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Executive Summary 

 
The Oregon Forage Fish Management Plan (hereafter ‘Plan’) is intended to provide active protection for 
a defined suite of forage fish species in Oregon marine waters. This Plan specifically pertains to 
commercial species that are not currently managed, regulated, or targeted by Oregon marine fisheries 
(hereafter ‘Forage Fish’). These protections are conveyed by a number of management tools, including 
prohibition of new directed commercial harvest of these species, and limiting bycatch in other fisheries. 
Forage Fish provide great benefit to the ecosystem as a whole and to all of Oregon’s marine finfish 
fisheries as an important source of prey for a wide range of species in Oregon waters. Fisheries 
supported by Forage Fish prey include both state and federal fisheries for groundfish, highly migratory 
species, coastal pelagic species, and salmon. Ecosystem sustainability also depends on Forage Fish, 
which provide prey for marine mammals and marine birds and other non-fishery species. In recognition 
of the importance of Forage Fish to the state and the larger ecosystem, the Plan complements 
protections provided through joint federal action by the Pacific Fisheries Management Council and the 
National Marine Fisheries Service, by extending similar protections into state waters. In combination, 
these state and federal protections promote coordinated management for these species across their 
distribution within the state and federal waters offshore of Oregon. 
 
As defined in this Plan, the suite of species included in the term ‘Forage Fish’ are: 
 

• Mesopelagic fishes of the families Myctophidae (lanternfish), Bathylagidae (deep-sea smelts), 
Paralepididae (barracudina), and Gonostomatidae (bristlemouths) 
• Pacific sand lance (Ammodytes hexapterus) 
• Pacific saury (Cololabis saira) 
• Silversides (family Atherinopsidae; excluding Grunion) 
• Smelts of the family Osmeridae 
• Pelagic squids except market squid (Doryteuthis opalescens = Loligo opalescens) and Humboldt 

squid (Dosidicus gigas) (pelagic squid families: Cranchiidae, Gonatidae, Histioteuthidae, 
Octopoteuthidae, Ommastrephidae, Onychoteuthidae, and Thysanoteuthidae) 

 
Many of these species are pelagic and have expansive oceanic distributions; many are rarely or never 
caught in Oregon’s existing fisheries. The Plan sets policy for management of these species in state 
waters (from shore out to 3 nautical miles) to prevent the future development of fisheries targeting 
these species until the Department has had an adequate opportunity to assess the science relating to 
any proposed fishery and any potential impacts to our existing fisheries, communities, and ecosystem 
function. 
 
The management goals for this Plan are to provide protections in state waters that complement the 
federal action, by prohibiting new directed commercial harvest of Forage Fish and limiting bycatch in 
other fisheries in order to support 1) existing fisheries and 2) ecosystem function. As defined in this Plan, 
the management goals are as follows: 

 Support existing ecosystem resilience and reliance on Forage Fish 

 Allow existing fisheries  

 Support sustainability of existing fisheries, relative to the reliance on Forage Fish prey 

 Monitor Forage Fish landings.  



Oregon Department of Fish & Wildlife   5 
 

The Forage Fish protections in this plan include an explicit prohibition of new directed commercial 
harvest on the defined list of Forage Fish species and species groups, until the Department has had an 
adequate opportunity to assess the science relating to any proposed fishery and any potential impacts 
to our existing fisheries, communities and ecosystem function. Additional protections include 
management tools to implement this prohibition, through the use of: 1) trip-level and annual landing 
limits (by vessel) for Oregon ports, and 2) annual processing limits by at-sea and shore-based whiting 
fisheries, and 3) reporting requirements for Forage Fish landings.  
 
Proposed new directed commercial fishing on Forage Fish species that occurs all or in part in federal 
waters will be evaluated by the Pacific Fisheries Management Council using Council Operating Procedure 
24 (COP 24). Proposed new directed commercial fishing that would occur only in state waters (0-3 miles 
offshore) will be evaluated by the Department by first developing and then implementing guidelines and 
procedures based on the intent and principles of COP 24. 
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Introduction 

Purpose and Need 

Forage fish are important components of the marine ecosystem as a whole, supporting a wide range of 
higher trophic level species including other finfish, marine mammals, and marine birds. Additionally, 
Oregon fisheries depend on the availability of forage fish prey, yet our understanding of the vulnerability 
of the forage fish resource to new harvest pressure is currently limited. We do know that fish 
populations reliant on forage fish prey support both state and federal fisheries for groundfish, highly 
migratory species, coastal pelagic species, and salmon. Fish species that can be ecologically classified as 
‘forage fish’ include some managed species targeted by fisheries, in addition to many species that are 
currently not targeted or specifically managed. Several forage fish species are targeted by fisheries and 
are actively managed by the Pacific Fisheries Management Council through the Coastal Pelagic Species 
Fishery Management Plan. However, most forage fish species are not actively targeted for harvest, nor 
are they managed or monitored. This document is intended to bridge the gap and provide basic 
management provisions for forage fish that are not yet included in state or federal management plans 
(hereafter ‘Forage Fish’).  
 
The purpose of the Oregon Forage Fish Management Plan (hereafter ‘Plan’) is to collate our current 
knowledge on Forage Fish, and articulate management measures as a precautionary approach to 
development of new fisheries that could negatively impact this important resource. The Plan 
complements protections provided through joint federal action by the Pacific Fisheries Management 
Council and the National Marine Fisheries Service in 2015, by extending similar protections into state 
waters. The protections are not intended to disrupt or curtail existing commercial fisheries, or to 
supersede federal fishery management for Forage Fish. In combination, these state and federal 
protections promote coordinated management for these species across their distribution off of Oregon.  
 
Goals 
 
The management goals for this Plan are to provide protections in state waters that complement the 
federal action, by prohibiting new directed commercial harvest of Forage Fish and limiting bycatch in 
other fisheries in order to support 1) existing fisheries and 2) ecosystem function. Additionally, this Plan 
(and the federal action) provides opportunity for consideration of new directed commercial harvest of 
Forage Fish, in the event that interest arises, adequate scientific data on the proposed fishery activity 
exists, and the potential impacts of the new fishing activity on existing fisheries and ecosystem function 
can be analyzed. As defined in this Plan, the management goals are as follows: 

 Support existing ecosystem resilience and reliance on Forage Fish 

 Allow existing fisheries  

 Support sustainability of existing fisheries, relative to the reliance on Forage Fish prey 

 Monitor Forage Fish landings.  

These goals complement federal protections, by extending similar protections into state waters. While 
there are other conservation measures that would improve our understanding of the Forage Fish 
resource, they are beyond the scope of this Plan. For example, forage fish spawning habitat is a data gap 
and research need that is better addressed via the Oregon Nearshore Strategy and the companion 
Oregon Conservation Strategy. This set of strategies offer recommendations intended to improve our 
understanding of Oregon’s resources and facilitate collaborations to fulfill research needs, such as 
forage fish spawning habitat protection.  
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Federal action to protect Forage Fish (2016) 

In 2013, the Pacific Fishery Management Council (Council) approved the Fishery Ecosystem Plan (FEP), 
which laid the foundation for subsequent action to protect forage fish. In March 2015, the Pacific Fishery 
Management Council (Council) approved Comprehensive Ecosystem-Based Amendment 1 (CEBA 1): 
Protecting Unfished and Unmanaged Forage Fish Species Draft Environmental Assessment. This Council 
action provides policy to protect a specific assemblage of forage fish species in federal waters (beyond 3 
nautical miles from shore) from new directed commercial fishing. CEBA 1 made changes to all four of the 
Council’s Fishery Management Plans (Coastal Pelagic Species, Groundfish, Highly Migratory Species, and 
Salmon) to incorporate this new policy. In September 2015, the Council approved draft regulatory 
language which described the management tools to be applied to provide the protections. As of May 4, 
2016, the regulations are federal law under the authority of the National Marine Fisheries Service. 
Adoption of this state Plan by the Oregon Fish and Wildlife Commission extends similar protections into 
Oregon state waters. Because this Plan is intended to complement federal management efforts, it relies 
heavily on the analyses and information found in CEBA 1.  
 

The Oregon Marine Fisheries Management Plan Framework 

The Oregon Marine Fisheries Management Plan Framework (hereafter ‘Framework’) describes the 
information required to comprehensively evaluate living marine resources and provides direction on 
developing and articulating harvest management strategies. It is intended to facilitate the development 
of fishery management plans to achieve the following goals:  

1) Provide sustainable access to marine resources for present and future generations 
2) Minimize bycatch, incidental catch, and mortality related to fishery interactions with non-target 

marine organisms 
3) Coordinate the management of commercial and recreational fisheries 
4) Minimize the complexity of management 
5) Consider the socioeconomic needs of local communities, including both consumptive and non-

consumptives uses and values 
6) Involve the public in the fisheries management processes 

Although the Framework was formulated to encompass both harvested and unharvested species, many 
of the elements identified for inclusion in fishery management plans are most relevant for species that 
are targeted by – not prohibited for – fisheries. Because forage fish in this Plan are intended to remain 
as non-targeted species, some components of the Framework are either not applicable or cannot be 
specified here, due to lack of information. Also, because of the intended prohibition of harvest, we have 
named this document the ‘Oregon Forage Fish Management Plan’, intentionally removing ‘Fishery’ from 
the title. 
 

Relationship to Other State Policies 

There are a number of state policies supporting the use and/or conservation of Oregon’s marine 
resources that are relevant to this Plan. These policies also establish regulations that support the 
development of the Framework, which is the foundation for the Plan. The policies that support each of 
these are thoroughly described in the Framework and are listed below: 

 Food Fish Management Policy (1975; ORS 506.109) 

 Wildlife Policy (1973; ORS 496.012) 
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 Native Fish Conservation Policy (2003; OAR 635-007-0502 through 635-007-0509). 

 Oregon Nearshore Strategy (2015) 

 Oregon Territorial Sea Plan (1994) 

 Statewide Planning Goals (OAR 660-015) 

 

Public Process Developing this Plan  

The initial public process for the principles described in this Plan was conducted through the federal 
Pacific Fisheries Management Council process, which was lengthy and extensive (for more information, 
see the description of CEBA-1 on the Council website). The Oregon-specific public process for this Plan 
occurred in parallel during the finalization of the federal action and adoption of the Plan by the Oregon 
Fish and Wildlife Commission. The Department convened an advisory group with three representatives: 
1) Mike Okoniewski (commercial fishing industry representative), 2) Norm Ritchie (sport fishing 
representative), and 3) Gilly Lyons (ecosystem representative). The advisory group provided guidance 
for the Department in developing the Plan content and principles, in planning the public outreach 
process and content, and in finalizing the Plan through the Commission adoption process. From June 15-
July 13, 2016, a public draft of the Plan received over 1,400 letters of support and comment. Comments 
included significant interest from the public in better understanding the Forage Fish species and their 
role in the ecosystem including interest in filling research and data gaps particularly about spawning 
grounds, prioritization of research and monitoring needs and further description about existing fisheries. 
The Commission considered and adopted this Plan at the September 2, 2016, public meeting.  
  

How this Document is Organized  

Following the Framework structure, the Plan is comprised of two main components: the Resource 
Analysis and the Harvest Management Strategy. The Resource Analysis is a comprehensive description 
of the current and historical biological and ecological information available for the species of interest, as 
well as information on fisheries and other factors that may affect these species. The Harvest 
Management Strategy articulates the management goals for the resource, analyzes management issues 
and practices, and describes the management tools for Forage Fish protections.  
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A. Resource Analysis  

This section defines the species and species groups included in the Plan, and describes biological and 
ecological information on each species or species group. In addition, this section addresses harvest 
impacts, and natural and anthropogenic factors that may affect these species. The amount and type of 
information available varies widely between species or species group. This section also describes 
information gaps for this group. 
 

A.1. Description of the species included in the Plan 

The California Current Ecosystem (CCE) is home to a diversity of small pelagic fish with expansive 
oceanic distributions, commonly referred to as “forage fish”. Many species that occur in Oregon already 
have protections in place or are managed under different Fishery Management Plans. This Plan is not 
intended to duplicate or supersede those efforts, and instead focuses solely on species that do not 
already have this oversight. For purposes of this Plan, the specific suite of species and species groups 
that are included (and are referred to hereafter as ‘Forage Fish’) are: 

 
• Mesopelagic fishes of the families Myctophidae (lanternfish), Bathylagidae (deep-sea smelts), 

Paralepididae (barracudina), and Gonostomatidae (bristlemouths) 
• Pacific sand lance (Ammodytes hexapterus) 
• Pacific saury (Cololabis saira) 
• Silversides (family Atherinopsidae; excluding Grunion) 
• Smelts of the family Osmeridae 
• Pelagic squids except market squid (Doryteuthis opalescens = Loligo opalescens) and Humboldt 

squid (Dosidicus gigas) (pelagic squid families: Cranchiidae, Gonatidae, Histioteuthidae, 
Octopoteuthidae, Ommastrephidae, Onychoteuthidae, and Thysanoteuthidae) 

 
Excluded from this Plan, but included under federal protections, are species that have geographic ranges 
outside of Oregon waters. Specifically, the northernmost range of the following species is in Southern 
California waters, and therefore they are not included in this plan: 

 
• Round herring (Etrumeus teres) and thread herring (Opisthonema libertate and O. medirastre)  

 
As described above, Forage Fish are generally categorized as “low trophic level”, and include species 
that feed either primarily or partially on the lowest trophic level. As a group, they function as the main 
pathway of energy flow in the CCE from phytoplankton to larger fish and the young life stages of larger 
predators (Crawford 1987; Cury et al. 2000), and are a critical food web link in the highly productive 
upwelling-driven CCE (PFMC 2013).  
 
A.1.a. Geographic Scope 
 
In general, species in the unmanaged Forage Fish group occur throughout Oregon’s Territorial Sea, 
which extends from the shore to 3 nautical miles, with the seaward extent equating to a depth of 
approximately 65 meters on average (minimum = 17 m; maximum = 194 m). Some of these species also 
use estuarine and shoreline habitat for some life stage. For that reason, protections in this plan also 
extend to the brackish waters for the species described. Brackish waters extend from the mouth of 
rivers to the head of tide.  
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A.2. Biological and ecological information on Forage Fish 

In each following element of the Resource Analysis section, information is provided for each species or 

species group, where possible, and for aggregated groupings otherwise. The format generally follows 

that laid out in the Framework. 

A.2.a. Mesopelagic fishes 

Mesopelagic fish are a very abundant, yet lightly exploited, marine resource with worldwide 
distribution. The global biomass of mesopelagic fish may be nearly 10 billion tons (Irigoien 2014). For 
comparison, worldwide harvest of all marine capture fisheries was 82.4 million tons in 2011 (FAO 2013). 
Most mesopelagic fish are small, generally only growing to a few centimeters in length, and thus are 
considered to be part of the micronekton, which also includes larger-sized crustaceans, such as 
euphausiids, shrimps, mysids, and small squids, most of which dwell in the mesopelagic zone and 
undertake diel vertical migration. A notable portion of the fish biomass in the CCE is concentrated in 
micronektonic fishes, most of which are in the families Myctophidae, Gonostomatidae, Bathylagidae, 
and juvenile pelagic nekton (Suntsov and Brodeur 2008). Based on the abundance of larvae sampled 
annually from 1955 through 1960 in the California Current Ecosystem (CCE; Ahlstrom 1969), deep-sea 
pelagic fishes are predominantly of three kinds, myctophids (41.1%), gonostomatids (40.6%) and 
bathylagids (18.3%). However, bathylagids appear to be only a small portion of samples from studies of 
adult mesopelagic fishes in the CCE. 
 
During daylight hours, mesopelagic fish are mostly found in the mesopelagic zone (between 200 m and 
1,000 m deep) along the continental slopes and further out into the deep ocean. Many mesopelagic 
species are diel vertical migrators. They move upward into the shallow waters at night to feed and 
migrate back to the mesopelagic zone at dawn to avoid predation. In the Northeast Pacific Ocean, 
vertically migrating mesopelagic fish play an important role in the global carbon cycle and account for 
15% to 17% of the carbon exported from the epipelagic zone into the mesopelagic zone (Davidson et al. 
2013). Diel vertical migration of micronekton contributes substantially to the rapid vertical transport of 
organic material from epipelagic down to mesopelagic zones, referred to as the biological pump. 
Through this biological pump, carbon fixed as living organic matter as well as anthropogenic substances 
such as insecticides, butyltin, and PCBs are transported to deep-sea ecosystems. 
 
Although occurring from Arctic to Antarctic seas, they are most abundant in tropical and subtropical 
seas (FAO 1997). California Cooperative Oceanic Fisheries Investigations (CalCOFI) larval fish sampling 
off Newport, OR and Crescent City, CA found densities (number/1000 m3) of 131.46 for Myctophidae, 
1.58 for Bathylagidae, 0.07 for Paralepididae and 0.00 for Gonostomatidae (Auth 2009). Each of the four 
families of mesopelagic fishes that occur off Oregon are described below.  
 

Myctophidae (32 genera) 

Myctophids are often the dominant component of micronektonic communities in the North Pacific, with 
very high abundances and biomass (Beamish et al. 1999; Brodeur and Yamamura 2005). Myctophids 
represent an important trophic link between phytophagous zooplankton such as copepods and 
euphausiids and higher trophic level organisms such as salmon, tuna, seabirds, and marine mammals 
(Brodeur and Yamamura 2005). They dominate the fish biomass in oceanic waters of the Northeast 
Pacific (Pearcy 1977; Gjøsæter and Kawaguchi 1980; and Beamish et al. 1999), and their transport onto 
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continental shelves represents an important flux of energy into these systems, as represented in food 
web models of the CCE (Brodeur et al. 1999; Field et al. 2006). 
 
Myctophids are the key members of mesopelagic fish communities and their total resource in the world 
oceans is estimated at 600 million tons. There are 54 species of Myctophids that occur in the CCE (Love 
2011). Worldwide, myctophids comprise at least 50% of all fish larvae taken in open-water plankton 
tows (Moser and Ahlstrom 1974), and as adults, they comprise some 65% of all mesopelagic fishes 
(Stiassny 1997). While distribution is worldwide, production appears to be highest in tropical and sub-
tropical areas (FAO 1997). Myctophids account for about 75% of global harvested catch of small 
mesopelagic fishes (Vipin et al. 2011).  
 
Myctophids typically have a maximum size of 7-8 cm (standard length), with individuals in this size range 
weighing 2-6 g. For example, the Northern lampfish (Stenobrachius leucopsarus) matures at about 6 cm 
and lives to be about 8 years old. Myctophids primarily feed on pelagic crustaceans, copepods, 
euphausiids and amphipods (Love 2011). A unique characteristic of the myctophids is the presence of 
non-bacterial bioluminescent organs that give myctophids their common name, lanternfish. Three 
lanternfish species (Tarletonbeania crenularis, S. leucopsarus, and Diaphus theta) form the bulk of 
micronekton fishes found in the northern California Current. These three species account for two thirds 
of all fishes collected in Isaac-Kidd midwater trawl tows in the upper 200 m off Oregon, USA (Pearcy 
1977; Suntsov and Brodeur 2008). 
 
The great majority of myctophid species undergo extensive vertical diurnal migrations and while average 
peak abundance during the day occurs at depths between 300-1200 m, nighttime peaks more usually 
occur between 10-100 m (at or around the surface mixing zone). Migratory patterns may depend on 
factors such as recency of last feeding, general condition, and reproductive state (Nafpaktitis et al. 
1977). Myctophids are potentially good indicators of deep-sea pollution because they encounter a 
variety of water masses (of different origin) during their substantial diel vertical migrations (Brodeur and 
Yamamura 2005). They may also be good indicators of environmental and oceanographic changes (Hsieh 
et al. 2005).  
 
With large mouths, relatively scarce and serrated gill rakers, well-developed stomach, and short 
intestine, myctophids consume predominantly actively moving prey (copepods, euphausiids, etc.). 
Among the micronekton, myctophids are believed to be the most important consumers of crustacean 
zooplankters, and act as competitors for prey with small pelagic fishes (such as sardine, anchovy, and 
saury) and the juveniles of various larger-sized oceanic fishes, such as tuna and salmon (Tyler and Pearcy 
1975). Suntsov and Brodeur (2008) found that myctophids of the northern California Current primarily 
prey upon euphausiids, followed by hyperiid amphipods, planktonic tunicates and copepods. 
 
In the sub-Arctic and transitional regions of the Northeast Pacific Ocean, fishes of the families 
Myctophidae and Microstomatidae are the most abundant by numbers and biomass, accounting for 80% 
to 90% of total micronektonic fish catch (Brodeur and Yamamura 2005). Off the U.S. West Coast, 
myctophids are known as prey for marine mammals, birds, and fish (Gjøsæter and Kawaguchi 1980; 
Brodeur 1990; and Brodeur and Yamamura 2005). Groundfish consume mesopelagic prey, including 
myctophids (Pereyra et al. 1969). In the slope region of the Bering Sea, species from the families 
Bathylagidae and Myctophidae, along with pollock (Theragra chalcogramma), were important forage 
fish for groundfish predators (Lang and Livingston 1986). In the Kamchatka and North Kuril Islands area, 
Pacific halibut (Hippoglossus stenolepis), Greenland turbot (Reinchardtius hippoglossoides) and 
Kamchatka flounder (Atherestes evermanni) all fed on myctophids (Orlov 2007). S. leucopsarus were 
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recovered from stomachs of trawl-caught sockeye (Oncorhynchus nerka), pink (O. gorbuscha) and chum 
(O. keta) salmon and Dolly Varden trout (Salvelinus malma) in the Bering Sea (Nagasawa and Nishimura 
1997). Among marine mammal species, Dall’s porpoise (Phocoenoides dalli) have been particularly 
documented to include myctophids in their diets and consume a large portion of the myctophic biomass 
(Ohizumi et al. 2003). 
 

Gonostomatidae (20 genera) 

Fishes of this family have elongated bodies with adults ranging from 2 to 30 cm. Their common name, 
bristlemouths, comes from their equally sized bristle-like teeth. The genus Cyclothone, with 12 species, 
is thought to be the most abundant vertebrate genus in the world (Paxton and Eschmeyer 1998). 
Worldwide, fishes of the families Myctophidae and Gonostomatidae account for 60% to 90% of the total 
micronekton catch in both weight and number (Gjøsæter and Kawaguchi 1980). Most of the 
gonostomatid genus Cyclothone and some of the Gonostoma genus do not make vertical migrations, 
remaining in deep water. Maturity varies by species, but the Benttooth bristlemouth (Cyclothone 
acclinidens) grows to 7 cm and lives to be about 3 years old (Love 2011). Bristlemouths have a number 
of green or red light-producing photophores aligned along the underside of their head and bodies. They 
feed on zooplankton, such as copepods, chaetognaths, and ostracods (Love 2011).  
 

Paralepididae (five genera) 

Paralepidids are small to medium-sized (6 to 56 cm), very elongate and slender aulopiform fishes. The 
body cross-section is oval or compressed. The eye is medium to large, the snout very long and pointed 
with terminal mouth, but the lower jaw projects as a fleshy process. They have alternately fixed and 
depressible fang-like teeth on the lower jaw and roof of mouth. The caudal fin is deeply forked. Their 
appearance is similar to that of barracuda, and for this reason their common name is barracudina. 
Barracudinas are found from polar to tropical regions worldwide, but are most common in the tropics. 
They can be found from the surface to about 800 m. Some species have separate sexes; others are 
synchronous hermaphrodites. They feed on small fishes.  
 
A 2005 diet study (Allain 2005) of four tuna species from the west and central Pacific found mesopelagic 
fish to be an important part of the diet of three of the species. The diet of big eye tuna was 36% 
mesopelagic fish of which Paralepididae were 22.3%. The bathypelagic paralepidid, Magnesudes indica 
was 10% of the diet. Yellow fin tuna diet was 5% mesopelagic fish including 3% paralepididae. Albacore 
diet was 47% mesopelagics, 25% of which were paralepidids. Only skipjack tuna, which appears to be a 
diurnal, epipelagic feeder, did not have mesopelagic fish in its diet. 
 

Bathylagidae (two genera) 

Bathylagidae (deep-sea smelts, black smelts) is a family of small (15 cm) open-ocean fish with large eyes, 
a small mouth, and varying body shape, that probably undertake vertical migrations between different 
ocean depths. There are about 35 species (Allaby 1999). As stated above in the section on 
Gonostomatidae, Ahlstrom (1969) found that 37.5% of the mesopelagic fish larvae in CalCOFI surveys 
were bathylagids. Bathylagid larvae exhibited a threefold range in relative abundance between years 
sampled, with greatest abundance when waters were cooler (Ahlstrom 1969). Whales, along with 
predatory fishes such as tuna and salmon feed on them (Eschmeyer 1983).  
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A.2.b. Pacific Sand Lance (Ammodytes hexapterus) 

Pacific sand lance are an abundant nearshore species ranging from coastal California, northward to 
Alaska’s Beaufort Sea, and westward to the Sea of Okhotsk and the water’s off Japan’s Hokkaido Island 
(Kitaguchi 1979; Craig 1984; Hashimoto 1984; Field 1988; and Robards and Piatt 1999).  
 
Pacific sand lance are strongly associated with sand and gravel bottom habitat shoreward of the 50-100 
meter depth range (Macy et al. 1978; Field 1988; and Ostrand et al. 2005). Off British Columbia, Pacific 
sand lance prefer shallow depth habitat (<80 m) featuring coarse sand particles of 0.25-2.0 mm 
diameter grains and waters with relatively higher current speeds (Robinson et al. 2013). Sand lances, A. 
hexapterus included, are known for a habit of alternating between burying themselves individually in 
sandy or pebbled substrate and forming pelagic swimming schools (Richards 1965; Meyer et al. 1979; 
and Ostrand et al. 2005). Sand lance bury themselves both on a nightly basis during their active periods 
in spring through fall, and for prolonged periods during winter hibernation (Robards and Piatt 1999; 
Robards et al. 1999a).  
 
Sand lance recruitment success appears to be temperature-related, such that when sea surface 
temperatures rise or fall beyond their preferred range, recruitment declines (Bertram et al. 2001; Arnott 
and Ruxton 2002; and Robards et al. 2002). Off the U.S. West Coast, the southern and warmer portion of 
the species’ range, low sand lance recruitment occurs in El Niño years and has been shown to have 
notable negative effects on seabird nestling survival (Bertram et al. 2001; Hedd et al. 2006).  
 
Pacific sand lance prey upon plankton throughout their lives, focusing on larger-sized zooplankton, 
particularly copepods, as adults (Field 1988; Allen 2008; and Hipfner and Galbraith 2013). Ammondytes 
hexapterus grows to greater sizes in the northern portions of their range, reaching 27 cm in the Bering 
Sea, but about 20 cm off California (Robards et al. 1999a). Reaching maturity between their first and 
second years of life, none of the six Ammondytes species worldwide are long-lived. Pacific sand lance 
have been aged to seven years, although individuals over age-3 are rarely found (Field 1988; Robards 
and Piatt 1999). 
 
Off the U.S. West Coast, Pacific sand lance are known prey of marine mammals, seabirds, and fish 
(Hobson 1986; Litzow et al. 2000; Willson et al. 1999; and Daly et al. 2013). Of particular relevance to 
Oregon, Pacific sand lance have been shown to figure strongly in the diet and survival of juvenile salmon 
(Oncorhyncus spp.) in the northern CCE (Beacham 1986; Daly et al. 2013). Among seabird species, 
rhinoceros auklet (Cerorhinca monocerata), tufted puffin (Fratercula cirrhata), and pigeon guillemot 
(Cepphus columba) are known for their heavy sand lance predation (Vermeer 1980; Bertram and Kaiser 
1993; Davoren and Burger 1999; Litzow et al. 2000; and Bertram et al. 2001). 
 

A.2.c. Pacific saury (Cololabis saira) 

Pacific saury are common throughout the epipelagic waters of the northern Pacific Ocean (Hubbs and 
Wisner 1980). They feed primarily on zooplankton, copepods, euphausiids, and other small crustaceans, 
and reach a length of 30-33 cm. Major predators include yellowfin (Thunnus albacares), bluefin 
(Thunnus orientalis), and albacore tuna (Thunnus alalunga), fur seals, sei whales (Balaenoptera borealis), 
birds and squid (Pinkas et al. 1971; Pearcy 1972; Kato 1992; and Gould et al. 1997b). 
 
Pacific saury are distributed primarily between 20-25° N. lat. and the Gulf of Alaska. There are three 
distinct stock groups within this broad geographic area: the western Pacific (the largest), the central 
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Pacific, and the eastern Pacific. Evidence suggests that the western and central stocks mix, while the 
eastern Pacific population does not (Kato 1992). Within the water column, they are found from the 
surface down to approximately 230 m.  
 
There has been debate regarding the lifespan of Pacific saury, but more recent research suggests it is 
two years with maturity reached after one year (Huang et al. 2007). Pacific saury spawn throughout the 
year in 2-4 month intervals with defined peak spawning periods (Love 2011). Females produce 500-2000 
eggs per batch depending on size (Kato 1992). Within the eastern Pacific population, peak spawning first 
occurs in January off southern California. Saury spawning occurs off the coast of San Francisco in the 
spring, and then the population migrates northward, with saury eventually spawning off the Washington 
coast in August through October. Recruitment success is determined by oceanographic conditions and 
therefore abundance and size composition exhibit large variations from year to year (Huang et al. 2007). 
Current population estimates for the eastern Pacific stock are unavailable, but past estimates put the 
entire eastern Pacific stock at 450,000 tons (Kato 1992). 
 

A.2.d. Silversides (family Atherinopsidae) 

There are two species of silversides off of Oregon: jacksmelt (Atherinopsis californiensis) and topsmelt 
(Atherinops affinis). 
 

Jacksmelt 

Jacksmelt is an important member of the coastal and estuarine marine community in California (Allen 
and DeMartini 1983), as both a consumer and as a prey species; however, they are a relatively poorly 
studied species. Jacksmelt occur throughout the year in nearshore waters from the tip of Baja California, 
Mexico, to the northern extent of their range in Yaquina Bay, Oregon. They are schooling fish, often 
found near kelp and other structures, as well as in most bays and estuaries south of Coos Bay, Oregon. 
Jacksmelt are rarely seen offshore and are most often found at depths ranging from 5-50 feet. They are 
a relatively fast growing species and can reach approximately 12.5 cm in their first year and up to 20 cm 
in their second, with a maximum size of about 42 cm (Clark, 1929; Miller and Lea 1972). Jacksmelt are 
known to spawn several times from October through April, and to lay their eggs on nearshore algae and 
eelgrass. 
 
Jacksmelt, like most atherinids, are omnivorous, feeding on algae, crustaceans, and detritus, with their 
diet varying based on their habitat (Horn 2006). In turn, they are eaten by a variety of nearshore and 
kelp forest piscivorous fishes such as yellowtail (Seriola dorsalis), kelp bass (Paralabrax clathratus), 
California halibut (Paralichthys californicus) and sharks, among others. Jacksmelt are also eaten by some 
piscivorous birds such as brown pelicans (Pelecanus occidentalis), gulls, least terns (Sterna antillarum), 
and common murres (Uria aalge) and are likely eaten by other surface feeding birds as well as some 
marine mammals (Baxter 1960; Feder et al. 1974). Although jacksmelt are likely preyed upon by a 
variety of predators, little is known about their relative importance as a prey component of the 
nearshore environment. 
 

Topsmelt 

Similar to jacksmelt, topsmelt range from the Gulf of California, Baja California, Mexico, to the southern 
end of Vancouver Island, British Columbia; however, they are not common north of Tillamook Bay, 
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Oregon (Emmett et al. 1991). They are usually found near the surface and are common inhabitants of 
the nearshore coastal environment, typically found around kelp beds and along sandy beaches. 
Topsmelt are often the most abundant pelagic fishes in estuaries along the Pacific coast (Horn and Allen 
1985) and like jacksmelt, are uncommon offshore. Most juvenile and adult topsmelt make seasonal 
movements between bay and estuarine environments and coastal kelp beds, being typically found in or 
close to bays in the spring and summer when they move to shallow water to spawn, and found in more 
coastal areas in the fall and winter (Wang 1986). During their first year of growth, topsmelt grow from 4-
10 cm, adding another 5 cm during their second year, at which time most are sexually mature. They are 
thought to live up to eight years old, with the largest measured topsmelt reaching approximately 37 cm 
(Miller and Lea, 1972).  
 

Topsmelt are omnivorous, with their prey and feeding habits varying depending on the habitat they are 
using. When occupying nearshore kelp and beach habitat, they typically feed on zooplankton near the 
surface, while primarily being herbivorous and feeding along the bottom when in shallow estuarine 
habitats (Quast 1968; Horn et al. 2006). Topsmelt are the prey of a variety of nearshore piscivorous fish, 
birds and marine mammals, including kelp and sand bass (Paralabrax spp.), California halibut, leopard 
sharks (Triakis semifasciata), cormorants (Phalacrocorax spp.), terns, and sea lions (Feder et al. 1974, 
Kao 2000). 
 

A.2.e. Osmerid smelts 

Osmerid smelts found in Oregon estuarine and marine waters include: whitebait smelt (Allosmerus 
elongatus), capelin (Mallotus villosus), surf smelt (Hypomesus pretiosus), night smelt (Spirinchus starksi), 
and eulachon (Thaleichthys pacificus). Eulachon is listed as threatened under the federal Endangered 
Species Act (ESA) and is managed under that law (hereafter ‘Listed’); with a specific focus on the 
nearshore and freshwater portions of its range. Longfin smelt is currently managed under Oregon state 
rule (Oregon Administrative Rule - OAR 635-004-0540 or OAR 635-994-0545), and directed harvest of 
the species in nearshore waters is prohibited. There is a paucity of species-specific information on 
marine life stages of osmerids, therefore this section focuses on smelts as a species group.  
 
Among anadromous Osmerid smelts of the northeastern Pacific Ocean, many populations tend to be 
more strongly aggregated as they approach or arrive in their estuarine and freshwater ranges (Martin 
and Swiderski 2001; Rosenfeld and Baxter 2007; Vandeperre and Methven 2007; Arimitsu et al. 2008; 
and Therriault et al. 2009). Osmerid smelt species have similar life histories, varying from each other in 
the northern and southern extents of their ranges, and in how far upriver they travel to spawn. 
Whitebait smelt, surf smelt, night smelt, longfin smelt, and eulachon are all broadly distributed along 
the U.S. West Coast, with surf smelt having the most southerly distribution (Hubbs 1925; Eschmeyer et 
al. 1983; Ilves and Taylor 2008; Gustafson et al. 2010; and Love 2011).  
 
Osmerid smelts are short-lived, several with 2-3 year lifespans, and most living no longer than 8-9 years. 
Like other anadromous species, some smelt species, such as eulachon, and die after spawning (Macy et 
al. 1978; Christiansen et al. 2008; and Gustafson et al. 2010). Most Pacific Osmeridae with marine life 
stages, as opposed to those that are almost exclusively freshwater species, spawn in estuarine waters 
and immediately seaward of the tideline. Of the Osmeridae found in the northeast Pacific, eulachon 
travel the farthest upstream to spawn (Mecklenburg et al. 2002). Smelt eggs adhere to sand particles 
and both smelt eggs and the spawning adults are heavily preyed upon during the spawning through egg 
maturation periods. 
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Osmerid smelts are planktivorous and several studies have shown that adult-stage smelts rely heavily 
upon crustacean zooplankton like krill (Miller and Brodeur 2007; Wilson 2009; Miller et al. 2010; and 
Love 2011). Off the U.S. West Coast, osmerid smelts are known prey of marine mammals, seabirds, and 
fish (Antonelis and Perez 1984; Hunt et al. 1999; London et al. 2002; Roby et al. 2003; Emmett and 
Krutzikowsky 2008; Roth et al. 2008; Lance and Jeffries 2009; and Strong 2010,). Osmerid smelts are 
parts of the diets of Chinook salmon (Oncorhynchus tshawytscha) (Hunt et al. 1999), Pacific whiting 
(Merluccius productus), rockfish, and jack mackerel (Trachurus symmetricus) (Emmett and Krutzikowsky 
2008).  
 

A.2.f. Pelagic Squids  

Per the species and species groups covered by this Plan, this section addresses pelagic squids from the 
families: Cranchiidae, Gonatidae, Histioteuthidae, Octopoteuthidae, Ommastrephidae [except Humboldt 
squid (Dosidicus gigas)], Onychoteuthidae, and Thysanoteuthidae, none of which are targeted in any 
Oregon fisheries; also, this section excludes discussion of the market squid (Doryteuthis opalescens = 
Loligo opalescens). 
 

Cranchiid squids 

Cranchiid squids are broadly distributed throughout the world ocean, except for within the Arctic Ocean 
(FAO 2010). A common life history characteristic of cranchiids is that many species tend to occupy sunlit 
pelagic waters as juveniles, but descend to greater depths as they grow larger and older (Voss 1980). 
This habit has confused squid taxonomists in their attempts to distinguish among different cranchiid 
species and habitats (Voss 1980). Predators on cranchiids in the North Pacific include groundfish species, 
which prey upon the demersal cranchiid life stages, and sharks, tunas, and a wide variety of marine 
mammals and seabirds, which prey upon cranchiids at various other life stages (Antonelis et al. 1987; 
Hills and Fiscus 1988; Gould et al. 1997a; Tsuchiya et al. 1998; Buckley et al. 1999; Drazen et al. 2001; 
Walker et al. 2002; Ohizumi et al. 2003; Pitman et al. 2004; and Kubodera et al. 2007). Clarke (1996) 
considers Cranchiidae, along with Ommastrephidae, and Histioteuthidae (described below) to be the 
most prevalent cephalopod families in the diets of whales. 
 

Gonatid squids 

Many high seas squid species are distinguishable from each other only by subtle differences in the 
shapes of their mantles or configurations of their tentacles, some of which are only visible under 
magnification. Gonatid squids are known as “armhook squids” due to the presence of small hooks, 
rather than suckers, on some parts of some of their tentacles (FAO 2010). Gonatid squid are temperate 
and polar species that inhabit near-surface waters as juveniles, but descend to mesopelagic depths as 
they grow to adulthood. Of the squid families of the northeast Pacific Ocean, Gonatidae are the most 
abundant (Nesis 1997). Although Gonatidae are often found as prey within the stomachs of higher order 
predators, the delicacy of the bodies of most gonatid species makes collecting organisms difficult, 
complicating potential ecology and life history studies for these species (Jorgensen 2007). Although life 
history information for Gonatidae is minimal, they are thought to live for approximately two years, and 
to spawn throughout the year, with some periods of concentrated spawning (FAO 2010). Gonatid squid 
prey heavily upon euphausiids and other crustacean zooplankton as juveniles, then descend in the water 
column as adults, where they feed broadly on other squids, fishes, and crustaceans. Their North Pacific 



Oregon Department of Fish & Wildlife   17 
 

predators include groundfish species, Chinook salmon, sharks, albacore tuna, and a wide variety of 
marine mammals and seabirds (Antonelis et al. 1987; Hills and Fiscus 1988; Pearcy et al. 1988; Nesis 
1997; Buckley et al. 1999; Drazen et al. 2001; Walker et al. 2002; Pitman et al. 2004; Watanabe et al. 
2004b; and Kubodera et al. 2007). 
 

Histioteuthid squids 

Histioteuthid squids have several distinct physical characteristics that make them relatively easy to 
distinguish from squids of other families. One of their common names, “cock-eyed squids” refers to the 
size differences between their two eyes, with the left eyes of histioteuthids being noticeably larger than 
their right eyes. Their more complimentary common name, “jewel squids” references the photophores, 
light-emitting spots that cover their mantles and arms (FAO 2010). In addition to these distinctive 
characteristics, histioteuthid squids have webbed connective tissue between their arms, giving them a 
moderate umbrella look. Histioteuthids prey upon fish and crustaceans (Voss et al. 1998) and are preyed 
upon by groundfish species, sharks, tunas, and a wide variety of marine mammals and seabirds 
(Antonelis et al. 1987; Hills and Fiscus 1988; Clarke 1996; Gould et al. 1997a; Tsuchiya et al. 1998; Voss 
et al. 1998; Drazen et al. 2001; Walker et al. 2002; Ohizumi et al. 2003; Pitman et al. 2004; and Kubodera 
et al. 2007). 
 

Octopoteuthid squids 

Octopoteuthid squids inhabit mesopelagic and deeper waters of the world’s tropical oceans. Several 
octopoteuthid species are thought to have wide-ranging habitats throughout the world ocean, although 
the range of Octopoteuthis deletron is thought to be limited to the deep waters of the CCE, (FAO 2010). 
Like other deep ocean, high seas squids, octopoteuthids are a frequent prey of toothed whales (Clarke 
1996), and Octopoteuthis deletron serves that role within the CCE (Fiscus et al. 1989), as well as being 
preyed upon by northern elephant seals and other pinnipeds (Condit and LeBoeuf 1984). Little is known 
about the life history and reproductive behavior of octopoteuthids, although their complex 
bioluminescing habits have been recently studied by researchers collecting data via remotely-operated 
underwater vehicles (ROVs) (Bush et al. 2009; Hoving et al. 2012; and Zylinski and Johnsen 2014). Their 
known Pacific predators include groundfish species, sharks, tunas, and a wide variety of marine 
mammals and seabirds (Condit and LeBoeuf 1984; Hills and Fiscus 1988; Fiscus et al. 1989; Clarke 1996; 
Gould et al. 1997a; Tsuchiya et al. 1998; Drazen et al. 2001; Walker et al. 2002; Ohizumi et al. 2003; 
Pitman et al. 2004; and Kubodera et al. 2007). 
 

Ommastrephid squids 

Ommastrephids are known as “flying squids” for their habit of escaping predators by hurling themselves 
above the surface and skimming over the water for several meters at a time. According to the FAO, 
ommastrephids are “the most abundant, widely distributed and ecologically active family of 
cephalopods” (FAO 2010 at p. 269). As elsewhere in the world, ommastrephids are broadly distributed 
throughout the North Pacific Ocean. Like all squid species, ommastrephid species are short-lived, usually 
only living for one year. Ommastrephids, particularly the larger-bodied species like neon flying squid and 
Humboldt squid, must be voracious predators in order mature quickly and to attain their large sizes. 
Their high growth rates mean that their survival, abundance, and distribution are all strongly dependent 
upon prey availability (FAO 2010). Bower and Ichii (2005) demonstrated that neon flying squid 
abundance is also strongly linked to water temperature and salinity, which may themselves be indicators 



Oregon Department of Fish & Wildlife   18 
 

of prey availability. Due to their rapidly changing body size, the prey favored by the larger-bodied 
ommastrephids varies considerably throughout their brief lives, ranging from the zooplankton and 
myctophids they favor as juveniles to the larger fish they consume as adults (Yatsu et al. 1997; Walker et 
al. 2002; Chen and Chiu 2003; Watanabe et al. 2004a; Bower and Ichii 2005; Xinjun et al. 2008; and FAO 
2010). Similarly, ommastrephids are prey for many different species of fish, mammals, and birds. 
 

Onychoteuthid squids 

The common name for squids of the family Onychoteuthidae, “clubhook”, refers to apparatuses at the 
ends of their tentacles, which include suckers, hooks, and club-shaped tentacle ends. Onychoteuthids 
tend to inhabit open ocean areas of the temperate and tropical oceans, eschewing northern and 
southern polar waters. The two clubhook squid species that appear in the U.S. West Coast Exclusive 
Economic Zone (EEZ, 0-200 nautical miles from shore) as both prey and predators, Onykia robusta, and 
Onychoteuthis borealijaponicus, have the one-year life spans of many squid species. Like neon flying 
squid and Humboldt squid, these Onychoteuthid squids are voracious, rapidly-growing predators that 
die after spawning. As juveniles, they are prey to a wide range of species and as adults they prey on 
some of those same species (FAO 2010). Onychoteuthids are considered muscular and fast-swimming, 
as opposed to some of the more gelatinous squid families like Octopoteuthids. O. borealijaponicus 
migrates to subarctic waters to feed in summer months, but spawns in subtropical waters during the 
winter. Males mature at about 250 mm mantle length (ML) and females at 300-350 mm ML (Kubodera 
et al. 1998). 
 

Thysanoteuthid squids 

There is only one living Thysanoteuthid squid species, Thysanoteuthis rhombus, commonly known as 
“Diamond” or “rhomboid” squid for its broad diamond-shaped mantles. Diamond squid are widely 
distributed in a large belt of temperate and tropical waters throughout the world ocean. This species 
exclusively uses tropical waters for spawning and is one of the few squid species with egg masses known 
to float at the surface (Nigmatullin et al. 1995, Miyahara et al. 2006). Off the U.S. West Coast, diamond 
squid is not common in the cooler waters off Oregon and Washington. Although capable of migrations 
to 650-800 meters in depth, diamond squid often drift fairly passively in upper ocean layers. Like other 
squid species, they feed on myctophids, small fishes and small squids (Bower and Miyahara 2005). Their 
varied vertical distribution makes them prey for a range of predators, from highly migratory tunas 
feeding near the surface, to sperm whales feeding at lower depths (FAO 2010). Like the other squid 
discussed in this section, diamond squid are highly fecund and have a one-year life cycle.  
 

A.3. Predator-prey relationships: Federally-managed FMP species and Forage Fish 

This section describes the reliance of fishery species (species managed and targeted in existing harvest 
activity) and ecosystem component species (species that are not targeted) on the forage fish 
assemblage. This analysis provides some of the context for evaluating any future proposals for targeting 
species covered in this Plan.  
 

A.3.a. Coastal Pelagic Species 

Coastal pelagic species (CPS) are federally managed via the Council’s CPS Fishery Management Plan 
(FMP), which addresses five species: Pacific sardine (Sardinops sagax), Pacific or “chub” mackerel 
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(Scomber japonicas), northern anchovy (Engraulis mordax), market squid (Doryteuthis opalescens = 
Loligo opalescens), jack mackerel (Trachurus symmetricus), and one species group: krill, or euphausiids. 
The FMP also lists two “ecosystem component species”: Pacific herring (Clupea pallasii), and jacksmelt 
(Atherinopsis californiensis). All of these species also occur in state waters. While some of these species 
are often referred to as forage fish because they are important prey for many higher trophic species, for 
purposes of this Plan, we use the collective term “CPS” for these 8 species (or species groups) to include 
both the managed and ecosystem species in the CPS FMP; in contrast, we use “Forage Fish” for the 
species covered by this Plan, as described above. 
 
Most of the finfish in the CPS FMP have a similar ecology to Forage Fish in that they prey upon similar 
species, and are consumed by similar predators. For example, adult Pacific mackerel are known to prey 
upon copepods and other crustacean zooplankton, and on unidentified finfish (Collette and Nauen 
1983). In contrast, jack mackerel is a voracious mid-trophic predator that preys upon several Forage Fish 
species. While euphausiids are jack mackerel’s dominant prey, Brodeur et al. (1987) found fishes 
(including northern anchovy) in jack mackerel stomachs. Grinols and Gill (1968) found Pacific saury and 
myctophids in diets of jack mackerel sampled off Oregon. Emmett and Krutzikowsky (2008) analyzed the 
stomach contents of night-feeding jack mackerel collected over a seven year period and found their prey 
to include a wide variety of crustaceans, molluscs, and Forage Fish, including osmerids, myctophids, and 
sand lance. Brodeur et al. (2014) characterized jack mackerel, along with Pacific whiting, spiny dogfish, 
and albacore as one of the CCE predators with the greatest predation influence on the abundance of 
Forage Fish populations in the CCE. Therefore, the CPS FMP species jack mackerel may be considered a 
predator of the following Forage Fish species or species groups: mesopelagic fishes, Pacific sand lance, 
Pacific saury, osmerid smelts, and, possibly, pelagic squids. 
 

A.3.b. Groundfish  

Groundfish are federally managed by the Pacific Fishery Management Council and the National Marine 
Fisheries Service, with additional state management of Oregon’s commercial nearshore and recreational 
fisheries. There are over 90 species in the Council’s Groundfish FMP, including: 60+ rockfish species, 12 
flatfish species, 6 roundfish species, 6 sharks and rays, plus spotted ratfish (Hydrolagus colliei), finescale 
codling (Antimora microlepis), and Pacific grenadier (Coryphaenoides acrolepis). General descriptions of 
the life histories of Groundfish FMP species may be found in Appendix B, Part 2, to the Groundfish FMP 
(PFMC 2005b). Many groundfish species occupy the mid-trophic levels that may prey upon Forage Fish 
species and, as a group, are described with other mid- to high trophic level fishes and invertebrates in 
the Council’s FEP (PFMC 2013). Species in the Groundfish FMP tend to occupy those parts of the water 
column close to or at the ocean floor; therefore, their prey from the Forage Fish species group tend to 
be those species that are also found at or near the ocean floor. Groundfish FMP species diet data varies 
widely from species to species, with some species being particularly well-studied and others not studied 
at all. The following section separates Groundfish FMP species roughly by type, addressing whether 
Forage Fish are eaten by some members of the groups: roundfish, rockfish, flatfish, and minor 
Groundfish FMP species (sharks, skates, ratfish, morids, and grenadiers). More detailed diet descriptions 
for some groundfish species are available in Chapter 6 of Groundfish Essential Fish Habitat Synthesis: A 
Report to the Pacific Fishery Management Council (NMFS 2013b; and Appendix at NMFS 2013c). 
Groundfish species for which diet analyses were not available are not discussed herein. 
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Roundfish 

Laidig et al. (1997) examined the contents of 1,868 sablefish (Anoplopoma fimbria) stomachs, found 
sablefish to be strongly piscivorous, and found their prey to include Forage Fish from the mesopelagic 
fish and pelagic squid groups. Brodeur et al. (2014) confirmed sablefish predation on myctophids, based 
on stomachs collected in 2005 and 2008. Buckley et al. (1999) analyzed the diets of Pacific whiting 
(1,334 stomachs) and sablefish (731 stomachs), among other groundfish species. Both species eat a wide 
variety of prey, and their prey includes the Forage Fish species myctophids, gonostomatids, Pacific 
saury, osmerid smelts, and gonatid squids (Buckley et al. 1999). Brodeur et al. (1987) also included 
sablefish and Pacific whiting in a larger study of the diets of finfish species and found sablefish and 
whiting stomach contents to include the Forage Fish or species groups of myctophids, Pacific sand lance, 
Pacific saury, and osmerid smelts. Emmett and Krutzikowsky (2008) examined Pacific whiting stomach 
contents from samples taken off Oregon, and found whiting diet to include osmerid smelt and Pacific 
sand lance. Brodeur et al. (2014) characterize Pacific whiting as one of the most important predators in 
the EEZ for the effects their predation has on Forage Fish population abundance, including osmerids. 
Tinus (2012) found a wide variety of fishes, including Pacific sand lance, and invertebrates in the 
stomachs of lingcod (Ophiodon elongatus) taken off Oregon. Beaudreau and Essington (2009) also found 
sand lance in the stomachs of lingcod taken off the San Juan Islands of Washington state, as well as 
other Forage Fish including mesopelagic fishes, and osmerids. Therefore, Groundfish FMP roundfish 
species may be considered predators of the following Forage Fish: mesopelagic fishes, Pacific sand lance, 
Pacific saury, osmerid smelts, and pelagic squids. 
 

Rockfish 

Brodeur and Pearcy (1984) examined the contents of 480 stomachs of a mix of five shelf rockfish 
species: yellowtail rockfish (Sebastes flavidus), canary rockfish (S. pinniger), Pacific ocean perch (S. 
alutus), splitnose rockfish (S. diploproa), and darkblotched rockfish (S. crameri). This study found that 
these shelf rockfish, taken off the coast of Oregon, fed predominantly on euphausiids, but also that their 
prey included myctophids, osmerid smelts, Pacific sand lance, and gonatid squids (Brodeur and Pearcy 
1984). Brodeur et al. (1987) examined over 1,600 stomach of 20 finfish species taken off Oregon, 
including black rockfish (S. melanops) and yellowtail rockfish. Both black and yellowtail rockfish diets in 
the Brodeur et al. (1987) study had eaten a wide variety of smaller-sized crustaceans, but also included 
Pacific sand lance and osmerid smelts. A more recent study of black rockfish taken off Oregon also 
showed osmerid smelts in black rockfish stomachs (Gladics et al. 2014). Adams (1987) examined the 
contents of 381 widow rockfish stomachs and found that, although widow rockfish feed heavily on salps 
(Thaliacea spp.), their Forage Fish prey include myctophids. Buckley et al. (1999) collected stomach 
samples from commercially important groundfish species taken off the U.S. West Coast, including 
shortspine and longspine thornyhead, and found the two thornyhead species diets to include 
bathylagids, myctophids, Pacific saury, and gonatid squid. Therefore, Groundfish FMP rockfish species 
may be considered predators of the following Forage Fish: mesopelagic fishes, Pacific sand lance, Pacific 
saury, osmerid smelts, and pelagic squids. 
 

Flatfish 

Dover sole (Microstomus pacificus), one of the most common West Coast flatfish species, predominantly 
preys upon benthic worms and smaller benthic crustaceans (Pearcy and Hancock 1978, Gabriel and 
Pearcy 1981, Buckley et al. 1999), rather than on Forage Fish. Pearcy and Hancock (1978) confirmed this 
trend for other, smaller flatfish species, finding that rex sole (Glyptocephalus zachirus) has a diet similar 
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to Dover sole, feeding on polychaetes and amphipods, while Pacific sanddab (Citharichthys sordidus) and 
slender sole (Lyopsetta exilis, not an FMP species) tend to prey on pelagic crustaceans. Ketchen and 
Forrester (1966) found that petrale sole (Eopsetta jordani) preyed upon Pacific sand lance in addition to 
its primary prey of euphausiids and Pacific herring (Clupea pallasii). Buckley et al. (1999) also looked at 
the stomach contents of arrowtooth flounder (Atheresthes stomias), a larger-bodied flatfish, and found 
that arrowtooth prey largely upon a wide variety of crustaceans and other invertebrates, but that their 
vertebrate prey includes osmerid smelts and mesopelagic fishes. Yang and Nelson (2000) studied the 
diets of a variety of groundfish taken off Alaska, and found that arrowtooth flounder taken off Alaska 
also prey primarily upon crustaceans, with some osmerids, Pacific sand lance, and myctophids in their 
diets. Therefore, Groundfish FMP flatfish species may be considered predators of the following Forage 
Fish: mesopelagic fishes, Pacific sand lance, and osmerid smelts. 
 

Minor Groundfish FMP species (sharks, skates, ratfish, finescale codling, and Pacific grenadier) 

Jones and Geen (1977) studied the stomach contents of spiny dogfish (Squalus acanthias) taken off 
British Columbia and found both eulachon and Pacific sand lance in dogfish stomachs. Brodeur et al. 
(1987) found gonatid squid beaks in the stomachs of soupfin sharks (Galeorhinus zyopterus) and Brodeur 
et al (2014) found osmerid smelts in the stomachs of spiny dogfish. Although CCE dogfish is not as 
abundant as Pacific whiting, Brodeur et al (2014) characterized spiny dogfish as one of the EEZ predators 
that most strongly influences Forage Fish biomass. Grinols and Gill (1968) observed blue sharks 
(Prionace glauca, a HMS species), and soupfin sharks feeding on Pacific saury and myctophids off the 
coast of Oregon. Robinson et al. (2007) collected longnose skates (Raja rhina) off the coast of California 
and identified gonatid squids, histioteuthid squids, and myctophids within the wide variety of prey 
species in their stomachs. Leopard sharks sampled from California’s Elkhorn Slough had eaten a variety 
of invertebrates as well as several fish species, including Pacific topsmelt (Kao 2000). Diets for big skate 
(Raja binoculata) taken off the U.S. West Coast have not been identified to the species or family level; 
however, Ebert et al. (2008) found Pacific sand lance within the varied diet of big skates sampled from 
the Gulf of Alaska. There are few food habits studies on ratfish, although those studies that do address 
ratfish diet characterize ratfish as preying primarily upon smaller invertebrates like shrimp, molluscs, 
and echinoderms (Johnson and Horton 1972; Quinn et al. 1980), and thus are less likely to prey upon 
Forage Fish species. There is little available information on the diets of CCE finescale codling. Like its 
Atlantic analog, blue antimora (Antimora rostrata), finescale codling occupies bathypelagic waters and 
tends to regurgitate upon being raised to the surface, making stomach content sampling difficult 
(Sedberry and Musick 1978); therefore, finescale codling diets were not considered in this Plan. A 
Drazen et al. (2001) study on the diets of Pacific grenadier and giant grenadier (Albatrossia pectoralis, 
not an FMP species) identified shared ecosystem component pelagic squids (cranchiidae, gonatidae, 
histioteuthidae, octopoteuthidae) among the Pacific grenadier stomach contents. Buckley et al. (1999) 
also identified gonatid and cranchiid squid as Pacific grenadier prey, as well as myctophids. Therefore, 
minor Groundfish FMP species (sharks, skates, ratfish, finescale codling, and Pacific grenadier) may be 
considered predators of the following Forage Fish: mesopelagic fishes, Pacific sand lance, Pacific saury, 
silversides, osmerid smelts, and pelagic squid. 
 

A.3.c. Highly Migratory Species  

Although far less common in state waters than in federal waters, some Highly Migratory Species (HMS) 
occasionally spend a portion of their life cycle within Oregon waters. These species are managed by the 
Council HMS FMP and include: North Pacific albacore, yellowfin tuna, bigeye tuna, skipjack tuna, 
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northern bluefin tuna, common thresher shark, shortfin mako or bonito shark, blue shark, striped 
marlin, swordfish, and dorado or dolphinfish. General descriptions of the life histories of HMS FMP 
species may be found in Appendix F of the HMS FMP (PFMC 2003). HMS FMP species are among the 
highest order cold-blooded predators of the CCE and, as a group, are described with other mid- to high 
trophic level fishes and invertebrates in the Council FEP (PFMC 2013). Species of the HMS FMP tend to 
occupy waters farther offshore than many other Council-managed species; therefore, their Forage Fish 
prey tend to be those species that are also found farther offshore. 
 
As their name implies, the HMS FMP species that spend some part of their life cycle within the U.S. West 
Coast EEZ also migrate to and throughout the larger Pacific Ocean. Diet studies for the HMS FMP species 
that migrate between the U.S. EEZ, the EEZs of other nations, and the high seas are developed by 
scientists from the member nations of the multi-national HMS management entities of the Pacific 
Ocean, described in the Council FEP (PFMC 2013). While the HMS FMP species’ diet studies discussion 
below includes studies from individual fish taken in waters off Washington, Oregon, and California, it 
also includes scientific work on fish taken from the high seas, or from waters off other northern and 
eastern Pacific nations. The Council FEP separates species roughly by type, addressing whether Forage 
Fish are eaten by tuna species (albacore, yellowfin, bigeye, skipjack, and bluefin), shark species 
(common thresher, shortfin mako, and blue), billfish species (striped marlin and swordfish), or dorado. 
 

Albacore, yellowfin tuna, bigeye tuna, skipjack tuna, and bluefin tuna 

As discussed above, yellowfin tuna, bigeye tuna, and albacore are all predators of mesopelagic fishes 
(Tyler and Pearcy 1975; Moteki et al. 2001; Allain 2005; and Brodeur and Yamamura 2005). Pacific saury 
has also been documented as the prey of albacore, yellowfin, and bluefin tuna (Pinkas et al. 1971; 
Pearcy 1972; and Kato 1992). Glaser (2009) found albacore prey to include myctophids, Pacific saury, 
and gonatid, octopoteuthid, and onychoteuthid squids. Pinkas et al. (1971) found a wide array of prey 
species in the diets of albacore, bluefin tuna, and bonito, including jacksmelt in the diet of bluefin tuna, 
and onychoteuthid squid in the diet of albacore. Tsuchiya et al. (1998) found a variety of pelagic squid 
species in the stomachs of albacore, bigeye tuna, and swordfish taken in the tropical East Pacific. 
Brodeur et al. (2014) characterized albacore as one of the CCE’s most voracious predators of Forage 
Fish, with albacore populations strongly influencing Forage Fish population abundance. Shimose et al. 
(2013) found round herring in the stomachs of bluefin tuna. Therefore, HMS FMP tuna species may be 
considered predators of the following Forage Fish: round and thread herring, mesopelagic fishes, Pacific 
saury, silversides, and pelagic squids. 
 

Common thresher shark, shortfin mako shark, blue shark 

Preti et al. (2012) compared the CCE diets of the three FMP shark species and found that mako sharks 
feed heavily on jumbo squid and Pacific saury, the most important prey for blue sharks are jumbo and 
gonatid squids, and thresher sharks prey heavily on CPS FMP species like anchovy and sardine. This 
same study found that the diets of these three shark species included the following Forage Fish: 
paralepipdidae, Pacific saury, topsmelt, and gonatid, histioteuthid, octopoteuthid, and onychoteuthid 
squids (Preti et al. 2012). In a 2001 common thresher shark diet study, Preti et al. found a variety of 
FMP-managed species (e.g. anchovy, Pacific whiting, Pacific mackerel, and sardine) in thresher shark 
stomachs, as well as California grunion and gonatid squids (Preti et al. 2001). Kubodera et al. (2007) 
examined stomachs of blue and salmon sharks (Lamna ditropis), and found that blue shark (an FMP 
species) preyed upon a wide variety of cephalopods, including cranchiid, gonatid, histioteuthid, 
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octopoteuthid, and onychoteuthid squids, as well as several different myctophid species. Markaida and 
Sosa-Nishizaki (2010) reviewed both blue shark diet literature and the stomach contents of almost 900 
blue sharks taken in Pacific waters off Mexico, and found the following Forage Fish in blue shark 
stomachs: cranchiid, gonatid, histioteuthid, octopoteuthid, ommastrephid, and onychoteuthid squids, 
and Pacific saury. Therefore, HMS FMP shark species may be considered predators of the following 
Forage Fish: mesopelagic fishes, Pacific saury, silversides, and pelagic squids. 
 

A.3.d. Salmon  

Salmon are anadromous fish native to the rivers and oceans of the northern hemisphere. Seven salmon 
species are native to the Pacific Ocean and five of those species spawn in the rivers of the western U.S.: 
Chinook, chum, coho (O. kistuch), pink, and sockeye. Steelhead, an anadromous form of rainbow trout 
(O. mykiss), occupies similar habitats and a similar ecological niche to the Pacific salmon species. There is 
little in information on oceanic steelhead interactions with forage fish. In cases where salmon is 
mentioned in this Plan, it is likely that there would be a similar interaction with oceanic steelhead. 
Salmon and steelhead are collectively referred to as ‘salmon’ in this document.  
 
The Salmon FMP manages U.S. West Coast fisheries for Chinook, coho, and pink salmon. The following 
section discusses salmon species broadly and looks at whether Forage Fish are eaten by Chinook, coho, 
and pink salmon. This Plan focuses on the marine (not freshwater) diets of predator species. Salmon 
occupy mid- and higher trophic levels that may prey upon Forage Fish (PFMC 2013). 
 

Chinook salmon 

Groot et al. (1995) reviewed Chinook stomach contents and identified Chinook salmon marine prey as 
including fish (particularly Pacific herring and sand lance), euphausiids and other crustacean 
zooplankton, squid, and amphipods. Dufault et al. (2009) identified Chinook diet within the CCE as 
including: megazoobenthos (crabs), cephalopods, viperfish (Chauliodus macouni), small deepwater 
rockfish, small planktivores (anchovy, sardine, Pacific herring), and large zooplankton (euphausiids, 
chaetognaths, pelagic shrimps, pelagic polychaetes, pasiphaeids). Osmerid smelts, which also include 
anadromous species, have been found in Chinook stomachs (Hunt et al. 1999), as have myctophids 
(Brodeur et al. 1987), and gonatid squids (Pearcy et al. 1988). Hunt et al. (1999) found, among other 
prey, sand lance, Pacific saury, and jacksmelt within stomachs of Chinook salmon. Therefore, Chinook 
salmon may be considered predators of the following Forage Fish: mesopelagic fishes, Pacific sand lance, 
Pacific saury, silversides, osmerid smelts, and pelagic squids. 
 

Coho salmon 

Coho salmon are nearly as piscivorous as Chinook salmon and have some diet similarities to Chinook. 
Groot et al. (1995) reviewed coho stomach contents and found the following marine prey: amphipods, 
euphausiids, and fish (including, among others, osmerids and Pacific sand lance). While crustacean 
zooplankton dominate coho stomach content in several studies, coho diets also include osmerids, 
myctophids, paralepidids, cephalopods (particularly gonatid squid) and sand lance (Pearcy et al. 1988; 
Schabetsberger et al. 2003; Aydin et al. 2005; Pool et al. 2008; and Daly et al. 2009). Therefore, coho 
salmon may be considered predators of the following Forage Fish: mesopelagic fishes, Pacific sand lance, 
osmerid smelts, and pelagic squids. 
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Pink salmon 

The U.S. West Coast EEZ is at the southern end of the range of pink salmon within the eastern North 
Pacific, so there tends to be less diet data available for West Coast pink salmon than for other salmon 
species. Pink salmon are more planktivorous and less piscivorous than Chinook and coho. According to 
Groot et al. (1995), pink salmon diets are dominated by hyperiid amphipods, although the Forage Fish 
they consume include myctophids and squids. North Pacific studies confirm the presence of gonatid 
squid in the diets of pink salmon (Kaeriyama et al. 2004; Aydin et al. 2005). There is some evidence that 
adult pink salmon of the western North Pacific also prey upon sand lance and capelin (Brodeur 1990). 
Therefore, pink salmon may be considered predators of the following Forage Fish: mesopelagic fishes, 
Pacific sand lance, osmerid smelts, and pelagic squids. 
 

A.4. Predator-prey relationships: Seabirds and Forage Fish 

A variety of seabird species prey upon Forage Fish, including the three West Coast seabirds listed under 
the ESA: short-tailed albatross (Phoebastria albatrus, USFWS 2008a) and California least tern (Sterna 
antillarum browni, UWFWS 1985), endangered; and marbled murrelet (Brachyramphus marmoratus), 
threatened (USFWS 1997). In addition its work under the ESA, the USFWS assesses U.S. migratory, 
nongame bird populations under the Fish and Wildlife Conservation Act for whether they are likely to 
become designated as threatened or endangered under the ESA, and designates those species likely to 
become ESA-listed without directed conservation measures as Birds of Conservation Concern (BCC, 
USFWS 2008b). The Migratory Bird Treaty Act (MBTA) protects birds that migrate between the U.S. and 
other nations from unlicensed or unlawful directed harvest, including seabirds. This action does not 
address the take of seabirds in fisheries or elsewhere; however, many Forage Fish are prey of CCE 
seabirds. This section examines the predator-prey interactions, if known, between Forage Fish and 
seabirds. Seabirds occupy the higher trophic levels that may prey upon Forage Fish and, as a group are 
described with other high trophic level non-fish species in the Council FEP (PFMC 2013). This section 
discusses only those seabird species or species groups that are known to spend at least some portion of 
their lives within the U.S. West Coast EEZ. Shorebirds that primarily prey upon intertidal invertebrates 
are not discussed herein. 
 
CCE seabirds likely to prey upon Forage Fish may be roughly divided by taxonomic order and family. 
Seabird species of the order Procelliformes include albatrosses, petrels, shearwaters, and storm-petrels. 
Procellliformes species tend to be highly migratory and may breed outside of the U.S. West Coast EEZ, 
yet migrate through and feed within the EEZ. Seabird species of the order Pelecaniformes include two 
families of seabird species that occur off the U.S. West Coast, Pelecanidae (pelicans) and 
Phalacrocoracidae (cormorants). Pelecaniformes are more nearshore species than Procelliformes and 
those that are residents of the U.S. West Coast EEZ may spend all or most of their lives within the EEZ. 
Species of the order Charadriiformes include the suborder Lari (gulls, terns, noddies, and skimmers) and 
Alcae (murres, auklets, guillemots, and puffins). Charadriiformes are also nearshore species, often 
known for their large coastal colonies at breeding sites. Further information on Oregon seabird 
dependence on forage fish can be found in Audubon Society of Portland (2014).  
 

A.5 Predator-prey relationships: Marine Mammals and Forage Fish 

The U.S. West Coast EEZ supports a large and diverse marine mammal community that plays an 
important role in the ecosystem as top-level predators. Because most marine mammals make annual 
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migrations between feeding and breeding sites, the specific species and the number of marine mammals 
found in the U.S. West Coast EEZ will vary both seasonally and inter-annually. However, some models 
estimate that cetaceans may consume around 2 million tons of prey (primarily krill, but also small fishes 
and squids and other prey) annually in the in U.S. West Coast EEZ (Barlow et al. 2008). Although some 
marine mammals prefer specific types of prey, most are opportunistic feeders. Most Forage Fish species 
are preyed upon to some degree by at least one species of marine mammal. The following section 
separates U.S. West Coast EEZ marine mammals into three species groups to discuss whether any 
members of those groups are known to prey upon shared ecosystem component species: odontocetes 
(toothed cetaceans, including sperm whales, orcas, beaked whales, and dolphins); mysticetes (baleen 
whales); and pinnipeds (seals and sea lions). 
 

A.5.a. Odontocetes  

Odontocetes of the U.S. West Coast EEZ include a variety of dolphins, porpoises, beaked whales, sperm 
whales, and killer whales (Orcinus orca). The most important shared ecosystem component species to 
toothed whale diets are likely the pelagic squids, followed by the mesopelagic fishes. Approximately 80 
percent of all odontocete species worldwide regularly consume squids, with squids being a main food 
item in 28 different species (Clarke 1996). U.S. West Coast EEZ odontocete predators of various squid 
species include the sperm and beaked whales, as well various dolphins and porpoises (Kawakami 1980; 
Fiscus et al. 1989; Nesis 1997; and Walker et al. 2002). Mesopelagic fishes also often appear in marine 
mammal diet studies and are commonly consumed by the smaller odontocetes, such as dolphins and 
porpoises (Fitch and Brownell 1968).  
 
Ohizumi et al. (2003) examined the stomach contents of 386 Dall’s porpoises, finding their diets to 
include a wide array of pelagic squid species, mesopelagic fish species, and Pacific saury. The Dall’s 
porpoises in that study had been taken incidentally in salmon gillnet fisheries across the North Pacific 
Ocean and the authors estimated that Dall’s porpoise are the primary myctophid consumers in the 
North Pacific (Ohizumi et al. 2003). Walker et al. (1998) examined the stomach contents of beached 
Dall’s porpoises and harbor porpoises (Phocoena phocoena) from the beaches of Washington and British 
Columbia, finding their diets to include eulachon, Pacific sand lance, and gonatid and onychoteuthid 
squids.  
 
In a study of the ecology and feeding behavior of bottlenose dolphins (Tursiops truncatus) in the 
Southern California Bight, Hanson and DeFran (1993) found the diet of this highly-piscivorous species to 
include jacksmelt and topsmelt (atherinopsids). Fitch and Brownell (1968) found that, in addition to 
mesopelagic fishes and anchovies, Pacific saury were among the stomach contents of short-beaked 
common dolphins (Delphinus delphis) off Southern California. Walker et al. (1986) examined the 
stomach contents of Pacific white-sided dolphins (Lagenorhynchus obliquidens) that had stranded on the 
beaches of Southern California and the west coast of Baja California and found their diets to include, 
among other organisms, mesopelagic fishes and pelagic squid. Morton (2000), studying Pacific white-
sided dolphins off British Columbia, observed them feeding on schools of capelin and eulachon as well 
as Pacific herring (not a Shared ecosystem component species). Stroud et al. (1981) found the diets of 
Pacific white-sided dolphins and Dall’s porpoises taken off California and Washington to include, among 
other organisms, Pacific saury, osmerid smelts, mesopelagic fishes, and pelagic squid.  
 
Killer whale diets vary by population type, whether “residents” of nearshore waters that largely feed on 
fish, or “transients” passing through nearshore waters that feed primarily on mammals and birds. For 
the most part, piscivorous killer whales eschew shared ecosystem component species for larger and 
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higher trophic order fish species; however, beached killer whale stomach contents have been 
documented to include pelagic squid (Ford et al. 1998). Fiscus et al. (1989) documented a wide variety of 
cephalopods in the stomachs of sperm whales, including cranchiidae, gonatidae, histioteuthidae, 
octopoteuthidae, ommastrephidae, and onychoteuthidae. Flinn et al. (2002) examined the preserved 
stomachs of sperm whales taken from commercial whaling stations of British Columbia in the 1960s, 
finding a strong presence of pelagic squid in sperm whale stomachs. Therefore, odontocetes may be 
considered predators of the following shared ecosystem component species or species groups: 
mesopelagic fishes, Pacific sand lance, Pacific saury, silversides, osmerid smelts and pelagic squid. 
 

A.5.b. Mysticetes  

There are 7 species of baleen whales (Suborder Mysticeti) that can be found off of the U.S. West Coast 
EEZ. Mysticetes or baleen whales primarily feed on euphausiids and copepods and other zooplankton 
and do not notably rely on the shared ecosystem component species. Blue whales (Balaenoptera 
musculus), for example, prey almost exclusively on euphausiids, even showing preferences for particular 
euphausiid species. Off the U.S. West Coast, euphausiids are sufficiently abundant that blue whales do 
not need to seek out other prey (Fiedler et al. 1998, Reeves et al. 1998). Gray whales (Eschrichtius 
robustus) also tend to prey primarily on crustacean zooplankton, including mysids and crab larvae 
(Dunham and Duffus 2002, Newell and Cowles 2006, Moore et al. 2007). The North Pacific right whale 
(Eubalaena japonica) is extremely rare, making diet studies, fecal sampling, and stomach sampling from 
beached whales also rare. However, based on the diets of other right whale species worldwide and on 
observations of North Pacific right whales during feeding, they are also thought to prey almost 
exclusively on euphausiids and other crustacean zooplankton (NMFS 2013d). The existing U.S. West 
Coast EEZ prohibition on euphausiid (krill) harvest already preserves the prey base for mysticetes, 
particularly those that feed more exclusively on euphausiids.  
 
Although mysticetes strongly prefer euphausiid prey, some mysticetes will also regularly feed on small 
schooling fishes such as herrings and anchovies. Specifically, fin (Balaenoptera physalus), minke 
(Balaenoptera acutorostrata), sei (Balaenoptera borealis) and humpback whales (Megaptera 
novaeangliae) will all commonly or opportunistically feed on fishes (Gaskin 1982; Kasamatsu and Tanaka 
1991; and Witteveen et al. 2008). Of the shared ecosystem component species fishes, sei whales are 
known to consume saury (Kato 1992), and humpback whales feed on Pacific sand lance, myctophids and 
certain osmerid smelts, such as capelin, while feeding in waters off of Alaska (Frost and Lowry 1981; 
Neilson and Gabriele 2008; Witteveen et al. 2008). Flinn et al. (2002) examined the preserved stomachs 
of fin and sei whales taken from commercial whaling stations of British Columbia in the 1960s, and 
found that both species primarily preyed upon euphausiids and copepods, although their other prey 
species included Pacific saury and myctophids, (shared ecosystem component species), as well as 
rockfish and ragfish (Icosteus aenigmaticus), among the otherwise unspeciated fish and squid stomach 
contents. Witteveen et al. (2008) tracked humpback whales on foraging dives off Alaska and found them 
preying upon schools of capelin, eulachon, and pollock (not a shared ecosystem component species). 
Minke whales feed primarily on euphausiids, but will feed opportunistically on schooling fish. Although 
we could not find minke whale diet studies for the eastern North Pacific, western North Pacific 
populations have been noted for preying upon Pacific herring and anchovy and, among other species, 
Pacific saury and sand lance (Tamura and Fujise 2002; Song and Zhang 2014). Therefore, mysticetes may 
be considered predators of the following shared ecosystem component species or species groups: 
mesopelagic fishes, Pacific saury, osmerid smelts, and Pacific sand lance.  
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A.5.c. Pinnipeds  

Pinniped species of the U.S. West Coast EEZ include: California sea lion (Zalophus californianus 
californianus), harbor seal (Phoca vitulina richardsi), northern elephant seal (Mirounga angustirostris), 
Guadalupe fur seal (Arctocephalus townsendi), northern fur seal (Callorhinus ursinus), and Steller sea 
lion (Eumetopias jubatus). Since seals and sea lions spend some portion of their lives on land, more 
detailed diet information is typically available for them through scat samples than for other marine 
mammals (Lowry 2011). Estimates suggest that pinnipeds in the U.S. West Coast EEZ may consume as 
much as a million tons of fish and squid prey annually (Hunt et al. 2000). California sea lions are known 
to prey on shared ecosystem component species within every group except for the herrings (Lowry 
2011; Feder et al. 1974; and Weise and Harvey 2008). Harbor seals, typically feeding nearshore, are 
known predators of both sand lance and osmerids (Brown and Mate 1983; London et al. 2002; Orr et al. 
2004; and Lance and Jefferies 2009). Antonelis et al. (1987) sampled the stomach contents of 59 live 
elephant seals and found their diet to include a variety of squid species, including cranchiids, gonatids, 
histioteuthids. Guadalupe fur seals are listed as threatened under the ESA and their population is small 
enough that diet data collection is more difficult 
 

A.6 Predator-prey relationships: Listed species and Forage Fish  

The Endangered Species Act (ESA; 16 USC 1531-1544) is one of the primary laws used to protect fish, 
wildlife and flora within the United States. Additionally, Oregon has a state endangered species act that 
compliments the federal ESA (Oregon Revised Statute 496.171-192). Because these lists identify species 
that are at risk of extinction, there is additional concern about and responsibility to protect the primary 
prey of listed species, to support these vulnerable stocks and increase likelihood of recovery. This 
section describes information on the reliance of state and federal listed species on Forage Fish as prey. 
 
The federal ESA-listed species (T = threatened, E = endangered) that occur within Oregon waters, 
include marine mammals, seabirds, sea turtles, two species of abalone, green sturgeon (Acipenser 
medirostris), eulachon, and several populations of salmonids. ESA listed fish species (or ESA-listed 
distinct population segments or runs, within the species) that have biological ranges within state waters 
include green sturgeon (T), eulachon (T), Chinook salmon (9 ESUs listed, T and E), chum salmon (2 ESUs 
listed, T), coho salmon (4 ESUs listed, T and E), sockeye salmon (1 ESUs listed, T and E), steelhead (11 
DPSs listed, T and E) (ODFW 2014, NOAA 2014). Among these species, Chinook salmon (2 ESUs, T) and 
coho salmon (1 ESU, T) are also listed under the Oregon ESA. 
 
Bird species that occur within state waters that are also on the state or federal endangered species list 
include Brown Pelican (E), California Least Tern (E), Marbled Murrelet (T), Short-tailed Albatross (E) 
(USFWS 2014). Western Snowy Plover (T, federal listing of coastal population only) occurs in the state 
land and waters. The Xantus’s murrelet is a candidate for federal listing, the tufted puffin has been 
petitioned for listing, and the black oystercatcher has been identified as a species of concern by the U.S. 
Fish and Wildlife Service and is included as a strategy species in the Oregon Nearshore Strategy.  
 
Of the many marine mammal species that occur in Oregon waters, one species is listed as threatened 
(sea otter), and seven species are listed as endangered under the federal ESA, including: the southern 
resident killer whale, sperm whale, gray whale, humpback whale, blue whale, fin whale, sei whale, and 
Northern Pacific right whale. The Oregon ESA lists the blue whale, sei whale, fin whale, humpback 
whale, north Pacific right whale, gray whale, and sperm whale as endangered. 
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A.7. Fishery-independent and fishery-dependent data 

A.7.a Mesopelagic fishes 

Mesopelagic fishes are not targeted in Oregon fisheries. In Oregon, the only recorded harvests of 
mesopelagic fish are small amounts (0.2 tons) of barracudina (family Paralepididae) as incidental catch 
in the midwater trawl fishery between 2008 and 2012 (ODFW 2015). There is no logbook, discard data, 
or fishery-dependent biological data available for this species complex.  
 
Worldwide, there are very few examples of fisheries targeting mesopelagic fishes. These include three 
historical fisheries that pursued this complex. A Soviet fishery for the myctophids D. coeruleus and 
Gymnoscopelus nicholski (species considered edible) in the Southwest Indian Ocean and Southern 
Atlantic began in 1977, and catches by the former Soviet Union reached 51,680 tons in 1992, after which 
the fishery ceased (Kock 2000). While no fisheries are currently active, the Commission for Conservation 
of Antarctic Marine Living Resources still permits a total allowable catch for this fishery of 200,000 tons 
in its convention area. An industrial purse seine fishery for the myctophid Lampanyctodes hectoris in 
South African waters closed in the mid-1980s due to processing difficulties caused by the high oil 
content of the fish (FAO 1997). In the late 1970s and early 1980s, researchers investigated the feasibility 
of developing a commercial fishery for mesopelagic fishes in the northern Arabian Sea. These studies 
indicated that such a fishery might be commercially feasible, especially for Benthosema pterotum in the 
Gulf of Oman region (FAO 1997). After decades of studies and planning, with recommendations based 
on extensive research as to the best fishing seasons, areas and depths, trial catch rates were too low 
(<30 tons daily per boat) to support a commercially viable fishery (Valinassab et al. 2007). 
 
Data from fishery independent surveys are also limited. CalCOFI sampled larval fish in the transitional 
zone off Newport, OR and Crescent City, CA and found densities (number/1000 m3) of 131.46 for 
Myctophidae, 1.58 for Bathylagidae, 0.07 for Paralepididae and 0.00 for Gonostomatidae (Auth 2009). 
Additionally, a deep-sea survey in the CCE occurred annually from 1955-1960, estimating proportional 
abundances of mesopelagic fishes in catch (Ahlstrom 1969).  
 
Because mesopelagic fishes are not a component of Oregon fisheries, and are not a component of 
fishery independent surveys, data are not collected with the geographic and temporal regularity needed 
to estimate population abundances.  
 

A.7.b. Pacific sand lance 

Pacific sand lance are not targeted in Oregon fisheries.  No fishery-dependent data are available for 
either the commercial or sport fisheries and there are no logbook, discard data, or fishery-dependent 
biological data available for this group. Sand lance are targeted in fisheries in other parts of the world, 
particularly in the North Sea off of Europe.  
 
In the U.S., existing sand lance research tends to focus on populations in particular bays and estuaries, 
such as Puget Sound (West 1997; Quinn 1999; and Penttila 2007), and the bays and islands of British 
Columbia (Bertram and Kaiser 1993; Hedd et al. 2006; and Haynes et al. 2007) and Alaska (Robards et al. 
1999b; Bertram et al. 2001; and Ostrand et al). In areas where sand lance fisheries occur, sand lance 
recruitment success appears to be inversely related to fisheries harvest levels (Furness 2002; 
Frederiksen et al. 2004; and Greenstreet et al. 2006). Interestingly, seabird predation has similar effects 
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on sand lance recruitment in areas where sand lance fisheries do not occur (Bertram and Kaiser 1993; 
Hedd et al. 2006).  
 

Because sand lance are not a component of Oregon fisheries, and are not a component of fishery 
independent surveys, data are not collected with the geographic and temporal regularity needed to 
estimate population abundances.  

A.7.c. Pacific saury 

No eastern Pacific saury fishery currently exists in U.S. waters. In Oregon, there has been one nominal 
catch (1 pound) of Pacific saury as commercial bycatch, since 1981. Because Pacific saury are not 
specifically targeting in fisheries, no logbook, discard data or fishery-dependent biological data currently 
exist for this species group. 
 
Historically, targeting Pacific saury was considered as a viable option by Japan. In the 1960s, the western 
Pacific saury stock reached record lows, which led to research by Japan into a potential fishery off the 
U.S. West Coast. However, with catches not considered high enough for economical fishing and the 
rebound of the western Pacific population, fishing efforts off the coast of the U.S. were abandoned in 
the 1970s (Kato 1992).The western Pacific saury stock is the largest and is fished heavily by Japan for 
food and fish meal. Additionally, it is a preferred baitfish in the Japanese longline fishery for tuna. The 
average annual catch in Japan is 258,000 mt (Huang et al. 2007).  
 

Because Pacific saury are not a component of Oregon fisheries, and are not a component of fishery 
independent surveys, data are not collected with the geographic and temporal regularity needed to 
estimate population abundances.  
 

A.7.d. Silversides 

As a commercial species along the U.S. West Coast, jacksmelt is a small component of landings, showing 
up intermittently as incidental catch in some fisheries in California. Because jacksmelt are not 
specifically targeting in Oregon fisheries, no logbook, discard data or fishery-dependent biological data 
currently exits for this species group. 
 
Most West Coast commercial catch of jacksmelt over the years has been incidental to 
roundhaul/encircling net fisheries; however, some minor directed catch of jacksmelt, typically by gillnets 
in harbors and bays, has occurred historically with the fish marketed in fresh fish markets. Jacksmelt 
commercial landings have varied over the last 70 years with landings reaching a high in 1945 of 
approximately 1,000 mt (likely a result of the high sardine catches at the time). Since the mid-1990s, 
annual landings have varied between a high of approximately 18 mt to a low of less than a ton (CDFG 
2001; CDFW 2013). From 2000 through 2009, average incidental catch in the coastal purse seine 
fisheries was 5.79 mt, with most of the catch being landed in the Los Angeles area as incidental catch to 
the Coastal Pelagic Species (CPS) fisheries (PFMC 2011a). In California, jacksmelt are also commonly 
caught from piers and along the shoreline (Love 2011) and make up a notable portion of recreational 
landings in the state. 
 
As it relates to fishery exploitation, topsmelt are far less common as incidental catch compared to 

jacksmelt in commercial fisheries, possibly due to their smaller size and lower affinity for schooling. 

Topsmelt are not specifically targeted in Oregon fisheries, although a small amount (10,000 fish) were 
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caught as bycatch in the recreational fishery between 1980-1989 and 1993-2002 (Marine Recreational 

Fishery Statistical Survey 2015). Furthermore, like jacksmelt, topsmelt make up a notable portion of the 

recreational pier and shore catch throughout California, and small amount of the recreational catch in 

Oregon (ODFW 2015; CDFG 2001; CDFW 2013).  

 

No commercial data are available for topsmelt or jacksmelt. Overall, data are not collected with the 

geographic and temporal regularity needed to estimate population abundances. 

 

A.7.e. Osmerid smelts 

No targeted commercial fishing is authorized for these species in ocean waters off the Oregon coast. 
However, smelts are taken as bycatch in the Oregon pink shrimp (Pandalus jordani) fishery (Hannah and 
Jones 2007) and are discarded at sea. Smelts are also taken as bycatch in groundfish fisheries (Al-
Humaidhi et al. 2012). Eulachon are very commonly encountered in Oregon shrimp trawls and can be a 
large component of the bycatch that remains after bycatch reduction devices have excluded the 
majority of incidentally caught fishes (in some years). Recent developments in bycatch avoidance 
strategies in the Oregon pink shrimp fishery such as the use of LED lights along the groundline have led 
to significant reductions in the bycatch of eulachon. Whitebait smelt are commonly encountered when 
shrimpers trawl inside of about 65 fathoms. In recreational fisheries, trace amounts of unspecified 
smelts have been harvested in estuary waters since 2000. 
 
Although there is some fishery-dependent catch data available for some osmerid species, such as 
eulachon and whitebait smelt, data are not collected with the geographic and temporal regularity 
needed to estimate ocean population abundances. Furthermore, no logbook or discard data exists for 
this species group. However, because of growing concern about eulachon sustainability and the recent 
federal ESA listing (Threatened), data sets are developing to inform some aspects of the life history of 
this one species; for example, we now have good estimates of the spawning population returning to the 
Columbia River. 
 

A.7.f. Pelagic squids  

Per the species and species groups covered by this Plan, this section addresses pelagic squids from the 
families: Cranchiidae, Gonatidae, Histioteuthidae, Octopoteuthidae, Ommastrephidae [except Humboldt 
squid (Dosidicus gigas)], Onychoteuthidae, and Thysanoteuthidae, none of which are targeted in any 
Oregon fisheries; also, this section excludes discussion of the market squid (Doryteuthis opalescens = 
Loligo opalescens).  
 
The muscularity required for their flying habits make many ommastrephid species appealing for human 
consumption and they are important commercial fishery targets throughout the world (FAO 2010), 
although they are not known to be targeted in Oregon. Humboldt squid and neon flying squid 
(Ommastrephes bartramii) dominate commercial catches of North Pacific ommastrephids (FAO 2010). 
Neon flying squid were the subject of large high seas driftnet fisheries in the 1970s and 1980s, and have 
been studied by various scientists of North Pacific nations (Yatsu et al. 1997; Bower and Ichii 2005; and 
FAO 2010). Diamond squid (family: Thysanoteuthidae) are not common off of Oregon, and tend not to 
aggregate in large numbers in much of their world habitat, making them more difficult to target in 
commercial fisheries. However, they do aggregate somewhat within the coastal waters of Japan, and are 
caught in relatively large numbers there (Miyahara et al. 2005; FAO 2010). Except for one of the more 
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demersal of the Gonatidae, Berryteuthis magister, gonatid squids are not the subject of target fisheries, 
but they can be taken incidentally in temperate and near-polar fisheries (Jorgensen 2007). Berryteuthis 
magister has been directly targeted in commercial fisheries off Russia and Japan since the 1960s, but is 
primarily taken as bycatch in demersal fisheries off northern North America (Nesis 1997).  
 
Histioteuthid squid and octopoteuthid squids are generally deep water species (Watanabe et al. 2006), 
making them challenging research subjects and less appealing as fishery targets. Some families, such as 
cranchiid and many onychoteuthid squids are unappealing for human consumption due to their 
gelatinous bodies or to their ammonia-filled mantles (FAO 2010).  
 
Because there are no directed fisheries for pelagic squids in Oregon, there are no logbook or fishery-
dependent biological data collected for this group. Furthermore, pelagic squid data are not collected 
with the geographic and temporal regularity needed to estimate population abundances. 
 

A.8. Threats from climate change and oceanographic factors  

Climate change is expected to lead to substantial, and relatively unpredictable, changes to the physical 
oceanography of the CCE, and to related complex impacts to the biological system, including marine 
populations, fisheries, and ecosystem services (Scavia et al. 2002, Harley et al. 2006, Doney et al. 2012). 
Section 4.5 of the Council FEP identifies three major aspects of future climate change that will have 
direct effects on the CCE: ocean temperature, pH (acidity versus alkalinity) of ocean surface waters, and 
deep-water oxygen (or lack thereof, hypoxia). Although the effects of warming ocean temperatures 
have been identified as being negative for eulachon (NMFS 2013a), the effects of climate change on 
other Forage Fish and their ability to adapt to those changes are unknown. 
 
Global average ocean temperature is rising and is expected to rise by at least 1°C by 2050 (by the most 
conservative estimates, IPCC 2007). Concurrently, ocean chemistry is leading to more acidic conditions 
(‘ocean acidification’) in the upper 500 m at a rate of approximately -0.0017 pH per year (Byrne et al. 
2010). On a more regional basis, within the CCE deep-water oxygen levels have shown a steady and 
relatively rapid decrease since the mid 1980’s (Bograd et al. 2008, McClatchie et al. 2010).  
 
These three factors are linked: ocean temperature affects ocean pH (and circulation patterns), ocean 
temperature and deep water oxygen levels can be controlled by large scale circulation patterns, and 
primary production can be affected by both oxygen and pH (Gilly et al. 2013). All three factors show 
long-term trends and decadal-scale variance similar to changes in the Pacific Decadal Oscillation (PDO; 
Mantua et al. 1997) and North Pacific Gyre Oscillation (NPGO; DiLorenzo et al. 2008) climate signals. In 
addition to these three large-scale aspects of climate change, some more immediate and localized 
aspects of climate change observed in coastal marine ecosystem include: intensification of upwelling 
(Bakun, 1990, Schwing and Mendelssohn, 1997), changes in phenology (Bograd et al. 2009), and changes 
in the frequency and intensity of existing temporal climate patterns (Yeh et al. 2009, NMFS 2012, and 
references therein). 
 
These changes in upwelling and major climate patterns result in changes to the phenology of physical 
and biological events within the CCE. Recent trends over the past five years indicate an earlier timing to 
the start of upwelling in the south, and a later start to upwelling in the north (NMFS 2012), with an 
earlier start of upwelling likely leading to higher integrated productivity. In any case, changes in the 
timing of upwelling may result in match-mismatch between predators and their prey, if those timings 
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are somewhat uncoupled (e.g. salmon entering the ocean may have a different timing set by terrestrial 
forcing, as opposed to the timing of upwelling initiation). Changes in the timing of upwelling will also 
likely have impacts all the way up the food chain to the top level predators and consumers, since it is the 
timing and strength of upwelling that primarily controls primary productivity of the CCE, and thereby 
overall productivity. However, the exact nature of how upwelling phenology may change is not clear, as 
it is affected by many factors, such as wind patterns, sea surface temperature (SST), mixing, 
stratification, circulation etc., and may vary by region. These physical factors, SST, mixing, wind etc., are 
in turn controlled by interrelated large-scale patterns – which are undergoing both long-term changes, 
and changes in their strength and variability as described above – therefore further complicating 
prediction of ecosystem response. An important secondary effect of changes in upwelling strength and 
phenology are potential changes in upper ocean pH. Upwelled water may act to further decrease the 
surface ocean pH, which means that changes in upwelling phenology are also likely to change seasonal 
and long-term patterns of ocean pH. 
 
While information is not available for oceanographic interactions on all Forage Fish, many exhibit 
variations in distribution, reproduction, and recruitment based on oceanographic patterns. For example, 
Pacific saury distribution is strongly influenced by SST (Tseng et al. 2013), with a preference for waters 
between 15-18° C. As a result, Pacific saury make extensive migrations from the subtropical spawning 
regions to subarctic regions as temperatures change seasonally. This link between distribution and SST 
may also make Pacific saury susceptible to interannual and interdecadal environmental change (Tseng et 
al. 2013). For this reason, Pacific saury may be a useful indicator of changing oceanographic conditions 
(Brodeur et al. 2005). Among the mesopelagic fishes, myctophids may be potentially good indicators of 
environmental and oceanographic changes because they encounter a variety of water masses (of 
different origin) during their substantial diel vertical migrations (Hsieh et al. 2005; Brodeur and 
Yamamura 2005). 
 

A.9. Threats from non-fishery sources 

Forage Fish species are similar to each other in their place in the food web and in having relatively brief 
lives and high fecundity. However, they have different habitat preferences from each other, which 
means that they may be affected to greater and lesser degrees by a wide variety of human activities. 
Nearshore and anadromous forage fish include osmerid smelts and silversides, as well as Pacific sand 
lance. Forage Fish distributed primarily farther offshore include mesopelagic fish species, Pacific saury, 
and pelagic squids. The nearshore and anadromous Forage Fish are more likely to be affected by non-
fishing human activities, simply because they live in proximity to greater concentrations of humans. 
Non-fishing human activities identified under the ESA, Magnuson-Stevens Act (MSA), and National 
Environmental Protection Act (NEPA) as having effects on species similar to Forage Fish include: 

o Climate change, ocean, and freshwater effects  
o Water quality, including: dredge material disposal, wastewater discharge with pharmaceutical, 

fertilizer, pesticide, and other chemicals, and discharges of oil, fire retardants, and other 
hazardous substances  

o Coastal development, shoreline modification, and nearshore habitat alteration, including 
dredging and other channel disturbances  

o Dams or other water diversions, and  
o Water intake structures 
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In addition to these effects categories, Oregon would also need to consider impact on Forage Fish from 
changes in: 

o Offshore renewable energy development 
o Watershed health, including erosion (sediment load), logging activity, river hydrology 

Non-fishing activities that introduce chemical pollutants, sewage, changes in water temperature, 
salinity, dissolved oxygen, and suspended sediment into the marine environment pose a risk to all 
Forage Fish. Pacific sand lance and atherinopsids that spawn in nearshore gravel and sand may be 
particularly affected by human activities that alter the quantity or quality of nearshore habitat. The 
negative effects of oil contamination of nearshore sand habitat on Pacific sand lance have been noted in 
scientific literature and were thoroughly studied in the wake of the 1989 Prince William Sound oil spill 
(Pinto et al. 1984; Robards et al. 2002). 
 
The effects of shoreline modification and shoreline armoring have been particularly well-studied in 
Puget Sound, and documented as having negative effects on the productivity of osmerid smelts, Pacific 
sand lance, and other Forage Fish (Rice 2006; Pentilla 2007). Dams, other water diversions, and reduced 
freshwater flow may impede anadromous osmerid smelt life cycles in the same way that they impede 
salmon life cycles. The 1996 Recovery Plan for the Sacramento-San Joaquin Delta Native Fishes 
particularly identified reduced freshwater flow, water diversions, and water intake structures as 
affecting the abundance of delta and longfin smelt, both osmerids (USFWS 1996). The 2013 Federal 
Recovery Outline for Pacific Eulachon also identified reduced freshwater flow, dams and water 
diversions, and climate impacts on ocean conditions as threats to eulachon abundance (NMFS 2013a).  
 
Forage Fish may be affected by water pollution, whether introduced by point or non-point sources from 
land, by ships, or energy installations at sea, or by nearshore aquatic human activities like port 
operations and aquaculture. Actions under the jurisdiction of the Federal Energy Regulatory Commission 
(FERC) include permits for energy generating projects located in or immediately adjacent to the coastal 
waters of the U.S. West Coast. Most of the West Coast offshore energy projects are in the testing or 
planning phase for using wave or tidal energy, but analyses of the potential effects (both of individual 
projects and of cumulative effects) of these projects must take into account the effects of those projects 
on the biological environment.  
 
In addition to non-fishing actions that may introduce habitat modification or pollutants into the marine 
environment, there are non-fishing conservation projects or regulations that may positively affect 
Forage Fish, their predators, and other aspects of the biological environment. In 2012, the United States 
Coast Guard (USCG) established a standard for the allowable concentration of living organisms in ships’ 
ballast water discharged in waters of the United States, with the intent of preventing and controlling 
invasions of aquatic nuisance species transported in ships’ ballast water from elsewhere in the world (77 
FR 17254, March 23, 1012). Invasive species often compete with native species for prey and habitat, 
making USCG efforts to limit their spread to U.S. waters beneficial to all native species, including Forage 
Fish. In 2013, the U.S. Environmental Protection Agency (EPA) built on the USCG ballast water 
regulations and standards with general vessel permits for vessel discharges, limiting ballast water and 
pollutant discharge in U.S. waters. 
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A.10. Sustainable harvest levels  

Given the role that Forage Fish play in the CCE and the paucity of available scientific information on 
them collectively, it is recommended that Oregon complement the existing federal action, and prohibit 
new directed commercial harvest of Forage Fish in state waters until we have adequate scientific data 
on the proposed fishery activity and we are able to analyze the potential impacts of the new fishing 
activity on existing fisheries and ecosystem function. This is a precautionary approach, based on the fact 
that we have critical information gaps (see below), which create barriers to understanding the 
population dynamics of Forage Fish either for ecosystem support or as a fishery resource. As such, it is a 
tremendous challenge to understand what sustainable levels of harvest might be, above and beyond 
ecosystem needs, and how management errors at the forage fish level might be amplified up into higher 
trophic levels.  
 

A.11. Information gaps and research needs 

There is little information available for many Forage Fish other than limited life history information. The 
intent of this section is to identify and prioritize informational needs for improving the quality of future 
analyses. Table 1 summarizes the forage fish species’ known data gaps and research needs for each 
species or group. This summary is not intended to be a comprehensive data gap analysis, but is instead 
intended to highlight key research needs to better inform management strategies. 
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Table 1. Known data gaps and research needs for Forage Fish described in the Plan.  

Species or 
Species Group 

Life-History 
Ecology and Habitat 

Associations 
Population Abundance 

and Stock Status 

Mesopelagic 
fishes 

Natural mortality 
unknown. Age, growth, 
maturity, known for most 
groups except 
Bathylagidae.  

Migratory and movement 
patterns of Bathylagidae.  

Abundance and stock 
status not known. 

Pacific Sand 
Lance 

Natural mortality and 
migratory patterns are 
unknown. Little 
information on older (> 
age 3) individuals. Little 
information on spawning 
areas in Oregon 
nearshore. 

Research tends to focus 
on geographically 
localized populations in 
bays and estuaries. 

Abundance and stock 
status not known. 

Pacific Saury 

Natural mortality 
unknown. No scientific 
consensus over lifespan 
and maturity.  

Distribution influenced by 
sea surface 
temperature—
populations may be 
susceptible to changing 
ocean conditions. 

Population estimates for 
the eastern Pacific stock 
are not current. 

Silversides 

Natural mortality 
unknown. Little 
information on spawning 
areas in Oregon 
nearshore. 

Little known about 
jacksmelt importance as 
prey component of 
nearshore environment. 

Abundance and stock 
status not known. 

Smelts 

Species-specific marine 
life stage information. 
Natural mortality 
unknown. Little 
information on spawning 
areas in Oregon 
nearshore. 

Marine life stage 
information. 

Ocean abundance and 
stock status not yet well-
known, but is developing. 

Pelagic Squids 

Natural mortality 
unknown. Little life 
history information for 
Gonatidae, 
Octopoteuthid and 
Onychoteuthid squids. 
Reproductive information 
on Octopoteuthids.  

Species-habitat and 
depth associations 
among Cranchiid and 
Octopoteuthid squids.  

Abundance and stock 
status not known for any 
of the pelagic squid 
species groups.  
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B. Harvest Management Strategy 

Harvest management strategies articulate the goals for Forage Fish both in terms of the resource and 

the people utilizing it. This section examines the issues and practices involved with management of the 

Forage Fish resource.  

B.1. Management goals 

The management goals of this Plan are to provide protections in state waters that complement the 
federal action, by prohibiting new directed commercial harvest of Forage Fish and limiting bycatch in 
other fisheries in order to support existing fisheries and ecosystem function. Additionally, this Plan (and 
the federal action) provides opportunity for consideration of new directed commercial harvest of Forage 
Fish, in the event that interest arises, and when the Department has had an adequate opportunity to 
assess the science relating to any proposed fishery and any potential impacts to our existing fisheries, 
communities, and ecosystem function. 
 
As defined in this Plan, the management goals are as follows: 

 Support existing ecosystem resilience and reliance on Forage Fish 

 Allow existing fisheries  

 Support sustainability of existing fisheries, relative to the reliance on Forage Fish prey 

 Monitor Forage Fish landings.  

 

B.1.a. Biological/Ecological  

The biological and ecological goals of this Plan are to support existing ecosystem reliance on Forage Fish. 
Forage fish are important components of many higher trophic level marine species such as finfish, 
marine mammals, and marine birds. In recognition of the importance of Forage Fish to the larger 
ecosystem, this Plan provides protections for these ecologically important species.  

B.1.b. Socioeconomic  

The socioeconomic goals of this Plan are to avoid constraining existing fisheries. While Forage Fish are 
not currently targeted in Oregon commercial fisheries, some species are taken as bycatch, or caught 
recreationally. The intent of this Plan is to minimize disruption to the fleet, and the protections in this 
Plan are not intended to disrupt or curtail existing commercial fisheries.  

B.1.c. Goals related to other fisheries management  

This Plan is intended to support other fisheries in Oregon, which target species that depend on Forage 
Fish as prey. Fish populations reliant on Forage Fish prey support both state and federal fisheries for 
groundfish, highly migratory species, coastal pelagic species, and salmon.  

B.1.d. Metrics and Monitoring 

This Plan prohibits directed fishing on the defined list of Forage Fish species and species groups, until we 
have adequate scientific data on the proposed fishery activity and we are able to analyze the potential 
impacts of the new fishing activity on existing fisheries and ecosystem function. Enforcement action on 
directed fishing will be gauged by measuring the landing amounts of those same species and species. 
The metrics being used both in federal rule and in this Plan are vessel landings by trip and vessel 
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landings accumulated over a year, based on aggregate weight landed for this group of species. 
Enforcement of vessel landings amounts for Forage Fish require more accurate and precise data on 
Forage Fish landings than had previously been collected, and through this Plan implement new sorting 
and reporting requirements:  

1. New sorting and reporting requirements for the Humboldt squid (Dosidicus gigas). Species-

specific sorting of Humboldt squid allow it to be distinguished from the existing aggregate 

species group “Other Squid”. “Other Squid” includes Forage Fish species groups covered in 

this Plan as well as some that are not – including Humboldt squid. Humboldt squids are large 

schooling squid that are landed in large amounts during some years. With a species-specific 

sorting requirement, high volume landings of Humboldt squid will be easily identified and 

will not be mistaken for a spike in Forage Fish landings.  

2. New reporting requirement for all landed catch. Sorting Forage Fish to species or species 

group is an unreasonable and unnecessary burden to meet the goals of this Plan. However, 

full accounting of all landed catch on fish tickets provides a maximum estimate of possible 

Forage Fish landings, for use in landings trends analysis. While this reporting change does 

not provide an exact metric for Forage Fish nor does it provide an enforceable landings 

amount for all Forage Fish species and species groups, it does provide valuable information 

for monitoring changes in fishery activity.  

B.2. Current issues related to the resource  

Primary concerns about the sustainability of the Forage Fish resource include current and future 
changes in ocean conditions (climate change, El Nino events, etc.) and harvest related to fishmeal 
production (or other reduction products). Although Forage Fish are not targeted for harvest in Oregon, 
some are taken in the fisheries of other nations. Taking into account global landings of all lower trophic 
level species (including those covered by this Plan), this forage group is generally converted into various 
commodities through value-added production processes (Herrick et al. 2009). Based on FAO fisheries 
commodities, production, and trade data from 1976-2009, most of the reported forage species 
commodities production was in the fishmeal and fish oil category. During that period, commodities in 
the fishmeal and fish oil category increased to well over 50% of total annual lower trophic level species 
commodities production. The growing importance forage species to global fishery landings may reflect 
their increasing use in the production of fishmeal and fish oils. 
 
Demand for these species in the production of fishmeal has mainly been driven by the dramatic growth 
of global aquaculture, which is expected to continue into the foreseeable future (Tacon and Metian 
2008; Shamshak and Anderson 2008; and Herrick et al. 2009). The production of many aquaculture 
species depends on forage species to supply the raw ingredients in today’s aquafeeds. In response to 
the recent boom in capture-based aquaculture, demand has increased for whole live/fresh/frozen 
forage species for pen fattening aquaculture operations (Zertuche-Gonzales et al. 2008). The interest in 
wild-caught forage species will likely continue to increase and will be an ongoing concern for the 
sustainability of Forage Fish covered by this Plan, as well as other species. It will also be an ongoing 
business concern for the aquaculture industry, because there are limited effective protein substitutes (in 
comparison to protein substitutes’ success in livestock production). Given the limited potential for 
increasing fishmeal production from forage species collectively it is likely that prices for fishmeal and fish 
oil will continue to rise and that interest in developing fisheries on forage species, including Forage Fish 
in this Plan, all that more likely. This Plan is therefore useful to establish a precautionary approach to 
consider future fishery activity.  
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B.3. Analysis of Forage Fish landings 

Although Forage Fish are not currently targeted in Oregon commercial fisheries, some species are taken 
as commercial bycatch, or caught recreationally. Of the Forage Fish species in this Plan, ODFW 
commercial fishery species landing codes currently identify only barracudina, Pacific sandlance, Pacific 
saury, topsmelt, whitebait smelt, surf smelt and eulachon. Other smelt are coded as “smelt species”. 
Additionally, there is an ODFW commercial fishery code for unspecified squid, although the majority of 
landings are likely Humboldt squid (which are not included as Forage Fish in this plan).  
 
Current Oregon commercial fisheries may land small amounts of forage species as bycatch, with no 
commercial value (Table 2). With the exception of eulachon from the Columbia River and unspecified 
squid species, which are likely Humboldt squid, the annual ex-vessel revenue from Oregon landings of all 
these species has been zero for the past decade. During the mid-1980s, landings of unspecified smelt 
species peaked at 33 mt (Figure 1) with an ex-vessel value of $21,000. Landings of unspecified smelt 
species declined to less than 1 mt in most years after 1989.  
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Table 2. Oregon marine commercial landings (metric tons) of Forage Fish between 2004 and 20162. This does not include Columbia River 

landings. Data source: ODFW commercial fish ticket system. Blank cells indicate no commercial landings reported via fish ticket data.  

Species 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
2 

Barracudinas     < 0.01  0.05 0.01 0.09  < 0.01 0.03 0.02 

Pacific Sandlance              

Pacific Saury         < 0.01    < 0.01  

Silversides              
 Topsmelt              
 Jacksmelt              

Osmerid Smelts              
 Eulachon (marine)       < 0.01   0.08    
 Surf Smelt              
 Whitebait Smelt              
 Unsp. Smelt <0.01     0.01    0.09 0.13  0.26 

Pelagic Squids (Unsp.)
1
    103.15 351.08 63.01 68.92 15.81 20.24 16.43 21.41 30.39 11.84 

1/ Pelagic squid landings are likely comprised of Humboldt squid landings.  
2/ Landings data for partial year; extracted from ODFW commercial fish ticket system on August 17, 2016. 

 
 



Oregon Department of Fish & Wildlife   40 
 

 

 
Figure 1. Oregon landings (metric tons; mt) of unspecified smelts and unspecified squids (likely 
Humboldt squids) between 1981 and 2013. 
 
In recent years, bycatch of these species, excluding unspecified squid species and eulachon, have been 
taken primarily in the whiting fishery, pink shrimp fishery, and groundfish trawl fishery. For example, 
recent annual landings of barracudina, a mesopelagic fish, are very small (<0.1 metric ton) and occur as 
bycatch in the whiting fishery. In the pink shrimp fishery, some Forage Fish are commonly taken but 
discarded at sea. Myctophids are a common bycatch in shrimp trawls at depths greater than about 90 
fathoms; whitebait smelt are common in trawls inside of about 65 fathoms; and Pacific sand lance are 
rarely encountered (R. Hannah, pers. comm., ODFW, Research biologist, January 16, 2014). Eulachon are 
commonly taken in shrimp trawls and can be a large component of the bycatch that remains after 
bycatch reduction devices have excluded the majority of incidentally-caught fishes. 
 
For recreational fisheries, fishing for all Forage Fish is allowed, although recreational fishing for eulachon 
is limited to particular areas. Recreational targeting in marine waters is rare, but does occasionally occur 
for surf smelt near or from shore. Occasionally, Pacific sand lance may be incidentally taken while fishing 
for herring. Between 1980-1989 and 1993-2002 surfsmelt (2,202 total fish), topsmelt (10,000 total fish) 
and night smelt (1,000 total fish) were landed in the state (Marine Recreational Fishery Statistical 
Survey).  
 

B.4. Social and cultural uses  

Little is known about cultural uses of these species. Various smelt species have been part of the diets of 
Native Americans for centuries (see Gustafson et al. 2010 for eulachon in human cultural history). 
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B.5. Biological reference points  

For many Forage Fish, scarce information limits or may even preclude the establishment of allowable 
harvest levels and biological reference points. Development of methods for examining stock status 
trends or indicators for “data-poor” or “data-limited” fisheries is an active area of research.  

B.6. Evaluation of management tools 

The management tools in this Plan are the same as those being implemented by federal action. These 
tools include: 1) trip-level and annual landing limits on vessels landing Forage Fish to Oregon ports, and 
2) annual processing limits of Forage Fish by at-sea and shore-based whiting fisheries. These tools are 
intended to prohibit development of new directed commercial harvest of Forage Fish, until such time 
that we have fishing industry interest to harvest, we have adequate scientific data on the proposed 
fishery activity and we are able to analyze the potential impacts of the new fishing activity on existing 
fisheries and ecosystem function. The following section describes the federal management tools more 
fully and describes the impacts to Oregon’s fisheries and regulatory framework, by state adoption of 
these tools.  

B.6.a Federal regulations on Forage Fish 

In September 2015, the Council approved draft federal regulations providing for management of Forage 
Fish species. These regulations prohibit new directed commercial harvest of Forage Fish in federal 
waters but specify that this prohibition does not apply to fishing occurring entirely within state waters. 
Under the draft federal regulations, a “directed fishery” on Forage Fish is defined as a vessel landing 
solely Forage Fish species without landing any other species, or landing Forage Fish species in amounts 
more than: 1) 10 metric tons combined weight of all Forage Fish species from any fishing trip, or 2) 30 
metric tons combined weight of all Forage Fish species in any calendar year. Processing at sea is 
prohibited, except as allowed while processing groundfish, and the following annual limits are set for 
processing Forage Fish species in whiting fisheries: 1) 1 mt of Forage Fish species other than Forage Fish 
squid or 2) 40 mt of any Forage Fish squid species. Figure 2 shows exact regulatory language as 
published in the Federal Register (final federal regulation), on May 4, 2016.  

B.6.b. Osmerid smelts 

Prior to adoption of this Plan, commercial fishing for Forage Fish was allowed in marine waters off 
Oregon, with the exception of osmerid smelts. Directed commercial fishing for osmerid smelts is 
prohibited and bycatch may not exceed 1% of the landing by weight (OAR 635-004-0545), a bycatch 
definition that is more conservative than the draft federal regulations on Forage Fish. Under this Forage 
Fish Management Plan, the 1% landing limit would still apply for osmerid smelts; osmerid smelts in 
combination with the other species covered by this plan (in aggregate) would be used to determine 
whether the trip or annual landings were in compliance with the definition of directed fishing. While 
commercial fishing for eulachon may occur in the Columbia River if allowed under rule (OAR 635-042-
0130), but this fishing activity is outside the scope of this Plan.  
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Figure 2. Final published federal regulations: 
http://www.westcoast.fisheries.noaa.gov/publications/frn/2016/81fr19054.pdf  

For the reasons set out in the preamble, 50 CFR part 660 is amended as follows: 

 
PART 660—FISHERIES OFF WEST COAST STATES 

1. The authority citation for part 660 continues to read as follows: 
Authority: 16 U.S.C. 1801 et seq., 16 U.S.C. 773 et seq., and 16 U.S.C. 7001 et seq. 

 

2. In § 660.1 revise paragraph (a) to read as follows: 
§ 660.1 Purpose and scope. 

(a) The regulations in this part govern fishing activity by vessels of the United States that fish or support fishing inside the outer 

boundary of the EEZ off the states of Washington, Oregon, and California. 

* * * * * 

 

3. Add subpart B to read as follows: 

Subpart B—All West Coast EEZ Fisheries 
Sec.  

660.5 Shared Ecosystem Component Species. 
660.6 Prohibitions. 

 
§ 660.5 Shared Ecosystem Component Species. 

(a) General. The FMPs implemented in this part 660 each contain ecosystem component species specific to each FMP, as well as 

a group of ecosystem component species shared between all of the FMPs. Ecosystem component species shared between all of 

the Pacific Fishery Management Council’s FMPs, and known collectively as ‘‘Shared EC Species,’’ are: 

(1) Round herring (Etrumeus teres) and thread herring (Ophisthonema libertate and O. medirastre). 

(2) Mesopelagic fishes of the families Myctophidae, Bathylagidae, Paralepididae, and Gonostomatidae. 

(3) Pacific sand lance (Ammodytes hexapterus). 

(4) Pacific saury (Cololabis saira). 

(5) Silversides (family Atherinopsidae). 

(6) Smelts of the family Osmeridae. 

(7) Pelagic squids (families: Cranchiidae, Gonatidae, Histioteuthidae, Octopoteuthidae, Ommastrephidae except Humboldt squid 

[Dosidicus gigas,] Onychoteuthidae, and Thysanoteuthidae). 

(b) Directed commercial fishing for Shared EC Species. For the purposes of this section, ‘‘directed commercial fishing’’ means 

that a fishing vessel lands Shared EC Species without landing any species other than Shared EC Species, or lands Shared EC 

Species with other species and in amounts more than: 

(1) 10 mt combined weight of all Shared EC Species from any fishing trip; or 

(2) 30 mt combined weight of all Shared EC Species in any calendar year. 
 
§ 660.6 Prohibitions. 

In addition to the general prohibitions specified in § 600.725 of this chapter, and the other prohibitions specified in this part, it is 

unlawful for any person to: 

(a) Directed commercial fishing. Engage in directed commercial fishing for Shared EC Species from a vessel engaged in 

commercial fishing within the EEZ off Washington, Oregon, or California. This prohibition does not apply to: 

(1) Fishing authorized by the Hoh, Makah, or Quileute Indian Tribes, or by the Quinault Indian Nation, or 

(2) Fishing trips conducted entirely within state marine waters. 

(b) At-sea processing. At-sea processing of Shared EC Species is prohibited within the EEZ, except while processing groundfish 

in accordance with subpart D of this part. 

 

4. In § 660.112, add paragraphs (d)(16) and (e)(10) to read as follows: 
§ 660.112 Trawl fishery—prohibitions. 

* * * * * 

(d) * * * 

(16) Retain and process more than 1 mt of Shared EC Species other than squid species in any calendar year; or, retain and process 

more than 40 mt of any Shared EC squid species in any calendar year. 

(e) * * * 

(10) Retain and process more than 1 mt of Shared EC Species other than squid species in any calendar year; or, retain and process 

more than 40 mt of any Shared EC squid species in any calendar year. 

http://www.westcoast.fisheries.noaa.gov/publications/frn/2016/81fr19054.pdf
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B.6.c. Regulatory conformance 

For federally-managed species, the Oregon Fish and Wildlife Commission incorporates relevant federal 
regulations into state rule by reference (OAR, Division 003 and Division 004). Further, the regulations are 
extended shoreward to include Oregon’s Territorial Sea (0-3 nautical miles) for management of all 
federally-managed species except salmon, for which federal regulations refer to the fishery 
management area, therefore extension into state waters is not needed. Commercial fishing activity must 
conform to the specified regulations, including the federal list of authorized fisheries and gears (CFR 
Title 50, Part 600.725(v)). Most of the federal Forage Fish regulations are found in a section of federal 
regulations (CFR Title 50, Part 660, Subpart B) which are now incorporated by reference in state 
regulations. State Forage Fish regulations extend into estuaries upstream to the head of tide.  

B.6.d. Monitoring 

Because none of the Forage Fish considered in this Plan are targeted by Oregon marine commercial 
fisheries, and these fisheries only occasionally take small amounts of these species, prohibition of fishery 
targeting will likely have only minor impacts on current Oregon fisheries. However, the new sorting and 
reporting requirements described in B.1.d above inform both state and federal monitoring programs. 
Primarily, the sorting and reporting requirements provide metrics for estimating the maximum possible 
landings of Forage Fish and will be used to inform the annual NMFS State of the California Current 
Ecosystem Report to the PFMC. 

B.6.e. Allowance for new directed commercial harvest 

The Plan is designed to support the decisions and the benefits of the federal action in protecting Forage 
Fish while still allowing consideration for future fishery development. The federal action allows 
development of new directed commercial fisheries on Forage Fish, upon consideration of adequate 
scientific information on the proposed directed fishery and its potential impacts to existing fisheries, 
fishing communities, and the greater marine ecosystem. The federal action provides a mechanism and 
criteria, via an exempted fishery permit, to obtain information, upon approval, about a potential new 
fishery and its impacts. Proposed new directed commercial fishing on Forage Fish species that occurs all 
or in part in federal waters will be evaluated by the Pacific Fisheries Management Council using Council 
Operating Procedure 24 (COP 24). Proposed new directed commercial fishing that would occur only in 
state waters (0-3 miles offshore) will be evaluated by the Department by first developing and then 
implementing guidelines and procedures based on the intent and principles of COP 24.  
 
The Department has mechanisms for allowing new fishing activity including issuance of an 
“Experimental Fishing Gear Permit” – to allow testing of fishing gears that may be used to target Forage 
Fish. Under state rule (OAR 635-006-0020), an experimental fishing gear permit may be issued for the 
taking of food fish provided the use of such fishing gear is not otherwise prohibited by commercial 
fishing laws. In addition, the Oregon Fish and Wildlife Commission may adopt rules to allow new 
directed fishing. 
 
The goal of the Plan is to provide protection for Forage Fish in Oregon state waters adequate to support 
existing ecosystem resilience and reliance on these species, and to ensure precautionary and sustainable 
approaches to potential directed harvest or bycatch of Forage Fish. The Plan complements federal 
regulations developed to protect those Forage Fish species and species groups addressed in the federal 
forage fish actions. The state management tools described in this Plan are metrics of vessel landings by 
trip and vessel landings accumulated over a year, as a measure of directed fishing on this group of 
species. Evaluation of fishery performance over time, as well as enforcement of landings amounts, 
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require more accurate and precise sorting and reporting requirements than were previously in place. 
With adoption of this Plan, metrics are now in place to track ecosystem-relevant changes in Forage Fish 
landings to inform future management decision-making.  
 
 

  



Oregon Department of Fish & Wildlife   45 
 

C. Literature cited and general reference material 

 
Abitía-Cárdenas, L.A., F. Galván-Magaña and J.Rodriquez-Romero. 1997. Food habits and energy values  

of prey of striped marlin, Tetrapturus audux, off the coast of Mexico. Fishery Bulletin 95:360-
368. 

Abitía-Cárdenas, L.A., A. Muhlia-Melo, V. Cruz-Escalona, and F. Galván-Magaña. 2002. Trophic dynamics  
and seasonal energetics of striped marlin, Tetrapturus audux, in the southern Gulf of California, 
Mexico. Fisheries Research 57:287-295. 

Ackman, R.G., S.N. Hooper, S. Epstein and M. Kelleher. 1972. Wax esters of Barracudina lipids: A  
potential replacement for sperm whale oil. Journal of the American oil chemists society. Vol. 29, 
issue 6 pp 378-382. 

Adams, P.B. 1987. The diet of widow rockfish (Sebastes entomelas) in Northern California. Pages 37-41  
in W.H. Lenarz and D.R. Gunderson (eds.), Widow rockfish: Proceedings of a workshop, 11-12 
December 1980, Tiburon, CA. U.S. Dept. Commer., NOAA Technical Memorandum. NMFS-48. 

Adams, J., J.Y. Takekawa, and H.R. Carter. 2004. Stable foraging areas and variable chick diet in Cassin’s  
auklets (Ptychoramphus aleuticus) off southern California. Canadian Journal of Zoology 82: 
1578-1595. 

Ahlstrom, E.H. 1969. Mesopelagic and bathypelagic fishes in the California current region. U.S. Bureau of  
Commercial Fisheries. Fishery-oceanography center. La Jolla, CA. California Marine Resource 
commission. California Cooperative Oceanic Fisheries Investigation (CalCOFI) report 13:39-44. 

Ainley, D.G., D.W. Anderson, and P.R. Kelly. 1981. Feeding Ecology of Marine Cormorants in  
Southwestern North America. The Condor 83: 120-131. 

Ainley, D.G., L.B. Spear, S.G. Allen, and C.A. Ribic. 1996. Temporal and Spatial Patterns in the Diet of the  
Common Murre in California Waters. The Condor 95: 691-705. 

Al-Humaidhi, A.W., M.A. Bellman, J. Jannot, and J. Majewski. 2012. Observed and estimated total  
bycatch of green sturgeon and Pacific eulachon in 2002-2010 U.S. West Coast fisheries. West 
Coast Groundfish Observer Program. NMFS, NWFSC, Seattle WA. 27 pages. 

Allaby, M. 1999. “Bathylagidae.” A Dictionary of Zoology. http://www.encyclopedia.com/doc/1O8- 
Bathylagidae.html. Accessed October 14, 2014. 

Allain, V. 2005. Diet of four tuna species of the Western and Central Pacific Ocean. SPC Fisheries  
Newsletter #114, p 30-33. 

Allen, J.D. 2008. Size-Specific Predation on Marine Invertebrate Larvae. Biological Bulletin 214: 42-49. 
Allen, L.G., and E.E. DeMartini. 1983. Temporal and spatial patterns of nearshore distribution and  

abundance of the pelagic fishes off San Onofre-Oceanside, California. Fishery Bulletin, U.S. 81 
(3):569-586. 

Anderson, D.W. and F. Gress. 1983. Status of a Northern Population of California Brown Pelican. The  
Condor 85: 79-88. 

Antonelis, G.A. and M.A. Perez. 1984. Estimated annual food consumption by northern fur seals in the  
California Current. California Cooperative Oceanic Fisheries Investigation (CalCOFI) Report XXV: 
135-145. 

Antonelis, G.A., M.S. Lowry, D.P. DeMaster, and C.H. Fiscus. 1987. Assessing Northern Elephant Seal  
Feeding Habits by Stomach Lavage. Marine Mammal Science 3: 308-322. 

Arimitsu, M.L., J.F. Piatt, M.A. Litzow, A.A. Bookire, M.D. Romano and M.D. Robards. 2008. Distribution  
and spawning dynamics of capelin (Mallotus villosus) in Glacier Bay, Alaska: a cold water 
refugium. Fisheries Oceanography 17: 137-146. 

Arnott, S.A. and G.D. Ruxton. 2002. Sandeel recruitment in the North Sea: demographic, climatic and  
trophic effects. Marine Ecology Progress Series 238: 199-210. 

http://www.encyclopedia.com/doc/1O8-


Oregon Department of Fish & Wildlife   46 
 

Audubon Society of Portland. 2014. Oregon’s Seabirds and the Role Forage Fish Play in their Diets - A 
literature review. Unpublished report by the Audubon Society of Portland for Pew Charitable 
Trusts.  

Auth, T.D. 2009. Importance of far-offshore sampling in evaluating the ichthyoplankton community in  
the Northern California Current. California Cooperative Oceanic Fisheries Investigation (CalCOFI) 
50: 107-117. 

Aydin, K.Y., G. A. McFarlane, J.R. King, B.A. Megrey, and K.W. Myers. 2005. Linking oceanic food webs to  
coastal production and growth rates of Pacific salmon (Oncorhnchus spp.), using models on 
three scales. Deep-Sea Research 52: 757-780. 

Bakun, A. 1990. Global climate change and intensification of coastal ocean upwelling. Science 247: 198- 
201. 

Baltz, D.M. and G.V. Moorjohn. 1977. Food Habits and Niche Overlap of Seabirds Wintering on Monterey  
Bay, California. The Auk 94: 526-543. 

Barlow, J., M. Kahru, B.G. Mitchell. 2008. Cetacean biomass, prey consumption, and primary production  
requirements in the California Current ecosystem. Marine Ecology Progress Series 371: 285–295. 

Baxter, J.L. 1960. A Study of the Yellowtail Seriola Dorsalis (Gill). California Fish Bulletin No. 110:34-42. 
Beacham, T. 1986. Type, Quantity, and Size of Food of Pacific Salmon (Oncorhynchus) in the Strait of  

Juan de Fuca, British Columbia. Fishery Bulletin 84: 77-89. 
Beamish, R.J., K.D. Leask, O.A. Ivanov, A.A. Balanov, A.M. Orlov, and B. Sinclair. 1999. The ecology,  

distribution, and abundance of midwater fishes of the Subarctic Pacific. Progressive 
Oceanographer 43:399–442. 

Beaudreau, A.H. and T. E. Essington. 2009. Development of a new field-based approach for estimating  
consumption rates of fishes and comparison with a bioenergetics model for lingcod (Ophiodon 
elongatus). Canadian Journal of Fisheries and Aquatic Sciences 66: 565-578. 

Benson, S. R., T. Eguchi, D. G. Foley, et al. 2011. Large-scale movements and high-use areas of western  
Pacific leatherback turtles, Dermochelys coriacea. Ecosphere 2(7):art84. doi:10.1890/ES11-
00053.1. 

Bertram, D.F. and G.W. Kaiser. 1993. Rhinoceros auklet (Cerorhinca monocerata) Nestling Diet May  
Gauge Pacific Sand Lance (Ammodytes hexapterus) Recruitment. Canadian Journal of Fisheries 
and Aquatic Sciences 50: 1908-1915. 

Bertram, D.F., D.L. Mackas, and S.M. McKinnell. 2001. The seasonal cycle revisited: interannual variation  
and ecosystem consequences. Progress in Oceanography 49: 283-307. 

Bograd, S. J., C. G. Castro, E. Di Lorenzo, D. M. Palacios, H. Bailey, W. Gilly, and F. P. Chavez. 2008.  
Oxygen declines and the shoaling of the hypoxic boundary in the California Current. Geophysical 
Research Letters 35: L12607. doi:10.1029/2008GL034185. 

Bograd, S.J., I. Schroeder, N. Sarkar, X. Qiu, W.J.Sydeman, and F. B. Schwing. 2009. Phenology of coastal  
upwelling in the California Current. Geophysical Research Letters 36. L01602, 
doi:10.1029/2008GL035933. 

Bower, J. R. and T. Ichii. 2005. The red flying squid (Ommastrephes bartramii): A review of recent  
research and the fishery in Japan. Fisheries Research 76: 39-55. 

Bower, J. R. and K. Miyahara. 2005. The diamond squid (Thysanoteuthis rhombus): A review of the  
fishery and recent research in Japan. Fisheries Research 73: 1-11. 

Briggs, K.T., W.B. Tyler, D.B. Lewis, P.R. Kelly, and D.A. Croll. 1983. Brown Pelicans in Central and  
Northern California. Journal of Field Ornithology 54: 353-373. 

Brodeur, R.D. 1990. A synthesis of the food habits and feeding ecology of salmonids in marine waters of  
the North Pacific. FRI-UW-9016, Fisheries Research Institute, University of Washington, Seattle, 
38 pages. 

Brodeur, R.D., J.C. Buchanan, and R.L. Emmett. 2014. Pelagic and demersal fish predators on juvenile  



Oregon Department of Fish & Wildlife   47 
 

and adult forage fishes in the northern California Current: spatial and temporal variations. 
CalCOFI Reports 55: 96-114. 

Brodeur, R. D., J.P. Fisher, R.L. Emmett, C.A. Morgan and E. Casillas. 2005. Species composition and  
community structure of pelagic nekton off Oregon and Washington under variable 
oceanographic conditions. Marine Ecology Progress Series 298:41-57. 

Brodeur, R.D., H.V. Lorz, W.G. Pearcy. 1987. Food Habits and Dietary Variability of Pelagic Nekton off  
Oregon and Washington, 1970-1984. U.S. Dept. Commer., NOAA Technical Memorandum NMFS 
57. 

Brodeur, R.D., S. McKinnell, S.K. Nagasawa, W.G. Pearcy, V. Radchenko, and S. Takagi, 1999. Epipelagic  
nekton of the North Pacific Subarctic and Transition Zones. Progressive Oceanographer 43: 365–
397. 

Brodeur R.D., W.G. Pearcy. 1984. Food Habits and Dietary Overlap of Some Shelf Rockfishes (Genus  
Sebastes) from the Northeastern Pacific Ocean. Fishery Bulletin 82:269-293. 

Brodeur R.D., W.G. Pearcy. 1990. Trophic relations of Juvenile Pacific Salmon off the Oregon and  
Washington Coast. Fishery Bulletin 88:617-636. 

Brodeur, R.D., and O. Yamamura, editors. 2005. Micronekton of the North Pacific. PICES Scientific Report  
No. 30. North Pacific Marine Science Organization, Sidney, B.C. 

Brown, E. 2002. Life history, distribution, and size structure of Pacific capelin in Prince William Sound  
and the northern Gulf of Alaska. ICES Journal of Marine Science 59: 983-996. 

Brown, R.F. and B.R. Mate. 1983. Abundance, movements, and feeding habits of harbor seals, Phoca  
vitulina, at Netarts and Tillamook Bays, Oregon. Fishery Bulletin. 81: 291-301. 

Buckley, T.W., G.E. Tyler, D.M. Smith, P.A. Livingston. 1999. Food Habits of Some Commercially  
Important Groundfish off the Coasts of California, Oregon, Washington and British Columbia. 
U.S. Dept. Commerce, NOAA Technical Memorandum NMFS-AFSC-102. 

Burkett, E.E. 1995. Marbeled Murrelet Food Habits and Prey Ecology. Pages 223-246 in United States  
Department of Agriculture Forest Service General Technical Report PSW-152. 

Bush, S. L., B.H. Robison, and R. L. Caldwell. 2009. Behaving in the Dark: Locomotor, Chromatic, Postural,  
and Bioluminescent Behaviors of the Deep-Sea Squid Octopoteuthis deletron Young 1972. 
Biological Bulletin 216: 7-22 

Byrne R., J. Avise. 2009. Multiple paternity and extra-group fertilizations in a natural population of  
California grunion (Leuresthes tenuis), a beach-spawning marine fish. Marine Biology 156 
(8):1681-1690. 

Byrne, R. H., S. Mecking, R.A. Feely and X. Liu. 2010. Direct observations of basin‐wide acidification of  
the North Pacific Ocean. Geophysical Research Letters 37(2). 

California Department of Fish and Game (CDFG). 2001. California’s Living Marine Resources: A Status  
Report California’s Living Marine Resources: Status of the Fisheries Report for 2001. 593 pages. 

CDFG. 2009. Report to the Fish and Game Commission: A Status Review of the Longfin Smelt (Spirinchus  
thaleichthys) in California. 131 pages. 

CDFG. 2013. Status of the Fisheries Report: An Update Through 2011. 227 pages. 
Carretta, J.V., E. Oleson, D.W. Weller, A.R. Lang, K.A. Forney, J. Baker, B. Hanson, K. Martien, M.M.  

Muto, M.S. Lowry, J. Barlow, D. Lynch, L. Carswell, R.L. Brownell Jr., D. K. Mattila, and M.C. Hill.  
2013. U.S. Pacific Marine Mammal Stock Assessments: 2012. U.S. Dept. Commer. NOAA 
Technical Memorandum NOAA-TM-NMFS-SWFSC-504. 378 pages. Available at 
http://www.nmfs.noaa.gov/pr/sars/region.htm 

Cayan, D.R. and D.H. Peterson. 1989. The influence of North Pacific atmospheric circulation on  
streamflow in the west. Geophysical Monograph 55: 375-397. 

Checkley, D.M. and J.A. Barth. 2009. Patterns and processes in the California Current System. Progress in  
Oceanography 83: 49–64. 



Oregon Department of Fish & Wildlife   48 
 

Chen, C-S, Chiu, T-S. 2003. Variations of life history parameters in two geographical groups of the neon  
flying squid, Ommastrephes bartramii, from the North Pacific. Fisheries Research 63: 349-366. 

Cherel, Y. and N. Klages. 1997. A review of the food of albatrosses. Pages 113-136 in Robertson, G. and  
R. Gales (eds.), Albatross Biology and Conservation. Surrey Beatty & Sons, Chipping Norton. 

Chow, W., I.P. Murarka, and R.W. Brocksen. 1981. Entrainment and Impingement in Power Plant Cooling  
Systems. Water Pollution 53: 965-973. 

Christiansen, J., K. Praebel, S.I. Siikavuopio, and J. E. Carscadden. 2008. Facultative semelparity in capelin  
Mallotus villosus (Osmeridae) – an experimental test of a life history phenomenon in a sub-arctic 
fish. Journal of Experimental Marine Biology and Ecology 360: 47-55. 

Clark F.N. 1929. The Life History of the California Jack Smelt, Atherinopsis californiensis. California  
Division of Fish and Game Fish Bulletin 16. 22 pages. 

Clarke, M.R. 1996. Cephalopods as prey III. Cetaceans. Philosophical Transactions of the Royal Society of  
London B 351: 1053-1065. 

Collette, B. B., and C. E. Nauen. 1983. Scombrids of the world. FAO Fisheries Synopsis 125. 137 pages. 
Collis, K., D. Roby, D. Craig, S. Adamy, J. Adkins, and D. Lyons. 2002. Colony Size and Diet Composition of  

Piscivorous Waterbirds on the Lower Columbia River: Implications for Losses of Juvenile 
Salmonids to Avian Predation. Transactions of the American Fisheries Society 131: 537-550. 

Condit, R. and B. LeBoeuf. 1984. Feeding Habits and Feeding Grounds of the Northern Elephant Sea.  
Journal of Mammology 65: 281-290. 

Coto, A., E. Medina and O. Bernal. 2010a. Opisthonema libertate. In: IUCN 2013. IUCN red list of  
threatened species. Version 2013. Available at www.iucnredlist.org 

Coto, A., E. Medina and O. Bernal. 2010b. Opisthonema medirastre. In: IUCN 2013. IUCN red list of  
threatened species. Version 2013. Available at www.iucnredlist.org 

Cox, K. 1949. Pacific saury. The Commercial Fish Catch of California for the Year 1947 With an Historical  
Review 1916 - 1947. California Division of Fish and Game Fish Bulletin 74. p. 122. 

Craig, P.C. 1984. Fish Use of Coastal Waters of the Alaskan Beaufort Sea: A Review. Transactions of the  
American Fisheries Society 111: 265-282. 

Crawford, R. J. M. 1987. Food and population variability in five regions supporting large stocks of  
anchovy, sardines, and horse mackerel. S. Afr. J. Mar. Sci. 5:735–757. 

Crozier, L.G., A.P. Hendry, P.W. Lawson, T.P. Quinn, N.J. Mantua, J. Battin, R.G. Shaw and R.B. Huey.  
2008. Potential responses to climate change in organisms with complex life histories: evolution 
and plasticity in Pacific salmon. Evolutionary Applications 1: 252–270. 

Cury, P., A. Bakun, R. J. M. Crawford, A. Jarre, R. A. Quiñones, L. J. Shannon, and H. M. Verheye. 2000.  
Small pelagics in upwelling systems: patterns of interaction and structural changes in “wasp-
waist” ecosystems. ICES J. Mar. Sci. 57:603–618. 

Daly, E.A., T.D. Auth, R.D. Brodeur, and W.T. Peterson. 2013. Winter ichthyoplankton biomass as a  
predictor of early summer prey fields and survival of juvenile salmon in the northern California 
Current. Marine Ecology Progress Series 484: 203-217. 

Daly, E.A., R.D. Brodeur, and L.A. Weitkamp. 2009. Ontogenetic Shifts in Diets of Juvenile and Subadult  
Coho and Chinook Salmon in Coastal Marine Waters: Important for Marine Survival? 
Transactions of the American Fisheries Society 138: 1420-1438. 

Davidson, P.C., D.M. Checkley Jr., J.A. Koslow, and J. Barlow 2013. Carbon export mediated by  
mesopelagic fishes in the northeast Pacific Ocean. Progress in Oceanography. 116: 14-30. 

Davis, N. D., K.Y. Aydin, and Y. Ishida. 2000. Diel Catches and Food Habits of Sockeye, Pink, and Chum  
Salmon in the Central Bering Sea in Summer. North Pacific Anadromous Fish Commission 
Bulletin 2: 99-109. 

Davoren, G. K. and A.E. Burger. 1999. Differences in prey selection and behavior during self-feeding and  
chick provisioning in rhinoceros auklets. Animal Behaviour 58: 853-863. 



Oregon Department of Fish & Wildlife   49 
 

Denlinger, L.M. 2006. Alaska Seabird Information Series. Unpublished Report, USFWS Migratory Bird  
Management, Nongame Program, Anchorage, AK. 92 pages. Available at 
http://www.fws.gov/alaska/mbsp/mbm/seabirds/pdf/asis_complete.pdf. 

Di Lorenzo, E., N. Schneider, K.M. Cobb, P.J.S. Franks, K. Chhak, A.J. Miller, J.C. McWilliams, S.J. Bograd,  
H. Arango, E. Churchitser, T.M. Powell, and P. Rivière. 2008. North Pacific Gyre Oscillation links 
ocean climate and ecosystem change. Geophysical Research Letters 35(8). 

Dodson, J.J., S. Tremblay, F. Colombani, J.A. Carscadden, and F. Lecomte. 2007. Trans-Arctic dispersals  
and the evolution of a circumpolar marine fish species complex, the capelin (Mallotus villosus). 
Molecular Ecology 16: 5030-5043. 

Doney, S.C., M. Ruckelshaus, J.E. Duffy, J. P. Barry, F. Chan, C. A. English, H. M. Galindo, J. M. Grebmeier,  
A. B. Hollowed, N. Knowlton, J. Polovina, N. N. Rabalais, W. J. Sydeman, and L. D. Talley. 2012. 
Climate change impacts on marine ecosystems. Annual Review in Marine Science 4: 11-37. 

Drazen, J.C., T. W. Buckley, and G. R. Hoff. 2001. The feeding habits of slope dwelling macrourid fishes in  
the eastern North Pacific. Deep-Sea Research 48: 909-935. 

Dufault, A., K. Marshall, and I. Kaplan. 2009. A Synthesis of Diets and Trophic Overlap of Marine Species  
in the California Current. U.S. Dept. Commer., NOAA Technical Memorandum NMFS-NWFSC-
103. 44 pages. 

Dumbauld, B.R., D.L. Holden, and O.P. Langness. 2008. Do sturgeon limit burrowing shrimp populations  
in Pacific Northwest Estuaries? Environmental Biology of Fishes 83: 283-296. 

Dunham, J.S. and D.A. Duffus. 2002. Diet of Gray Whales (Eschrichtus robustus) in Clayoquot Sound,  
British Columbia, Canada. Marine Mammal Science 18: 419-437. 

Ebert, D. A., J.J. Bizzarro, S.C. Brown, M.D. Boyle, and G.M. Cailliet. 2008. Diet and trophic ecology of  
skates in the Gulf of Alaska (Raja and Bathyraja spp.): ecological information for ecosystem-
based management of demersal resources. North Pacific Research Board Project 621 Final 
Report. 57 pages. 

Emmett R.L., S.A. Hinton, S.L. Stone, M.E. Monaco. 1991. Distribution and abundance of fishes and  
invertebrates in west coast estuaries, Volume II: Species life history summaries. ELMR Report No 
8. 329 p. Available from: NOAA/NOS Strategic Environmental Assessments Division. Rockville, 
MD.  

Emmett, R.L. and G. Krutzikowsky. 2008. Nocturnal feeding of Pacific hake and jack mackerel off the  
mouth of the Columba River, 1998-2004: implications for juvenile salmon predation. Transaction 
of the American Fisheries Society 137: 657-676. 

Environmental Protection Agency (EPA) of the United States, Office of Federal Activities. 1999.  
Consideration of Cumulative Impacts in EPA Review of NEPA Documents. EPA 315-R-99-002. 
Washington, D.C. 22 pages. 

Eschmeyer, W.N., E.S. Herald, H. Hammann and K. Smith. 1983. A field guide to Pacific Coast fishes of  
North America. Houghton Mifflin, Boston. 352 pages. 

Essential Fish Habitat Review Committee (EFHRC). 2012. Pacific Coast Groundfish 5-Year Essential Fish  
Habitat Report to the Pacific Fishery Management Council, Phase 1: New Information. 452 
pages. 

Etnoyer, P. and L. Morgan. 2005. Habitat-forming deep-sea corals in the Northeast Pacific Ocean. Pages  
331-343 in A. Freiwald and J.M. Roberts (eds). Cold-water corals and ecosystems. Springer, New 
York, NY. 

Executive Order 12612. The President of the United States. Federalism guidelines. October 26, 1987. 
Executive Order 12866. The President of the United States. Regulatory Planning and review. September 

30, 1993. 
Executive Order 12898. The President of the United States. Federal actions to address environmental  

justice in minority populations and low-income populations. February 11, 1994. 



Oregon Department of Fish & Wildlife   50 
 

Executive Order 13132. The President of the United States. Federalism. August 4, 1999. 
Executive Order 13175. The President of the United States. Consultation and coordination with Indian  

tribal governments. November 6, 2000. 
Executive Order 13186. The President of the United States. Responsibilities of federal agencies to  

protect migratory birds. January 10, 2001. 
Feder, H.M., C.H. Turner, C. Limbaugh. 1974. Observations on fishes associated with kelp beds in  

southern California. Calif Fish Bull 160:101-103. 
Federal Register, Volume 74 No. 59444. November 17, 2009. A final rule removing the brown pelican  

(Pelecanus occidentalis) From the Federal List of Endangered and Threatened Wildlife. 
Federal Register, Volume 75 No. 78344. December 15, 2010. A final rule implementing additional  

program details for the trawl rationalization program. 
Federal Register, Volume 77 No. 17254. March 23, 2012. Standards for Living Organisms in Ships’ Ballast  

Water Discharged in U.S. Waters. 
Federal Register, Volume 78 No. 65844. November 1, 2013. USFWS updated its List of Migratory Birds  

protected under the Migratory Bird Treaty Act. 
Federal Register, Volume 79 No. 46214. August 7, 2014. Proposed rule to update Federal list of  

authorized fisheries and gear issued under section 305(a) of the Magnuson-Stevens Fishery 
Conservation and Management Act. 

Federal Register, Volume 79 No. 50589. August 25, 2014. Proposed rule for the National Marine  
Fisheries Service to publish its proposed List of Fisheries for 2015, as required by the Marine 
Mammal Protection Act. 

Fiedler, P.C., S. B. Reilly, R. P. Hewitt, D. Demer, V. A. Philbrick, S. Smith, W. Armstrong, D. A. Croll, B. R.  
Tershy, B. R. Mate. 1998. Blue whale habitat and prey in the California Channel Islands. Deep-
Sea Research II 45: 1781-1801. 

Field, L.J. 1988. Pacific sand lance, Ammodytes hexapterus, with notes on related Ammodytes species.  
Pages 15-33 in Wilimovsky, N.J., L.S. Incze, and S.J. Westrheim (eds.), Species Synopses: life 
histories of selected fish and shellfish of the northeast Pacific and Bering Sea. Washington Sea 
Grant, Seattle, USA. 

Field, J. C. 2013. Status of bocaccio, Sebastes paucispinis, in the Conception, Monterey and Eureka INPFC  
areas as evaluated for 2013. 78 pages. Available at  
http://www.pcouncil.org/wp-content/uploads/Bocaccio_2013_Assessment_Update.pdf 

Field, J.C., R.C. Francis, and K.Y. Aydin. 2006. Top-down and bottom up dynamics: linking a fisheries- 
based ecosystem model with climate hypotheses in the Northern California Current. Progressive 
Oceanographer 68:238–270. 

Fiscus, C.H., D.W. Rice, and A.A. Wolman. 1989. Cephalopods from the Stomachs of Sperm Whales taken  
off California. U.S. Dept. Commerce, NOAA Technical Memorandum NMFS 83. Available at 
http://spo.nwr.noaa.gov/tr83opt.pdf 

Fitch, J.E. and R.B. Brownell, Jr. 1968. Fish Otoliths in Cetacean Stomachs and Their Importance in  
Interpreting Feeding Habits. Journal Fisheries Research Board of Canada. 25(12): 2561-2574. 

Flinn, R.D., A.W. Trites, and E.J. Gregr. 2002. Diets of Fin, Sei, and Sperm Whales in British Columbia: An  
Analysis of Commercial Whaling Records, 1963-1967. Marine Mammal Science 18: 663-679. 

Food and Agriculture Organization (FAO). 1997. Review of the state of world fishery resources: Section  
2. Lanternfishes: A potential fishery in the northern Arabian Seas. Marine Fisheries Circular No. 
920 FIRM/C920. Rome. ISSN 0429-9329. 

FAO. 2010. Cephalopods of the World: An Annotated and Illustrated Catalogue of Cephalopod Species  
Known to Date (Volume 2. Myopsid and Oegopsid Squids). P. Jereb and C. Roper (eds.). Rome. 
649 pages. 

FAO. 2013. FAO Yearbook. Fishery and Aquaculture Statistics. 2011. ISSN 2070-6057. Rome 76 pages.  



Oregon Department of Fish & Wildlife   51 
 

Available at http://www.fao.org/docrep/019/i3507t/i3507t.pdf 
Ford, J.K.B., G.M. Ellis, L.G. Barrett-Lennard, A.B. Morton, R.S. Palm, and K.C. Balcolm III. 1998. Dietary  

specialization in two sympatric populations of killer whales (Orcinus orca) in coastal British 
Columbia and adjacent waters. Canadian Journal of Zoology 76: 1456-1471. 

Frederiksen, M., S. Wanless, M.P. Harris, P. Rothery, and L.J. Wilson. 2004. The role of industrial fisheries  
and oceanographic change in the decline of North Sea black-legged kittiwakes. Journal of 
Applied Ecology 41: 1129-1139. 

Fréon, P., J. Arístegui, A. Bertrand, R.J.M. Crawford, J.C. Field, M.J. Gibbons, J. Tam, L. Hutchings, H.  
Masski, C. Mullon, M. Ramdani, B. Seret, and M. Simier. 2009. Functional group biodiversity in 
Eastern Boundary Upwelling Ecosystems questions the wasp-waist trophic structure. Progress in 
Oceanography 83: 97-106. 

Fritzsche, R.A., R.H. Chamberlain, and R. A. Fisher. 1985. Species Profile: Life Histories and  
Environmental Requirements of Coastal Fishes and Invertebrates (Pacific Southwest): California 
Grunion. U.S. Fish and Wildlife Service Biological Report 82 (11.28). 12 pages. 

Frost, K.J. and Lowry, L.F. 1981. Foods and trophic relationships of cetaceans in the Bering Sea. Pages  
825-836 in Hood, D.W., and Calder, J.A. (eds.), The eastern Bering Sea Shelf: Oceanography and 
Resources. Vol.2. University of Washington Press, Seattle, USA. 

Furness, R.W. 2002. Management implications of interactions between fisheries and sandeel-dependent  
seabirds and seals in the North Sea. ICES Journal of Marine Science 59: 261-269. 

Gabriel, W.L. and W.G. Pearcy. 1981. Feeding Selectivity of Dover Sole, Microstomus pacificus, off  
Oregon. Fishery Bulletin 79: 749-763. 

Gaskin, D. E. 1982. The Ecology of Whales and Dolphins. Heinemann, London. 459 pages. 
Gilly, W, J.M. Beman, S.Y. Litvin and B. Robison. 2013. Oceanographic and biological effects of shoaling  

of the oxygen minimum zone. Annual Reviews in Marine Science 5:393–420. doi: 
10.1146/annurev-marine-120710-100849. 

Gladics, A.J., R.M. Suryan, R.D. Brodeur, L.M. Segui, and I.Z. Filliger. 2014. Constancy and change in  
marine predator diets across a shift in oceanographic conditions in the northern California 
Current. Marine Biology 161: 837-851. 

Glaser S.M. 2009. Foraging ecology of North Pacific albacore in the California Current System. Ph.D.  
Dissertation, University of California, San Diego. 213 pages. 

Gjøsæter, J. and K. Kawaguchi. 1980. A review of the world resources of mesopelagic fish. FAO Fisheries  
Technical Paper 193:1-150. 

Gould, P., P. Ostrom, and W. Walker. 1997a. Trophic relationships of albatrosses associated with squid  
and large-mesh drift-net fisheries in the North Pacific Ocean. Canadian Journal of Zoology 75: 
549-562. 

Gould, P., W. Walker, and P. Ostrom. 1997b. Foods of Northern Fulmars Associated with High-Seas Drift  
Nets in the Transitional Region of the North Pacific. Northwestern Naturalist 78: 57-61. 

Green-Ruiz, Y. and D. Acal-Sánchez. 1987. Distribution and abundance of fish larvae and estimation of  
spawning biomass of Etrumeus teres (Dekay) in the Gulf of California, April 1985. Ciencias 
Marinas 13(3): 69-96. 

Greenstreet, S.P.R., E. Armstrong, H. Mosegaard, H. Jensen, I.M. Gibb, H.M. Fraser, B.E. Scott, G.J.  
Holland, and J. Sharples. 2006. Variation in the abundance of sandeels Ammodytes marinus off 
southeast Scotland: an evaluation of area-closure fisheries management and stock abundance 
assessment methods. ICES Journal of Marine Science 63: 1530-1550. 

Grimaldo, L.F., T. Sommer, N. Van Ark, G. Jones, E. Holland, P.B. Moyle, B. Herbold, and P. Smith. 2009.  
Factors Affecting Fish Entrainment into Massive Water Diversions in a Tidal Freshwater Estuary: 
Can Fish Losses be Managed? North American Journal of Fisheries Management 29: 1253-1270. 

Grinols, R.B. and C.D. Gill. 1968. Feeding behavior of three oceanic fishes (Oncorhynchus kisuch,  



Oregon Department of Fish & Wildlife   52 
 

Trachurus symmetricus, and Anoplopoma fimbria) from the Northeastern Pacific. Journal of the 
Fisheries Research Board of Canada 25:825-827. 

Groot, C., L. Margolis, and W.C. Clarke, editors. 1995. Physiological Ecology of Salmon. Vancouver: UBC  
Press. 510 pages. 

Grover, J.J. and B.L. Olla. 1983. The Role of the Rhinoceros Auklet (Cerorhinca monocerata) in Mixed- 
Species Feeding Assemblages of Seabirds in the Strait of Juan de Fuca, Washington. The Auk 
100: 979-982. 

Gustafson, R.G., M.J. Ford, D. Teel, and J.S. Drake. 2010. Status review of eulachon (Thaleichthys  
pacificus) in Washington, Oregon, and California. U.S. Dept. Commer., NOAA Technical 
Memorandum NMFS-NWFSC-105, 360 pages. 

Hannah, R. W. and S. A. Jones. 2007. Effectiveness of bycatch reduction devices (BRDs) in the ocean  
shrimp (Pandalus jordani) trawl fishery. Fisheries Research 85: 217-255. 

Hannah, R. W. Research Biologist. Oregon Department of Fish and Wildlife, Newport, OR. January 16,  
2014. Personal communication with Cyreis Schmitt regarding forage fish bycatch. 

Hanni, K.D., D.J. Long, R.E. Jones, P. Pyle, and L.E. Morgan. 1997. Sightings and Strandings of Guadalupe  
Fur Seals in Central and Northern California, 1988-1995. Journal of Mammology 78: 684-690. 

Hanson, M.T. and R.H. DeFran. 1993. The behaviour and feeding ecology of the Pacific coast bottlenose  
dolphin, Tursiops truncates. Aquatic Mammals 19: 127-142. 

Harley, C.D.G., A.R. Hughes, K.M. Hultgren, B.G. Miner, C.S. Thornber, L.F. Rodriguez, L. Tomanek, and  
S.L. Williams. 2006. The impacts of climate change in coastal marine systems. Ecology Letters 9: 
228–241. 

Hashimoto, H. 1984. Population structure of the sand eel around Japan. Bulletin of the Japanese Society  
of Scientific Fisheries. 50: 1357-1365. 

Hatch, S.A. 1993a. Ecology and population status of Northern fulmars Fulmaris glacialis of the North  
Pacific. Pages 82-92 in Vermeer, K., K.T. Briggs, K.H. Morgan, and D. Siegel-Causey (eds.), The 
status, ecology, and conservation of marine birds of the North Pacific. Canadian Wildlife Service, 
Victoria, Canada. 

Hatch, S.A. 1993b. Status and ecology of kittiwakes (Rissa tridactyla and R. brevirostris) in the North  
Pacific. Pages 140-153 in Vermeer, K., K.T. Briggs, K.H. Morgan, and D. Siegel-Causey (eds.), The 
status, ecology, and conservation of marine birds of the North Pacific. Canadian Wildlife Service, 
Victoria, Canada. 

Hatch, S.A. 2013. Kittiwake diets and chick production signal a 2008 regime shift in the Northeast Pacific.  
Marine Ecology Progress Series 477: 271-284. 

Haynes, T.B., R.A. Ronconi, and A.E. Burger. 2007. Habitat Use and Behavior of the Pacific Sand Lance  
(Ammodytes hexapterus) in the Shallow Subtidal Region of Southwestern Vancouver Island. 
Northwestern Naturalist 88: 155-167. 

Hedd, A., D.F. Bertram, J.L. Ryder, and I.L. Jones. 2006. Effects of interdecadal climate variability on  
marine trophic interactions: rhinoceros auklets and their fish prey. Marine Ecology Progress 
Series 309: 263-278. 

Herke, W. H. and B. D. Rogers. 1993. Maintenance of the estuarine environment. Pages 263-286 in: C. C.  
Kohler and W. A. Hubert (eds.) Inland Fisheries Management in North America. American 
Fisheries Society, Bethesda, Maryland. 

Herrick, Jr, S.F., J.G. Norton, R. Hannesson, U.R. Sumaila, M. Ahmed and J.Pena-Torres. 2009. Global  
production and economics of small pelagic fish. Pages 256-274 in: Checkley, D.M., C. Roy, J. 
Alheit, and Y. Oozeki (eds.), Climate Change and Small Pelagic Fish. Cambridge University Press, 
UK. 

Hickey, B.M. 1998. Coastal oceanography of Western North America from the tip of Baja California to  



Oregon Department of Fish & Wildlife   53 
 

Vancouver Island. Pages 345-393 in: A.R. Robinson and K.H. Brink (eds.) The Sea, Volume 11. 
Wiley and Sons: New York. 

Hills, S. and C. Fiscus. 1988. Cephalopod Beaks from the Stomachs of Northern Fulmars (Fulmaris  
glacialis) Found Dead on the Washington Coast. The Murrelet (69): 15-20. 

Hipfner, J.M. and M. Galbraith. 2013. Spatial and temporal variation in the diet of the Pacific sand lance  
Ammodytes hexapterus in waters off the coast of British Columbia, Canada. Journal of Fish 
Biology 83: 1094-1111. 

Hobson, E.S. 1986. Predation on the Pacific Sand Lance, Ammodytes hexapterus (Pisces: Ammodytidae),  
during the Transition between Day and Night in Southeastern Alaska. Copeia 1986: 223-226. 

Holt, C.A. and N. Mantua. 2009. Defining the spring transition: Regional indices for the California Current  
System. Marine Ecology Progress Series 393: 285-299. 

Horn, M.H. and L.G. Allen. 1985. Fish community ecology in southern California bays and estuaries. In: A.  
Yanez-Aranciba (ed.), Fish Community Ecology in Estuaries and Coastal Lagoons: Towards and 
Ecosystem Integration. DR. (R) UNAM, Mexico. Pages 169-190. 

Horn M.H., A.K Gawlicka, D.P German, E.A. Logothetis, J.W. Cavanaugh, K.S. Boyle. 2006. Structure and  
function of the stomachless digestive system of three related species of New World silverside 
fishes (Atherinopsidae) representing herbivory, omnivory, and carnivory. Marine Biology 149 
(5):1237-1245. 

Hoss, D. E. and G. W. Thayer. 1993. The importance of habitat to the early life history of estuarine  
dependent fishes. American Fisheries Society Symposium 14:147-158. 

Hoving, H.J., S.L. Bush, and B.H. Robison. 2012. A shot in the dark: same-sex sexual behavior in a deep- 
sea squid. Biology Letters 8: 287-290. 

Hsieh, C.; C. Reiss; W. Watson; M.J. Allen; J.R. Hunter; R.N. Lea; R.H. Rosenblatt; P.E. Smith & G.  
Sugihara. 2005. A comparison of long-term trends and variability in populations of larvae of 
exploited and unexploited fishes in the Southern California region: A community approach. 
Progress in Oceanography 67: 160-185. 

Huang, W, N.C.H. Lo, T Chiu and C Chen. 2007. Geographical distribution and abundance of Pacific saury,  
Cololabis saira (Brevoort) (Scomberesocidae), Fishing Stocks in the Northwestern Pacific in 
Relation to Sea Temperatures. Zoological Studies 46(6): 705-716. 

Hubbs, C.L. 1925. A revision of the osmerid fishes of the North Pacific. Proceedings of the Biological  
Society of Washington 38: 49-56. 

Hubbs, C.L. and R.L. Wisner. 1980. Revision of the sauries (Pisces, Scomberesocidae) with description of  
two new genera and one new species. Fishery Bulletin (77): 521–566. 

Huff, D.D., S.T. Lindley, P.S. Rankin, and E.A. Mora. 2011. Green sturgeon physical habitat use in the  
coastal Pacific Ocean. PLoS ONE 6(9): e25156. doi: 10.1371/journal.pone.0025156. 

Hunt, G.L. and M.W. Hunt. 1976. Exploitation of Fluctuating Food Resources by Western Gulls. The Auk  
93: 301-307. 

Hunt, G.L. Jr., H. Kato and S.M. McKinnell. 2000. Predation by marine birds and mammals in the  
subarctic North Pacific Ocean. PICES Scientific Report No. 14. 

Hunt, S.L., T.J. Mulligan, and K. Komori. 1999. Oceanic feeding habits of Chinook salmon, Onchorhynchus  
tshawytscha, off northern California. Fishery Bulletin 97: 717-721. 

Ilves, K.L. and E.B. Taylor. 2008. Evolutionary and biogeographical patterns within the smelt genus  
Hypomesus in the North Pacific Ocean. Journal of Biogeography 35: 48-64. 

Industrial Economics, Inc. 2012. Identification of Outer Continental Shelf renewable energy space-use  
conflicts and analysis of potential mitigation measures. U.S. Department of the Interior, Bureau 
of Ocean Energy Management, Herndon, VA. OCS Study BOEM 2012-083. 414 pages. Available 
at http://www-



Oregon Department of Fish & Wildlife   54 
 

csgc.ucsd.edu/BOOKSTORE/Resources/BOEM_Renewable_Energy_Space_Use_Conflicts_Report
_for_CA.pdf 

Irigoien, X., T.A. Klevjer, A Rostad, U. Martinez, G. Boyra, J.L. Acuna, A. Bode, F. Eschevarria, J.I.  
Gonzales-Gordilla, S. Hernandez-Leon, S. Agusti, D.L. Aksnes, C. Duarte and S. Kaartveti. 2014. 
Large mesopelagic fishes biomass and trophic efficiency in the open ocean. Nature 
Communications. Macmillan Publishers Ltd. Pages 1-10. 

Johnson, A.G. and H.F. Horton. 1972. Length-Weight Relationship, Food Habits, Parasites, and Sex and  
Age Determination of the Ratfish, Hydrolagus colliei (Lay and Bennett). Fishery Bulletin 70: 421-
429. 

Jones, B.C. and G.H. Geen. 1977. Food and Feeding of Spiny Dogfish (Squalus acanthias) in British  
Columbia Waters. Journal of the Fisheries Research Board of Canada 34: 2067-2078. 

Jorgensen, E.M. 2007. Identification, Distribution and Relative Abundance of Paralarval Gonatid Squids 
(Cephalopoda: Oegopsida: Gonatidae) from the Gulf of Alaska, 2001–2003. Journal of Molluscan Studies 
73: 155–165. 
Kaartvedt, S., A. Staby and D.L. Aksnes 2012. Efficient trawl avoidance by mesopelagic fishes causes 

 large underestimate of their biomass. Marine Ecology Progress Series. Vol 456: 1-6. 
Kao, J.S. 2000. Diet, Daily Ration and Gastric Evacuation of the Leopard Shark (Triakis semifasciata). M.S.  

Thesis, California State University, Hayward. 104 pages. 
Kato, S. 1992. Pacific saury. Pages 199-201 in W.S. Leet, C.M. Dewees, and C.W. Haugen (eds.),  

California's living marine resources and their utilization. California Sea Grant Extension 
Publication UCSGEP-92-12, Davis, CA. 

Kaeriyama, M., M. Nakamura, R. Edpalina, J.R. Bower, H. Yamaguchi, R.V. Walker, and K.W. Myers. 2004.  
Change in feeding ecology and trophic dynamics of Pacific salmon (Oncorhynchus spp.) in the 
central Gulf of Alaska in relation to climate events. Fisheries Oceanography 13: 197-207. 

Kasamatsu, F. and S. Tanaka. 1991. Annual changes in prey species of minke whales taken off Japan  
1948-87. Nippon Suisan Gakkaishi 58: 637-651. 

Kawakami, T. 1980. A review of sperm whale food. Scientific Reports of the Whales Research Institute  
32: 199-218. 

Keitt, B.S., B.R. Tershy and D.A. Croll. 2003. Breeding biology and conservation of the Black-vented  
Shearwater Puffinus opisthomelas. Ibis 145: 673-680. 

Ketchen, K.S. and C.R. Forrester. 1966. Population Dynamics of the Petrale Sole, Eopsetta jordani, in  
waters off western Canada. Fisheries Research Board of Canada Bulletin No. 153. 195 pages. 

Kitagawa, M., T. Azumaya, K. Myers, and M. Kaeriyama. 2005. Spatial Comparison of the Feeding  
Ecology of Sockeye (Oncorhynchus nerka) and Pink Salmon (O. gorbuscha) in the Ocean during 
the Summer of 2003. North Pacific Anadromous Fish Commission Technical Report No. 6. 

Kitaguchi, T. 1979. A taxonomic study of sand lances (genus Ammodytes) in the waters of the northern  
coast of Hokkaido, Japan. Scientific Reports of Hokkaido Fisheries Experimental Station 21:17-
30. 

Kock, K.H. 2000. Understanding CCAMLR approach to management. Commission for the Conservation of  
Antarctic Marine Living Resources. Hobart, Australia. 70 pages. 

Kubodera, T., H. Watanabe, and T. Ichii. 2007. Feeding habits of the blue shark, Prionace glauca, and  
salmon shark, Lamna ditropis, in the transition region of the Western North Pacific. Reviews in 
Fish Biology and Fisheries 17: 111-124. 

Laidig, T.E., P.B. Adams, and W.M. Samiere. 1997. Feeding Habits of Sablefish, Anoplopoma fimbria, off  
the Coast of Oregon and California. Pages 65-79 in M.S. Wilkins and M.W. Saunders (eds.), 
Biology and management of sablefish, Anoplopoma fimbria: Papers from the international 
symposium. U.S. Dept. Commer., NOAA Technical Report NMFS 130. 

Lance, M. M. and S.J. Jeffries. 2009. Harbor seal diet in Hood Canal, South Puget Sound and the San Juan  



Oregon Department of Fish & Wildlife   55 
 

Island Archipelago. Contract Report to Pacific States Marine Fisheries Commission for Job Code 
497; NOAA Award No. NA05NMF4391151. Washington Department of Fish and Wildlife, 
Olympia WA. 30 pages. 

Lander, M.E., F.M.D. Gulland, and R.L. DeLong. 2000. Satellite tracking a rehabilitated Guadalupe fur  
seal (Arctocephalus townsendi). Aquatic mammals 26.2: 137-142. 

Lang, G.M. and P.A. Livingston. 1986. Food habits of key groundfish species in the Eastern Bering Sea  
slope region. NOAA Technical Memorandum NMFS-AFSC-67. 112 pages. 

LeBrasseur, R. J. 1966. Stomach Contents of Salmon and Steelhead Trout in the Northeastern Pacific  
Ocean. Journal of the Fisheries Research Board of Canada. 23: 85-100. 

Light, J.T. 1985. Food and feeding of steelhead trout in the epipelagic waters of the North Pacific  
Ocean. (Document submitted to the annual meeting of the INPFC, Tokyo, Japan, November 
1985.) Fisheries Research Institute, FRI—UW-85O7, University of Washington, Seattle. 25 pages. 

Litzow, M.A., J.F. Piatt, A.A. Abookire, A.K. Prichard, and M.D. Robards. 2000. Monitoring temporal  
variability in sandeel (Ammodytes hexapterus) abundance with pigeon guillemot (Cepphus 
columba) diets. ICES Journal of Marine Science 57: 976-986. 

London, J.M., M.M. Lance, and S.J. Jeffries. 2002. Observations of Harbor Seal Predation on Hood Canal  
Salmonids from 1998 to 2000. Contract Report to Pacific States Marine Fisheries Commission for 
Contract 02-15; NOAA Award No. NA17FX1603. Washington Department of Fish and Wildlife, 
Olympa WA. 20 pages. 

López-Martinez, J., M. O. Nevárez-Martinez, R.E. Molina-Ocampo, and F.A. Manrique-Colchado. 1999.  
Overlap in the Type and Suze of the Prey that Compose the Diet of the Pacific Sardine Sardinops 
caeruleus (Girard, 1856), Thread Herring Opisthonema libertate (Gunther, 1867) and Northern 
Anchovy Engraulis mordax (Girard, 1856) in the Gulf of California. Ciencias Marinas 25: 541- 
556. 

Love, M.S. 2011. Certainly More than You Want to Know About the Fishes of the Pacific Coast. Really  
Big Press, Santa Barbara. 650 pages. 

Lowry, M.S. 2011. Photographic catalog of California marine fish otoliths: Prey of California sea lions  
(Zalophus californianus). U.S. Dept. Commer., NOAA Technical Memorandum NOAA-TM- NMFS-
SWFSC-483. 

Lynn, R. J., S.J. Bograd, T.K. Chereskin and A. Huyer. 2003. Seasonal renewal of the California  
Current: The spring transition off California. Journal of Geophysical Research: Oceans (1978–
2012): 108(C8). 

Macy, P.T., J.M. Wall, N.D. Lampsakis, J.E. Mason. 1978. Resources of non-salmonid pelagic fishes of  
the Gulf of Alaska and eastern Bering Sea. U.S. Department of Commerce, National Oceanic and 
Atmospheric Administration, National Marine Fisheries Service, Northwest and Alaska Fisheries 
Center, Outer Continental Shelf Energy Assessment Program; part 1. 355 pages. 

Mann, K.H. and J.R.N. Lazier. 1996. Dynamics of Marine Ecosystems. Blackwell: Cambridge. 496 pages. 
Mantua, N. and R.C. Francis. 2004. Natural climate iInsurance for Pacific Northwest salmon and salmon  

fisheries: Finding our way through the entangled bank. American Fisheries Society Symposium 
43:121–134. 

Mantua, N.J., S.R. Hare, Y. Zhang, J.M. Wallace and R.C. Francis. 1997. A Pacific interdecadal climate  
oscillation with impacts on salmon production. Bulletin of the American Meteorological Society 
78(6): 1069-1079. 

Mantua, N.J. and S.R. Hare. 2002. The Pacific Decadal Oscillation. Journal of Oceanography 58(1): 35-44.  
Markaida, U. and F. Hochberg. 2005. Cephalopods in the Diet of Swordfish (Xiphias gladius) Caught off  

the West Coast of Baja California, Mexico. Pacific Science 59: 25-41. 
Markaida, U. and O. Sosa-Nishizaki. 2010. Food and feeding habits of the blue shark Prionace  



Oregon Department of Fish & Wildlife   56 
 

glauca caught off Ensenada, Baja California, Mexico, with a review on its feeding. Journal of the 
Marine Biological Association of the United Kingdom 90: 977-994. 

Martin K.L.M., Moravek C.L., Martin A.D., Martin R.D. 2011. Community based monitoring  
improves management of essential fish habitat for beach spawning California Grunion. Bayed A, 
editor. Sandy beaches and coastal zone management. Proceedings of the Fifth International 
Symposium on Sandy Beaches, 19th-23rd October 2009, Rabat, Morocco. Travaux de l'Institut 
Scientifique, Rabat, série générale, 2011, no. 6:65-72. 

Martin, K.L.M. and D.L. Swiderski. 2001. Beach spawning in fishes: phylogenic tests of hypotheses.  
American Zoologist 41: 526-537. 

McClatchie, S., R. Goericke, R. Cosgrove, G. Auad and R. Vetter. 2010. Oxygen in the Southern California  
Bight: Multidecadal trends and implications for demersal fisheries. Geophysical Research Letters 
37(19). 

Mecklenburg, C.W., T.A. Mecklenburg, and L.K. Thorsteinson. 2002. Fishes of Alaska.  
Betheseda: American Fisheries Society. 1037 pages. 

Mendelssohn, R., F. B. Schwing, and S. J. Bograd. 2003. Spatial structure of subsurface temperature  
variability in the California Current, 1950-1993. Journal of Geophysical Research 108: 
doi:10.1029/2002JC001568. 

Meyer, T.L., R.A. Cooper, and R.W. Langton. 1979. Relative Abundance, Behavior, and Food Habits  
of the American Sand Lance, Ammodytes Americanus, from the Gulf of Maine. Fishery Bulletin 
77: 243-253. 

Miller, A.K. and W.J. Sydeman. 2004. Rockfish response to low-frequency ocean climate change  
as revealed by the diet of a marine bird over multiple time scales. Marine Ecology Progress 
Series 281: 207-216. 

Miller, D. J. and R.N. Lea. 1972. Guide to the coastal marine fishes of California. California  
Department of Fish and Game Fish Bulletin 157. 235 pages. 

Miller, T.W. and R.D. Brodeur. 2007. Diets of and trophic relationships among dominant marine nekton  
within the northern California Current ecosystem. Fishery Bulletin 105: 548-559. 

Miller, T.W., R.D. Brodeur, G. Rau, and K. Omori. 2010. Prey dominance shapes trophic structure of the  
northern California Current pelagic food web: evidence from stable isotopes and diet analysis. 
Marine Ecology Progress Series 420: 15-26.  

Miyahara, K., T. Ota, T. Goto, and S. Gorie. 2006. Age, growth and hatching season of the diamond squid  
Thysanoteuthis rhombus estimated from statolith analysis and catch data in the western Sea of 
Japn. Fisheries Research 80: 211-220.  

Miyahara, T., T. Ota, N. Kohno, Y. Ueta, and J. Bower. 2005. Catch fluctuations of the diamond squid  
Thysanoteuthis rhombus in the Sea of Japan and models to forecast CPUE based on analysis of 
environmental factors. Fisheries Research 72:71-79.  

Moore, S.E., K.M. Wynne, J.C. Kinney, and J.M. Grebmeier. 2007. Gray whale occurrence and forage  
southeast of Kodiak Island, Alaska. Marine Mammal Science 23: 419-428.  

Moore, S. Commercial fisherman, telephone, September 2012. Personal communication with D. Wilson- 
Vandenberg regarding Pacific saury schooling and fishery initiation.  

Morton, A. 2000. Occurrence, Photo-Identification and Prey of Pacific White-Sided Dolphins  
(Lagenorhynchus obliquidens) in the Broughton Archipelago, Canada 1984-1998. Marine 
Mammal Science 16: 80-93.  

Moser, H.G. and Ahlstrom, E.H. 1974. Role of larval stages in systematic investigations of marine  
teleosts: The Myctophidae, a case study. Fisheries Bulletin 72(2): 391-413.  

Moteki, M., M. Arai, K. Tsuchiya, and H. Okamoto. 2001. Composition of piscine prey in the diet of large  
pelagic fish in the eastern tropical Pacific Ocean. Fisheries Science 67: 1063-1074.  

Nagasawa, K. and A. Nishimura. 1997. Myctophids in the Bering Sea: Distribution, abundance and  



Oregon Department of Fish & Wildlife   57 
 

significance as food for salmonids. Pages 357-350in Forage fishes in Marine Ecosystems. 
Proceedings of the International Symposium on the Role of Forage Fishes in Marine Ecosystems. 
University of Alaska Sea Grant College Program. Report No. 97-01.  

Nafpaktitis, B.G., R.H. Backus, J.E. Craddock, R. L. Haedrich, B. Robison and C. Karnella. 1997. The  
families Neoscopelidae and Myctophidae. Pages 1-265 in Part 7 of the Monograph Series, Fishes 
of the Western North Atlantic. Sears Foundation for Marine Research, New Haven: Yale 
University 1977.  

National Marine Fisheries Service (NMFS). 2010. Magnuson-Stevens Fishery Conservation and  
Management Act Essential Fish Habitat Consultation for the Northwest Training Range Complex 
on the Coasts of Northern California, Oregon, and Washington from February 2010 until 
February 2015. NMFS No. 2009/07443. 19 pages.  

NMFS. 2012. California Current Integrated Ecosystem Assessment: Phase II. P. Levin and B. Wells (eds.)  
http://www.noaa.gov/iea/.  

NMFS. 2013a. Federal Recovery Outline: Pacific Eulachon Southern Distinct Population Segment. 24  
pages. Available at 
http://www.westcoast.fisheries.noaa.gov/publications/protected_species/other/eulachon/eulac
hon_recovery_outline_070113.pdf. 

NMFS. 2013b. Groundfish Essential Fish Habitat Synthesis: A Report to the Pacific Fishery  
Management Council. NOAA NMFS Northwest Fisheries Science Center, Seattle, WA, April 
2013. 107 pages. Available at http://swfsc.noaa.gov/publications/CR/2013/2013NMFS.pdf 

NMFS. 2013c. Appendix to Groundfish Essential Fish Habitat Synthesis: A Report to the Pacific  
Fishery Management Council. NOAA NMFS Northwest Fisheries Science Center, Seattle, WA, 
April 2013. 378 pages. Available at http://swfsc.noaa.gov/publications/CR/2013/2013NMFS.pdf 

NMFS. 2013d. Final Recovery Plan for the North Pacific Right Whale (Eubalaena japonica). National  
Marine Fisheries Service, Office of Protected Resources, Silver Spring, MD. 84 pages. Available at 
http://www.nmfs.noaa.gov/pr/recovery/plans/rightwhale_northpacific.pdf 

National Marine Fisheries Service and United States Fish and Wildlife Service (NMFS and USFWS). 
2012. Memorandum of Understanding Between the U.S. Department of Commerce and U.S. 
Department of Interior to promote the conservation of migratory bird populations. July 16, 
2012. 17 pages. Available at 
http://www.fws.gov/migratorybirds/Partnerships/NMFS%20MOU.pdf 

National Oceanic and Atmospheric Administration Administrative Order (NAO) 216-6. Department of  
Commerce. NOAA’s agency policy and procedures for NEPA. 

Naughton, M. B., D. S. Pitkin, R. W. Lowe, K. J. So, and C. S. Strong. 2007. Catalog of Oregon seabird  
colonies. U.S. Department of Interior, Fish and Wildlife Service, Biological Technical Publication 
FWS/BTP-R1009-2007, Washington, D.C. 

Neilson, J.L. and C.M. Gabriele. 2008. Annual Progress Report: Results of Humpback Whale monitoring  
in Glacier Bay and adjacent waters: 2008. Glacier Bay National Park & Preserve, Division of 
Resource Management. 24 pages. 

Nesis, K.N. 1997. Gonatid Squids in the Subarctic North Pacific: Ecology, Biogeography, Niche Diversity  
and Roles in the Ecosystem. Pages 243-324 in Blaxter, J., A. Southward, A. Gebruk, E. Southward, 
and P. Tyler (eds.), Advances in Marine Biology: The Biogeography of the Oceans. Academic 
Press, New York. 

Newell, C.L. and T.J. Cowles. 2006. Unusual gray whale Eschrichtius robustus feeding in the summer of  
2005 off the central Oregon Coast. Geophysical Research Letters 33, L22S11, 
doi:10.1029/2006GL027189, 2006. 5 pages. 

Nigmatullin, C., A. A. Arkhipkin, R. Sabirov. 1995. Age, growth and reproductive biology of diamond-  



Oregon Department of Fish & Wildlife   58 
 

shaped squid Thysanoteuthis rhombus (Oegopsida: Thysanoteuthidae). Marine Ecology Progress 
Series 124: 73-87. 

Office of National Marine Sanctuaries. 2014. Cordell Bank and Gulf of the Farallones National Marine  
Sanctuaries Expansion Draft Environmental Impact Statement. U.S. Department of Commerce, 
National Oceanic and Atmospheric Administration, Office of National Marine Sanctuaries, Silver 
Spring, MD. Available at http://farallones.noaa.gov/manage/pdf/expansion/CBNMS-
GFNMS_DEIS_2014web.pdf 

Ohizumi, H., T. Kuramochi, T. Kubodera, M. Yoshioka and N. Miyazaki. 2003. Feeding habits of Dall’s  
Porpoise (Phocoenoides dalli) in the subarctic North Pacific and the Bering Sea basin and the 
impacts of predation on mesopelagic micronekton. Deep Sea Research Part I: Oceanographic 
Research Papers. Vol. 50, issue 5, pages 593-610. 

Olson, R. and F. Galván-Magaña. 2002. Food habits and consumption rates of common dolphinfish  
(Coryphaena hippurus) in the eastern Pacific Ocean. Fishery Bulletin 100: 279-298. 

Oozeki, Y., A. Takasuka, H. Kubota and M. Barange. 2007. Characterizing spawning habitats of Japanese  
sardine (Sardinops melanostictus), Japanese anchovy (Engraulis japonicas), and Pacific round 
herring (Etrumeus teres) in the northwestern Pacific. CalCOFI Reports 48: 191-203. 

Oregon Administrative Rule (OAR) 635-004-0215. January 1, 2014. Definitions as used in Division 004  
regulations. 

OAR 635-004-0275. August 4, 2014. Groundfish scope, inclusion, and modification of rules.  
OAR 635-004-0375. September 15, 2014. Coastal pelagic and smelt species scope, inclusion, and  

modification of rules. 
OAR 635-004-0545. July 1, 2012. Smelt fishery prohibitions. 
OAR 635-004-0555. July 1, 2012. Highly migratory species scope, inclusion, and modification of rules.  
OAR 635-006-0210. January 1, 2014. Fish receiving ticket regulations for all fish. 
Oregon Department of Fish & Wildlife. 2015. Oregon Marine Fisheries Management Plan Framework.  

Available at: 
http://www.dfw.state.or.us/agency/commission/minutes/15/01_january/Exhibit_C_Attachmen
t_2_Marine_Fishery_Mgmt_Plan_Framework.pdf 

Orlov, A. 2007. Some Data on the Distribution and Biology of the Boreal Clubhook Squid Moroteuthis  
robusta (Verrill, 1876) (Onychoteuthidae, Teuthida) in the Northwest Pacific. Pages 423-433 in 
Landman, N, R. Davis, and R. Mapes (eds.) Cephalopods Present and Past: New Insights and 
Fresh Perspectives. Springer: Netherlands. 

Orr, A.J., A.S. Banks, S. Mellman, H.R. Huber, R.L. DeLong, and R.F. Brown. 2004. Examination of the  
foraging habits of Pacific harbor seal (Phoca vitulina richarsi) to describe their use of the 
Umpqua River, Oregon, and their predation on salmonids. Fishery Bulletin 102: 108-117. 

Ostrand, W.D., T.A. Gotthardt., S. Howlin, and M. Robards. 2005. Habitat Selection Models for Pacific  
Sand Lance (Ammodytes hexapterus) in Prince William Sound, Alaska. Northwestern Naturalist 
86: 131-143. 

Pacific Fishery Management Council (PFMC). 1998. Amendment 8: (To the northern anchovy fishery  
management Plan) incorporating a name change to: The Coastal Pelagic Species Fishery 
Management Plan. Available at http://www.pcouncil.org/wp-
content/uploads/cpsa8_apdx_a.pdf 

PFMC. 2000. Identification and description of essential fish habitat, adverse impacts, and recommended  
conservation measures for salmon. Appendix A to Amendment 14, Pacific Coast Salmon Fishery 
Management Plan. Available at http://www.pcouncil.org/wp-content/uploads/99efh2.pdf 

PFMC. 2003. Appendix F to the U.S. West Coast Highly Migratory Species Fishery Management Plan:  
Life History Accounts and Essential Fish Habitat Descriptions. Available at 
http://www.pcouncil.org/wp-content/uploads/HMS_AppF.pdf 

http://www.dfw.state.or.us/agency/commission/minutes/15/01_january/Exhibit_C_Attachment_2_Marine_Fishery_Mgmt_Plan_Framework.pdf
http://www.dfw.state.or.us/agency/commission/minutes/15/01_january/Exhibit_C_Attachment_2_Marine_Fishery_Mgmt_Plan_Framework.pdf


Oregon Department of Fish & Wildlife   59 
 

PFMC. 2005a. Amendment 19 to the Pacific Coast Groundfish Fishery Management Plan. Pacific Fishery  
Management Council, Portland, Oregon (November). Available at http://www.pcouncil.org/wp- 
content/uploads/A18-19Final.pdf 

PFMC. 2005b. Appendix B, Part 2, to the Pacific Coast Groundfish Fishery Management Plan for the  
California, Oregon and Washington Groundfish Fishery: General Life History Descriptions. 
Available at http://www.pcouncil.org/wp-content/uploads/GF_FMP_App_B2.pdf 

PFMC. 2011a. Status of the Pacific Coast Coastal Pelagic Species Fishery and Recommended Acceptable  
Biological Catches: Stock Assessment and Fishery Evaluation. 85 pp, plus appendices. Available 
at http://www.pcouncil.org/coastal-pelagic-species/stock-assessment-and-fishery-evaluation-
safe- documents/ 

PFMC. 2011b. Amendment 13 to the Coastal Pelagic Species Fishery Management Plan: Address Revised  
National Standard 1 Guidelines (Environmental Assessment and Regulatory Impact Review 
Included).63 pages. Available at http://www.pcouncil.org/wp- 
content/uploads/Amendment_13_EA_FINAL.pdf 

PFMC. 2013. Pacific Coast Fishery Ecosystem Plan for the U.S. Portion of the California Current Large 
Marine Ecosystem. Available at http://www.pcouncil.org/ecosystem-based-management/fep/ 

PFMC. 2014a. Ecosystem Initiative 1: Protecting Unfished and Unmanaged Forage Fish Species of the  
U.S. Portion of the California Current Large Marine Ecosystem. Agenda Item I.1.a, Attachment 
1, April 2014. 50 pages. 

PFMC. 2014b. Trawl Rationalization Trailing Actions: Chafing Gear Environmental Assessment. 189  
pages. 
http://www.westcoast.fisheries.noaa.gov/publications/nepa/groundfish/misc_ea/chafing- ea-
final.pdf 

PFMC. 2015. Harvest Specifications and Management Measures for 2015-2016 and Biennial Periods  
Thereafter: Final Environmental Impact Statement. 1089 pages. Available at 
http://www.westcoast.fisheries.noaa.gov/publications/nepa/groundfish/1516spexfeis.pdf 

Parrish, R.H., C.S. Nelson and A. Bakun. 1981. Transport mechanisms and reproductive success of fishes  
in the California Current. Biological Oceanography 1(2): 175-203. 

Paxton, J.R and W.N. Eschmeyer, editors. 1998. Encyclopedia of fishes. Academic Press, San Diego, CA.  
260 pages. 

Pearcy, W.G. 1972. Albacore Oceanography off Oregon – 1970. Fishery Bulletin 71: 489-504. 
Pearcy. W.G. 1977. Variations in abundance of sound scattering animals off Oregon. Pages 647–666 in  

Andersen, N.R. and B.J. Zahuranec (eds.), Oceanic sound scattering prediction. Plenum Press, 
New York. 

Pearcy, W.G., Brodeur, R.D., Shenker, J.M., Smoker, W.W. and Y. Endo. 1988. Food habits of Pacific  
salmon and steelhead trout, midwater trawl catches and oceanographic conditions in the Gulf of 
Alaska, 1980–1985. Bulletin of the Ocean Research Institute 26: 29–78. 

Pearcy, W.G. and D. Hancock. 1978. Feeding Habits of Dover Sole, Microstomus pacificus; Rex Sole,  
Glyptocephalus zachirus; Slender sole, Lyopsetta exilis; and Pacific sanddab, Citharichthys 
sordidus, in a Region of Diverse Sediments and Bathymetry off Oregon. Fishery Bulletin 76: 641- 
651. 

Penttila, D. 2007. Marine Forage Fishes in Puget Sound. Washington Department of Fish and Wildlife  
Technical Report 2007-03. 24 pages. 

Pereyra, W.T., F.E. Carvey Jr. and W.G. Pearcy. 1969. Sebastodes flavidus, a shelf rockfish feeding on  
mesopelagic fauna, with consideration of the ecological implications. Journal of the Fisheries 
Research Board of Canada, 1969, 26(8): 2211-2215. 

Pinkas, L., M. Oliphant, and I. Iverson. 1971. Food Habits of Albacore, Bluefin Tuna, and Bonito in  

http://www.pcouncil.org/wp-
http://www.pcouncil.org/ecosystem-based-management/fep/


Oregon Department of Fish & Wildlife   60 
 

California Waters. California Department of Fish and Game Fish Bulletin 152. Available at 
http://content.cdlib.org/view?docId=kt8290062w&brand=calisphere&doc.view=entire_text. 

Pinto, J. M., W. H. Pearson, and J. W. Anderson. 1984. Sediment preferences and oil contamination in  
the Pacific sand lance Ammodytes hexapterus. Marine Biology 83: 193-204. 

Pitman, R.L., W.A. Walker, W.T. Everett, and J.P. Gallo-Reynoso. 2004. Population, status, foods and  
foraging of Laysan albatrosses Phoebastria immutabilis nesting on Guadalupe Island, Mexico. 
Marine Ornithology 32: 159-165. 

Pool, S.S., R.D. Brodeur, N.L. Goodman, and E.A. Daly. 2008. Abundance, distribution, and feeding  
patterns of juvenile coho salmon (Oncorhyncus kisutch) in the Juan de Fuca Eddy. Estuarine, 
Coastal and Shelf Science 80: 85-94. 

Preti, A., S. Smith, and D. Ramon. 2001. Feeding Habits of the Common Thresher Shark (Alopias  
vulpinus) Sampled from the California-Based Drift Gill Net Fishery, 1998-1999. CalCOFI Reports 
42: 145-152. 

Preti A., C.U. Soykan, H. Dewar, R.J. David Wells, N. Spear, S. Kohin. 2012. Comparative feeding ecology  
of shortfin mako, blue and thresher sharks in the California Current. Environ Biol Fish 95:127-
146. 

Quast, J. C. 1968. Observations on the food of the kelp-bed fishes. Pages 109-142 in North, W. J. and  
C.L. Hubbs (eds.), Utilization of kelp-bed resources in southern California. California Department 
of Fish and Game Fish Bulletin 139. 

Quinn, T. 1999. Habitat Characteristics of an Intertidal Aggregation of Pacific Sandlance (Ammodytes  
hexapterus) at a North Puget Sound Beach in Washington. Northwest Science 73: 44-49. 

Quinn, T., B. Miller, R. Wingert. 1980. Depth Distribution and Seasonal and Diel Movements of Ratfish,  
Hydrolagus colliei, in Puget Sound, Washington. Fishery Bulletin 78: 816-821. 

Reeves, Randall R., P.J. Clapham, R.L. Brownell, Jr., and G.K. Silber. 1998. Recovery Plan for The Blue  
Whale (Balaenoptera musculus). Publications, Agencies and Staff of the U.S. Department of  
Commerce: Paper118. 39 pages. Available at 
http://digitalcommons.unl.edu/usdeptcommercepub/118 

Rice, C.A. 2006. Effects of Shoreline Modification on a Northern Puget Sound Beach: Microclimate and  
Embryo Mortality in Surf Smelt (Hypomesus pretiosus). Estuaries and Coasts 29: 63-71. 

Richards, S.W. 1965. Description of the postlarvae of the sand lance (Ammodytes) from the east coast  
of North America. Journal of the Fisheries Research Board of Canada 22(5): 1313-1317. 

Riemer, S.D., B.E. Wright, and R.F. Brown. 2011. Food habits of Steller sea lions (Eumetopias jubatus)  
off Oregon and northern California, 1986-2007. Fishery Bulletin 109: 109-369. 

Robards, M.D. and J.F. Piatt. 1999. Biology of the Genus Ammodytes, the Sand Lances. Pages 1-16 in  
Robards, M.D., M.F. Willson, R.H. Armstrong, and J.F. Piatt (eds.), Sand Lance: A Review of Biology and  

Predator Relations and Annotated Bibliography. U.S. Department of Agriculture Forest Service 
Research Paper PNW-RP-521. 

Robards, M.D., J.A. Anthony, G.A. Rose, and J.F. Piatt. 1999a. Changes in proximate composition and  
somatic energy content for Pacific sand lance (Ammodytes hexapterus) from Kachemak Bay, 
Alaska relative to maturity and season. Journal of Experimental Marine Biology and Ecology 242: 
245-258. 

Robards, M.D., J.A. Anthony, J.F. Piatt, and G.A. Rose. 1999b. Maturation, fecundity, and intertidal  
spawning of Pacific sand lance in the northern Gulf of Alaska. Journal of Fish Biology 54: 1050-
1068. 

Robards, M.D., G.A. Rose, and J.F. Piatt. 2002. Growth and abundance of Pacific sand lance, Ammodytes  
hexapterus, under differing oceanographic regimes. Environmental Biology of Fishes 64: 429-
441. 

Robertson, I. 1974. The Food of Double-Crested and Pelagic Cormorants at Mandarte Island, British  



Oregon Department of Fish & Wildlife   61 
 

Columbia, with Notes on Feeding Ecology. The Condor 76: 346-348. 
Robinson, C.L.K., D. Hrynyk, J.V. Barrie, and J. Schweigert. 2013. Identifying subtidal burying habitat of  

Pacific sand lance (Ammodytes hexapterus) in the Strait of Georgia, British Columbia, and 
Canada. Progress in Oceanography 115: 119-128. 

Robinson, H. J., G.M. Cailliet, and D.A. Ebert. 2007. Food habits of the longnose skate, Raja rhina (Jordan  
and Gilbert 1880), in central California waters. Environmental Biology of Fishes 80: 165-179. 

Roby, D.D., K. Collis, and D.E. Lyons. 2003. Conservation and Management for Fish-Eating Birds and  
Endangered Salmon. USDA Forest Service General Technical Report PSW-GTR-191. 5 pages. 

Rose, G.A. 2005. Capelin (Mallotus villosus) distribution and climate: a sea “canary” for marine  
ecosystem change. ICES Journal of Marine Science 62: 1524-1530. 

Rosenfeld, J.A. and R.D. Baxter. 2007. Population dynamics and distribution patterns of longfin smelt in  
the San Francisco Estuary. Transactions of the American Fisheries Society 136: 1577-1592. 

Roth, J.E., N. Nur, P. Warzybok, and W.J. Sydeman. 2008. Annual prey consumption of a dominant  
seabird, Common Murre, in the California Current. Research Final Reports, California Sea Grant 
College Program, UC San Diego. 13 pages. 

Roth, J.E., W.J. Sydeman, and P.L. Martin. 2005. Xantus’s Murrelet Breeding Relative to Prey Abundance  
and Oceanographic Conditions in the Southern California Bight. Marine Ornithology 33: 115-121. 

Ruggerone, G.T. and J.L. Nielsen. 2004. Evidence for competitive dominance of Pink salmon  
(Oncorhynchus gorbuscha) over other Salmonids in the North Pacific Ocean. Reviews in Fish 
Biology and Fisheries 14: 371-390. 

Scavia, D., J.C. Field, D.F. Boesch, R.W. Buddemeier, D.R. Cayan, V. Burkett, M. Fogarty, M. Harwell, R.  
Howarth, C. Mason, D.J. Reed, T.C. Royer, A.H. Sallenger, and J.G. Titus. 2002. Climate change 
impacts on U.S. coastal and marine ecosystems. Estuaries 25: 149-164. 

Schabetsberger, R., C.A. Morgan, R.D. Brodeur, C.L. Potts, W.T. Peterson, and R.L. Emmett. 2003.  
Fisheries Oceanography 12: 523-540. 

Schwing, F.B. and R. Mendelssohn. 1997. Increased coastal upwelling in the California Current system.  
Journal of Geophysical Research 102: C2: 3421. doi:10.1029/96JC03591 

Sedberry, G.R. and J.A. Musick. 1978. Feeding Strategies of Some Demersal Fishes of the Continental  
Slope and Rise off the Mid-Atlantic Coast of the USA. Marine Biology 44: 357-375. 

Shamshak, G.L. and J. L. Anderson. 2008. Future aquaculture feeds and feed costs: the role of fish meal  
and fish oil. Pages 73-96 in Rubino, M. (ed.), Offshore Aquaculture in the United States: 
Economic Considerations, Implications & Opportunities. U.S. Dept. of Commer., NOAA Technical 
Memorandum NMFS F/SPO-103. 

Sherr, E.B., B.F. Sherr and P.A.Wheeler. 2005. Distribution of coccoid cyanobacteria and small eukaryotic  
phytoplankton in the upwelling ecosystem off the Oregon coast during 2001 and 2002. Deep Sea 
Research II 52(1): 317-330. 

Shimose, T., H. Watanabe, T. Tanabe, and T. Kubodera. 2013. Ontogenetic diet shift of age-0 year Pacific  
bluefin tuna Thunnus orientalis. Journal of Fish Biology 82: 263-276. 

Smith, J.W. 1994. Biology and Fishery for Atlantic Thread Herring, Opisthonema oglinum, along the  
North Carolina Coast. Marine Fisheries Review 56: 1-7. 

Smithsonian Tropical Research Institute (STRI). 2013. Shorefishes of the Eastern Pacific online  
information system. 

Song, K-J, and C.I. Zhang. 2014. Stomach contents of bycaught minke whales (Baleanoptera  
acutorostrata) in Korean waters. Marine Biology Research 10: 400-406. 

Stiassny, M.L.J. 1997. Myctophidae. Lanternfishes. Version 01 January 1997 (under construction).  
http://tolweb.org/Myctophidae/15174/1997.01.01 in The Tree of Life Web Project, 
http://tolweb.org/. Accessed 21 October 2014. 

Strong, C.S. 2010. Population and Productivity Monitoring of Marble Murrelets in Oregon During 2009.  



Oregon Department of Fish & Wildlife   62 
 

Final Report to the U.S. Fish and Wildlife Service, Cooperative Agreement no. 13420-9-J901. 
Oregon State Office, Portland OR. 15 pages. 

Stroud, R.K., C.H. Fiscus, and H. Kajimura. 1981. Food of the Pacific white-sided dolphin,  
Lagenorhynchus obliquidens, Dall’s porpoise, Phocoenoides dalli, and northern fur seal, 
Callorhinus ursinus, off California and Washington. Fishery Bulletin 78: 951-959. 

Suntsov, A.V, and R.D. Brodeur. 2008. Trophic ecology of three dominant myctophid species in the  
northern California Current region. Marine Ecology Progress Series 373: 81-96. 

Tacon, A.G.J. and M. Metian. 2008. Global overview on the use of fish meal and fish oil in industrially  
compounded aquafeeds: Trends and future prospects. Aquaculture 285, 146–158. 

Talent, L.G. 1984. Food Habits of Wintering Brandt’s Cormorants. The Wilson Bulletin 96: 130-134.  
Tamura, T. and Y. Fujise. 2002. Geographical and seasonal changes of the prey species of minke  

whale in the Northwestern Pacific. ICES Journal of Marine Science 59: 516-528. 
Thayer, J., D. F. Bertram, S.A. Hatch, M.J. Hipfner, L. Slater, W.J. Sydeman, and Y. Watanuki. 2008.  

Forage fish of the Pacific Rim as revealed by diet of a piscivorous seabird: synchrony and 
relationships with sea surface temperature. Canadian Journal of Fisheries and Aquatic Sciences 
65: 1610-1622. 

Therriault, T.W., D.E. Hay, and J.F. Schweigert. 2009. Biological overview and trends in pelagic forage  
fish abundance in the Salish Sea (Strait of Georgia, British Columbia). Marine Ornithology 37: 3-
8. 

Thomas, G.L., J. Kirsch, and R.E. Thorne. 2002. Ex Situ Target Strength Measurements of Pacific Herring  
and Pacific Sand Lance. North American Journal of Fisheries Management 22: 1136-1145. 

Thompson, C.W., E. R. Donelan, M. M. Lance and A. E. Edwards. 2002. Diet of Caspian Terns in  
Commencement Bay, Washington. Waterbirds: The International Journal of Waterbird Biology 
25: 78-85. 

Tinus, C.A. 2012. Prey preference of lingcod (Ophiodon elongatus), a top marine predator: implications  
for ecosystem-based fisheries management. Fishery Bulletin 110: 193-204. 

Tissot, B.N., M.M. Yoklavich, M.S. Love, K. York, and M. Amend. 2006. Benthic invertebrates that form  
habitat on deep banks off southern California, with special reference to deep sea corals. Fishery 
Bulletin 104: 167-181. 

Tsarin, S.A. 1997. Myctophids of the sound scattering layer and their place in pelagic food webs. In:  
Forage Fishes in Marine Ecosystems, pp 271-275. Alaska Sea Grant College Program Report. 
Fairbanks, AK. 

Tsuchiya, K., H. Okamoto, and Y. Uozumi. 1998. Cephalopods eaten by pelagic fishes in the tropical East  
Pacific, with special reference to the feeding habitat of pelagic fish. La mer 36: 57-66. 

Tsuchiya, K. and T. Okutani. 1991. Growth stages of Moroteuthis robusta (Verrill, 1881) with the re-  
evaluation of the genus. Bulletin of Marine Science 49: 137-147. 

Tseng, C, N. Su, C. Sun, A.E. Punt, S. Yeh, D. Liu and Wei Su. 2013. Spatial and temporal variability of the  
Pacific saury (Cololabis saira) distribution in the northwestern Pacific Ocean. ICES Journal of 
Marine Science:70(5):991-999. 

Tyler, H.R., Jr. and W.G. Pearcy. 1975. The feeding habits of three species of lanternfishes (family  
Myctophidae) off Oregon, USA. Marine Biology. 32: 7–11. 

U.S. Code of Federal Regulations. Title 40 Part 1500-1508. July 1, 2011. 
U.S. Code of Federal Regulations. Title 40 Part 1508.7. July 1, 2012. 
U.S. Code of Federal Regulations. Title 50 Part 600.310. October 1, 2012.  
U.S. Code of Federal Regulations. Title 50, Part 600.725(v). October 1, 2012. 
U.S. Code of Federal Regulations. Title 50, Part 600.747(c)(2)(i). October 1, 2007. U.S. Code of Federal  

Regulations. Title 50, Part 600.810. October 1, 2012. 
U.S. Code of Federal Regulations. Title 50, Part 600.930. October 1, 2013.  



Oregon Department of Fish & Wildlife   63 
 

U.S. Code of Federal Regulations. Title 50, Part 660.76. October 1, 2013. 
United States Fish and Wildlife Service (USFWS). 1983. California Brown Pelican Recovery Plan.  

Portland,OR. 179 pages. Available at 
http://www.fws.gov/ecos/ajax/docs/recovery_plan/830203b.pdf 

USFWS. 1985. Revised California Least Tern Recovery Plan. Portland, OR. 100 pages. Available at  
http://ecos.fws.gov/docs/recovery_plan/850927_w%20signature.pdf 

USFWS. 1996. Recovery Plan for the Sacramento/ San Joaquin Delta Native Fishes. Portland, OR. 195  
pages. Available at http://ecos.fws.gov/docs/recovery_plan/961126.pdf 

USFWS. 1997. Recovery Plan for the Marbled Murrelet. Portland, OR, 286 pages. Available at  
http://www.fws.gov/wafwo/species/Fact%20sheets/USFWS%20Recovery%20Plan%201997.pdf 

USFWS. 2005. Regional Seabird Conservation Plan, Pacific Region. Migratory Birds and Habitat  
Program, Pacific Region, Portland OR. 262 pages. Available at 
http://www.fws.gov/pacific/migratorybirds/PDF/Seabird%20Conservation%20Plan%20Complete
.pdf 

USFWS. 2008a. Short-tailed Albatross Recovery Plan. Anchorage, AK, 105 pages.  Available at  
http://www.fws.gov/alaska/fisheries/endangered/pdf/stal_recovery_plan.pdf 

USFWS. 2008b. Birds of Consevation Concern 2008. Arlington, Virginia. 85 pages. Available at  
http://www.fws.gov/migratorybirds/NewReportsPublications/SpecialTopics/BCC2008/BCC2008. 
Pdf 

USFWS. 2013. Species assessment and listing priority assignment form for delta smelt (Hypomesus  
transpacificus). 33 pages. Available at https://ecos.fws.gov/docs/species/uplisting/doc4320.pdf 

USFWS. 2014. Southern Sea Otter (Enhydra lutris nereis) Stock Assessment Report. USFWS, Ventura,  
CA. 14 pages. Available at 
http://www.fws.gov/ventura/docs/species/sso/SSO%20Final%20SAR%202014%201-22.pdf 

USFWS and NMFS. 2014. Endangered Species Act Section 7 Consultation Programmatic Biological  
Opinion on the United States Environmental Protection Agency’s Issuance and Implementation 
of the Final Regulations Section 316(b) of the Clean Water Act. 339 pages. 
http://water.epa.gov/lawsregs/lawsguidance/cwa/316b/upload/Final-316b-Biological-Opinion-
and-Appendices-May-19-2014.pdf 

Valinassab, T., Pierce, G.J. and K. Johannesson. 2007. Lantern fish (Benthosema pterotum) resources as  
a target for commercial exploitation in the Oman Sea. Journal of Applied Ichthyology. Vol. 23, 
pages 573-577. 

Valle, C. Sr. Environmental Scientist Supervisor, California Department of Fish and Wildlife, telephone,  
April 2013. Personal communication with D. Wilson-Vandenberg regarding albacore tuna 
bycatch. 

Vandepeer, F and D.A. Methven. 2007. Do bigger fish arrive and spawn at the spawning grounds before  
smaller fish: Cod (Gadus morhua) predation on beach spawning capelin (Mallotus villosus) from 
coastal Newfoundland. Estuarine, Coastal and Shelf Science 71: 391-400. 

Vermeer, K. 1980. The Importance of Timing and Type of Prey to Reproductive Success of Rhinoceros  
Auklets, Cerorhinca monocerata. Ibis 122: 343-350. 

Vermeer, K. 1982. Comparison of the diet of the glaucous-winged gull on the east and west coasts of  
Vancouver Island. The Murrelet 63: 80-85. 

Vipin, P.M., R. Ravi, T.J. Fernandez, K. Pradee, R.M. Boopendranath, and M.P. Remesan. 2011.  
Distribution of Myctophid resources in the Indian Ocean. Reviews in Biology and Fisheries. DOI: 
10.1007/s11160-011-9244-4 Vol. 22, issue 2, pages. 423-436. 

Voss, N. A. 1980. A Generic Revision of the Cranchidae (Cephalopoda: Oegopsida). Bulletin of Marine  
Science 30: 365-412. 

Voss, N. A., K.N. Nesis, and P.G. Rodhouse. 1998. The Cephalopod Family Histioteuthidae (Oegopdida):  



Oregon Department of Fish & Wildlife   64 
 

Sytematics, Biology, and Biogeography. Pages 293-372 in Voss, N.A., M. Vecchione, R.B. Toll, and 
M. J. Sweeney (eds.), Systematics and Biogeography of Cephalopods. Smithsonian Institution 
Press, Washington, D.C., USA. 

Walker W.A., Leatherwood, J.S., Goodrich, K.R., Perrin, W .F., and Stroud, R.K. 1986. Geographical  
variation and biology of the Pacific white-sided dolphin, Lagenorhynchus obliquidens, in the 
north-eastern Pacific. Pages 441-465 in Bryden, M. and R. Harrison (eds.), Research on dolphins. 
Oxford University Press, Oxford, U.K. 

Walker, W.A., M.B. Hanson, R.W. Baird and T.J. Guenther. 1998. Food habits of the harbor porpoise,  
Phocoena phocoena, and Dall's porpoise, Phocoenoides dalli, in the inland waters of British 
Columbia and Washington. Pages 63-75 in Marine Mammal Protection Act and Endangered 
Species Act Implementation Program 1997. AFSC Processed Report 98-10 

Walker, W.A., J.G. Mead, R. L. Brownell, Jr. 2002. Diets of Baird’s Beaked Whales, Berardius bairdii, in  
the Southern Sea of Okhotsk and off the Pacific Coast of Honshu, Japan. Marine Mammal 
Science 18: 902-919. 

Wang, J.C.S. 1986. Fishes of the Sacramento-San Joaquin Estuary and adjacent waters, California: A  
guide to the early life histories. Interagency Ecological Study Program for the Sacramento-San 
Joaquin Estuary, Technical Report 9. 

Waples, R. 1991. Definition of “Species” Under the Endangered Species Act: Application to Pacific  
Salmon. NOAA Technical Memorandum NMFS F/NWC-194. Available at 
http://www.nwfsc.noaa.gov/publications/scipubs/techmemos/tm194/waples.htm. 

Washington Department of Fish and Wildlife (WDFW). 1998. Forage Fish Management Policy, Goals and 
Plan (POL-C3012). Available at http://wdfw.wa.gov/commission/policies/c3012.html 
Watanabe, H., T. Kubodera, T. Ichii, and S. Kawahara. 2004a. Feeding habits of neon flying squid  

Ommastrephes bartramii in the transitional region of the central North Pacific. Marine Ecology 
Progress Series 266: 173-184. 

 
Watanabe, H., T. Kubodera, S. Masuda, and S. Kawahara. 2004b. Feeding habits of albacore Thunnus  

alalunga in the transitional region of the central North Pacific. Fisheries Science 70: 573-579. 
Watanabe, H. T. Kubodera, M. Moku, and K. Kawaguchi. 2006. Diel vertical migration of squid in the  

warm core ring and cold water masses in the transition region of the western North Pacific. 
Marine Ecology Progress Series 315:187-197. 

Watanabe, H., T. Kubodera, and K. Yokawa. 2009. Feeding ecology of the swordfish Xiphias gladius in the  
subtropical region and transition zone of the western North Pacific. Marine Ecology Progress 
Series 396: 111-122. 

Watson, W. and E.M. Sandknop. 1996. Clupeidae: herrings. Pages 159-171in H.G. Moser (ed.), The early  
stages of fishes in the California Current Region. CalCOFI Atlas 33. Allen Press, Inc. 1505 pages. 

Wehle, D.H.S. 1982. Food of Adult and Subadult Tufted and Horned Puffins. The Murrelet 63: 51-58. 
Weise M.J. and J.T. Harvey. 2008. Temporal variability in ocean climate and California sea lion diet and  

biomass consumption: implications for fisheries management. Marine Ecology Progress Series 
373: 157–172. 

West, J.E. 1997. Protection and Restoration of Marine Life in the Inland Waters of Washington State.  
Puget Sound/Georgia Basin Environmental Report Series: Number 6. 144 pages. Available at 
http://dfw.wa.gov/publications/01035/wdfw01035.pdf 

Whitehead, P.J.P. 1985. FAO species catalogue Vol. 7. Clupeoid fishes of the world. An annotated and  
illustrated catalogue of the herrings, sardines, pilchards, sprats, anchovies and wolfherrings. Part 
I Chirocentridae, Clupeidae and Pristagasteridae. PAO Fish Synopsis (125)Vol. 7, Pt.1: 303 pages. 

Whitmire, C.E. and Clarke M.E. 2007. State of Deep Coral Ecosystems of the U.S. Pacific Coast: California  



Oregon Department of Fish & Wildlife   65 
 

to Washington. Pages 109‐154 in S.E. Lumsden, Hourigan T.F., Bruckner A.W. and Dorr G. 
(editors) The State of Deep Coral Ecosystems of the United States. NOAA Tech. Memo., CRCP‐3, 
Silver Spring, MD 365 pages 
http://coris.noaa.gov/activities/deepcoral_rpt/Chapter3_PacificCoast.pdf 

Wilson, M.T. 2009. Ecology of small neritic fishes in the western Gulf of Alaska. I. Geographic  
distribution in relation to prey density and the physical environment. Marine Ecology Progress 
Series 392: 223-237. 

Wilson, P.R. 1985. Seasonality in diet and breeding success of the Jackass Penguin Spheniscus demersus.  
Journal of Ornithology 126: 53-62. 

Willson, M.F., R.H. Armstrong, M.D. Robards, and J.F. Piatt. 1999. Sand Lance as Cornerstone Prey for  
Predator Populations. Pages 17-44 in Robards, M.D., M.F. Willson, R.H. Armstrong, and J.F. Piatt 
(eds.), Sand Lance: A Review of Biology and Predator Relations and Annotated Bibliography. U.S. 
Department of Agriculture Forest Service Research Paper PNW-RP-521. 

Witteveen, B.H., R.J. Foy, K.M. Wynne, and Y. Tremblay. 2008. Investigation of foraging habits and prey  
selection by humpback whales (Megaptera novaeangliae) using acoustic tags and concurrent 
fish surveys. Marine Mammal Science 24: 516-534. 

Xinjun, C., C. Yong, T. Siquan, L. Bilin, and Q. Weiguo. 2008. An assessment of the west winter-spring  
cohort of neon flying squid (Ommastrephes bartramii) in the Northwest Pacific Ocean. Fisheries 
Research 92: 221-230. 

Yang, M-S., and M. W. Nelson. 2000. Food habits of the commercially important groundfishes in the Gulf  
of Alaska in 1990, 1993, and 1996. U. S. Dep. Commer., NOAA Technical Memorandum NMFS-
AFSC-112, 174 pages. 

Yatsu, A., S. Midorikawa, T. Shimada, and Y. Uozumi. 1997. Age and growth of the neon flying squid  
(Ommastrephes bartramii) in the North Pacific Ocean. Fisheries Research 291: 257-270. 

Yeh, S.W., J.S. Kug, B. Dewitte, M.H. Kwon, B.P. Kirtman and F.F. Jin. 2009. El Niño in a changing climate.  
Nature 461: 511-U70. 

Zeppelin, T.K. and R.R. Ream. 2006. Foraging habitats based on the diet of female northern fur seals  
(Callorhinus ursinus) on the Pribilof Islands, Alaska. Journal of Zoology 270:565-576. 

Zertuche-Gonzales, J.A., O. Sosa-Nishizaki, J.G.V. Rodriguez, R.M. Simanek and C. Yarish. 2008. Marine  
science assessment of capture-based tuna (Thunnus orientalis) aquaculture in the Ensenada 
region of northern Baja California, Mexico. Publications. Paper 1. Available at 
http://digitalcommons.uconn.edu/ecostam_pubs/1 

Zylinsky, S. and S. Johnsen. 2014. Visual cognition in deep-sea cephalopods: what we don’t know and  
why we don’t know it. Pages 223-243 in Darmaillacq, A.-S., L. Dickel, and J. Mather (eds.), 
Cephalopod Cognition. Cambridge University Press, UK. 

 


