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Abstract 

Bycatch threatens many seabird populations and remains a barrier to fisheries sustainability. Albatrosses 

are particularly vulnerable to bycatch in longline fisheries across the North Pacific due to their wide-

ranging movements and attraction to fishing vessels. Identifying when, where and in which fisheries 

bycatch risk is greatest is crucial to prioritize monitoring and recommend targeted management 

interventions. Here, we collated >1,200 albatross tracks from eleven populations of three species (short-

tailed, Laysan, and black-footed) in the North Pacific to provide an ocean-basin-scale assessment of 

bycatch risk. We overlaid species distribution model predictions of bird densities for each population and 

breeding stage with Automatic Identification Systems data on pelagic longline fishing effort and created 

indices of bycatch risk. Albatross distribution models had strong predictive power (mean [range] area 

under receiver operating characteristic curve: 0.91 [0.75-0.98]). We identified bycatch risk hotspots from 

pelagic longline fisheries in the central and northwest subtropical Pacific that occurred mostly during 

breeding (winter-spring); though the months with elevated risk differed according to population and 

fishing vessel flag state. By far the majority (98%) of overlap with pelagic longline fishing effort occurred 

within the WCPFC Convention Area, with only 2% occurring within the IATTC Convention Area. Three 

flag states (Japan, USA and Chinese Taipei) were responsible for >90% of total risk. Our results indicate 

that improved monitoring and increased adoption of and compliance with best-practice mitigation 

measures in high-risk fleets would reduce future conflicts between fisheries and albatrosses. Given the 

transboundary nature of seabird and fishing vessel movements, we also encourage harmonization of 

bycatch mitigation requirements between the IATTC and WCPFC.  

Introduction 

Bycatch is a major threat to seabirds, including North Pacific albatrosses – black-footed Phoebastria 

nigripes, Laysan P. immutabilis and short-tailed P. albatrus albatrosses – all of which are listed by the 

Agreement for the Conservation of Albatrosses and Petrels (ACAP; Lewison and Crowder, 2003; Phillips 

et al., 2016; Dias et al., 2019), while short-tailed albatrosses are also protected by the Endangered Species 

Act (ESA) in the United States (US). In the North Pacific, albatross bycatch rates were historically high in 

several fisheries, including US longline fleets, until the introduction of suite of mitigation measures in the 

early 2000s, which led to massive reductions in mortality, from tens of thousands to only hundreds of 

birds per year (Gilman et al., 2008; Melvin et al., 2011, 2019). Since the late 2000s, tuna Regional 

Fisheries Management Organizations (tRFMOs) have mandated the use of best-practice mitigation in 
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pelagic longline fisheries, including use of streamer lines, night setting and line weighting through 

Conservation Management Measures (Western and Central Pacific Fisheries Commission [WCPFC]; 

CMM 2018-03; WCPFC 2018) or Resolutions (Inter-American Tropical Tuna Commission [IATTC] 

Resolution C-11-02; IATTC 2011). However, in many fleets, less than 5% of fishing sets are 

monitored, while many are not routinely monitored in all years (Phillips, 2013). Hence, there is often poor 

knowledge of where and when bycatch occurs, which fleets and vessels are responsible and whether they 

are appropriately using bycatch mitigation. 

Given the logistical and political challenges and costs associated with collecting fisheries-dependent 

data, there is increasing emphasis on filling data gaps through alternative, fisheries-independent risk 

assessments (Clay et al., 2019; Good et al., 2023, 2024). Past research has shown that the three albatross 

species have wide-ranging distributions across the North Pacific and encounter and interact with a range 

of fisheries, predominantly pelagic and demersal longline and trawl (Hyrenbach and Dotson, 2003; 

Suryan et al., 2007; Fischer et al., 2009; Žydelis et al., 2011; Guy et al., 2013; Orben et al., 2021). To be 

able to sufficiently identify gaps in monitoring and develop targeted management interventions at the 

scale of RFMO areas of competency, there is need for standardized assessments of risk at ocean basin 

scales. 

Here, we collate albatross tracking, oceanographic and fishing effort data to dynamically predict year-

round distributions of North Pacific albatross populations and identify bycatch risk hotspots and the 

fishing fleets responsible. Specifically, we aimed to investigate 1) when and where albatross bycatch is 

most likely to occur, 2) the extent to which bycatch risk varies between the WCPFC and IATTC, and 3) 

the fleets and flag states responsible for the highest risk of interactions. 

 

Materials and Methods  

 

Tracking data collection and processing 

 
All available tracking data were collated for the three North Pacific albatrosses and were requested 

through direct email contact with researchers or through the BirdLife International Seabird Tracking 

Database (www.seabirdtracking.org). We collated and standardized datasets from all tracked populations, 

breeding stages (incubation, brood, post-brood and non-breeding) and device types (GPS, PTT or 

geolocator) for the three species.  

We plotted all GPS and PTT tracks and manually removed obviously erroneous locations. 

Geolocator tracks were estimated based on the timings of sunrise and sunset from light data using 

established routines, incorporating sea surface temperature (SST) information from tags with remotely-

sensed maps to correct latitudes (for further details see Young et al., 2009; Jordan et al., 2022). Erroneous 

locations occurring two to three weeks either side of the spring and autumn equinox were removed. We 

took a conservative approach to further remove outliers beyond species’ ranges which may lead to 

exaggerated bycatch risk estimates (e.g. in areas with high fishing intensity but low albatross usage). For 

black-footed and Laysan albatrosses, we calculated the 99% kernel utilization distribution (UD) isopleth 

based on all geolocator locations using the R package adehabitatHR (Calenge, 2006) and removed 

locations occurring outside this polygon.  

We used the package track2KBA (Beal et al., 2021b) to split GPS and PTT tracks into discrete 

foraging trips, defined as periods of a minimum duration spent outside a spatial buffer around the 

breeding colony. For each population and breeding stage, we inspected the data and selected appropriate 

buffers that would exclude locations in the vicinity of the colony and remove incomplete trips. We used 

the package foieGras (Jonsen et al., 2020) to regularize tracks and remove erroneous locations based on a 

speed filter (90 km/hr). We selected an interpolated sampling interval of four hours for trips during 

breeding and an interval of twelve hours for short-tailed albatross PTT tracks, the latter to match the 

http://www.seabirdtracking.org/
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temporal resolution of the non-breeding geolocator datasets.  

Species distribution models  

Given that birds were tracked over a 20-year period (1998-2018), we built species distribution 

models (SDMs) to allow us to establish species-environment relationships and predict distributions across 

comparable time periods. We incorporated oceanographic variables known to influence albatross 

distributions as predictors in models (Hyrenbach et al., 2002; Suryan et al., 2006; Kappes et al., 2010; 

Žydelis et al., 2011). Daily dynamic environmental variables were acquired from Copernicus Marine 

Environmental Monitoring Service (https://marine.copernicus.eu/) and combined with topographic 

variables and distance from colony (for breeding data). See Welch et al. (2023) for details on variables 

and their sources.  

We fit species distribution models using boosted regression trees (BRTs) due to their high 

predictive capability, fast computation time, and ability to fit non-linear relationships and handle 

collinearity among covariates. We generated pseudo-absences using random background selection at a 

ratio of 1:5 presences:absences. For breeding datasets, we randomly created absences for each colony 

within a buffer of the maximum range recorded for that species and breeding stage, which had been 

cropped by a land polygon to remove points occurring on land. For non-breeding datasets, we randomly 

created absences within a minimum convex polygon, which had been expanded by 200 km to account for 

geolocator error (Phillips et al., 2004) removing points occurring on land. Presence and pseudo-absence 

data were matched to environmental datasets in space and time, and BRTs with a binomial distribution 

were run for each species, population, and breeding stage. BRTs were built with a bag fraction of 0.6, a 

tree complexity of three and a learning rate between 0.0001 and 0.0001, to ensure that at least 2,000 trees 

were fit to each model.    

Initial plotting of SDM outputs revealed that distance to colony had a strong effect for breeding 

models but that predictions were sensitive to the non-linear effect of distance from colony. To generate 

predictions that were more biologically meaningful and less sensitive to overfitting, we used the 

methodology of Hindell et al. (2020) and ran BRTs without distance variables. Instead, we created an 

accessibility layer for each population and breeding stage, and weighted model predictions for each 

location according to its accessibility from the breeding colony. Accessibility was modelled using a 

binomial distribution, in terms of the ratio of presences to absences, with distance to colony as a 

smoothed, monotonic decreasing constraint.  

We evaluated the predictive performance of SDMs using the Area Under the Receiver Operator 

Characteristic Curve (AUC) metric, whereby values between 0.8 and 0.9, and 0.9 and 1.0, represent good 

and very good performance, respectively. We used two validation methods to assess performance: firstly, 

we trained models on a random subset of 70% of the data and tested it on the remaining 30%, iteratively 

10 times (leave-out-70/30); secondly, for datasets for which we had two or more years of data, we trained 

on all years but one, and tested on the remaining year (leave-out-year), to test sensitivity of models to 

differences among tracking years.  

Predictions were made for each day across a five-year period (2016-2020) corresponding to the 

availability of fishing effort data (below), within the spatial constraints of the training data. Daily 

predictions were averaged for each dataset and month and cropped using the threshold function in the 

dismo package (Hijmans et al., 2023) to remove “unsuitable” habitat. We weighted each probability of 

occurrence grid such that the sum of all values scaled to 1, to broadly match the structure of a utilization 

distribution (UD) grid.  

Weighting distributions according to phenology 

We incorporated data on the timing of major events across the albatross annual cycle to weight 

model predictions and create monthly maps of predicted probability of presence at a population level, 

using an approach similar to Clay et al. (2019) and Carneiro et al. (2020). Data on the average timing of 

https://marine.copernicus.eu/
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1) return to the colony after non-breeding migration, 2) egg laying, 3) chick hatching, 4) end of chick 

brood and 5) departure of breeding adults from the colony, were obtained from the literature or from 

direct contact with data providers. As data were not available for all populations, we assumed phenology 

was the same for all populations of each species. The average timings were used to create weightings for 

each month, representing the proportion of that month covered by the four major breeding stages: 

incubation, brood, post-brood and non-breeding. For example, the average hatching date for Laysan 

albatrosses is 20 January and so the predicted probability of presence grid based on the incubation SDM 

was given a weighting of 0.65 (20 out of 31 days), while the probability of presence grid based on the 

brood SDM was given a weighting of 0.35 (11 out of 31 days). This process was repeated for each 

species, population and month. If a breeding stage was missing for a given population, that time period 

was not considered in analyses. We considered distributions during the pre-laying exodus period to be the 

same as during incubation (Clay et al., 2019). 

Fishing effort data and overlap analyses 

We obtained Automated Identification System (AIS) fishing effort data v. 2 from Global Fishing 

Watch (https://globalfishingwatch.org/data-download/datasets/public-fishing-effort) for the period 2016-

2020 at a 0.01° resolution. GFW combines public vessel registries and machine learning to identify 

fishing vessels and detect when they are actively fishing (Kroodsma et al. 2018). Data were resampled to 

a 2° resolution and effort (the number of fishing hours) in each cell was summed at a monthly level for 

each gear type and flag state.  

We calculated monthly overlap per grid cell — an index of potential bycatch risk — as the predicted 

probability of albatross presence multiplied by the number of fishing hours (e.g. Jiménez et al., 2016; 

Clay et al., 2019; Carneiro et al., 2020), separately for each flag state. We also summarized overlap within 

Exclusive Economic Zones (EEZs; 200 nm from the coast) versus in the High Seas and within the 

Convention Areas of the IATTC versus the WCPFC. Monthly distribution grids were overlaid with 

shapefiles of country land borders and EEZs (v. 11; from https://www.marineregions.org/downloads.php). 

Here national jurisdictions are areas of EEZs each country including overseas dependencies and disputed 

territories (Beal et al., 2021a).  

Results and Discussion 

Overall, we collated 1,243 tracks from eleven populations of the three species, including 428 tracks 

from four populations of black-footed albatrosses (at Torishima, Kure, Midway and Tern), 708 tracks 

from six populations of Laysan albatrosses (at Kure, Midway, Tern, Kaua’i, O’ahu and Guadalupe), and 

107 track from short-tailed albatrosses at Torishima (Table 1). The populations represent around 51%, 

78% and >85% of global breeding populations of the three species, respectively.  

Through compiling the largest-ever database of albatross tracks in the North Pacific, building on 

previous studies (e.g. Suryan et al., 2007; Žydelis et al., 2011; Orben et al., 2021; Jordan et al., 2022) we 

show that the foraging distributions and exposure to fisheries are both species- and population-specific 

(Figure 1). Short-tailed albatrosses that breed in Japan forage along the Japanese coast and along the 

Aleutian Island chain in Alaska, Laysan albatrosses forage throughout the North Pacific and into the 

California Current, and black-footed albatrosses have a more sub-tropical distribution, but some 

populations forage in the northern California Current and Gulf of Alaska. The performance of species 

distribution models was very high for all species, especially for those based on GPS or PTT datasets 

(>0.96 for all species based on leave-out-70/30) (Table 2). Performance was lower for models based on 

geolocator data for Laysan and black-footed albatrosses (0.80 and 0.82 respectively) but still good. While 

AUC scores were slightly lower for leave-out-year validation, they were still very high for GPS and PTT 

datasets (>0.92 for all species) and moderate-to-high for geolocator datasets (0.80 and 0.77 for Laysan 

and black-footed albatrosses), indicating that SDMs still performed well when predicted onto different 

years of tracking data. As such, we conclude our models were suitable for predicting at-sea distributions 

and assessing coarse-scale risk outside the temporal range of the tracking data. 

https://www.marineregions.org/downloads.php
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Across the North Pacific, we identified five bycatch risk hotspots for pelagic longline fisheries 

(Figure 2), many of which were shared among the three species. Risk was highest for black-footed and 

Laysan albatrosses 1) to the northeast of the main Hawaiian Islands and 2) to the northwest of the 

northwestern Hawaiian Islands, and for black-footed and short-tailed albatrosses 3) from Torishima up to 

the east coast of Honshu (Japan), and for Laysan albatrosses also 4) in a High Seas area of northwest 

Pacific east of Japan and 5) south of the main Hawaiian Islands. The majority (mean = 88%) of risk 

occurred in the High Seas, with values above 85% for black-footed and Laysan Albatross populations 

from the northwestern Hawaiian Islands (Kure, Midway and Tern) (Figure 3a). For both Torishima 

populations, most (78% and 99% for short-tailed and black-footed albatrosses, respectively) overlap with 

pelagic longline fisheries occurred within the EEZ of Japan, while for Laysan albatrosses from the main 

Hawaiian Islands (Kaua’i and O’ahu), a substantial proportion of overlap occurred within the US EEZ 

(85% and 27%, respectively).  

Fleets operated by Japan, Chinese Taipei and the US contributed to 91% of total risk (Figure 4a). 

Broadly across the year, risk from pelagic longline fisheries was highest during the breeding season 

(November-May). Though, the specific months with elevated risk varied according to flag state (Figure 

5a); there was elevated risk from US fleets during November to May and from the fleets Japan and 

Chinese Taipei during May to November, except for short-tailed albatrosses, for which risk was highest 

from Japanese fleets during October to May. There was also a distinct longitudinal pattern in bycatch risk, 

such that risk scores for western populations (Torishima, Kure and Midway) were more likely to be 

dominated by the fleets of Japan and Chinese Taipei, whereas risk scores for eastern populations (Tern, 

Kaua’i and O’ahu) were dominated by the US.   

By far the majority (98%) of risk across all populations occurred within the WCPFC Convention 

Area west of 150°W, with only 2% occurring within the IATTC Convention Area (Figure 4b). Within the 

IATTC, 88% of total risk was from the US longline fleet and was east and northeast of the main Hawaiian 

Islands (Figure 2, 4b). The only population for which there was notable (11%) fisheries-overlap within 

the IATTC Convention Area was black-footed albatrosses from Tern Island, which overlapped mostly 

with US vessels (92%) during late breeding (March-June), and to a lesser extent with vessels flagged to 

Chinese Taipei (6%) during early breeding (November-December) (Figure 4a, b).  

Overall, we show that most bycatch risk to North Pacific albatrosses from pelagic longline fisheries 

occurs within the WCPFC rather than the IATTC. In most high-risk areas identified, particularly in the 

northwest Pacific, fewer than 5% of vessels are monitored and use of best-practice bycatch mitigation 

(such as night setting, line weighting, use of streamer lines or hook-shielding devices) varies (Huang and 

Yeh, 2011; Sato et al., 2022). Additionally, given that US fisheries only contributed to around a third 

(32%) of overall risk, our findings suggest that recent bycatch reductions in US-managed fisheries 

(specifically in Hawai’i; Gilman et al., 2008) which have relatively high observer coverage (50-100%, 

depending on the fleet; e.g. NMFS 2023), may be insufficient to manage total risk for albatross 

populations, particularly northwestern populations. Fisheries overlap within the IATTC was mostly with 

the US shallow- and deep-set longline fleets, which have higher observer coverage and more stringent 

bycatch regulations than other fisheries in the North Pacific. However, the recent reduction in coverage of 

human observers in the US deep-set fishery from ~20% to 7% and the rapid roll-out of electronic 

monitoring may impact the ability to effectively monitor bycatch rates and mitigation use. We emphasize 

that increased adoption of best-practice mitigation measures and penalties for non-compliance across all 

fishing fleets would reduce future conflicts between fisheries and albatrosses. We also encourage the 

IATTC to update their bycatch mitigation requirements, so that they are harmonized with the WCPFC, 

given the transboundary nature of both seabird movements and fishing fleet dynamics. Lastly, given the 

importance of Guadalupe Island (Mexico) as a climate change refugia for Laysan albatrosses, efforts 

should be made to obtain more reliable fishing effort and bycatch data for fisheries in Mexican waters.  

 

 



6 
 

Acknowledgements 
 

We thank all the field workers and data managers, and funders that supported the collection, 

curation and analysis of the tracking data. In particular, we thank the Holocene Foundation for funding 

the data acquisition and analysis and are grateful to Global Fishing Watch for making their AIS fishing 

effort data openly available for use. We thank Steph Borrelle and Yasuko Suzuki for their useful 

comments on an earlier version. 

 

References 
 

Beal, M., Dias, M. P., Phillips, R. A., Oppel, S., Hazin, C., Pearmain, E. J., et al. (2021a). Global political 

responsibility for the conservation of albatrosses and large petrels. Sci. Adv. 7, eabd7225. doi: 

10.1126/sciadv.abd7225 

Beal, M., Oppel, S., Handley, J., Pearmain, E. J., Morera-Pujol, V., Carneiro, A. P. B., et al. (2021b). 

track2KBA: An R package for identifying important sites for biodiversity from tracking data. Methods 

Ecol. Evol. n/a. doi: 10.1111/2041-210X.13713 

Calenge, C. (2006). The package “adehabitat” for the R software: A tool for the analysis of space and 

habitat use by animals. Ecol. Model. 197, 516–519. doi: 10.1016/j.ecolmodel.2006.03.017 

Carneiro, A. P. B., Pearmain, E. J., Oppel, S., Clay, T. A., Phillips, R. A., Bonnet‐Lebrun, A.-S., et al. 

(2020). A framework for mapping the distribution of seabirds by integrating tracking, demography and 

phenology. J. Appl. Ecol. n/a. doi: 10.1111/1365-2664.13568 

Clay, T. A., Small, C., Tuck, G. N., Pardo, D., Carneiro, A. P. B., Wood, A. G., et al. (2019). A 

comprehensive large-scale assessment of fisheries bycatch risk to threatened seabird populations. J. Appl. 

Ecol. 56, 1882–1893. doi: 10.1111/1365-2664.13407 

Dias, M. P., Martin, R., Pearmain, E. J., Burfield, I. J., Small, C., Phillips, R. A., et al. (2019). Threats to 

seabirds: A global assessment. Biol. Conserv. doi: 10.1016/j.biocon.2019.06.033 

Fischer, K. N., Suryan, R. M., Roby, D. D., and Balogh, G. R. (2009). Post-breeding season distribution 

of black-footed and Laysan albatrosses satellite-tagged in Alaska: Inter-specific differences in spatial 

overlap with North Pacific fisheries. Biol. Conserv. 142, 751–760. doi: 10.1016/j.biocon.2008.12.007 

Gilman, E., Kobayashi, D., and Chaloupka, M. (2008). Reducing seabird bycatch in the Hawaii longline 

tuna fishery. Endanger. Species Res. 5, 309–323. doi: 10.3354/esr00133 

Good, S. D., Dewar, K., Burns, P., Sainsbury, K., Phillips, R. A., Wallace, B. P., et al. (2024). Adapting 

the Marine Stewardship Council risk-based framework to estimate impacts on seabirds, marine mammals, 

marine turtles and sea snakes. Mar. Policy 163, 106118. doi: 10.1016/j.marpol.2024.106118 

Good, S. D., Gummery, M., McLennan, S., Dewar, K., Votier, S. C., and Phillips, R. A. (2023). 

Evaluating the appropriateness of risk-based approaches to assess the sustainability of fishery impacts on 

seabirds. Endanger. Species Res. 51, 161–172. doi: 10.3354/esr01251 

Guy, T. J., Jennings, S. L., Suryan, R. M., Melvin, E. F., Bellman, M. A., Ballance, L. T., et al. (2013). 

Overlap of North Pacific albatrosses with the U.S. west coast groundfish and shrimp fisheries. Fish. Res. 

147, 222–234. doi: 10.1016/j.fishres.2013.06.009 

Hijmans, R. J., Phillips, S., and Elith, J. L. and J. (2023). dismo: Species Distribution Modeling. Available 

at: https://cran.r-project.org/web/packages/dismo/index.html (Accessed June 19, 2024). 

Hindell, M. A., Reisinger, R. R., Ropert-Coudert, Y., Hückstädt, L. A., Trathan, P. N., Bornemann, H., et 

al. (2020). Tracking of marine predators to protect Southern Ocean ecosystems. Nature 580, 87–92. doi: 



7 
 

10.1038/s41586-020-2126-y 

Hyrenbach, K. D., and Dotson, R. C. (2003). Assessing the susceptibility of female black-footed albatross 

(Phoebastria nigripes) to longline fisheries during their post-breeding dispersal: an integrated approach. 

Biol. Conserv. 112, 391–404. doi: 10.1016/S0006-3207(02)00337-3 

Hyrenbach, K. D., Fernández, P., and Anderson, D. J. (2002). Oceanographic habitats of two sympatric 

North Pacific albatrosses during the breeding season. Mar. Ecol. Prog. Ser. 233, 283–301. doi: 

10.3354/meps233283 

IATTC. 2011. Resolution C-11-02: Resolution to mitigate the impact on seabirds of fishing 

Jiménez, S., Domingo, A., Brazeiro, A., Defeo, O., Wood, A. G., Froy, H., et al. (2016). Sex-related 

variation in the vulnerability of wandering albatrosses to pelagic longline fleets. Anim. Conserv. 19, 281–

295. doi: 10.1111/acv.12245 

Jonsen, I. D., Patterson, T. A., Costa, D. P., Doherty, P. D., Godley, B. J., Grecian, W. J., et al. (2020). A 

continuous-time state-space model for rapid quality control of argos locations from animal-borne tags. 

Mov. Ecol. 8, 31. doi: 10.1186/s40462-020-00217-7 

Jordan, F. D., Shaffer, S. A., Conners, M. G., Stepanuk, J. E. F., Gilmour, M. E., Clatterbuck, C. A., et al. 

(2022). Divergent post-breeding spatial habitat use of Laysan and black-footed albatross. Front. Ecol. 

Evol. 10. doi: 10.3389/fevo.2022.1028317 

Kappes, M. A., Shaffer, S. A., Tremblay, Y., Foley, D. G., Palacios, D. M., Robinson, P. W., et al. 

(2010). Hawaiian albatrosses track interannual variability of marine habitats in the North Pacific. Prog. 

Oceanogr. 86, 246–260. doi: 10.1016/j.pocean.2010.04.012 

Lewison, R. L., and Crowder, L. B. (2003). Estimating Fishery Bycatch and Effects on a Vulnerable 

Seabird Population. Ecol. Appl. 13, 743–753. doi: 10.1890/1051-

0761(2003)013[0743:EFBAEO]2.0.CO;2 

Melvin, E. F., Dietrich, K. S., Fitzgerald, S., and Cardoso, T. (2011). Reducing seabird strikes with trawl 

cables in the pollock catcher-processor fleet in the eastern Bering Sea. Polar Biol. 34, 215–226. doi: 

10.1007/s00300-010-0873-1 

Melvin, E. F., Dietrich, K. S., Suryan, R. M., and Fitzgerald, S. M. (2019). Lessons from seabird 

conservation in Alaskan longline fisheries. Conserv. Biol. 33, 842–852. doi: 10.1111/cobi.13288 

N.M.F.S. (2023). Seabird Interactions and Mitigation Efforts in Hawaii Pelagic Longline Fisheries 2022 

Annual Report. Sustainable Fisheries Division, Pacific Islands regional Office, National Marine Fisheries 

Service. Issued September 2023.  

Orben, R. A., Adams, J., Hester, M., Shaffer, S. A., Suryan, R. M., Deguchi, T., et al. (2021). Across 

borders: External factors and prior behaviour influence North Pacific albatross associations with fishing 

vessels. J. Appl. Ecol. 58, 1272–1283. doi: 10.1111/1365-2664.13849 

Paolo, F., Kroodsma, D., Raynor, J., Hochberg, T., Davis, P., Cleary, J., et al. (2024). Satellite mapping 

reveals extensive industrial activity at sea. Nature 625, 85–91. doi: 10.1038/s41586-023-06825-8 

Phillips, R. A. (2013). Requisite improvements to the estimation of seabird by-catch in pelagic longline 

fisherie. Anim. Conserv. doi: 10.1111/acv.12042 

Phillips, R. A., Gales, R., Baker, G. B., Double, M. C., Favero, M., Quintana, F., et al. (2016). The 

conservation status and priorities for albatrosses and large petrels. Biol. Conserv. 201, 169–183. doi: 

10.1016/j.biocon.2016.06.017 

Phillips, R. A., Silk, J. R., Croxall, J. P., Afanasyev, V., and Briggs, D. R. (2004). Accuracy of 

geolocation estimates for flying seabirds. Mar. Ecol. Prog. Ser. 266, 265–272. 



8 
 

Reynolds, M. H., Courtot, K. N., Berkowitz, P., Storlazzi, C. D., Moore, J., and Flint, E. (2015). Will the 

Effects of Sea-Level Rise Create Ecological Traps for Pacific Island Seabirds? PLOS ONE 10, e0136773. 

doi: 10.1371/journal.pone.0136773 

Suryan, R. M., Dietrich, K. S., Melvin, E. F., Balogh, G. R., Sato, F., and Ozaki, K. (2007). Migratory 

routes of short-tailed albatrosses: Use of exclusive economic zones of North Pacific Rim countries and 

spatial overlap with commercial fisheries in Alaska. Biol. Conserv. 137, 450–460. doi: 

10.1016/j.biocon.2007.03.015 

Suryan, R. M., Sato, F., Balogh, G. R., David Hyrenbach, K., Sievert, P. R., and Ozaki, K. (2006). 

Foraging destinations and marine habitat use of short-tailed albatrosses: A multi-scale approach using 

first-passage time analysis. Deep Sea Res. Part II Top. Stud. Oceanogr. 53, 370–386. doi: 

10.1016/j.dsr2.2006.01.012 

WCPFC. 2018. Conservation and Management Measure 2018-03: Conservation and Management 

Measure to Mitigate the Impact of Fishing for Highly Migratory Fish Stocks on Seabirds. Western and 

Central Pacific Fisheries Commission. 

Welch, H., Savoca, M. S., Brodie, S., Jacox, M. G., Muhling, B. A., Clay, T. A., et al. (2023). Impacts of 

marine heatwaves on top predator distributions are variable but predictable. Nat. Commun. 14, 5188. doi: 

10.1038/s41467-023-40849-y 

Young, L. C., Vanderlip, C., Duffy, D. C., Afanasyev, V., and Shaffer, S. A. (2009). Bringing Home the 

Trash: Do Colony-Based Differences in Foraging Distribution Lead to Increased Plastic Ingestion in 

Laysan Albatrosses? PLOS ONE 4, e7623. doi: 10.1371/journal.pone.0007623 

Žydelis, R., Lewison, R. L., Shaffer, S. A., Moore, J. E., Boustany, A. M., Roberts, J. J., et al. (2011). 

Dynamic habitat models: using telemetry data to project fisheries bycatch. Proc Biol Sci 278, 3191–200. 

doi: 10.1098/rspb.2011.0330 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



9 
 

Table 1. Summary of tracking data according to species and population. 

 

Species Region Population % global 

pop. 

Breed stages N. tracks 

Laysan 

albatross 

NW Hawaiian 

Is. 

Kure (Mokupāpapa) 4.6 All 63 

Midway (Pihemanu) 72.8 All 105 

Tern (Kānemilohaʻi 0.4 All 190 

Main Hawaiian 

Is. 

Kaua’i (Waipake & 

Nai Aina Kai) 

<0.1 All 192 

O’ahu <0.1 Post-brood 84 

Mexico 

Offshore Is. 

Guadalupe 0.2 All 266 

Black-

footed 

albatross 

Japan Offshore 

Is. 

Torishima 2.9 Incubation, 

brood, post-

brood 

21 

NW Hawaiian 

Is. 

Kure (Mokupāpapa) 4.9 Brood, post-

brood 

158 

Midway (Pihemanu) 36.5 Post-brood 79 

Tern (Kānemilohaʻi) 7.1 All 170 

Short-tailed 

albatross 

Japan Offshore 

Is. 

Torishima 85% All 107 

“All” under the Breed stage column represents that there were sufficient data for incubating, chick-rearing 

and non-breeding birds.  

 

Table 2. Summary of species distribution model performance based on the Area Under the Receiver 

Operator Curve (AUC) statistic for each species, device type and model validation method. The median 

AUC score provided for each method with the range in parentheses. Leave-out-70/30 indicates where the 

model was trained on a random subset of 70% of the data and tested on the remaining 30%; Leave-out-

year represents where the model was iteratively trained on all but one year of data and tested on the 

remaining year.  

 

Validation 

method 

Species N 

datasets 

AUC score (performance) 

GPS/PTT Geolocator 

Leave-out-70/30 Laysan albatross 24 0.97 (0.94-0.99) 0.80 (0.68-0.86) 

Black-footed albatross 11 0.98 (0.95-0.99) 0.82 (0.80-0.84) 

Short-tailed albatross 4 0.96 (0.91-0.99) ̶ 

Leave-out-year Laysan albatross 10 0.95 (0.89-0.98) 0.80 (0.79-0.82) 

Black-footed albatross 6 0.95 (0.91-0.97) 0.77 (0.75-0.78) 

Short-tailed albatross 2 0.92 (0.88-0.97) ̶ 
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Figure 1. Compilation of more than 1,200 foraging tracks from 11 populations of three albatross species 

in the North Pacific Ocean. Blue tracks represent Laysan albatrosses, red tracks represent black-footed 

albatrosses and yellow tracks represent short-tailed albatrosses.  
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Figure 2. Bycatch-risk hotspots for short-tailed (top row), black-footed (middle row) and Laysan (bottom 

row) albatrosses in the North Pacific Ocean with pelagic longline fisheries. The color gradient indicates 

increasing risk (red represents the highest risk and light yellow represents the lowest risk) and hotspot 

areas are shown with black circles. The dark blue dashed line represents the boundary of the Convention 

Areas of the Inter-American Tropical Tuna Commission (IATTC) and the Western Central Pacific 

Fisheries Commission (WCPFC).  
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Figure 3. Bycatch risk from pelagic longline fisheries according to jurisdiction (Exclusive Economic 

Zone [EEZ] or High Seas) and population (bar). The average bycatch risk across the year is shown for 

each species and population, with westernmost populations on the left and easternmost populations on the 

right. Bars are filled according to jurisdiction, with the percentage of risk within the High Seas for each 

population specifically labeled at the bottom of each bar. STAL = short-tailed albatross; BFAL = black-

footed albatross; LAAL = Laysan albatross; Tori = Torishima Island (Japan), Guad = Isla Guadalupe 

(Mexico).  
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Figure 4. Bycatch risk according to RFMO and flag state for each population. a) The average bycatch 

risk across the year is shown for each species and population, with westernmost populations on the left 

and easternmost populations on the right. Bars are filled according to fishing vessel flag state. The 

percentage of total risk within the IATTC Convention Area is shown for black-footed albatrosses from 

Midway Atoll, along with the flag states contributing to that risk. B) Important (>1%) flag states 

contributing to bycatch risk in each RFMO. STAL = short-tailed albatross; BFAL = black-footed 

albatross; LAAL = Laysan albatross; Tori = Torishima. Flag states: CHN = China; JPN = Japan; KOR = 

South Korea; Other = all other flag states combined; TWN = Chinese Taipei; USA = United States of 

America; VUT = Vanuatu. 
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Figure 5. Bycatch risk according to species, population, month and flag state a) across the entire North 

Pacific and b) just for black-footed albatrosses from Midway Atoll and Tern Island within the IATTC 

Convention Area. For each species (column) and population (row), the total bycatch risk in each month is 

shown, with the contribution of each flag state shown by a separate colour. Populations are ordered from 

the westernmost (top row) to the easternmost (bottom row) for each species.  

 


