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Disclaimer
Seafood Watch® strives to ensure all our Seafood Reports and the recommendations contained therein are
accurate and reflect the most up-to-date evidence available at time of publication. All our reports are peerreviewed for accuracy and completeness by external scientists with expertise in ecology, fisheries science or
aquaculture. Scientific review, however, does not constitute an endorsement of the Seafood Watch program or its
recommendations on the part of the reviewing scientists. Seafood Watch is solely responsible for the conclusions
reached in this report. We always welcome additional or updated data that can be used for the next revision.
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Final Seafood Recommendation

The Pacific sardine (Sardinops sagax) is a pelagic schooling finfish with stocks in the subtropical
and temperate waters of the Pacific and Indian Oceans and in the Atlantic off of South Africa.
The California Current population ranges from the Gulf of California to southeastern Alaska.
This report will focus on the United States (US) Pacific and Canada Pacific purse seine fisheries.
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Note: The Pacific sardine fishery is closed for the remainder of
the 2014-2015 season and for the 2015-2016 season (operating
from July 1, 2015 to June 30, 2016).
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Executive Summary
The Pacific sardine (Sardinops sagax) is a pelagic schooling finfish with stocks in the subtropical
and temperate waters of the Pacific and Indian Oceans and in the Atlantic off of South Africa.
The California Current population ranges from the Gulf of California to southeastern Alaska.
This report will focus on the United States (US) Pacific and Canada Pacific purse seine fisheries.
Since 2000, annual stock assessments show that the US landings of Pacific sardine have
remained below the harvest guidelines (HG) set forth by the PFMC (with the exception of 2009),
and Canada Pacific landings have remained below the total allowable catch (TAC) since
reopening in 2002. However, coast-wide harvest (US, Canada and Mexico) has exceeded coastwide HG in several years. Biomass remained above the lowest level of estimated biomass at
which the PFMC allows harvest until 2015, when the stock assessment update estimated the
biomass to be below the 150,000 mt threshold below which no fishing can occur. The PFMC
decided to close the fishery, in accordance with the harvest guideline, for the 2015-2016 season
as the harvest guidelines require. This fishery is vulnerable to natural fluctuations in
populations due to changes in sea surface temperature; when combined with fishing pressure,
changes in oceanic conditions have the potential to cause steep declines in the Pacific sardine
stocks even if current best management practices are followed.
The Pacific sardine fishery has both incidental catch (retained and sold) and bycatch (discarded)
species, but the rate of discards of non-target species is very low (less than 1% of total
landings). Though the Pacific sardine fishery does not have significant impacts on the biomass
of any incidental or bycatch species, this assessment addresses the impact on Pacific mackerel
(Scomber japonicus), which are captured and retained in the fishery. Pacific Mackerel is not
considered overfished or experiencing overfishing. Other species are intercepted by the Pacific
sardine fishery at such low rates that they are not considered to be substantially impacted by
the fishery and are not addressed in this assessment.
The Pacific sardine stock assessment uses fishery-dependent data (e.g. landings and biological
samples) and fishery-independent data (e.g. trawls and aerial surveys) to conduct annual
assessments. Prior to 2014, the harvest guidelines were based on a sea surface temperature
reading from Scripps pier meant to reflect the favorability of ocean conditions for sardine
recruitment and productivity (with higher ocean temperatures more favorable for sardines). In
2014, management shifted to the use of a CalCOFI oceanographic temperature index for
determining the annual exploitation rate. While the fishery is well managed domestically, there
is a lack of an international agreement among the US, Canada, and Mexico to require the
coordination of resource allocation to ensure that coast-wide HGs are not exceeded. Though
management has enacted measures to maintain long-term stock abundance, the cyclical nature
of this fishery, a current decline in biomass, and scientific literature that questions management
leaves uncertainty as to the effectiveness of these measures.
Pacific sardine fisheries use purse seines, which target schools of fish and do not touch the
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seafloor. Because this type of fishing gear does not touch the sea floor, the Pacific sardine
fishery does not have a significant impact on the substrate or need to mitigate gear impacts.
The Pacific sardine is considered a forage fish, which is defined in terms of its functional role in
providing a critically important route for energy transfer from plankton to higher trophic levels
in marine ecosystems. Reduction in forage fish biomass can change the functioning of entire
ecosystems. Management maintains a minimum biomass to allow for a forage reserve, and to
provide a maximum catch to maintain a higher average biomass, a more stable, smaller average
yield, and to prevent overcapitalization of the fleet. However, the Pacific sardine is currently
managed in a single species context and several scientific sources question the appropriateness
of Pacific sardine harvest in consideration of ecosystem impacts; the findings of a recent
comprehensive review of forage fish science and management suggest fishing pressure should
be reduced. Management in the US recognizes the significance of the Pacific sardine as a forage
fish and as part of the California Current ecosystem and, in 2013, the PFMC published a fishery
ecosystem plan for the California Current (PFMC 2013).
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Introduction
Scope of the analysis and ensuing recommendation
The Pacific sardine (Sardinops sagax) is a pelagic schooling finfish with stocks in the subtropical
and temperate waters of the Pacific and Indian Oceans and in the Atlantic off of South Africa.
The California Current population ranges from the Gulf of California to southeastern Alaska.
This report will focus on the United States (US) Pacific and Canada Pacific purse seine fisheries.

Species Overview
Overview of the species and management bodies
Pacific sardines are an important forage species in the California Current (Pikitch et al. 2012). In
the US, the Pacific Fishery Management Council (PFMC)—created pursuant to the MagnusonStevens Fishery Conservation and Management Act—manages the Pacific sardine fishery under
the Coastal Pelagic Species Fishery Management Plan (CPS FMP), with cooperation from the
National Marine Fisheries Service (NMFS) Northwest Fisheries Science Center (NWFSC) and
Southwest Fisheries Science Center (SWFSC), California Department of Fish and Wildlife (CDFW)
(formerly Fish and Game, CDFG; referred to as both in this report), Oregon Department of Fish
and Wildlife, and Washington Department of Fish and Wildlife. Fisheries and Oceans Canada
(DFO) manages the Canadian fishery. The US and Canada have a collaborative strategy that
includes sharing research findings and integrating the best available science. The NMFS’s
SWFSC is responsible for annual stock assessments (PFMC 2011a), which are used by DFO after
peer-review by the Center for Science Advice Pacific (CSAP) to determine the annual harvest
yield in Canada (DFO 2011a). Though collaboration between the US and Canada strengthens
the Pacific sardine stock assessments, the two countries do not have an international
agreement to require the coordination of resource allocation (SWFSC 2012).
Prior to PFMC management of CPS along the US West Coast, individual states regulated the
Pacific sardine fishery. Scientific investigations of the fishery began in 1918 by the CDFG,
followed by the Fishery Research Board of Canada in the late 1920s, and then in 1937 by the
Bureau of Commercial Fisheries and the states of Oregon and Washington. Research was
expanded in 1949 by the creation of the California Cooperative Oceanic Fisheries Investigations
(CalCOFI), a cooperative effort of government and research institutes. Prior to 1942, legal
regulations were restricted to fishing gear requirements, seasonality of fishing, and limits on
quantities of sardines that could be used for reduction, but not on landings. In 1942, legal
restrictions were placed on reduction because of the controversy between canners and
conservationists; canners saw greater profits from reduction than selling whole fish and
therefore wanted to divert plants to reduction, and conservationists wanted to see fresh
sardine catch used for human consumption (Ahlstrom & Radovich 1970).
In 1978, the PFMC approved and submitted the final draft of the FMP for northern anchovy. In
1998, the Council expanded the scope to include all coastal pelagic species (CPS) and adopted
the Coastal Pelagic Species Fishery Management Plan (CPS FMP) (PFMC 2011d). The CPS FMP
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was implemented by the NMFS in 2000 (PFMC 1998; PFMC 2011d; CDFG 2001). In addition to
Pacific sardine, CPS managed in this plan include Pacific mackerel (Scomber japonicus), jack
mackerel (Trachurus symmetricus), northern anchovy (Engraulis mordax), market squid (Loligo
opalescens) and krill (euphausiid spp.). Through Amendment 13 to the CPS FMP, Pacific herring
(Clupea pallasii pallasii) and jacksmelt (Atherinopsis californiensis) were added as ecosystem
component species in the assessments (PFMC 2011c).
The PFMC considers the Pacific Sardine Resource from central Baja California to British
Columbia as a single stock, but assesses landings from four commercial fisheries in its annual
stock assessment: Ensenada (Mexico), Southern California (San Pedro to Santa Barbara), Central
California (Monterey Bay region), and the Pacific Northwest (Oregon, Washington, and British
Columbia) (Hill et. al. 2010). This is a recent change; previously, Pacific sardine was considered
to have two distinct stocks: northern (Pacific Northwest) and southern (California/Mexico)
(Radovich 1982). When management began in the US, the initial harvest allocation was divided
into two subareas, which were designed to maintain balance between the Southern California
and the Monterey fisheries. As the sardine population expanded north, need for a new
allocation formula within the US became evident and a long-term, seasonal allocation
framework was adopted in 2005 as Amendment 11 to the CPS FMP. The amendment divided
the harvest into three time periods when a percentage of harvest is allocated coast wide (PFMC
2005).
Pacific sardine have long been considered vulnerable to population decline due to natural
oceanic conditions. The PFMC and DFO manage for cyclical fluctuations in abundance that
correlates with sea surface temperature. Pacific sardines historically experience “boom and
bust” periods on a time scale of approximately 60 years, with average collapse and recovery
time of approximately 30 years (Baumgartner et al. 1992). Management has correlated sardine
biomass to the Pacific decadal oscillation (PDO), which had similar periods from 1920 to 2010
(40-76 years for the PDO and 40-70 years for Pacific sardine biomass). From this, managers
have used the PDO, or more specifically, SST taken from the Scripps Institute of Oceanography
in San Diego to help determine harvest guidelines (HG), or fishing quota, each year. In 2014, the
harvest guideline was updated to adopt a different measure of sea surface temperature, the
three year running average of CalCOFI SST (McClatchie 2012; PFMC 1998; PFMC 2011a; Hill et
al. 2015; see Criterion 1.3 for more details).
Under current US management, each state maintains a critical role in the fishery by providing
fishery-dependent data and enforcement. In 2011, the PFMC reported that the CPS limited
entry fishery in California had 65 permits and 58 vessels (PFMC 2011c). In 2010, Oregon had 20
limited entry sardine permit vessels that reported landings, while Washington distributed 18
limited entry licenses (PFMC 2011b).
The DFO utilizes an annual integrated fisheries management plan. The Sardine Integrated
Advisory Board (SIAB) is the primary consultative body for DFO and reviews the annual
management plan. This advisory board includes members from the commercial fishery,
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processing sector, environmental groups and the recreational fishery. The annual harvest is
divided up evenly among 50 total licenses: 25 commercial and 25 communal commercial
(communal are issued to First Nations organizations) (DFO 2011a). This fishery is dependent on
the migration rate of sardines into Canadian waters (Flostrand et al. 2011). The DFO policy is to
adopt the US harvest rate in any given year and apply this to the percentage of the stock that
migrates into the area (DFO 2011a). The DFO determines this percentage by averaging the most
recent three years of their annual trawl surveys and catch data (DFO 2011a). Governance for
the Canadian fishery includes the Fisheries Act, the Pacific Fishery Management Area
Regulations, Fishery (General) Regulations and the Pacific Fishery Regulations, the Oceans Act,
and The Species At Risk Act.
History of the Fishery
The Pacific sardine fishery began in the early 1900s along the West Coast and remained the
largest fishery in California until its coast-wide decline and eventual collapse in the 1940s
(Murphy 1966; Ahlstrom and Radovich 1970). Fishing effort and landings grew with demand
and peaked at over 700,000 mt in 1936 (CDFG 2001).
The historical decline of the Pacific sardine has been attributed to several factors: unfavorable
oceanic conditions leading to a natural decrease in productivity; the failure of fisheries
management to respond to this decrease in productivity, which hastened and exacerbated the
fishery’s collapse; and competition with other CPS (Ahlstrom & Radovich 1970; Murphy 1966;
Zwolinski & Demer 2012). Decadal environmental cycles influence Pacific sardine abundance
(Baumgartner et al. 1992) and unfavorable oceanic conditions in the 1940s, such as low sea
surface temperatures, have been connected to the poor survival of several year classes
(Murphy 1966). Overfishing removed highly productive, older fish, which caused a decline in
the resilience of the sardine population and led to the collapse of what was then considered the
northern stock (Murphy 1966). Lastly, other CPS fish compete with the Pacific sardine and
experience increases in abundance during periods when oceanic conditions decrease sardine
biomass (Zwolinski & Demer 2012). During this period of sardine decline, anchovy began to
increase in abundance, filling the niche sardine left behind (Ahlstrom & Radovich 1970). With
the increased abundance of anchovy, it was uncertain if the sardine population would be able
to recover (Murphy 1966).
The fishery faced its first closure in the Canadian Pacific in 1947. Closures continued down the
coast, and in 1967 the California Legislature imposed a moratorium on landings (Radovich
1982). California stocks began to recover in the mid/late 1970s to early 1980s with the return of
a warm oceanic cycle. From 1981 through 1985, California had an incidental sardine fishery in
which landings of sardine were recorded when caught with jack mackerel or Pacific mackerel
(Hill et al. 2011), and in 1986 the directed fishery in California was reopened (Wolf 1992). As the
population recovered, sardines began to migrate north to spawn and feed (Emmett et al. 2005).
Oregon reopened its fishery in 1999 (ODFW 2011) and Washington in 2000 (WDFW 2011). The
DFO began a limited experimental harvest in 1996 and moved to commercial harvest in 2002
when Pacific sardines were delisted as a species of special concern (DFO 2011a).
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Production statistics
After the Pacific sardine population increased in the 1990s, the US fishery was declared rebuilt
in 1999 and US landings increased to an average of 83,493 metric tons (mt) from 2000 to 2010
(NMFS 2012a). Commercial landings peaked in California in 2007 (80,958 mt), in Oregon in 2005
(45,110 mt), and in Washington in 2002 (15,832 mt), and coast-wide landings peaked in 2007
(126,463 mt) (NMFS 2012a) (Figure 1 and Table 1). The Canadian fishery has historically landed
between 1,500 and 4,000 mt, though a large increase in harvest occurred in 2008-2010, with
10,435 mt landed in 2008, 15,334 mt in 2009, and 22,223 mt in 2010 (DFO 2011a; DFO 2011b;
DFO 2012a) (Figure 2 and Table 1).
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Figure 1: Annual landings in California, Oregon and Washington. Data from NOAA 2012
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Figure 2: Annual landings in Canada Pacific. Data from DFO 2012a

Table 1: Annual landings coast-wide. Data from Hill et al. 2012

Importance to the US/North American market
The Pacific sardine is a forage fish that has an ecosystem role of transferring energy from
plankton to upper trophic-level predators (Pikitch et al. 2012). Forage fish have large economic
value and contribute to approximately 37% of global marine catch (of which Pacific sardines are
a very small component). These species are mostly valued for reduction and processing, with
90% of the catch made into fish oil and fishmeal for human consumption (in small part),
agriculture, aquaculture and industrial purposes (Alder et al. 2008). US-caught Pacific sardines
are no longer used for reduction; most Pacific sardines captured in the US fishery are frozen
and exported, in part, for use as bait in longline tuna fisheries. From 2002 to 2009, exports as a
percentage of total landings increased from 60% (2002) to 90% (2009) (PFMC 2011a). Small, but
increasing, amounts of sardine are canned or sold fresh for human consumption. Because most

11
sardines caught in the US fishery are exported, the majority of sardines consumed in the US are
either caught by foreign fisheries or processed by foreign countries (see below).
From 2009 to 2010, the top countries (in order by weight) to which sardines were exported
included: Japan, Australia, and Thailand (receive fresh fish); Thailand, Japan, Nauru and
Australia (receive frozen); and China, Sri Lanka and Japan (receive a small quantity prepared).
Some of the exported sardines are processed and then imported back into the US. Multiple
species of sardines are imported from a variety of nations; a large majority (95%) of these
imports are processed, while 5% are fresh or frozen. From 2005 to 2010, US imports came from
Canada, Thailand, Morocco, Poland, Ecuador, Mexico, the Philippines, China, and Portugal
(NOAA 2012). Top US imports for 2011, totaling 31,454 mt, are shown in Figure 3.

Top US Imports, 2011
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30%
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Figure 3: Top US Imports for 2011, by percent. Source NOAA 2012

The major markets for Canadian sardines are Asia, the US, the Russian Federation, and the
Ukraine. A majority of sardines are sold to Asian countries, where they are used as bait for the
longline tuna fishery. The Russian Federation and the Ukraine provide an emerging higher value
small food market (DFO 2012a). Canada combines herring and sardine in its exports and
imports data. From 2007 to 2011, Canadian exports were 316,096 mt, and imports were 27,118
mt (DFO 2012a).
Common and market names
Common: California sardine, Chilean sardine, Pacific American sardine, Pacific sardine, pilchard
Market: pilchard, sardine (Fishbase 2012)
Primary product forms
Domestic: Frozen, fresh, prepared/preserved
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Exports: Frozen, fresh, prepared/preserved
Imports: Frozen, fresh, canned and smoked with and without being skinned and boned (NOAA
2012)
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Analysis
Scoring guide
•
•

All scores result in a zero to five final score for the criterion and the overall final rank. A
zero score indicates poor performance, while a score of five indicates high performance.
The full Seafood Watch Fisheries Criteria that the following scores relate to are available
on our website at www.seafoodwatch.org.

Criterion 1: Stock for which you want a recommendation
Guiding principles
•
•

The stock is healthy and abundant. Abundance, size, sex, age and genetic structure
should be maintained at levels that do not impair the long-term productivity of the stock
or fulfillment of its role in the ecosystem and food web.
Fishing mortality does not threaten populations or impede the ecological role of any
marine life. Fishing mortality should be appropriate given current abundance and
inherent resilience to fishing while accounting for scientific uncertainty, management
uncertainty, and non-fishery impacts such as habitat degradation.

Stock

Fishery

Inherent
Resilience
Rank

Stock Status

Fishing Mortality

Rank(Score)

Rank (Score)

Criterion
1 Rank
(Score)

Pacific Sardine

United
States
Pacific

Medium

Moderate Concern Moderate
(3)
Concern (2.33)

Yellow
(2.64)

Pacific Sardine

Canada
Pacific

Medium

Moderate Concern Moderate
(3)
Concern (2.33)

Yellow
(2.64)

Factor 1.1 Inherent Resilience: Medium
Key relevant information:
FishBase vulnerability score is 33. For this reason, sardines inherent resilience is deemed
‘medium’ (Cheung et al. 2005).
Factor 1.2 Stock Status: Moderate Concern
Key relevant information:
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The 2014 stock assessment for management in the 2015-2016 season found that sardine
biomass had declined below the 150,000 mt cutoff below which the PFMC does not allow
harvest.
As was discussed in the introduction, this fishery has long been understood to be vulnerable to
natural fluctuations in populations due to changes in sea surface temperature (Baumgartner et
al. 1992). Though this vulnerability is independent of fishing pressure, when combined, fishing
and natural changes in oceanic conditions have the potential to cause steep declines in the
Pacific sardine stocks, even if current best management practices are followed. Though
controversial, Zwolinski and Demer (2012) suggest the threshold level below which the stock is
vulnerable to collapse may be 750,000 mt, based on the historical pattern of collapse; but, see
rebuttal by MacCall et al. (2012).
Detailed rationale (optional):
The recovery of the stock from the 1940s collapse began in the late 1970s to early 1980s (Hill et
al. 2011). Since 2000, spawning stock biomass (SSB) (ages 2+) peaked in 2007 at 1,047,250 mt,
and the most recent assessment estimates a decline in SSB to either 96,688 mt or 132,884 mt
(depending on recruitment assumptions) in July 2015 (Hill et al. 2015). (Figure 4). Historically,
the Pacific sardine population has a boom-and-bust cycle of abundance on a time scale of
approximately 60 years, independent of fishing pressure, with average recovery time after a
collapse of approximately 30 years (Baumgartner et al. 1992). According to the methods used
by Baumgartner et al. (1992), Pacific sardine biomass peaked at over 4 million mt before the
collapse in the 1940s, and at over 8 million mt twice in the century prior to the collapse.
Because methods used by current management differ from these historical methods, it is
difficult to relate the estimates of biomass.
Zwolinski & Demer (2012) find that oceanographic conditions have shifted to a colder period in
the north Pacific, that the coast-wide fishery is targeting larger, oldest, and most fecund fish,
and that reproduction is poor. From this, they warn that the coast-wide fishery is in a decline
and, under current management, the population is unlikely to recover. The methods used to
reach these conclusions have been rebutted; MacCall et al. (2012) noted inconsistencies in the
findings and asserts that by omitting available data the decline is overstated.
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Figure 4: Stock biomass, sum of the biomass of Pacific sardine ages 1 and older. Figure from Hill et al.
2015.

Factor 1.3 Fishing Mortality: Moderate Concern
Key relevant information:
For the 2015-2016 season, directed fishing mortality is zero, with a very low total mortality
expected due to an allowed incidental catch of approximately 7000 mt in other fisheries (Hill et
al. 2015). According to management standards, overfishing has not been occurring in the
fishery (Hill et al. 2011). However, potential exists for a coast-wide harvest to exceed the
recommendation of the HCR due to the absence of an international agreement (between the
US, Canada, and Mexico) to ensure harvest remains below the HG. In some recent years, the
exploitation rate coast-wide has exceeded the exploitation reference point (Emsy) determined
initially based on SST at Scripps pier, and currently based on the CalCOFI SST index (Hill et al.
2015).
Detailed Rationale:
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The Pacific sardine fishery relies on annual stock assessments and HG. The 2014 assessment for
management in 2015-2016 determines HG as follows:
HG2015=(BIOMASS2014-CUTOFF)*FRACTION*DISTRIBUTION
Where HG2015 is the total US quota for 2015, BIOMASS is the estimated stock biomass (ages 1+)
from the 2014 stock assessment, CUTOFF is the lowest level at which harvest is allowed
(150,000 mt), FRACTION is an environmentally-based percentage of biomass above CUTOFF
that can be harvested, and DISTRIBUTION is the average portion of BIOMASS that is assumed to
be in the US (Hill et al. 2012). The maximum harvest (MAXCAT) is 200,000 mt. CUTOFF,
FRACTION and MAXCAT were determined by comparing more than 10,000 options of
combinations of variables in the HCR. Management’s goal was to maximize catch and biomass
while minimizing years of fishery closure; with these criteria, the optimal combination of the
three was chosen (Parrish 2012; see Table 2). The maximum FRACTION in the HG varies
between 5% and 20% depending on sea surface temperature. DISTRIBUTION has consistently
been set at 87% (Hill et al. 2012)

17

Table 2: Comparison of HCR options for Pacific sardine. (PFMC 1998)
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The US and Canada determine distribution independently. In 1999 and 2001, Canada estimated
a 10% migration rate of sardine into Canadian waters. In 2009, this estimate was updated to
18.3% (DFO 2012a). While this report does not include management in Mexico, it is important
to note that sardines from northern Baja to Canada are considered a single stock. No
international agreements exist to ensure that coast-wide HGs are met. Between 2000 and 2012,
coast-wide landings have exceeded coast-wide HG (calculated as the US HG as determined by
US management, divided by the DISTRIBUTION parameter of 0.87 to give a coast-wide HG) six
of the twelve years, including the most recent four years (Figure 5) (Hill et al. 2012). This does
not necessarily indicate that overfishing is occurring, or that either the US or Canada is failing to
stay within their country’s HGs; this indicates that the US, Canada, and Mexico are not
collaborating to ensure landings do not exceed coast-wide HG. Since 2000, US and Canadian
landings have remained below their respective HG in nearly all years (US landings slightly
exceeded HG in 2009; Figure 6 and Table 3; Hill 2012.

Coastwide HG Values and Landings
250000

Metric tons

200000

150000
Coastwide Landings (mt)

100000

Coastwide HG (mt)

50000

0

Year

Figure 5: Coast-wide landings and HG values. Data from Hill et al. 2012
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Figure 6: Performance of Pacific sardine fishery in the US from 2000-2011. 2012 landings were not
available at the time this document was published. Data from Hill et al. 2012

In the Pacific sardine fishery, overfishing is determined by landings relative to the overfishing
limit (OFL). The OFL is determined by biomass (ages 1+) multiplied by fishery maximum
sustainable yield (Fmsy) and DISTRIBUTION (Hill et al. 2011). Fmsy is based on the maximum longterm average yield that occurs at an annual harvest rate of 18% (Hill et al. 2012). In order to
account for scientific uncertainty, the allowable biological catch (ABC) differs from OFL.It is
reduced by a buffer in order to ensure no more than a 40% chance of overshooting OFL (P*
equal to 0.40), and the ABC is set at 91.3% of OFL (Federal Register 2011, Hill et al. 2011). Coastwide total landings exceeded the coast-wide OFL in 2004 (Figure 7; Hill 2012).
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Figure 7: Coast-wide landings (Ensenada to British Columbia) and overfishing limits (OFL). Source Hill et
al. 2012

Year US OFL US HG
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

US
Total
Landings OFL

Total
Landings

273,907
204,816
149,585
165,826
188,902
206,730
183,845
228,478
144,234
114,820

186,791
134,737
118,442
110,908
122,747
136,179
118,937
152,564
89,093
66,932

72,496
78,520
101,367
74,599
92,613
90,130
90,776
127,695
87,175
67,084

314,835
235,421
171,937
190,604
217,129
237,621
211,316
262,618
165,786
131,976

142,063
125,857
148,951
116,918
138,948
148,684
149,588
166,065
164,466
138,775

2010 121,598

72,039

63,066

139,768

------

Table 3. OFL and Landings, 2000-2010. Data from Hill 2010

21

Fishing mortality of Pacific sardine also occurs in other fisheries, as CPS are often landed
together. In order to reduce bycatch, management allows CPS fishers to land and sell nontargeted CPS species (PFMC 1998; WDFW 2011). Each year, the PFMC sets limits for incidental
catch. All landings of Pacific sardines in other CPS fisheries are recorded in logbooks and
included in overall landings for Pacific sardine. From 2007 to 2010, incidental catch of sardines
in other CPS fisheries totaled less than 10% of landed weight of those fisheries (PFMC 2011b).
Fishing mortality is set at zero for the 2015-2016 season due to low abundance, but averaged
across the past few years fishing mortality is considered to be a moderate concern because of
scientific debate regarding the role that fishing has played in contributing to the stock’s decline,
the concern that fishing mortality is too high in an ecosystem context given the importance of
sardines as a forage fish (discussed further under Criterion 4.3), and the potential for coastwide landings to exceed the coast-wide OFL.
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Criterion 2: Impacts on other retained and bycatch stocks
Guiding principles
•

The fishery minimizes bycatch. Seafood Watch® defines bycatch as all fisheries-related
mortality or injury other than the retained catch. Examples include discards,
endangered or threatened species catch, pre-catch mortality and ghost fishing. All
discards, including those released alive, are considered bycatch unless there is valid
scientific evidence of high post-release survival and there is no documented evidence of
negative impacts at the population level.

•

Fishing mortality does not threaten populations or impede the ecological role of any
marine life. Fishing mortality should be appropriate given each impacted species’
abundance and productivity, accounting for scientific uncertainty, management
uncertainty and non-fishery impacts such as habitat degradation.

US and Canada Pacific:

Stock

Pacific
Mackerel

Inherent
Vulnerability

Stock
Status

Fishing
Mortality

Rank

Rank
(Score)
Low
Concern (4)

Rank (Score)

Medium

Very Low
Concern (5)

Subscore Score
Rank
(subscore*discard (based
modifier)
on
subscore)
4.47

4.47 Green

Synthesis
The Pacific sardine fishery has both incidental catch (retained and sold) and bycatch (discarded)
species, but the rate of discards of non-target species is very low (less than 1% of total
landings). Though the Pacific sardine fishery does not have significant impacts on the biomass
of any incidental or bycatch species, this assessment addresses the impact on Pacific mackerel
(Scomber japonicus), which are retained in the fishery. Pacific mackerel is included in this report
because management allows incidental catch with the Pacific sardine fishery. Pacific Mackerel
has moderate resilience and is not considered overfished.
Chinook, coho, and sockeye salmon may interact with the Oregon, Washington, and Canadian
Pacific fishery. However, rates of salmon bycatch are very low, such that it is not considered a
conservation concern despite the depleted status of many salmon runs. In the US in 2010,
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bycatch of salmon was 0.0098 salmon per mt of sardine, and 59% of salmon caught were
released alive (PFMC 2011b). A NMFS biological opinion issued in 2005 to evaluate the impact
of the sardine fishery on threatened salmon populations estimated that the surrogate harvest
rate of each threatened salmon ESU taken in the sardine fishery was substantially below 1% of
the returning spawning biomass. It was determined that these rates of bycatch do not
jeopardize the continued existence of the threatened ESUs (PFMC 2005). In Canada, because of
the small scale of the fishery and low rates of salmon interactions (8% of bycatch by number, or
2.5% of bycatch by weight, with total bycatch amounting to only 0.26% by weight of targeted
landings) (Schweigert and McFarlane 2001, Hrabok et al. 2007), salmon bycatch remains
extremely low. Additionally, Oregon, Washington, and Canada each actively manage to prevent
salmon bycatch mortality. PFMC reporting requirements are in place to minimize the
interaction with listed salmonid stocks (PFMC 2011c); all salmonids must be recorded in fishing
logs and must be released when caught (ODFW 2011). In Washington, fishermen must release
salmon from purse seine nets using a dip-net before hauling in the set, and management may
rescind a permit or close the fishery based on a mortality rate of greater than one Chinook
salmon per 20 mt of sardine (Culver and Henry 2009). In Oregon, grates are required over the
intake of the hold to sort out larger fish—including salmon (PFMC 2009c). Retention of salmon is
prohibited in both states (PFMC 2005). In Canada, management measures used in recent years
to constrain bycatch of Chinook on the west coast of Vancouver Island include temporary
closures in the areas of concern (where interactions with Chinook salmon are most likely)
during the salmon migration season, mandatory 100% observer coverage in the areas of
concern (reduced as of 2012; see section 3.1) (DFO 2009; DFO 2010; DFO 2012d), and more
recently, the use of excluders (DFO 2012d). These measures appear to be effective at
constraining bycatch of salmon, particularly Chinook bycatch, which has remained low even as
the fishery has expanded (DFO 2010). As a result of extremely low rates of bycatch and
measures that allow live release of salmon, these species are not considered a conservation
concern in this fishery and are not addressed further in this assessment.
Several other non-target species have been recorded on fish landing receipts and during a pilot
observer program, as reported by the PFMC (2008). These species include smelt, surf perch,
turbot, white croaker, yellowfin croaker, Pacific herring, American shad, Pacific hake, Pacific
sanddab, dover sole and sablefish. Catch and landings of non-target species are also recorded
along with sardine catch in logbooks for DFO (DFO 2012d). These species have a very low rate
of bycatch (less than 1%) (PFMC 2008) and, thus, are not included in this assessment. These
records also show that, on occasion, marine mammal and seabirds, which includes California
sea lion, harbor seal, and unidentified gulls, are caught in purse seines (PFMC 2011a). Still,
marine mammals and seabirds are not included in this assessment because these species are
not considered threatened or endangered and are released alive from the nets (PFMC 2011a).
While bycatch is low, it is important to note that the Pacific sardine is a forage species that has
a functional role in providing a critically important route for energy transfer from plankton to

24

higher trophic levels in marine ecosystems. Predators rely on this resource and can be greatly
impacted when populations decline (Pikitch et al. 2012). This issue is included in this analysis
and discussed in greater detail under Criterion 4.
Pacific Mackerel
Factor 2.1 Inherent Resilience: Medium
Key relevant information:
FishBase Vulnerability Score = 46 (Cheung et al. 2005) = medium resilience
Factor 2.2 Stock Status: Low Concern
Key relevant information:
Pacific mackerel is actively managed by the PFMC. As with Pacific sardine, Pacific mackerel
biomass is impacted by oceanic conditions and can experience drastic fluctuations. From the
mid 1980s to the early 2000s, biomass declined from a total stock biomass of over 1,300,000 mt
to 90,622 mt in 2002. The PFMC attributes this decline to unfavorable oceanic conditions and
not to fishing pressure. Since this decline, biomass has increased and the latest stock
assessment (2011) for Pacific mackerel estimated biomass at 211,126 mt (ages 1+) (Crone et al.
2011). Pacific mackerel is not considered overfished by management in the US (Crone et al.
2011, NMFS 2012b, NMFS 2012c). However, there is some uncertainty with the stock
assessment, particularly because there is no fishery-independent index of abundance that
reflects the status of the stock throughout its range (Crone et al. 2011).
Factor 2.3 Fishing Mortality: Very Low Concern
Key relevant information:
Fishery maximum sustainable yield (Fmsy) is currently 30%. From 2001 to 2010 the HG ranged
from 10,000 mt to over 70,000 mt. The fishery has not fully utilized the HG, with a rough
average yield during this time period of only 5,000 mt (Crone et al. 2011). For 2011-2012 the
HG was set at 40,514 mt.
Factor 2.4 Overall Discard Rate: 0%–20%
Key relevant information:
The discard of non-target species in comparison to landings of target species ratio is less than
1% (PFMC 2011b).
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Criterion 3: Management effectiveness
Guiding principle
•

The fishery is managed to sustain the long-term productivity of all impacted species.
Management should be appropriate for the inherent resilience of affected marine life
and should incorporate data sufficient to assess the affected species and manage fishing
mortality to ensure little risk of depletion. Measures should be implemented and
enforced to ensure that fishery mortality does not threaten the long-term productivity
or ecological role of any species in the future.

Fishery

Management: Harvest
Strategy

Management: Bycatch

Criterion 3

Rank (Score)

Rank (Score)

Rank
(Score)

United States
Pacific

Moderate Concern (3)

All species retained (N/A)

Yellow
(3)

Canada Pacific

Moderate Concern (3)

All species retained (N/A)

Yellow
(3)

Factor 3.1 Management of fishing impacts on retained species: Moderate Concern
Fishery

Critical?

Mgmt
Recovery of Scientific
Scientific
strategy and stocks of
research and advice
implement. concern
monitoring

Enforce.

Track record Stakeholder Management of
inclusion
Retained Species
Rank (Score)

United States Pacific

No

Canada Pacific

No

Moderately
Effective
N/A
Moderately
Effective
N/A

Highly
Effective
Highly
Effective

Highly
Effective
Highly
Effective

Highly
Effective
Highly
Effective

Moderately
Effective
Moderately
Effective

Highly
Effective
Highly
Effective

Moderate (3)
Moderate (3)

Key relevant information:
Although management in both the US and Canada works to use the best available science to
manage the fishery, there is a lack of agreement among the US, Canada and Mexico to ensure
that coast-wide HGs are not exceeded. Due to these issues, management in both the US and
Canada is considered of moderate concern. This score is based on management in a singlespecies context; the effectiveness of management in an ecosystem context is an important
consideration for Pacific sardines and is addressed in Criterion 4.3.
Detailed rationale:
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Management Strategy and Implementation: The PFMC and DFO work collaboratively to
integrate best available science into their management strategies. The PFMC uses its annual
stock assessments to determine annual HGs in the US (PFMC 2011a). After peer-review by the
Center for Science Advice Pacific (CSAP), the DFO uses the PFMC stock assessments to
determine the annual harvest yield in Canada (DFO 2011a). Additionally, the US and Canada
participate in the Trinational Sardine Forum, which also includes Mexico. During the forum,
scientists and managers come together to discuss regional reports and updates on stock
structure, regional biomass, stock assessment, age and growth assessment, and ecosystem
(NOAA SWFSC 2012). Annual stock assessments and the Trinational Sardine Forum indicate that
management remains current on best available science, and is continuously changing HGs to
meet annual goals.
As was discussed in Section 1.3, while there is no evidence that suggests the US or Canadian
fisheries are not following the HG as set forth by their respective managing bodies, potential for
harvest exceeding coast-wide HG exists due to the fact that coast-wide distribution exceeds
100%. While management of the Pacific sardine fishery in the US and Canada has appropriate
strategy and goals, more precaution is needed to ensure coast-wide overexploitation does not
occur. Until these issues are addressed, management strategy and implementation is
considered moderately effective.
Recovery of stocks of concern: The Pacific sardines, along with the other coastal pelagic
species, are not currently considered stocks of concern. Because this fishery is not targeting any
species considered a stock of concern, recovery of stocks of concern is not applicable.
Scientific Research and Monitoring: The Pacific sardine stock assessment uses fisherydependent data (e.g. landings and biological samples) and fishery-independent data (e.g. trawls
and aerial surveys) to conduct annual assessments. In the US, CDFW (formerly CDFG) has
collected samples from landings since 1981, ODFG since 1999, and WDFW since 2000. CDFW
collects 12 random port samples per month, whereas ODFG and WDFW collect more frequently
due to a shorter fishery opening (PFMC 2011). DFO began collecting samples in 1998 and
requires 100% dockside observer coverage (DFO 2012d). Landing samples include weight,
standard length, sex, maturity and otoliths to determine age (PFMC 2011). Four fisheryindependent surveys are used to model biomass. The first ship-based survey ranges from Cape
Flattery, Washington to San Diego, California, and the data collected are used to estimate
female spawning biomass from daily egg production. Since 2005, trawling has been conducted
to sample adult sardine in high and low egg density areas to include total egg production (the
product of egg density and spawning area) (Lo et al. 2011). In 2008, the industry funded a pilot
aerial survey to estimate the number and surface area of schools of Pacific sardine. Fishing
vessels were used to determine the biomass as it relates to surface area. Full surveys continued
in 2009, 2010, and 2011 (Jagielo et al. 2011). Lastly, since 2006 the SWFSC has conducted coastwide acoustic surveys to determine size and age composition data. Biomass projections and
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oceanic conditions are used to determine harvest controls (PFMC 2011). Management conducts
annual stock assessments, which include input from the US, Canada, and Mexico. These
scientific assessments are complete and robust, and therefore scientific research and
monitoring is considered highly effective.
Scientific Advice: Both US and Canadian management of Pacific sardine fisheries do not have
track records of exceeding scientific advice on HGs. Since 2000, US landings have fallen below
HG in all but one year (2009), when the HG was 66,932 mt, and landings were 67,084 mt (PFMC
2011a). Since 2002, Canadian landings have not exceeded total allowable catch (TAC), and have
steadily increased from 9% of TAC caught in 2002 to 95.9% in 2010 (DFO 2011a). While the US
and Canada independently follow management recommendations, coast-wide HG is sometimes
exceeded because of an over-allocation of coast-wide landings. Currently, distribution for
Canada (18.3%) (DFO 2012a) and US (87%) (Hill et al. 2012) HG exceeds 100%; this does not
include catch from Mexico. This is discussed in greater detail in Factor 1.3.
Recent literature questions the management strategy of the US and Canadian Pacific sardine
fisheries. Zwolinsky and Demer (2012) conclude that “all indicators show that the northern
sardine stock off the west coast of North America is declining steeply again and that imminent
collapse is likely.” Indicators identified in this study include a decline in the northern sardine
stock due to high exploitation rates coupled with a transition to a cold regime. Additionally, In
2012, the SSC stated that a management strategy evaluation could provide updated parameters
Fmsy, Fraction, and Cutoff. The SSC also suggested the PFMC conduct a series of workshops
focusing on: 1) the environment-productivity relationship; 2) the operating model; and 3)
feedback from the PFMC and stakeholders from the first two workshops, as well as a discussion
of remaining issues (SSC 2012).
Another concern in regards to management’s responsiveness to scientific advice is whether the
recommendations from the Lenfest Forage Fish Task Force are being considered and acted
upon (Pikitch et al. 2012). This is discussed in greater detail in Factor 4.3.
Though there is a discrepancy in interpretation of recent research, US management has been
responsive to requests to re-evaluate their HG (e.g. PFMC 2012c). In view of this, scientific
advice is considered moderately effective.
Enforcement: In the US, dockside monitoring and logbooks are used to enforce catch limits and
monitor catch levels (PFMC 2005). Landings in recent years have remained below quotas and
there appear to be few serious concerns with compliance, thus enforcement is considered
highly effective given the needs of the fishery.
Before 2012, monitoring in Canada was conducted by an industry funded third party and
included hailing in and out to the fishery, submission of catch and effort information, 100%
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dockside validation of catch and 100% at-sea observers in areas and times of concern for wild
salmon populations (Flostrand et al. 2011). In 2012, DFO implemented a “Salmon Bycatch and
Discard Policy Framework” as part of the Integrated Fisheries Management Plan. This
framework was jointly developed by DFO and industry and outlines specific measures to
minimize impact to local stocks of wild salmon. Although at-sea observer coverage was
reduced, additional time and area closures were implemented as well as the introduction of
excluders, which allow for increased “live releases” of encountered salmon at sea (DFO 2012d).
Because regulations are regularly enforced and verified and sufficient observer coverage exists,
enforcement in Canada is considered highly effective.
Track Record: As has been discussed throughout this report, Pacific sardine stock biomass
fluctuates with changing oceanic conditions. At the turn of the century, scale deposits show an
increase from a crashed stock to approximately 8 million mt (Baumgartner et al. 1992). Just
prior to the collapse of the fishery in the 1940s, the stock peaked at nearly 2.5 million mt (Hill
2012). The stock began to recover in the 1970s and peaked in 1999 and again in 2006 at nearly
1.4 million mt, but has been in decline since then. The most recent stock assessment estimated
a Pacific sardine biomass (ages 1+) of 96,688 mt as of July 2015 (Hill et al. 2015). Zwolinski and
Demer (2012) predict that oceanic conditions in the eastern Pacific have shifted to a colder
period, which could lead to another collapse of the Pacific sardine fishery. In addition to a
decline resulting from oceanic conditions, the authors caution that current management
strategies may have delayed recovery of the Pacific sardine to historic levels and that fishing
may be the cause of the current decline (Zwolinski and Demer 2012). The methods used to
reach these conclusions have been rebutted; MacCall et al. (2012) note inconsistencies in the
findings and assert that by omitting available data the decline is overstated. Though
management has enacted measures to maintain long-term stock abundance, the cyclical nature
of this fishery, the current decline in biomass, and scientific literature questioning management
leaves uncertainty as to whether these measures have been or will continue to be successful.
Thus, track record is considered moderately effective.
Stakeholder inclusion: The PFMC has public meetings where council members, council staff,
and advisory bodies (which includes multiple stakeholder groups) engage in discussions about
Pacific sardine fishery management. The public may attend these meetings and comment on
decisions and council processes. Council staff actively assists the public in such participation
(PFMC 2012b). More information on meeting schedules can be found on PFMC’s website:
http://www.pcouncil.org/council-operations/council-meetings/future-meetings/.
In 2011, the conservation representative on the PFMC’s Coastal Pelagic Species Advisory Panel
(Ben Enticknap of Oceana) resigned from the committee. In a statement, Mr. Enticknap stated
the following: “We worked really hard in the trenches of the management process, but our
grave concerns regarding forage species exploitation and our suggestions to improve
management were largely ignored” (Oceana 2011).
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DFO has a consultation framework to encourage stakeholder involvement in fisheries
management decisions. The agency’s statement on stakeholder inclusion is as follows: “DFO
will undertake consultations in order to improve departmental decision making processes,
promote understanding of fisheries, ocean and marine transport issues, and strengthen
relationships.” This framework focuses on planning and evaluation, building mutual trust, and
improving consultation culture, with special considerations for consultation with Aboriginal
groups (DFO 2004). The Sardine Integrated Advisory Board (SIAB) is a multi-interest group that
provides advice on management and policy issues to the Pacific sardine fishery. The SIAB is
intended to be an avenue for consultation between the DFO and First Nations (DFO 2012c).
More information, such as the consultation schedule for the Pacific region, can be found on
DFO’s website: http://www.pac.dfo-mpo.gc.ca/consultation/index-eng.htm.
The management processes for both the US and Canadian fisheries include stakeholder input,
but the concerns of the PFMC’s CPS advisory panel conservation representative call into
question whether stakeholder input is fully considered. Stakeholder inclusion is considered
moderately effective.

Factor 3.2 Management of Fishing Impacts on Bycatch Species: Not Applicable
Key relevant information:
Because all species caught in the Pacific sardine fishery are retained (with a discard rate of
under 1%), this factor is not applicable.
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Criterion 4: Impacts on the habitat and ecosystem
Guiding principles
•
•

The fishery is conducted such that impacts on the seafloor are minimized and the
ecological and functional roles of seafloor habitats are maintained.
Fishing activities should not seriously reduce ecosystem services provided by any fished
species or result in harmful changes such as trophic cascades, phase shifts or reduction
of genetic diversity.

Fishery

Impact of gear on the Mitigation of gear
substrate
impacts

Ecosystem-based
fishery management

Criterion 4

Rank (Score)

Rank (Score)

Rank (Score)

United States
Pacific

None (5)

N/A

Moderate Concern
(3)

Green
(3.87)

Canada Pacific

None (5)

N/A

Moderate Concern
(3)

Green
(3.87)

Rank
(Score)

Factor 4.1 Impact of the Fishing Gear on the Substrate: None
Key relevant information:
Both US and Canada Pacific sardine fisheries use purse seine, which targets schools of fish and
does not touch the seafloor. Thus, the Pacific sardine fishery does not have any impact on the
substrate.
Factor 4.2 Modifying Factor: Mitigation of Fishing Gear Impacts
Key relevant information:
N/A
Factor 4.3 Ecosystem and Food Web Considerations: Moderate Concern
Key relevant information:
The Pacific sardine is considered a forage fish, which is defined in multiple ways in scientific
literature. The Lenfest Forage Fish Task Force defines forage species “in terms of their
functional role in providing a critically important route for energy transfer from plankton to
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higher trophic levels in marine ecosystems.” Reduction in forage fish biomass can change the
functioning of entire ecosystems (Pikitch et al. 2012). Predators depend on an abundance of
prey and can be greatly affected when populations decline. For example, seabird declines have
been directly linked to forage species declines, both from fishing pressure and environmental
change (Crawford et al. 2007; Cury et al. 2011). This literature was not focused on by either the
US or Canadian Pacific sardine fishery, and there is no evidence that links declines in predators
in this area to the Pacific sardine fishery. Like other forage species, the Pacific sardine
experiences large fluctuations in population over time due to changes in oceanic conditions and
does not have a steady state in population. Because of their schooling behavior, forage fish
have high catchability even at low stock levels. Catch per unit effort does not change in
response to stock size, which makes these species vulnerable to collapse (Pikitch et al. 2012)
and, at times, even slight changes in fishing pressure can have large impacts to the population
(Enticknap et al. 2011).
The HG for Pacific sardine is based on CUTOFF, FRACTION (both described above), and
MAXCAT. The MAXCAT is maximum harvest, 200,000 mt (PFMC 2009). The MAXCAT produces a
higher average biomass, a more stable, smaller average yield, and prevents overcapitalization
of the fleet (Parrish 2012). The TAC cannot be set above 200,000 mt, but the PFMC may
recommend an annual catch target (ACT) below the HG (PFMC 2009, Parrish 2012). The CUTOFF
of 150,000 mt is intended to reserve an unfished core population in large part due to the
fisheries importance as a forage species (Pleschner-Steele 2012). In addition to management
measures intended specifically for Pacific sardine, management has taken action to protect
other forage fisheries and prey species, including: 1) a ban on the harvest of krill (Federal
Register 2009), and 2) a policy on new forage fisheries, which “prevent(s) the development of
new or expanded forage fisheries until Essential Fishery Information is available and applied to
ensure the sustainability of target forage species and protection of its benefits as prey” (CDFG
2012).
In response to the NMFS’s policy to integrate ecosystem management into fisheries
management plans, the PFMC prepared a white paper on the development of an ecosystem
fishery management plan (E-FMP) for Washington, Oregon and California (2007). The
overarching goal of this plan was to create an evolutionary E-FMP that complements, but does
not replace, current FMPs. This plan was directed to include a spatial planning framework, short
and long-term trends in climate and oceanic conditions and trophic interactions. In June 2011,
the PFMC’s Ecosystem Plan Development Team decided to progress this goal with an advisory
ecosystem plan rather than by establishing an E-FMP (PFMC 2011b). In February 2013, the
PFMC published a public review draft of the fishery ecosystem plan for the California Current
(PFMC 2013).
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According to Pikitch et al. (2012), management needs to account for bycatch, interactions
between fisheries that shoal together, and predator-prey interactions. At present, the Pacific
sardine fishery considers bycatch as well as interactions with other CPS (PFMC 2009).
The Lenfest Forage Fish Task Force report (Pikitch et al. 2012) provides an analysis of forage fish
catch by volume and contribution to ecosystem predator production for 72 ecosystems. The
authors used fishery models for each of these ecosystems to quantify the supportive
contribution of fisheries to their community, but not as a way to gauge sustainability. The goal
of this analysis was to show the importance of non-direct contribution to the ecosystem (Pikitch
2013). For the California Current, a 2006 model was used to find that approximately 98% of
forage fish production went toward supportive contribution to ecosystem predator production
(Pikitch et al. 2012). While these models included the best available data at the time of
publication, fishing pressures can change drastically over time and may not be representative of
current contributions, so management should be cautious when using this study to analyze
current conditions in the Pacific sardine fishery (Pikitch 2013).
The Lenfest task force recommends that for forage fisheries with a moderate degree of
scientific information, the target F should be half of Fmsy, and in no case should it be greater
than .75 Fmsy. This number (between 0.5 and 0.75 Fmsy) is dependent on how much information
is available for the fishery and the ecosystem it inhabits. While an analysis has not been done
on the Pacific sardine fishery to know where it lies in this knowledge tier, under either scenario
the fishery would be considered undergoing overfishing in an ecosystem context by this criteria
because fishing pressure is higher than 0.75 Fmsy (Pikitch 2013).
Pikitch et al. (2012) also state that in order to reduce the impacts to predators, allowable catch
should consider total mortality, which includes predation mortality, rather than base it solely
fishing mortality. Local depletion can negatively impact predators who then have to travel
greater distances to find prey, and current management does not address local depletion or
spatial impacts through its Pacific sardine HG. The State of California has implemented Marine
Protected Areas (MPAs) along the entire coastline, some of which have been sited to protect
forage for marine mammals and seabirds. Though the CDFW recognizes that pelagic species will
not benefit significantly from MPAs that do not encompass its entire range, this effort is
intended to benefit the ecosystem as a whole. And, though Pacific sardines are not considered
a “species likely to benefit from MPAs,” management has sited MPAs in locations that protect
forage for marine mammals and seabirds that depend on forage species such as the Pacific
sardine (CDFG 2008).
While management is in the process of creating an ecosystem-based approach that intends to
ensure prey availability for predators of forage species, the Pacific Coast fishery ecosystem plan
is still in draft form. Because management (both in the US and Canada) is in the process of
implementing, but does not yet have a completed analysis of ecosystem impacts in regards to
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predator/prey interactions in the fishery, and both conservation groups and scientific literature
call into question the appropriateness of HG in regards to consideration of predator/prey
interaction, the ecosystem and food web impacts for this fishery is deemed ‘Moderate.’
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Overall Recommendation
Final Score = geometric mean of the four Scores (Criterion 1, Criterion 2, Criterion 3, Criterion 4).
The overall recommendation is as follows:
•

Best Choice = Final Score between 3.2 and 5, and no Red Criteria, and no Critical scores

•

Good Alternative = Final score between 2.2 and 3.199, and Management is not Red, and no more
than one Red Criterion other than Management, and no Critical scores

•

Avoid = Final Score between 0 and 2.199, or Management is Red, or two or more Red Criteria, or
one or more Critical scores
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Appendix A: Review Schedule
Annual assessments are released by PFMC and DFO and can be accessed on their websites:
PFMC: http://www.pcouncil.org/coastal-pelagic-species/background-information/
DFO: http://www.dfo-mpo.gc.ca/index-eng.htm
This report was updated in April 2015 to address that the biomass has declined to below the
“cutoff” level and that there would be no directed sardine fishing in the 2015-2016 season.
Only the sections pertaining to stock abundance and fishing mortality were updated.
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About Seafood Watch®
Monterey Bay Aquarium’s Seafood Watch® program evaluates the ecological sustainability of
wild-caught and farmed seafood commonly found in the United States marketplace. Seafood
Watch® defines sustainable seafood as originating from sources, whether wild-caught or
farmed, which can maintain or increase production in the long-term without jeopardizing the
structure or function of affected ecosystems. Seafood Watch® makes its science-based
recommendations available to the public in the form of regional pocket guides that can be
downloaded from www.seafoodwatch.org. The program’s goals are to raise awareness of
important ocean conservation issues and empower seafood consumers and businesses to make
choices for healthy oceans.
Each sustainability recommendation on the regional pocket guides is supported by a Seafood
Report. Each report synthesizes and analyzes the most current ecological, fisheries and
ecosystem science on a species, then evaluates this information against the program’s
conservation ethic to arrive at a recommendation of “Best Choices,” “Good Alternatives” or
“Avoid.” The detailed evaluation methodology is available upon request. In producing the
Seafood Reports, Seafood Watch® seeks out research published in academic, peer-reviewed
journals whenever possible. Other sources of information include government technical
publications, fishery management plans and supporting documents, and other scientific reviews
of ecological sustainability. Seafood Watch® Research Analysts also communicate regularly
with ecologists, fisheries and aquaculture scientists, and members of industry and conservation
organizations when evaluating fisheries and aquaculture practices. Capture fisheries and
aquaculture practices are highly dynamic; as the scientific information on each species changes,
Seafood Watch®’s sustainability recommendations and the underlying Seafood Reports will be
updated to reflect these changes.
Parties interested in capture fisheries, aquaculture practices and the sustainability of ocean
ecosystems are welcome to use Seafood Reports in any way they find useful. For more
information about Seafood Watch® and Seafood Reports, please contact the Seafood Watch®
program at Monterey Bay Aquarium by calling 1-877-229-9990.
Disclaimer
Seafood Watch® strives to have all Seafood Reports reviewed for accuracy and completeness by
external scientists with expertise in ecology, fisheries science and aquaculture. Scientific
review, however, does not constitute an endorsement of the Seafood Watch® program or its
recommendations on the part of the reviewing scientists. Seafood Watch® is solely responsible
for the conclusions reached in this report.
Seafood Watch® and Seafood Reports are made possible through a grant from the David and
Lucile Packard Foundation.
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Guiding Principles
Seafood Watch defines sustainable seafood as originating from sources, whether fished or
farmed, that can maintain or increase production in the long-term without jeopardizing the
structure or function of affected ecosystems.
The following guiding principles illustrate the qualities that capture fisheries must possess to be
considered sustainable by the Seafood Watch program:
•
•
•
•
•
•

Stocks are healthy and abundant.
Fishing mortality does not threaten populations or impede the ecological role of any
marine life.
The fishery minimizes bycatch.
The fishery is managed to sustain long-term productivity of all impacted species.
The fishery is conducted such that impacts on the seafloor are minimized and the
ecological and functional roles of seafloor habitats are maintained.
Fishing activities should not seriously reduce ecosystem services provided by any fished
species or result in harmful changes such as trophic cascades, phase shifts, or reduction
of genetic diversity.

Based on these guiding principles, Seafood Watch has developed a set of four sustainability
criteria to evaluate capture fisheries for the purpose of developing a seafood recommendation
for consumers and businesses. These criteria are:
1.
2.
3.
4.

Impacts on the species/stock for which you want a recommendation
Impacts on other species
Effectiveness of management
Habitat and ecosystem impacts

Each criterion includes:
• Factors to evaluate and rank
• Evaluation guidelines to synthesize these factors and to produce a numerical score
• A resulting numerical score and rank for that criterion
Once a score and rank has been assigned to each criterion, an overall seafood recommendation
is developed on additional evaluation guidelines. Criteria ranks and the overall
recommendation are color-coded to correspond to the categories on the Seafood Watch
pocket guide:
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Best Choices/Green: Are well managed and caught or farmed in environmentally friendly ways.
Good Alternatives/Yellow: Buy, but be aware there are concerns with how they’re caught or
farmed.
Avoid/Red: Take a pass on these. These items are overfished or caught or farmed in ways that
harm other marine life or the environment.

