distance travels (Weimerskirch et al. 

2000b).  High flight efficiency requiring relatively low energy expenditure for albatrosses is a 

combination of a body morphology designed for gliding flight and the use of wind that permits 

dynamic soaring of large-bodied birds (Rayleigh 1889, Pennycuick 1982, Sachs et al. 2012).  

These long distance travels locate productive feeding areas that can be very distant from their 

nesting colonies.   

Three species of albatrosses regularly inhabit the North Pacific Ocean (Fig. 1).  The short-tailed 

albatross is the largest, but also the least abundant (ca. 860 breeding pairs in 2013; USFWS 

2014) after commercial harvesting led to near extinction by the middle of the 20th century 

(Hasegawa and DeGange 1982).  The black-footed albatross (P. nigripes) is the second most 

abundant (ca. 61,700 breeding pairs in 2005) and Laysan albatross (P. immutabilis) is the most 

abundant (ca. 600,000 breeding pairs in 2005; Arata et al. 2009).    

North Pacific albatrosses in particular exhibit long distance commutes between their relatively 

low latitude nesting colonies (compared to other albatross species) in oligotrophic waters off 

Hawaii and foraging areas in eutrophic waters along continental margins (Fernández et al. 2001, 

Suryan et al. 2008, Conners et al. 2015).  This is particularly true for black-footed (P. nigripes) 

and Laysan (P. immutabilis) albatrosses that forage in waters off Alaska and the west coast of 

North America, traveling over 10,000 km round trip while feeding a chick at a nest in the 

Hawaiian Islands (Fernández et al. 2001).  Short-tailed albatrosses (P. albatrus) have 

comparatively short foraging trips during the breeding season from their main nesting colony 

along the continental margin of the western Pacific Ocean (Suryan et al. 2008). 

Within their North Pacific range, the waters off Alaska in particular provide important year-

round foraging habitat for all three albatross species.  Individually-tracked albatrosses spend 

most of the non-breeding period in waters off Alaska (Suryan et al. 2007, Fischer et al. 2009, 

Gutowsky et al. 2014).  Indeed, other non-breeding seabird species forage in Alaska’s productive 

marine waters as well (Shuntov 1993), including sooty and short-tailed shearwaters (Ardenna 

grisea, A. tenuirostris, respectively) that nest on islands in the southern hemisphere during the 

austral summer and migrate to Alaskan waters during the boreal summer (Shaffer et al. 2006).  

Additionally, Alaska’s oceans support over 40 million breeding seabirds of 41 species (USFWS 

2009) 

The productive waters off Alaska also support large-scale commercial fisheries that have 

historically caused seabird mortalities ranging from 10,000 to over 25,000 birds in some years 

(Stehn et al. 2001, NMFS 2006).  Albatrosses are particularly vulnerable to mortality in fisheries 

because they are natural scavengers taking advantage of food made available at the sea surface.  
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Albatrosses are in most danger when they attempt to scavenge bait off the hooks as the longline 

is deployed (Melvin et al. 2001, Dietrich et al. 2009).  Albatrosses are long-lived, have a low 

reproductive rate (maximum of 1 offspring per year) and can therefore suffer population level 

effects from incidental mortality (Weimerskirch et al. 2000a).        

For over a decade, investigators have used vessel-based surveys and individual tracking devices 

to study the at-sea distribution of North Pacific albatrosses with respect to marine habitats, 

national boundaries, and commercial fisheries.  Through this sustained research effort we have 

gained novel insight into environmental factors affecting foraging destinations, migration, and 

interspecific differences in marine habitat use. Here we summarize some of these findings. 

 Methods 

Study Area 

There are three major marine regions used by albatrosses in Alaska, the Bering Sea, Aleutian 

Archipelago, and Gulf of Alaska (Fig. 2A). Each of these regions varies considerably regarding 

marine habitat.  The Bering Sea has a broad continental shelf with a prominent slope current and 

region of high productivity along the shelf break-slope (Springer et al. 1996).  In contrast, the 

Aleutian Archipelago has a very narrow continental shelf, with major currents that flow in 

opposing directions along the northern and southern borders.  Furthermore, currents flow 

alternating directions through the numerous passes between islands during daily tidal cycles, 

producing persistent zones of productivity (Ladd et al. 2005).  The northern Gulf of Alaska has a 

relatively narrow continental shelf in the east and a broader shelf with more islands in the west.  

Major currents with strong freshwater input from coastal mountain ranges generally flow east to 

west, interacting with island topography and bathymetry to cause enhanced productivity in the 

western regions of the Gulf (Stabeno et al. 2016).  A fourth major marine region is the Arctic 

Ocean north of Bering Strait; albatrosses do not use this region, although a short-tailed albatross 

was sighted there in 2012 (Day et al. 2013).   

Vessel-based Survey data 

We obtained vessel-based line transect survey data spanning 10 years from the North Pacific 

Pelagic Seabird Database v3 (www.absc.usgs.gov/research/NPPSD; 2006-2012; Fig. 2) and from 

Kuletz et al. unpubl. data (2013-2015). Throughout all survey periods, standard observation 

protocol was used and consisted of a single observer recording all birds within 300 m to one side 

and in front of the ship's bow in a 90° arc , using strip transect methodology (Gould and Forsell 

1989, USFWS 2008). During all surveys, we continuously recorded all albatrosses on the water 

or actively foraging. Flying birds were recorded during quick scans (snap-shot’ method; Gould 

and Forsell, 1989) at intervals (typically ~ 1 min-1), depending on vessel speed.  Birds were 

recorded when first sighted, then ignored if they followed the ship.  For more details on survey 

methodology, see Kuletz et al. (2014).   
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Albatross Tracking Studies 

Tracking data for short-tailed albatrosses were collected over a 14-year period (2002-2015) with 

a total of 99 short-tailed albatrosses tracked during each portion of the annual 

breeding/nonbreeding cycle (Table 1). Short-tailed albatrosses were captured at the main 

breeding colony on Torishima, Japan, and tracked during incubation (November, December), 

chick-rearing (January –May), and post-breeding (May-September) periods.  In addition, short-

tailed albatross chicks were tagged just before fledging to study their behavior and track 

migration patterns after leaving the colonies and during their first years of life at sea (Deguchi et 

al. 2014, Orben et al. 2017).  Six short-tailed albatrosses  were also tagged on summer feeding 

grounds in the Aleutian Archipelago, and tracked during the non-breeding period (Suryan and 

Fischer 2010).  We used satellite transmitters weighing 22 – 90 g (< 1 – 2% of body mass) 

attached with adhesive tape (Tesa®) to dorsal body feathers of al birds except 20 short-tailed 

albatross, for which transmitters were attached using harnesses.  Tracking durations ranged from 

1 – 6 months, with a maximum of 5 years (Suryan et al. 2006, Suryan et al. 2008, Suryan and 

Fischer 2010, Orben et al. 2017). From 2002 to 2008, we used position-only satellite transmitters 

(Toyocom Inc., Sirtrack Limited, Northstar Inc., and Microwave Telemetry, Inc.), at 30 – 90 g, 

60 or 90 s transmission intervals, , using either continuous transmissions or duty cycles of 6 - 20 

hr on and 4 - 24 hr off.  From fledging 2008 to 2012, we used solar recharging, satellite-linked 

global positioning system (GPS) receivers (22g, Microwave Telemetry, Inc.).  The GPS units 

acquired six fixes per day at 2-4 hr intervals and transmitted these positions via Argos satellites 

every three days.   

Data treatment/analysis: 

For vessel-based strip transect surveys, we first calculated albatross density (birds km-2) for each 

species along transect segments ≤ 3 km, using purpose built computer programs written in R (R 

Core Team 2013).  Using only transect segments (n = 65,486) south of 64°N (since albatross 

never occurred on transect farther north), we log-transformed density values and calculated 

average densities for each species for each month, for all years combined.  For mapping purposes 

we averaged 3-km segment densities within each 30-km hexagonal cell for a grid covering the 

spatial extent of line transect surveys conducted in waters off Alaska.  

Satellite-based tracking data were initially processed using slightly different methods for Argos 

PTT and GPS data, but final processing provided standardized datasets to map an integrated 

distribution.  Argos data were processed using the Douglas Argos-Filter Algorithm (Douglas et 

al. 2012) with the standard filtering criteria specified in Fischer et al. (2009).  GPS data were 

initially processed using manufacturer and custom-built programs to cull duplicates and 

erroneous locations (Deguchi et al. 2014), with final processing including the same maximum 

speed filter (80 km h-1) used with the Argos PTT data (Orben et al. 2017).  Tracking data were 

interpolated at 1 hr intervals when creating mapped distribution surfaces.  
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Results 

Species occurrence patterns 

Short-tailed albatrosses range widely throughout offshore areas of Alaska, especially the 

Aleutian Archipelago and Bering Sea (Figs. 2B & 3).  Post-breeding adult short-tailed 

albatrosses have a more restricted distribution off Alaska compared to juveniles that range more 

widely throughout waters off Alaska and the North Pacific (Fig. 3).  Short-tailed albatross occur 

in the highest densities at the outer continental shelf-slope regions, which brings them close to 

shore in the Aleutian Archipelago, much farther offshore in the Bering Sea, and intermediate 

distances from shore in the Gulf of Alaska.  Higher densities occur along the edges of submarine 

canyons in the Bering Sea, particularly in the north during late summer and fall (Figs. 2B & 3).     

Black-footed albatrosses are the most common species in the Gulf of Alaska (Fig. 2C), and they 

occur throughout the Aleutian Archipelago and are especially prevalent near Aleutian passes 

(Suryan, pers. obs.).  Like short-tailed albatrosses, black-footed albatrosses are at highest 

densities along the outer continental shelf-slope regions.   

Laysan are the most common albatrosses in the Aleutian Archipelago and Bering Sea (Fig. 2D).  

They also occur in the Gulf of Alaska, but in much lower densities than black-footed albatrosses.  

In contrast to short-tailed and black-footed albatross, Laysan albatross is the species least 

associated with continental shelf break-slope habitat, but instead ranges farther offshore of the 

shelf break, and across the outer and middle shelf domains. 

Timing of occurrence 

At-sea surveys indicate that in general, Laysan albatross density increases by early spring and is 

lower through December (Fig. 4), whereas black-footed albatross have low average densities in 

spring, which increase sharply in late summer and fall (Fig. 4).  Short-tailed albatross densities 

are proportionally low in spring and early summer, higher from July to October with the 

exception of August, and were not recorded on transect from November through February (Fig. 

4). Short-tailed albatross show a northward shift in distribution during fall, based on vessel-based 

and individual tracking studies.  Notably, the surveys show very low densities of Laysan and 

black-footed albatross in June and July, and lowest densities of short-tailed albatross in August, 

despite high survey effort during summer.  All three albatross species are present year-round in 

waters off Alaska, particularly within the Aleutian Archipelago.     

Discussion 

Distribution and Habitat Associations 

Changes in at-sea densities of albatrosses and differences among species in seasonal patterns will 

require further analysis to determine if bias in spatial and temporal sampling partly explains 

observed patterns.  Nonetheless, these patterns also are likely to reflect habitat preferences 
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among the species, and different responses to the abrupt seasonal changes in hydrography and 

sea surface temperature in northern waters (Hunt et al. 2014).  The early arrival and northern 

extent of Laysan albatross in Alaska’s oceans suggest they occur in a wide range of ocean 

temperatures, whereas black-footed albatross do not move into the Bering Sea until late summer, 

and rarely go into central or northern Bering Sea. The short-tailed albatross has a northerly 

distribution, but like black-footed albatross their peak densities in the Bering Sea occur in late 

summer and fall, when water temperatures are warmest.  Indeed, seabird species richness and 

abundance increases in general during fall in the southeastern Bering Sea, likely reflecting 

increases in prey availability (Suryan et al. 2016).  Fall is when our tracking data show short-

tailed albatrosses extend farthest into the northern Bering Sea.  As winter approaches, short-

tailed albatrosses move south into the southeastern Bering sea, Aleutian Archipelago, and Gulf 

of Alaska, where some spend the winter (Orben et al. 2017). 

Habitat models of all three albatross species show importance of, after accounting for wind 

speed, seafloor depth and depth gradients (i.e., edges of the continental shelf and submarine 

canyons) when foraging in coastal regions of Alaska (Piatt et al. 2006, Suryan et al. 2006, 

Fischer 2008).  Chlorophyll (an indicator of phytoplankton production) and sea surface 

temperature were also important for black-footed and Laysan albatrosses when foraging in 

offshore waters (Hyrenbach et al. 2002, Fischer 2008, Kappes et al. 2010).  While Laysan 

albatrosses frequently forage over continental shelf regions like the other species, they more 

often use oceanic habitat beyond the continental margins compared to short-tailed and black-

footed albatrosses, as indicated by use of bathymetric domains and stable isotope analyses of 

diets of individually tracked birds (Suryan and Fischer 2010).    

The decrease in Laysan and black-footed albatross densities from fixed transect surveys in June 

and July, and for short-tailed albatross in August, suggests birds may be less widely dispersed 

during that time, perhaps due to aggregations in key foraging areas or near commercial fishing 

vessels and restricted movements during peak summer molting periods (Edwards 2008, Edwards 

et al. 2015). Their aggregation and reduced flight time during molt may decrease sighting 

probability during vessel-based surveys. Individual tracking studies indicate that all three species 

exhibit restricted movement patterns during peak molting periods in July and August (Gutowsky 

et al. 2014, Conners 2015).  The Aleutian Archipelago, in particular, appears to be an area 

frequented by albatrosses during the summer molting period where some individuals remain 

weeks to over one month within a 100 km radius (Suryan unpubl. data). 

Effects of Climate Change 

The Pacific Arctic, including the Bering Sea, is predicted to continue the current warming trend, 

which will open more water and shelf break habitats earlier in the spring and extend the open 

water period later into fall (Overland et al. 2008, Stabeno et al. 2012).  Additionally, many prey 

species have shifted northward in the Bering Sea with climate change (Mueter and Litzow 2008), 

and key albatross prey such as squid may become more abundant in Alaska as it warms, such as 
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appeared to occur in the western Bering Sea (Kang et al. 2002). Therefore, not too surprisingly, 

all three albatross species have shown a northward shift in their center of distribution over the 

last four decades, coincident with warming ocean temperatures (Kuletz et al. 2014). 

Additionally, a long-term analysis of at-sea surveys in the Bering Sea found that these albatross 

species, as with other surface foraging seabirds, were distributed over shallower waters of the 

mid-shelf regions during years with earlier sea-ice retreat (warm years), in contrast to outer shelf 

distributions over deeper waters during cold years with late sea-ice retreat (Renner et al. 2016).  

For the most recent decade of at-sea survey data shown here, the distribution of albatrosses 

across the outer shelf and into the middle shelf is evident (Fig. 2B-D).  The effect of ocean 

warming trends on prey noted above, along with the responses of albatrosses observed to date, 

indicate that these conditions could lead to increasing densities and longer presence of all three 

albatross species in northern Alaska waters, particularly in late summer and fall. 

Bycatch and Conservation 

Bycatch mortality of seabirds in longline fisheries was a major concern in the 1990s, with peaks 

of over 20,000 seabirds and 1,000-2,000 albatross mortalities annually in Alaskan longline 

fisheries (Stehn et al. 2001, Eich et al. 2016; Fig. 5).  In 2002 there was widespread agreement 

within the longline fishing fleets to use paired bird scaring lines following recommendations 

from studies by Melvin et al. (2001), and this dramatically reduced bycatch mortality (Fig. 5).   

Most albatross bycatch occurs in the Aleutian Archipelago and consists primarily of Laysan 

albatrosses (Dietrich et al. 2009). The second most common bycatch are black-footed albatrosses 

taken in Gulf of Alaska (Dietrich et al. 2009), and rare instances of short-tailed albatross bycatch 

have been primarily in the Bering Sea (Eich et al. 2016), consistent with the relative distribution 

and density patterns described above.  The fact that most observed short-tailed albatross bycatch 

occurred in the Bering Sea is primarily a result of fewer fisheries observers on vessels in the 

Aleutian Archipelago compared to the Bering Sea (Eich et al. 2016).  Additionally, however, 

particularly large aggregations of short-tailed albatrosses (> 130 birds) have been observed 

around vessels fishing along the edges of large submarine canyons in the northern Bering Sea 

(Piatt et al. 2006), especially in fall when the majority of short-tailed bycatch events occurred 

(Eich et al. 2016).  

Bycatch in Alaskan trawl fisheries is also a concern, however it is not as easily quantified and 

mitigated as for longline fisheries, although solutions exist (Dietrich and Melvin 2007, Melvin et 

al. 2010).  Fortunately, the current bycatch rate does not seem to be limiting the population 

growth rate of short-tailed albatrosses, although impacts to the other two species is uncertain, 

since their populations are so much larger and difficult to monitor.       

Conclusion 

Vessel-based surveys and individual tracking studies provide complimentary perspectives on the 

distribution of albatrosses in Alaska.  Vessel-based surveys give a comprehensive view of all 
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species and detailed habitat associations, while individual tracking studies provide detailed 

information on less abundant species such as short-tailed albatrosses, and for areas that surveys 

do not regularly cover (e.g, beyond the continental shelf in Alaska), nor are they limited to 

season or weather conditions.  Observations of albatrosses behind fishing vessels provide another 

important perspective on albatross distribution that is relevant to fishery interactions and 

potential bycatch (Melvin et al. 2006).  Collectively, these data highlight the importance of 

Alaska’s marine ecosystems in providing important, year-round foraging habitat for North 

Pacific albatrosses, even though their breeding colonies are thousands of kilometers away.     
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Table 1. Sample sizes (# of birds) for each stage of annual breeding/nonbreeding cycle and years 

when satellite tracking devices were deployed.  Tracking of most individuals occurred during the 

same year of deployment, except that tags deployed during incubation 2008 continued 

transmitting into 2009 and some tags deployed on juveniles in 2009-2012 transmitted for up to 5-

years after deployment (through 2015).   

  Deployment Year 

Stage 

# of 

Birds1 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 

Incubation 5       X     

Chick-rearing 26     X X X     

Post-breeding 

(adult/subadult) 

40 X X  X X X X     

Juvenile, < 1 yr 59  X   X  X X X X X 

             

Total 99 X X  X X X X X X X X 
1With sufficient data for analysis. A total of 99 individual birds were tagged, but in some cases a 

single bird will contribute to samples in multiple categories (e.g., a bird that is tracked during 

chick-rearing and post-breeding). 
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Figure 1. The three species of North Pacific albatrosses in the Aleutian Archipelago, Alaska.  

(photo R.  Suryan, Oregon State University) 

 

Figure 2. Distribution of the three species of North Pacific Albatrosses in Alaska from vessel-

based surveys (A) conducted during 2006-2015.  Density (birds•km2) of short-tailed (B), black-

footed (C), and Laysan albatrosses (D) within 30 km hexagonal cells. 
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Figure 3. Argos satellite and global positioning system (GPS) tracking locations from 99 

individual short-tailed albatrosses tracked during 2002-2003, 2006-2014.  Inset shows the 

number of hours short-tailed albatrosses spent (residence time) within each 0.5 degree grid cell 

over major submarine canyons in the northern Bering Sea.  
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Figure 4.  Percentage of total observations during vessel-based line transect surveys, for all three 

albatross species, by month.  Data are from at-sea surveys in Alaska, 2006-2015, south of 64°N.  

 

Figure 5. (A) Seabird (blue, left y-axis) and albatross (red, right y-axis) bycatch in Alaskan 

longline fisheries before and after (2002) the fishing fleet began using bird scaring lines to 

reduce seabird mortality in longline fisheries (Stehn et al. 2001, Eich et al. 2016). (B) Picture of 

bird scaring lines deployed and keeping seabirds away from the fishing gear in the Bering Sea 

(photo E. Melvin, Washington Sea Grant). (C) Short-tailed albatross following a fishing vessel in 

the Aleutian Islands (photo R. Suryan, Oregon State University).    


