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Introduction 

Hagfish are important components of the marine ecosystem, filling a unique niche and providing 
an essential service by recycling nutrients in the lowest parts of the ocean. These prehistoric 
creatures have persisted for over 350 million years. However, their stocks can be easily 
overfished and slow to recover, as shown in fisheries in other parts of the world. Consequently, 
the stock and management policies related to this essential species warrant careful evaluation. 
Oregon’s policies are among those warranting review, as the State has an active hagfish fishery 
that can be highly variable in annual catch and effort (i.e., amount of fishing) .  
 
The Resource and Market Analysis of Oregon’s Hagfish Fishery: In Preparation for a Future 

Fishery Management Plan (hereafter “Preliminary Plan”) analyzes Oregon’s hagfish resource 
and fishery and describes strategies to better manage this important resource. As authorized by 
the federal Magnuson-Stevens Fishery Conservation and Management Act, the State of Oregon 
is granted the authority to regulate the fishing activities of vessels outside of state waters when 
these vessels are registered with Oregon and where no federal fisheries management plan exists 
for the fishery. In 2015, Oregon implemented a framework to guide fishery management plan 
development (see the upcoming section titled The Oregon Marine Fisheries Management Plan 
Framework) and indicated a desire and willingness to develop plans for state-managed species. 
 
This document was created by The Nature Conservancy (Conservancy) to support Oregon in 
developing state-sponsored fishery management plans. The Plan will be provided to the Oregon 
Department of Fish and Wildlife (ODFW) and the Oregon Fish and Wildlife Commission, with 
the ultimate goal of adoption by the State. We understand there may be modifications to the 
document, as it goes through the required public process. 
 
The purpose of the Preliminary Plan is to collate our current knowledge on hagfish and the 
fishery, articulate management measures as a precautionary approach to ensuring hagfish 
sustainability and identify knowledge gaps that could be filled in future work by the state, 
universities, or other research entities.  
 
Goals  

The management goals for this Preliminary Plan are to support existing fisheries as well as 
ecosystem function. More specifically, the goals are as follows:  

• Support existing ecosystem resilience.  

• Ensure that existing fisheries can remain in operation.  

• Support the sustainability of existing fisheries.  

• Monitor hagfish landings.  
 
While other conservation measures could improve our understanding of the hagfish resource, 
they are beyond the scope of this Preliminary Plan. For example, hagfish spawning behavior is a 
data and research gap that is better addressed via the Oregon Nearshore Strategy (ODFW, 
2015b) and the companion Oregon Conservation Strategy (ODFW, 2016). This set of strategies 
offers recommendations intended to improve our understanding of state resources and facilitate 
collaborations to fulfill research needs. 
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The Oregon Marine Fisheries Management Plan Framework  

Oregon has already published guidance on the development of fishery management plans, which 
was used as the foundation for this Preliminary Plan. The Oregon Marine Fisheries Management 

Plan Framework (hereafter “Framework”; ODFW, 2015a) describes the information required to 
comprehensively evaluate living marine resources and to develop and articulate harvest 
management strategies. The Framework has 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 

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

 
Relationship to Other State Policies  

A number of state policies support the use and/or conservation of Oregon’s marine resources and 
are relevant to this Preliminary Plan. These policies include regulations that supported the 
development of the Framework and are thoroughly described in the Framework. They are briefly 
listed here:  

• Food Fish Management Policy (1975; Oregon Revised Statute [ORS] 506.109)  

• Wildlife Policy (1973; ORS 496.012)  

• Native Fish Conservation Policy (2003; Oregon Administrative Rule [OAR] 635-007-
0502 through 635-007-0509).  

• Oregon Nearshore Strategy (2015)  

• Oregon Territorial Sea Plan (1994)  

• Statewide Planning Goals (OAR 660-015)  
 
Oregon’s Native Fish Conservation Policy and the Precautionary Principle 

The principal obligation for fish management is to conserve naturally produced native fish 
species in the geographic areas to which they are indigenous, per the Native Fish Conservation 
Policy (OAR 635-007-0504). The policy clearly states that ODFW shall manage fisheries to 
maintain sustainable, naturally produced fish that are living and reproducing successfully in their 
habitats and to provide recreational, commercial, and other benefits of optimum fish populations. 
The policy also specifies that  
 

(7) When faced with scientific uncertainty concerning fish management, including 
status assessments and the effectiveness of recovery strategies, the Department 
shall proceed with precautionary strategies scaled to the conservation risk. Less 
precautionary strategies may be allowed if: 

(a) the Department determines that monitoring, evaluation and responsive 
management will keep biological risks within acceptable limits, or 

(b) the Department implements specific research to address management 
uncertainties. (p. 3) 
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How this Document is Organized  

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

Resource Analysis  

This section defines the species and species groups included in the Preliminary Plan as well as 
biological and ecological information on each. In addition, it addresses harvest impacts and 
natural and anthropogenic factors that may affect these species. The amount and type of 
information available vary widely between species or group; therefore, this section also describes 
information gaps. 
 
Description of the Species 

The hagfish is a member of the taxonomical class Agnatha, the jawless fishes, and belongs in the 
order Myxiniformes and family Myxinidae. Hagfishes have existed since the Carboniferous 
Period, with Myxiniformes arising about 350 million years ago (Long, 1995). Today, at least 73 
species of hagfish exist worldwide, with at least six found along the West Coast of North 
America (Love, 2011). 
 
Hagfish are long, cylindrical, eel-like, cartilaginous fish without bones or scales. They lack 
paired fins, and the adults lack lateral lines. Ten to fourteen small round gill openings are on 
each side of the body, and the vestigial eyes are subcutaneous, indicated on the skin by small, 
lighter-colored patches. Hagfish compensate for their blindness with a well-developed sense of 
smell and touch (Jensen, 1966). 
 
Pacific hagfish (Eptatretus stoutii) are actively targeted in commercial fisheries along the US 
West Coast. The harvest supplies a market in Asia, mostly South Korea, to fill the live-fish 
demand in restaurants. A second species of hagfish off the West Coast, the black hagfish 
(Eptatretus deani), is typically found in deeper waters than Pacific hagfish and, currently, is not 
targeted by commercial fisheries because it is regarded to be of lesser quality. 
 
A well-known aspect of the hagfish is the voluminous slime it can produce nearly 
instantaneously when disturbed or attacked, giving rise to the names “slime eel” or “snot snake.” 
This gelatinous material is produced by secretion of mucins bonded together with protein 
threads, which expand in contact with seawater. Observations of the slime-defense behavior 
against gill-breathing predators show that an individual hagfish can restrict its response to only 
those slime pores under direct attack. Video observations found that it is typical for a would-be 
attacker to instantly release the hagfish when slime is secreted and make spasmodic attempts to 
clear its clogged mouth, throat, and gills (Zintzen et al., 2011). 
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Distribution and Depth Ranges 

Both Pacific and black hagfish are distributed coastwide in Oregon, as shown in data provided by 
the National Marine Fisheries Service’s Fishery Resource Assessment and Monitoring Program. 
Pacific hagfish are found in waters of 16–966 m (Love, 2011), and most are caught in depths of 
91–219 m in Oregon (Barss, 1993). Black hagfish are found at greater depths, 107–2,743 m, with 
minimal overlap of Pacific hagfish, and were reported to depths of 1,200 m off central California 
(Cailliet, 1991; Wakefield, 1990). Both species of hagfish are exclusively marine with no 
anadromous tendencies observed.  
 
Although hagfish are most often sighted and commercially caught on soft substrate (e.g., mud or 
sand), observations from submersibles in Monterey Bay have found that hagfish occupy a wide 
variety of bottom types, including hard bottom habitats and rocky outcrops. Hagfish often 
burrow in sand or mud, as described by Martini (1998), to avoid exposure and detection by 
potential predators. Cailliet (1991) observed that burrowing could take place in relatively small, 
isolated patches of mud, and 30% of Pacific hagfish were sighted in areas of mixed substrate, 
with some seen in large areas of rocky outcrop. 
 
Studies have estimated population densities for several species of hagfish using mark-recapture 
trap fishing or observations from submersibles. Martini (1998) reported densities of Atlantic 
hagfish (Myxine glutinosa) as high as 500,000 individuals per square kilometer (1:2 m2; 
68 metric tons [mt] per km2) from submersible observations in an area of 593 mi.2 in the Gulf of 
Maine. Wakefield (1990) also used submersible observations to estimate black hagfish 
population levels between 400–1,200 m off Point Sur, California, calculating densities of 0–
592,000 individuals per square kilometer (1:1.7 m2) with an average density at 600–800 m of 
325,000 individuals per square kilometer (24 mt per km2). These submersible counts were likely 
low, as only visible hagfish were counted and not the “empty” burrows. Tag-recapture work 
conducted in the central region of California, from Morro Bay to Point Conception, suggested 
Pacific hagfish populations were as high as 300,000–442,697 individuals per square kilometer 
(Nakamura, 1991). Estimates using trawl gear from the same area suggested far fewer animals, at 
0.7 mt per km2. The difference was likely due to most of the animals being in burrows (80%) and 
thus not captured by the trawl (Martini, 1998).  
 
Life History Characteristics 

Much is still in debate regarding the life history of hagfish species. Hagfish lack otoliths, scales, 
or other hard parts and bony structures traditionally used in to determine age. At this time, there 
is no way of determining an individual’s age.  
 
Reproduction in some hagfish species has been well studied, but research relevant to Pacific and 
black hagfish reproduction remains poor. Hagfish produce eggs that develop to approximately 
33 mm in length and feature tufts of short-hooked spines at either end, serving to attach to the 
seafloor or other eggs (Hart & Clemens, 1973). Fecundity is known to be low, with average egg 
counts per female of 14.5 for Pacific hagfish and 12.0 for black hagfish (Cailliet, 1991), and, for 
females >50 mm, 28 eggs for Pacific hagfish and 14 for black hagfish (Barss, 1993). No seasonal 
patterns in spawning have been identified in any study, though Nakamura (1991) has suggested a 
summer timeframe for spawning, and Pacific hagfish held at the Oregon Coast Aquarium have 
released infertile eggs on multiple occasions between October and December. Mature eggs are 
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found in female Pacific hagfish samples from commercial landings year round (ODFW 
groundfish sampling program; Barss, 1993). 
 
Length at hatching has not been confirmed but is estimated to be approximately 50 mm 
(Nakamura, 1991). Mark-recapture work on Pacific hagfish using coded wire tags and aquarium 
observations revealed that hagfish show a similar growth pattern to other fish, with faster growth 
in juveniles (Nakamura, 1994). Nakamura (1991, 1994) made rough estimations that Pacific 
hagfish of 180 mm were 4–8 years old, while the largest individuals, 450+ mm in length, were 
15–25 years of age. Daily growth rates of tagged Pacific hagfish fell between 0 and 0.3 mm/day. 
A study for inshore hagfish (Eptatretus bergeri), a Japanese species, estimates growth rates 
similar to the Nakamura study, at 40–50 mm per year (Patzner, 1978). 
 
According to Barss (1993) length at 50% maturity (meaning the length at which 50% of 
individuals are sexually mature) for Pacific hagfish landed in Oregon was 350 mm for males and 
420 mm for females, and length at 100% maturity was 420 mm for males and 510 mm for 
females. The same research found that black hagfish males mature at 410 mm, and females at 
420 mm. Research fishing by the ODFW in 2008–2009 recorded average length at 50% maturity 
for Pacific hagfish to be nearly identical for males, at 340 mm, but smaller for females, at 
374 mm (ODFW, unpublished data). Maturity was classified as shown in Table 1. 
 

Table 1. Pacific hagfish visual maturity assessment table, from Barss (1993), used for determining the 
maturity of hagfish collected in samples from commercial fishing catches landed in Oregon ports (also 
used in sampling by the California Department of Fish and Wildlife). 

Sex and Stage  Condition  Criteria  

Females     

1 Immature  All round eggs, ≤1 mm, eggs may appear as bubbles in 
anterior half of narrow (<2 mm wide) gonad  

2 Maturing (not 
mature)  

Some oblong eggs, >1 mm, but <5 mm in length and no large 
empty ovarian capsules (egg sacks), may also contain some 
≤1 eggs 

3 Mature-ova 
developing  

Some oblong eggs, >5 mm in length, without hooks, may also 
contain some ≤1 mm eggs and some >1 mm, but <5 mm eggs 
(exclude fish in Mature-spent condition) 

4 Mature-developed  Some large eggs, >20 mm with hooks, may also contain some 
≤1 mm eggs, some >1 mm, but <5mm eggs, and some >5 mm 
eggs without hooks 

5 Mature-spent  Large empty ovarian capsules and maturing or mature eggs, 
may also contain some immature eggs  

Males     

1 Immature  Posterior end of gonad small (about 1 mm) in width and almost 
colorless (slightly milky)  

2 Maturing (not 
mature)  

Posterior end of gonad with small (<1 mm diameter) round 
white follicles  

3 Mature-developed  Posterior end of gonad with large (>1 mm diameter) round, 
white to brown follicles  

Unknown     

1 Immature  Empty gonad, no testis or eggs observed  

Hermaphrodite     

1 Hermaphrodite  Both eggs and follicles of testis present  
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Natural Mortality 

No information was found on the natural mortality of Pacific or black hagfish. 
 
Movement and Migration 

The home range of hagfish is unknown but not expected to be large. There are no observations of 
broad movement or migration patterns by hagfish. In a tag-recapture study released 2 km from 
the capture site, 18 of 53 tagged hagfish were caught a second time at the initial site of capture 
between 9 months and 4.5 years after release, even though an area of deeper water needed to be 
crossed (Walvig, 1967). There is some information suggesting that males and females of Pacific 
hagfish may separate by depth range, with large males tending to stay shallower, around 50–
100 m, while large females prefer deeper water, to as much as 500 m (Johnson, 1994). Also, both 
may move toward depths of around 250 m for spawning. Hagfish observations over a wide range 
of substrate types indicate they frequently travel in search of food (Cailliet, 1991). 
 
Biotic and Abiotic Factors 

Hagfish have extremely low energetic demands and have adapted to hypoxic environments, 
allowing them to occupy burrows where oxygen concentrations are low (Martini, 1997), as well 
as survive long intervals between feeding. Research on Atlantic hagfish indicates a portion of 
oxygen uptake occurs cutaneously. 
 
The limiting factors that govern hagfish distribution appear to be salinity, temperature, depth, 
and substrate. Hagfish thrive at low temperatures and demand a high salinity. Hagfish have been 
observed at deep brine seeps (MacDonald et al., 1990), and Palmgren (1927) noted that Atlantic 
hagfish did not survive in lower-salinity surface water of the same temperature. When salinity 
drops to 20–25 parts per thousand (ppt), it is lethal to Atlantic hagfish, while at 29–31 ppt they 
survive for weeks but do not feed, and at 32–34 ppt they feed periodically (Gustafson, 1935). 
Strahan (1962) observed that when Brown hagfish (Eptatretus atami) were exposed to 27 ppt 
salinity for 30 hours, all of the animals were dead or moribund. Observations at the Oregon 
Coast Aquarium in spring 2018 showed Pacific hagfish not feeding for 6 weeks when salinity 
was 30–32 ppt.  
 
Sudden changes in temperature are not well tolerated and can have lethal effects, but the range of 
temperature tolerance varies among species. Worthington (1905) held Pacific hagfish for months 
at 22 °C, and, at times, they tolerated brief extremes of 30 °C. Normal bottom temperatures on 
the continental shelf and slope off Oregon are below 10 °C. 
 
Biological Relationships and Ecosystem Services 

Pacific hagfish are known to feed on the musculature and viscera of dead, large fishes, such as 
cod, dogfish, sablefish, lingcod, perch, flounders, and salmon (Hart & Clemens, 1973). While 
they are commonly regarded as scavengers, and sometimes a pest to commercial fisheries, it has 
been suggested that they are only opportunistic scavengers. Martini (1998) suggested differently 
and posited that it would be extremely unlikely that densities as high as have been found could 
be supported solely by scavenging, stating that the hagfishes’ primary diet likely consists of 
various invertebrates. Recent stereo-video work by Zintzen et al. (2011) recorded slender hagfish 
(Neomyxine biniplicata) searching for and invading the burrows of red bandfish (Cepola haastii). 
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Hagfish were observed partially burying themselves, then knotting the posterior portion of their 
bodies and withdrawing with red bandfish held firmly in their mouths. In Monterey Bay, diet 
studies of Pacific and black hagfish found sergestid shrimp, cephalopods, euphausiids, and small 
fishes were common sources of food, and benthic polychaetes (i.e., those polychaetes dwelling at 
the lowest level of the water body) comprised 14.8% of the diet of Pacific hagfish (Johnson, 
1994). The very occasional presence of hair and feathers supports the idea that hagfish will 
consume carrion-falls (Martini, 1998). Work by Smith (1985) placed baits of up to 40 kg at 
1,310 m below the depth where black hagfish are abundant, and, yet, they attained densities of 
over 100 individuals per m2 after 10–24 hours. With hagfish displaying both predatory and 
scavenging behavior, “normal” periodicity between feedings may not exist (Martini, 1998). 
Hagfish have been observed in aquaria to survive months without feeding (Johnson, 1994). 
 
Despite possessing cryptic habits and a slime defense mechanism, hagfish are subject to 
predation by several species. Hagfish teeth have been recovered from several marine mammal 
species, including harbor seal and elephant seal species, and from cormorants, octopi (Martini et 
al., 1997), cod, and spiny dogfish (Martini, 1998). Scat from harbor seals (Phoca vitulina) at 
Elkhorn Slough, California, showed a diet composed of 2.2–5.5% Pacific hagfish, indicated by 
hagfish teeth (Oxman, 1995). Reimer, Wright, & Brown (2011) showed that 0–3% of the Steller 
sea lion (Eumetopias jubatus) diet consists of Pacific hagfish from reefs in Oregon. Hanson 
(1993) showed the diet was 24–30% Pacific hagfish seasonally for harbor seals using haulouts in 
the Russian River area of northern California. 
 
Hagfish provide an important ecosystem service in recycling nutrients in benthic ecosystems 
(Martini, 1998). Hagfish consume dead and decaying carcasses and help maintain ecosystem 
health in regions of intense commercial fishing, where large amounts of discard occur, by turning 
over the substrate (Martini, 1998). New England fishers have reported a decrease in flounders in 
areas where hagfish harvesters began fishing, and it is thought that hagfish removals may alter 
the ecosystem to the point that it is no longer suitable for some fishes (St. Martin, 2001). 
 
Factors Contributing to Variations in Recruitment  

Knowledge of factors affecting the life history of hagfish is critical to understanding natural 
variations in population levels. While researchers have amassed some information on preferred 
habitats, food sources, growth, and fecundity, it is not enough to understand the factors that 
might affect recruitment success (i.e., the number of fishes that survive to enter the fishery). 
More research is needed about the reproductive habits of hagfish, the ecology, and early life 
history to be able to utilize recruitment in a stock assessment. Large-scale ocean conditions that 
affect a broad range of species might also be expected to influence hagfish species. However, 
without more specific knowledge of the reproduction, growth, and natural mortality of hagfish, it 
is difficult to say definitively what the effects of fishing, climate change, ocean acidification, 
habitat degradation, hypoxia, and other threats may be or to predict the magnitudes of these 
effects. 
 
Fishery-Independent Data 

While data is limited in defining hagfish reproduction, ecology, and early life history, ongoing 
research does provide data about hagfish populations in regions in Oregon and beyond. This data 



 

11 
 

helps to define trends in the populations over time and perhaps understand how hagfish species 
interact with the ecosystem. 
 
West Coast trawl survey 

Annual trawl surveys performed by the Northwest Fisheries Science Center (NWFSC) of the US 
National Oceanic and Atmospheric Administration (NOAA) have shown hagfish to be 
distributed coast wide in Oregon. Figure 1 shows the overall catch of hagfish (number of 
individuals) by year. The confidence and usability of the data are limited for several different 
reasons. First, relatively few hagfish are caught in the surveys. Second, the survey configuration 
has been modified over the years, temporally, spatially, and by gear specification. Prior to 1998, 
the surveys were conducted triennially but have been conducted annually since (Keller, Wallace, 
& Methot, 2017). Third, the burrowing characteristics of hagfish may result in downward-biased 
estimates of hagfish densities, and, fourth, hagfish may easily escape through the 1.5”-mesh 
survey trawl liner, resulting in a further downward bias of density estimates. Lastly, the trawl 
surveys are not synoptic for either Pacific hagfish or black hagfish, covering depths ranging from 
55–1,280 m. 
 
The total catches of hagfish in the trawl surveys are shown in Figure 1. It is important to note 
that there was a significant change to the survey beginning in 2003. The survey area was 
expanded to include the shelf (55–1,280 m), with three depth strata: shallow (55–183 m), mid- 
(184–549 m), and deep (550–1,280 m). A stratified random sampling grid was developed, with 
80% of the samples occurring north of Point Conception, California, and 20% south, combined 
with depth strata goals of 40% in the shallows, 30% mid-strata, and 30% in the deep (Keller et 
al., 2017). These changes could explain the large increases in hagfish presence beginning in 
2004. 
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Figure 1. The total catch of individual hagfish in the NOAA/NWFSC annual trawl survey, by year. 

 
Fishery-Dependent Data 

 
Landings data 

Oregon fish-landings tickets record the pounds and values of all hagfish landed in the state. 
Oregon landings by year are shown in Table 2, as are landings in Washington and California to 
provide a coast-wide view. Data are available beginning with the first catches of Pacific hagfish 
in Oregon in 1988. All commercially caught fish in the State of Oregon must be entered on Fish 
Receiving Tickets provided by ODFW, with pounds and values recorded by species or species 
group (OAR 635-006-0205). Vessels bring their harvest to processors or fish buyers who weigh 
the fish as they are offloaded. The required reporting allows the state to enumerate total harvest 
annually and at finer spatial and temporal timeframes. Vessel-level information is protected by 
state confidentiality rules.  
 



 

13 
 

Table 2. Landings of hagfish (pounds) in Oregon, Washington, and California, by year 

 
 
Market sample data 

ODFW Port Biologists sample and record the length, weight, and sex of Pacific hagfish from 
commercial landings (i.e., market samples). Sampling occurs approximately once per quarter, 
with approximately 30–50 fish randomly selected as they are off-loaded from each boat at the 
dock. Table 3 shows the number of market samples taken, by year, and the associated number of 
individual fishes sampled.  
 

Year Oregon WA CA Total

1988 25,782              -                    690,655           716,437           

1989 344,187           -                    2,642,540        2,986,727        

1990 167,453           79,123              4,900,596        5,147,172        

1991 274,535           9,731                303,228           587,494           

1992 751,281           42,181              405,374           1,198,836        

1993 332,779           -                    473                    333,252           

1994 5,370                -                    1,206                6,576                

1995 2,166                -                    72                      2,238                

1996 38,297              -                    182,445           220,742           

1997 24,172              -                    86                      24,258              

1998 19,611              -                    523                    20,134              

1999 667,550           -                    206                    667,756           

2000 318,627           -                    69                      318,696           

2001 72,760              -                    44,256              117,016           

2002 691,085           -                    109                    691,194           

2003 955,562           -                    -                    955,562           

2004 520,189           -                    4,466                524,655           

2005 1,211,929        143,390           119,036           1,474,355        

2006 689,611           293,947           169,045           1,152,603        

2007 854,492           304,636           1,699,723        2,858,851        

2008 1,590,673        848,922           1,802,935        4,242,530        

2009 779,820           1,242,384        1,721,243        3,743,447        

2010 1,796,360        1,551,993        954,309           4,302,662        

2011 2,019,552        1,545,106        795,367           4,360,025        

2012 1,610,076        2,340,975        1,370,714        5,321,765        

2013 2,749,479        2,414,333        1,352,534        6,516,346        

2014 1,845,285        1,391,759        1,488,050        4,725,094        

2015 1,834,544        1,237,068        1,638,153        4,709,765        

2016 1,498,829        1,175,010        1,600,162        4,274,001        

2017 1,634,900        631,827           1,820,400        4,087,127        
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Table 3. The number of market samples taken and individuals sampled per year, 2008–2017. 

 
 
Samplers inspect individuals, noting sex and assigning a maturity stage based on Barss (1993; as 
described in Table 1). Length in millimeter is also recorded. This information provides a dataset 
important to evaluate the fishery and conduct an assessment of relative stock health. Figure 2 
through Figure 5 summarize the market sampling information.  
 

 

Figure 2. Average length of hagfish landed into Oregon by sex each year, 2008–2018. 

Year # of Market Samples Taken # of Individuals Sampled

2008 80                                                 12,618                                    

2009 23                                                 3,010                                      

2010 -                                               -                                           

2011 9                                                   833                                          

2012 5                                                   548                                          

2013 10                                                 869                                          

2014 4                                                   383                                          

2015 4                                                   290                                          

2016 1                                                   43                                            

2017 6                                                   394                                          

Total 142                                              18,988                                    

250

300

350

400

450

500

2008 2009 2011 2012 2013 2014 2015 2016 2017

L
e

n
g

th
 i

n
 m

m

Year

Male

Female

Hermaphrodite

Unknown

Overall



 

15 
 

 

Figure 3. Length of female hagfish, by visual maturity code, landed in Oregon, 2008–2018.  

 

Figure 4. Length of male hagfish, by visual maturity code, landed into Oregon, 2008–2018.  
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Figure 5. Percentage of hagfish landed into Oregon considered mature, 2008–2018, including males of 
maturity stage 3, and females of maturity stages 3, 4, and 5.  

 
Logbook data 

Commercial fishers are required to maintain a Commercial Fixed-Gear Logbook, supplied by 
ODFW, and turn in the log entries of each trip on a monthly basis (OAR 635-004-0625). A 
sample blank page from the logbook is shown in Figure 6. 
 
Logbook information fills several important data needs. Catch per unit effort (CPUE), in this 
case likely calculated as the amount of catch per barrel, is a key analysis in determining the 
health of the stock and provides valuable trend information to determine if a stock is increasing, 
constant, or declining. Spatial information gathered through logbook submission is also critically 
important to evaluate the area needs and impacts of fisheries, examine habitat preferences, and 
analyze non-fishery ocean policies (e.g., wave energy siting) and their effects on the fisheries.  
 
Logbook instructions are explicit on the quality of information required and on the submission of 
data. Still, the utility of the data is limited. For logbook information to be useful in the evaluation 
of fishery and ocean management, sufficient log submissions must be completed correctly. Table 
4 shows the number of hagfish trips per year, based on the number of fish tickets received that 
reported hagfish compared to the number of compliant logbook submissions (i.e., completely 
completed logbooks) received. To be 100% compliant, there should be one correctly complete 
logbook submission per fish ticket. Checks and balances have been written into the data-entry 
system to provide a measure of quality in the logbooks. However, there are still opportunities for 
error. While even 100% logbook compliance is no guarantee that the CPUE trends will provide a 
good index for the stock (Dr. David Sampson, personal communication), the low compliance rate 
for hagfish logbooks reduces the ability to use this information to evaluate the fishery, the stock, 
or other marine policies that may impact the hagfish fishery. It is important to note that CPUE 
data are notorious for being misleading as an index of stock size (Dr. David Sampson, personal 
communication). 
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Figure 6. Sample Oregon Fixed Gear Logbook page. 

 

Table 4. The number of trips, number of compliant logs submitted, and percentage of trips with an 
associated compliant log submitted, by year, for the Oregon hagfish fishery. 

 

Year # of Trips

# of 

Compliant 

Logs

% of 

Compliant 

Logs

2005 87 6 6.9%

2006 39 5 12.8%

2007 48 0 0.0%

2008 185 3 1.6%

2009 150 5 3.3%

2010 262 124 47.3%

2011 252 60 23.8%

2012 176 101 57.4%

2013 275 120 43.6%

2014 185 107 57.8%

2015 184 90 48.9%

2016 200 116 58.0%

2017 178 43 24.2%
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Discard data 

Bycatch and discard occur in two ways: 1) discard of small or unmarketable hagfish and non-
targeted species (i.e., non-hagfish) in the hagfish fishery and 2) discard of hagfish in non-hagfish 
fisheries. Bycatch and discard in the hagfish fishery are recorded in the logbook described above 
(Figure 6).  
 
First, this section will focus on Oregon’s hagfish fishery. The size of barrel gear selected by the 
Oregon hagfish fleet is influenced by escape hole size, soak time, and depth fished. In the 
fishery, each barrel uses multiple 1/2”–5/8” escapement holes, allowing the release of hagfish 
under the size desired in the market. Most undersized hagfish can move out of the barrels on 
their own, thus never seeing the deck of the boat. ODFW, in their 2009 discard study 
(unpublished), determined that discard of hagfish, on the vessel and at the plant, equated to 
approximately 5% of landings. Discarded fish were smaller than retained fish, averaging 
325 mm. The only other bycatch observed during the study was a solitary sea mouse (Aphrodita 
negligens). 
 
Also in 2009, ODFW conducted research (unpublished) on the discard mortality of hagfish 
caught off the Oregon coast. Hagfish caught in commercial gear were re-submerged in traps 
without escape outlets and were held at the depth in which they were originally captured for 5–
13 hours. Data from this study suggested a mean mortality rate of 25%. In other words, this study 
estimated that 25% of hagfish discarded at the vessel are expected to die, which is important in 
determining the total removals of hagfish, landings plus discard mortality. Figure 7 shows the 
level of discard mortality in the Oregon hagfish fishery. 
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Figure 7. Discard mortality of hagfish (Pacific and black) in the Oregon hagfish fishery from 1988–2017. 

 
The second type of discard is of hagfish in fisheries that are not targeting hagfish. The Northwest 
Fishery Science Center’s West Coast Groundfish Observer Program (WCGOP) began recording 
discard from an increasing number of fishery sectors beginning in 2002. It is important to note 
that the Trawl Catch Shares Program (CS) was implemented in 2011. The fisheries participating 
in this latter program, which are 100% observed by humans or cameras, are noted with a “CS” in 
the legend. The remaining fishing sectors have observation rates of 20% or less, and most 
fisheries do not have enough hagfish discards to show in the figure. Total expanded hagfish 
discard mortality from observed sectors, from 2002–2016, is 160,930 pounds, with the pink 
shrimp fishery accounting for 133,195 pounds (Figure 8). Mortality of hagfish discarded at the 
surface is assumed to be 100%.  
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Figure 8. The incidental discard of hagfish, in pounds by year, from 2002–2016, by West Coast fisheries 
that were not targeting hagfish. 

Estimates were provided by WCGOP. LE= Limited Entry, DTL=Daily Trip Limit, OA=Open Access, 
CP=Catcher Processor, CS=Catch Shares, and EM=Electronically Monitored. 

 
Stock Status 

With no fishery-independent survey appropriate to estimating hagfish population ranges and 
densities, no firm statement can be made regarding the status of the Pacific hagfish stock off the 
coast of Oregon. No stock assessments modeling the population have been completed at this 
time, though an example assessment was conducted during this resource analysis (see the section 
titled Data-limited assessment tools). To perform an assessment with some reliability, 
researchers will need additional and enhanced information, such as increased market sampling, 
increased logbook compliance and quality, and research on life history characteristics, such as 
natural mortality. 
 
Data-limited assessment tools 

For this Preliminary Plan’s resource analysis, researchers attempted to evaluate additional tools 
for data-limited assessments of Pacific hagfish using the Oregon market sample data, but the 
results were poor, with broad uncertainty. The Length-Based Spawning Potential Ratio tool (LB-
SPR tool; http://barefootecologist.com.au/lbspr) uses length frequencies for a series of years to 
estimate whether the current state of the fishery places it above or below the measure that is 
commonly used as an acceptable reference point for slow-growing groundfish: 40% the unfished 
spawning biomass (Pacific Fishery Management Fishery Council, 2016). Below 40% indicates 
the stock is being fished too heavily, while estimates above that value are regarded as an 
indication of acceptable fishing pressure. The LB-SPR assessment technique has not been 
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developed to replace more precise, data-intensive assessment techniques. Rather, it should be 
thought of as a technique for applying a “weight of evidence” approach to developing initial 
estimates of stock status and a means of implementing longer-term data collection processes that 
can lead toward the application of more precise assessment methods (Prince, Victor, Kloulchad, 
& Hordyk, 2015).  
 
While the Oregon data yielded an SPR of about 32%, broad uncertainty prevails due to the lack 
of robust sampling. The poor SPR score was likely due to the length at 50% maturity (SL50, 
Figure 9 and Table 5), falling slowly from 422 mm in 2011 to 372 mm in 2017 (Figure 10). 
When a smoother was applied, the SPR rose from 32% to 59%, indicating a sustainable fishery 
but with a falling trend, but also containing a very broad uncertainty in the estimation. Data from 
California indicated a low SPR of 38% (Figure 11) but a steadily rising trend from 2007–2017, 
while Washington data showed an estimated SPR of 72%, with a rising trendline (Figure 12). 
 
So that the researchers could examine the influence that an increased sample size might have on 
the estimator, the data from all three states were combined, and the estimate was rerun (Figure 
13). Findings revealed that the relative uncertainty error for each year was reduced, and the 
trendline more closely fit the pattern of each year’s estimated SPR value.  
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Figure 9. Histograms of the Oregon market sample length data, plotted by year.  

Lengths are in mm. The Y-axes show the counts of hagfish sampled each year, revealing the varying 
numbers by year. 

 
In Table 5 and Figure 10 through Figure 13, the abbreviations used have the following 
definitions: SPR=Spawning Potential Ratio, calculated by the LB-SPR tool. SL50 and SL95 are 
the size at 50% and 95% maturity. F/M=Fishing Mortality/Natural Mortality. 
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Table 5. Results by year of the length-based spawning potential ratio estimates for the Oregon market 
sample data, 2011–2017.  

Year SPR SL50 SL95 F/M 

2011 
0.70 (0.56–
0.85) 

422.28 (402.95–
441.61) 497.65 (470.35–524.95) 0.41 (0.09–0.73) 

2012 
0.67 (0.46–
0.87) 

398.52 (368.76–
428.28) 497.47 (456.07–538.87) 0.38 (0.02–0.74) 

2013 
0.63 (0.48–
0.78) 

385.97 (369.38–
402.56) 453.78 (428.55–479.01) 0.40 (0.13–0.67) 

2014 
0.64 (0.38–
0.90) 

383.08 (360.06–
406.10) 440.07 (404.60–475.54) 0.37 (0.00–0.80) 

2015 
0.38 (0.16–
0.60) 

391.52 (344.79–
438.25) 481.81 (417.55–546.07) 1.08 (0.05–2.11) 

2016 
1.00 (0.99–
1.00) 

362.64 (337.06–
388.22) 400.24 (353.69–446.79) 0.00 (0.00–0.01) 

2017 
0.32 (0.22–
0.41) 

372.42 (357.44–
387.40) 427.03 (403.26–450.80) 1.17 (0.66–1.68) 

 

 

Figure 10. Oregon data, 2011–2017, on selectivity, F/M ratio, and SPR, plotted on each chart with 
smoothed estimates indicated by the black trend line.  

SPR estimates using this method show a slowly falling trend, with wide uncertainty in more recent years. 

 

 

Figure 11. California data, 2007–2017. 
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Figure 12. Washington data, 2008–2018. 

 

 

Figure 13. Combined Oregon, Washington, and California data, 2008–2017. 

 
It is important to reiterate that the LB-SPR analysis described herein is an example of a data-poor 
assessment that may be conducted. It should not be considered an official appraisal of stock 
health or fishery sustainability, nor an endorsement of the use of this model for this stock. It is 
extremely challenging to extract reliable information on the SPR from length compositional data. 
Just because this tool produces a number does not mean that the number is meaningful. To 
pursue a more accurate and informative assessment, researchers would need to do a thorough 
review and stock assessment, evaluating coast-wide (i.e., Oregon, Washington, and California) 
application and seeking review by independent experts. Additionally, a fuller evaluation of stock 
assessment tools should be conducted to determine the appropriate assessment method. Industry 
participants said that harvest rates are controlled more by market demand than by available 
resource. However, without the ability to model the resource accurately and determine some 
capacity for harvest, the level at which this stock can be fished sustainably is truly unknown. 
 
Known Threats to the Resource 

The greatest threats to hagfish are likely those from human activities, either intentional (directed 
fisheries) or unintentional (habitat disruption; Martini, 1998). 
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Ocean ecosystems are becoming more acidic due to rising CO2 levels in the atmosphere (Feely 
et al., 2004). Global climate change is causing shifts in temperature, circulation, stratification, 
nutrient input, and ocean acidity, which may affect community structure (Doney et al., 2012). 
Also, some evidence suggests that changes in the latitudinal distribution of world fishery 
resources have begun (Nye, Link, Hare, & Overholtz, 2009). Ocean acidification may have less 
of a direct effect on hagfish than other species due to their ability to compensate for up to 1.2 pH 
unit reductions (Baker, Sardella, Rummer, Sackville, & Brauner, 2015) and because they are 
both predators and opportunistic scavengers; however, the true level of ocean acidification’s 
effect remains unknown. 
 
Annual hypoxic events have been documented in ocean waters off Oregon since at least 2002 
(Grantham et al., 2004). These events occur over large areas of the continental shelf, where 
hagfish exist. It is unknown what effect periodic hypoxic events may have on the population. 
Hagfish can survive for 36–48 hours in anoxic conditions with up to 70% cardiac performance 
(Cox, Sandblom, & Farrell, 2010), but their ability to survive or migrate from areas experiencing 
longer-term hypoxic events remains unknown. 
 
Pollutants may pose a threat to hagfish populations. Hagfishes are highly susceptible to 
carcinogens, in particular PCBs and DDT (Martini, 1998), as shown in work done in the 1970s 
before these compounds were banned. Gorbman, Kobayaski, Honma, and Matsuyama (1990) 
suggested that the hagfish fishery around Niigata, Japan, may have failed in part due to pollution 
from heavy industry in the constricted Sado Strait. 
 
Threats to Habitat 

Current trawl activities affect soft-bottom habitats that hagfish are known to use for both 
burrowing and feeding. Lindholm et al. (2013) determined that the impacts to soft substrate by 
trawl nets are minimal. However, hagfish likely benefit from the trawling by consuming 
discarded bycatch from commercial fisheries (Martini, 1998), and these benefits offset the 
potential impacts to the soft bottom. 
 

Harvest Management Strategies 

Harvest management strategies articulate the goals for hagfish, both in terms of protecting the 
resource itself and supporting the people utilizing it. This section examines the issues and 
practices involved with managing hagfish. 
 
Description of the Fishery 

The North American fishery for hagfish began with landings into California in 1987. Oregon 
followed in 1988, with a small amount being brought into Newport to supply a market in Asia, 
primarily Korea, for fish-skin leather (Figure 14). The skin market proved unstable, and harvest 
for skins only lasted until 1993. Harvest was then virtually nil until 1999, at which point a new 
market for food developed. Landings rose steadily from 1999–2010, after which the annual 
landing amounts have risen and fallen but have averaged around 1.9 million pounds (Figure 15). 
When Washington landings of hagfish that were caught in Oregon waters are included, the 
average landings from 2010–2017 are approximately 2.4 million pounds per year. A peak for 
Oregon occurred in 2013 when landings totaled 2,749,479 pounds; when the Washington 
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landings are included, that figure jumps to 3,565,706 pounds caught in Oregon waters (Figure 
16). 
 

 

Figure 14. Annual landings in pounds for California, Oregon, and Washington, 1988–2017.  

Total catch in California in 1990 was 4,900,596 pounds. 
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Figure 15. Annual landings into Oregon, in pounds, values, and average price for each year, 1988–2017. 

The Y-axis represents both landings in pounds and ex-vessel value in U.S. dollars. 
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Figure 16. Annual harvest of hagfish from Oregon waters by both Oregon and Washington vessels fishing 
off Oregon, 1988–2017. Washington Area 61 refers to the records of Washington vessels landing hagfish 
caught off Oregon (that began in 2008). 

 
From 1989–1993, most landings occurred on the south coast of Oregon in Port Orford and 
Charleston (Figure 17). After a four-year hiatus, landings to supply the food market began, and 
Charleston became the predominant port of landing, with Newport also receiving steady landings 
from 2008 onward. From 1995–2007, anywhere from one to 12 vessels participated in the 
fishery, averaging five for the period. In 2008, the number jumped to 17 boats and, since then, 
has averaged 15 vessels each year from 2008–2017, with a maximum of 22 vessels in 2013. 
Vessels from a given port tend to fish in the vicinity of that port, as hagfish are found across 
most of the outer slope in marketable quantities. 
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Figure 17. The landings of hagfish into Oregon ports, by year. 

 
Hagfish are harvested in Oregon by longline vessels using pot gear. In the late 1980s when the 
fishery first began, most fishers used Korean-style traps, which were small tubular traps with 
little volume, requiring hundreds of them to be deployed to achieve a marketable amount of 
catch. After 2000, many boats experimented with higher-volume bucket and barrel gear, 
allowing greater amounts to be caught in each trap, increasing efficiency and reducing the 
number of individual traps to be cleaned and maintained. Today, all of the vessels fishing in 
Oregon use barrel gear, comprising large plastic drums with removable ends. A groundline with 
10 to 25 barrels is set out and soaked for four or more hours.  
 
Oregon allows any style of pot that has a biodegradable opening that is a minimum of 3” in 
diameter to prevent ghost fishing after gear is lost. Oregon has set a pot limit of 200. Vessels are 
required to keep a logbook of fishing activities showing where and when gear was set, the 
number of pots, and hailed catch for each set of gear. All hagfish gear has numerous de-watering 
holes that also function as escape holes for smaller hagfish (Melvin, 1992; Barss, 1993, Harada, 
Tokai, Kimura, Hu, & Shimizu, 2007). While Oregon does not require a minimum size for the 
escape hole, the use of a hole with a 5/8-inch (15.9-mm) diameter is nearly universal for all boats 
that are fishing and landing in Oregon. Hagfish are kept alive in chilled seawater and transferred 
to seawater holding pens ashore before being shipped alive to Asian countries, primarily South 
Korea. 
 
Oregon Management History 
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In the early years: 1988–1994 

When the Oregon hagfish fishery began in 1988, there were no permit requirements or landing 
limits, and the fishery was open to any commercial fishery license holder (i.e., open access). The 
fishery was managed this way until the implementation of the Developmental Fisheries Program 
in 1995. 
 
Developmental Fisheries Program: 1995–2008 

The Oregon Legislature created the Developmental Fisheries Program in 1993 through the 
passage of Senate Bill 81 (McCrae & Golden, 1994; ORS 506.450-506.465) and implemented by 
ODFW in January 1995. The goal of the program was to provide a mechanism for developing 
marine fisheries in a controlled, sustainable way. Pacific hagfish were included as a species that 
was “…underutilized, are not currently under another state or federal management plan, and 
have the potential to be economically viable” (ODFW, 1994). A Developmental Fisheries Board 
was implemented to advise ODFW on annual adjustments to fishery regulations. 
 
Initially, there were 25 specialized permits for hagfish harvest. Permits had annual renewal 
requirements of five landings of at least 1,000 pounds or more, or 25,000 or more cumulative 
pounds (ODFW, 1994). Permits that were not renewed were available for new entrants into the 
fishery through a lottery system. Logbooks were required to be submitted per ODFW rules. 
Permit and landing requirements changed slightly throughout the years, with the addition of a 
temporary permit (valid for 90–120 days unless a landing was made) and additional landing 
requirements for permit renewal. Several changes took effect at the beginning of 2009, 
simplifying the permitting and landing requirements for the hagfish fishery for the final year of 
the permitted fishery. 
 
The program had dedicated staff who tracked landings and managed the permit program. The 
hagfish fishery, along with other fisheries in the program’s purview, was reviewed annually by 
the Oregon Fish and Wildlife Commission, and adjustments were made as needed. A research 
program was developed in 2007 to re-evaluate the program; it focused on hagfish and spot prawn 
fisheries. Additional staff were hired to research the fisheries. Staff collected needed life history 
information and evaluated bycatch. Ultimately, the Developmental Fisheries Program was 
defunded and closed at the end of 2009.  
 
Current management: 2010–present 

ODFW staff worked with industry participants and the Developmental Fisheries Board through 
2009 to determine the most appropriate path for the hagfish fishery after the end of the 
Developmental Fisheries Program (ODFW, 2009). Interest was expressed in developing a 
permanent limited-entry program for hagfish. However, as shown in Figure 17, vessel 
participation in the fishery was highly variable, and an ecological need to limit fishery 
participation was not identified. Beginning in 2010, the fishery reverted to open access. A 
harvest guideline of 1.6 million pounds, the highest harvest ever seen, was adopted as a 
precautionary measure to account for the lack of an active management program. Additionally, 
vessels were limited to no more than 200 buckets or barrels to reduce gear conflicts and ensure 
an additional measure of precaution. 
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Management in Other States 

Fishery regulations in California are similar to Oregon’s, having no permit limit but somewhat 
more restrictive gear regulations (Table 6). Most notably, California requires all hagfish gear to 
have escape holes that are no smaller than 9/16” in diameter drilled in the walls of the gear to 
allow smaller hagfish to escape.  
 

Table 6. Comparative regulations and management requirements, by state and province, for hagfish 
fisheries along the North American West Coast. 

 Oregon California Washington 

Permit system Open access Open access; general 
trap permit 

Trial fishery; hagfish 
permit 

Number of permits 
allowed 

N/A Unlimited Unlimited 

Area All depths All depths Seaward of 50 fathoms 

Number of barrels 
allowed 

200 of any type 25 barrels, OR 200 
buckets, OR 500 
Korean traps 

100 of any type 

Escape hole size No requirement Min. 9/16” No requirement 

Biodegradable escape 
mechanism 

Required Required Required 

Incidental catch None allowed None allowed None allowed 

Logbooks Required Required Required 

Sampling Quarterly for each port Monthly for each port Monthly for each port 

 
The hagfish fishery in Washington is managed as a "trial fishery" under the state’s Emerging 
Commercial Fishery Act (EFCA), adopted in 2005. Similar to Oregon’s former Developmental 
Fishery Program, the purpose of the ECFA is to allow the development and evaluation of new 
fishery opportunities. The trial designation under the ECFA allows for participation by anyone 
holding a valid emerging commercial fishery license (i.e., open access) and a hagfish trial fishery 
permit. The fishery is open year round in only Pacific Ocean waters greater than 50 fathoms in 
depth, and landings are not capped. 
 
All three states require the vessel to keep a logbook of fishing activities and submit copies to 
their respective states. 
 
Hagfish Fisheries in Other Parts of the World 

Hagfish were traditionally harvested in the waters around Japan and the Korean Peninsula. In the 
years during and after World War II, hagfish were harvested at an increased rate to produce 
scarce leather material and supply food (Leask & Beamish, 1999). By the 1980s, the value of the 
global hagfish market was estimated to be approximately $100 million per year (Gorbman et al., 
1990). Records of landings only exist since 1962, with the annual catch in one Japanese area at 
51,852 kg in 1962, steadily declining to 4,715 kg in 1987 (Ellis, Rowe, & Lotze, 2015; Gorbman 
et al., 1990). Gorbman et al. (1990) described the poor documentation of the Korean and 
Japanese hagfish fisheries of these times, noting that Korean waters had become inadequate to 
supply the hagfish market for meat and skin. Korean vessels increasingly fished for the species in 
the waters off Japan, likely harvesting a much higher volume than the Japanese fleet did in its 
own waters.  
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As hagfish resources declined in both countries through the 1980s, processors looked to other 
sources, including the West Coast of the United States. The reasons given for the decline of the 
Korean and Japanese fisheries were the lack of harvest limits, illegal poaching by Korean hagfish 
boats in Japanese waters, and possible habitat damage caused by pollution. Gorbman et al. 
(1990) suggested that the sharp decline of the hagfish fishery in the Niigata area of Japan could 
have been due to pollution from heavy industry in that area draining into a limited water volume 
in Sado Strait, resulting in a negative effect on such a low-fecundity fish. 
 
Precaution in Oregon’s Hagfish Fishery 

Currently, Oregon’s management of Pacific hagfish is hampered by several factors that inhibit 
their ability to determine the sustainability of the fishery. Research has shown that these are 
slow-growing, low-fecundity fish that may have low replacement rates. There is uncertainty 
about reproduction, growth rates, and natural mortality. Reliable calculations of CPUE have not 
been possible due to logbook deficiencies.  
 
The history of hagfish depletion in Japan and Korea suggests that populations may be susceptible 
to decline under increased fishing pressure. Still, plots of set locations identified in logbooks 
properly kept (not shown here due to data confidentiality) show that while fishing pressure is 
spread around over various years, fishing is occurring in many of the same areas year after year 
without a decline in local catches. Personal communication with the industry indicates that the 
supply of hagfish far exceeds market demand, which is currently restricted to Korea and Japan. 
The amount harvested from Oregon waters peaked in 2012–2013 and has declined every year 
since, with current levels of harvest at less than half of the peak, as controlled by the market. The 
fishery should be monitored to determine changes to market demand and actions taken to control 
harvest if demand exceeds sustainable harvest levels. 
 
Sustainability 

The major issue facing hagfish management today is the inability to determine the sustainability 
of the resource. Tools for data-poor stock management exist and can be used where available 
data sources match the needed inputs. However, attempts to use the existing market sample data 
from Oregon in the LB-SPR tool were unsuccessful due to varying and generally insufficient 
numbers of samples each year, producing broad uncertainty. When data collected by California 
and Washington on a monthly basis was added, LB-SPR was able to run successfully and 
produced results indicating a sustainable fishery in its present state. The caveat is that this 
assumes one stock coastwide. There is no genetic information to confirm this assumption. Thus, 
the combined Oregon-California-Washington analysis conducted for this Preliminary Plan 
should not be considered an official determination, rather an example of what studies could be 
done if given additional data. 
 
Analysis of the existing sample data, taken dockside by ODFW personnel, has resulted in enough 
information to develop a time-series of length, sex, and maturity data that can be used to acquire 
simple reference points. Length-based reference points can be determined (Froese, 2004, Cope & 
Punt, 2009), from which fishery stock status might be inferred, and actions taken should one or 
more of these three features indicate the need. 
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Next Steps 

This Preliminary Plan has collated critical information about hagfish and the related Oregon 
fishery, but a more detailed fishery management plan will become feasible as better data is 
gathered. Some next steps are clear based upon the resource analysis and review of harvest 
management performed for this document. 
 
First, Oregon should devote resources to more robust data collection. The major issue facing 
hagfish management today is the inability to determine the sustainability of the resource. Tools 
and models exist to estimate the sustainability of a species when data about the fishery's stock 
management is poor, but improved inputs are needed. As a critical next step in developing 
Oregon's hagfish management plan, the State should consider dedicating resources to long-term 
data collection that will allow for precise assessments. 
 
Second, the fishery should be monitored to determine changes to market demand, and the State 
should take actions to control harvest if demand exceeds sustainable supply. Existing sample 
data, taken dockside by ODFW personnel, offer enough information to infer the status of the 
hagfish stock. As a stop-gap measure, these data should be used to guide policies for sustainable 
fishery management while more robust data can be collected.  
 
Third, Oregon should set a timeline for periodic review of and updates to the Preliminary Plan so 
that it can be improved as data improves. 
 

Recommendations 

Through this analysis, we have identified a number of specific recommendations for the 
management of Oregon’s hagfish fishery. 
 
Information Gaps 

There is a need for increased enforcement of logbook record keeping among the hagfish fleet. 
From 2010–2017, logbook compliance averaged 45%. Compliance means a logbook record was 
submitted that could be connected to a fish ticket (the landing record showing date, pounds, and 
value). Of those logs that were turned in, an average of 54% had no count of the number of pots 
in each set. This missing information, plus the high variability in the data, precluded ODFW 
staff from successfully calculating CPUE for the fishery for any of the years under review. 
 
Research Needs 

Research on reproduction and early life history of hagfish species will continue to be needed. 
There is no successful method for determining the age of hagfish, and little information is 
available on growth and longevity, both of which are necessary for accurate modeling of the 
fishery’s stock status. Furthermore, little information exists on hagfish embryology and 
development, and methods need to be discovered for obtaining fertilized hagfish eggs, either in 
the wild or by aquarium professionals. 
 
Improving Present Fishery Data, Regulating Escape-Hole Size 

Before meaningful determinations of sustainability can be made, ODFW needs improved 
information on fishing activities and catch data. ODFW should work with the commercial 
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hagfish fleet and OSP, as necessary, to increase logbook compliance. Information on set 
locations and times, number of pots used, and hailed catch are critical in determining CPUE, 
which is the most basic tool for revealing the status of the resource in a given area. Reliable 
logbook data would also give ODFW biologists the necessary information to accompany each 
market sample, which is important since depth, escape-hole size, and soak time can confound 
hagfish sample lengths and/or sex ratios. Additionally, Washington Area 61 landings (fish 
harvested in waters off Oregon and landed into Washington) should be included in evaluations of 
Oregon harvest. 
 
The current sampling goal of quarterly samples in each port has resulted in an average of 4.9 
samples per year statewide since 2010. In some years, one or no samples have been taken. 
Sampling should be conducted at a rate that can detect changes and/or trends in average lengths 
by maturity stages. Sampling in Washington and California occurs a minimum of once per 
month by port, and it is suggested this same sampling goal be adopted in Oregon. To ensure that 
ancillary data is available, researchers should sample only those landings where valid logbook 
data exists. 
 
When calculating the total removal from Oregon waters, ODFW should include harvest of 
hagfish off of Oregon by Washington vessels landing into Washington ports. The amount has 
tended to rise and fall since 2008 but peaked at over 1.9 million pounds in 2012. More recently, 
it has averaged 343,287 pounds annually from 2013–2017. 
 
Mature females from market samples taken in Oregon between 2008–2017, as defined by Barss 
(1993), are stages 3, 4, and 5, and mature males are defined as stage 3 (Table 1). Mature females 
sampled showed an average total length consistently above 400 mm (Figure 3). Mature males 
were consistently above 420 mm in length (Figure 4). The percentage by weight of mature fish in 
the samples has generally averaged above 60% of the catch by weight, except in 2011—2013 
(Figure 5). However, examination of the overall distributions of hagfish lengths by year shows 
the mode decreasing between 2011–2017 (Appendix B). 
 
Hagfish pot gear with escape holes has the clear ability to select for hagfish over a minimum size 
(Barss, 1993; Harada et al., 2007; Melvin, 1992). Harada et al. (2007) suggested that an escape 
hole a minimum of 5/8” in diameter should be sufficient to allow hagfish of less than 400 mm to 
escape the gear. As described previously, California requires holes no smaller than 9/16” in 
diameter. Oregon could institute a minimum de-watering/escape-hole size of 5/8” (15.9 mm), 
incorporating it into the current hagfish pot gear rule, and ultimately reduce the occurrence of 
immature hagfish in the catch. Additionally, vessels should be encouraged to soak the gear long 
enough for the smaller fish to leave it once the bait is used up. 
 
Management Strategies Possible with Future Improvements in Fishery Data 

With improved logbook data and steadier market sampling of the landed catch, information 
should be available to develop and monitor length-based indicators of length at maturity, as well 
as the percentage of mature individuals in the catch by weight. 
 
The goals of implementing reference points in the Oregon hagfish fishery are threefold: 

1) Maintain the overall average length of hagfish in the catch above 400 mm. 
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2) Maintain the average length of mature hagfish, by sex, above 400 mm. 
3) Maintain the proportion of mature hagfish above 60% of the catch, by weight. 

 
If any of these indicators should show a negative trend over three years or more, ODFW should 
take actions in conjunction with industry. These actions may include area management, harvest 
reductions, employment of Vessel Monitoring Systems or observers, or others designed to 
address the indicated concern. Action should be taken as soon as negative trends are detected in 
indicators, with the idea that smaller actions taken quickly may forestall more drastic measures 
later on. 
 
FishPath and Data-Limited Assessment Tools 

FishPath (http://FishPath.org) is a web-based tool developed to assist managers in identifying the 
potential tools and methods available to them in managing a fishery. FishPath asks a series of 
questions regarding data collection, assessment, and management measures for a given fishery 
and offers many options in each category. It also provides caveats, explaining the pros and cons 
of each option, and why it may or may not work for the fishery being examined. Ideally, the 
questions are answered with a broad variety of stakeholders around the table. ODFW should 
consider using FishPath to investigate current hagfish data sources as well as potential options 
for additional data. FishPath can also recommend management strategies as well as assessment 
tools, and the Appendix contains an example of the available hagfish information applied to the 
tool and a flavor of the results. A fuller analysis, involving all stakeholders, is needed. 
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Appendix: FishPath Results for Pacific Hagfish in Oregon 

 
The following information is from http://FishPath.org. Under the column labeled “Eliminated,” TRUE means that the option did not 
meet the criteria requirements for consideration to be used in the Oregon Pacific hagfish fishery. Options marked FALSE meet the 
criteria and are considered valid.  
 

Section Category Option Eliminated 
# red 

caveats 
# orange 
caveats 

# yellow 
caveats 

# grey 
caveats 

# green 
caveats 

Data 
Collection 

Basic 
understanding of 
the fishery Market Surveys FALSE 0 0 4 0 4 

Data 
Collection 

Temporal trend 
analyses Market Surveys FALSE 0 0 4 0 4 

Data 
Collection 

Biological 
information Market Surveys FALSE 0 0 8 0 4 

Data 
Collection 

Basic 
understanding of 
the fishery Port/Landing-Site Monitoring FALSE 0 0 4 0 9 

Data 
Collection 

Temporal trend 
analyses Port/Landing-Site Monitoring TRUE 0 0 4 0 9 

Data 
Collection 

Biological 
information Port/Landing-Site Monitoring TRUE 0 0 8 0 9 

Data 
Collection 

To inform stock 
status Port/Landing-Site Monitoring TRUE 0 1 7 0 9 

Data 
Collection 

Basic 
understanding of 
the fishery Processor Monitoring FALSE 0 0 4 0 5 

Data 
Collection 

Temporal trend 
analyses Processor Monitoring TRUE 0 0 4 0 5 

Data 
Collection 

Biological 
information Processor Monitoring TRUE 0 0 8 0 5 

Data 
Collection 

To inform stock 
status Processor Monitoring TRUE 0 1 7 0 5 

Data 
Collection 

Basic 
understanding of 
the fishery Interviews FALSE 0 1 6 0 7 

Data 
Collection 

Temporal trend 
analyses Interviews FALSE 0 1 6 0 7 
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Section Category Option Eliminated 
# red 

caveats 
# orange 
caveats 

# yellow 
caveats 

# grey 
caveats 

# green 
caveats 

Data 
Collection 

Biological 
information Snapshot Data Collection TRUE 1 3 4 0 9 

Data 
Collection 

Biological 
information 

Independent Surveys: By practitioners, 
performed irregularly TRUE 1 1 8 0 7 

Data 
Collection 

To inform stock 
status 

Independent Surveys: By fishers, 
performed irregularly TRUE 1 4 4 0 8 

Data 
Collection 

Biological 
information 

Independent Surveys: By fishers, 
performed regularly TRUE 2 0 8 0 7 

Data 
Collection 

To inform stock 
status 

Independent Surveys: By fishers, 
performed regularly TRUE 2 3 4 0 8 

Data 
Collection 

Biological 
information 

Independent Surveys: By fishers, 
performed irregularly TRUE 2 0 5 0 5 

Data 
Collection 

To inform stock 
status 

Independent Surveys: By practitioners, 
performed irregularly TRUE 2 2 2 0 6 

Data 
Collection 

Biological 
information 

Independent Surveys: By practitioners, 
performed regularly TRUE 2 0 5 0 5 

Data 
Collection 

To inform stock 
status 

Independent Surveys: By practitioners, 
performed regularly TRUE 2 2 2 0 6 

Data 
Collection 

Basic 
understanding of 
the fishery Voluntary Logbooks FALSE 1 1 6 2 4 

Data 
Collection 

Temporal trend 
analyses Voluntary Logbooks FALSE 1 1 6 2 4 

Data 
Collection 

Biological 
information Voluntary Logbooks FALSE 1 1 9 2 4 

Data 
Collection 

To inform stock 
status Voluntary Logbooks FALSE 1 2 8 2 4 

Data 
Collection 

Basic 
understanding of 
the fishery Formal Logbooks TRUE 3 0 5 2 3 

Data 
Collection 

Temporal trend 
analyses Formal Logbooks TRUE 3 0 5 2 3 

Data 
Collection 

Biological 
information Formal Logbooks TRUE 3 1 7 2 3 

Data 
Collection 

To inform stock 
status Formal Logbooks TRUE 3 2 6 2 3 
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Section Category Option Eliminated 
# red 

caveats 
# orange 
caveats 

# yellow 
caveats 

# grey 
caveats 

# green 
caveats 

Data 
Collection 

Basic 
understanding of 
the fishery Catch Records TRUE 2 1 3 2 0 

Data 
Collection 

Temporal trend 
analyses Catch Records TRUE 2 1 3 2 0 

Data 
Collection 

Biological 
information Catch Records TRUE 2 1 6 2 0 

Data 
Collection 

To inform stock 
status Catch Records TRUE 2 2 5 2 0 

Data 
Collection 

Basic 
understanding of 
the fishery Onboard Observers TRUE 2 1 4 0 8 

Data 
Collection 

Temporal trend 
analyses Onboard Observers TRUE 2 1 4 0 8 

Data 
Collection 

Biological 
information Onboard Observers TRUE 2 1 7 0 8 

Data 
Collection 

To inform stock 
status Onboard Observers TRUE 2 1 7 0 8 

Data 
Collection 

Basic 
understanding of 
the fishery Electronic Monitoring: Vessel cameras TRUE 1 0 5 0 5 

Data 
Collection 

Temporal trend 
analyses Electronic Monitoring: Vessel cameras TRUE 1 0 5 0 5 

Data 
Collection 

Biological 
information Electronic Monitoring: Vessel cameras TRUE 1 0 10 0 4 

Data 
Collection 

To inform stock 
status Electronic Monitoring: Vessel cameras TRUE 1 2 7 0 5 

Data 
Collection 

Basic 
understanding of 
the fishery 

Electronic Monitoring: Shore-based 
cameras TRUE 0 1 3 0 2 

Data 
Collection 

Basic 
understanding of 
the fishery 

Electronic Monitoring: Vessel monitoring 
systems TRUE 0 1 4 0 3 

Data 
Collection 

Basic 
understanding of 
the fishery 

Electronic Monitoring: Mobile 
technologies TRUE 0 0 3 0 4 

Data 
Collection 

Temporal trend 
analyses 

Electronic Monitoring: Shore-based 
cameras TRUE 1 0 3 0 2 
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Section Category Option Eliminated 
# red 

caveats 
# orange 
caveats 

# yellow 
caveats 

# grey 
caveats 

# green 
caveats 

Data 
Collection 

Temporal trend 
analyses 

Electronic Monitoring: Vessel monitoring 
systems TRUE 1 0 4 0 3 

Data 
Collection 

Temporal trend 
analyses 

Electronic Monitoring: Mobile 
technologies TRUE 0 1 3 0 3 

Assessment 
Harm / No Harm 
Reference Points Move directly to harvest control measures TRUE 0 0 2 1 1 

Assessment 
Harm / No Harm 
Reference Points Discourse/expert judgment TRUE 0 1 1 2 1 

Assessment 
Harm / No Harm 
Reference Points 

Data exploration via plotting and 
descriptive statistics TRUE 0 2 3 3 1 

Assessment 
Harm / No Harm 
Reference Points 

Ecological Risk Assessment for the 
Effects of Fishing (ERAEF) TRUE 1 0 2 2 1 

Assessment 
Harm / No Harm 
Reference Points 

Comprehensive Assessment of Risk to 
Ecosystems (CARE) TRUE 1 0 2 2 1 

Assessment 
Harm / No Harm 
Reference Points Ecosystem threshold analysis TRUE 1 0 2 1 1 

Assessment 
Harm / No Harm 
Reference Points 

Productivity and Susceptibility Analysis 
(PSA) to estimate risk of overfishing TRUE 1 0 3 2 1 

Assessment 
Proxy Reference 
Points 

Analysis of sustainability indicators based 
on length-based reference points 
(LBRPs) TRUE 0 3 2 3 0 

Assessment 
Harm / No Harm 
Reference Points 

Analysis of changes in species 
composition TRUE 0 3 1 2 1 

Assessment 
Harm / No Harm 
Reference Points 

Analysis of changes in the spatial 
distribution of fishing effort FALSE 0 3 2 2 1 

Assessment 
Harm / No Harm 
Reference Points 

Analysis of changes in the spatial 
distribution of catch FALSE 0 3 2 2 1 

Assessment 
Harm / No Harm 
Reference Points 

Analysis of changes in gear type or 
manner of deployment FALSE 0 3 2 2 1 

Assessment 
Proxy Reference 
Points 

Single-indicator analysis using 
standardized CPUE FALSE 1 3 2 4 0 

Assessment 
Proxy Reference 
Points 

Analysis of changes in mean 
length/weight or length/weight percentiles FALSE 0 3 2 2 1 

Assessment 
Proxy Reference 
Points 

Linear regression to recent time series of 
CPUE FALSE 0 4 2 4 0 

Assessment 
Proxy Reference 
Points Depletion analysis FALSE 1 3 2 5 0 
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Section Category Option Eliminated 
# red 

caveats 
# orange 
caveats 

# yellow 
caveats 

# grey 
caveats 

# green 
caveats 

Assessment 
Proxy Reference 
Points Analysis of size relative to size at maturity FALSE 0 2 2 2 2 

Assessment 
Proxy Reference 
Points 

Analysis of ratio of density inside and 
outside marine protected areas (MPAs)  TRUE 1 2 1 3 0 

Assessment 
Proxy Reference 
Points 

Use of biomass surveys to inform spatial 
management FALSE 1 2 0 4 0 

Assessment 
Proxy Reference 
Points 

Analysis of length/size-specific catch-rate 
indicators for fish sampled inside and 
outside of marine protected areas 
(MPAs), and per-recruit  TRUE 1 2 1 3 0 

Assessment 

Empirical 
Indicator-Based 
Frameworks CUSUM control charts FALSE 1 3 2 4 1 

Assessment 

Empirical 
Indicator-Based 
Frameworks Traffic lights FALSE 0 4 2 4 1 

Assessment 

Empirical 
Indicator-Based 
Frameworks RAPFISH (multi-dimensional scaling) TRUE 1 3 3 3 1 

Assessment 

Empirical 
Indicator-Based 
Frameworks Hierarchical decision trees TRUE 1 3 3 4 0 

Assessment 

Empirical 
Indicator-Based 
Frameworks Size-based sequential trigger system FALSE 0 4 2 2 0 

Assessment 

Empirical 
Indicator-Based 
Frameworks Sequential effort triggers FALSE 0 3 2 2 0 

Assessment 

Empirical 
Indicator-Based 
Frameworks Sequential catch triggers FALSE 0 3 2 3 0 

Assessment 

Empirical 
Indicator-Based 
Frameworks 

Sequential trigger framework involving 
catch and/or effort, CPUE, size, sex ratio, 
etc. FALSE 0 4 2 4 0 

Assessment 

Stock-Status-
Based Reference 
Points Catch-curve analysis TRUE 1 2 3 5 0 
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Section Category Option Eliminated 
# red 

caveats 
# orange 
caveats 

# yellow 
caveats 

# grey 
caveats 

# green 
caveats 

Assessment 

Stock-Status-
Based Reference 
Points 

Sustainability Assessment for Fishing 
Effects (SAFE) TRUE 1 2 2 4 1 

Assessment 

Stock-Status-
Based Reference 
Points 

Boosted Regression Tree (BRT) model 
for stock depletion using catch data TRUE 1 1 2 4 0 

Assessment 

Stock-Status-
Based Reference 
Points Only Reliable Catch Stocks (ORCS) TRUE 1 1 2 4 0 

Assessment 

Stock-Status-
Based Reference 
Points 

Depletion-Corrected Average Catch 
(DCAC) TRUE 1 1 2 4 0 

Assessment 

Stock-Status-
Based Reference 
Points 

Depletion-Based Stock Reduction 
Analysis (DB-SRA) TRUE 1 1 2 5 0 

Assessment 

Stock-Status-
Based Reference 
Points 

Length-based Spawning Potential Ratio 
(LB-SPR) TRUE 0 3 3 6 0 

Assessment 

Stock-Status-
Based Reference 
Points Production model TRUE 1 1 3 7 0 

Assessment 

Stock-Status-
Based Reference 
Points Simple Stock Synthesis (SSS) TRUE 1 2 2 4 0 

Assessment 

Stock-Status-
Based Reference 
Points 

Stochastic Stock Reduction Analysis 
(SRA) TRUE 1 2 2 3 0 

Assessment 

Stock-Status-
Based Reference 
Points Catch-MSY/CMSY  TRUE 1 1 2 3 0 

Assessment 

Stock-Status-
Based Reference 
Points Feasible stock trajectories  TRUE 1 2 2 3 0 

Assessment 

Stock-Status-
Based Reference 
Points 

Mortality estimates from length data in 
nonequilibrium situations TRUE 1 2 2 2 0 

Assessment 
Proxy Reference 
Points 

Assessing escapement through samples 
of catch to ensure 30% have spawned TRUE 1 3 2 1 0 
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Section Category Option Eliminated 
# red 

caveats 
# orange 
caveats 

# yellow 
caveats 

# grey 
caveats 

# green 
caveats 

Assessment 

Stock-Status-
Based Reference 
Points Statistical Catch-at-Age (SCAA) TRUE 1 2 3 3 0 

Assessment 

Stock-Status-
Based Reference 
Points qR Method TRUE 1 2 3 2 0 

Assessment 

Stock-Status-
Based Reference 
Points 

Length-Based Integrated Mixed Effects 
(LIME) TRUE 1 2 2 2 0 

Assessment 

Stock-Status-
Based Reference 
Points Optimized Catch-Only Method (OCOM) TRUE 1 1 3 2 0 

Management 
Measures Catch Limits 

Adjust by fixed proportions, without 
feedback control rule FALSE 0 4 8 0 1 

Management 
Measures Catch Limits 

Adjust according to assessment 
outcomes, with feedback control rule 
(empirical target or trend-based 
assessments) FALSE 1 6 8 0 1 

Management 
Measures Catch Limits 

Adjust according to assessment 
outcomes, with feedback control rule 
(target-based with F- or biomass-based 
reference-point assessments) FALSE 1 6 8 1 1 

Management 
Measures Catch Limits 

Adjust based on data collected from 
closed areas or marine protected areas FALSE 0 6 7 0 1 

Management 
Measures Catch Limits Set by area FALSE 0 4 10 0 2 

Management 
Measures Catch Limits Set by time (e.g., seasons) FALSE 0 3 10 0 1 

Management 
Measures Catch Limits Daily-trip limits, with or without TAC FALSE 0 2 7 0 1 

Management 
Measures Catch Limits Gear-unit limits, with or without TAC FALSE 0 2 7 0 1 

Management 
Measures Effort Limits 

Adjust by fixed proportions, without 
feedback control rule FALSE 0 4 7 0 1 

Management 
Measures Effort Limits 

Adjust according to assessment 
outcomes, with feedback control rule 
(empirical target- or trend-based only) FALSE 1 6 6 0 1 
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Section Category Option Eliminated 
# red 

caveats 
# orange 
caveats 

# yellow 
caveats 

# grey 
caveats 

# green 
caveats 

Management 
Measures Effort Limits 

Adjust according to assessment 
outcomes, with feedback control rule 
(target based with F- or biomass-based 
reference point) FALSE 1 6 7 1 1 

Management 
Measures Effort Limits 

Adjust according to data collected in 
closed areas or marine protected areas FALSE 0 5 7 0 1 

Management 
Measures Effort Limits Set by area FALSE 0 0 5 0 7 

Management 
Measures Effort Limits Set by time (e.g., seasons) FALSE 0 0 6 0 6 

Management 
Measures Effort Limits Daily effort limits, with or without TAE FALSE 0 0 5 0 5 

Management 
Measures Effort Limits Fixed gear-unit limits  FALSE 0 2 5 0 1 

Management 
Measures Effort Limits Maximum soak or gear setting time FALSE 0 2 6 0 1 

Management 
Measures Effort Limits Limited entry FALSE 0 2 5 0 3 

Management 
Measures 

Gear 
Management By selectivity FALSE 0 0 2 0 4 

Management 
Measures 

Gear 
Management Unrelated to selectivity FALSE 0 0 2 0 3 

Management 
Measures 

Spatial 
Management Permanent no-take zones FALSE 1 0 1 0 9 

Management 
Measures 

Spatial 
Management Fixed seasonal closure FALSE 0 0 1 0 9 

Management 
Measures 

Spatial 
Management 

Invoke a closure in response to 
assessment outcomes  FALSE 1 0 1 1 6 

Management 
Measures 

Spatial 
Management Move-on provisions FALSE 1 0 1 0 6 

Management 
Measures 

Temporal 
Management Time-of-day restrictions FALSE 0 0 2 0 4 

Management 
Measures 

Temporal 
Management Adjustable season duration  FALSE 0 0 2 1 4 

Management 
Measures 

Temporal 
Management Seasonal closures FALSE 0 0 2 0 6 

Management 
Measures 

Temporal 
Management 

Invoke closures in response to 
assessment outcomes FALSE 0 0 2 1 5 
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Section Category Option Eliminated 
# red 

caveats 
# orange 
caveats 

# yellow 
caveats 

# grey 
caveats 

# green 
caveats 

Management 
Measures 

Temporal 
Management 

Fixed season duration or number of 
fishing days FALSE 0 0 2 0 9 

Management 
Measures Size Limits Minimum legal size FALSE 0 1 3 0 6 

Management 
Measures Size Limits Size slot FALSE 0 1 3 0 5 

Management 
Measures Size Limits Maximum legal size FALSE 0 1 3 0 5 

Management 
Measures 

Sex-Specific 
Regulations Prohibit take of one sex FALSE 1 0 1 0 4 

Management 
Measures 

Sex-Specific 
Regulations Sex-specific size limits FALSE 1 0 1 0 4 

Management 
Measures 

Sex-Specific 
Regulations Prohibit take of gravid females FALSE 1 0 1 0 4 

Management 
Measures Other Invoke data collection FALSE 0 0 0 0 3 

Management 
Measures Other 

Apply additional precautionary buffers or 
adjustments to other harvest control rules FALSE 0 0 1 0 3 

Management 
Measures Other 

Establish overrides in case of exceptional 
circumstances FALSE 0 0 0 0 2 

Management 
Measures Other Retain status quo FALSE 0 0 0 0 4 

Management 
Measures Other Levy fishery taxes FALSE 0 0 0 0 2 

 
 

 


