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a b s t r a c t

The United States of America, as most other countries, emphasizes commercial fisheries when reporting
statistics to the Food and Agriculture Organization of the United Nations (FAO), and excludes data from
other sectors, such as recreational fisheries. Our study is a first attempt to account comprehensively for
all sources of total U.S. marine catches from the Exclusive Economic Zone waters along the West Coast
of the continental USA from 1950 to 2017 in one dataset, i.e., excluding the states of Alaska and Hawaii.
Total reconstructed catches for 1950–2017 were 1.2 times higher than the data reported by the USA to
the FAO. Commercial landings dominated catches, with 65% from large-scale, industrial fisheries and
31% from small-scale, commercial fisheries. Recreational fisheries accounted for 4% of the total catch,
after accounting for post-release mortality. Total catches were highest in 1950 at around 750,000 t and
declined to 570,000 t by 2017. Internationally unreported discards increased from 24,000 t in 1950 to
86,000 t in 1989, but declined after the introduction of bycatch reduction devices to around 10,000
t year−1 by the mid-2010s. Total catches by taxonomic category suggest a decline in the diversity in
catches. Levels of reporting for total catches is excellent for recent decades, with around 95% of total
catches accounted for by the mid-2010s, but around 40% of catches were missing from data reported
to the FAO between the late 1960s and early 1990s. This discrepancy was largely driven by industrial
catches of North Pacific hake (Merluccius productus) that were not in the officially reported data. Our
results suggest that recreational fisheries and discards can make up a considerable component of total
catches over time. We suggest that the USA include their recreational catch estimates in their annual
data submission to the FAO, retroactively to 1950.

© 2021 Published by Elsevier B.V.
1. Introduction

As human populations and economic developments grow
round the world, demand for seafood may continue to rise.
ubsequently, fishing effort is increasing in many coastal regions
round the world (Stewart et al., 2010). Seafood is an ubiqui-
ous and essential food security resource in many developing
ountries, both as a source of protein (Dey et al., 2005) and
rucial micronutrients (Golden et al., 2016; Hicks et al., 2019;
ennett et al., 2021), underscoring seafood’s global socioeco-
omic, nutritional and health importance (Vianna et al., 2020).
owever, most developed countries and regions (e.g., the EU,
SA, Japan, and China) can no longer meet their domestic demand

∗ Corresponding author.
E-mail address: dirk.zeller@uwa.edu.au (D. Zeller).
ttps://doi.org/10.1016/j.rsma.2021.101897
352-4855/© 2021 Published by Elsevier B.V.
for seafood by fishing only in their own waters (Pauly and Zeller,
2016a). Seafood has thus become one of the most widely traded
food commodities in the world (FAO, 2020). Trade flows also
suggest a quality exchange, with high quality seafood flowing
from developing countries to developed countries in exchange for
low quality seafood moving in the other direction (Asche et al.,
2015). Aquaculture production may also contribute to supplying
domestic seafood markets, although several major challenges and
problems exist in this sector (Cashion et al., 2017; Edwards et al.,
2019; Belton et al., 2020).

Accurate and comprehensive historical data on fisheries are
useful for fisheries policy and management, as well as for mon-
itoring long-term changes in marine ecosystems (McClenachan
et al., 2012), and thus comprise important baselines of knowledge
(Pauly, 1995). However, not all sources of catch are included in
the statistics collected by countries and reported to the Food

https://doi.org/10.1016/j.rsma.2021.101897
http://www.elsevier.com/locate/rsma
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nd Agriculture Organization of the United Nations (FAO; Pauly
nd Zeller, 2016a). Data on landed catches reported to, harmo-
ized and distributed by the FAO are the only global source
f catch statistics and are often used to evaluate the status of
oth global and regional fisheries (e.g., FAO, 2014, 2016; but see
lso Pauly and Zeller, 2017). For the vast majority of countries,
ationally collected data focus extensively or even exclusively on
andings from major commercial fisheries and do not include,
r substantially under-represent, other sources of catches, such
s artisanal and subsistence fisheries (Zeller et al., 2015; Teh
nd Pauly, 2018), recreational fisheries (Smith and Zeller, 2016;
reire et al., 2020), and illegal or otherwise unreported catches
Agnew et al., 2009; Pauly and Zeller, 2016a,b). Furthermore, to
ur knowledge, no country comprehensively accounts for sep-
rately identifiable discards (i.e., catches thrown overboard) in
heir national catch data collection, despite the rapidly increasing
doption of ecosystem-based management approaches in fish-
ries policy and management around the world (Pauly and Zeller,
016a,b). The FAO welcomes the inclusion of recreational fish-
ries catches in annual data submissions (Garibaldi, 2012), but
ew countries do so to-date (Zeller et al., 2011b; Smith and Zeller,
016). At the same time, discarded catches are explicitly excluded
rom the annual FAO data requests, a practice that is outdated in
he context of present-day policy and management thinking in
isheries (Pauly and Zeller, 2016a,b, 2017). Therefore, the global
ata provided by the FAO on behalf of countries underestimate
ctual fisheries catches by 30%–50% (Pauly and Zeller, 2016a).
Additionally, improvements in national data collection sys-

ems in many countries over the years have led to reported
ata increasingly incorporating previously unreported data items.
herefore, it is crucially important that data systems deliberately
ake retroactive adjustments and corrections to their past data

ecords back to 1950 (the start of global fisheries data reporting).
etroactive changes to catch data, even with increased uncer-
ainty around such estimates, help to avoid the ‘presentist bias’
aused by improved reporting, which masks the true trend in
atches over time (Zeller and Pauly, 2018).
The Pacific coast of the continental United States, i.e., the U.S.
est Coast with the states of California, Oregon, and Washington
hich stretches over 16◦ of latitude with an EEZ of over 820,000
m2 (Fig. 1), but here excluding Alaska and Hawaii, is host to
number of economically and socially important commercial

nd recreational fisheries. These fisheries are diverse and involve
large number of fish and invertebrate species. In 2017, U.S.
est Coast commercial fisheries landed over 540,000 tonnes (1.2
illion pounds) of finfish and shellfish, with landings revenues
f US$670 million (NMFS, 2018). Recreational fisheries along this
oast generated approximately US$4 billion in sales impact, con-
isting of US$2.5 billion in California, US$364 million in Oregon
nd US$1.2 billion in Washington (NMFS, 2018). Taken together,
ommercial and recreational fisheries along the Pacific coast ac-
ounted for nearly 80,000 direct jobs (NMFS, 2018), underlining
heir substantial socio-economic extent throughout the region.

The present contribution, based on the original technical re-
ort by Doherty et al. (2015b) and updated by Dunstan et al.
2020) derives time series estimates for all sources of unre-
orted U.S. marine fisheries catches (landed catches plus dis-
arded catches) along the U.S. West Coast from 1950 to 2017,
nd combines these with the data reported by the U.S. National
arine Fisheries Service (NMFS) that are reported to the FAO.
hus, we follow the general ‘catch reconstruction’ methodology
nd process of Zeller et al. (2016), as first applied to U.S. flag-
ssociated Pacific Island entities (Zeller et al., 2006, 2007a, 2008)
hrough a commission from the U.S. Western Pacific Regional
ishery Management Council (Zeller et al., 2005). The original

atch reconstructions for 1950–2010, as globally summarized in

2

Pauly and Zeller (2016a) and detailed in Pauly and Zeller (2016b)
have since been updated (Derrick et al., 2020a,b), and are in-
tegrated into the global Sea Around Us (www.seaaroundus.org)
catch database as described in Zeller et al. (2016). We define
‘unreported’ catches as data that are not included in the statistics
the USA reports to the FAO annually. We include sources of such
‘unreported’ catch, e.g., recreational landings and commercial
and recreational discards, and replace gaps in the time series
with catch estimates derived from information from NMFS, state
organizations or secondary literature sources. We recognize that
surveyed recreational catch estimates are known to U.S. author-
ities and publicly reported within the USA; however, given that
to our best knowledge these recreational catch estimates are not
incorporated in the data forwarded by the USA to the FAO on
an annual basis, we treat these catches as internationally ‘un-
reported’. In addition, we derive time series estimates for major
discards of target and non-target taxa, as we believe discard data
require incorporating in any dataset to be used for or considered
by fisheries policy, management and conservation (Pauly and
Zeller, 2016a,b, 2017). We define discards as all fish and other
marine life that are thrown overboard, thus discarded catches
may include both non-targeted organisms (bycatch) and targeted
species thrown overboard due to ‘high-grading’ (Zeller et al.,
2018). As such, all discards presented here are considered unre-
ported due to the explicit exclusion of these catches in the FAO’s
data requests. We adjust our discard estimates to only count dead
or dying discards, and wherever possible, exclude live released
catches. We only consider finfish and aquatic invertebrates in the
present study, and explicitly exclude marine mammals, marine
reptiles and seabirds (Zeller et al., 2016).

The data assembled here provide a more comprehensive and
more accurate long-term time series baseline of total catch taken
by U.S. fisheries in U.S. West Coast waters back to 1950, and may
contribute to improving our understanding of important changes
that have occurred over the past decades along the Pacific coast
of the continental United States.

2. Material and methods

We define ‘reported catch’ as that catch included in officially
reported national (i.e., NMFS-NOAA) data and as reported interna-
tionally by the USA to the FAO. Thus, in our context, any fisheries
catch data that, for some reason, are not included in these specific
databases are considered ‘unreported’, even if they may be in
reports, state or national databases, or local or state records. A
key principle in the catch reconstruction process is that ‘no data’
does not represent zero catch (Zeller et al., 2016; Zeller and Pauly,
2016); in fact, in virtually all cases, information and data that
allow such missing catches to be estimated are available.

2.1. Commercial landed catches

The catch data originally reconstructed for 1950 to 2010 by
Doherty et al. (2015b) for the U.S. West Coast were updated
to 2017 by Dunstan et al. (2020). A preliminary, additional up-
date to 2018 was undertaken by the Sea Around Us using a
semi-automated procedure (Noël, 2020), and preliminary 2018
data will be available at www.seaaroundus.org by mid-2021.
However, due to the higher uncertainty of such semi-automated
estimates, we did not include the 2018 data year in the present
study. The reported catch component of commercial landings
was taken from the National Marine Fisheries Service online
database (NMFS-NOAA, www.st.nmfs.noaa.gov) for the states of
California, Oregon and Washington back to 1950, and represents
the reported data baseline. The NMFS reports landed catches by

taxon by gear. These gears were used to assign reported catch

http://www.seaaroundus.org
http://www.seaaroundus.org
http://www.st.nmfs.noaa.gov
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Fig. 1. The Exclusive Economic Zone (EEZ) for the Pacific Coast of the USA (U.S. West Coast), excluding the states of Alaska and Hawaii. Indicated are the approximate
land state border areas and hypothetical spatial separation of ocean areas between the three West Coast states of California, Oregon and Washington.
by taxon to either industrial (i.e., large-scale, commercial) or
artisanal (i.e., small-scale, commercial) sectors, following Zeller
et al. (2016). However, the NMFS did not provide catch by taxon
by gear for the last few years of the time series; thus, to allocate
catch to sectors for these years, the gear ratios of each taxon in
2015 were applied to the data for the later years.

The present reconstruction for 1950 to 2017 (Doherty et al.,
2015b; Dunstan et al., 2020) excludes catches from the Pacific
off-shore tuna fleets (Le Manach et al., 2016; Coulter et al., 2020),
fisheries in Alaska (Zeller et al., 2011a; Doherty et al., 2015a;
Dunstan et al., 2020), and Hawaii and Pacific U.S. flag-associated
islands (Zeller et al., 2007b, 2008; Gibson et al., 2015; White et al.,
2020), all of which are reconstructed and updated separately by
the Sea Around Us. We also excluded all freshwater taxa (including
rainbow trout) as well as marine plants and marine mammals, but
included all sturgeon and anadromous salmon catches.

Several named taxa in the NMFS landings database, partic-
ularly for earlier years, do not actually occur in Pacific waters,
and were treated as taxonomically mis-identified. For example,
in Oregon and Washington, ‘Atlantic halibut’ (i.e., Hippoglossus
ippoglossus) landings are listed from 1950 to 1961 and ‘Pa-
ific halibut’ (Hippoglossus stenolepis) from 1962 onwards: we
e-labeled ‘Atlantic halibut’ landings as ‘Pacific halibut’, and made
imilar assumptions for other taxa where such misclassifications
ccurred. These taxa include: Atlantic herring (Clupea harengus,
hanged to Pacific herring, Clupea pallasii pallasii), Florida pom-
ano (Trachinotus carolinus, changed to Pacific pompano, Peprilus
imillimus), various anchovies and various barracudas.

Catch statistics are reported in round (or wet) weight, with the
xception of univalve and bivalve molluscs, which are reported as
3

‘pounds of meat’, i.e., excluding the weight of the shells. In line
with international data reporting norms, and as requested by the
FAO, we applied species-specific conversion factors to shellfish
meat weight (Suppl. Material Table S1) to calculate wet whole
weights, based on available sources such as Crapo et al. (2004).
All landings data reported by the NMFS that were in pounds (lbs)
were converted to the international metric standard of tonnes
(metric ton, t).

2.2. Recreational landed catches

We used a variety of data sources for each of the three states to
reconstruct recreational catches (see Supplementary Materials for
technical and source details). There were limited data available
for recreational catches for the earlier period from 1950 to 1979.
The reconstructed catches for species during this time period
were derived from a variety of sources, and included conservative
backwards extrapolation of more recent catch trends to estimate
approximate catches for earlier years with no data. Some data
for years prior to 1980 were occasionally recorded as numbers
of fish, and we converted these numbers to wet weights (see
Supplementary Materials for details).

For more recent years, recreational catch data were
mainly compiled from the Recreational Fisheries Information
Network database (RecFIN, www.recfin.org), but see specific tax-
onomic exceptions and alternative sources below. RecFIN recre-
ational catch data are by weight and numbers of fish, and we
used available weights per fish from RecFIN, or 50% maximum
weight from FishBase (www.fishbase.org) if not available from
RecFIN, to convert numbers to weight. Additional recreational

http://www.recfin.org
http://www.fishbase.org
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ata were gathered from each state’s Department of Fisheries and
ildlife (DFW), and the number of recreational fishing licenses
y state were obtained from the U.S. Fish and Wildlife Ser-
ice (https://wsfrprograms.fws.gov/Subpages/LicenseInfo/Fishing.
tm). Average catch-per-license was used to reconstruct catch
or shellfish species in Washington and Oregon and red rock
rab (Cancer productus) in Washington (see Supplementary Ma-
erials for details). Data from the Washington Department of
ish and Wildlife (WDFW, https://wdfw.wa.gov/fishing/reports)
nd the Oregon Department of Fish and Wildlife (ODFW, www.
fw.state.or.us/resources/fishing/sportcatch.asp) were used to es-
imate salmon catches from the ocean and river systems, but
nly the marine component was used here (see Supplementary
aterials for details). The California salmon catch was derived

rom the Pacific Fisheries Management Council (www.pcouncil.
rg) for chinook (Oncorhynchus tshawytscha) and coho salmon
O. kisutch). Recreational catch of Pacific halibut (Hippoglossus
tenolepis) was obtained from the International Pacific Halibut
ommission (IPHC, www.iphc.int).

.3. Commercial and recreational discards

We define discards as any catch, recreational or commercial,
hat is discarded at sea and presumed to be dead or dying.
hus, discards were deemed to be a mortality component of non-
etained catches (Doherty et al., 2015b; Zeller et al., 2018). We
stimated discards for several major U.S. West Coast fisheries
Supplementary Materials Table S2). For years where discard data
ere not available, we used discard to landings (D/L) ratios from
nown years to estimate missing discards. These ratios were
erived from the Northwest Fisheries Science Center (NWFSC)
iscard and landings data and other available sources. We ac-
ounted as best as possible for potential post-discard survival by
djusting with post-release survival rates where available. For
ases where no survival rates were known, we assumed 100%
ortality of discarded catch (Zeller et al., 2018). This assumption
ay slightly overestimate the actual mortality of non-retained

ish; however, reduced post-release predation avoidance ability
r delayed death due to catch stress or injury adds mortality
ven for fish observed to have been released alive (Davis, 2002;
aby et al., 2014; Runde et al., 2019). Moreover, in accordance
ith Zeller et al. (2016) and Pauly and Zeller (2016a), we did not

nclude gear-related underwater mortality due to abandoned gear
i.e., ghost fishing; Poon, 2005; Gilardi et al., 2010; Good et al.,
010) or from actively fishing gears (Rahikainen et al., 2004).
hese exclusions, combined with only including major discards
rom a limited set of fisheries for deriving discards in this study,
akes our overall discard estimates likely conservative. In the
resent study, we only consider discards of finfish and aquatic
nvertebrates (target and non-target taxa), and explicitly exclude
arine mammals, marine reptiles and seabirds.
Comprehensive discard mortality estimates were available

rom the Northwest Fisheries Science Center (NWFSC) for most
f the fisheries from the early-mid 2000s onwards (Hastie and
ellman, 2006, 2007; Bellman et al., 2008, 2010a,b, 2011, 2012;
are, 2012; Jannot et al., 2014; Somers et al., 2014, 2017). Esti-
ates of mortality from incidental catch and selective fisheries

rom commercial and recreational salmon fisheries were avail-
ble for 1999 onwards from the Pacific Fishery Management
ouncil (PFMC) Stock Assessment and Fishery Evaluation (SAFE)
ocuments (PFMC, 2000–2014).
The RecFIN statistics on discards in recreational fisheries in-

lude data on fish that have been released alive; therefore, we
pplied a species-specific post-release mortality rate to the over-
ll ‘release’ data (see Supplementary Materials for details). The
mount of each taxon, both target and non-target, estimated
o have died after release were treated as recreational discards,
hile released fish that were deemed to survive were not counted
s catch or discards at all.
4

2.4. Fishing sectors

We define the following fishing sectors for use in this study,
following the generalized fishing sector system used by the Sea
Around Us (Zeller et al., 2016): ‘industrial’ (i.e., large-scale com-
mercial), ‘artisanal’ (i.e., small-scale commercial), and
‘recreational’ (i.e., small-scale non-commercial with primary pur-
pose being pleasure). The fourth fishing sector, ‘subsistence’ (i.e.,
small-scale non-commercial with primary purpose being self-
or family-consumption), was not estimated here, although on-
board consumption and/or take-home catch by commercial fish-
ers would fall into this category, as would traditional catches
by native Americans for ceremonial purposes and family con-
sumption. Commercial catches were divided into artisanal and
industrial sectors based on gear types listed in the NMFS commer-
cial landings data. Catches from all towed gears such as trawls,
dredges and roundhaul gear (i.e., purse seines and lampara nets)
as well as large-scale longline gears (excluding the U.S. indus-
trial tuna catches taken in the wider Eastern Pacific ocean; see
Coulter et al., 2020) were labeled as ‘industrial’ (i.e., large-scale,
commercial), while all other commercial catches, e.g., from the
commercial Dungeness crab (Metacarcinus magister) pot fishery
(Lebon and Kelly, 2019) were labeled ‘artisanal’ (i.e., small-scale,
commercial), in line with the global application of fishing sector
definitions of the Sea Around Us (Zeller et al., 2016), which
generally considers passive and stationary gears to be small-scale
fisheries (see also Martín, 2012).

For specific details on the data sources and methods applied,
see the Supplementary Materials.

3. Results

3.1. Total catches

The total catches (landed pus discarded) as reconstructed here
for the U.S. continental West Coast for 1950–2017 ranged from
over 720,000 t in 1950 to around 570,000 t in 2017 (Fig. 2).
Overall, the total catches as reconstructed here were 1.2 times
higher than the data officially reported by the USA to the FAO for
the U.S. continental Pacific EEZ waters (excluding Alaska, Fig. 2).

The highest catch occurred in 1950 due to the remnants of
the decline and collapse of the California fisheries for what is
generally called Pacific sardine (Sardinops sagax, South American
pilchard) which had peaked in the 1930s and had declined ever
since. Historically, California dominated total catches by state,
accounting for 44% (around 225,000 t year−1) over the entire
time period; however, by the 1970s, Washington was increasing
their contribution to total catches. In recent years, both Wash-
ington and Oregon increased their share of catches, accounting
for around 36% (around 196,000 t year−1) each to total catches,
while California’s contribution has been steadily declining since
the 1980s, accounting for around 28% (around 152,000 t year−1)
of total catches in the 2010s (Fig. 2). Levels of accounting for
total catches in the reported data is excellent for the most recent
decades, with around 95% of total catches likely accounted for by
the mid-2010s, but substantial catches were missing from data
reported to the FAO between the late 1960s and early 1990s
(around 40% of likely total catches, Fig. 2). This was largely due
to unreported industrial landed catches of North Pacific hake
(Merluccius productus, Fig. 6), mostly occurring in the waters off
Washington between 1965 and 1985 and in California from 1985
to 1990. This discrepancy leads to a misrepresentation of total
catch trends in the reported data after the total catch minimum
in the mid-1960s, wherein reported data suggest a continuous
increase in catches through to the early 2000s, whereas the likely
actual total catches as reconstructed here increased rapidly in the

early 1970s and have remained relatively steady since (Fig. 2).

https://wsfrprograms.fws.gov/Subpages/LicenseInfo/Fishing.htm
https://wsfrprograms.fws.gov/Subpages/LicenseInfo/Fishing.htm
https://wsfrprograms.fws.gov/Subpages/LicenseInfo/Fishing.htm
https://wdfw.wa.gov/fishing/reports
http://www.dfw.state.or.us/resources/fishing/sportcatch.asp
http://www.dfw.state.or.us/resources/fishing/sportcatch.asp
http://www.dfw.state.or.us/resources/fishing/sportcatch.asp
http://www.pcouncil.org
http://www.pcouncil.org
http://www.pcouncil.org
http://www.iphc.int
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Fig. 2. Total reconstructed catches for the U.S. West Coast EEZ by state for 1950–2017, with NMFS-NOAA reported data overlaid as line graph.
Fig. 3. Total reconstructed catches for the U.S. West Coast EEZ by fishing sector for 1950–2017 for (a) total EEZ area, with NMFS-NOAA reported data overlaid as
line graph; (b) California; (c) Oregon; and (d) Washington.
3.2. Fishing sectors

The total catches as reconstructed here (landed catches plus
discarded catches) are primarily commercial in nature, with Sea
Around Us defined industrial (65%, around 332,000 t year−1) and
artisanal sectors (31%, around 157,000 t year−1) accounting for
the vast majority of catches, while the recreational sector ac-
counts for 4% (around 23,000 t year−1) of total catches over the
full time period, with a declining trend (Fig. 3a). Overall, the
contribution of industrial fishing seems to have declined slightly
since its peak in the mid-1970s, when it accounted for around
80% of total catches, while more recently, industrial activities
account for 70% or less of total catches (Fig. 3a). While California
has shown a steady decline in the contribution of the industrial
5

sector to less than 20% by mid-2010 (Fig. 3b), industrial fishing
dominates in Oregon (90% by mid-2010, Fig. 3c) and plays a major
role in Washington (70% by mid-2010, Fig. 3d).

Recreational catches, here all deemed ‘unreported’ with re-
spect to the data reported by the USA to the FAO, increased
across all three states during the earlier period, rising steadily
from around 18,000–20,000 t year−1 in the early 1950s to around
30,000 t year−1 in the mid-1960s (Fig. 4a). Recreational catches
remained relatively constant but variable at this level until the
late 1980s, after which they declined strongly and steadily to an
all-time low of 9000 t in 2008, before increasing again slightly to
around 15,000 t year−1 in the mid-2010s (Fig. 4a). Recreational
catches were dominated by California, which accounted for nearly
60% of these catches (Fig. 4b). However, California also showed
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Fig. 4. Reconstructed recreational catches for the U.S. West Coast EEZ by state for 1950–2017 in (a) tonnes; and (b) percentage contribution.
he strongest declining trend in contribution to total U.S. West
oast recreational catches, with its contribution declining from
ver 70% in 1950 to just under 50% by the mid-2010s (Fig. 4b).
n contrast, the share of recreational catches in Oregon increased
ver the time period, from less than 5% in 1950 to over 30% of
est Coast recreational catches by the end of the time period

Fig. 4b). Washington’s contribution remained relatively steady
ver time, at around 27% (Fig. 4b).
Overall, five taxonomic groups contributed to approximately

3% of total landed catches since 1950, consisting of North Pa-
ific hake (Merluccius productus, 28%), followed by Pacific sar-
dine (Sardinops sagax, South American pilchard, 7%), opalescent
inshore squid (Doryteuthis opalescens, 7%), Pacific oysters (Cras-
sostrea gigas, 6%) and Californian anchovies (Engraulis mordax,
5%). By fishing sector, over the same time period, three taxa con-
tributed over 60% of industrial landed catches: North Pacific hake
(44%), Pacific sardine (11%), and Californian anchovy (Engraulis
mordax, 7.3%). Artisanal landings since 1950 were heavily driven
by four taxa, contributing 55% of the sector’s landed catches:
opalescent inshore squid (20%), Pacific oysters (16%), Dungeness
crab (Metacarcinus magister , 11%) and albacore tuna (Thunnus
alalunga, 9%). The recreational sector showed less taxonomic pref-
erencing, with chinook salmon (Oncorhynchus tshawytscha) con-
tributing the most to recreational landings since 1950 (14%),

followed by rockfishes (Sebastes spp., 10%) and albacore tuna (6%).

6

3.3. Discards

Total discards for commercial and recreational fisheries along
the U.S. West Coast were estimated at just over 2.6 million t
for the full time period (Fig. 5a). Discards increased from around
25,000 t year−1 in the early 1950s to a peak of 86,000 t in 1989,
prior to the introduction of Bycatch Reduction Devices (BRDs) in
the ocean shrimp fishery, before declining consistently to around
10,000 t year−1 by the mid-2010s (Fig. 5a). Discards were dom-
inated by the fisheries in Oregon, accounting for over 1 million
t, or 40%, of total discards across states, while California showed
the strongest decline in discarding over time (Fig. 5b). While the
commercial sectors accounted for the majority of discarding (over
94%), recreational fisheries also experienced a declining trend in
the volume of discarded catches after 1976, after accounting for
post-release survival (Fig. 5c).

For all fishing sectors combined since 1950, discards have
been dominated by four taxa accounting for around 51% of the
total discarded catch: North Pacific hake (24%), rockfishes (11%),
Pacific spiny dogfish (Squalus suckleyi, 9%) and coho salmon (On-
corhynchus kisutch, 7%). Industrial sector discards contributed
substantially to total discards and were also dominated by North
Pacific hake (28%), rockfishes (13%) and Pacific spiny dogfish (9%).
Artisanal sector discards were largely made up of three taxa: coho
salmon (48%), sablefish (Anoplopoma fimbria, 17%) and Pacific

spiny dogfish (9%). The most discarded taxa by the recreational
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Fig. 5. Reconstructed catches for the U.S. West Coast EEZ by type of catch (landed versus discarded catch) for 1950–2017 as (a) overall total landed and discarded
catches, with NMFS-NOAA reported data overlaid as line graph; (b) discarded catches only by state; and (c) discarded catches only by fishing sector.
sector were primarily coho salmon (53%), followed by Pacific
spiny dogfish (9%) and rock/sea basses (Paralabrax spp., 5%).

3.4. Taxonomic composition

Based on contribution to total catches (landed pus discarded
catches) by taxonomic category along the entire U.S. West Coast,
the top ten taxa accounted for around 67% of total time series
7

catches, but varied considerably over time (Fig. 6). In fact, their
contribution accounted for only around 48% during the 1950s but
for around 85% by the late-2010s (Fig. 6). This suggests a decline
in the diversity in catches or an increase or improvement in
targeting over the 60+ year time span examined here, e.g., driven
by technological changes such as echo sounders, sonars, GPS etc.,
which can aid in targeting. Such technological improvements also
contribute to net increases in effective fishing effort, or fishing
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Fig. 6. Total reconstructed catches for the U.S. West Coast EEZ by taxonomic categories for 1950–2017, displaying the top ten taxa in terms of time series total
atch plus a pooled ‘other’ category. ‘Other’ includes an additional 251 taxonomic categories.
ower, of fleets through a process known as ‘technology creep’
Palomares and Pauly, 2019), which should be accounted for
n fishing effort considerations in management, but rarely is. A
istinct taxonomic shift occurred in the mid-1960s, with South
merican pilchard (i.e., Pacific sardine, Sardinops sagax), Pacific
yster (Crassostrea gigas) and Pacific jack mackerel (Trachurus
ymmetricus) declining strongly, while North Pacific hake (Merluc-
cius productus), northern anchovy (Engraulis mordax), and by the
late 1980s, the opalescent inshore squid (Doryteuthis opalescens)
increasing substantially in prominence in the data along the
entire coast. A modest resurgence in catches of South American
pilchard (i.e., Pacific sardine) occurred during the 1990s and
2000s, but fishing largely ceased by the mid-2010s (Fig. 6).

4. Discussion

Total reconstructed catches from 1950 to 2017 for U.S. fish-
eries along the West Coast of the continental USA, i.e., in the
states of California, Oregon and Washington (excluding industrial
tuna fisheries in the wider Pacific Ocean, Coulter et al., 2020)
were found to be 1.2 times higher than the data officially re-
ported by NOAA for this area. To the best of our knowledge,
these official NOAA data also represent the data reported annually
by the USA to the FAO. Commercial catches are thought to be
fully and comprehensively reported, although we had to make
some product to wet weight corrections to commercial shellfish
landings to ensure adherence to international data convention
on presenting wet weight. These conversions added so-called
‘unreported’ catches to our commercial catch data. While these
data do not represent distinct fisheries catches that bypassed
data collection and reporting systems, the non-conversion did
lead to under-representation of actual time series wet weight
extractions.

Recreational catches make up around 4% of total catches along
the U.S. West Coast, but account for up to 68% (time series average
21%) of the catches deemed ‘unreported’ in the international
(i.e., FAO) context. Despite the USA having globally outstanding
data and data collection systems on recreational fisheries (Freire
et al., 2020), and these data being requested by the FAO for
inclusion in annual national data reports (Garibaldi, 2012), the
recreational catch data for the USA do not seem to be reported
to the FAO. In this context, we need to clearly emphasize that
most other countries continue to ignore recreational catches in
8

their national data systems, and hence also in their data reports
to FAO (but see Finland, Zeller et al., 2011b), even in cases where
recreational catches are larger than commercial catches (Smith
and Zeller, 2016).

Our results indicate that discards were highest from the mid-
1970s to the early 2000s, which corresponds to the peak landings
periods of the ocean shrimp and groundfish bottom trawl fish-
eries, and prior to the introduction of mandatory BRDs in the
ocean shrimp fishery in 2003 (Hannah and Jones, 2007). Current
data reporting practices of the FAO request that countries do not
report discarded catches (Garibaldi, 2012), which seems to be a
practice that is out of step for global fisheries reporting (Pauly and
Zeller, 2016a), given the existing emphasis on ecosystem-based
fisheries management (Pikitch et al., 2004).

Sources of catch explicitly excluded from our present recon-
struction include ghost fishing by lost and abandoned fishing gear
(e.g., Poon, 2005; Gilardi et al., 2010), fish taken home for per-
sonal consumption by commercial fishers, as well as
non-commercial catches by Native Americans for family and
ceremonial purposes, which should be considered ‘subsistence’
catches (Zeller et al., 2015; Teh et al., 2020), catches by research
vessels, and foreign fisheries catches. This is particularly true for
the foreign fishery for Pacific hake and Pacific whiting that oper-
ated in the U.S. EEZ-equivalent waters prior to the establishment
of the EEZ (Nelson, 1985; Dorn et al., 1999).

We realize that there is potentially considerable uncertainty in
our reconstructed estimates of the unreported catch components,
especially for discard estimates prior to 2000. This is mostly
because there are fewer observer data and few estimates for
discards from most fisheries for the early time periods. Given
the information available to us, we believe that the reconstructed
discards are a reasonable, but likely conservative approximation
for fisheries along the U.S. West Coast. Given that most of the
discard-to-landings ratios used are based on data from the most
recent decades, most of our results will not reflect changes in
the taxonomic composition of discards that may have occurred
in earlier decades. However, some data on non-target catch com-
position are available for the earlier time periods from research
trawls for the groundfish trawl fishery (1985–1987) and the
ocean shrimp fishery (1979–1999) and were incorporated into
our estimates of discarding. Finally, error estimates are available
for recreational catch data from the RecFIN survey, however, they
were not available for most other historical recreational data used
in the reconstruction and thus are not included in our estimates.
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The USA has the most extensive and most publicly available
ources of fisheries data in the world, with detailed and extensive
ata made readily available by NOAA (McCrea-Strub, 2015). The
SA is to be complimented for their transparency, public acces-
ibility and free availability of fisheries data in great detail. This
s in stark contrast to data from many other developed countries.
his public transparency and detailed availability, along with the
rudent management, enforcement and stock rebuilding policy
andated by the Magnuson–Stevens Act (MSA, 2007), may em-
ower U.S. fisheries and U.S. ocean governance systems to face
he challenge of global warming (Cheung et al., 2010; Sumaila
t al., 2011; Cheung et al., 2013) better than other countries.
Our study is a first attempt to account comprehensively for

ll sources of total U.S. fisheries catches (including major dis-
ards) along the West Coast of the continental USA from 1950–
017. We believe that our estimates are a reasonable starting
oint given the data available to us. It is not our goal to re-
lace existing data, but rather to complement these data by
roviding a more comprehensive and inclusive picture of total
arine catches, and highlight sources of unreported catch that
ay warrant further consideration in national, and especially

nternational reporting practices for U.S. fisheries. We hope these
stimates can be improved upon over time, and we encourage
olleagues to take on the challenge of updating and improv-
ng on our data. The Sea Around Us makes these data freely
vailable (www.seaaroundus.org), and we welcome all such data
ollaborations and improvements.
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