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1. INTRODUCTION

The 1996 amendments to the Magnuson-Stevens Act (MSA) established new requirements for
describing and identifying essential fish habitat (EFH) in Federal fishery management plans (FMPs).
The amendments (16 U. S. C. 1801 et. seq.) also require consultation between the National Marine
Fisheries Service (NMFS) and Federal agencies on activities that may adversely impact EFH for
those species managed under FMPs. The amended MSA requires Fishery Management Councils to
amend all their FMPs to describe and identify EFH for the fishery based on guidelines established by
NMES, to minimize to the extent practicable adverse effects on such habitat caused by fishing, and to
identify other actions to encourage the conservation and enhancement of EFH. NMFS guidelines on
EFH requirements for FMPs were published as a Final Rule in the Federal Register on January 17,
2002 (67 FR 2376). These guidelines were used in the description and identification of EFH for the
Coastal Pelagic Species (CPS) FMP.

The MSA defines "essential fish habitat" as "those waters and substrate necessary to fish for
spawning, breeding, feeding, or growth to maturity." To clarify this definition, the following
interpretations are made: "waters" include aquatic areas and their associated physical, chemical, and
biological properties that are used by fish (here and thereafter defined as any fish or invertebrate),
and may include areas historically used by fish where appropriate; "substrate" includes sediment,
hard bottom, structures underlying the waters, and associated biological communities; "necessary"
means the habitat required to support a sustainable fishery and the managed species’ contribution to
a healthy ecosystem; and "spawning, breeding, feeding, or growth to maturity" covers the full life
cycle of a species. EFH must be designated for each managed species, but, where appropriate, may
be designated for assemblages of species or life stages that have similar habitat needs and
requirements.

The CPS FMP includes four finfish (Pacific sardine, Pacific (Chub) mackerel, northern anchovy
(northern and central subpopulations), and jack mackerel), one mollusk (market squid), and all
species of krill, a crustacean, within the West Coast Exclusive Economic Zone (EEZ) (Table 1.1).
CPS finfish are pelagic (in the water column and not associated with substrate) during all life stages
and generally occur above the thermocline in the upper mixed layer. Market squid are demersal
during their egg stage, but pelagic during their larval and juvenile stages. Maturing market squid
(virgin) are pelagic, but spawning adults are demersal during the last few days of their life. Krill are
pelagic at all life stages. For the purposes of EFH, the CPS finfish is treated as a single species
assemblage. Market squid EFH is defined separately. Because sufficient information exists to
designate EFH at the species level for Euphausia pacifica and Thysanoessa spinifera, those two
species have individual EFH designations. The other krill species are treated as a species assemblage
due to their similar habitat requirements and insufficient information to designate EFH for each
individual species Within assemblages, species have similarities in their life histories and similarities
in their habitat requirements. However, among species assemblages, there are some differences in
life histories or habitat requirements across life stages. Under the CPS FMP, fishing is prohibited on
any krill species (see Amendment 12, PFMC 2006).



Table 1.1 CPS Scientific and common names and assemblage under the CPS FMP.

Common Name Scientific Name
Finfish
Pacific sardine (northern subpopulation) Sardinops sagax
Pacific (chub) mackerel Scomber japonicus

Northern anchovy (central and northern subpopulations) Engraulis mordax

Jack mackerel Trachurus symmetricus

Market squid Doryteuthis opalescens

Krill or Euphausiids (Including all species in West

Coast EEZ)
Euphausia pacifica Euphausia pacifica
Thysanoessa spinifera Thysanoessa spinifera
Other krill (includes all krill species in the West Coast EEZ ~ Nyctiphanes simplex
other than E. pacifica and T. spinifera. Nine species are Nematocelis difficilis
listed here.) .

T. gregaria

E. recurva

E. gibboides

E. eximia

T. inspinata
Stylocheiron affine
E. hemigibba



2. ESSENTIAL FISH HABITAT FOR THE CPS FISHERY

In determining EFH for CPS, the estuarine and marine habitat necessary to provide sufficient CPS
production to support a sustainable fishery and a healthy ecosystem was considered. Using Level 1
information, (i.e., presence/absence distribution data) EFH for CPS is primarily based upon a thermal
range bordered within the geographic area where a CPS occurs at any life stage, where the species of
CPS has occurred historically during periods of similar environmental conditions, where a CPS has
been associated with both pelagic waters and benthic substrates (e.g., market squid), or where
environmental conditions do not preclude colonization by the CPS. EFH for CPS is derived from
distributional data (presence/absence), oceanographic data (e.g., sea surface temperatures [SST]),
relationships between oceanographic variables (e.g., temperature, salinity, chlorophyll a), and other
published information. Specific EFH boundaries are based on best available scientific information.
Sufficient Level 1 information exists to describe and identify EFH for the CPS finfish assemblage,
market squid, and krill (Euphausiia pacifica, Thysanoessa spinifera, and ‘other krill”).

The specific description and identification of EFH for each species or assemblage accommodates the
fact that the geographic range of all CPS varies widely over time in response to the temperature of the
upper mixed layer of the ocean, and to atmospheric/climatic events such as the El Nifio Southern
Oscillation (ENSO), Pacific Decadal Oscillation (PDO), and marine heat waves (e.g., Chasco et al.
2022, McClatchie et al. 2018, Muhling 2020, Lilly and Ohman 2021, Santora et al. 201 1a, van Noord
and Dorval, 2017b, Zwolinski and Demer 2012).

2.1 FINFISH ASSEMBLAGE: EFH DESCRIPTION AND IDENTIFICATION

Juvenile and adult CPS finfish are generally not found at temperatures colder than 10°C or warmer
than 26°C and preferred temperatures and minimum spawning temperatures are generally above
12°C. Spawning is most common at 13° to 17°C in U.S. waters (e.g., Ahlstrom 1959, Lo et al. 2009,
Lo et al. 2013, Dorval et al. 2014, Dorval et al. 2018), but this temperature range can extend up to
20°C or greater off Mexico (Weber and McClatchie 2012). More detailed information on CPS
temperature range of each species is provided in Section 2.1.1 to 2.1.4 of this document. Annual SST
experienced by CPS are found in Figure 2.2 and Figure 2.3.

SST and habitat boundaries for CPS finfish vary seasonally, inter-annually, and decadally. During
favorable oceanic conditions (e.g., warm regimes), most CPS finfish populations undergo northward
migration in summer-fall (as far as British Columbia) for feeding, and southward migration in winter-
spring for spawning in the southern California bight (SCB) (e.g., Félix-Uraga et al. 2004, Demer et
al. 2012, Stierhoff et al. 2019, Zwolinski et al. 2019). In unusually warm years (e.g., El Nifo), CPS
finfish such as Pacific sardine and Pacific mackerel may shift their population northward, leading to
increased summer abundance off the U.S. Pacific Northwest, British Columbia and Alaska (e.g.,
McFarlane et al. 2005, Lo et al. 2010a). On a decadal scale, these CPS may shift their populations
southward during cold regimes, leading for example to the complete depletion of the Pacific sardine
population off British Columbia and the U.S. Pacific Northwest (e.g., 1950s-1970s), or to small
residual populations off northern California and Oregon (e.g., 2015-present) (FOCS 2012, Zwolinski
et al. 2012, Dorval et al. 2016, Auth et al. 2018, Stierhoff et al. 2019). During favorable oceanic
conditions, most CPS finfish populations exhibit peak spawning in the SCB in March-April, although
Northern anchovy peak spawning may start as early as February. Across centuries and millennia,
hence prior to exploitation, CPS finfish populations have boomed and busted within their preferred
habitats, shifting northward or southward, and collapsing or recovering within the U.S. EEZ,
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depending on prevalent oceanic conditions (e.g., Soutar and Isaacs 1974, Baumgartner et al. 1992,
McClatchie et al. 2017, 2018).

During the 1999-2012 period, the position of the 10°C isotherm (a rough estimate of the lower
thermal and northern geographic bound for CPS finfish) in winter (January-March) was on average off
the coast of Oregon (~ between 42° and 43° N. latitude) (Figure 2.4). During the warmer period of
2013-2020, the 10°C isotherm in winter was further north along the coast, but between 45° and 46°
N. latitude offshore (Figure 2.5). The 14°C isotherm (a rough measure of the location of preferred
temperatures) during winter was on average off California (~ 32.3° -37° N. latitude) in 1999-2012
but shifted slightly northward off California (~ between 34° and 38° N. latitude) in 2013-2020.

SST and habitat boundaries for CPS finfish extend farther to the north during the summer than during
the winter. The position of the 10°C isotherm during summer (July-September) was off Canada
during both the 1999-2012 and 2013-2020 periods (Figure 2.6 and Figure 2.7). As described above,
sea surface temperatures of 13° to 17°C are generally preferred for spawning in U.S. waters.

Differences between spawning habitat (13° to 17°C) and geographic range (>10°C) are consistent
with seasonal migration patterns of Pacific sardine and Pacific mackerel, which tend to move north to
feed during summer and south to spawn during winter (e.g., Demer et al 2012, Zwolinski et al 2012).
Abundance and biomass are probably both related to the geographic extent of spawning. Pacific
mackerel and Pacific sardine in particular may have increased reproductive success during warm
decades (i.e., the 1930s, 1980s, 1990s, and 2000s) when spawning peaks are located within the core
area in the SCB (e.g., Lo etal. 2009, Lo et al. 2010b, Weber and McClatchie 2012, Dorval et al. 2014).
In the absence of Pacific sardine, productivity of northern anchovy tends to peak during colder
decades (e.g., 1960s, 1970s), although showed high fluctuations (0.5-2 million mt of spawning
biomass) throughout the 1960-1990 period (MacCall et al. 2016). After a low period of abundance
from 2009 to 2011 (MacCall et al. 2016), the central subpopulation of northern anchovy (CSNA) has
recovered since 2017, showing high abundance off California and peak spawning in the SCB (Dorval
et al. 2018, Stierhoff et al. 2019, Kuriyama et al. 2022).

SST (°C) and spatial distribution data in the California Current Ecosystem (CCE) presented in Figure
2.2 through Figure 2.13 were compiled from various National Oceanic and Atmospheric
Administration (NOAA) Surveys and Satellite data by B.A. Muhling, University of California, Santa
Cruz. Although for the purpose of this document these data were summarized on different time scales,
they were derived from the same datasets and analyzed using the same statistical methods that were
reviewed and published in Muhling et al. (2020) and in Fennie et al (2022). Further, Muhling et al.
(2020)’s data are available to the public on the NOAA website Environmental Research’s Division
Data Access Program (ERDDAP, https://coastwatch.pfeg.noaa.gov/erddap/index.html).

EFH for the CPS finfish assemblage: the east-west geographic boundary of EFH for the finfish
assemblage is defined to be all marine and estuarine waters from the shoreline along the coasts of
California, Oregon, and Washington offshore to the limits of the EEZ and above the thermocline
where sea surface temperaturesrange between 10° to 26°C. The northern distributional range of CPS
finfish is dynamic and variable due to the seasonal cooling of the sea surface temperature (see Figure
2.2 and Figure 2.3), hence in some seasons the 10°C isotherm can be north of the U.S. EEZ. Similarly,
the southern distributional range can extend south of the U.S. EEZ where sea surface temperatures
are consistently below 26° C. Therefore, the southern extent of EFH for CPS finfish is the U.S.-Mexico


https://coastwatch.pfeg.noaa.gov/erddap/index.html

maritime boundary (Figure 2.1), whereas the northern extent is the U.S.-Canada maritime boundary.

EFH for CPS finfish is summarized in Table 2.1.

Table 2. 1 Summary of distribution and EFH for CPS finfish (northern anchovy, Jack mackerel, Pacific
sardine, Pacific mackerel).

Species Common | CPS Scientific and San Diego- Pt. Cape Benthic
and Scientific |common names and Pt Conception- | Mendocino- | Association
Names assemblage under the | Conception Cape Puget Sound

CPS FMP................... 7| (California) | Mendocino | (California-

1 Summary of (California) Oregon-

distribution and EFH Washington)

for CPS finfish

(northern anchovy,

Jack mackerel, Pacific

sardine, Pacific

mackerel). ......... Error!

Bookmark not

defined.

Life stage

Northern anchovy | Eggs/Larvae/Juveniles yes yes yes no
(Engraulis
mordax) Adults yes yes yes no
Jack mackerel Eggs/Larvae/Juveniles yes yes yes no
(Tr aCh”’f us Adults yes yes yes no
symmetricus)
Pacific sardine Eggs/Larvae/Juveniles yes yes* yes* no
(Sardinops Adults yes yes* yes* no
sagax)
Pacific (Chub) Eggs/Larvae/Juveniles yes yes* yes* no
mackerel
(Scomber Adults yes yes yes no
japonicus)

Note: * Indicates that abundance of a life stage is likely to be higher in this region during warm environmental

conditions.
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Figure 2.2 Summary of annual sea surface temperature (°C) from 1999-2012, within and beyond the U.S.
EEZ. Data used to build this map was provided by B.A. Muhling, using the same data sets and peer-

reviewed statistical methods that were published in Muhling et al. (2020).
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Figure 2.3 Summary of annual sea surface temperature (°C) from 2013-2020, within and beyond the U.S.
EEZ. Data used to build this map was provided by Muhling, using the same source of data in Muhling et al.
(2020).
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Figure 2.4 Spatial distribution of sea surface temperature (°C) in winter (January-March) during the 1999-2012 period,
within and beyond the U.S. EEZ. Data used to build this map was provided by B. A. Muhling, using the same data sets
and peer-reviewed statistical methods that were published in Muhling et al. (2020).
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Figure 2.5 Spatial distribution of sea surface temperature (°C) in winter (January-March) during the 2013-
2020 period, within and beyond the U.S. EEZ. Data used to build this map was provided by B. A. Muhling,
using the same data sets and peer-reviewed statistical methods that were published in Muhling et al. (2020).
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Figure 2.6 Spatial distribution of sea surface temperature (°C) in summer (July-September) during the 1999-
2012 period, within and beyond the U.S. EEZ. Data used to build this map was provided by B. A. Muhling,
using the same data sets and peer-reviewed statistical methods that were published in Muhling et al. (2020).
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Figure 2.7 Spatial distribution of sea surface temperature (°C) in summer (July-September) during the 2013-
2020 period, within and beyond the U.S. EEZ. Data used to build this map was provided by B. A. Muhling,
using the same data sets and peer-reviewed statistical methods that were published in Muhling et al. (2020).



2.1.1 NORTHERN ANCHOVY
2.1.1.1 Distribution and Habitat

Northern anchovy (Engraulis mordax) is a small planktivorous fish that is distributed in the
northeastern Pacific Ocean from the Queen Charlotte Islands (British Columbia) to Magdalena Bay,
Baja California and the Gulf of California (Mexico). Recent phylogenetic analysis confirmed the
evolutionary relatedness of E. mordax to other fishes of the family Engraulidae within the order
Clupeiformes, but also indicated non-monophyly for the herring family, Clupeidae (Lewis and Lema,
2019). Northern anchovy are divided into three subpopulations, namely the northern subpopulation
of northern anchovy (NSNA), the central subpopulation of northern anchovy (CSNA), and the
southern subpopulation of northern anchovy (SSNA) (Fielder 1986, PFMC 2019). The NSNA may
range from British Columbia to Cape Mendocino, whereas the SSNA is entirely within Mexican
waters. The CSNA, which supports significant commercial fisheries in the U.S. and Mexico, ranges
from approximately San Francisco, California, to Punta Baja, Baja California. The bulk of the CSNA
is located in the SCB, a 20,000-square-nautical-mile area bounded by Point Conception, California,
in the north and Point Descanso, Mexico, (about 40 miles south of the U.S.-Mexico border) in the
south.

Off California, northern anchovy are typically found in waters that range from 12°C to 21.5°C
(Thompson et al. 2019). Laboratory-reared northern anchovy can be induced to mature their gonads
and to spawn at about 15° and 17°C (Leong 1971) and they may produce larvae that hatched and
developed normally in temperature ranging from 11.5° to 27°C (Brewer 1976). However, laboratory
defined lethal temperatures occur at 7°C and 29°C (Brewer 1976). There is a great deal of regional
variation in age composition and size (Kuriyama et al. 2022, Schwartzkopf et al. 2022), with older
and larger northern anchovy found farther offshore and to the north (Parrish et al. 1985). These
patterns are accentuated during warm years such as El Nifio and when abundance is high (Methot
1989). Tagging experiments have shown that northern anchovy moved from southern California to
central California in summer and from central to southern California in the spring (Haugen et al.
1969). Spawning stock biomass is typically higher in southern California than in northern California
during the spring season (e.g., Picquelle and Hewitt 1983, Hewitt 1985, Dorval et al. 2018), whereas
total stock biomass tends to be higher off northern California during summer and fall (Mais 1974,
Stierhoff et al. 2020, Kuriyama et al. 2022). In the Oregon to Vancouver Island region, the NSNA
must overwinter in upper mixed layer temperatures as low as 8°C to 9°C.

Off California, eggs and larvae are found near the surface, and they are generally most abundant at
depths of less than 50 meters (Ahlstrom 1959). In the 1940s and 1950s, most anchovy eggs were
collected in water temperatures from 13° to 17°C, and larvae were most abundant in temperatures of
12 to 18°C (Ahlstrom 1959). Throughout the 1980s, anchovy eggs were most abundant at about 14°C
(e.g., Lluch-Belda et al. 1991), but their overall distribution ranges between 11°and 17°C in the SCB
(Picquelle and Hewitt 1983, Hewitt 1985). Recently, Dorval et al. (2018) reported spawning of
CSNA from 11° to 17°C (mean = 14.4°C), with high density areas of eggs located mostly between
the 13 and 14°C isotherms. Therefore, current spring spawning habitat of the CSNA generally occurs
at the same temperature range and locations as observed in the 1980s in the SCB. However, during
unusual years (e.g., El Nifio years), eggs and larvae may be found as much as 150 km offshore, from
within the SCB, due to habitat extension and advection (Fielder et al. 1986). Although some studies
have found that the geographic range of northern anchovy may be influenced by climatic events,
causing potential mixing between subpopulations and shift in their distributional range (Weber and
McClatchie 2010, Sydemann et al. 2020, Weber et al. 2021), Muhling et al. (2020) found that northern
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anchovy largely maintained their historical spatiotemporal distribution during marine heat waves.
Remotely sensed oceanographic data have also been modeled to predict the seasonal location of the
spawning stock along the U.S. Pacific coast, providing new ecological indicators such as thermal
fronts, chlorophyll a (Reiss et al. 2008, Reese et al. 2011), and dynamic height (Asch 2013, Asch and
Checkley 2013) for defining preferred-spawning habitats or predicting fine scale spawning patterns.
Reiss et al. (2008) estimated that the spawning habitat of the central population averaged between
1,000 and 200,000 km? for the period of 1998-2005. Asch and Checkley (2013) found that the greatest
probability of encountering northern anchovy eggs occurred at dynamic heights of 79-83 centimeters
(cm). Time series data (AD 1000-1500) reconstructed from sediment fish scales in the Santa Barbara
Basin also revealed that high anchovy biomass was associated with increased upwelling diatoms and
cool/negative PDO events (Skrivanek and Hendy, 2015).

All northern anchovy life stages are found in the surface waters of the EEZ, but there is temporal and
spatial variation in their distribution. Methot (1981) found that nearshore habitat areas (<90 meters)
between Point Conception, California and Point Banda, Baja California represented 23 percent of the
available habitat for CSNA juveniles. Densities of northern anchovy juveniles in nearshore areas
were about ten times higher than in other habitat areas. Methot (1981) concluded that nearshore
habitats supported at least 70 percent of the juvenile anchovy population (Methot 1981). Ralston et al.
(2015) showed that from 1990 to 2012, northern anchovy were mostly distributed in waters less than
200 m of depth, with highest abundances occurring closer to the shorelines off California.
Information on northern anchovy habitat use is summarized in Table 2.2, whereas its spatial
distributions within the U.S. EEZ during the 1999-2012 and 2013-2020 periods are presented in
Figure 2.8 and Figure 2.9.

Table 2. 2 Summary of habitat information for northern anchovy within the U.S. EEZ.

Life Stage Diet Season Location Water Column | Oceanographic
Features
Eggs and Yolk sac and Year-round, Surface waters | Near surface, 11°C - 17°C
larvae planktivorous |peaks from of the EEZ <50m
Feb. to April
Juveniles and |Phytoplankton, |Year-round Surface waters | Near surface, 12° C - 22°C
Adults zooplankton of the EEZ <200 m
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Figure 2.8 Summary distribution of northern anchovy within the U.S. EEZ during the 1999-2012 period.
Probability distribution was computed using generalized additive models (GAM) and provided by B. A.
Muhling, using the same data sets and peer-reviewed statistical methods that were published in Muhling et al.
(2020) and in Fennie et al (2022).
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Figure 2.9 Summary distribution of northern anchovy within the U.S. EEZ during the 2013-2020
period. Probability distribution was computed using GAM models and provided by B. A. Muhling,
using the same data sets and peer-reviewed statistical methods that were published in Muhling et al.
(2020) and in Fennie et al (2022).
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2112 Life History

Northern anchovy are small, short-lived fish typically found in schools near the surface. Northern
anchovy age may range from 0 to 7 years-old, but the dominant age classes in the populations
typically are from 0 to 4 years-old. Recent aging research conducted by Schwartzkopf et al. (2022)
found that the maximum age and size of northern anchovy collected from the CSNA were 6 years- old
and 164 mm standard length (SL), respectively. From 2015 to 2021 age-0 and age-1 accounted for 65
percent of samples collected from Southwest Fisheries Science Center (SWFSC) trawl surveys,
whereas age 4+ made up only 8 percent of these samples. In the fishery, age-1 and age-2 were
dominant, accounting for 68 percent of the samples, whereas fishery samples comprised only 2 percent
of age-4+ individual fish.

Northern anchovy grow fast and like most CPS, they complete most of their growth within the first
two years of their life. However, there is also clinal variation in the age structure and growth
dynamics among the three subpopulations of northern anchovy. Litz et al. (2008) estimated maximum
length to be 250 mm SL for the NSNA, whereas Clark and Phillips (1952) found that CSNA
individual fish exhibited a maximum length of 184 mm (SL). Parrish et al. (1985) and Mais (1974)
reported that the maximum length collected from the southern subpopulation off Mexico was ~125
mm (SL). Off central California, older fish tend to occur in greater numbers than in the SCB
(Mallicoate and Parrish 1981). In addition, Parrish et al. (1985) reported that fish ages ranged from 1
to 7 years-old in the CSNA, whereas SSNA comprised younger fish ranging from 1 to 5 years-old.
Adult fish collected from the SSNA tend to have a slower growth rate than those collected from the
CSNA. For juveniles, growth was also faster for the CSNA compared to the SSNA. Parrish et al.
(1985) also reported that individual fish caught in offshore areas of the SCB had faster growth rates
than those caught in inshore waters.

Various factors may regulate northern anchovy somatic growth, including food quantity and quality,
ocean temperature, upwelling intensity and timing, and early life history mortality rates. Takahashi
et al. (2012) found that delayed upwelling contributed to reduced growth rates due to low food
availability. Canales et al. (2016) reported that a shift of diets toward smaller zooplankton resulted in
slower growth of Engraulis spp. Nearshore eutrophic habitats, where large zooplankton are abundant,
have been also identified as areas with the highest potential for adult northern anchovy growth
(Rykaczewski 2019). Food availability and varying metabolic rates from temperature changes also
directly impact growth rates of larval and juvenile northern anchovy (Butler 1989).

Natural mortality (M) has been estimated to range from 0.6 to 0.8 year™', which means that 45 percent
to 55 percent of the total CSNA would die each year of natural causes if no fishing occurred.
Estimates within this range of M values have been directly used in past stock assessment of the CSNA
(e.g., Jacobson et al. 1995) or used to establish priors for estimating M (Kuriyama et al. 2022) from
assessment models. Predation from marine mammals, fishes and birds is an important factor that
determines these high natural mortality rates (see Section 2.1.1.3 below).

Northern anchovy of the CSNA have a protracted spawning season, but spawning increases in late
winter and early spring and peaks from February to April (Picquelle and Hewitt 1984, Hewitt 1985,
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Dorval et al. 2018). Preferred spawning temperature is 14°C and eggs are most abundant at
temperatures between 11°C to 17°C. Northern anchovy are multiple batch spawners and have
indeterminate fecundity (Hunter and Macewicz 1980; Hunter and Leong 1981). On average,
individual females spawn every 6-10 days and up to 20 times per year (Hunter and Goldberg 1980,
Hunter and Macewicz 1980, Parrish et al. 1986). Batch fecundity, spawning frequency, and spawning
season duration in northern anchovy increase with female size (both length and weight) and age such
that larger older females contribute disproportionately more to total annual egg production relative
to first-time spawners (Hunter and Macewicz 1985; Parrish et al. 1986). For example, one year-old
females have a shorter spawning season and an earlier spawning peak than older females (Hunter and
Macewicz 1985, Parrish et al. 1986). Moreover, fourth year spawning females reproduce more times
per year than first time females, 23.4 vs. 5.3, respectively (Parrish et al. 1986), and batch fecundity
is an exponential function of gonad-free female body mass (Hunter and Macewicz 1980).

Northern anchovy eggs are typically ovoid and translucent and require two to four days to hatch,
depending on water temperatures. Both the eggs and larvae are found near the surface. The northern
range of egg distribution off California is typically associated with the 14.5°C isotherm (Lasker et al.
1981; Picquelle and Hewitt 1983; Hewitt 1985) and in 2017 high density areas of eggs were located
mostly between the 13-14°C isotherms in the SCB (Dorval et al. 2018).

Histological analysis conducted on gonad samples collected in 2017 and 2021 showed that northern
anchovy started maturing at age 0, and their length at 50 percent maturity ranged from 97 mm-102
mm SL on average (Dorval et al. 2018, Schwartzkopf et al. 2022). The fraction of 1 year-olds that is
sexually mature in a given year depends on water temperature and has been observed to range from
47 percent to 100 percent (Methot 1989). Schwartzkopf et al. (2022) found that 87 percent of females
were mature at age 0, 97 percent were mature at age 1, and all females were mature by age 2 in spring
2017. For spring 2021, 37 percent were mature at age 0, 83 percent were mature at age 1, 93 percent
were mature at age 2, 98 percent were mature at age 3, and all females were mature by age 4.
Schwartzkopf et al. (2022) found that the smallest mature female CSNA of 89 mm was an age 0, and
all females were estimated to be mature by 2 years of age (120 mm SL) based on a von Bertalanffy
growth model.

2.1.1.3 Relevant Trophic Information

Northern anchovy are subject to natural predation throughout all life stages. Eggs and larvae fall prey
to an assortment of invertebrate and vertebrate planktivores. As juveniles, northern anchovy are
vulnerable to a wide variety of predators, including many recreationally and commercially important
species of fish. As adults, northern anchovy are preyed upon by endangered salmon stocks (e.g.,
Chinook and coho salmon), endangered birds (e.g., California brown pelican Pelecanus occidentalis
californicus and the California least tern Sterna albifrons brownie), numerous fishes (some of which
have recreational and commercial value), mammals, and birds. Links between brown pelican
breeding success and northern anchovy abundance have been documented (e.g., Anderson et al. 1980,
1982). Recent research has particularly focused on determining the trophic interactions of northern
anchovy within the CCE food web, and on quantifying the impact of its abundance on population
sizes and the temporal variability in the habitat range of top marine predators. Thus, various indices
have been developed to assess the value of northern anchovy in the diets of marine predators and to
elucidate the most important factors that control foraging habitats of fish such as salmons, Pacific
albacore, and thresher sharks (Glaser et al. 2011; Dale et al. 2017; Adams et al. 2017; Litz et al. 2017,
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Preti et al. 2012, Thayer et al. 2014, Nickels et al. (2023)); birds such as cormorants, terns, murres,
and shearwaters (Elliott et al. 2015, 2016; Sydemann et al. 2015; Peterson et al. 2018; Phillips et al.
2017; Webb and Harvey, 2015; Zamon et al. 2014); and marine mammals such as California sea
lions and harbor seals (Lance et al. 2012, Riemer et al. 2011; Robinson et al. 2018). Seabirds, such
as murres and shearwaters eat primarily planktivorous fish such as northern anchovy (Zamon et al.
2014). Northern anchovy is also a major dietary component of certain colonies of California least
terns, and thus their importance for this endangered species may vary in space and time (see
Appendix 2 in Lewiston and Deutschman 2014). Elegant tern, Heermann’s gull, and brown pelican
feed on pre-recruits of Pacific sardine and northern anchovy, and their population sizes are sensitive
to variations in the abundance of these forage fish (Velarde et al. 2015, Kaplan et al. 2019). Between
2008 and 2012, diets of Brandt's cormorant decreased in the consumption of northern anchovy, as
these seabirds switched their feeding to rockfish (Elliott et al. 2015). Phillips et al. (2017) found that
the distribution of common murres, sooty shearwater, and juvenile salmon was associated with forage
fish (including northern anchovy), and these birds and fish species were more abundant in the
Columbia River plume waters than in adjacent marine waters. Pacific sardine and northern anchovy
occur frequently in the diet of sea lions (Orr et al. 2011). In the 1900s, sea lion diets were dominated
by these two forage fish, but both species were less prominent in recent years (Robinson et al. 2018).
Pacific sardine and northern anchovy were also the two most important prey of thresher sharks during
the 1998-2014 period, but not in recent years (Pretti et al. 2012, 2018). In some years, northern
anchovy may make half of the diet of subyearling Chinook salmon (Dale et al. 2017), and this species
grows faster and reaches larger size in periods when ocean conditions increase the availability of
Northern anchovy (Litz et al. 2017). The spatial distribution of northern anchovy and its predator
Pacific hake are highly correlated with cool-water mesopelagic ichthyoplankton. Further, Nickels et
al. (2023) found that Pacific albacore specialized in feeding on northern anchovy in areas
characterized by “Low Biologically Effective Upwelling Transport index.” Furthermore, Glaser et
al. (2011) estimated that Pacific albacore may consume from less than 1 percent to over 17 percent
of northern anchovy pre-recruitment biomass annually (Glaser et al. 2011). These interactions of
anchovy with its prey and predators highlight the importance of this species in the CCE, leading
Kaplan et al. (2013) to predict that a depletion of 40 percent of forage fish (including northern
anchovy) in this ecosystem can impact the abundance of 20-50 percent of other functional groups by
greater than 20 percent.

2.1.2 JACK MACKEREL
2.1.2.1 Distribution and Habitat

Jack mackerel are a pelagic schooling species that ranges widely throughout the northeastern Pacific,
from the Pacific coast to an offshore limit approximated by a line running from Cabo San Lucas, Baja
California Sur (including the Gulf of California), to the eastern Aleutian Islands, Alaska (Morley et
al. 2012, Jorgensen et al. 2016). Much of the range lies outside the 200-mile U.S. EEZ (MacCall
and Stauffer 1983, Konchina et al. 2011). Data collected on Jack mackerel from 2007 to 2020 have
been used to map the quality of its habitat along the U.S. West Coast (Morley et al. 2018). Morley et
al. (2018) found that jack mackerel had moved into regions with larger areas of continental shelf
habitats, with the latitudinal centroid of this species distribution shifting poleward about 20.6 km
per decade. Based on these data, the thermal habitat of jack mackerel is projected to shift by more
than 1300 km northward by the end of this century in 2081— 2100, as this species expands into Alaska
and the eastern Bering Sea under climate change (Morley et al. 2018).
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Off California, jack mackerel prefer spawning in temperatures ranging from 13.5° to 15.6°C and in
waters of <33.1 salinity (Asch and Checkley 2013). However, eggs have also been collected in higher
salinities from 33.28 to 33.56 (McClatchie et al. 2012). Abundance of jack mackerel larvae is typically
centered between 80 to 240 miles offshore (Ahlstrom and Ball 1954). Eggs and larvae are most
abundant in waters of less than 50 m of depth but can be distributed up to 120 m (Ahlstrom 1959).
Larvae occur in higher abundance at temperatures between 14° and 15.9°C (Ahlstrom 1959).
Dynamic height has been identified as a potential physical parameter that can be used to identify jack
mackerel spawning habitats. Asch and Checkley (2013) found that the greatest probability of
occurrence of Jack mackerel eggs was located at dynamic height of 84—89 cm, and this parameter
remained statistically significant in model runs of spawning habitat after considering the effects of
other variables such as temperature, salinity, chlorophyll, zooplankton volume, geostrophic currents,
and eddies.

Small jack mackerel (10 cm to 30 cm FL and up to six years of age) are most abundant in the SCB,
where they are often found near the mainland coast and islands and over shallow rocky banks
(Nebenzahl 1997). Older, larger fish (50 cm to 60 cm FL and 16 years to 30 years) range from Cabo
San Lucas, Baja California Sur, to the Gulf of Alaska, where they are generally found offshore in
deep water and along the coastline to the north of Point Conception. Large fish rarely appear in
southern inshore waters (Nebenzahl 1997). Fish of intermediate lengths (30 cm to 50 cm Total
Length; nine years to 20 years of age) were found in considerable numbers during the spring of 1991
around the 200-mile limit of the U.S. EEZ off southern California; fish of five years to nine years of
age were the most numerous and fish ten years to 20 years old were common (Nebenzahl 1997).

Jack mackerel sampled between 1978 and 1984 by trawl surveys off Oregon and Washington ranged
from 30 cm to 62 cm and from four to 36 years old. More than half of the fish sampled were greater
than 20 years old and fish greater than 30 years old were common (Nebenzahl 1997). Jack mackerel
collected by the SWFSC trawl Surveys during the 2004-2022 period from British Columbia to San
Diego measured from 25-60 cm fork length (FL), and in the past two decades observed length
distribution have changed little across years in U.S. coastal waters (E. Dorval, pers. comm.). In recent
years, the abundance of jack mackerel has increased in U.S. waters, showing, for example, the
greatest proportion in CPS catch and trawl clusters between Westport, WA, and Fort Bragg, CA in
2016 (Stierhoff et al. 2021). As with other CPS finfish, older and larger fish are most common further
north and offshore. Jack mackerel differ from the other CPS in that they are quite long lived and more
commonly found offshore. Jack mackerel older than 30 years are common in the northern portion of
their range (Nebenzahl 1997). Spawning occurs farther offshore than for other CPS (Jacobson et al.
1997).

Jack mackerel off southern California move inshore and offshore as well as north and south. They are
more available on offshore banks in late spring, summer and early fall than during the remainder of
the year. In southern California waters, jack mackerel schools are often found over rocky banks,
artificial reefs, and shallow rocky coastal areas. In California’s Santa Barbara Channel, jack
mackerel are also associated with offshore petroleum platforms (> 14 km from shore) where they
occur seasonally (Martin and Lowe 2010). They remain near the bottom or under kelp canopies
during daylight and venture into deeper surrounding areas at night. Young juvenile fish sometimes
form small schools beneath floating kelp and debris in the open sea. Information on jack mackerel
habitat use within the U.S. EEZ is summarized in Table 2.3.
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Table 2. 3 Summary of habitat information for jack mackerel within the U.S. EEZ.

Life Stage Diet Season Location 'Water Oceanographic
Column Features
Eggs and Yolk sac, larvae |Feb. to Oct. with [Pelagic, schooling [Pelagic 14°C - 16°C
larvae consume peak from March 35 (Salinity)
copepods to July
Juveniles IN/A 'Year-round Sometimes in small [Pelagic 10°C to 26°C
schools under
floating kelp and
debris
Adults Zooplankton 'Year-round Inshore and Pelagic 10°C to 26°C
(copepods, offshore; sometimes
pteropods and over rocky bottoms
cuphausiids),
juvenile squid,
and Northern
anchovy and
other teleosts

2122 Life History

Jack mackerel grow to about 60 cm and live 35 years or longer (Nebenzahl 1997). Estimates of
natural mortality are uncertain, but the natural mortality rate (M) averaged over the lifespan of a
typical fish is probably less than 0.20 to 0.25 year™'. This means that about 18 percent to 22 percent of
the total stock would die each year of natural causes if no fishing occurred.

Small jack mackerel taken off southern California and northern Baja California eat large zooplankton
(copepods, pteropods, and euphausiids), juvenile squid, and northern anchovy. Larvae feed almost
entirely on copepods. In the Pacific Northwest, adult jack mackerel have been found to feed on Pacific
sardine (Emmett et al. 2005).

Jack mackerel are batch spawners, and 50 percent or more of all females reach sexual maturity during
their first year of life. Older jack mackerel, in samples taken about 200 miles offshore from Southern
California, spawned about every five days, although 8§ percent of the females were found to spawn at
1 to 3 days intervals (Macewicz and Hunter (1993). The average female may spawn as many as 36
times per year (Macewicz and Hunter 1993).

The spawning season for jack mackerel off California extends from February to October, with peak
activity from March to July (MacCall and Prager 1988). Young spawners off Southern California
begin spawning later in the year than older spawners. From 1980-2018, spring larval abundance in
the California Cooperative Oceanic Fisheries Investigations (CalCOFI) survey was highest in 1996,
2005, 2014, and 2015; whereas abundance was lowest in 1990, 1991, 2009, 2011 and 2012 (Gallo et
al. 2019). Although in lower densities, the SWFSC Acoustic Trawl Method (ATM) survey has
collected jack mackerel eggs from British Columbia (offshore of Vancouver Island) up to Point
Conception during summer surveys (e.g., Stierhoff et al. 2020). Little is known of the maturity cycle
of large fish offshore, but peak spawning appears to occur later in more northerly waters.
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2.1.2.3 Relevant Trophic Information

As an ichthyoplankton predator, jack mackerel seem to prefer feeding shoreward of fronts
(McClatchie et al. 2012). The diet composition of jack mackerel may vary among cool and warm
years. For example, Brodeur et al. (2019) found that teleosts were an important proportion (58
percent) of jack mackerel diet only in 2016 during the 2000-2016 period. Large predators like tunas
and billfish eat jack mackerel, but except as young-of-the-year and yearlings, jack mackerel are
probably a minor forage source for smaller predators. Older jack mackerel probably do not contribute
significantly to food supplies of marine birds, because they are too large to be eaten by most bird
species and school inaccessibly deep. Little information is available on predation of jack mackerel
by marine mammals. Jack mackerel are not often eaten by California sea lions, Zalophus
californianus, or northern fur seals, Callorhinus ursinus. As a prey, this species contributes little (i.e.,
compared to other CPS) to the maintenance of top marine predators (Sturdevant et al. 2012, Martin
and Love 2010, Preti et al. 2012, Robinson et al. 2018), and therefore its abundance was assessed to
have little impact on the CCE as a prey item (Kaplan et al. 2013).

2.1.3 PACIFIC SARDINE
2.1.3.1 Distribution and Habitat

Pacific sardine are small pelagic schooling fish that inhabit coastal subtropical and temperate waters.
The genus Sardinops is found in eastern boundary currents of the Atlantic and Pacific, and in western
boundary currents of the Indo-Pacific oceans. Recent phylogenetic analysis indicates the existence
of two sardine species in the Pacific Ocean, S. sagax and S. melanostictus (Japanese sardine) (Tang
and Chen 2021). Pacific sardine off the West Coast of North America has been assumed to form three
subpopulations or stocks, namely northern population (cold stock from northern Baja California to
Alaska), southern population (temperate stock off Baja California), and a Gulf of California
population or warm stock. Electrophoretic/genetic studies (Hedgecock et al. 1989) showed, however,
no genetic variation among Pacific sardine from central and southern California, the Pacific coast of
Baja California or the Gulf of California (Hedgecock et al. 1989). Several other methods (e.g.,
morphometrics, otolith chemistry, parasite genetics, parasites as biological tags, physical tags) have
been applied to study Pacific sardine stock structure, but with mixed results. None of these methods
have been able to clearly delineate these stocks, but they have shown various levels of mixing
between fish groups along the U.S. Pacific coast. Because the lack of adequate sampling coverage
affected most of these studies, the integration of these methods may be needed to resolve Pacific
sardine stock structure over their spatial and temporal frame of occurrence (Baldwin et al. 2012).

Pacific sardine have at times been the most abundant fish species in the California Current (Barnes et
al. 1992). When abundance is high and environmental conditions are favorable, Pacific sardine are
distributed from the tip of Baja California (23° N. latitude) to southeastern Alaska, and throughout
the Gulf of Mexico. Historically, when abundance was low, as during the late 1960s, 1970s, and
1980s, Pacific sardine were generally not found north of Point Conception and may be more abundant
in waters off southern and central Baja California. However, in recent years small residual
populations have been found north of Cape Mendocino (Auth et al. 2018, Dorval et al. 2018, Stierhoff
et al. 2020). Dramatic changes in distribution, depending on environmental conditions and abundance
(which are tightly linked) occur in Pacific sardine populations around the world (e.g., Lluch-Belda
et al. 1989, Zwolinski and Demer 2019, Yatsu and Kawabata 2017, Politikos 2018). During the 1950s
to 1970s, a period of reduced stock size and unfavorable cold SST, Pacific sardine apparently
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abandoned the northern portion of its range. In the 1990s and 2000s, the combination of increased
stock size and warmer sea surface temperatures caused Pacific sardine to reoccupy grounds off
northern California, Oregon, Washington, and British Columbia (e.g., McFarlane et al. 2005).
Abandonment and recolonization of the higher latitude portion of their range has been associated
with changes in abundance of Pacific sardine populations around the world (Parrish et al. 1989, Qui
2015, Yatsu and Kawabata, 2017).

Based on fishery-dependent and oceanographic data, recent studies have used the distribution of
temperature-at-catch to develop conceptual models on the thermal range of each Pacific sardine
subpopulation (Felix-Uraga et al. 2004, 2005; Demer et al., 2012, Garcia-Morales et al. 2012). In
general, these studies hypothesize that Pacific sardine subpopulations exhibit temporal asynchrony
influenced by seasonal variability in SST within the CCE, with: 1) the northern subpopulation (cold
stock) occurring in temperature ranging from 13° to 17°C; 2) the southern subpopulation (temperate
stock) from 17° to 22°C; and 3) the Gulf of California subpopulation (warm stock) from 22° to 27°C.
Notably, laboratory-reared Pacific sardine from the northern subpopulation grow well in temperature
ranging from 13-21°C (Dorval et al. 2011), and they exhibit a physiological ideal temperature of 9°-
19°C for 15°C acclimated individuals, and 11°C-21°C for 17°C acclimated individuals (Pribyl et al.
2016). In general, Pacific sardine subpopulations tend to move northward in summer-fall, with the
northern subpopulation occupying habitats up to British Columbia, Canada, and the southern
subpopulation occupying habitats up to Monterey, California (Felix-Uraga et al. 2004, 2005; Demer
et al., 2012, Garcia-Morales et al. 2012). Additionally, tagging studies (Clark and Janssen 1945)
indicated that the older and larger fish moved farther north. Neither the existence of three
subpopulations nor differences in thermal ranges of such subpopulations have ever been fully
validated and thus their dynamics and habitat use remain working hypotheses.

Pacific sardine are pelagic at all life history stages. They occur in estuaries but are most common in
the nearshore and offshore domains along the coast. Seasonal migrations of Pacific sardine have been
mostly inferred from surveys and/or catch data collected from Mexico to Canada (e.g., Félix- Uraga
2004, Lo et al. 2010a, Demer et al. 2012, Stierhoff et al. 2021). Older and larger adults may move
from spawning grounds in southern California and northern Baja California to feeding grounds off
the Pacific northwest and Canada (e.g., McFarlane and Beamish 2001, McFarlane et al. 2005,
McDaniel et al. 2016). Juveniles and young adults are typically more abundant in nearshore waters
off California than in more northern regions (e.g., Takahashi and Checkley (2008) Javor etal. 2011).
In most years, juveniles are not abundant off the Pacific Northwest, likely due to poor spawning
success; however, they may occur in high densities in years of successful spawning (Emmet et al.
2005). During warm years such as El Ninos, adult Pacific sardine have been collected as far north as
southeastern Alaska and have spawned in the Pacific Northwest (Schultz etal. 1932, Wing et al. 2000,
Auth et al. 2018). McDaniel et al. (2016) showed that Pacific sardine exhibited a pattern of increasing
age-at-length with seasonal northward migrations and offshore movement for spawning. They
hypothesized that migratory behaviors were related to age- based ontogenetic changes associated with
maturation of Pacific sardine.

Pacific sardine eggs and larvae occur nearly everywhere adults are found and occupy mostly the
upper mixed layer. Larvae are most abundant in depths of 0-23 m but can be distributed up to 96m
(Ahlstrom 1959). The depth range of eggs was estimated by Ahlstrom (1959) to vary from 0 to about
120 m. Off California, eggs and yolk-sac larvae were most abundant between 12.02°C and 15°C
during the 1994-2016 period (e.g., Lo et al. 2009, 2013, Dorval et al. 2014, 2016). When abundance
is high, eggs and larvae are mostly concentrated in the Daily Egg Production Method (DEPM)
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Standard Area (from San Diego to San Francisco, CalCOFI line 95 to 60) and can be distributed 50
km to 150 km offshore of the area north of Point Conception with lesser quantities found in the region
offshore of the Channel Islands. During low abundance in the 1960-1980s, the adult spawning stock
was mostly located off southern California and Ensenada, but since 2015 the spawning stock has been
located north of Cape Mendocino (Dorval et al. 2016, Auth et al. 2018). As a result, the temporal
distributions of larvae have changed with much earlier occurrence of this life stage in the Northern
CCE. Patterns in the nearshore and offshore distribution of Pacific sardine eggs and larvae and their
association with major oceanographic features, such as El Nifio events and the PDO are better
understood in recent studies (e.g., Song et al. 2012, Zwolinski and Demer 2012, Brodeur 2019).
Beyond temperature, data collected remotely (via satellite) on chlorophyll, salinity, eddy kinetic
energy, and dynamic heights have been used to predict the seasonal location of the spawning stock
along the U.S. Pacific coast and to define new ecological indicators of spawning of this species. New
models have combined satellite and survey data, allowing the prediction of seasonal habitats of
Pacific sardine (e.g., Reiss et al. 2008, Weber and McClatchie 2010, Zwolinski et al. 2011, Asch and
Checkley 2013), and potential shift in its habitat due to climate change (Muhling et al. 2020). Nieto
et al. (2014) found that Pacific sardine recruitment success was inversely correlated with distance
from predicted habitat centroids, indicating that offshore transport had a negative effect on Pacific
sardine recruitment, despite expanding favorable spawning habitat offshore. Further, Ash and
Checkley (2013) found dynamic height controlled the distribution of Pacific sardine spawning
habitats, and that temperature, salinity, and chlorophyll-a accounted for 80-95 percent of the dynamic
height effects. Finally, information on Pacific sardine habitat use is summarized in Table 2.4; whereas
its spatial distributions within the U.S. EEZ during the 1999-2012 and 2013-2020 periods are
presented in Figure 2.10 and Figure 2.11.

Table 2.4 Summary of habitat information for Pacific sardine, within the U.S. EEZ.

Life Stage Diet Season Location Water |Oceanographic
Column Features
Eggs and 'Yolk sac and Year-round, with [Pelagic, 50-150 km |[Upper SO0 m [Eggs: 13°C -16°C
larvae planktivorous  |peak in March- |offshore Larvae: 14°C -
April 16°C
Juveniles Planktivorous  [Year-round Pelagic |Above 10°C - 22°C
thermocline
Adults Phytoplankton  [Year-round Pelagic, sometimes |Above 10°C - 22°C
and in estuaries thermocline
zooplankton
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Figure 2.10 Summary distribution of Pacific sardine within the U.S. EEZ during the 1999-2012. period.
Probability distribution was computed using GAM models and provided by B. A. Muhling, using the same
data sets and peer-reviewed statistical methods that were published in Muhling et al. (2020).
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Figure 2.11 Summary distribution of Pacific sardine within the U.S. EEZ during the 2013-2020 period.
Probability distribution was computed using GAM models and provided by B. A. Muhling, using the same
data sets and peer-reviewed statistical methods that were published in Muhling et al. (2020)
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2.1.3.2 Life History

Pacific sardine may reach 41 cm, but are seldom longer than 30 cm. They mature early, reaching
their age-at-50 percent maturity at 0.56 years and their length-at-50 percent maturity at ~ 150.92 mm
SL (Dorval et al. 2015). They may live as long as 13 years, but individuals in historical and current
California commercial catches are usually younger, ranging from 0 to 8§ years-old (e.g., Kuriyama et
al. 2020). Fish collected off British Columbia from 1999 to 2005 exhibited a range in ages from 2 to
10 years-old (McFarlane et al. 2010). Further, Enciso-Enciso et al. (2022) found that Pacific sardine
samples collected from Mexican catches in the southern CCE during the 2005- 2014 period comprised
ages that varied from 0 to 6 years old. Therefore, there is a clinal variation in the distribution of size
and age along the eastern Pacific coast, with larger and older fish occurring in the Pacific Northwest
and off British Columbia (e.g., McFarlane et al. 2005, McDaniel et al. 2016).

Pacific sardine length is highly variable within each age class, and individual fish may reach their
maximum size by the third year of their life (Dorval et al. 2015). Further, Dorval et al. (2015) found
there was differential growth rate between Pacific sardine cohorts, and cohort growth rate
significantly declined with increasing biomass. Lindegren and Checkley (2013) also found that the
strength of Pacific sardine cohorts was directly correlated to mean SST measured in their spawning
habitat off California. The abundance of these cohorts highly fluctuated from year to year, influencing
population movement, growth and biomass. In warm or cold years, Pacific sardine biomass may also
interact with temperature to regulate recruitment success (e.g., Jacobson & McClatchie, 2013).
Jacobson & McClatchie (2013) argued that density dependence effects induced by stock biomass
might be more important than temperature effects on Pacific sardine recruitment.

Pacific sardine are oviparous multiple-batch spawners with annual fecundity that is indeterminate
and highly age or size dependent (Butler et al. 1993, Macewicz et al. 1996). Macewicz (1996) found
that the average female Pacific sardine spawned about once every 15 days off California and Baja
California during April-May. Butler et al. (1993) estimated that 2 years-old Pacific sardine spawned
on average six times per year, whereas the oldest Pacific sardine spawned 40 times per year. Length-
at-50 percent maturity of Pacific sardine is highly variable from year to year. For example, in 1994,
50 percent of female Pacific sardine matured at 159 mm SL, whereas in 2004 length-at-50 percent
maturity was 193 mm SL (Lo et al. 2005) for fish collected during the spring off California. Over a
longer period of time (1987-2011), fish collected in both spring and summer seasons exhibited a
range of length-at-50 percent maturity from 152.8 mm to 194.1 mm SL (Dorval et al. 2014).

Pacific sardine spawn in loosely aggregated schools in the upper 50 meters of the water column (e.g.,
Ahlstrom 1959). Spawning occurs year-round in the southern stock and peaks April through August
between Point Conception and Magdalena Bay, and January through April in the Gulf of California
(Allen et al. 1990). Both eggs and larvae are found near the surface. Off California, Pacific sardine
eggs are most abundant in March-April at SST between 12° and 16°C and larvae are most abundant
at 13°to 16° C. Temperature requirements are apparently flexible, however, because in the spring
small fraction of eggs are also distributed from Punta Eugenia (Mexico) to north of the U.S.-Mexico
border in warmer waters between 15°C and 18°C (Valencia-Gasti et al. 2018). Eggs are also
commonly found in the Gulf of California at 22°C to 25°C off Southern Baja (Lluch-Belda et al.
1991). Takahashi and Checkley (2008) found that hatch distribution of pre- recruits ranged from April
to August, with major peaks in late spring and summer, coinciding with the timing of spawning and
larval production in the SCB. Further, these authors determined that early juveniles that exhibit faster
growth rate during summer and fall may have higher probability to survive to the adult stock.
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Additionally, Zwolinski and Demer (2014) hypothesized that Pacific sardine have a metabolic
deficiency during spawning, and likewise good feeding opportunities are necessary prior to spawning
to increase total fecundity, and to enhance reproduction and survival, respectively.

The spatial and seasonal distribution of spawning is highly influenced by temperature. During periods
of warm waters, the center of Pacific sardine spawning shifts northward and spawning extends over
a longer period of time in the eastern North Pacific from January to July (Ahlstrom 1966). During El
Nifio events, for example, environmental conditions are more favorable for spawning off the coast of
Oregon, Washington, and British Columbia (e.g., McFarlane and Beamish 2001). In these unusual
years, young fish (< 200 mm SL) can be observed throughout the Pacific Northwest up to British
Columbia (Ahlstrom 1960, Hargreaves et al. 1994, FOCS 2012) and have been characterized as non-
migrants (Lo et al. 2010a, Jacobson et al. 2019). The main spawning area for the historical population
off the U.S. was between Point Conception and San Diego, California, out to about 100 miles
offshore, with evidence of spawning as far as 250 miles offshore (Hart 1973). Similarly, during the
1994-2013 period spawning was concentrated in the SCB and in the region offshore and north of
Point Conception (e.g., Lo et al. 2009, 2013, Dorval et al. 2014). However, with the recent decline
in biomass, spawning has shifted into areas off northern California and southern Oregon (e.g., Dorval
etal. 2016, Hill et al. 2017, Auth et al. 2018).

Age-specific mortality estimates are available for the entire suite of Pacific sardine life history stages
(Butler et al. 1993). Mortality is high at the egg and yolk sac larval stages (instantaneous rates in
excess of 0.66 d!). Adult natural mortality rates (M) vary from year to year but have been estimated
to range from 0.4-0.8 year ! (Murphy 1966; MacCall 1979, Zwolinski and Demer 2013, Hill et al.
2017). Zwolinski and Demer (2013) estimated M to be 0.52 for the 2006-2011 period, but Hill et al.
(2017) used M= 0.6 year'!. A natural mortality of 0.6 year'! means that 45 percent of the adult sardine
stock would die each year of natural causes.

2.1.3.3 Relevant Trophic Information

Pacific sardine are omnivorous filter-feeders that consume copepods, diatoms, euphausiids, and a
variety of other zooplankton, and occasionally fish larvae (Emmet et al. 2005, King et al. 2011). Prey
consumption may vary among cool and warm years. For example, Brodeur et al. (2019) found that the
diets of Pacific sardine (among other forage fish) comprised 40 percent to 80 percent of gelatinous
zooplankton during the warm year of 2016, whereas this prey taxon was absent in the diet of Pacific
sardine in previous cold periods. Decadal-scale changes in stratification and upwelling may cause
changes in species composition of phytoplankton, particularly diatoms that determine the growth and
survival of Pacific sardine (e.g., McFarlane and Beamish 2001). Hence, the spatial distribution of
Pacific sardine has been shown to be spatially correlated with both warm-and cool-water-associated
mesopelagic ichthyoplankton species (McClatchie et al. 2018). When biomass is high, Pacific sardine
may consume a significant proportion of total organic production in the California Current system.
Based on an energy budget for Pacific sardine developed from laboratory experiments and estimates
of primary and secondary production in the California Current, Lasker (1970) estimated that annual
energy requirements of the Pacific sardine population would have been about 22 percent of the annual
primary production and 220 percent of the secondary production during the 1932 to 1934, a period
of high Pacific sardine abundance.

Pacific sardine are taken by a variety of predators throughout all life stages. Pacific sardine eggs and
larvae are consumed by an assortment of invertebrate and vertebrate planktivores. Although it has
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not been demonstrated in the field, northern anchovy predation on Pacific sardine eggs and larvae
was postulated as a possible mechanism for increased larval Pacific sardine mortality from 1951 to
1967 (Butler 1987). Recent studies have evaluated the role and importance of Pacific sardine as
forage fish in the CCE (e.g., Kaplan et al. 2013, 2019), using long time series of data developed on
the contribution of Pacific sardine to the diets of marine mammals, fish, and birds (e.g., Emmett et
al. 2005, Pretietal. 2012, Litzetal. 2017,2019, McClatchie et al. 2016, Robinson et al. 2018). Juvenile
and adult Pacific sardine are consumed by a variety of predators, including commercially important
fish taxa (e.g., Yellowtail, Barracuda, Bonito, tuna, marlin, mackerel, Hake, salmon, and sharks),
seabirds (pelicans, gulls, cormorants, terns, grebes) and marine mammals (sea lions, seals, porpoises,
and whales). Seabirds, such as Elegant Tern, Heermann’s Gull, and Brown Pelican feed on pre-
recruits of Pacific sardine and northern anchovy, and their population sizes are sensitive to variations
in the abundance of these two CPS (Velarde et al. 2015, Kaplan et al. 2019). Further, the increase and
southward shift of the Western Grebes in the 1900s was hypothesized to be related to changes in the
abundance and availability of Pacific sardine off California (Wilson et al. 2013). During the 2002 -
2008 period, Pacific sardine and northern anchovy were the two most important prey of thresher
sharks, (Preti et al. 2012). Both juvenile and adult stages of Coho and Chinook salmon have been
observed to prey on Pacific sardine (Emmett et al. 2005). Jack mackerel, blue shark, soupfin shark,
and thresher shark are also major predators of Pacific sardine off the Oregon and Washington coast
(Emmett et al. 2005). Pacific sardine and northern anchovy also occur frequently in the diet of sea
lions (Orr et al. 2011). In the 1900s sea lion diets were dominated by Pacific sardine and northern
anchovy, but both species were less prominent in recent years (Robinson et al. 2018). However,
Kaplan et al. (2019) found that ecosystem model responses of sea lions to Pacific sardine depletion
varies among models, with some models predicting strong effects on California sea lions, and other
models predicting minor impacts. Kaplan et al. (2013) estimated that a depletion of 40 percent of
forage fish in the CCE can impact the abundance of 20-50 percent of other functional groups (e.g.,
their major predators) by greater than 20 percent.

2.1.4 PACIFIC MACKEREL
2.1.4.1 Distribution and Habitat

Pacific mackerel (Scomber japonicus) found off the Pacific coast of the U.S. are often called “chub”
mackerel and are distributed across the Pacific Ocean. Classical taxonomy recognized three mackerel
species (S. scombrus, S. australasicus, and S. japonicus); however, recent morphologic and
phylogenetic analyses revealed Scomber mackerel in the Atlantic Ocean is a different species (S.
colias) from S. japonicus in the Pacific Ocean (Infante et al. 2007, Catanase et al. 2010). Pacific
mackerel in the northeastern Pacific range from Banderas Bay, Mexico, to southeastern Alaska,
including the Gulf of California (Hart 1973, Weber and McClatchie 2012). They are common from
British Columbia, Washington, Oregon, Monterey Bay, California, to Cabo San Lucas, Baja
California, but are most abundant south of Point Conception (e.g., Stierhoff et al. 2020, 2021). Pacific
mackerel usually occur within 20 miles of shore but have been taken as far offshore as 250 miles
(Fitch 1969; Allen et al. 1990; MBC 1987). Their spatial distributions within the U.S. EEZ during the
1999-2012 and 2013-2020 periods are presented in Figure 2.12 and Figure 2.13.

Three spawning stocks are generally assumed along the Pacific coasts of the U.S. and Mexico: one in
the Gulf of California, one in the vicinity of Cabo San Lucas, and one extending along the Pacific
coast north of Punta Abreojos, Baja California (e.g., Allen et al. 1990; Gluyas-Millan and Quifionez-
Velazquez 1997). The latter “northeastern Pacific” stock is harvested by fishers in the U.S. and
Mexico and included in this FMP. Weber and McClatchie (2012) analyzed CalCOFI data from 1951
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to 2008 and postulated the existence of two spawning groups of Pacific mackerel from about Cabo
San Lucas (Mexico) to about north of Tillamook Head (Oregon). The first and larger group exhibits
peak spawning during April in the SCB at about 15.5°C. The second and smaller group exhibited
peak spawning in August near Punta Eugenia, Mexico, at 20°C or greater.

Pacific mackerel juveniles and adults collected from trawl surveys off the U.S. Pacific coast are found
in water ranging from 10°C to 23.5°C. Peak spawning occurs in water around 15.5°C inthe SCB,
which is the core area of spawning (Weber and McClatchie 2012). During the 1951-2008 period,
mean temperature-at-catch for larvae collected by CalCOFI and IMECOCAL ranged from 13.21°C
to 17.90°C (Lo et al. 2010b), indicating the preferred thermal range of Pacific mackerel spawning
habitat. As adults, Pacific mackerel may move north in summer and south in winter between
Tillamook, Oregon, and Magdalena Bay, Baja California. Northerly movement in the summer peaks
during El Nifio events (MBC 1987). In recent acoustic trawl surveys, Pacific mackerel mostly ranged
from Westport, Washington, to Cape Mendocino and from Monterey to San Diego (e.g., Stierhoff et
al. 2019, 2020, 2021). There is an inshore-offshore migration off California, with increased inshore
abundance from July to November and increased offshore abundance from March to May (Cannon
1967; MBC 1987). Adult Pacific mackerel are commonly found near shallow banks. Juveniles are
found off sandy beaches, around kelp beds, and in open bays. Adults are found from the surface to
depths of 300 meters (Allen et al. 1990). Pacific mackerel often school with other pelagic species,
particularly jack mackerel and Pacific sardine. Finally, habitat use by life stage for Pacific mackerel
is summarized in Table 2.5.

Table 2.5 Summary of habitat information for Pacific mackerel within the U.S. EEZ.

Life Stage Diet Season Location Water eanographic
Column Features
Eggsand  |Yolk sac; Peaks from late |SCB Surface 13°C - 18°C
larvae copepods and April to
fish larvae July
Juveniles Small fishes, fish |Inshore- Off sandy beaches, |[N/A 10°C - 24°C
larvae, squid, and |offshore around kelp beds,
pelagic migration off  |and in open bays
crustaceans such |CA July to
as euphausiids Nov.; increased
offshore
abundance
March to May
Adults Small fishes, fish |Inshore- Usually within 20 |Surface to 10°C - 24°C
larvae, squid, and |offshore miles of shore, but {300 m
pelagic migration off  |as far as 250 miles
crustaceans such |CA July to offshore; near
as euphausiids Nov.; increased |shallow banks
offshore
abundance
March to May
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Figure 2.12 Summary distribution of Pacific mackerel within the U.S. EEZ during the 1999-2012 period.
Probability distribution was computed using Generalized Additive Model (GAM) models and provided by

B. A. Muhling, using similar data and parameters as in Muhling et al. (2020).
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Figure 2.13 Summary distribution of Pacific mackerel within U.S. EEZ during the 2013-2020 period.

Probability distribution was computed using GAM models and provided by B. A. Muhling, using the same

data sets and peer-reviewed statistical methods that were published in Muhling et al. (2020).
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2.1.4.2 Life History

The largest recorded Pacific mackerel was 63 cm FL and weighed 2.8 kg, but Pacific mackerel taken
by commercial fishing seldom exceed 40 cm or one kg (Hart 1973). The oldest recorded age in the
“CDFW Port Sampling Database” for Pacific mackerel was 14 years and measured 39.6 cm FL and
0.78 kg, but most fish caught commercially are less than four years old (D. Porzio/CDFW, pers.
comm.). Pacific mackerel is a fast growing, highly fecund and short-lived species. They accomplish
50 percent of their growth in length by 1.5 years, reaching a maximum length of 39.6 cm by age 6-
8" (Crone and Hill 2015). Length-at- 50 percent maturity is estimated to be 274 mm (= 1.29, FL), and
females larger than 310 mm (% 2.60 FL) are usually mature (Kuriyama et al. 2023). Pacific mackerel
may start maturing at age 0, but age-at-50 percent maturity occurs between age 1 and 2 (Kuriyama
et al. 2023).

Pacific mackerel are batch spawners, which spawn broadly in the northeastern Pacific stock from
Tillamook Head (Oregon) to Cabo San Lucas in Baja California between 3 and 320 km from shore
(Moser et al. 1993, Weber and McClatchie 2012). However, the core spawning area is located in the
SCB (Weber and McClatchie 2012). Spawning peaks in April in the SCB and in August around Punta
Eugenia, Mexico. Weber and McClatchie (2012) found that the SCB had greater zooplankton than
Mexican waters, but lower geostrophic flow. However, in cold years Mexican waters were usually
of better quality than the SCB. Like most CPS, Pacific mackerel have indeterminate fecundity and
spawn whenever sufficient food is available and appropriate environmental conditions prevail. They
can spawn up to eight times per year, and actively spawning females are capable of spawning every
day or every other day (Dickerson et al. 1992). Egg and larval duration may approximately last 3
weeks, ranging from 33 h at 23 °C to 117 h at 14 'C (Hunter and Kimbrell 1980).

2.1.4.3 Relevant Trophic Information

Pacific mackerel larvae are subject to predation from a number of invertebrate and vertebrate
planktivores. Juveniles and adults are eaten by larger fishes, marine mammals, and seabirds.
Predators include porpoises, California sea lions (Zalophus californianus), brown pelican (Pelecanus
occidentalis), striped marlin (Terapturus audax), black marlin (Makaira indica), sailfish (Istiophorus
platypterus), bluefin tuna (Thunnus thynnus), white sea bass (Atractoscion nobilis), yellowtail
(Seriola dorsalis), giant sea bass (Stereolepis gigas), and various sharks (MBC 1987). Although
consumed in significant numbers by a wide variety of predators, Pacific mackerel are consumed in
lower abundances compared to Pacific sardine or northern anchovy, which are smaller in size (i.e.,
available to a wider variety of predators) and often more abundant. The annual rate of natural mortality
(M) is thought to be about 0.5 year!, which means that 39 percent of the stock would die each year
of natural causes in the absence of fishing (Parrish and MacCall 1978).

Pacific mackerel larvae eat copepods and other zooplankton including fish larvae (Collette and Nauen
1983; MBC 1987). Juveniles and adults feed on small fishes, fish larvae, squid, and pelagic
crustaceans such as euphausiids (e.g., Clemens and Wilby 1961; Turner and Sexsmith 1967; Fitch and
Lavenberg 1971; Hart 1973; Collette and Nauen 1983).

2.2 MARKET SQUID: EFH DESCRIPTION AND IDENTIFICATION

Market squid habitat varies with life stage, and hence eggs, larvae, juveniles, and adults occupy
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different types of habitats. Spawning typically occurs in relatively shallow depths in soft, sandy
substrates, in temperatures 10° to 14.4°C, with adults depositing egg capsules in mops (e.g., Foote et
al. 2006, Young et al 2011, Zeidberg et al. 2012). Paralarvae are pelagic, inhabiting coastal waters to
depths of 80m, juveniles are present in deeper waters, to 200m to the continental shelf break, and
adults generally inhabit waters to 300m, throughout the shelf and slope (e.g., Zeidberg and Hammer
2002, Koslow and Allen 2011, van Noord and Dorval 2017). Although market squid can be found
throughout the U.S. West Coast EEZ, they are more commonly found in waters from the nearshore to
the continental shelf break (e.g., Zeidberg and Hammer 2002, Koslow and Allen 2011) and at
temperatures ranging from 10° to 23.5°C (van Noord and Dorval 2017). Market squid are common in
waters of the Salish Sea (e.g., Puget Sound), supporting an active recreational fishery (PFMC 2023).
Market squid also serves as an alternative food source for predators of salmon (Lance and Jeffries
2009, Lance et al. 2012). From an ecosystem function standpoint, the existing literature supports
including the Salish Sea/Puget Sound in the spatial extent of EFH for market squid.

EFH for market squid: The east-west geographic boundary of Market Squid EFH is defined to be
from the shoreline seaward to the extent of the 5.8 percent market squid distribution probability (based
on Muhling et al. 2020) (Figure 2.14), including waters to a depth of 300 meters, and where the sea
surface temperature is between 7° and 24°C along the coasts of California, Oregon, and Washington.
This definition includes U.S. waters of Puget Sound and the Salish Sea and excludes other estuarine
waters on the Pacific Coast. Market Squid EFH also includes soft, sandy substrates 13 m to 93 m of
depth for spawning adults and the egg capsule stage. The southern extent of EFH for Market Squid is
the U.S.-Mexico maritime boundary, and the northern extent of Market Squid EFH is the U.S.-Canada
maritime boundary (Figure 2.14). The distribution of different life stages of market squid is
summarized in Table 2.6.

Table 2.6 Summary of distribution and benthic association of different life stages of market squid.

Common and Scientific, Life stage [San Diego [Pt Conception |Cape Mendocino [Benthic
Names — Pt — Cape — Puget Sound  |Association
Conception |Mendocino (California-
(California) |(California) Oregon-
Washington)
Market squid Egg yes* yes** yes** yes
(Doryteuthis opalescens) capsules
Paralarvae yes* yes** yes** no
Juvenile yes* yes** yes** no
Adults yes* yes** yes** yes

Note: *indicates that during warm years abundance is likely to be lower in this region; and ** indicates that during warm
years abundance is likely to be higher in this region.
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2020 period (based on Muhling et al 2020).
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2.2.1 Distribution And Habitat

Adult and juvenile market squid are distributed throughout the California and Alaska current
ecosystems from the southern tip of Baja California, Mexico (23° N. latitude) to southeastern Alaska
(55° N. latitude). Examination of phylogenetic relationships among loliginid squids led Anderson
(2000) to re-classify market squid into the genus Doryteuthis instead of Loligo. market squid are
most abundant between Punta Eugenia, Baja California and Monterey Bay, central California, (e.g.,
Zeidberg et al. 2012, Dorval et al. 2013, van Noord and Dorval 2017). The spatial distribution of
market squid within the U.S. EEZ for the 1999-2012 and 2013-2020 periods are presented in Figure
2.15 and Figure 2.16.

Adults are generally pelagic and are distributed throughout the continental shelf and slope and have
been observed in waters as deep as 300 m (Zeidberg et al. 2012, Ralston et al. 2018). Maturing adults
recruit in shallow coastal waters where they concentrate in dense schools near spawning grounds.
Spawning adults prefer to deposit their egg capsules in mops (masses of egg capsules) on flat, soft
and sandy benthic substrates in depth ranging from 13 to 93 m depth in coastal waters (Hurley 1978,
Zeidberg and Hammer 2002, Halon 2004, Foote et al. 2006, Zeidberg et al. 2012). Eggs have also
been observed in deeper waters, 79-98 m along canyon sides in the SCB (Navarro 2014), and at 180
m near the Channel Islands (Roper and Sweeney 1984). Spawning occurs directly on benthic
substrates in temperatures ranging from 10-14.4°C off California (Zeidberg et al. 2012). Paralarvae
are fully pelagic, occurring most frequently within 300 km from the shoreline between 25 and 80 m
deep (Zeidberg and Homan 2002, Koslow and Allen 2011) and at temperatures ranging from 10.79°-
23.5°C (van Noord and Dorval 2017). Coastwide, juveniles are distributed in pelagic waters on the
continental shelf and slope, but off California they mostly occur at depths < 200 m (Ralston et al.
2015). Along the U.S. Pacific coast, juveniles (i.e., squid with dorsal mantle length (DML) < 50mm,
following Ralston et al. (2018) inhabit pelagic waters on the continental shelf and slope (Reiss et al.
2004, Ralston et al. 2015), but off California they mostly occur at shallow depths < 200m (Ralston
et al. 2015). Adults (DML > 50 mm) are also pelagic and have been observed up to 200-300 m
(Zeidberg et al. 2011), but once becoming mature, they move into shallow waters to spawn and then
die (Macewicz et al. 2004). The Pacific Fishery Management Council’s Habitat Committee notes that
market squid are perennially present in waters of the Salish Sea and Puget Sound (PFMC 2023).

In California, market squid spawning habitats occur in shallow sandy benthic substrates (< 70 m),
where spawning peaks in the SCB during La Nifa years (e.g., Koslow and Allen 2011, Zeidberg and
Hammer 2002, Perretti et al. 2016, van Noord and Dorval 2017, CDFW 2021). As market squid move
northward during El Nifio years (e.g., Reiss et al. 2004, Chasco et al. 2022), market squid are
generally more abundant in the Monterey Bay region than in the SCB. In the Monterey Bay region,
spawning occurs mostly during the spring and summer, whereas in southern California spawning
peaks during fall and winter. Recent genetic studies showed that these spawning groups might not be
genetically homogenous, as market squid seemed to exhibit more complex population structures, with
the existence of genetically different micro cohorts that spawn off California (Cheng et al. 2020).

Market squid is under the CPS FMP but managed by the states assuming one population and using
various regulations including: marine protected areas; a restricted access program; a two days-
weekend closure; and a maximum sustainable yield of 30 percent proportional egg-escapement
(CDFW 2021). A model was developed to compute proportional egg escapement based on biological
parameters (potential fecundity, egg laying rates, natural mortality) and fishery parameters (catch
fecundity and fishing mortality) (Macewicz et al. 2004, Maxwell et al. 2005, Dorval et al. 2013). The
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egg escapement model was extended by Dorval et al. (2013) to estimate spawning stock biomass for
three regions, namely Monterey Bay, northern and southern Channel Island regions off California.
Finally, information on market squid habitat use by life stage within the U.S. EEZ is summarized in
Table 2.7.

Table 2.7 Summary of habitat information for different life stages of market squid within the U.S. EEZ.

Life Stage IDiet Season Location Oceanographic Features
Eggs IN/A Year-round [Shallow semi-protected 10°C - 14°C
nearshore areas with
sandy or mud substrates
(13-93m); deeper waters
along submarine canyon
sides (79-180m
off California).
Paralarvae Copepods Year-round  |Coastal waters, 25-80 m 11°C - 24°C
Juveniles Copepods Year-round  [Continental shelf and shelf 7°C - 24°C
break up to 200 m
Pre-recruit Adults |[Euphausiids and [Year-round [Continental shelf and 7°C - 24°C
other small slope up to 300 m
crustaceans, small
fish and
other squid
Spawning Adults [N/A Year-round  [Shallow semi-protected 7°C - 24°C
nearshore areas with
sandy or mud substrates
(13-93 m); deeper waters
along submarine
canyon sides (79-180m off|
California).
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Figure 2.15 Summary distribution of market squid within the U.S. EEZ during the 1999-2012 period.
Probability distribution was computed using GAM models and provided by B. A. Muhling, using the
same data sets and peer-reviewed statistical methods that were published in Muhling et al. (2020).
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Figure 2.16 Summary distribution of market squid within the U.S. EEZ during the 2013-2020 period.
Probability distribution was computed using GAM models and provided by B. A. Muhling, using the same
data sets and peer-reviewed statistical methods that were published in Muhling et al. (2020).
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2.2.2  Life History

Market squid is a short-lived, semelparous species that lives less than a year. Maximum ages
observed in survey and port sampling data range from 243-257 days for males, and 225-232 for
females (Butler et al. 1998, Jackson and Domeir 2003). From 1998 to 2022, the largest market squid
size recorded in the “CDFW Port Sampling Database” was 200 mm dorsal mantle length (DML) (D.
Porzio/CDFW, pers. comm.). Males and females start maturing as early as 123 and 127 days-old,
respectively (Jackson and Domeier 1998). Mature adults may recruit into spawning grounds 15 days
before spawning starts (Maxwell et al. 2005, Perretti et al. 2015). From histological examination of
ovaries, Macewicz et al. (2004) confirmed that market squid exhibit determinate fecundity, and
females spawn most of their eggs over a short period of time (2-3 days). Dorval et al. (2013) estimated
mean potential fecundity to be 3705 oocytes (SE=165) for female market squid collected in southern
California and off Oregon and Washington. Macewicz et al. (2004) estimated that the average adult
may live 1.67 days after spawning begins.

Recruitment into major fishing grounds typically occurs in a bi-modal period, coinciding with peak
spawning between southern and northern California (Reiss et al., 2004, Dorval et al. 2013, CDFW
2021). The first peak usually begins in southern California during the fall-spring season, and the
second peak begins off central California and northern California in the spring-fall season. Year-
round spawning likely reduces effects of poor temporary local conditions for survival of eggs or
paralarvae. In Canadian waters, winter spawning has been observed in the Strait of Georgia and
Queen Charlotte Strait, and summer spawning near Victoria and on the West coast of Vancouver
Island (FOC 2001). Market squid have been observed off Oregon and Washington and in June
(Chasco 2022). The relative contribution of spawning to the maintenance of the population during El
Nifio periods is not well known, but spawning output, recruitment, and relative abundance off
California are typically several orders of magnitude higher during La Nifia periods (Dorval et al.
2013, Ralston et al. 2018).

Mating has been observed on spawning grounds just prior to spawning but may also occur before
squid move to the spawning grounds. Males deposit spermatophores into the mantle cavity of females
and eggs are fertilized as they are extruded (Hurley 1978). Females produce 20 to 70 egg capsules,
and each capsule contains 200 to 300 eggs that are suspended in a gelatinous matrix within the
capsule. Females attach each egg capsule individually to the substrate (Halon 2004, Perretti et al.
2015). As spawning continues, and depending on annual and seasonal environmental conditions, egg
mops observed off California may occupy a surface area from 94 to 3075 m? . Egg cases are highly
aggregated, and density may reach 1338 capsules per m? in favorable conditions (Zeidberg et
al.2012). Zeidberg et al. (2012) observed that egg mops were distributed between 20 and 93 m around
the Channel Islands, but from 13 to 61 m in Central California. In addition, van Noord (2020) reported
that in the SCB, market squid exhibited large-scale synchronous spawning during cool and productive
oceanographic conditions, but protracted spawning occurred during warm and oligotrophic
conditions.

Spawning of daily cohorts is relatively continuous, lasting a few days, and thus eggs of varying
developmental stages may be present at one site over a month during the spawning season. In
laboratory experiments, Zeidberg et al. (2011) found that both incubation time and hatch duration
were inversely related to temperature. Further, more than 96 percent of paralarvae hatched from eggs
reared at temperatures between 9° and 14°C, whereas hatch rate decreased below 90 percent in
warmer and colder waters. The minimum and maximum temperatures for hatching were 7°C and

45



nearly 25°C, respectively. Embryonic developmental duration was also found to be affected by
environmental oxygen and pH levels (Navarro et al. 2016).

2.2.3 Relevant Trophic Information

Juvenile market squid predominantly feed on pelagic crustaceans such as copepods and euphausiids,
and gradually switch to larger prey items such as small fish and other squid as they grow and become
mature (Field 1965, Karpov and Cailliet 1978). Market squid are probably important as forage to a
long list of fish, birds, and mammals including threatened and endangered species (Webb and Harvey
2015, Carle et al. 2015, Lowry et al. 2022). Some of the known squid predators are Chinook salmon,
coho salmon, lingcod, rockfish, harbor seals, California sea lions, sea otters, elephant seals, Dall’s
porpoise, sooty shearwater, Brandt’s cormorant, rhinoceros auklet, and common murre, but much
more research needs to be done to determine the interaction of market squid with its predators and to
quantify its value as a prey item. Nevertheless, prey-predator relationship between market squid and
seasons is well documented from a long-time series of diet data. Due to its boom and bust strategy,
market squid prevalence in the diet of its predators is highly varied inter-annually. Market squid is
one of the primary prey items of the California sea lions, although this marine mammal has a diverse
diet comprising 142 taxa (Orr et al. 2011, Robinson et al. 2018, Lowry et al. 2022). In addition, there
isadecadal change in the prey-predator relationship between market squid and the California sea lions.
For example, off central California (on Afio Nuevo Island), Robinson et al. (2018) found that in the
1990s the diet of the California sea lions was dominated by Pacific sardine and northern anchovy but
starting in 2010, sea lion diets were more diverse and dominated by rockfishes, Pacific hake, and
market squid. In contrast, Lowry et al. (2022) observed that in southern California, sea lions switched
from a northern anchovy based-diet in the 1980s to a market squid based-diet in the 1990s and 2000s.
Sea birds such as rhinoceros auklets are also primary consumers of market squid, and there are
temporal variations and sexual differences in their diets. For example, analyzing stable isotopic
composition (8'°N and §'3C) of auklet parents, Carle et al. (2015) determined that in 2012 chick-
rearing female auklets ate more Pacific saury and less market squid than males (Carle et al. 2015).
As a result, chick growth and survival to fledging rate were significantly lower in 2012 than in 2013,
likely because chicks were fed with less quality prey or fed less frequently than in 2013. According
to Webb and Harvey (2015), in the Monterey Bay region, Brandt’s Cormorant consumed few market
squid during the 2006-2008 period, although previous studies reported that in the 1970s this
cephalopod was prevalent in the diet of Brandt’s Cormorant. Preti et al. (2021) found that although
market squid varied significantly between years in the diet of broadbill swordfish, it was more
important in this fish diet in inshore waters than in offshore.

2.3 KRILL

The word "krill" comes from a Norwegian term meaning "young fish”, but it is now the common
term used for all euphausiids, a taxonomic group of shrimp-like marine crustaceans found throughout
the oceans of the world. The term krill was probably first applied to euphausiids found in stomachs
of whales caught in the North Atlantic and later became a popular term for Antarctic krill (Euphausia
superba). For the purposes of this document and analysis, the term ‘krill’ is synonymous with
‘euphausiid’.  All krill species in the U.S. West Coast EEZ are included under the CPS FMP.
Distributions and abundances of the highly diverse species vary within the West Coast EEZ due to
the diversity of coastal and oceanic populations with cold-northern, warm-western, and tropical and
subtropical affinities. Thus, different communities dominate in different regions of the CCE and are
affected by varying ocean conditions. Although all krill species are included under the CPS FMP,
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most of the information presented on krill in this document refers to E. pacifica and T. spinifera, the
species for which there is more substantial information throughout the CCE with respect to
abundance, distribution, and life history characteristics.

Eleven species of euphausiids dominate the krill community in the California Current System,
including E. pacifica and T. spinifera (Brinton and Townsend 2003, Lilly and Ohman 2021, E.
Bjorkstedt pers. comm. NOAA/SWEFSC). The dominance of species in the krill community changes
in the northern regions of the California Current with fewer observances of subtropical species and
more observances of subarctic species. However, the most dominant species observed in the northern
CCE shelf and slope waters are E. pacifica and T. spinifera(e.g. Gobmez-Gutiérrez 2005). Only these
two cool-water species, E. pacifica and T. spinifera form large, dense surface or near-surface
aggregations. These two species are also the most common euphausiids reported in the diets of a
wide variety of California Current seabird, marine mammal and fish species. The daytime near-
surface aggregating behavior of E. pacifica and T. spinifera has been documented by Boden et al.
(1955), Barham (1956), Pearcy and Hosie (1985), Smith and Adams (1988) and others. Numerous
krill species, including E. pacifica and T. spinifera are also present in the Salish Sea. E. pacifica in
particular has been extensively sampled in zooplankton monitoring efforts (Heath, 1977, Haro-Garay
and Soberanis 2008, Li et al. 2013, and McLaskey et al. 2016).

The sub-tropical and marginally tropical Nyctiphanes simplex also aggregates at the surface in large
swarms, occurring predominantly to the south in Mexico waters (Gendron 1992, Silva-Davila et al.
2002, Brinton and Townsend 2003), This species is only abundant in U.S. West Coast waters during
strong El Nifio years (e.g., Lilly and Ohman 2021). Another euphausiid, Nematocelis difficilis, is
very abundant in the southern California Current (Decima et al. 2010), but it is not a vertical migrator,
preferring the deeper layers of the thermocline where it is less accessible to survey than E. pacifica
and 7. spinifera. Remaining species are relatively less abundant (e.g., 7. inspinata in the northern
CCE, and E. hemigibba and Stylocheiron affine in the southern CCE) and highly variable in space and
time. For this reason, and the lack of information on other species throughout the West Coast EEZ,
we describe EFH separately for E. pacifica, T. spinifera and “other” krill. Information on the
distribution of krill species is summarized in Table 2.8.

Reviews of the literature and available data on krill aggregating areas and reproductive swarms, with
high densities of predators such as salmon, seabirds and large baleen whales, revealed certain krill-
rich upwelling areas to be especially important. Off Oregon, E. pacifica and T. spinifera spawn
mainly in waters of < 40 km from the coastline, but E. pacifica also spawn regularly at offshore
oceanic locations (Goémez-Gutiérrez et al. 2010). Dense krill swarms and predator aggregations are
reported most consistently within the ocean boundaries of the following NOAA National Marine
Sanctuaries (NMS): Olympic Coast NMS off Washington (Calambokidis 2004) and Cordell Bank
NMS, Gulf of the Farallones NMS (Chess et al 1988, Smith and Adams 1988, Kieckhefer 1992,
Schoenherr 1991, Adams 2001, Howard 2001) and Channel Islands NMS in California (Armstrong
and Smith 1997, Fiedler et al. 1998, Croll et al 1998). Additionally, the following other high-
density krill and krill predator areas have been reported: Heceta Bank and Cape Blanco areas, Oregon
(Ainley et al. 2005, Ressler 2005, Tynan et al 2005) and Bodega Canyon (Howard 2001). A
confluence within these areas of rich, upwelled unstratified water and topological features such as
submarine canyons, banks, and island shelves may not only provide rich feeding areas for krill, but
may also contain features necessary for krill patches to be exploited by baleen whales, fish and
seabirds, by concentrating and trapping krill over the shelf as they attempt to descend to the depths

47



during the day (e.g., Chess et al. 1988, Fieldler et al. 1998, Ressler et al. 2005, Santora et al., 2018,
Nickels et al. 2019).

48



Table 2.8 Distributions of different life stages of 11 common krill species in the U.S. West Coast EEZ. Descriptions of pelagic habitat for each species are based on

Lilly and Ohman (2021), Gémez-Guitérrez et al. (2005), and Lindley et al. (2004).

Scientific name Pelagic habitat Life stage San Diego — Pt [Pt Conception — Cape |(Cape Mendocino -Puget Benthic
Conception Mendocino Sound (California-Oregon- Association
(California) (California) 'Washington)

\Euphausia pacifica Cool-water coastally [Eggs/Larvae yes yes yes no
associated Juveniles/Adults yes yes yes no
species

Thysanoessa spinifera  |Cool-water coastally [Eggs/Larvae yes yes yes no
associated species  Juveniles/Adults yes yes yes no

\Nyctiphanes simplex Subtropical coastal |[Eggs/Larvae yes no no no
species Juveniles/Adults yes no no no

Nematocelis difficilis ~ [Region-wide Eggs/Larvae yes yes yes no
temperate species Juveniles/Adults yes yes yes no

Thysanoessa gregaria  [Region-wide Eggs/Larvae yes yes yes no
temperate species Juveniles/Adults yes yes yes no

\Euphausia recurva Subtropical offshore |[Eggs/Larvae yes unknown no no
species Juveniles/Adults yes yes no no

\Euphausia gibboides Subtropical offshore |Eggs/Larvae yes unknown no no
species Juveniles/Adults yes yes no no

\Euphausia eximia Tropical Pacific- Baja[Eggs/Larvae yes* no no no
California Juveniles/Adults yes* no no no
species

[E. hemigibba Subtropical- Tropical [Eggs/Larvae yes* no no no
offshore species Juveniles/Adults yes** no no no

Stylocheiron affine Subtropical offshore- |[Eggs/Larvae yes* unknown no no
Baja Juveniles/Adults yes** yes*** no no
California species

Thysanoessa inspinata  [Subarctic-coastally  [Eggs/Larvae no unknown yes no
associated species  Juveniles/Adults no yes yes no

Asterisks indicate the life stage occurs only in this region during an: * El Nifio, ** El Nifio and warm phase of Pacific Decadal Oscillation, *** Eastern-Pacific El Nifio
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2.3.1 E.PACIFICA : EFH DESCRIPTION AND IDENTIFICATION

EFH for E. pacifica: The east-west geographic boundary for E. pacifica EFH, including larvae,
juveniles and adults, is defined as U.S. West Coast waters from the shoreline, excluding estuaries
except for the Salish Sea and Puget Sound, to the 1000 fm (1,829 m) isobath, from the surface to 400
m deep. The north-south geographic boundary extends from the U.S. — Canada maritime boundary to
the U.S. — Mexico maritime boundary. Figure 2.17 shows the geographic extent of EFH for E. pacifica
within the U.S. EEZ.
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Figure 2.17 Geographic extent of EFH for E. pacifica.
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2.3.1.1 Distribution and Habitat

E. pacifica ranges throughout the subarctic Pacific, including the Gulf of Alaska as far south as 25° N.
latitude (Brinton 1962b, 1981). Highest concentrations of E. pacifica occur within the inner third of the
U.S. EEZ but can be advected into offshore waters in phytoplankton-rich upwelling jets that are known
to occur seaward to the outer boundary of the EEZ and beyond. Distribution of this species within the
U.S. EEZ is thought to be closely related to bathymetric, topological and oceanographic features
favorable for retaining adults, juveniles and larvae in optimum grazing areas. For example, in the
central CCE Cimino et al. (2020) reported that the distribution of this species was influenced by depth
and bottom rugosity; chlorophyll-a concentration increased in winter upwelling conditions; and spring
surface currents and wind stress (Cimino et al. 2020). Periodically, distribution and occurrence can
also be strongly affected by changes in local and large-scale physical and biological conditions such
as anomalously strong upwelling events or extreme El Nifio conditions. It is not known whether
animals advected offshore are lost to the system, or whether transport of some individuals to the south
and west via upwelling filaments or eddies may help to interconnect regional subpopulations and
enhance gene flow among isolated stocks. Nevertheless, Dorman etal. (2011) showed that both physical
process (anomalous northern advection) and biological processes (greater starvation and less weight per
individual) contributed to reduced krill availability to predators in the northern California region in
2005.

Across its most preferred habitats E. pacifica are distributed by body size, and these spatial ontogenetic
patterns and associated biomass are regulated by oceanographic processes, climate forcing (e.g.,
Brinton 1976, Gomez-Gutierrez et al. 2005, Decima 2011, Robertson and Bjorkstedt 2020), and the
presence of predators (e.g., Fielder et al. 1998, Gladics et al. 2014, Manugian et al. 2015, Sydeman et
al. 2013). E. pacifica generally occurs within the U.S. EEZ over bottom depths greater than 100
fathoms (183 m). It can also occur (especially in the larval form) further shoreward on the continental
shelf. It is known to occur seaward to the outer boundary of the EEZ from the U.S.-Mexico border north
to the U.S.-Canada border and beyond (Boden 1955). Within this area (< 60-100 nm from the coast),
adults and juveniles reportedly can be found throughout both the inshore and offshore area, whereas
larvae are often most abundant in upwelled areas much nearer the coast, generally inshore of the 1000
fm (Brinton 1976; Brinton 1967; Smiles and Pearcy 1971; Gomez-Gutiérrez et al. 2005). Off Oregon,
the greatest concentration of adults appears to be located near the shelf break (~200 m isobath) (e.g.,
Goémez-Gutiérrez et al. 2005). From experimental data, E. pacifica egg development to metanauplius
stage is 4.8 and 3.2 days at 8° and 12°C, respectively; but egg development occurs from 1° to 20°C
(Dorman 2011). In the northern CCE, juvenile and adult E. pacifica collected at the top 50m from the
surface were observed at a mean temperature range of 8°C to 15°C (NWFSC, Estuarine and Ocean
Ecology Program, Newport, Oregon). In southern CCE, Lilly and Ohman (2021) reported a range of
temperatures from 8° to 15°C for E. pacifica collected at the top 50m from the surface during El Nifio
and non- El Nifio years. Aspects of its life history may differ south of 40° N than to the north of that
latitude, where environmental conditions show stronger seasonality than to the south (Brinton 1976).

Gomez-Gutiérrez et al (2005) have described the cross-shelf-life stage segregation off central Oregon
of both E. pacifica and T. spinifera, which appear to be more tightly associated with the shelf break
than in other areas. Off southern California, E. pacifica tends to be more offshore extending from 3 to
60 nm miles (5.6-111 km) and beyond from the coast. High densities ofearly life stages (nauplius to
juveniles) of E. pacifica and T. spinifera were primarily recorded in the inshore shelf zone (<18 km
from the coast), but older stages were mainly recorded in the outer shelf, slope, and to some extent,
beyond. Adult E. pacifica (and to some extent, older larval stages) were distributed over the shelf, slope
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and beyond, with reproductive swarms common along the shelf- break area. These authors concluded
that a strong cross-shelf gradient in euphausiids assemblages and age-segregated distributions for E.
pacifica may represent maintenance of egg, nauplius, and metanauplius stages in the rich nearshore
area; the offshore drift of older larval stages; and concentration of reproductive adults at the shelf break
linking inshore and offshore segments of the populations. Off southern California, larvae of E. pacifica
occur offshore beyond the shelf as well as inshore (Brinton 1967, 1973).

Accordingly, Gomez-Gutiérrez et al. (2005) and other authors have suggested that the shelf-break is an
important ecological region for both E. pacifica and T. spinifera, with larger euphausiid patches often
recorded there. Off Oregon, the main populations are thought to be concentrated within 10 to 20 nm
either side of the shelf break, though distribution may be further offshore to the south off central and
southern California. Additionally, certain features have been associated with important “hotspots” of
krill concentration. These are islands, banks, canyons, and promontories that enhance retentive water
circulation patterns that tend to retain and concentrate krill and phytoplankton biomass in nutrient-rich
upwelled water. Sometimes, these hotspots can also occur far offshore, contained in the meanders of
upwelling jets that originate further inshore over the shelf or slope. Known high krill and krill predator
areas include, but may not be limited to the Olympic Coast, Washington (Calambokidis et al. 2004);
Heceta Bank and Cape Blanco areas, Oregon (Ainley et al. 2005; Ressler 2005; Tynan et al 2005);
Bodega Canyon, Cordell Bank, Gulf of the Farallones, Pescadero Canyon, Ascension Canyon, and
Monterey Bay Canyon off northern California (Chess et al 1988; Smith and Adams 1988; Kieckhefer
1992; Schoenherr 1991; Adams 2001; Howard 2001); and around the southern California Channel
islands (Armstrong and Smith 1997; Fiedler et al. 1998; Croll et al 1998).

E. pacifica performs extensive vertical migrations. The adults live at a daytime depth of 200-400 m
(occasionally down to 1000 m) rising to near the surface at night (Brinton, 1976; Youngbluth 1976),
often concentrating in the upper 20 to 50 m. It occasionally amasses near the surface during the day as
well (Hanamura et al 1984, Endo et al. 1985, Brinton and Townsend 1991). The abundance and
distribution of both E. pacifica and T. spinifera fluctuates highly depending on seasonal, annual, or
multi-annual oceanographic conditions and regimes. Responses of these two species to these oceanic
conditions and atmospheric/climatic events off California and Oregon are reported above in this
Section. Finally, information on E. pacifica habitat use within the U.S. EEZ is summarized in Table
2.9.
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Table 2.9 Summary of habitat information for E. pacifica within the U.S. EEZ.

ILife Stage Diet Season Location Water ColumnOceanographic
Features
Eggs/Larvae IN/A Off Oregon egg [Spring and Pelagic and 1°C - 20°C*
densities are summer associated with
highest in July- frecruitment upwellings;
IAugust during  |(May-July) off |Larvae are
upwellings; but |southern mostly
may also occur [California concentrated in
in September in [Monterey Bay; jupwelled areas
period of delay- [Fall and winter [near the coast
upwellings. recruitment off |(inshore of the
Oregon (August-|1000 fathoms)
IDecember).
Juveniles and  [Phytoplankton, [Year-round off [Spring and Pelagic in depths|5°C - 15°C
Adults zooplankton California and  [summer 100 fathoms
Oregon, but recruitment (183m), over the [Hotspots typically
peak abundance |(May-July) off |continental shelf jassociated with
in each region is southern slope and marine canyons,
associated with [California beyond. Islands and Banks
upwellings. Monterey Bay; off California.
Fall and winter
Off Washington, frecruitment off
there are two  [Oregon (August-
peaks of IDecember).

recruitment, a
larger one in
spring and a
smaller one in
late summer.

Individuals are
distributed from
coastal to
offshore waters
(seaward to the
outer boundary
of

the EEZ)

Note: * indicates spawning temperature range of laboratory-reared E. pacifica (Dorman 2011).

2.3.1.2 Life history

Krill exhibit great plasticity in their life history by adapting to environmental conditions. Thus, analysis
of length at age is complicated by the fact that krill can shrink in size as an ecological adaptation to
temporarily unfavorable environments (Marinovic and Mangel 1999). E. pacifica are known to shrink
in winter when food is scarce, and in summer during the reproductive season (Shaw et al. 2010, Shaw
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et al. 2021). California Current krill can also regressively lose their sexual characteristics, skip
developmental stages, or molt several times while remaining at the same stage. Further, E. pacifica can
exhibit a large range of ages at any given size, and females at a given age can vary in size as much as
10 mm. These characteristics can have a big impact on field calculations and complicate length
frequency progression analysis.

Throughout its range, E. pacifica exhibits large variation in longevity and age at first sexual maturity.
According to Brinton (1976), the more abundant spring-summer cohort of E. pacifica off southern
California generally reaches a maximum length of 22 mm in about 12 or 13 months and has a one-year
life span. Life expectancy for the less abundant winter cohort off southern California is shorter, lasting
8 months. Individuals from 10 to 15 mm carapace length tend to predominate in the population. Coastal
size distribution of E. pacifica size off northern California was found to be related to temperature and
chlorophyll-a concentration (Robertson and Bjorkstedt 2020). These authors found that warm climate
events can disrupt and suppress typical seasonal dynamics, resulting in persistent shifts towards
populations dominated by smaller juveniles and adults. For example, during the 2014-16 marine
heatwave, mature individuals were smaller than previously reported in the literature, and larger sizes
were mostly absent or rare, particularly during the period when the heatwave was strongest in coastal
waters. Shaw et al. (2021) found that E. pacifica cohorts that exhibited slower growth were associated
with delayed upwelling and moderate chlorophyll concentrations, indicating that extended duration
and slower growth were related to suboptimal environmental conditions. Further, these authors
determined that cohorts can exhibit negative growth, particularly after individual E. pacifica reach a
total length of 10 mm (Shaw et al., 2021). From an experimental study, Shaw et al. (2010) concluded
that negative growth rates during winter downwelling were probably related to poor feeding conditions,
whereas negative growth during summer upwelling likely resulted from investment of energy towards
reproduction rather than somatic growth. Under optimum conditions, sexual maturity could be attained
at 11.6 mm (Brinton 1976), and adult cohorts off southern California can reproduce about three times
over a lifespan of about three years. Growth is thought to be slower and of longer duration to the north
in the Subarctic North Pacific.

Recruitment of E. pacifica can occur year-round off Oregon and California, but distinct peaks are
associated with upwelling periods (Brinton 1967; Brinton 1973; Barham 1956). E. pacifica appears to be
more seasonal in the subarctic North Pacific and off Japan (Nemoto 1957; Ponomareva 1966).
Recruitment typically peaks off mid Baja California in February-April; off southern California in May-
July; in Monterey Bay in spring and summer; and off Oregon, in August-December (Brinton 1976). It
may be that under optimal feeding conditions, a female, carrying 20-250 eggs which hatch into larvae
could spawn every two months — first at about 11.5 mm length; second at about 16 mm, and third at
20 mm — during which time it might produce a maximum of 650 eggs. The long duration of maturity
(about half of the species' short life expectancy) is thought to contribute to population stability and
continuity. Recruitment in California occurs after about 30 days when larvae enter the juvenile phase.
There are at least four generations each year, at least off southern California. Due to the short life span
and relatively few cohort pulses, the maximum stock size is reached immediately after successful
recruitment of a single cohort (Brinton 1976, Siegel and Nicol 2000). In general, there is no spawning
stock-recruitment relationship. In most years highest recruitment occurs from spring and summer
cohorts, and lesser recruitment occurs in autumn and winter. Off Washington, there is one large
recruitment pulse in spring, and a lesser one in late summer (Bollens et al. 1992) and none in winter.
This pattern is attributed to reduced phytoplankton levels in summer and low survival of adults into
winter to spawn at that time.
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E. pacifica are batch spawners that freely broadcast eggs into the water, which sink in the water
column. Males must transfer a spermatophore packet to the female for fertilization to take place. After
hatching, larvae move toward the food-rich surface layers. Off Oregon the highest densities of E.
pacifica eggs typically occur during the upwelling months of July and August, which coincides with
the periods of highest chlorophyll (Shaw et al. 2021). However, in some years highest densities of eggs
may occur in September when there is a delay in the onset of upwellings. Evans et al. (2021) modeled
the seasonal distribution of adult E. pacifica and T. spinifera along the Pacific coast of Canada and
determined that the two species formed persistent hotspots along the 200 m depth contour of the
continental shelf. Further, the shallower Dixon shelf, off British Columbia, Canada, was a key area of
occurrence for 7. spinifera, whereas hotspots of E. pacifica were observed within the Juan de Fuca
Eddy system (Evans et al. 2021). These authors determined that the continental slope along the west
coast of Vancouver Island was the only persistent hotspot region commonly used by adults and larvae
of euphausiids.

Brinton (1976) estimated that only 16 percent of E. pacifica larvae survive per month. Survival
increases to 67 percent per month after the larval stage is complete, then mortality increases once again
in adulthood, with only about 60 percent of individuals surviving per month. Siegel and Nicol (2000)
calculated M values based on data published in Brinton (1976) and Jarre-Teichmann (1996) and found
M =3.0x year! off California, and much higher (M = 8.7 x year!) off Oregon. Siegel and Nicol (2000)
suggested the high mortality rates off Oregon may have been due to data collected under unusually
severe El Nifio conditions and may not be representative of an ‘average’ year. Shaw et al. (2021) derived
survivorship curves for E. pacifica and estimated that E. pacifica juvenile stages last on average six
months and the total lifespan of this species off Oregon to be approximately two years.

2.3.2 T.SPINIFERA: EFH DESCRIPTION AND IDENTIFICATION

EFH for T. spinifera: The east-west geographic boundary for 7. spinifera EFH, including larvae,
juveniles and adults, is defined as U.S. West Coast waters from the shoreline, excluding estuaries
except for the Salish Sea and Puget Sound, to the 500 fm (914 m) isobath, from the surface to 100 m
deep. The north-south geographic boundary extends from the U.S.- Canada maritime boundary to the
U.S.-Mexico maritime boundary (Figure 2.18).
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Figure 2.18 Geographic extent of EFH for T. spinifera.
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2.3.2.1 Distribution and Habitat

T. spinifera occurs from the southeastern Bering Sea south to northern Baja California, with regions
of high density associated with centers of upwelling (Boden et al. 1955; Brinton 1962b). As for other
krill species, the distribution of this species within the EEZ has been found to be strongly associated
with bathymetric, topological, and oceanographic features favorable for retaining adults, juveniles and
larvae in optimum grazing areas. Cimino et al. (2020) found that in the central CCE the distribution of
both T. spinifera and E. pacifica was influenced by depth and bottom rugosity; chlorophyll-a
concentration increased in winter upwelling conditions; and spring surface currents and wind stress. As
for E. pacifica, the distribution and occurrence of 7. spinifera can also be strongly affected by changes
in local and large-scale physical and biological conditions such as anomalously strong upwelling events
or extreme El Nifio conditions. Nevertheless, Dorman et al. (2011) showed that both physical process
(anomalous northern advection) and biological processes (greater starvation and less weight per
individual) contributed to reduced krill availability to predators in the northern California region during
2005.

T. spinifera is more coastal than E. pacifica, occurring mainly shoreward of the shelf break, usually over
bottom depths less than 200 m deep, although catches can occur further offshore beyond the shelf,
especially off central California. Daytime surface swarms have been observed off California in the San
Diego, Santa Barbara Channel Islands, Monterey Bay, Gulf of the Farallones, Cordell Bank, and
Tomales Bay areas, and off Oregon (Pearcy and Hosie 1985, Smith and Adams 1988, Brinton et al.
2000, Adams 2001, Howard 2001). In the northern CCE, juvenile and adult 7. spinifera collected at
the top 50m from the surface were observed at a mean temperature range of 7°C to 15°C (NWFSC,
Estuarine and Ocean Ecology Program, Newport, Oregon). In southern CCE, Lilly and Ohman (2021)
reported a range of temperatures from 8° to 14°C for T. spinifera collected at the top 50m from the
surface during El Nifio and non-El Nifio years.

Gomez-Gutiérrez et al. (2005) have described the cross-shelf life stage segregation of both 7. spinifera
and E. pacifica off Central Oregon. The densities of early life stages of both species were highest in the
inshore shelf zone (<18 km from the coast), whereas older stages of both species were mainly observed
in the outer shelf, slope, and to some extent, beyond. Adult 7. spinifera occurred primarily over the
shelf and shelf-break waters from 2-74 km (1- 40 nm) from the coast, especially between 5.6 and 27.8
km (3 and 15 nm) from shore in water less than 100 m deep. Larvae and juveniles of 7. spinifera were
also generally restricted to relatively shallow inner shelf waters within < 18 km from the coast; while
adults occurred generally in outer shelf, shelf break and slope waters beyond 18 km from the coast.
These authors concluded that a strong cross-shelf gradient in euphausiids assemblages and age-
segregated distributions for both 7. spinifera and E. pacifica may represent maintenance of egg,
nauplius, and metanauplius stages in the rich nearshore area; the offshore drift of older larval stages;
and concentration of reproductive adults at the shelf break linking inshore and offshore segments of
the populations. Off southern California, 7. spinifera larvae occur offshore beyond the shelf as well as
inshore (Brinton 1967, 1973). Brinton and Townsend (2003) reported 7. spinifera (mostly furcilia;
rarely adults) disperses extensively offshore toward the main flow of the California Current. While it
is possible that these individuals may be advected there by currents and represent individuals lost from
the coastal population (Brinton and Townsend 2003), there may also be significant latitudinal
differences in the inshore- offshore dispersion patterns and retention mechanisms off Oregon and
California.
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Asreported for E. pacifica, Gomez-Gutiérrez et al. (2005) and others have suggested that the shelf- break
is an important ecological region for both 7. spinifera and E. pacifica, with larger euphausiid patches
often recorded there. Off Oregon, the main populations are thought to be concentrated within 10 to 20
nm either side of the shelf break, though distribution may be further offshore to the south off central
and southern California. Additionally, certain features have been associated with important hotspots of
krill concentration. These are islands, banks, canyons, and promontories that enhance retentive water
circulation patterns that tend to retain and concentrate krill and phytoplankton biomass in nutrient-rich
upwelled water. Sometimes, these “hotspots” can also occur far offshore, contained in the meanders
of upwelling jets that originate further inshore over the shelf or slope. Known high krill and krill
predator areas include, but may not be limited to the Olympic Coast, Washington (Calambokidis et al.
2004); Heceta Bank and Cape Blanco areas, Oregon (Ainley et al. 2005, Ressler 2005, Tynan et al
2005); Bodega Canyon, Cordell Bank, Gulf of the Farallones, Pescadero Canyon, Ascension Canyon,
and Monterey Bay Canyon off northern California (Chess et al 1988, Smith and Adams 1988,
Kieckhefer 1992, Schoenherr 1991, Adams 2001, Howard 2001); and around the southern California
Channel islands (Armstrong and Smith 1997; Fiedler et al. 1998; Croll et al 1998).

T. spinifera generally occurs from the surface to about 200 m deep but most frequently at vertical
depths of less than 100 m (Ponomareva 1966; Brinton et al 2000; Alton and Blackburn 1972). It also
undertakes diel vertical movements within its relatively shallow range (Alton and Blackburn 1972;
Chess et al. 1988). It is the most predictable and extensive daytime surface swarmer along coastal
California from Tomales Bay south to the Channel Islands off southern California (Brinton 1962b,
Smith and Adams 1988, Fielder et al 1998, Howard 2001, Adams 2001). Mass strandings of the species
have also been reported along Oregon beaches (Pearcy and Hosie 1985) and as far south as La Jolla,
California (Brinton 1962a). The abundance and distribution patterns of 7. spinifera are highly variable
depending on seasonal, annual, or multi-annual oceanographic conditions and regimes. Responses of
these two species to these oceanic conditions and atmospheric/climatic events off California and
Oregon are reported above in this section. Finally, information on 7. spinifera habitat use within the
U.S. EEZ is summarized in Table 2.10.
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Table 2.10 Summary of habitat information for 7. spinifera within the U.S. EEZ.

Oregon
(August-
December).

restricted in
waters of < 18
km from the
coast.

Life Stage Diet Season Location Water Column | Oceanographic
Features
Eggs/Larvae N/A Off Oregon egg | Spring and Pelagic waters, |N/A
densities are summer with larvae
highest in July- |recruitment occurring in the
September (May-July) off |inshore shelf
during southern zone (< 18 km
upwellings, but | California from the coast)
small peaks also| Monterey Bay;
occur in winter |Fall and winter
(February- recruitment off
March) and/or |Oregon
spring (April- | (August-
May); December).
Off California | Distributed
from April mostly on mid-
through May- | continental
July. Fall shelf spawning
spawning may |location.
also occur off
San Francisco
(August-
October).
Juveniles and | Phytoplankton, |Year-round off | Spring and Mostly in
Adults zooplankton California and |summer coastal waters | 5°C-14°C
Oregon, but recruitment <100 m,
peak abundance | (May-July) off |shoreward of
in each region | southern the continental | Hotspots
is associated California shelf and typically
with Monterey Bay; |shelf-break. associated with
upwellings. Fall and winter |Juveniles are | marine canyons,
recruitment off | mostly Islands and

Banks off
California.

2.3.2.2 Life history

Kfrill exhibit great plasticity in their life history by adapting to environmental conditions. 7. spinifera
shrinks in size in winter when food is scarce (Shaw et al. 2010, Shaw et al. 2021) as a mechanism to
adapt under these unfavorable seasonal conditions, which complicate the estimation of length-at-age
(Marinovic and Mangel 1999). T. spinifera grows to a larger size than E. pacifica — males to 20 mm,
females to 38 mm. The difference in male and female growth is observed from the first year. Life span
has been variously reported to be from 10 months to two years or more (Boden et al. 1955; Nemoto 1957;
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Summer 1993; Tanasichuk 1998). In subarctic Alaskan waters, Nemoto (1957) reported a two-year life
cycle (or at least 1+ years), with individuals growing to 10 mm in the first year and attaining sexual
maturity at about 20-24 mm at one year of age, with a spawning season from June to September.
Nemoto (1957) found large unfertilized specimens (26-30 mm) in mid-July and was unsure whether
these specimens represented ages 2. Mauchline (1980) also estimated the maximum life span to be 2°
years with breeding maturity reached at 2 years of age. Summers (1993), using length frequency
analyses of individuals collected in Barkley Sound, British Columbia, found that 7. spinifera matures
in one year, and some individuals survive to 2 years of age; although most maximum-sized adults
observed in the field were closer to 1-year old). Monitoring 7. spinifera population structure in Barkley
Sound, British Columbia, Tanasichuk (1998b) estimated a shorter life span of 10 months using length
frequency progressions and certain initial assumptions about larval stage durations and furcilia growth.
Tanasichuk (1998) also found more variable and protracted spawning. Annual and seasonal
progression in size classes observed in 7. spinifera collected in the Gulf of the Farallones and Channel
Islands off southern California indicate that a one - two year life span may also be true for populations
to the south, but more work is needed.

Brinton (1981) reported that the 7. spinifera spawning season off California extended from May to
July, coincident with the strongest upwelling. During this time, fully mature adults form extensive
inshore surface swarms during the peak of the upwelling season off California (Brinton 1981, Smith
and Adams 1988). These adults are thought to swarm, breed over a protracted spawning season, then
presumably die at the end of their life cycle (Nemoto 1957). Off San Francisco, breeding appears to
occur primarily from April through June-July. Spring reproductive swarms in this area contain mostly
18-30 mm fertilized adults in breeding condition, which presumably spawn (probably at intervals) and
then die by late summer, when specimens of the size disappear from seabird and salmon diets, and from
plankton collections. Swarms off central and southern California have also been sampled during late
summer and fall (August-October) in association with blue and humpback whales, but these late
summer and fall individuals are mostly immature or sexually developing individuals (14-20 mm).
Maturing subadults are also known to swarm near the surface in late summer and fall (Schoenherr
1991; Kieckhefer 1992; Fiedler et al. 1998).

T. spinifera are batch spawners. Eggs are broadcast freely, which sink in the water column. Unlike E.
pacifica, the eggs of T. spinifera are quite adhesive and often covered in adhered debris (Summers 1993,
Gomez-Gutierez et al. 2007, Feinberg et al. 2010), a possible mechanism to maintain recruits in the
neritic zone and prevent offshore dispersal to less productive waters (Summers 1993). Off the Oregon
coast, T. spinifera eggs are typically found in greatest abundance over shallower mid-shelf spawning
sites, with lowest abundance observed offshore on deep-water spawning locations beyond the shelf
break (Feinberg et al. 2010). In most years (from 1997-2005) small peaks of egg density were observed
in late winter (February-March) and/or spring (April- May), but large and prolonged peaks were
observed in summer, from July to September (Feinberg et al. 2010). In most years, 7. spinifera can
continue to spawn off Oregon until the upwelling season ends in the fall, but in other years spawning
may cease early in the season. Feinberg et al. (2010) postulated that 7. spinifera may be an intermittent
spawner, whose ovaries are not constantly matured and capable of spawning, even if environmental
conditions are suitable for spawning. Summers (1993) describes a distinct and extended spawning
period off British Columbia from March through July with a late May peak. Evans et al. (2021) modeled
the seasonal distribution of both adult E. pacifica and T. spinifera along the Pacific coast of Canada
and determined that both species formed persistent hotspots along the 200m depth contour of the
continental shelf. However, there were differences on the shallower Dixon shelf, where 7. spinifera

occurs and within the Juan de Fuca Eddy system where hotspots of E. pacifica were observed. The
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continental slope along the west coast of Vancouver Island was determined to be the only persistent
hotspot region commonly used by adults and larvae of euphausiids.

2.3.3 OTHERKRILL: EFH DESCRIPTION AND IDENTIFICATION

EFH for other krill: The east-west geographic boundary for other krill species EFH, including larvae,
juveniles and adults, is defined as U.S. West Coast waters from the shoreline, excluding estuaries
except for the Salish Sea and Puget Sound, to the 1000 fm (1,829 m) isobath, from the surface to 400
m deep. The north-south geographic boundary extends from the U.S. — Canada maritime boundary to
the U.S. - Mexico maritime boundary (Figure 2.19).

The designation of EFH for the other krill assemblage is based on information for the principal species,
E. pacifica and T. spinifera (see Section 2.3.1. and 2.3.2). Isobath (depth contours) are used as outer
boundaries of krill EFH, but only because they roughly approximate the outer bounds of reported
densest concentrations of the populations, and because static boundaries are preferred for the legal
definition of EFH. These contours also roughly form the outer boundaries of some of the major
upwelling areas (though perhaps not some of the larger offshore jets), within which consistently high
concentrations of phytoplankton occur. The boundaries are not meant to imply the strict association of
these highly dynamic macroplanktonic species with fixed bottom topography. The geographic extent
of EFH for other krill is described in Figure 2.19.
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Figure 2.19 Geographic extent of EFH for other krill.
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2.3.3.1 Distribution, Habitat, and Life History

The coastwide distributions of the other nine dominant krill species are generally not well known, but
all occur within the U.S. EEZ. The extent of their distribution may vary seasonally, annually, inter-
annually and over decadal scales with oceanic conditions. Some of these species (e.g., N. difficilis)
may be more abundant than 7. spinifera in some periods and regions of the CCE (see Decima et al.
2010), but they are more difficult to survey. Nevertheless, Lilly and Ohman (2021) analyzed the spatial
distribution of ten euphausiids in the southern CCE, using CalCOFI zooplankton data from 1951 to
2018. They found that cool water euphausiid abundance responded to changing in situ habitats
conditions during El Nifo, whereas subtropical species required initial advection to increase their
abundance in the southern CCE. Additionally, they found that cool- water species such as E. pacifica
and 7. spinifera compressed shoreward and retracted poleward to upwelling waters during Eastern
Pacific El Nifio events, likely caused by offshore warming. During eastern Pacific El Nifio events, N.
simplex (a subtropical species) extended poleward nearshore, but during central Pacific Nifios the
abundance of this species was variable and moderately increased off Southern California. E. eximia (a
tropical Pacific-Baja California species) was found only off southern California in spring during El
Nifio years, indicating direct advection and low tolerance for cooler and fresher conditions. Subtropical
offshore species such as E. gibboides and E. recurva expanded shoreward during most El Nifio events
(strongest during the 2014—15 Warm Anomaly) and exhibited moderate in situ post-event persistence,
suggesting combined influence of advection and temporarily favorable habitat nearshore. Further, V.
difficilis and T. gregaria (regionwide temperate species) contracted only moderately shoreward during
some Nifios. Furthermore, between 2008 and 2017 cool water species (E. pacifica, N. difficilis, T.
spinifera) and subtropical species (N. simplex, E. eximia, E gibboides) occurred in the southern CCE
in the spring, and their abundance was strongly and positively correlated with “time-lagged flows from
the preceding November-December” (Lilly et al. 2022). Finally, the size structure of each of these
species are likely to be altered during an El Nifio and other closely coupled atmospheric-oceanographic
events such as marine heatwaves, as shown by Robertson and Bjorkstedt (2020) for E. pacifica.
Therefore, habitat preference for the other nine krill species can be assumed to overlap with the
geographic distribution of E. pacifica and/or T. spinifera, although the occurrence of each species
within the U.S. EEZ is variable in space and time. Information on the distribution of krill species is
summarized in Table 2.8.

2.3.3.2 Relevant Trophic Information For Krill

Kfrill are grazers on microscopic plants and animals and provide an important link in the oceanic food
web between phyto- and nanoplankton and upper trophic levels. Phytoplankton is thoughtto be a major
component of the diet, but fish eggs and larvae are also thought to be consumed in large quantities.
Theilacker et al (1993) suggests this predation may significantly affect fish recruitment. Field et al
(2001), using a top-down Ecopath assessment model for the northern CCE, estimated euphausiid
average annual phytoplankton biomass consumption to be 650 g wet weight m™ during the early 1960s
(a cool, productive regime), and 400 g wet weight m™ in the mid-1990s (a warm regime characterized
by low productivity). In the northern CCE, Fisher et al. (2020) found that 7. spinifera had higher
length-weight, Fulton’s K, hepato-somatic index, carbon to nitrogen ratio, total lipid per wet weight,
and storage lipid compared to E. pacifica. These results indicate that 7. spinifera has a higher energetic
value for predators, but more data are needed to validate these results across the whole CCE. The
phytophagous role of krill may also have a negative aspect. Bargu et al. (2002) found evidence that
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California krill (e.g., E. pacifica) may be a potential transfer agent of the phycotoxin domoic acid to
higher trophic levels in the marine food web in Monterey Bay.

Juvenile and adult krill are consumed by a variety of predators, including fish (e.g., Albacore, Salmon,
Pacific Hake, Jack mackerel), seabirds such as Cassin’s Auklet, and marine mammals such as blue and
humpback whales. Chinook salmon is a major predator of krill, and particularly of 7. spinifera. Off
central California, Wells et al. (2012) found there was a lag of one year in the relationship between the
abundance of T. spinifera and the volume of krill in the diet of juvenile Chinook salmon. They also
determined that the body condition of juvenile Chinook salmon was positively related to the abundance
of adult krill the year before and specifically to the proportion of 7. spinifera in the diet. Nickels et al.
(2023) found that some environmental conditions (e.g., when Biologically Effective Upwelling
Transport was moderate), euphausiids may dominate the diets of albacore by as much as 37 percent on
average. Analyzing data collected from 1998-2004 off the U.S. Pacific Northwest, Emmett and
Krutzikowsky (2008) found that Euphausiids and fishes were among the most abundant prey items in
the diets of Pacific hake and jack mackerel. However, Pacific hake had relatively low percentages of
empty stomachs during cool-ocean years (2000 through 2002) and high percentages during 1998, a
warm-ocean year.

The two principal krill species (E. pacifica and T. spinifera) also constitute a substantial proportion of
the diet of Cassin’s auklet off California. Accordingly, radio-marking of auklet parents off southern
California showed that during breeding seasons the core foraging area of these seabirds was within 30
km of their colony. Parents were aggregated in shelf waters of < 200 m, although occasionally they
foraged in deeper waters (Adams et al. 2004). Individual parents fed mostly on euphausiids, pelagic
larval and juvenile fishes, and minor amounts of cephalopod and other crustaceans. Further, Adams et
al. (2004) found krill species selected by auklet varied among years. For example, T spinifera was most
important in the diet of auklet in 1999 and 2001; whereas E. pacifica replaced adult 7. spinifera in 2000.
However, temporal differences in chick-diets did not significantly affect fledging success and growth
among first chicks; although the proportion of pairs successfully fledging an alpha chick and initiating
a second clutch was highest in 1999 (63 percent) and 2000 (75 percent), and less in 2001 (7 percent).
In the Gulf of Farallones off California, Abraham and Sydeman (2006) found that the proportion of .
pacifica adults in auklet diet decreased over the chick-rearing period but increased with increasing SST
and an upwelling index. In contrast, 7. spinifera in auklet diets showed an increase over the chick-
rearing period, but no relationship with the upwelling index and SST. While the proportion of E. pacifica
Jjuveniles in auklet diets showed no seasonal variations and relation with upwelling and temperature,
T. spinifera juveniles in the diet of auklet did increase seasonally and with the upwelling index. Finally,
Manugian et al. (2015) determined that Cassin’s auklets utilized consistent areas in the upper water
column (95 percent of dives < 30m) where krill could be found. As in previous studies, they found that
these seabirds primarily preyed on 7. spinifera and E. pacifica, and that auklet could be a valuable
indicator of krill abundance and distribution.

Krill are also an important prey for whales in the CCE. Blue whales consume both E. pacifica and T.
spinifera, but these marine mammals strongly prefer 7. spinifera (Fielder et al. 1998, Nickels et al.
2019). Krill aggregations around the California Channels are important forage resources of blue whales,
particularly during summer-fall season. In Monterey Bay, large concentrations of blue whales have
been observed to be feeding on euphausiids that were distributed in deep scattering layers and daytime
surface swarms. Schoenherr (1991) estimated that these scattering layers contained primarily 7.
spinifera, which accounted for 45.4 percent of the total biomass of zooplankton samples across these
layers. These authors also observed that “surface-lunging blue whales” were feeding on daytime
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surface swarms of 7. spinifera near the head of Monterey Bay Submarine Canyon. Large
concentrations of blue whales feeding on euphausiids have been also observed around marine banks.
Nickels et al. (2019) reported that 7. spinifera was consistently more abundant on the Nine Mile Bank,
near San Diego California, or inshore of it than offshore. In contrast, E. pacifica was more abundant
and dispersed more evenly around this bank. In addition, Nickels et al. (2019) determined that adults
of both E. pacifica and T. spinifera were distributed within a narrow layer between 200 and 250 m that
corresponded to typical feeding depth distribution of blue whales. These two krill species were also
shown to be important to humpback whale diets, being the dominant component during periods of
positive phases of the North Pacific Gyre Oscillation (NPGO), when SST are cool, upwelling is strong
and krill biomass is high (Fleming et al. 2016). Under opposite conditions, when Pacific sardine and
northern anchovy biomass increased, humpback whale diets were dominated by these fish species,
demonstrating their prey switching capabilities.

In sum, these new data on the relationship between krill species and their predators have allowed not
only to elucidate the mechanisms that control the formation of E. pacifica and T. spinifera hotspots,
but also to resolve essential krill species habitats by modeling seasonal upwelling, interannual and
decadal changes in oceanic and atmospheric conditions (Dorman et al. 2015, Fiechter et al. 2020,
Santora et al. 2011a, 2011b, 2013, 2018, Cimino et al. 2020, Guo et al. 2014, Kaplan et al. 2013,
Rockwood et al. 2020). Recent modeling research has shown that E. pacifica hotspots coincided with
hotspots of various species of marine mammals, birds, and fishes. For example, krill hotspots
(dominated by E. pacifica) have been found in the vicinity of marine canyons and this association
between krill and canyon has been proposed as a potential “hot spot network’’ that could enhance
foraging opportunities for marine predators (Santora et al. 2018). Specifically, Santora et al. (2018)
found that 76 percent of krill hotspots that occurred in the CCE were within and adjacent to canyons.
In addition, most of these hotspots were associated with large shelf-incising canyons. In another study,
Redwood et al. (2020) found that both whales (blue and humpback) and krill consistently used the
northeast region of Cordell Bank, the Farallon Escarpment, and the shelf-break waters. Their model
identified that blue whale hotspots were also krill hotspots, whereas co-occurrence between humpback
whales and krill were more limited and varied seasonally. Finally, risk assessments have also shown
that the depletion of euphausiids and forage species in the CCE could lead to dramatic declines in the
abundance of top marine predators, and in particular of commercial fishes (Kaplan et al. 2013). Data
from these recent studies underscore the critical role that the krill assemblage plays in the maintenance
of the CCE.

3. FISHING ACTIVITIES THAT MAY ADVERSELY AFFECT CPS EFH

FMPs must contain an evaluation of the potential adverse effects of fishing activities on EFH
designated under the FMP and describe actions that could be taken to minimize adverse effectsto EFH.
This includes effects from fishing activities regulated under this FMP as well as other Federal FMPs.
FMPs must also identify any fishing activities not managed under the MSA that may adversely affect
EFH. The EFH regulations state that “Councils must act to prevent, mitigate, or minimize any adverse
effects from fishing, to the extent practicable, if there is evidence that a fishing activity adversely
affects EFH in a manner that is more than minimal and not temporary in nature...”

Fishing activities in the West Coast EEZ (both MSA and non-MSA) use gear such as midwater trawl,

bottom trawl, purse seine, long line, pot/trap, and others. In the pelagic environment there is no

evidence that any fishing gear used in the West Coast EEZ has more than a negligible and temporary
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effect on the quality of EFH. However, to the extent that the presence of prey species can contribute
to making waters function as feeding habitat, removal of prey species could conceivably affect the
quality of CPS EFH (PFMC 2019a). Although prey species arenot defined as EFH themselves, the
presence of prey can contribute to waters being EFH for the purposes of functioning as feeding habitat.
Some CPS species (Pacific mackerel, jack mackerel, and market squid) are piscivorous as adults and
could be potentially affected by removal of other CPS species. To the extent that other CPS could be
considered a component of CPS EFH, removal of those species through fishing could conceivably
adversely affect the EFH. However, the EFH review produced no information indicating that fishing
adversely affects CPS EFH via removal of CPS species.

MSA and non-MSA fishing gears that are intended to have contact with the benthos could potentially
adversely affect benthic habitat used by market squid for parts of their life cycle. Soft sediments where
squid spawning and egg case development occur have shorter recovery periods than biogenic and hard
bottom habitats that are impacted by fishing activities (PFMC 2019). Most of the SCB is closed to
MSA-managed bottom trawling activities, and bottom trawling for state- managed species such as
California halibut is relatively limited. The EFH review produced no literature describing fishing
impacts to CPS EFH. Scant information on CPS fishing gear impacts to EFH exists, and any impacts
are likely to be no more than minimal and temporary in nature.

FMPs must minimize to the extent practicable adverse effects from fishing on EFH, including EFH
designated under other Federal FMPs. In addition to identifying potential measures to restrict fishing
gears and methods, NMFS’ regulatory guidance on EFH also suggests time/area closures as possible
habitat protection measures. These measures could include but would not be limited to closing areas
to all fishing effort or specific equipment types during spawning, migration, foraging, and nursery
activities; and designating zones for use as marine protected areas to limit adverse effects of fishing
practices on certain vulnerable or rare areas/species/life history stages. There are many examples of
area-based closures designed tominimize fishing impacts to habitats and ecosystem services. These
include numerous state marine reserves, Federal bottom trawl closures, and several closures to all
bottom contact fishing. Most of the SCB is covered by the 17,000 square mile SCB EFH Conservation
Area (EFHCA), and numerous other EFHCAS are present in the West Coast EEZ, described in Federal
Pacific Coast Groundfish regulations (Figure 2.20 and Figure 2.21).

Based on the limited circumstances in which fishing activities would potentially adversely affect CPS

EFH and recognizing that numerous area-based restrictions are already in place, no additional fishery
management measures are necessary to adequately protect and conserve CPS EFH.
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Figure 2.20 Bottom trawl and bottom contact closures in the U.S.
Groundfish regulations as of 2023 (50 CFR Part 660 Subpart C).
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Figure 2.21 Bottom trawl and bottom contact closures in the U.S. West Coast EEZ described in Pacific Coast
Groundfish regulations as of 2023 (50 CFR Part 660 Subpart C).

4. NON-FISHING ACTIVITIES THAT MAY ADVERSELY AFFECT EFH;
CONSERVATION AND ENHANCEMENT MEASURES

The following is a general description of non-fishing related activities that may directly or indirectly,
cumulatively, temporarily, or permanently, threaten the physical, chemical, and biological properties
of the habitat utilized by CPS and/or their prey. The direct result of these threats is that EFH may be
eliminated, diminished, or disrupted. The list includes common activities with known or potential
impacts to EFH. The list is not prioritized nor is it to be considered all-inclusive. The potential adverse
effects described below, however, do not necessarily apply to the described activities in all cases, as
the specific circumstances of the proposed activity or project must be carefully considered on a case-
by-case basis. Furthermore, some of the activities described below may also have beneficial effects on
habitat, which need to be considered in any analysis of an action's net effect by agencies conducting
adverse effects analysis. Consulting biologists are not limited to considering only the activities, effects,
and conservation and enhancement measures described here, and should consider recent published and
unpublished literature and other sources of information to inform EFH consultations. A Northwest
Fisheries Science Center White Paper (Kiffney et al. 2022) includes numerous additional non-fishing
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activities, their effects, and conservation measures that should be considered by consulting biologists
in conducting EFH consultations. That publication is incorporated here by reference.

In general, non-fishing related effects on EFH for CPS finfish (northern anchovy, Pacific sardine,
Pacific (chub) mackerel, or jack mackerel) may not be as adverse relative to other EFH types, because
adults and juveniles are mobile, and all life stages are pelagic (in the water column near the surface
and not associated with substrate) and dispersed in a wide band along the west coast of north America.
However, impacts to CPS finfish prey, a component of EFH, are also conceivable. Non-fishing adverse
impacts on EFH may be more important for market squid that attach their egg cases to the substrate at
spawning sites that include shallow, near shore areas.

Section 600.815 (a) (6) of the EFH regulations states that FMPs must describe actions to avoid,
minimize, or compensate for the adverse effects and promote the conservation and enhancement of
EFH. Activities that may adversely affect EFH should be avoided where less environmentally harmful
alternatives are available. If there are no such alternatives, the impacts of these actions should be
minimized. Environmentally sound engineering and management practices should be employed for all
actions which may adversely affect EFH. Disposal or spillage of any material (dredge material, sludge,
industrial waste, or other potentially harmful materials) which would destroy or degrade EFH should
be avoided. If avoidance or minimization is not possible, or will not adequately protect EFH,
compensatory mitigation to conserve and enhance EFH should be recommended. FMPs may
recommend proactive measures to conserve or enhance EFH. When developing proactive measures,
the Council may develop a priority ranking of the recommendations to assist Federal and state agencies
undertaking such measures.

Established policies and procedures of the Council and NMFS provide the framework for conserving
and enhancing essential fish habitat. Components of this framework include adverse impact avoidance
and minimization. Provision of compensatory mitigation may be warranted if the impact is
unavoidable. Any new and expanded responsibilities contained in the MSA should be met through
appropriate application of these policies and principles. In assessing the potential impacts of proposed
projects, the Council and NMFS are guided by the following general considerations:

« The extent to which the activity would directly and indirectly affect the occurrence, abundance,
health, and continued existence of fishery resources.

« The extent to which the potential for cumulative impacts exists.

« The extent to which adverse impacts can be avoided through project modification, alternative site
selection or other safeguards.

- The extent to which the activity is water dependent if loss or degradation of EFH is involved.

« The extent to which mitigation may be used to offset unavoidable loss of habitat functions and
values.

The following activities have been identified as potentially, directly, or indirectly, affecting the habitat
utilized by all or some CPS. The following measures are suggested in an advisory, not mandatory,
capacity as proactive conservation measures that would aid in minimization or avoidance of the adverse
effects of these non-fishing activities on essential fish habitat. The NOAA White Paper Nonfishing
Impacts on Essential Fish Habitat (Kiffney et al. 2022) contains numerous additional non-fishing

impacts and conservation measures and is incorporated here by reference.
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4.1 DREDGING

Dredging navigable waters has a periodic impact on benthic and adjacent habitats during construction
and operation of marinas, harbors, and ports. Periodic dredging is required to maintain or create ship
(e.g., ports) and boat (e.g., marinas) access to docking facilities. Dredging is also used to create
deepwater navigable channels or to maintain existing channels that periodically fill with sediments
from rivers or transported by wind, wave, and tidal processes. In the process of dredging, large
quantities and qualities of the seafloor are removed, disturbed, and resuspended and the biological
characteristics of the seafloor are changed. Turbidity plumes may arise.

4.1.1 ADVERSE IMPACTS

Dredging events using certain types of dredging equipment can result in greatly elevated levels of fine-
grained mineral particles, usually smaller than silt, and organic particles in the water column habitat
utilized by CPS finfish. These turbidity plumes of suspended particulates may reduce light penetration
and lower the rate of photosynthesis (e.g., adjacent eelgrass beds) and the primary productivity of an
aquatic area if suspended for variable periods of time. CPS finfish may suffer reduced feeding ability
if suspended particulates persist. The contents of the suspended material may react with the dissolved
oxygen in the water and result in short-term oxygen depletion to aquatic resources. Toxic metals and
organics, pathogens, and viruses absorbed or adsorbed to fine-grained particulates in the material may
become biologically available to organisms either in the water column or through food chain
processes.

Dredging as well as the equipment used in the process such as pipelines may damage or destroy
spawning, nursery habitat and other sensitive habitats important to market squid. Within bays and
harbors, dredging may also modify current patterns and water circulation of the habitat by changing
the direction or velocity of water flow, water circulation, or otherwise changing the dimensions of the
water body potentially utilized by CPS finfish.

4.1.2 CONSERVATION AND ENHANCEMENT MEASURES

1. To the maximum extent practicable, new, as opposed to maintenance dredging, should be
avoided. Activities that require dredging (such as placement of piers, docks, marinas,etc.) should be
sited in deep water areas or designed in such a way as to alleviate the need for maintenance dredging.
Projects should be permitted only for water dependent purposes, when no feasible alternatives are
available.

2. Where the dredge equipment employed could cause significant long term impacts due to
entrainment of prey species, dredging in estuarine waters shallower than 20 feet in depth should be
performed during the time frame when prey species are least likely to be entrained.

3. All dredging permits should reference latitude-longitude coordinates of the site so information
can be incorporated into GIS for tracking cumulative impacts. Inclusion of aerial photos may also be
required to help geo-reference the site and evaluate impacts over time.

4. Sediments should be tested for contaminants as per the Environmental Protection Agency and
U.S. Army Corps of Engineers requirements to determine proper removal and disposal procedures.
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5. The cumulative impacts of past and current dredging operations on EFH should be considered
and described by Federal, state, and local resource management and permitting agencies and
considered in the permitting process.

6. Where a dredging equipment type is used that is expected to create significant turbidity (e.g.,
clamshell), dredging should be conducted using adequate control measures to minimize turbidity.

4.1.3 REFERENCES

Collins, M.A. 1995. Dredging-induced near-field resuspended sediment concentration and source
strengths. Miscellaneous Paper D-95-2, U.S. Army Engineer Waterways Experiment Station,
Vicksburg, MS. NTIS No. AD A299 151.

Farnworth, E.G., M.C. Nichols, C.N. Vann, L.G. Wolfson, R.-W. Bosserman, P.R. Hendrix, F.B.
Galley, and J.L. Cooley. 1979. Impacts of sediment and nutrients on biota in surface waters of the
United States. EPA; Athens, GA (USA)., Oct 1979., 331 p., Ecol. Res. Series U.S. Environ. Protect.
Agency.

LaSalle, M.W., Clarke, D.G., Homziak, J., Lunz, J.D., and Fredette, T.J. (1991). A framework for
assessing the need for seasonal restrictions on dredging and disposal operations. Technical Report
D-91-1, U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS. NTIS No. AD A240
567.

Port of Long Beach, California, Port of Los Angeles, California, Department of the Army, Corps of
Engineers, Department of the Interior, Fish and Wildlife Service; Department of Commerce,
National Oceanic and Atmospheric Administration. 1990. Phase I 2020 Plan and Feasibility Study,
Los Angeles and Long Beach Harbors, San Pedro Bay, California. EPA No.: 9003420, 987 pages
and maps, September 10, 1990.

4.2 DREDGE MATERIAL DISPOSAL/FILLS

The discharge of dredged materials subsequent to dredging operations or the use of fill material in the
construction/development of harbors results in sediments (e.g., dirt, sand, mud) covering or smothering
existing submerged substrates. Usually these covered sediments are of a soft-bottom nature as opposed
to rock or hard-bottom substrates.

4.2.1 ADVERSE IMPACTS

The disposal of dredged or fill material can result in varying degrees of change in the physical,
chemical, and biological characteristics of the substrate. Direct discharges may adversely alter the
habitat of benthic organisms such as market squid. Subsequent erosion, slumping, or lateral
displacement of surrounding bottom of such deposits can also adversely affect substrate outside the
perimeter of the disposal site by changing or destroying benthic habitat. The bulk and composition of
the discharged material and the location, method, and timing of discharges may all influence the degree
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of impact on potential market squid EFH. The discharged material can also change the chemistry of
the receiving water at the disposal site by introducing chemical constituents in suspended or dissolved
form.

The discharge of dredged or fill material can result in greatly elevated levels of fine-grained mineral
particles, usually smaller than silt, and organic particles in the water column thereby affecting CPS
finfish. These suspended particulates may reduce light penetration and lower the rate of photosynthesis
and the primary productivity of an aquatic area if suspended for lengthy intervals. CPS finfish may
suffer reduced feeding ability leading to limited growth and lowered resistance to disease if high levels
of suspended particulates persist. The contents of the suspended material may react with the dissolved
oxygen in the water and result in oxygen depletion. Toxic metals and organics, pathogens, and viruses
absorbed or adsorbed to fine-grained particulates in the material may become biologically available to
organisms either in the water column or through food chain processes.

4.2.2 CONSERVATION AND ENHANCEMENT MEASURES

1. Upland dredge disposal sites should be considered as an alternative to offshore disposal sites. Fills
should not be allowed in areas with subaquatic vegetation or other areas of high productivity. Survey
should be undertaken to identify least productive areas prior to disposal. Use of clean dredge material
meeting Army Corps of Engineers and state water quality requirements for beach replenishment and
other beneficial uses (e.g., creation of eelgrass beds) is encouraged.

2. The cumulative impacts of past and current fill operations on EFH should be addressed by Federal,
state, and local resource management and permitting agencies and considered in the permitting process.

3. Any disposal of dredge material in EFH should meet applicable state and/or Federal quality
standards for such disposal.

4. When reviewing open water disposal permits for dredged material, state and Federal agencies
should identify the direct and indirect impacts such projects may have on EFH. Benthic productivity
should be determined by sampling prior to any discharge of fill material. Sampling design should be
developed with input from state and Federal resource agencies.

5. The areal extent of the disposal site should be minimized. However, in some cases, thin layer
disposal may be less deleterious. All non-avoidable, adverse impacts (other than insignificant impacts)
should be fully mitigated.

6. All spoil disposal permits should reference latitude-longitude coordinates of the site so information
can be incorporated into GIS systems. Inclusion of aerial photos may also be required to help geo-
reference the site and evaluate impacts over time.

4.2.3 REFERENCES

Peddicord, R.K. and J.B. Herbich (ed.). 1979. Impacts of open-water dredged material discharge.
Proceedings of the eleventh dredging seminar., Publ. by: TAMU; College Station, TX (USA)., Oct
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1979., p. 24-40., Rep. Tex. A and M Univ. Sea Grant Program

National Oceanic and Atmospheric Administration. 1991. National Status and Trends Program for
marine environmental quality. Progress report on secondary summary of data on chemical
contaminants in sediments from the National Status and Trends Program. Tech. Mem. NOS OMA
59. NOAA, NOS, Silver Spring, MD. 29pp.

4.3 OIL/GAS EXPLORATION/PRODUCTION

Oil exploration/production occurs in a wide range of water depths and usually over soft-bottom
substrates although hard-bottom habitats may be present in the general vicinity. Oil
exploration/production areas are vulnerable to an assortment of physical, chemical, and biological
disturbances as oil and gas deposits are located using high energy seismic surveys. EFH may be
disrupted by the use and/or installation of anchors, chains, drilling templates, dredging, pipes, and
platform legs. During actual operations, chemical contaminants may also be released into the aquatic
environment.

4.3.1 ADVERSE IMPACTS

The impacts of oil exploration-related seismic energy release may interrupt and cause CPS finfish to
disperse. Available data indicates that sensitive egg and larval stages within a few meters of the sources
of seismic energy releases are not affected, however, disruption to CPS finfish feeding is possible.
Exploratory activities may also result in resuspension of fine-grained mineral particles, usually smaller
than silt in the water column. These suspended particulates may reduce light penetration and lower the
rate of photosynthesis and the primary productivity of the aquatic area especially if suspended for
lengthy intervals. The contents of the suspended material may react with the dissolved oxygen in the
water and result in oxygen depletion.

The discharge of oil drilling muds can change the chemistry and physical characteristics of the
receiving water at the disposal site by introducing toxic chemical constituents thereby potentially

impacting market squid EFH. Changes in the clarity and the addition of contaminants can reduce or
eliminate the suitability of water bodies for habituation of fish species and their prey.

4.3.2 CONSERVATION AND ENHANCEMENT MEASURES

1. Benthic productivity should be determined by sampling prior to any exploratory operations. Areas
of high productivity should be avoided to the maximum extent possible. Sampling design should be
developed with input from state and Federal resourceagencies.

2. Mitigation should be fully addressed for impacts.

3. Containment equipment and sufficient supplies to combat spills should be on site at all facilities
that handle oil or hazardous substances.

75



4. Each facility should have a "Spill Contingency Plan" and all employees should be trained in how
to respond to a spill.

5. To the maximum extent practicable, storage of oil and hazardous substances should be located in
an area that would prevent spills from reaching the aquatic environment.

4.3.3  REFERENCES

Battelle Ocean Sciences. 1988. The Effects of Seismic Energy Releases on the Zoeal Larvae Of the
Dungeness Crab (Cancer magistery. Submitted by: Battelle Memorial Institute, Marine Research
Laboratory, 439 W. Sequim Bay Road, Sequim, Washington to State of California Department of
Fish and Game 1416 Ninth Street, Sacramento, California 95814. Contract Number 6¢-194398-
382

Coats, D.A. 1994. Deposition of drilling particulates off Point Conception, California. Mar.
Environ. Res. 37:95-127.
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Mar. Environ. Res. 37:195-229.
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gas operations in the Santa Maria Basin and Santa Barbara Channel. U.S. DOI, Minerals
Management Service, Camarillo, CA. OCS Study MMS 95-0030

4.4 WATER INTAKE STRUCTURES

The withdrawal of ocean water by offshore water intakes structures is a common coastwide occurrence.
Water may be withdrawn for providing sources of cooling water for coastal power generating stations
or as a source of potential drinking water as in the case of desalinization plants. If not properly designed,
these structures may create unnatural and vulnerable conditions to various fish life stages and their prey.

4.4.1 ADVERSE IMPACTS

The withdrawal of seawater can create unnatural habitat conditions for the EFH for all life stages of
CPS finfish as well as their prey. Various life stages of CPS can be affected by water intake operations
such as entrapment through water withdrawal, impingement on intake screens, and entrainment
through the heat-exchange systems or discharge plumes of both heated and cooled effluent.

4.4.2 CONSERVATION AND ENHANCEMENT MEASURES

1. New facilities that rely on surface waters for cooling should be located in areas of low productivity
or areas not prone to congregating CPS and their prey. New discharge points should be located in areas
that have low concentrations of living marine resources, orthey should incorporate cooling towers that
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employ sufficient safeguards to ensure against release of blow-down pollutants into the aquatic
environment in concentrations that exceed state and/ or Federal limits established pursuant to state and/
or Federal NPDES regulations.

2. All intake structures should be designed to minimize entrainment or impingement of prey species.
Power plant intake structures should be designed to meet the "best technology available" requirements
as developed pursuant to Section 3 i 6b of the Clean Water Act.

3. Discharge temperatures (both heated and cooled effluent) should comply with applicable
temperature limits established pursuant to state and/ or Federal NPDES regulations.

4.4.3 REFERENCES

Helvey, M. 1985. Behavioral factors influencing fish entrapment at offshore cooling-water intake
structures in southern California. Marine Fisheries Review 47(1) 18-26.

4.5 AQUACULTURE

The culture of estuarine, marine, and freshwater species in coastal areas can reduce or degrade habitats
used by native stocks. The location and operation of these facilities will determine the level of impact
on the marine environment.

4.5.1 ADVERSE IMPACTS

A major concern of aquaculture operations is the discharge of organic waste from the farms. Wastes
are composed primarily of feces and excess feed and the buildup of waste products into the receiving
waters will depend on water depths and circulation patterns. The release of these wastes may introduce
nutrients or organic materials into the surrounding water body and lead toa high biochemical oxygen
demand (BOD) which may reduce dissolved oxygen, thereby potentially affecting the survival of many
aquatic organisms in the area. Net effects to CPS may be either positive or negative.

Aquaculture operations also have the potential to release high levels of antibiotics, disease, as well as
allowing cultured organisms to escape into the environment. These events have unknown but potential
adverse impacts on fish habitat.

4,5.2 CONSERVATION AND ENHANCEMENT MEASURES

1. Facilities should be located in upland areas as often as possible. Tidally influenced wetlands should
not be enclosed or impounded for mariculture purposes. This includes hatchery and grow-out
operations. Siting of facilities should also take into account the size of the facility, the presence or
absence of submerged aquatic vegetation, proximity of wild fish stocks, migratory patterns, and
competing uses. Areas of high productivity should be avoided to the maximum extent possible.

2. Water intakes should be designed to avoid entrainment and impingement of fish species.
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3. Water discharge should be treated to avoid contamination of the receiving water and should be
located only in areas having good mixing characteristics.

4. Where cage mariculture operations are undertaken, water depths and circulation patterns should be
investigated and should be adequate to preclude the buildup of waste products, excess feed, and
chemical agents.

5. Any net pen structure should have small enough webbing to prevent entanglement by prey species.
6. Measures should be taken to avoid escapement of farmed animals.

7. Mitigation should fully address all impacts.

4.5.3 REFERENCES

British Columbia Minist. of Environment, Victoria, (Canada). Water Management Branch. 1990.
Environmental management of marine fish farms. 28 pp NTIS Order No.: MIC-91- 00496/GAR.
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4.6 WASTEWATER DISCHARGE

The discharge of point and nonpoint source wastewater from activities including municipal wastewater
treatment plants, power generating stations, industrial plants (e.g., pulp mills, desalination plants) and
storm drains into open ocean waters, bay or estuarine waters can introduce pollutants detrimental to
estuarine and marine habitats. These pollutants include pathogens, nutrients, sediments, heavy metals,
oxygen demanding substances, hydrocarbons and other toxics. Historically, wastewater discharges
have been one of the largest sources of contaminants into coastal waters. However, whereas wastewater
discharges have been regulated under increasingly more stringent requirements over the last 25 years,
non-point source/ stormwater runoff has not, and continues to be a significant remaining source of
pollution to the coastal areas and ocean. Outfall-related changes in community structure and function,
health and abundance may result. Many of these changes can be long-lasting.

4.6.1 ADVERSE IMPACTS

Wastewater effluent and non-point source/ stormwater discharges may affect the growth and condition
of fish associated with wastewater outfalls should high contaminant levels (e.g., chlorinated
hydrocarbons; pesticides; herbicides) be discharged. In addition, the high nutrient levels downcurrent
of these outfalls may also be a concern. If contaminants are present, they may become bioavailable by
absorption across the gills or bioaccumulate as a result of consuming contaminated prey. This is
especially true for benthic-feeding fish frequenting wastewater discharge outfalls. Due to bioturbation,
diffusion, and other upward transport mechanisms, buried contaminants may migrate to surface layers
and become bioavailable.

The use of biocides (e.g., chlorine; heat treatments) to prevent biofouling or the discharge of brine as a
byproduct of desalinization may reduce the suitability of water bodies for populations of fish species
and their prey in the general vicinity of the discharge pipe. The impacts of chlorination and heat
treatments, if any, are minimized due to their intermittent use and regulation pursuant to state and/or
Federal national pollutant discharge elimination system (NPDES) permit requirements. These
compounds may change the chemistry and the physical characteristics of the receiving water at the
disposal site by introducing chemical constituents in suspended or dissolved form. In addition to
chemical and thermal effects, discharge sites may adversely impact sensitive areas such as emergent
marshes, seagrasses, and kelp beds if located improperly.

High discharge velocities may cause scouring at the discharge point as well as entrainment of
particulates with resulting turbidity plumes. Turbidity plumes may reduce light penetration and lower
the rate of photosynthesis and the primary production in an area if suspension persists. Fish may suffer
reduced feeding ability especially if suspended particulates persist. The contents of the suspended
material may react with the dissolved oxygen in the water and result in oxygen depletion.

A significant portion of impacts to coastal waters may also be caused by nonpoint source pollution.
Major sources in coastal waters include agriculture and urban runoff. Other significant sources include
faulty septic systems, forestry, marinas and recreational boating, physical changes to stream channels,
and habitat degradation, especially the destruction of wetlands and vegetated areas near streams.
Runoff can include heavy metals, pesticides, fertilizers, synthetic and petroleum hydrocarbons, and pet
droppings. Unless proper management measures are incorporated, these contaminants can find their
way into the food web through benthic infauna! communities and subsequently bioaccumulate in
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numerous fish species.

4.6.2 CONSERVATION AND ENHANCEMENT MEASURES

1. New outfall structures should be placed offshore sufficiently far enough to prevent discharge water
from impacting productive areas. Discharges should be managed to comply with applicable state
and/or Federal NPDES permit requirements, including compliance with applicable technology-
based and water quality-based effluent limits.

2. The establishment of management programs to address non-point source/stormwater pollution
water quality issues on a watershed basis is supported and encouraged.

4.6.3 REFERENCES
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of Southern California.
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4.7 DISCHARGE OF OIL OR RELEASE OF HAZARDOUS SUBSTANCES

The discharge of oil or release of a hazardous substance into estuarine and marine habitats, or exposure
to a product of reactions resulting from the discharge of oil or release of a hazardous substance can
have both acute and chronic effects on fish resources and their prey.

4.7.1 ADVERSE IMPACTS

Exposure to petroleum products and hazardous substances from spills or other unauthorized releases
can have both acute and chronic effects on fish resources and their prey, and also potentially reduce
the marketability of target species. Direct physical contact with discharged oil or released hazardous
substances (e.g., toxics; oil dispersants, mercury) or indirect exposure resulting from food chain
processes can produce a number of biological responses in fish resources and their prey. These
responses can occur in a variety of habitats including the water column, seafloor, bays, and estuaries.
Chronic and large oil spills have a significant impact on fishery populations.

Other issues related to the category include efforts to cleanup spills or releases that in themselves can
create serious harm to the habitat. For example, the use of potentially toxic dispersants to break up an oil
spill may adversely affect the egg, larval, and adult stages of CPS finfish.

4.7.2 CONSERVATION AND ENHANCEMENT MEASURES

1. Containment equipment and sufficient supplies to combat spills should be on-site at all
facilities that handle oil or hazardous substances.

2. Facilities should have a "Spill Contingency Plan", where required by applicable local, state, or

Federal requirements, and employees identified in the plan as having responsibility for responding to
a spill should receive appropriate training.
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4.8 COASTAL DEVELOPMENT IMPACTS

Coastal development involves changes in land use by the construction of urban, suburban, commercial,
and industrial centers and the corresponding infrastructure. Vegetated and open forested areas are
removed by cut-and-fill activities for enhancing the development potential of the land. Portions of the
natural landscape are converted to impervious surfaces resulting in increased runoff volumes. Runoff
from these developments include heavy metals, sediments, nutrients and organics, including synthetic
and petroleum hydrocarbons, yard trimmings, litter, debris, and pet droppings. As residential,
commercial, and industrial growth continues, the demand for water escalates. As ground water resources
become depleted or contaminated, greater demands are placed on surface water through dam and
reservoir construction or other methods of freshwater diversion. The consumptive use of redistribution
of significant volumes of surface freshwater causes reduced river flows that can affect salinity regimes
as saline waters intrude further upstream.

4.8.1 ADVERSE IMPACTS

Development activities within watersheds and in coastal marine areas may impact fish habitat on both
long- term and short term scales. Runoff of toxics reduces the quality and quantity of water column
and benthic EFH for CPS by the introduction of pesticides, fertilizers, petrochemicals, construction
chemicals (e.g., concrete byproducts, seals, and paints).

4.8.2 CONSERVATION AND ENHANCEMENT MEASURES

1. Prior to installation of any piers or docks benthic productivity should be determined and areas with
high productivity avoided. Sampling design should be developed with input from state and Federal
resource agencies.

2. Fueling facilities should be equipped with all necessary safeguards to prevent spills. A spill response
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plan should be developed and gear necessary for combating spills should be located on sight.

3. Filling of any aquatic areas should be curtailed as much as reasonably possible.

4.8.3 REFERENCES
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5. RESEARCH AND INFORMATION NEEDS

The EFH regulations state that FMPs should identify research and information needs for “research
efforts that the Councils and NMFS view as necessary to improve upon the description and
identification of EFH, the identification of threats to EFH from fishing and other activities, and the
development of conservation and enhancement measures for EFH.” The Pacific Council’s Research
and Data Needs document serves as the primary repository for the Council’s research priorities.
Research and information needs described here should be generally consistent with the Pacific
Council’s R&D Needs document. The following research and information needs are intended to help
guide future research, with the objective of continuing to refine EFH descriptions for CPS species. This
list includes some but not all relevant research needs and is not in priority order.

Support efforts to better evaluate the effects of fishing on habitat for CPS species.

Determine whether climate change and ocean acidification pose differential risk to invertebrates (squid
and krill) compared to finfish in the CPS group.

Further investigate habitat features as potential HAPC for E. pacifica, T. spinifera, and market squid.

Evaluate the importance of krill habitat compression to restricted geographic areas during
environmentally stressful conditions and whether a HAPC designation should be considered,
especially where subject to human-induced environmental degradation.

Determine the optimal range of carbon chemistry for krill life stages as a component of EFH.

Prioritize coastwide (Mexico to British Columbia) synoptic surveys of CPS biomass, distribution, and
environmental parameters that could increase understanding of CPS distribution, abundance, and
habitat associations.

Evaluate the trophic role of CPS resources in the ecosystem, the influence of climatic/oceanographic
conditions on CPS, and define predator-prey relationships.

Investigate energetic value of krill species to predators in terms of carbon to nitrogen ratio, total lipids,
etc., to better understand the relative value of individual krill species as prey items.

Continue research efforts to better understand finfish distribution and habitat use, to improve and refine
EFH definitions and identification of EFH spatial extent.

Additional research and data needs could include efforts to better understand and describe the dynamic
nature of CPS habitats, species shifts in response to changing climate and oceanic conditions, and a
better understanding of krill species distribution and habitat associations.
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7. ADDENDUM: Market Squid and Other CPS Species Distribution Model (SDM)
Methodological Details

Data sources

We used fishery-independent survey data to construct all Species Distribution Models (SDMs). For
market squid, we used combined data from the Juvenile Salmon and Ocean Ecosystem Survey
conducted by the NWFSC, as well as the SWFSC salmon survey. We chose these data because they
have been used to model market squid distributions previously (see Chasco et al. 2022), and because
market squid are commonly recorded in these surveys (31.5 percent combined prevalence at sampled
stations). The Rockfish Recruitment and Ecosystem Survey also has high prevalence of market squid.
However, this survey only samples in spring, while salmon survey data are available from March
through November and thus sample a much broader range of ocean conditions. The SWFSC CPS trawl
surveys also commonly record market squid, and sample across multiple months. We used data from
these trawls for independent model validation (see below).

Salmon surveys use a 264 Nordic rope trawl towed near the surface during the day. Following Chasco
etal. (2022), we excluded trawls where a downward-facing marine mammal excluder device was fitted,
as this reduced squid catches and thus likely impacted probability of occurrence. 2,480 trawls were
available for model training and testing, from years 1998 —2019.

Model training

Following Muhling et al. (2019; 2020), we randomly split the available survey data 50/50 into a model
training and model testing set. The training data are used to build the model, while model skill is
reported only for the testing dataset. We trained a Generalized Additive Model (GAM) predicting the
presence or absence of market squid at each trawl station using 10 environmental predictors (Table 1).
These predictors have been used previously for multiple species distribution modeling studies in the
California Current System (e.g. Brodie et al. 2018, Becker et al. 2020, Muhling et al. 2019, 2020), and
their potential ecological significance is described in Muhling et al. (2020).

Table 1: Environmental predictors used in market squid SDM

Predictor Source Smoother significant to
GAM at p <0.05?

Bulk buoyancy frequency UCSC ROMS daily 0.1° Yes

Isothermal layer depth UCSC ROMS daily 0.1° Yes

Sea surface height UCSC ROMS daily 0.1° No

Sea surface temperature UCSC ROMS daily 0.1° No

Total kinetic energy (log) UCSC ROMS daily 0.1° No

Sea surface temperature standard UCSC ROMS daily 0.1° No

deviation

Sea surface height standard deviation| UCSC ROMS daily 0.1° Yes

Moon phase % moon illuminated No

Surface chlorophyll (4" root) Copernicus-Globcolour L4 |No
daily extracted at 0.1°

Distance from nearest land World Vector Shoreline Yes
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We followed Muhling et al. (2020) by optimizing the number of knots (k) in the GAM to maximize
predictive skill on the withheld testing data. The optimum number of knots was found to be 4, and
model skill (measured by the Area Under the Receiver Operating Characteristic curve: AUC) on the
testing dataset was 0.75. Model skill predicting presence or absence of market squid in the SWFSC
CPS trawl surveys was 0.72, suggesting that the SDM is reasonably transferrable.

Other species

SDMs for Pacific sardine, northern anchovy, and Pacific mackerel were constructed similarly to the
squid SDM, but we used data from the SWFSC CPS trawl survey and the Columbia River Predator
trawl surveys (Emmett et al. 2006) as the primary model training and testing dataset. (Both these
surveys used the same trawling methodologies, and so can be combined). The anchovy model is
described in more detail in Fennie et al. (2023). Outputs from all SDMs are publicly available on
ERDDAP: https://coastwatch.pfeg.noaa.gov/erddap/griddap/FRD_CPS_SDMs.html
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