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ABSTRACT
Fisheries management faces challenges due to political, spatial, and ecological
complexities, which are further exacerbated by variation or shifts in species
distributions. Effective management depends on the ability to integrate fisheries data
across political and geographic boundaries. However, such efforts may be hindered
by inconsistent data formats, limited data sharing, methodological differences in
sampling, and regional governance differences. To address these issues, we introduce
the surveyjoin R package, which combines and provides public access to bottom trawl
survey data collected in the Northeast Pacific Ocean by NOAA Fisheries and
Fisheries and Oceans Canada. This initial database integrates over 3.3 million
observations from 14 bottom trawl surveys spanning Alaska, British Columbia,
Washington, Oregon, and California from the 1980s to present. This database
standardizes variables such as catch-per-unit-effort (CPUE), haul data, and in-situ
measurements of bottom temperature. We demonstrate the utility of this database
through three case studies. Our first case study develops a coastwide biomass index
for Pacific hake (Merluccius productus) using geostatistical index standardization,
comparing results to independent acoustic survey estimates. The second case study
examines spatial patterns in groundfish community structure, highlighting
breakpoints between assemblages in their mixture of life histories and trophic
compositions. Our third example applies spatially varying coefficient models to
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assess sablefish (Anoplopoma fimbria) biomass trends, identifying regional variability
in increases in occurrence and biomass. Together, these case studies demonstrate
how the surveyjoin R package and database may improve species and ecosystem
assessments by providing insights into population trends across geopolitical
boundaries. This database and package represent an important step toward offering a
scalable framework that can be extended to include additional data types, surveys,
and species. By fostering collaboration, transparency, and data-driven decision
making, surveyjoin supports international efforts to sustainably manage shared
marine resources under dynamic environmental conditions.

Subjects Computational Biology, Ecology, Ecosystem Science, Marine Biology, Population Biology
Keywords Groundfish, Trawl surveys, Northeast Pacific Ocean, Fisheries management, Spatial
modeling, Species distribution models

INTRODUCTION
Political and spatial boundaries pose unique challenges in fisheries management such as
unintentional overfishing of stocks, uncertainties in the status of stocks, and related
international conflicts and disagreements (Song et al., 2017a). Globally this has major
financial implications for coastal countries—for those that participate in shared-stock
fisheries, those stocks represent nearly half of their total catch (Teh & Sumaila, 2015).
Spatially limited datasets (e.g., datasets that do not include a species’ entire range) limit our
ability to track range shifts as they may not include leading and trailing edges of their
distributions (Parker et al., 2024). Additionally, over the past decade, a growing body of
research has demonstrated that changing environmental conditions are driving range
shifts in species distributions into neighboring regions (Pinsky et al., 2013;Maureaud et al.,
2021; Fredston et al., 2021). While distribution shifts may pose challenges for management,
enhanced international cooperation in both scientific and management arenas may
increase the likelihood of desired management outcomes in these scenarios (Gaines et al.,
2018; Palacios-Abrantes et al., 2020).

Effective management of transboundary marine species relies on the ability of scientists
and managers to conduct and implement population assessments across borders.
However, several challenges remain, including (1) data collection protocols and
standardization that differ across research institutions, leading to variability in data
quality, spatial coverage, and types of observations collected, (2) limitations in data sharing
rules and open science practices, (3) variation in governance priorities and management
objectives, regulations, and enforcement (Song et al., 2017b), (4) environmental variability
across regions, including spatially varying impacts of changing environments, habitat
alteration, and human impacts of fisheries (Halpern et al., 2019; Kwiatkowski et al., 2020),
(5) variation in socioeconomic challenges across regions (e.g., economic pressures and
incentives affecting coastal fishing communities and stakeholders), and (6) legal
frameworks, including how fisheries management intersects with existing international
agreements (Koubrak & VanderZwaag, 2020).
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Focusing on the first challenge, recent meta-analyses using fisheries-independent survey
data from around the world have highlighted the potential of standardized and accessible
data (Fredston et al., 2021; Maureaud et al., 2024). Fisheries-independent data often serve
as the most important data source for assessing population status through fish stock
assessments. Integrating data across borders potentially allows researchers to better
understand species-specific effects caused by environmental change on population status,
dynamics, and distribution (O’Leary et al., 2022; Parker et al., 2024). Moreover, open and
accessible data offer additional benefits, including increased trust and transparency (Allen
& Mehler, 2019), new opportunities for research and collaboration (Cooke & Arlinghaus,
2024), and improved stakeholder engagement (including industry, academic partners, or
non-government agencies), which collectively contribute to more efficient and informed
decision making.

Though many of the previous global meta-analyses include data from
government-funded fisheries surveys (Maureaud et al., 2024), numerous challenges
remain. While valuable for global meta-analyses, due to the global focus, such datasets
cannot stay as up to date or include the diversity of datatypes and surveys as required by
regional assessment scientists. Assessment scientists thus end up working with multiple
regional databases. As an example, survey data collected in the U.S. by the National
Oceanic and Atmospheric Administration (NOAA) can be accessed via regional databases
specific to each survey, but these regional differences result in data being provided in
different formats, and data provided in different units. Currently, there is no centralized
database for fish survey data within the U.S. or Canada, and this same pattern is mirrored
in many other countries around the world.

With this in mind, we introduce a new publicly available database (accessible via an R
package surveyjoin, https://github.com/DFO-NOAA-Pacific/surveyjoin; Ward et al.,
2025a) that links trawl survey data collected in the Northeast Pacific Ocean, collected in
Canadian waters (by Fisheries and Oceans Canada) and U.S. waters by NOAA. A previous
description of this work can be described in our preprint (Ward et al., 2025b). For the first
time, we make an effort to standardize all trawl survey data across regions and surveys. We
discuss decisions for constructing the database, describe core functionality, provide three
case studies to highlight the types of univariate and multivariate analyses that this new
database is useful for, and discuss future directions. The resulting combined dataset will
enable fishery managers, scientists, and partners to utilize fisheries resources more
effectively and efficiently across international or intragovernmental borders and answer
macro-scale biogeography and ecological questions.

METHODS AND RESULTS
Data sources
Scientists and government agencies contributing to the management of sustainable
fisheries collect a wide variety of data types from a wide variety of data sources, many of
which could be combined across boundaries. Because trawl surveys are one of the more
common types of fisheries data collected around the world, we initially limited our focus to
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creating a database of trawl survey data. Bottom trawls use nets towed on or near the ocean
bottom at predefined locations and depths, and are designed to sample benthic fish and
invertebrates. In many regions around the world, such surveys are used by governments
and industry to monitor the sustainability of fisheries. Total catches for a particular species
of interest can be converted into catch-per-unit-effort (CPUE, in kg per ha), and after
accounting for sources of variability (e.g., habitat, environmental, random spatial
variation), data can be used to generate relative estimates of total biomass in the survey
domain. Time series of relative biomass density estimates can then be used as inputs into
integrated population models (i.e., fisheries stock assessments).

While bottom trawl surveys have been designed to monitor temporal changes in
groundfish biomass, trawl survey gear is not very selective. As a result, species encountered
in these surveys include both commercial groundfish species of interest, as well as benthic
invertebrates and non-commercial species. Additionally, the bottom trawl surveys are also
used as platforms to collect other data critical for stock assessment and ecosystem based
fisheries management, including individual lengths, weights, diet, fecundity, and age
information. In situ oceanographic data (temperature, oxygen, salinity) may also be
collected to better inform relationships between species and the environments they inhabit.

In total, surveyjoin brings together catch-per-unit-effort, haul, and in-situ bottom
temperature data from 14 distinct bottom trawl surveys from across the west coast of
North America (Table 1; Fig. 1). This includes five surveys in Alaska ecosystems conducted
by NOAA Fisheries Alaska Fisheries Science Center since the mid-1980s (the eastern
Bering Sea shelf, northern Bering Sea shelf, the eastern Bering Sea slope, the Aleutian
Islands, and the Gulf of Alaska), four surveys in waters of British Columbia conducted by
Fisheries and Oceans Canada since the early-2000s (Hecate Strait and Queen Charlotte
Sound generally sampled in odd years, and west coasts of Haida Gwaii and Vancouver
Island sampled in even years), and five surveys on the U.S. West Coast conducted by the
NOAA Fisheries Northwest Fisheries Science Center. A full list of these surveys may be
accessed in surveyjoin with the function get_survey_names().

All data contained in this database and retrievable through the surveyjoin R package are
the final, validated survey data that are publicly accessible soon after surveys are
completed. Each survey listed in Table 1 collects station-level catch and CPUE, haul, and in
situ environmental data. Raw data from each organization are also available from different
sources; data collected by NOAA Fisheries’ Alaska Fisheries Science Center are available
through the Fisheries One Stop Shop (FOSS) platform (https://www.fisheries.noaa.gov/
foss/f?p=215:200), data collected by NOAA Fisheries’ Northwest Fisheries Science Center
are available online (https://www.webapps.nwfsc.noaa.gov/data/map), and data collected
by Fisheries and Oceans Canada is available online (https://open.canada.ca/data/en/
dataset/a278d1af-d567-4964-a109-ae1e84cbd24a/resource/9992b5d6-fa0d-4dd5-a207-
dd1c20ee3f6d).

While the gear and sampling protocols are largely consistent across these surveys, some
differences in gear design and sampling protocols exist, which may influence catchability
and selectivity (Table 1). As an example, the eastern and northern Bering Sea Shelf surveys
use a smaller footrope and slightly different net design compared to other surveys in
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Table 1 Summary of trawl survey datasets included in surveyjoin. The surveyjoin package brings together data from 14 distinct bottom trawl
surveys from across the west coast of North America.

Region/Organization Survey Years Key differences Most current citation

NOAA Fisheries, Alaska Fisheries
Science Center, Groundfish
Assessment Program: https://
www.fisheries.noaa.gov/alaska/
science-data/groundfish-
assessment-program-bottom-
trawl-surveys
Data source: https://www.
fisheries.noaa.gov/foss/f?p=215:
200

Aleutian Islands
bottom trawl
survey

Biennial in
May–July;
1991–Present

Stratified random survey design;
Poly Nor’Eastern, four-seam, hard
bottom, high-rise bottom

Von Szalay et al. (2023)

Gulf of Alaska
bottom trawl
survey

Biennial in
May–July;
1990–Present

Siple et al. (2024)

Eastern bering sea
crab/Groundfish
bottom trawl
survey

Annual in
May–July;
1982–Present

Stratified systematic sampling survey
design with fixed stations at center
of 20 × 20 nm grid; 83–112 eastern
otter trawl with wire footrope and
no roller gear

Zacher et al. (2023), Markowitz
et al. (2024)

Northern bering sea
crab/Groundfish
Survey-Eastern
bering sea shelf
survey extension

Intermittently
in May–July;
2010–Present

Zacher et al. (2023), Markowitz
et al. (2024)

Eastern bering sea
slope bottom trawl
survey

Intermittently
in May–July;
2002–2016

Modified index-stratified random of
successful stations survey design;
Poly Nor’eastern net with mud
sweep

Hoff (2016)

Fisheries and Oceans Canada,
Pacific Biological Station
Data source: Cornthwaite, (2020a,
2020b, 2020c, 2020d)

West coast of Haida
Gwaii

September;
2006, 2007,
and
2008–2022 in
even years

Random depth-stratified surveys
with 20 min tows; Atlantic Western
IIA box trawl net with a 16 inch
rockhopper footrope and 1,000 kg
Thyboron Type II doors using
chartered and government vessels

Sinclair et al. (2003), Nottingham
et al. (2017), Williams et al.
(2018a, 2018b), Wyeth et al.
(2018), Anderson, Keppel &
Edwards (2019)

Hecate strait May–June;
2005–2023 in
odd years

Queen Charlotte
sound

July–August;
2003, 2004
and
2005–2023 in
odd years

West coast of
Vancouver Island

May–June;
2004–2018 in
even years,
2021, 2022

NOAA Fisheries, Northwest
Fisheries Science Center
Data source: FRAM Data
Warehouse: https://www.
webapps.nwfsc.noaa.gov/data/
map

Triennial shelf 1980–2004 Transects selected perpendicular to
the coast, California to British
Columbia

Keller, Wallace & Methot (2017)

NWFSC slope 1998–2002 Fixed east–west track lines with
some randomly sampled stations,
U.S. west coast

NWFSC shelf 2001 Limited depth range (55–183 m),
combined with the slope survey in
later years

NWFSC hypoxia 2007–2011 Extension of NWFSC Combo survey
to monitor dissolved oxygen

NWFSC combo 2003–present Random stratified sampling design
using chartered fishing vessels
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Alaska (Stauffer GD (compiler), 2004). However, ongoing research to calibrate catch data
between the Bering shelf and slope surveys aims to standardize catches for some common
species; this region faces increased challenges because it is experiencing borealization
(Litzow et al., 2024) and surveys are having to adapt to changing environmental conditions
and species distributions (Vilas et al., 2024). In the absence of such calibrations or survey
redesign, catchability may also be estimated statistically based on spatiotemporal
proximity (e.g., by including survey as a factor predictor).

Throughout the history of these surveys, there have been minimal changes in the
protocols regarding gear construction, configuration, towing speeds, and survey design
within an individual survey (Vilas et al., 2024). Without changing these concepts,
technological advances (such as the development of net mensuration equipment,
on-bottom sensors, and satellite-based global positioning systems) have enhanced the
accuracy of effort measurement. Moreover, changes in species identification and
categorization protocols, although not universally applied across all surveys, have also
influenced the data collection process (Stevenson & Hoff, 2009).

Package development
While each of the individual surveys in our dataset collects hundreds (or thousands) of
species, we only included a subset in our initial version of the surveyjoin package. Each of
the surveys (Table 1) can be assigned to one of four major geographical areas: Eastern
Bering Sea, Gulf of Alaska, British Columbia, and west coast of California/Oregon/
Washington states. Within each of the four regions, we first filtered and identified species
that occurred in more than 5% of tows. In the spirit of cross-border data standardization,
we then filtered that list to identify those occurring in two or more of our four geographic
areas, and finally queried all data from those species across all regions. These steps resulted

Figure 1 Spatial coverage of bottom trawl surveys included within the surveyjoin R package. Maps
are generated using data from the maps R package (Becker et al., 2025) and data from individual surveys
(Table 1). Full-size DOI: 10.7717/peerj.19964/fig-1

Ward et al. (2025), PeerJ, DOI 10.7717/peerj.19964 6/22

http://dx.doi.org/10.7717/peerj.19964/fig-1
http://dx.doi.org/10.7717/peerj.19964
https://peerj.com/


in nearly 3.3 million observations of 55 species. To help future efforts in using these data,
we include the common name, scientific name, and Integrated Taxonomic Information
System (ITIS; https://itis.gov/) identification for each species (Table 2); these may be
accessed in surveyjoin with the function get_species().

Trawl datasets were standardized across surveys by converting the raw data from each
survey into the same units (effort in hectares, catch count in numbers, and weight in
kilograms). In addition to catch and effort, we identified common variables across surveys
often used in analyses of these data including location (start and end longitude and latitude
in decimal degrees), date, and the in situ bottom temperature associated with each haul.
Finally, because many analyses using the surveyjoin database will be focused on the
estimation of population trends, we also include the design grids associated with each of
the surveys as data objects. Each of these objects are included in the package as a dataframe
(each grid consisting of >10,000 rows), with cell centroids and cell areas. Examples of using
these grids with model predictions are included in the case studies below. In developing the
surveyjoin R package, we are following best practices in code development on GitHub (e.g.,
versioning, releases, code review), and to facilitate interpretation across regions and
surveys, we link to survey-specific metadata. As our data originates from multiple agencies
and regions, we are also extending these practices to versioning individual datasets.
Tracking data source versions should facilitate transparency and reproducibility for end
users, and allow changes to be compared over time.

Case studies
To demonstrate the utility of the surveyjoin package, we developed three illustrative case
studies focused on different statistical models and questions. Each of these models can be
viewed as a different type of geostatistical model, where raw observations are associated

Table 2 Summary of variable names in data returned by the surveyjoin package. Subset of variables included in dataframes returned by the
surveyjoin package. This table includes the variable name and a brief description; more detailed metadata is included in the package documentation,
and with the surveyjoin function ‘get_metadata()’.

Variable Description

survey_name Name corresponding to surveys described in Table 1

event_id Unique haul identifier

date Date, in YYYY-MM-DD format

lat_start, lon_start, lat_end, lon_end Positions describing the start and ending location of each haul, recorded in decimal degrees

depth_m Net depth in meters

effort Effort in hectares (1 km2 = 100 ha)

bottom_temp_c In situ bottom temperature, degrees Celsius

region Organization responsible for collecting data (Table 1)

itis Integrated Taxonomic Information System (ITIS) identifier

catch_numbers Number of individual fish caught

catch_weight Total biomass of fish caught (kg)

scientific_name Scientific name (genus and species)

common_name Common scientific name, standardized across surveys
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with a unique haul identifier and latitude and longitude coordinates. Data and code to
replicate our analysis and figures is on our GitHub repository (https://github.com/DFO-
NOAA-Pacific/surveyjoin-paper).

Case study 1
For a first case study, a geospatial index standardization (Thorson et al., 2015) was applied
across international borders to develop a coastwide index of Pacific hake (Merluccius
productus, also known as Pacific whiting). Pacific hake are a fast growing, semi-pelagic
species found in the northeast Pacific Ocean off the coasts of Canada and the U.S. (ranging
from Alaska to California) and, by volume, represent one of the largest fisheries on the west
coast of North America. Pacific hake are managed under the bilateral Pacific Whiting
Agreement and an estimate of their population status is updated annually by a team of
scientists from NOAA Fisheries and Fisheries and Oceans Canada. The assessment model
implemented for Pacific hake can be described as a Bayesian age-structured population
model based on the Stock Synthesis modeling framework (Methot & Wetzel, 2013), with
data inputs including absolute indices of abundance from an acoustic survey (Grandin
et al., 2024). Similar indices of hake abundance have not yet been developed from trawl
surveys, as Pacific hake are semi-pelagic and may not be well sampled by bottom trawl gear
(most fish sampled by trawl gear are mature, through the survey does occasionally catch
immature individuals). However, information from bottom trawl gear may help provide a
clearer picture of population size for the semi-pelagic species, as each survey samples
different vertical portions of the water column (Monnahan et al., 2021). Our objectives in
this analysis are to (1) construct an index using trawl data from the surveyjoin package and
compare it to the acoustic survey, and (2) demonstrate how indices may be used to evaluate
distributional shifts.

The surveyjoin package was used to query all haul and catch data from British Columbia
and the West Coast of the U.S. from 2003 to 2023. Data from surveys in the Gulf of Alaska
were not included because observations of Pacific hake are sparse. Since 2003, there have
been an average of 673 hauls per year in the Gulf of Alaska, with an average of 23.5
occurrences of hake per year (ranging from 1 to 69). Bottom trawl surveys along the West
Coast of the U.S. have been completed annually, except in 2020 due to the COVID-19
pandemic (Keller, Wallace & Methot, 2017). Surveys in British Columbia are stratified into
four regions, with two regions usually sampled in odd years (Hecate Strait and Queen
Charlotte Sound) and two in even years (West Coast Vancouver Island and West Coast
Haida Gwaii) as discussed above (also see Sinclair et al., 2003; Anderson, Keppel &
Edwards, 2019). For this analysis, we used a spatiotemporal Generalized Linear Mixed
Model (GLMM) using the sdmTMB R package (Anderson et al., 2025; R Core Team, 2024).
The sdmTMB package combines the Stochastic Partial Differential Equation (SPDE;
Lindgren, Rue & Lindström, 2011; Lindgren & Rue, 2015) approach with fast maximum
likelihood estimation using Template Model Builder (Kristensen et al., 2016). Given the
zero-inflated and highly skewed catch data relative to most distribution families, CPUE
was modeled with a delta-Gamma model (Pennington, 1983). Presence-absence was
modeled using a Bernoulli distribution and positive catch rate as a Gamma distribution.
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For both the presence-absence and positive model components, the general form of the
spatiotemporal GLMM be expressed as

ut ¼ f �1 Xbþ xþ etð Þ
where ut represents the predicted occurrence or density in link space at all locations s in
time t, f �1ðÞ is the inverse link function (e.g., logit or log), X represents a matrix of
fixed-effects coefficients (year effects) with estimated coefficients b. We separate the spatial
variation x � MVN 0;�xð Þ from the year-to-year spatiotemporal variation et , where the
spatial component represents a spatial intercept (treated as a Gaussian Markov random
field) and the spatiotemporal component represents spatially correlated temporal
deviations fromx. Because of the even-odd year sampling and checkerboard pattern in the
Canadian survey data, the spatiotemporal fields were modeled as an AR(1) process. Year
effects were included as predictors (factors) in both model components, and did not
include other predictors. However, exploratory versions of the model that included survey
catchability effects resulted in models not converging. Future work could consider
gear-level catchability effects (e.g., Davidson et al., 2025) or priors on catchability effects
(e.g., Monnahan et al., 2021). Convergence was assessed by assuring that the Hessian
matrix was positive definite and all absolute log likelihood gradients were <0.001. Residuals
were checked via the DHARMa package (Hartig, 2024).

After fitting a spatiotemporal model, the second step in geostatistical index
standardization is making predictions to a gridded surface and computing a weighted sum
of predicted biomass across grid cells by year (Thorson et al., 2015). Because our model
fitting process was restricted to surveys from British Columbia and the West Coast of the
U.S., we used the combined survey grids from these regions for the prediction grid. The
“epsilon” bias correction in sdmTMB was implemented, which accounts for non-linear
transformations when dealing with random effects (Thorson & Kristensen, 2016).
Estimated hake biomass time series indicates that the population declined over the
2003–2015 period, and has since increased slightly (Fig. 2). In contrast, the acoustic survey
over the same period is variable and without any clear trends. The same prediction grid
used to generate coastwide biomass indices may be further subdivided to quantify regional
trends. As an example, we generated three regional indices, representing biomass in
Canadian waters and biomass north and south of 42� latitude (this breakpoint corresponds
to the northern border of California, but also represents a biogeographic break in the
California Current; Sivasundar & Palumbi, 2010). Comparing recent trends in these
indices suggests that over the last 5 years, biomass in Canada has remained relatively
unchanged while biomass in the U.S. has increased slightly (Fig. 2).

Case study 2
In our second case study, we used data from the surveyjoin package to characterize
variation in groundfish community structure among species with overlapping
ranges. The diversity and composition of groundfish communities are known to be
structured by oceanography (e.g., currents), bathymetry (e.g., shelf width), environmental
conditions (e.g., temperature), habitat types (e.g., substrate), and fishing pressure
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(Howard et al., 2021). Understanding how groundfish communities vary spatially can add
to our understanding of these dynamics, as well as the resulting influences on food web
dynamics and connectivity of stocks among management regions (e.g., across national
borders). The ability to describe groundfish communities across this broad spatial range
also facilitates the creation of indicators to rapidly detect community shifts in the future,
providing an early warning tool for fishery managers and members of the fishing industry

Figure 2 Estimated biomass trends for Pacific hake on the west coast of the U.S. and Canada.
Estimated relative biomass (with 95% confidence intervals as ribbons) trends for Pacific hake (Merluc-
cius productus) using trawl survey data from the west coast of the U.S. (California, Oregon, Washington)
and Canada (British Columbia). The top panel illustrates trends for British Columbia, and north and
south of 42� latitude (S of 42� corresponds to California, N of 42� corresponds to Oregon and
Washington state). The bottom panel shows a comparison between the aggregate coastwide index from
the trawl survey vs the acoustic biomass estimate used for the international stock assessment (both series
are scaled by their respective mean value in 2003 to place them on similar scales; confidence intervals are
only available for the trawl survey index). Full-size DOI: 10.7717/peerj.19964/fig-2
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to adapt to environmental change (Thorson, Pinsky & Ward, 2016; Fredston et al., 2021;
Thompson et al., 2023).

The surveyjoin package was first used to query survey data from 2003 to 2023 for a
subset of groundfish with similar ranges across the northeast Pacific that are well-sampled
by the bottom trawl surveys. Species included arrowtooth flounder (Atheresthes stomias),
Pacific halibut (Hippoglossus stenolepis), flathead sole (Hippoglossoides elassodon), Pacific
cod (Gadus macrocephalus), rex sole (Glyptocephalus zachirus), Pacific ocean perch
(Sebastes alutus), sablefish (Anoplopoma fimbria), Dover sole (Microstomus pacificus),
English sole (Parophrys vetulus), and lingcod (Ophiodon elongatus).

To understand the variation in groundfish community structure, we constructed a joint
(multispecies) species distribution model that included an intercept and an independent
spatial random field for each species (with shared range or decorrelation parameter,
controlling the distance at which two points are functionally independent). We used an
isotropic Matérn correlation function defined by spatial coordinates in latitude-longitude,
using a 0.5 degree cutoff to define the SPDE mesh. A Tweedie distribution (log link) was
used to represent observation error for each species. Model fitting was done using the
tinyVAST package (Thorson et al., 2025). After evaluating convergence and diagnostics, as
in Case Study 1, we used the fitted model to predict population density for each species
across the survey domain.

Using these predictions of population density, we performed a cluster analysis to
summarize variation in species’ biomass across the domain and illustrate how community
structure varies over space. Ward’s dissimilarity for log-density between each pair of
locations (fastcluster R package; Müllner, 2013) was calculated, and then hierarchical
clustering was used to identify clusters. Using a value of K = 3 clusters, we then calculated
the average log-density for each species.

Cluster analyses identified breakpoints between the three groundfish community
components across the domain: (1) near Cape Mendocino, California, in the south and
(2) the intersection of the Alaska peninsula and the Aleutian Islands in the north (Fig. 3).
The southern community cluster was characterized by relatively higher biomass estimates
of Dover sole, sablefish, rex sole, English sole, and lingcod. The central community ranging
from Washington state north through British Columbia and the Gulf of Alaska is
characterized by relatively higher biomass estimates of arrowtooth flounder, Pacific
halibut, sablefish, and Pacific cod. The third community, located in the Aleutian Islands,
had relatively equal representation across species, with slightly lower abundances of the
southern species (e.g., English sole, lingcod). Flatfish species clustered together by similar
life-history traits, including small-mouthed flatfishes (English sole, rex sole, and Dover
sole) and larger piscivorous flatfish (arrowtooth flounder and Pacific halibut). Some of the
patterns among species can be explained by ontogenetic habitat shifts, such as sablefish
moving to the edge of the continental shelf down the continental slope as they mature, thus
becoming less available to the regional surveys that are restricted to the shelf (e.g., in the
Aleutian Islands and western Gulf of Alaska).
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Case study 3
For our third case study, we demonstrated how trawl survey datasets can be input into a
coastwide model to quantify changes in time and space at fine spatial scales. This case
study focused on sablefish, which is one of the most commercially important species in the
northeast Pacific and for which there has been recent interest in integrating science and
management coastwide (Kapur et al., 2024). Models with spatial covariates or trends are
becoming increasingly used in fisheries and ecology, and are also referred to as spatially

Figure 3 Multispecies trends in the U.S. and Canada estimated from trawl survey data. Results from
multispecies analyses of joint bottom trawl survey biomass for arrowtooth flounder (Arrowtooth fl.),
Pacific halibut (P. halibut), flathead sole, Pacific cod (P. cod), rex sole, Pacific ocean perch (P. ocean
perch), sablefish, Dover sole, English sole, and lingcod, in the shelf waters of Alaska, British Columbian,
and the west coast of the U.S. (California, Oregon, Washington). The top panel illustrates the spatial
distribution of each cluster; the bottom plot identifies species’ representation within each cluster by
average log-density. Maps are generated using data from the maps R package (Becker et al., 2025) and
data from individual surveys (Table 1). Full-size DOI: 10.7717/peerj.19964/fig-3
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varying coefficient (SVC) models (Hastie & Tibshirani, 1993; Barnett, Ward & Anderson,
2021; Thorson et al., 2023). Models with SVCs can be thought of as an extension of simple
linear regression, where the estimated field x represents an estimated spatial intercept and
the field & represents a spatially varying slope; for this case study, we are interested in long
term temporal trends. We can extend the notation in Case Study 1 to represent this
model as

ut ¼ f �1 Xbþ xþ XSVC&
� �

We use XSVC as a design matrix for variables associated with the spatially varying
coefficient (here XSVC just includes a continuous vector corresponding to years). When the
covariate of interest is time, values of the intercept field x that are below average
correspond to fine scale locations with consistently below average biomass density, and
similarly, values of the slope field & that are below average can be used to identify fine scale
locations where average annual trends in biomass density are declining. Such approaches
may be particularly useful in situations where population trends are patchy or exhibit
spatial gradients within a large domain (Davidson et al., 2025).

To construct the coastwide model of sablefish, we combined trawl survey data
(2003–2023) from three regions in the surveyjoin package: the West Coast of the U.S.,
British Columbia, and the Gulf of Alaska. We used a cutoff distance of 25 km to construct
the SPDE mesh (n = 944 vertices). Total CPUE was modeled using a Poisson-link delta-
lognormal family (Thorson, 2018). We followed the same approaches in previous case
studies to evaluate model convergence and diagnostics.

We then used the fitted model to predict on to the grids associated with each survey.
Since a Poisson-link function was used, the main and spatial effects from each linear
predictor were on the same scale (log) and could be summed into a single intercept field.
The main and spatially varying coefficient effects of year were similarly summed into a
single slope field. Estimates from the coastwide model of sablefish demonstrate that the
West Coast of the U.S. and offshore regions in the Gulf of Alaska appear to consistently
have above average biomass density for sablefish, while waters in British Columbia appear
slightly below average (Fig. 4). With the exception of southern California, estimates of
biomass were trending positively for nearly all of the coastline (strongest positive trends
occurred in British Columbia and the Gulf of Alaska; Fig. 4).

DISCUSSION
Managing fisheries across political borders presents challenges that stem from governance,
ecological, and logistical complexities. Many fish stocks move across exclusive economic
zones (EEZs), requiring coordinated scientific assessments and management strategies.
Even within single countries, species shifts necessitate cooperation among stakeholders
across management units (Dubik et al., 2019). Combining data across jurisdictions can
help address these challenges; however, differences in data collection methods, priorities,
and governance structures create barriers to effective collaboration. The surveyjoin R
package represents an initial step toward addressing these challenges by providing a
standardized, publicly available database that integrates bottom trawl survey data from
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NOAA Fisheries and Fisheries and Oceans Canada. This effort establishes a valuable tool
for researchers and managers working across jurisdictions. While similar data
standardization efforts exist for ICES-managed fish populations in the North Atlantic, our
effort represents one of the first efforts of its kind in the Northeast Pacific.

As some commercially important species are shifting their distribution in response to
environmental variation (Dubik et al., 2019), the need for data integration across
boundaries has become increasingly important. Traditional fisheries management
frameworks, which often rely only on jurisdiction-specific data, may not fully capture

Figure 4 Estimated intercept and trend for sablefish in the U.S. and Canada. Estimated intercept (top
row) and spatially varying trend (bottom) for sablefish, using trawl survey data 2003–2023. Locations on
the intercept spatial field with above average biomass density are indicated with blue, and regions where
biomass density is increasing faster than average are highlighted with blue trends. Maps are generated
using data from the maps R package (Becker et al., 2025) and data from individual surveys (Table 1).

Full-size DOI: 10.7717/peerj.19964/fig-4
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large-scale spatial shifts and may confound changes in productivity and movement
without this broader context. The ability to synthesize survey data across the full
geographic range of a species allows for improved detection of distributional changes and
more responsive management. As illustrated by our first case study on Pacific hake, indices
generated from the trawl survey provide evidence of different trends in Canadian and U.S.
waters over the last 5 years, with an uptick in hake biomass in the southern portion of its
range. These relative trends indicate that the center of gravity of hake distribution has
shifted south in recent years, though the mechanism responsible for this change is
unknown. Anecdotally, this shift is also consistent with the most recent hake population
assessment, showing fisheries catches in Canada over the last 2 years have been below
expectations (Johnson et al., 2025). The exact mechanisms responsible for discrepancies
between the acoustic and trawl indices are also unknown, but may be related to gear
selectivity, or differences in the seasonal timing of these surveys.

Joining data across political boundaries also offers statistical advantages. A key
challenge in geostatistical modeling is the treatment of edge effects and boundaries
(Dahlhaus & Künsch, 1987). Edge effects arise because most geostatistical models,
including the kinds of models used in our case studies, often assume smooth and stationary
spatial processes across a study area (Cressie, 1993; Lindgren, Rue & Lindström, 2011).
Estimates near borders may be affected by biases and associated with greater uncertainty
(Heaton et al., 2019). Implementing boundaries around SPDE meshes represents one
approach to alleviating these issues, however another solution is to add additional data,
increasing the overall spatial domain. In practical terms, this means that adding data from
British Columbia may reduce potential edge effects when predicting to the northern parts
of Washington state, or southern portion of the Gulf of Alaska.

By consolidating trawl survey data from NOAA Fisheries and Fisheries and Oceans
Canada into a single publicly available R package, surveyjoin provides a model for how
open science and data initiatives can be expanded to enhance collaboration between
agencies and researchers. Beyond its applications for single-species fisheries stock
assessments, surveyjoin also provides a foundation for broader ecosystem-based
management. As bottom trawl surveys collect data on a range of species, these
standardized datasets may be used to assess spatial and temporal trends in community
structure and biodiversity. Additionally, these data may also be used by industry
stakeholders or government partners, including tribal organizations, K-12 classrooms,
academic institutions, and non-profit groups.

This dataset could be enhanced in the future in several ways to increase the impact on
fisheries science and management. First, the number of species could be increased from the
55 currently included to all species encountered (>1,000). Second, the data backend could
be modified to be a remotely hosted database (rather than a database within an R package)
for better scalability. Third, the database could be expanded to incorporate additional
biological data associated with individual fish, such as age, size, and reproductive traits,
which would allow for coastwide analyses of life-history variation and recruitment
patterns. Fourth, this database could be expanded to include a broader suite of
environmental and habitat variables (particularly for application to dynamic essential fish
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habitat analyses). Finally, integrating other survey types, including longline, near-shore,
and acoustic surveys, would provide complementary data sources for assessing fish stock
distributions across habitat types.

CONCLUSIONS
The success of fisheries management across borders depends on the ability of scientists,
managers, and policymakers to access and interpret data that reflect the full spatial range of
fish populations. By bridging gaps between separate monitoring programs and enabling
cross-border analyses, surveyjoin represents an important step toward more effective,
data-driven fisheries management. Our database represents a template that could be easily
extended to other regions in North America, or elsewhere around the world. Moving
forward, continued collaboration between agencies and international partners will be
essential for refining and expanding this resource. Investments in data standardization,
open science practices, and interdisciplinary research partnerships will help ensure that
fisheries science remains responsive to emerging challenges.

ACKNOWLEDGEMENTS
The authors thank Lauren Rogers for helpful comments that improved the quality and
clarity of our manuscript, to Derek Bolser and Melissa Karp for feedback, and to the joint
Fisheries and Oceans Canada–National Oceanic Atmospheric Administration Pacific
working group for inspiring this project. We also thank the survey teams and data support
staff at Fisheries and Oceans Canada and NOAA Fisheries for collecting and maintaining
these long running datasets.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The authors received no funding for this work.

Competing Interests
Eric J. Ward is an Academic Editor for PeerJ.

Author Contributions
. Eric J. Ward conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

. Philina A. English conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

. Christopher N. Rooper conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

Ward et al. (2025), PeerJ, DOI 10.7717/peerj.19964 16/22

http://dx.doi.org/10.7717/peerj.19964
https://peerj.com/


. Bridget E. Ferriss conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

. Curt E. Whitmire conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

. Chantel R. Wetzel conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

. Lewis A. K. Barnett conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

. Sean C. Anderson conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

. James T. Thorson conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

. Kelli F. Johnson conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

. Julia Indivero conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

. Emily H. Markowitz conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:

The data and package are available at GitHub and Zenodo:
- https://github.com/DFO-NOAA-Pacific/surveyjoin-paper.
- Ward, E., Barnett, L., Anderson, S., Johnson, K., Markowitz, E., Ferriss, B., Rooper, C.,

English, P., Thorson, J., Wetzel, C., Whitmire, C., Fellows, J., & Indivero, J. (2025). DFO-
NOAA-Pacific/surveyjoin: v0.0.4 (v0.0.3). Zenodo. https://doi.org/10.5281/zenodo.
14984411.

REFERENCES
Allen C, Mehler DMA. 2019.Open science challenges, benefits and tips in early career and beyond.

PLOS Biology 17(5):e3000246 DOI 10.1371/journal.pbio.3000246.

Anderson SC, Keppel EA, Edwards AM. 2019. A reproducible data synopsis for over 100 species
of British Columbia groundfsh. DFO Canadian Science Advisory Secretariat Research

Ward et al. (2025), PeerJ, DOI 10.7717/peerj.19964 17/22

https://github.com/DFO-NOAA-Pacific/surveyjoin-paper
https://doi.org/10.5281/zenodo.14984411
https://doi.org/10.5281/zenodo.14984411
http://dx.doi.org/10.1371/journal.pbio.3000246
http://dx.doi.org/10.7717/peerj.19964
https://peerj.com/


Document 2019/041. Available at http://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-
DocRech/2019/2019_041-eng.html.

Anderson SC, Ward EJ, English PA, Barnett LAK, Thorson JTT. 2025. sdmTMB: an R
packagefor fast, flexible, and user-friendly generalized linear mixed effects models with spatial
and spatiotemporal random fields. BiorXiv DOI 10.1101/2022.03.24.485545.

Barnett LAK,Ward EJ, Anderson SC. 2021. Improving estimates of species distribution change by
incorporating local trends. Ecography 44(3):427–439 DOI 10.1111/ecog.05176.

Becker RA, Wilks AR, Brownrigg R, Minka TP, Deckmyn A. 2025. Maps: draw geographical
maps. R package version 3.4.3. Available at https://CRAN.R-project.org/package=maps.

Cooke SJ, Arlinghaus R. 2024. Learning, thinking, sharing, and working across boundaries in
fisheries science. ICES Journal of Marine Science 81(4):665–675 DOI 10.1093/icesjms/fsae026.

Cornthwaite M. 2020a. DFO pacific groundfish synoptic trawl surveys-hecate strait.: 13720
records. Etobicoke: OBIS Canada DOI 10.25607/MZBJDR.

Cornthwaite M. 2020b. DFO pacific groundfish synoptic trawl surveys-Queen Charlotte Sound.:
22163 records. Etobicoke: OBIS Canada DOI 10.25607/UFLF4C.

Cornthwaite M. 2020c. DFO pacific groundfish synoptic trawl surveys-West Coast Haida Gwaii.:
8968 records. Etobicoke: OBIS Canada DOI 10.25607/IWVFTG.

Cornthwaite M. 2020d. DFO pacific groundfish synoptic trawl surveys-West Coast Vancouver
Island.: 15533 records. Etobicoke: OBIS Canada DOI 10.25607/JF5779.

Cressie NAC. 1993. Statistics for spatial data. Hoboken, New Jersey: Wiley.

Dahlhaus R, Künsch H. 1987. Edge effects and efficient parameter estimation for stationary
random fields. Biometrika 74(4):877–882 DOI 10.1093/biomet/74.4.877.

Davidson LNK, English PA, King JR, Grant P, Taylor IG, Barnett L, Gertseva V, Tribuzio CA,
Anderson SC. 2025. Rapid widespread declines of an abundant coastal shark. EcoEvoRxiv
DOI 10.32942/X2V64Z.

Dubik BA, Clark EC, Young T, Zigler SBJ, Provost MM, Pinsky ML, St. Martin K. 2019.
Governing fisheries in the face of change: social responses to long-term geographic shifts in a
U.S. fishery. Marine Policy 99:243–251 DOI 10.1016/j.marpol.2018.10.032.

Fredston A, Pinsky M, Selden RL, Szuwalski C, Thorson JT, Gaines SD, Halpern BS. 2021.
Range edges of North American marine species are tracking temperature over decades. Global
Change Biology 27(13):3145–3156 DOI 10.1111/gcb.15614.

Gaines SD, Costello C, Owashi B, Mangin T, Bone J, García Molinos J, Burden M, Dennis H,
Halpern BS, Kappel CV, Kleisner KM, Ovando D. 2018. Improved fisheries management
could offset many negative effects of climate change. Science Advances 4:eaao1378
DOI 10.1126/sciadv.aao1378.

Grandin CJ, Johnson KF, Edwards AM, Berger AM. 2024. Status of the Pacific Hake (whiting)
stock in U.S. and Canadian waters in 2024. Prepared by the Joint Technical Committee of the U.
S. and Canada Pacific Hake/Whiting Agreement, National Marine Fisheries Service and
Fisheries and Oceans Canada. Available at https://media.fisheries.noaa.gov/2024-02/hake-
assessment-2024.pdf.

Halpern BS, Frazier M, Afflerbach J, Lowndes JS, Micheli F, O’Hara C, Scarborough C,
Selkoe KA. 2019. Recent pace of change in human impact on the world’s ocean. Scientific
Reports 9(1):11609 DOI 10.1038/s41598-019-47201-9.

Hartig F. 2024. DHARMa: residual diagnostics for hierarchical (Multi-Level/Mixed) regression
models. Available at https://CRAN.R-project.org/package=DHARMa.

Ward et al. (2025), PeerJ, DOI 10.7717/peerj.19964 18/22

http://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2019/2019_041-eng.html
http://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2019/2019_041-eng.html
http://dx.doi.org/10.1101/2022.03.24.485545
http://dx.doi.org/10.1111/ecog.05176
https://CRAN.R-project.org/package=maps
http://dx.doi.org/10.1093/icesjms/fsae026
http://dx.doi.org/10.25607/MZBJDR
http://dx.doi.org/10.25607/UFLF4C
http://dx.doi.org/10.25607/IWVFTG
http://dx.doi.org/10.25607/JF5779
http://dx.doi.org/10.1093/biomet/74.4.877
http://dx.doi.org/10.32942/X2V64Z
http://dx.doi.org/10.1016/j.marpol.2018.10.032
http://dx.doi.org/10.1111/gcb.15614
http://dx.doi.org/10.1126/sciadv.aao1378
https://media.fisheries.noaa.gov/2024-02/hake-assessment-2024.pdf
https://media.fisheries.noaa.gov/2024-02/hake-assessment-2024.pdf
http://dx.doi.org/10.1038/s41598-019-47201-9
https://CRAN.R-project.org/package=DHARMa
http://dx.doi.org/10.7717/peerj.19964
https://peerj.com/


Hastie T, Tibshirani R. 1993. Varying-coefficient models. The Journal of the Royal Statistical
Society, Series B (Methodology) 55:757–779 DOI 10.1111/j.2517-6161.1993.tb01939.x.

Heaton MJ, Datta A, Finley AO, Furrer R, Guinness J, Guhaniyogi R, Gerber F, Gramacy RB,
Hammerling D, Katzfuss M, Lindgren F, Nychka DW, Sun F, Zammit-Mangion A. 2019. A
case study competition among methods for analyzing large spatial data. Journal of Agricultural,
Biological and Environmental Statistics 24(3):398–425 DOI 10.1007/s13253-018-00348-w.

Hoff GR. 2016. Results of the 2016 eastern Bering Sea upper continental slope survey of groundfishes
and invertebrate resources. U.S. Department of Commerce, NOAA Technical Memorandum
NMFS-AFSC-339. Washington, D.C.: NOAA DOI 10.7289/V5/TM-AFSC-339.

Howard RA, Cianelli L, WakefieldWW, Fewings MR. 2021. The effects of climate, oceanography,
and habitat on the distribution and abundance of northern California Current continental shelf
groundfishes. Fisheries Oceanography 30:707–725 DOI 10.1111/fog.12553.

Johnson KF, Edwards AM, Berger AM, Grandin CJ, Wetzel CR. 2025. Status of the Pacific Hake
(whiting) stock in U.S. and Canadian waters in 2025. Prepared by the Joint Technical Committee
of the U.S. and Canada Pacific Hake/Whiting Agreement, National Marine Fisheries Service and
Fisheries and Oceans Canada, 286.

Kapur MS, Haltuch MA, Connors B, Berger A, Holt K, Marshall K, Punt AE. 2024. Range-wide
contrast in management outcomes for transboundary Northeast Pacific sablefish. Canadian
Journal of Fisheries and Aquatic Sciences 81(7):810–827 DOI 10.1139/cjfas-2024-0008.

Keller AA, Wallace JR, Methot RD. 2017. The Northwest fisheries science center’s West Coast
Groundfish Bottom Trawl survey: history, design, and description. U. S. Department of
Commerce, NOAA Technical Memorandum NMFS-NWFSC-136. Washington, D.C.: NOAA,
U. S. Department of Commerce DOI 10.7289/V5/TM-NWFSC-136.

Koubrak O, VanderZwaag DL. 2020. Are transboundary fisheries management arrangements in
the Northwest Atlantic and North Pacific seaworthy in a changing ocean? Ecology and Society
25(4):art42 DOI 10.5751/ES-11835-250442.

Kristensen K, Nielsen A, Berg CW, Skaug H, Bell BM. 2016. TMB: automatic differentiation and
laplace approximation. Journal of Statistical Software 70(5):1–21 DOI 10.18637/jss.v070.i05.

Kwiatkowski L, Torres O, Bopp L, Aumont O, Chamberlain M, Christian JR, Dunne JP,
Gehlen M, Ilyina T, John JG, Lenton A, Li H, Lovenduski NS, Orr JC, Palmieri J, Santana-
Falcón Y, Schwinger J, Séférian R, Stock CA, Tagliabue A, Takano Y, Tjiputra J, Toyama K,
Tsujino H, Watanabe M, Yamamoto A, Yool A, Ziehn T. 2020. Twenty-first century ocean
warming, acidification, deoxygenation, and upper-ocean nutrient and primary production
decline from CMIP6 model projections. Biogeosciences 17(13):3439–3470
DOI 10.5194/bg-17-3439-2020.

Lindgren F, Rue H. 2015. Bayesian spatial modelling with R-INLA. Journal of Statistical Software
63(19):1–25 DOI 10.18637/jss.v063.i19.

Lindgren F, Rue H, Lindström J. 2011. An explicit link between gaussian fields and gaussian
markov random fields: the stochastic partial differential equation approach. Journal of the Royal
Statistical Society Series B: Statistical Methodology 73(4):423–498
DOI 10.1111/j.1467-9868.2011.00777.x.

Litzow MA, Fedewa EJ, Malick MJ, Connors BM, Eisner L, Kimmel DG, Kristiansen T,
Nielsen JM, Ryznar ER. 2024. Human-induced borealization leads to the collapse of Bering Sea
snow crab. Nature Climate Change 14:932–935 DOI 10.1038/s41558-024-02093-0.

Markowitz EH, Dawson EJ, Wassermann S, Anderson AB, Rohan SK, Charriere BK,
Stevenson DE. 2024. Results of the 2023 Eastern and Northern Bering Sea continental shelf
bottom trawl survey of groundfish and invertebrate fauna. U. S. Department of Commerce,

Ward et al. (2025), PeerJ, DOI 10.7717/peerj.19964 19/22

http://dx.doi.org/10.1111/j.2517-6161.1993.tb01939.x
http://dx.doi.org/10.1007/s13253-018-00348-w
http://dx.doi.org/10.7289/V5/TM-AFSC-339
http://dx.doi.org/10.1111/fog.12553
http://dx.doi.org/10.1139/cjfas-2024-0008
http://dx.doi.org/10.7289/V5/TM-NWFSC-136
http://dx.doi.org/10.5751/ES-11835-250442
http://dx.doi.org/10.18637/jss.v070.i05
http://dx.doi.org/10.5194/bg-17-3439-2020
http://dx.doi.org/10.18637/jss.v063.i19
http://dx.doi.org/10.1111/j.1467-9868.2011.00777.x
http://dx.doi.org/10.1038/s41558-024-02093-0
http://dx.doi.org/10.7717/peerj.19964
https://peerj.com/


NOAA Technical Memorandum NMFS-AFSC-487. Washington, D.C.: NOAA, U. S.
Department of Commerce.

Maureaud A, Frelat R, Pécuchet L, Shackell N, Mérigot B, Pinsky ML, Amador K, Anderson SC,
Arkhipkin A, Auber A, Barri I, Bell RJ, Belmaker J, Beukhof E, Camara ML, Guevara‐
Carrasco R, Choi J, Christensen HT, Conner J, Cubillos LA, Diadhiou HD, Edelist D,
Emblemsvåg M, Ernst B, Fairweather TP, Fock HO, Friedland KD, Garcia CB, Gascuel D,
Gislason H, Goren M, Guitton J, Jouffre D, Hattab T, Hidalgo M, Kathena JN, Knuckey I,
Kidé SO, Koen‐Alonso M, Koopman M, Kulik V, León JP, Levitt‐Barmats Y, Lindegren M,
Llope M, Massiot‐Granier F, Masski H, McLean M, Meissa B, Mérillet L, Mihneva V,
Nunoo FKE, O’Driscoll R, O’Leary CA, Petrova E, Ramos JE, Refes W, Román‐Marcote E,
Siegstad H, Sobrino I, Sólmundsson J, Sonin O, Spies I, Steingrund P, Stephenson F,
Stern N, Tserkova F, Tserpes G, Tzanatos E, Van Rijn I, Van Zwieten PAM,
Vasilakopoulos P, Yepsen DV, Ziegler P, Thorson J. 2021. Are we ready to track
climate-driven shifts in marine species across international boundaries?-a global survey of
scientific bottom trawl data. Global Change Biology 27(2):220–236 DOI 10.1111/gcb.15404.

Maureaud AA, Palacios-Abrantes J, Kitchel Z, Mannocci L, Pinsky ML, Fredston A, Beukhof E,
Forrest DL, Frelat R, Palomares MLD, Pecuchet L, Thorson JT, Van Denderen PD,
Mérigot B. 2024. FISHGLOB_data: an integrated dataset of fish biodiversity sampled with
scientific bottom-trawl surveys. Scientific Data 11(1):24 DOI 10.1038/s41597-023-02866-w.

Methot RD, Wetzel CR. 2013. Stock synthesis: a biological and statistical framework for fish stock
assessment and fishery management. Fisheries Research 142:86–99
DOI 10.1016/j.fishres.2012.10.012.

Monnahan CC, Thorson JT, Kotwicki S, Lauffenburger N, Ianelli JN, Punt AE. 2021.
Incorporating vertical distribution in index standardization accounts for spatiotemporal
availability to acoustic and bottom trawl gear for semi-pelagic species. ICES Journal of Marine
Science 78(5):1826–1839 DOI 10.1093/icesjms/fsab085.

Müllner D. 2013. fastcluster: fast hierarchical, agglomerative clustering routines for R and python.
Journal of Statistical Software 53(9):1–18 DOI 10.18637/jss.v053.i09.

Nottingham MK, Williams DC, Wyeth MR, Olsen N. 2017. Summary of the West Coast
Vancouver Island synoptic bottom trawl survey, May 28–June 21, 2014. Nanaimo: DFO
Canadian Manuscript Report of Fisheries and Aquatic Sciences 2017/3140.

O’Leary CA, DeFilippo LB, Thorson JT, Kotwicki S, Hoff GR, Kulik VV, Ianelli JN, Punt AE.
2022. Understanding transboundary stocks’ availability by combining multiple
fisheries-independent surveys and oceanographic conditions in spatiotemporal models. ICES
Journal of Marine Science 79(4):1063–1074 DOI 10.1093/icesjms/fsac046.

Palacios-Abrantes J, Reygondeau G, Wabnitz CCC, Cheung WWL. 2020. The transboundary
nature of the world’s exploited marine species. Scientific Reports 10(1):17668
DOI 10.1038/s41598-020-74644-2.

Parker EJ, Weiskopf SR, Oliver RY, Rubenstein MA, Jetz W. 2024. Insufficient and biased
representation of species geographic responses to climate change. Global Change Biology
30(7):e17408 DOI 10.1111/gcb.17408.

Pennington M. 1983. Efficient estimators of abundance, for fish and plankton surveys. Biometrics
39(1):281 DOI 10.2307/2530830.

Pinsky ML, Worm B, Fogarty MJ, Sarmiento JL, Levin SA. 2013.Marine taxa track local climate
velocities. Science 341(6151):1239–1242 DOI 10.1126/science.1239352.

R Core Team. 2024. R: a language and environment for statistical computing. Vienna,
Austria: R Foundation for Statistical Computing. Available at https://www.R-project.org/.

Ward et al. (2025), PeerJ, DOI 10.7717/peerj.19964 20/22

http://dx.doi.org/10.1111/gcb.15404
http://dx.doi.org/10.1038/s41597-023-02866-w
http://dx.doi.org/10.1016/j.fishres.2012.10.012
http://dx.doi.org/10.1093/icesjms/fsab085
http://dx.doi.org/10.18637/jss.v053.i09
http://dx.doi.org/10.1093/icesjms/fsac046
http://dx.doi.org/10.1038/s41598-020-74644-2
http://dx.doi.org/10.1111/gcb.17408
http://dx.doi.org/10.2307/2530830
http://dx.doi.org/10.1126/science.1239352
https://www.R-project.org/
http://dx.doi.org/10.7717/peerj.19964
https://peerj.com/


Sinclair A, Schnute J, Haigh R, Starr P, Stanley R, Fargo J, Workman G. 2003. Feasibility of
multispecies groundfish bottom trawl surveys on the BC Coast. DFO Canadian Science Advisory
Secretariat (CSAS) Research Document, 2003/049. Available at https://waves-vagues.dfo-mpo.gc.
ca/Library/274196.pdf.

Siple MC, von Szalay PG, Raring NW, Dowlin AN, Riggle BC. 2024. Data report: 2023 Gulf of
Alaska bottom trawl survey. AFSC Processed Report 2024-09. Seattle, Silver Spring: Alaska
Fisheries Science Center, NOAA Fisheries DOI 10.25923/GBB1-X748.

Sivasundar A, Palumbi SR. 2010. Life history, ecology and the biogeography of strong
geneticbreaks among 15 species of Pacific rockfish, Sebastes. Marine Biology 157:1433–1452
DOI 10.1007/s00227-010-1419-3.

Song AM, Scholtens J, Stephen J, Bavinck M, Chuenpagdee R. 2017a. Transboundary research in
fisheries. Marine Policy 76(1):8–18 DOI 10.1016/j.marpol.2016.10.023.

Song AM, Temby O, Krantzberg G, Hickey GM. 2017b. Institutional features of U.S.-Canadian
transboundary fisheries governance: organizations and networks, formal and informal.
In: Temby O, Stoett P, eds. Towards Continental Environmental Policy?. Albany, New York:
SUNY Press, 156–179 DOI 10.1515/9781438467597-011.

Stauffer GD (compiler). 2004. NOAA protocols for groundfish bottom trawl surveys of the nation’s
fishery resources, March 16, 2003. U.S. Department of Commerce, NOAA Technical
Memorandum NMFS-F/SPO-65. Washington, D.C.: NOAA, U.S. Department of Commerce.

Stevenson DE, Hoff GR. 2009. Species identification confidence in the eastern Bering Sea shelf
survey (1982–2008). AFSC Processed Report 2009-04. Seattle, Silver Spring: Alaska Fisheries
Science Center, NOAA Fisheries.

Teh L, Sumaila U. 2015. Trends in global shared fisheries. Marine Ecology Progress Series
530:243–254 DOI 10.3354/meps11049.

Thompson PL, Nephin J, Davies SC, Park AE, Lyons DA, Rooper CN, Angelica Peña M,
Christian JR, Hunter KL, Rubidge E, Holdsworth AM. 2023. Groundfish biodiversity change
in northeastern Pacific waters under projected warming and deoxygenation. Philosophical
Transactions of the Royal Society B: Biological Sciences 378(1881):20220191
DOI 10.1098/rstb.2022.0191.

Thorson JT. 2018. Three problems with the conventional delta-model for biomass sampling data,
and a computationally efficient alternative. Canadian Journal of Fisheries and Aquatic Sciences
75(9):1369–1382 DOI 10.1139/cjfas-2017-0266.

Thorson JT, Anderson SC, Goddard P, Rooper CN. 2025. tinyVAST: R package with an
expressive interface to specify lagged and simultaneous effects in multivariate spatio-temporal
models. Global Ecology and Biogeography 34(4):e70035 DOI 10.1111/geb.70035.

Thorson JT, Barnes CL, Friedman ST, Morano JL, Siple MC. 2023. Spatially varying coefficients
can improve parsimony and descriptive power for species distribution models. Ecography
2023(5):e06510 DOI 10.1111/ecog.06510.

Thorson JT, Kristensen K. 2016. Implementing a generic method for bias correction in statistical
models using random effects, with spatial and population dynamics examples. Fisheries Research
175:66–74 DOI 10.1016/j.fishres.2015.11.016.

Thorson JT, Pinsky ML, Ward EJ. 2016. Model-based inference for estimating shifts in species
distribution, area occupied and centre of gravity. Methods in Ecology and Evolution
7(8):990–1002 DOI 10.1111/2041-210X.12567.

Thorson JT, Shelton AO, Ward EJ, Skaug HJ. 2015. Geostatistical delta-generalized linear mixed
models improve precision for estimated abundance indices for West Coast groundfishes. ICES
Journal of Marine Science 72(5):1297–1310 DOI 10.1093/icesjms/fsu243.

Ward et al. (2025), PeerJ, DOI 10.7717/peerj.19964 21/22

https://waves-vagues.dfo-mpo.gc.ca/Library/274196.pdf
https://waves-vagues.dfo-mpo.gc.ca/Library/274196.pdf
http://dx.doi.org/10.25923/GBB1-X748
http://dx.doi.org/10.1007/s00227-010-1419-3
http://dx.doi.org/10.1016/j.marpol.2016.10.023
http://dx.doi.org/10.1515/9781438467597-011
http://dx.doi.org/10.3354/meps11049
http://dx.doi.org/10.1098/rstb.2022.0191
http://dx.doi.org/10.1139/cjfas-2017-0266
http://dx.doi.org/10.1111/geb.70035
http://dx.doi.org/10.1111/ecog.06510
http://dx.doi.org/10.1016/j.fishres.2015.11.016
http://dx.doi.org/10.1111/2041-210X.12567
http://dx.doi.org/10.1093/icesjms/fsu243
http://dx.doi.org/10.7717/peerj.19964
https://peerj.com/


Vilas D, Barnett LAK, Punt AE, Oyafuso ZS, DeFilippo LB, Siple MC, Zacher LS, Kotwicki S.
2024. Optimized stratified random surveys best estimate multispecies abundance in a rapidly
changing ecosystem. ICES Journal of Marine Science 82(6):fsae158
DOI 10.1093/icesjms/fsae158.

Von Szalay PG, Raring NW, Siple MC, Dowlin AN, Riggle BC, Laman EA. 2023. Data report:
2022 Aleutian Islands bottom trawl survey. AFSC Processed Report 2023-07. Seattle, Silver
Spring: Alaska Fisheries Science Center, NOAA Fisheries.

Ward EJ, Barnett LA, Anderson SC, Johnson KF, Markowitz EH, Ferriss BE, Rooper CN,
English PA, Thorson JT, Wetzel CR, Whitmire CE, Fellows J, Indivero J. 2025a. DFO-
NOAA-Pacific/surveyjoin:v0.0.4. Zenodo DOI 10.5281/ZENODO.14984411.

Ward EJ, English PA, Rooper CN, Ferriss BE, Whitmire CE, Wetzel CR, Barnett LAK,
Anderson SC, Thorson JT, Johnson KF, Indivero J, Markowitz EH. 2025b. ‘surveyjoin’: a
standardized database of fisheries bottom trawl surveys in the Northeast Pacific Ocean. BioRxiv
DOI 10.1101/2025.03.14.643022.

Williams DC, Nottingham MK, Olsen N, Wyeth MR. 2018a. Summary of the queen charlotte
sound synoptic bottom trawl survey, July 6–August 8, 2015. Nanaimo: DFO Canadian
Manuscript Report of Fisheries and Aquatic Sciences 3136.

Williams DC, Nottingham MK, Olsen N, Wyeth MR. 2018b. Summary of the West Coast Haida
Gwaii synoptic bottom trawl survey, August 25–October 2, 2014. Nanaimo: DFO Canadian
Manuscript Report of Fisheries and Aquatic Sciences 2018/3134.

Wyeth MR, Olsen N, Nottingham MK, Williams DC. 2018. Summary of the Hecate Strait
synoptic bottom trawl survey, May 26–June 22, 2015. Nanaimo: DFO Canadian Manuscript
Report of Fisheries and Aquatic Sciences. 2018/3126.

Zacher LS, Richar JI, Fedewa EJ, Ryznar ER, Litzow MA. 2023. The 2023 Eastern Bering Sea
Continental shelf trawl survey: results for commercial crab species. U.S. Department of
Commerce, NOAA Technical Memorandum NMFS-AFSC-482. Washington, D.C.: NOAA, U.S.
Department of Commerce, 213.

Ward et al. (2025), PeerJ, DOI 10.7717/peerj.19964 22/22

http://dx.doi.org/10.1093/icesjms/fsae158
http://dx.doi.org/10.5281/ZENODO.14984411
http://dx.doi.org/10.1101/2025.03.14.643022
http://dx.doi.org/10.7717/peerj.19964
https://peerj.com/

	surveyjoin: a standardized database of scientific trawl surveys in the Northeast Pacific Ocean
	Introduction
	Methods and results
	Discussion
	Conclusions
	flink5
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


