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California’s Commercial Fisheries: 1981–2012

CYNTHIA J. THOMSON

ABSTRACT–This paper discusses the di-
verse and dynamic nature of California’s 
commercial fi sheries and the resource, en-
vironmental, economic, and regulatory fac-
tors that affected participation, landings, 
and ex-vessel revenues during 1981–2012. 
Fishery trends are a simplistic and some-

Introduction

The 1976 Magnuson-Stevens Fish-
ery Conservation and Management 
Act (MSFCMA, 1976) extended U.S. 
authority to 200 nmi (later named the 
Exclusive Economic Zone), instituted 
regional fi shery management coun-
cils to develop and implement fi shery 
management plans, provided national 
standards for those plans, and restrict-
ed foreign fi shing in U.S. waters. Man-
agement priorities have shifted since 
the 1970’s from removing foreign 
fl eets (French et al., 1981) and encour-
aging domestic fi shery development in 
the U.S. EEZ (Mansfi eld, 2001) to ad-
dressing overfi shing and overcapital-
ization in domestic fi sheries. 

Thus the MSFCMA has been sub-
ject to two major amendments. The 
1996 amendment, known as the Sus-
tainable Fisheries Act (MSFCMA, 
1996), includes provisions to prevent 
overfi shing and rebuild overfi shed 
stocks, consider potential effects of 
management measures on fi shing 
communities, minimize bycatch and 
bycatch mortality, and specify essen-
tial fi sh habitat in fi shery management 

plans. The 2006 amendment, known as 
the Magnuson–Stevens Fishery Con-
servation and Management Reauthori-
zation Act (MSFCMA, 2007), includes 
annual catch limits and accountability 
measures to strengthen the provisions 
to end overfi shing, and established 
conditions for implementation of catch 
share programs. 

The Pacifi c Fishery Management 
Council (PFMC), one of the regional 
councils established by the MSFCMA, 
implemented a Pacifi c Salmon Fish-
ery Management Plan (FMP) in 1977 
(PFMC, 1977), a Northern Anchovy 
FMP in 1978 (PFMC, 1978), a Pacif-
ic Groundfi sh FMP in 1982 (PFMC, 
1984), a Coastal Pelagic Species FMP 
(PFMC, 1998a) that superseded the 
Northern Anchovy FMP, a Highly Mi-
gratory Species FMP in 2004 (PFMC, 
2003), and a Fishery Ecosystem Plan 
in 2013 (DeReynier, 2012; PFMC, 
2013a). The MSFCMA—as well as 
mandates such as the Endangered Spe-
cies Act (ESA)—have led to a great-
er focus on reducing fi shery impacts 
not only on target species but also on 
other components of the ecosystem, 
i.e., nontarget (bycatch) species and 
habitat. 

For instance, PFMC groundfi sh 
management includes a complex mix 
of harvest, effort, area, season, and 
gear regulations that constrain target 
species catches (in some cases to lev-

els well below maximum sustainable 
yield) to minimize bycatch of over-
fi shed stocks that comingle with tar-
geted stocks on the fi shing grounds 
(Hilborn et al., 2011; Melnychuk et 
al., 2013). The PFMC has also imple-
mented habitat protection measures, 
including closure of essential fi sh hab-
itat to trawling (PFMC, 1998b).

PFMC management of the Pacifi c 
salmon, Oncorhynchus spp., fi shery 
is similarly driven by the need to re-
strict the level, location, and timing 
of harvest of more abundant stocks to 
minimize bycatch of “weak” stocks 
(including ESA-listed salmonids) that
co-mingle with these more abundant 
stocks in the ocean fi shery (Satterth-
waite, 2014). Other examples of by-
catch concerns addressed by the PFMC 
include restrictions on salmon bycatch 
by Pacifi c whiting, Merluccius produc-
tus, trawlers (PFMC, 1997), ground-
fi sh bycatch by shrimp, Pandalus 
jordani, trawlers (Hannah and Jones, 
2007), and sea turtle, Dermochelys 
coriacea, Caretta caretta, Chelonia 
mydas, and Lepidochelys olvacea, 
bycatch by swordfi sh, Xiphias gla-
dius, pelagic longline and drift gillnet 
vessels (Caretta et al., 2004; PFMC, 
2013b). In 2008 the PFMC added krill, 
Euphausiacea, to the Coastal Pelagic 
Species FMP and placed a ban on har-
vest of these important forage species 
(PFMC, 2008b).

times misleading basis for judging man-
agement performance, as increasing and 
decreasing trends can occur for a variety of 
reasons. An important management respon-
sibility is to ensure that harvest restrictions 
are responsive to stock dynamics, regard-
less of their cause. I highlight a number 

of socioeconomic characteristics (e.g., the 
positive effect of fi shery diversifi cation and 
geographic mobility on vessel revenues, the 
high proportion of vessels that land exclu-
sively in one port, the patterns of movement 
among fi sheries) that should be considered 
in management decision making. 
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Fishery management has changed 
at the state level as well. In 1998 the 
State of California enacted the Marine 
Life Management Act (MLMA, 1998), 
which expanded the focus of state 
management to include not just ex-
ploited marine populations but marine 
wildlife and marine habitat in gen-
eral. The MLMA includes some pro-
visions that are similar to the federal 
MSFCMA—e.g., rebuilding depressed 
stocks, reducing bycatch, and consid-
ering effects on fi shing communities. 

One important outcome of the 
MLMA was development of the State 
Nearshore Finfi sh Management Plan 
(NFMP) in 2002 (CDFG, 2002). The 
19 species included in the NFMP 
overlap with some of the species in 
the PFMC’s Groundfi sh FMP; the two 
plans complement and enhance pro-
tection of these overlapping species. 
In 1999 the state enacted the Marine 
Life Protection Act (MLPA, 1999), 
which mandated the establishment 
of a system of marine protected ar-
eas (MPA’s). During 2007–12, MPA’s 
were implemented in four designated 
regions encompassing the California 
coast; MPA’s for the fi fth region (San 
Francisco Bay) will be considered at a 
future date (Saarman and Carr, 2013). 

This paper provides a retrospec-
tive view of California commercial 
fi sheries over the past three decades.1 
Changes in management strategies, 
such as those cited above, have infl u-
enced fi shery trends. However, some 
caution is warranted in interpreting 
these trends, as the effectiveness of 
current management cannot be deter-
mined solely on the basis of whether 
a trend is up or down. Declining har-
vests may be indicative of poor or 
nonexistent management, but they can 
also occur when management is pro-
active and responsive to changes in 
stock abundance. Managers cannot be 
expected to sustain the harvest levels 
achieved in a developing fi shery, as 

1See McEvoy (1986) and Mason (2004) for in-
sightful perspectives on long-term trends in 
California fi sheries. See Leet et al. (2001) for 
detailed, species-specifi c descriptions of Califor-
nia landings trends, population status, and fi sh-
ery management prior to 2000.

the dynamics of exploited fi sh stocks 
make harvest reductions inevitable, 
even in well-managed fi sheries. 

Management should be considered 
in the context of other factors that 
also affect fi shery trends. Environmen-
tal conditions (e.g., El Niño/Southern 
Oscillation, Pacifi c Decadal Oscilla-
tion, climate change) can have short- 
to long-term effects on the abundance 
and distribution of target and bycatch 
species (MacCall, 1996; Mantua et 
al., 1997; Lindegren and Checkley, 
2013). Economic factors (e.g., do-
mestic and global seafood demand, 
conditions in other U.S. and foreign 
fi sheries that supply the same markets 
as California fi sheries, ex-vessel pric-
es, fi shing costs) can infl uence the de-
velopment and decline of fi sheries and 
the amount of pressure exerted on par-
ticular stocks (Vojkovich, 1998; Her-
rick et al., 2006; Knapp et al., 2007; 
Anderson et al., 2011). 

Technological change can also affect 
harvest opportunities. For instance, 
fi sh fi nding and harvesting technol-
ogy can improve harvest effi ciency 
(although competitive advantage may 
be diminished to the extent that adop-
tion of such methods becomes wide-
spread); changes of this type have led 
to standardization of effort in stock 
assessments to avoid confounding 
the effects of fi shing power and stock 
abundance on CPUE (Maunder and 
Punt, 2004). Technology also includes 
methods to reduce take of nontarget 
species (e.g., bycatch reduction devic-
es) and discourage fi shing in certain 
habitats (e.g., use of small footropes to 
discourage trawling in rocky habitat). 
Life history characteristics of target 
and bycatch species and other biologi-
cal traits, such as habitat preferenc-
es and schooling behavior, can affect 
their vulnerability to fi shing and their 
ability to recover from overfi shing and 
environmental adversity. 

Stock assessments refl ect the biol-
ogy of the species and the infl uence 
of historical catches and environmen-
tal conditions on current abundance 
(Methot et al., 2013). Harvest control 
rules adopted by the PFMC ensure 
that the outcome of stock assessments 

are refl ected in annual catch limits 
(ACL’s). Catches, in turn, affect future 
stock trajectories. 

Stocks are typically assessed through-
out their geographic range. Harvest 
control rules likewise are used to es-
tablish ACL’s for entire stocks which 
can be suballocated among fi shery sec-
tors and geographic areas. Catches by 
any particular sector (e.g., California 
commercial) may or may not be cor-
related with stock abundance, depend-
ing on factors such as the distribution 
of the fi shery relative to the distribu-
tion of the stock. Weak-stock manage-
ment policies constrain target species 
harvests (often below levels warranted 
solely by target species abundance) to 
achieve desired reductions in bycatch 
of weak stocks. Inferences regarding 
abundance from harvest trends should 
be made with such factors in mind. 

This paper describes California fi sh-
ery trends in terms of three indicators: 
vessel participation, landings, and ex-
vessel revenue. As will be seen, these 
indicators do not necessarily follow 
similar patterns for a given fi shery, 
and they can also differ depending on 
the temporal and geographic scale at 
which they are depicted. Different in-
dicators and scales provide different 
insights into fi sheries and underscore 
the need for nuanced interpretation of 
the data. California fi sheries are di-
verse, not just in terms of species, gear 
type, fi shing strategies, location, and 
trends, but also in terms of the factors 
that infl uence those trends. 

The section on California landings 
during 1916–2012 focuses on trends 
in several historically signifi cant fi sh-
eries. Later sections provide a more 
detailed description of fi shery trends 
in the recent decades, 1981–2012, as 
summarized from vessel-level land-
ings receipts data that have been avail-
able in electronic form since 1981. 
Specifi cally, information is provided 
on statewide trends in individual fi sh-
eries in terms of participation, land-
ings, and ex-vessel revenues. Also, 
more geographic specifi city is given 
by describing overall fi shery trends by 
region and port and highlighting fi sh-
eries that are particularly infl uential in 
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each geographic area. Finally, vessel 
behavior is described as it relates to 
revenues, fi shery diversifi cation, and 
geographic mobility. Then conclusions 
are drawn from analyses contained in 
the previous sections. 

All landings volumes are report-
ed here in landed weight and all dol-
lar values are corrected for infl ation 
to base year 2012. Trips are assigned 
to fi sheries based on the species/gear 
combination accounting for the plu-
rality of revenue earned on the trip. A 
vessel that made at least one trip in a 
given fi shery is designated a partici-
pant in that fi shery.

California Commercial Fishery
Trends 1916–2012

Figure 1 provides a historical per-
spective on California commercial 
landings since 1916. Notable land-
ings peaks occurred during 1934–48 

Figure 1.—California commercial landings, 1916–2012 (sources: Leet et al., 2001 and PacFIN).

(1.2–1.8 billion lb), 1949–50 (1.1–1.3 
billion lb), and 1975–77 (856–901 
million lb). The major contributor to 
the fi rst two peaks was the Pacifi c sar-
dine, Sardinops sagax, fi shery, while 
tuna, Thunnus spp., and northern an-
chovy, Engraulis mordax, were major 
contributors to the third peak. 

Landings of coastal pelagic species—
Pacifi c sardine; northern anchovy; 
Pacifi c mackerel, Scomber japoni cas;
and jack mackerel, Trachurus symmet-
ricus—have varied widely in both ab-
solute and relative terms since 1916. 
Demand for canned sardines devel-
oped during World War I and was soon 
overshadowed by the more lucrative 
market for fi sh meal and oil, which 
were produced from cannery waste by 
a process known as reduction. Cali-
fornia processors operated reduction 
plants in conjunction with canneries, 
then further augmented meal and oil 

production by using whole fi sh for re-
duction. During 1920–41, concerns 
expressed by CDFG and federal bi-
ologists led to passage of various state 
laws intended to reserve use of sar-
dines for human consumption. Pro-
cessors circumvented these laws by 
harvesting and reducing sardines out-
side the state’s 3-mile jurisdiction, a 
situation that continued until 1938, 
when fi sh meal and oil prices fell and 
an amendment to the California Con-
stitution gave the state the authority 
to stop offshore reduction (Ueber and 
MacCall, 1992). During the 1930’s 
and 1940’s, the sardine stock (which 
expands its range as abundance in-
creases) supported high-volume fi sher-
ies from Mexico to British Columbia 
(Radovich, 1982). Sardines comprised 
44–62% of total California landings 
during 1917–23 and 70–83% in 1924–
45. California sardine landings rou-
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tinely exceeded 900 million lb during 
1934–44, peaking at 1.5 billion lb in 
1936. 

The collapse of the California fi sh-
ery in the 1950’s (preceded by collapse 
of the British Columbia, Washington, 
and Oregon fi sheries in the 1940’s) has 
been attributed to a combination of 
overfi shing and adverse environmen-
tal conditions (Marr, 1960; McEvoy, 
1986; Ueber and MacCall, 1992). The 
State of California imposed a morato-
rium on directed sardine landings in 
1974 which was lifted in 1986 (Wolf, 
1992) under a harvest regime that con-
tinued in similar form when a federal 
Coastal Pelagics Species (CPS) Fish-
ery Management Plan that included 
sardine was implemented in 2000 
(PFMC, 1998a).

The collapse of the sardine fi shery 
in the 1950’s was followed by develop-
ment of the northern anchovy reduc-
tion fi shery in 1966, which peaked at 
317 million lb in 1975 and ceased op-
eration by the late 1980’s, when record 
low reduction prices made the fi shery 
unviable (CDFG, 1990:13–14). CPS 
landings were subsequently dominat-
ed by mackerel until the mid-1990’s, 
when the sardine stock had recovered 
suffi ciently to support a substantial 
fi shery. Since then, sardine landings 
reached a high of 179 million lb in 
2007—a substantial volume but well 
below the amounts harvested in the 
heyday of the fi shery. Sardines are 
now marketed for non-reduction uses, 
including human consumption, aqua-
culture feed, and bait in recreational 
and commercial fi sheries (Herrick et 
al., 2006).

The tuna fi shery expanded as de-
mand for canned tuna increased after 
World War II. Tuna landings increased 
from 10–99 million lb during 1916–33 
to 94–194 million lb during 1934–45, 
and peaked at 176–384 million lb dur-
ing 1946–83 (except for the record 
1976 year, when harvest reached 447 
million lb). Landings subsequently de-
clined to 176 million lb in 1984 to an 
average of 64 million lb during 1985–
89, 28 million lb during 1990–99, and 
4 million lb during 2000–12. Tunas 
comprised 23–62% of total California 

landings during the peak years 1946–
83, but less than 2% during 2000–12. 
Tuna harvests included troll landings 
of premium “white meat” albacore 
tuna, Thunnus alalunga, and higher-
volume landings of yellowfi n, T. al-
bacares, and skipjack, Katsuwonus 
pelamis, by tuna clipper “baitboats” 
and later seiners. Albacore constituted 
the plurality if not majority of Califor-
nia tuna landings during 1916–25 and 
1999–2012, while yellowfi n constitut-
ed the plurality/majority for 67 of the 
73 years 1926–98 (skipjack being the 
plurality/majority in the remaining 6 
years). 

Until the late 1950’s, yellowfi n and 
skipjack tunas were targeted by bait-
boat fi shermen who used chum to at-
tract tunas and employed poles with 
short lines and barbless hooks to heave 
the fi sh over their shoulders onto the 
deck (Godsil, 1938). Improved refrig-
eration methods in the 1930’s enabled 
these boats to extend their range far-
ther south and offshore. By the late 
1950’s, technological improvements 
(nylon nets, Puretic powerblock2) led 
to development of the tuna purse seine 
fi shery.

California seiners were of two dis-
tinctive types. One fl eet consisted of 
smaller “wetfi sh” boats (25–150 short 
tons capacity), based in the San Pedro 
area, that targeted CPS fi nfi shes, mar-
ket squid, Loligo opalescens, and also 
tunas in years when they appeared in 
coastal waters of the Southern Califor-
nia Bight (Perrin and Noetzel, 1970). 
In addition to newer boats, the wet-
fi sh fl eet also included seiners that had 
participated in the sardine fi shery be-
fore its collapse (Knaggs, 1973). The 
second fl eet consisted of large “super-
seiners” (200–2,000 short ton capac-
ity) that made long-range trips to the 
eastern Pacifi c Ocean to harvest tropi-
cal tunas, such as yellowfi n and skip-
jack (Orbach, 1977; Rockland, 1978). 
This fl eet included baitboats that had 
been converted to purse seiners as well 
as newly built seiners. The rapid ex-
pansion of this long-range fl eet was 

2Mention of trade names and commercial fi rms 
does not imply endorsement by the National 
Marine Fisheries Service, NOAA

facilitated by federal programs that en-
couraged capitalization and investment 
in fi sheries.3 

The Inter-American Tropical Tuna 
Commission manages yellowfi n tuna 
within the Commission’s Yellowfi n 
Regulatory Area (CYRA). Concerns 
regarding incidental mortality of pan-
tropical spotted, Stenella attenuata; 
spinner, S. longirostris; and common, 
Delphinus delphis, dolphins by sein-
ers in the CYRA in the late 1960’s 
prompted technological changes that 
reduced dolphin mortality by U.S. 
seiners to minimal levels by the early 
1980’s (Coe et al., 1984). Landings by 
the high-seas fl eet in California also 
plummeted by the early 1980’s as tax 
advantages and lower costs caused 
tuna canneries to close their opera-
tions in southern California in favor 
of Puerto Rico and American Samoa 
(Francis et al., 1992).4 The last tuna 

3Federal support for capitalization and modern-
ization of fi shing fl eets has taken the form of 
programs such as the Fisheries Loan Fund (FLF, 
1957–73), the Fishing Vessel Mortgage Insur-
ance Program (1962–72), the Fishing Vessel Ob-
ligation Guarantee Program (FVOG, 1973–98), 
the Fisheries Finance Program (1998 to present, 
including new authority to fi nance buyback pro-
grams and purchase of catch shares by small-
scale fi shermen and crew members), and the 
Capital Construction Fund (1970–present). The 
terms of these programs are specifi ed in legis-
lation such as the 1956 Fish and Wildlife Act, 
the 1972 Federal Ship Financing Act, and the 
1996 Sustainable Fisheries Act as amendments 
to the 1936 Merchant Marine Act, and refl ect 
the federal government’s broader agenda regard-
ing development of the shipping industry. These 
programs were implemented by the Department 
of the Interior’s Bureau of Commercial Fisher-
ies (BCF) until 1970, when the functions of the 
BCF were transferred to the newly-established 
National Marine Fisheries Service (NMFS). 
During the late 1950’s and early 1960’s the BCF 
issued FLF loans for conversion of 30 bait-
boats to purse seiners (an additional 70 boats 
were converted using private funds). Although 
the FVOG program has experienced very low 
default rates, a notable exception occurred in 
1996, when NMFS seized and auctioned 6 su-
perseiners (all owned by the same family) for 
$26.2 million after low yellowfi n prices prompt-
ed the family to default on $21 million in loans 
they had received in the late 1980’s and early 
1990’s. In 1996, NMFS administratively banned 
the use of FVOG funds for new vessel construc-
tion or for refurbishment of existing vessels that 
materially increased the vessel’s harvesting ca-
pacity (FFITF, 1999)
4During the 1970’s, the U.S. distant-water tuna 
fl eet operated principally in the Eastern Tropi-
cal Pacifi c and landed their catch at canneries in 
California and Puerto Rico; many of these ves-
sels were owned by U.S. processors. In the late 
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cannery in southern California closed 
in 2001 (PFMC, 2016b). Since then, 
the relatively modest amounts of tuna 
still landed in California have been ex-
ported overseas for processing.

California Fishery Trends 
1981–2012

This section provides a post-1980 
overview of California’s commercial 
fi sheries. The information provided 
here illustrates the diverse and dynam-
ic nature of fi shing activity, the varying 
insights that can be gained by consid-
ering fi sheries at differing spatial and 
temporal scales, and the resource, en-
vironmental, regulatory, and socioeco-
nomic factors affecting fi shery trends. 
Because vessel behavior, fi shery regu-
lations, and ecosystem effects are typi-
cally differentiated by gear as well as 
species, fi sheries are depicted here in 
terms of species/gear combinations. 

Table 1 summarizes landings, rev-
enues, and vessel participation trends 
in the 27 California fi sheries that gen-
erated at least $400,000 in average 
annual ex-vessel revenue during 1981–
2012. Participation tends to be highest 
in line and pot fi sheries, and landings 
volume highest in net (seine and trawl) 
fi sheries. Ex-vessel revenue does not  
necessarily correlate with landings, as 

1970’s, some Latin American countries estab-
lished 200-mile exclusive economic zones and 
expanded their own fl eets, prompting U.S. pro-
cessors to increase their purchases of cheaper, 
raw tuna from foreign sources. The U.S. fl eet de-
clined from 101 to 66 active vessels from 1979 
to 1988, with many of these boats transferring 
to foreign registry. As indicated by Sakagawa 
(1991), these transfers were due to prevailing 
economic conditions (low ex-vessel yellowfi n 
prices, debt service, interest by foreign enti-
ties in purchasing U.S. vessels) rather than U.S. 
tuna–dolphin regulations. Although the dolphin 
quota became more constraining during this 
period (declining from 78,000 animals in 1976 
to 20,500 animals in 1981 and thereafter), the 
U.S. fl eet stayed within the quota in all but two 
years (1976 and 1982). U.S. processors closed 
most of their canneries in southern California 
and Hawaii during 1979–85 and expanded their 
operations in American Samoa and Puerto Rico. 
Canneries in insular territories enjoy economic 
advantages such as exemption from the Nichol-
son Act (which prohibits foreign vessels from 
landing fi sh taken in high-seas fi sheries), duty-
free entry of cannery products into the U.S., and 
exemption from federal minimum wage stan-
dards (Levine and Allen, 2009). 

Table 1.—Average annual number of boats, landings (millions of pounds landed weight), and revenue ($millions, 
base year=2012) for top-27 California fi sheries (based on 1981–2012 average revenue), 1981–2012, by fi shery and 
time interval. Number of boats not additive across fi sheries, as some boats participate in multiple fi sheries.

 1981–2012 1981–85 1986–90 1991–95 1996–2000 2001–05 2006–10 2011–12
 Avg Avg Avg Avg Avg Avg Avg Avg

Tuna seine 
   Boats 54 146 71 50 52 19 5 9
   Landings 42.4 184.5 49.0 15.7 19.6 2.0 0.4 0.2
   Revenue 39.9 189.7 43.7 9.3 11.5 1.0 0.2 0.3
Dungeness crab pot
   Boats 541 630 639 655 501 425 424 463
   Landings 11.9 6.8 8.3 9.4 9.6 13.9 16.6 23.2
   Revenue 26.7 17.0 20.2 18.7 23.4 28.4 35.8 69.1
Squid seine        
   Boats 93 88 84 77 115 98 91 113
   Landings 114.5 23.0 65.1 96.2 160.7 132.3 159.0 241.6
   Revenue 24.6 5.6 9.6 16.0 28.1 27.1 44.7 65.9
Non-whiting groundfi sh trawl
   Boats 137 210 194 178 149 88 47 31
   Landings 38.5 75.6 60.1 44.4 33.9 15.5 13.2 9.9
   Revenue 21.8 34.7 33.5 26.7 22.0 10.4 9.1 7.2
Sea urchin dive
   Boats 266 223 393 448 283 184 116 133
   Landings 21.6 19.5 45.4 29.6 15.6 12.4 11.1 11.5
   Revenue 18.6 8.3 29.8 40.9 19.0 10.7 6.9 8.2
Salmon troll
   Boats 1,378 3,220 2,429 1,241 774 680 258 541
   Landings 4.2 4.8 8.4 3.5 4.0 4.9 0.6 1.7
   Revenue 16.0 24.4 37.5 11.0 9.1 13.4 3.1 9.1
CPS seine
   Boats 95 155 134 92 88 65 53 56
   Landings 130.8 167.4 129.2 85.9 153.4 130.0 144.3 67.4
   Revenue 12.6 26.3 16.7 7.9 10.3 7.5 9.4 5.5
Groundfi sh fi xed gear
   Boats 889 1,156 1,147 1,172 978 564 474 493
   Landings 6.9 10.4 9.0 9.5 6.4 3.2 3.8 4.9
   Revenue 10.2 8.6 9.2 11.8 12.0 7.8 9.9 14.6
Albacore troll 
   Boats 354 996 229 173 414 276 113 164
   Landings 8.0 22.9 6.6 6.4 9.8 4.0 1.1 1.4
   Revenue 9.2 27.9 6.5 6.9 10.8 3.9 1.5 2.6
Herring net 
   Boats 192 392 350 205 156 88 28 27
   Landings 9.8 16.0 18.3 11.4 10.1 4.4 1.2 3.4
   Revenue 7.4 14.4 10.5 10.1 9.8 2.0 0.4 0.6
Swordfi sh net
   Boats 102 184 171 120 93 44 33 18
   Landings 1.4 2.7 2.3 1.6 1.1 0.4 0.5 0.2
   Revenue 7.0 13.8 14.6 8.5 4.5 1.6 1.7 0.8
Lobster pot 
   Boats 204 235 223 247 202 164 163 180
   Landings 0.6 0.5 0.6 0.6 0.7 0.8 0.7 0.8
   Revenue 6.6 3.7 5.3 5.7 6.7 6.5 9.1 13.5
Pink shrimp trawl
   Boats 52 56 72 94 80 18 7 12
   Landings 5.8 3.0 9.6 10.9 6.4 2.8 1.9 6.8
   Revenue 4.0 3.0 7.9 7.5 4.1 1.2 0.7 3.3

Table continued

revenue depends on ex-vessel price as 
well as volume landed.

Fishery Participation

The number of boats participat-
ing in California fi sheries declined 
from 6,892 in 1981 to 1,479 in 2009, 
then increased to 1,877 by 2012. Par-
ticipation trends are driven largely by 
three fi sheries: Pacifi c salmon troll, 
groundfi sh fi xed gear, and Dungeness 
crab, Cancer magister (Fig. 2). Due 
to the sheer number of salmon troll-
ers, the salmon fi shery has tended to 
drive the overall statewide pattern of 
vessel participation. Participation in 

the groundfi sh fi xed gear and Dunge-
ness crab fi sheries has also been sub-
stantial but more stable than salmon 
participation.

Salmon Troll 

The salmon troll fi shery, one of 
the oldest fi sheries in California, ex-
panded during World War II (Fig. 3), 
encouraged by favorable market con-
ditions, modest capital requirements 
for vessel entry, and lack of regula-
tory controls on entry. By the 1980’s, 
however, participation was on a down-
ward trend, declining from 4,155 boats 
in 1981 to 2,094 boats in 1990, then 
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formed California’s troll fi shery from 
a two-species fi shery to a Chinook, 
O. tshawytscha-only fi shery (PFMC, 
2016a). 

Groundfi sh Fixed Gear 

Groundfi sh fi xed gear (hook-and-
line and pot) vessels target sablefi sh, 
Anoplopoma fi mbria, as well as rock-
fi sh (Sebastes spp.), lingcod, Ophiodon 
elongatus, and other groundfi sh spe-
cies. Average annual prices increased 
steadily from $0.82/lb during 1981–85 
to $2.98/lb by 2011–12. Despite these 
price increases, participation declined 
from 1,367 boats in 1981 to 446–513 
boats since 2004 (Fig. 2). The PFMC 
implemented a groundfi sh limited 
entry program in 1994 that includ-
ed fi xed gear as well as trawl vessels 
(PFMC, 1992). Other regulations af-
fecting participation include the fi xed 
gear sablefi sh endorsement (1997) and 
permit stacking (2001–02) (PFMC, 
2014a), as well as more restrictive 
ACL’s to facilitate rebuilding of over-
fi shed rockfi shes. The State of Cali-
fornia responded to the development 
of a lucrative live-fi shery fi shery for 
nearshore rockfi shes in the late 1980’s 
by imposing increasingly restrictive 
harvest limits, MPA’s, and a statewide 
moratorium on entry in 2000 (CDFG, 
2002), followed by a restricted access 
program in 2003 (CDFG5). Regulatory 
constraints affected landings as well as 
participation. Fixed gear landings in-
creased fairly steadily from 7.0 million 
lb in 1984 to 12.9 million lb in 1992 
but have been on a downward trajecto-
ry ever since (4.0 million lb in 2012).

Dungeness Crab Pot

Participation in the Dungeness crab 
fi shery declined from 645–814 boats 
during 1981–94 to 533–612 boats dur-
ing 1995–99 to 401–479 boats during 
2000–10, then increased to 466–487 
boats during 2011–12 (Fig. 2). The 
State of California manages the fi shery 
based on “3-S” principles—sex, size, 
and season. Harvest is limited to male 

5CDFG. 2007. Groundfi sh open access per-
mitting. Ver. 27 July 2007, 4 p. Available on-
line at https://nrm.dfg.ca.gov/FileHandler.ashx? 
DocumentID=33992.

Swordfi sh line/harpoon
   Boats 67 135 88 61 57 47 30 22
   Landings 0.8 0.3 0.3 0.5 1.5 1.9 0.2 0.6
   Revenue 3.1 2.0 2.3 2.9 5.5 5.8 1.0 2.0
Halibut net/trawl
   Boats 159 267 251 154 144 108 70 61
   Landings 0.8 1.2 1.0 0.7 1.0 0.7 0.4 0.3
   Revenue 2.9 3.8 3.9 2.6 3.3 2.7 1.8 1.4
Abalone dive 
    Boats 61 139 115 104 29 0 0 0
    Landings 0.3 1.0 0.6 0.4 0.1 0.0 0.0 0.0
    Revenue 2.3 5.0 4.6 4.3 1.0 0.0 0.0 0.0
Rock crab pot
   Boats 139 142 158 163 156 140 92 101
   Landings 1.4 1.4 1.7 1.4 1.2 1.4 1.3 1.7
   Revenue 2.2 2.3 2.7 2.1 1.9 2.1 1.8 2.3
Groundfi sh net
   Boats 100 240 238 103 33 15 8 5
   Landings 2.8 6.2 8.5 2.8 0.4 0.0 0.0 0.0
   Revenue 2.0 4.3 6.0 1.9 0.3 0.0 0.0 0.0
Prawn pot 
   Boats 38 8 36 58 56 39 32 32
   Landings 0.2 0.0 0.1 0.2 0.2 0.3 0.3 0.5
   Revenue 2.0 0.1 0.9 1.6 2.2 2.8 3.6 4.6
Prawn trawl 
   Boats 34 39 32 38 58 36 12 14
   Landings 0.5 0.5 0.3 0.3 1.3 0.4 0.3 0.2
   Revenue 1.9 1.5 0.8 1.8 5.5 1.5 0.7 0.5
Shark net
   Boats 142 291 254 138 101 66 46 34
   Landings 1.1 3.0 1.7 0.8 0.6 0.5 0.3 0.1
   Revenue 1.7 4.7 2.9 1.3 1.1 0.7 0.4 0.2
White seabass net
   Boats 89 85 80 68 69 91 90 224
   Landings 0.3 0.2 0.1 0.1 0.2 0.3 0.5 0.5
   Revenue 0.7 0.8 0.4 0.3 0.4 0.8 1.3 1.5
Whiting trawl 
   Boats 7 11 9 6 8 4 7 0
   Landings 7.7 3.5 11.8 10.0 9.3 6.8 7.7 0.0
   Revenue 0.6 0.5 1.3 0.8 0.6 0.4 0.6 0.0
Sea cucumber trawl/dive
   Boats 40 8 11 68 57 49 41 57
   Landings 0.5 0.0 0.1 0.6 0.6 0.7 0.5 0.6
   Revenue 0.6 0.0 0.0 0.5 0.6 0.7 1.0 2.6
Halibut line
   Boats 205 104 182 239 253 232 205 244
   Landings 0.1 0.0 0.1 0.1 0.2 0.2 0.1 0.1
   Revenue 0.5 0.1 0.4 0.5 0.6 0.7 0.7 0.7
Shrimp pot
   Boats 11 2 13 15 14 17 8 9
   Landings 0.7 0.0 0.5 1.3 1.4 0.8 0.3 0.3
   Revenue 0.5 0.0 0.5 0.9 1.0 0.4 0.2 0.3
Hagfi sh pot        
   Boats 14 0 27 2 1 1 44 27
   Landings 0.6 0.0 1.6 0.1 0.0 0.0 1.3 1.1
   Revenue 0.4 0.0 1.1 0.0 0.0 0.0 1.0 0.8

     

Table 1.—Continued

 1981–2012 1981–85 1986–90 1991–95 1996–2000 2001–05 2006–10 2011–12
 Avg Avg Avg Avg Avg Avg Avg Avg

falling more abruptly to 610 by 2007 
(Fig. 2). Participation was negligible 
during 2008–10 due to record low es-
capements and landings, including un-
precedented fi shery closures in 2008 
and 2009 (PFMC, 2008a; Lindley et 
al., 2009), then increased to 621 boats 
by 2012 as stocks experienced a mod-
est rebound. The dependence of sal-
monids on freshwater as well as ocean 
habitat contributes to the vulnerabil-
ity of these species in drought-prone 
California. Salmon trollers comprised 
41–61% of California vessels during 

1981–91 and 25–37% during 1992–
2007 and 2011–12. 

Factors contributing to the decline 
in participation include establishment 
of a limited entry program in 1983 
(Dewees and Weber, 2001), declining 
ex-vessel prices, and increasingly re-
strictive management since the early 
1990’s (including weak-stock manage-
ment policies). A particularly notable 
example of the latter is the prohibition 
on coho, O. kisutch, retention since 
1993 to protect endangered Central 
California Coast coho; this trans-



54 Marine Fisheries Review

crabs that exceed a given size limit, and 
seasons are imposed to discourage har-
vest of soft-shelled crabs (Hankin and 
Warner, 2001). The state established a 
limited entry program in 1995, and trap 
limits were implemented beginning in 
2013 (CDFG, 2012). Fishery participa-
tion is affected by species availability, 
prices, and (particularly since this is a 
winter fi shery) weather. 

Landings

California landings fell precipitous-
ly from 792 million lb in 1981 to 359 
million lb in 1985, largely due to the 
decline in tuna seine landings from 
290 to 47 million lb and the decline in 
anchovy landings from 115 to 4 mil-
lion lb. Since 1985, total landings have 
been variable with no apparent trend. 
Highs were experienced in 1988 (496 

Figure 2.—Total number of boats participating in California commercial fi sheries, and number participating in selected fi sheries 
(salmon troll, groundfi sh fi xed gear, Dungeness crab pot), 1981–2012. Boats are not additive across fi sheries as some boats par-
ticipate in multiple fi sheries.

million lb), 1997 (492 million lb), and 
2000 (554 million lb); lows were ex-
perienced in 1998 (284 million lb) and 
2003 (275 million lb) (Fig. 4). Over-
all landings have trended toward an in-
crease in invertebrate species relative 
to fi nfi shes. Fisheries that have had the 
most notable effects on landings are 
the high-volume seine fi sheries for tu-
nas, market squid, and coastal pelagic 
species (CPS). 

Tuna Seine 

Tuna seine landings declined from 
290 million lb in 1981 to 47 million lb 
in 1985, then stabilized at 46–62 mil-
lion lb during 1986–89. Landings con-
tinued their downward slide to 12–29 
million lb in 1990–99 and 2–5 mil-
lion lb in 2000–05, and have averaged 
352,000 lb since 2005. The precipitous 

decline in tuna landings that occurred 
in the early 1980’s is largely due to the 
overseas relocation of southern Cali-
fornia tuna canneries that began in the 
late 1970’s. The last remaining south-
ern California cannery closed in 2001 
and most tuna landings are now pro-
cessed out-of-state (PFMC, 2016b).

Squid Seine 

Unlike the tuna and CPS fi sher-
ies—which have a long history of sub-
stantial landings in California (Fig. 
1)—the fi shery for market squid did 
not experience appreciable growth un-
til the 1980’s, when overseas markets 
in Asia and Europe expanded and U.S. 
consumers acquired a taste for squid 
(better known as “calamari”). With 
the notable exception of 1998 (a low-
landings year with record high prices 
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Figure 3.—California ocean commercial salmon landings, 1916–2012 (sources: Leet et al., 2001 and PacFIN).

averaging $0.34/lb), squid prices gen-
erally increased from $0.11–0.22/lb 
during 1986–2002 to $0.25–0.33/lb in 
2003–12. Since 1985, squid has vied 
with CPS as the largest volume fi shery 
in California. Since 2009, squid land-
ings (205–288 million lb) have consis-
tently exceeded CPS landings (65–105 
million lb).

Squid availability is highly sus-
ceptible to environmental conditions 
(Koslow and Allen, 2011); record-
low landings in 1983, 1984, 1992, 
and 1998 (1.2–28.9 million lb) coin-
cided with major El Niño events that 
adversely affected the availability 
of squid to the fi shery. State regula-
tions include quotas, restricted access, 
weekend closures, and restrictions on 
the use of squid attracting lights to 
mitigate effects on seabird colonies 
(CDFG, 2005). The 2012–13 season 
was the third consecutive season to be 

curtailed due to the quota constraint 
(CDFW, 2013).

CPS Seine 

CPS seine landings averaged 131 
million lb during 1981–2012. Landings 
exceeded 200 million lb in 1981–82 and 
2007, and fell below 100 million lb in 
1992–94 and 2010–12. During 1981–
82, CPS landings were about evenly 
split between anchovy and Pacifi c and 
jack mackerel. The anchovy reduc-
tion fi shery ceased operation in the 
late 1980’s due to record low reduction 
prices (Jacobson and Thomson, 1993). 
The mackerel share of CPS landings 
grew to 86–95% during 1983–90, then 
declined to 50% by 1992 as the sardine 
fi shery recovered after its collapse in 
the 1950’s. 

During 1995–2012, the species 
composition of CPS landings was 76% 
sardine, 14% mackerel, and 10% an-

chovy on an average annual basis. 
As sardine abundance has increased, 
the stock has expanded its northward 
range from Mexico and California to 
include Oregon, Washington, and Brit-
ish Columbia (Hill et al., 2014). The 
sardine harvest control rule is notable 
for incorporating ocean temperature 
as a constraint on harvest to refl ect the 
effect of environmental conditions on 
recruitment.6

Other Fisheries 

Although much lower than squid 
and CPS landings, landings in the sea 
urchin, Strongylocentrotus spp., non-
whiting groundfi sh trawl, and Dunge-

6The temperature component of the sardine har-
vest control rule was abandoned in 2012 but re-
instated in 2014 on the basis of further research 
indicating the appropriateness of its inclusion 
using a different temperature index (Lindegren 
and Checkley, 2013; Jacobson and McClatchie, 
2013).
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ness crab fi sheries have nonetheless 
been substantial, typically ranging in 
the tens of millions of pounds. 

• The fi shery for sea urchin roe 
(uni) originally developed for the 
Japanese market and later expand-
ed to include the domestic market 
as U.S. consumers acquired a taste 
for sushi (Kalvass and Rogers-
Bennett, 2001). Urchin landings 
increased from 15–26 million lb 
during 1981–85 to 33–52 million 
lb during 1986–92. Landings de-
clined to 27 million lb in 1993 
and 18 million lb by 1997 and 
have been relatively stable (10–15 
million lb) since 1998. 

• Landings in the groundfi sh trawl 
fi shery steadily declined from 77 
million lb in 1981 to 10 million lb 
in 2012. In the late 1990’s–early 
2000’s, the PFMC declared eight 

Figure 4.—California commercial landings, including landings in selected fi sheries (tuna seine, squid seine, CPS seine), 
1981–2012.

groundfi sh stocks “overfi shed” 
(Ralston, 2002b) and implement-
ed major reductions in harvest 
limits for both overfi shed stocks 
and target species that co-mingle 
with these stocks in the fi shery, 
area and gear restrictions to mini-
mize incidental take of overfi shed 
stocks, and other rebuilding mea-
sures.7 An industry-funded buy-
back was implemented in 2003 to 
address the overcapacity problem, 
which had been exacerbated by the 

7These unprecedented restrictions were intended 
to put the fi shery on a more sustainable trajectory 
after major fl aws were uncovered in the scientifi c 
information previously used to set harvest limits. 
According to Ralston (2002a), “…for years there 
were serious fl aws in the scientifi c advice that 
was presented to the council as the foundation 
of its decision making. The defi ciencies were not 
easy to foresee and were due to a combination of 
inadequate data and fi shery productivity that was 
far lower than anyone imagined.”

reduction in harvest opportunities 
(NMFS, 2004). A catch share pro-
gram was implemented in 2011 
that increased individual account-
ability for incidental take of over-
fi shed stocks while also providing 
additional harvest opportunity for 
targeted species (PFMC, 2010a; 
PFMC, 2010b). Groundfi sh trawl 
activity is monitored via landings 
receipts, logbooks, satellite-based 
vessel monitoring systems, and 
100% observer coverage; ground-
fi sh processors as well as vessels 
are subject to mandatory econom-
ic data collection requirements. 

• Landings in the Dungeness crab 
fi shery increased from 4–14 mil-
lion lb during 1981–2002 to 9–26 
million lb in 2003–12. Landings 
exceeded 20 million lb in 6 of the 
10 years since 2003.
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Figure 5.—Ex-vessel revenues in California commercial fi sheries, including revenues in selected fi sheries (tuna seine, squid seine, 
Dungeness crab pot), 1981–2012.

Ex-Vessel Revenues

Figure 5 depicts California ex-vessel 
revenues during 1981–2012. Unlike 
statewide participation and landings 
trends, which have been driven by 
a handful of fi sheries, it is diffi cult 
to identify any specifi c fi sheries that 
have consistently dominated revenues. 
However several fi sheries (tuna seine, 
Dungeness crab, squid seine) have 
been particularly infl uential in cer-
tain years of the time series. Statewide 
revenues declined from $634 mil-
lion in 1981 to $385 million in 1983, 
largely due to closure of the southern 
California tuna canneries. Revenues 
continued to fall from $296–378 mil-
lion in 1984–89 to $187–240 mil-
lion in 1990–97 to $126–192 million 
in 1998–2010. The trend reversed in 

2011–12 ($205–232 million), when 
an upsurge in Dungeness crab and 
squid seine revenues caused statewide 
revenues to increase to levels not ex-
perienced since 1999. Since 2003, 
Dungeness crab pot and squid seine 
together have dominated statewide 
revenues—accounting for an average 
47% of revenues during 2003–08 and 
61% in 2009–12. 

California fi sheries exhibit a variety 
of revenue trends that refl ect changes 
in landings and prices over time. Fish-
eries that have experienced fairly per-
sistent revenue increases since 1981 
include the following: 

• Dungeness crab revenues, like 
landings, increased markedly in 
the early 2000’s. Revenues in-
creased from $10.4–26.8 million 
in 1981–2002 to $21.1–52.6 mil-

lion in 2003–11, then peaked at 
$85.6 million in 2012. The ex-
vessel price in 2012 ($3.32/lb) ri-
valed previous highs experienced 
in 1983–84 ($3.06/lb) and 2001 
($3.23/lb). Record low salmon 
harvests in the late 2000’s likely 
encouraged diversion of salmon 
troll effort to the Dungeness crab 
fi shery.

• Due to the El Niño effects noted 
earlier, squid seine revenues (like 
landings) reached lows in 1983, 
1984, 1992, and 1998 ($0.6–3.7 
million). However (excluding El 
Niño years), the revenue trend 
has been generally upward, in-
creasing from $7.0–15.1 million 
in 1981–93 to $20.6–44.3 million 
in 1994–2008 to $59.9–73.9 mil-
lion in 2009–12. Squid prices dur-
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ing 2003–12 ($0.25–0.33/lb) were 
exceeded only in 1983–85 ($0.33–
0.47/lb) and 1998 ($0.34/lb). 
However 1983–85 and 1998 were 
low years in terms of landings, 
while landings in the post-2003 
years have been exceptionally high 
(including record highs of 268.0–
288.4 million lb in 2010–11). 

• California spiny lobster, Panuli-
rus interruptus, pot revenues in-
creased from $3.4–4.0 million in 
1981–87 to $5.0–6.8 million in 
1988–95, then increased further 
from $5.7–9.1 million in 1996–
2009 to $11.8–13.7 million in 
2010–12. Prices reached record 
highs ($15.68–17.23/lb) in these 
last three years. Management 
measures for this fi shery include 
limited entry, gear restrictions, 
size limits, and season and area 
closures. CDFW recently drafted 
the California Spiny Lobster Fish-
ery Management Plan (CDFW8), 
which considers additional restric-
tions as well as modifi cations to 
current ones.

Fisheries that have experienced fair-
ly persistent revenue decreases since 
1981 include the following:

• CPS seine revenues declined from 
$41.0 million in 1981 to $20.7 
million in 1984, then fell to $5.6–
19.1 million in 1985–2009 and 
$5.5–5.6 million by 2010–12. The 
majority of CPS harvest from the 
early 1990’s to 2012 has consisted 
of sardine. Factors contributing 
to the revenue decline in recent 
years include reductions in sar-
dine stock abundance since 2007 
and diversion of CPS effort to the 
more lucrative squid fi shery.

• Non-whiting groundfi sh trawl rev-
enues fell from $31.7–40.2 mil-
lion in 1981–89 to $23.0–33.6 
million in 1990–97, then declined 
more precipitously from $19.3 
million in 1998 to $6.7 million in 

8CDFW. 2016. Draft California spiny lobster 
fi shery management plan. 6 Jan. 2016. Calif. 
Dep. Fish Wildlife, Marine Region, Monterey, 
Calif., 227 p. (Avail. online at http://www.fgc.
ca.gov/public/notices/Lobster_Fishery_Manage-
ment_Plan_010616_Draft.pdf)

2012. These declines are consis-
tent with the decline in ground-
fi sh trawl landings described 
earlier. 

• Salmon troll revenues (like land-
ings) have been highly variable, 
with unpredictable river and ocean 
conditions contributing to the vari-
ability in landings. Probably the 
most notable change in manage-
ment has been the adoption of re-
strictive weak-stock management 
policies since the early 1990’s. 
Average annual revenue was $30.9 
million in 1981–90 and $10.7 mil-
lion in 1991–2007. The earlier 
period includes the two highest 
revenue years, $45.5 million in 
1987 and $72.1 million in 1988. 
After the unprecedented fi shery 
closures in 2008–09, revenue re-
bounded to $12.9 million by 2012. 
Prices fell from $5.54/lb in 1981 
to $1.89–2.62/lb by 1995–2003, 
largely due to competition from 
cheaper, imported Atlantic salm-
on (Fig. 6). The steady decline in 
prices exacerbated the effect of 
declining landings on revenues 
during this period. However, since 
2006, salmon prices have rebound-
ed to $4.48–5.69/lb, partly due to 
development of niche markets for 
wild salmon and record low Cali-
fornia harvests in the late 2000’s.

• Both the tuna seine and albacore 
troll fi sheries were affected by 
the southern California cannery 
closures in the early 1980’s. Tuna 
seine revenues fell from $359.0 
million in 1981 to $129.4–239.8 
million in 1982–84 to $6.5–18.7 
million by 1990–99; revenues 
have been well below $550,000 
since 2006. Albacore troll rev-
enues fell from $50.3 million in 
1981 to $18.1–30.1 million in 
1982–84, then $3.0–16.4 million 
in 1985–2004 and $1.0–2.6 mil-
lion in 2005–12. 

• Abalone, Haliotis spp., revenues 
declined from $4.7 million in 
1981 to $1.4 million in 1997, 
with prices, which increased from 
$3.88–4.22/lb during 1981–83 to 
$12.72–13.43/lb in 1994–97, more 

than offset by the decline in land-
ings. The commercial fi shery has 
been closed since 1998 due to low 
abundance variously attributed to 
overharvest, sea otter, Enhydra lu-
tris, predation, and withering syn-
drome (Haaker et al., 2001).

Fisheries with revenues that peaked 
in the mid-1980’s to early 1990’s be-
fore beginning their downward trend 
include the following: 

• Sea urchin revenues increased 
from $6.9–11.1 million in 1981–
85 to a peak of $33.4–52.3 million 
during 1988–95, then declined 
to $5.7–8.2 million by 2005–12. 
During 1991–94, urchin was the 
highest revenue fi shery in Cali-
fornia. Urchin prices increased 
from $0.38–0.52/lb in 1981–87 to 
a peak of $1.43–1.54/lb in 1993–
95, then declined to $0.53–0.73/
lb by 2005–12. Landings peaked 
earlier (1986–92) than revenues 
(1988–95), due to the trend in 
prices. The decline in this fi sh-
ery has been variously attributed 
to infrequent recruitment and in-
tensive harvesting, particularly in 
northern California, and the de-
pressed Japanese market (Kalvass 
and Rogers-Bennett, 2001). 

• Whiting trawl revenues increased 
from $0.3 million in 1981 to a 
peak of $1.7–1.8 million in 1988–
89, decreased to $0.2–1.1 million 
during 1992–2010 and virtually 
disappeared in 2011–12. The re-
cent disappearance of this fi shery 
in California has been attributed 
to trading of whiting quota pounds 
for more lucrative species by Cali-
fornia participants in the ground-
fi sh trawl catch share program 
(CDFW, 2013). Even prior to the 
catch share program, Oregon and 
Washington (where whiting pro-
cessing capacity is concentrated) 
accounted for the vast majority of 
west coast whiting landings.

• Revenues in the swordfi sh drift 
gillnet fi shery increased from 
$4.3 million in 1981 to $22.2 mil-
lion in 1985 but declined to less 
than $800,000 by 2010–12; land-
ings exhibited a similar pattern. 
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Figure 6.—U.S. salmon imports by product type (fresh, frozen, other), 1976–2012 (source: Fisheries Statistics Division, NMFS 
Offi ce of Science and Technology).

Swordfi sh prices declined from 
$4.69–7.07/lb during 1981–96 
to $2.95–4.52/lb in 1997–2012. 
Time and area closures imple-
mented in 2001 by the PFMC to 
reduce incidental take of migrato-
ry turtles have notably diminished 
the fl eet’s access to productive 
fi shing grounds (PFMC, 2013b). 
Drift gillnet vessels are subject to 
other management measures such 
as limited entry, logbook and ob-
server requirements, and “ping-
ers” to deter marine mammals.

• Groundfi sh gillnet revenues in-
creased from $2.9 million in 1981 
to a peak of $8.5 million in 1986, 
then declined to $4.8 million by 
1990 and have been negligible 
since the late 1990’s. In 1990, 
California voters passed Propo-

sition 132, which banned the use 
of gillnets in state waters by 1994 
(Lyons et al., 2013). This closure 
has been largely responsible for 
the reduction in nearshore gillnet 
activity over the past two decades.

Fisheries that did not exhibit any 
consistent revenue trend during 1981–
2012 include the following: 

• The groundfi sh fi xed-gear fi shery 
experienced highly variable rev-
enues, with lows in 1984–85 and 
2002–05 ($5.5–6.5 million), and 
highs in 1982, 1992, 1995–97, and 
2010–11 ($13.4–17.6 million). The 
fi xed gear fi shery targets sable-
fi sh and other groundfi sh (mostly 
rockfi shes). Sablefi sh landings de-
clined from 6.8–8.9 million lb in 
1981–83 to 1.1–1.9 million lb by 
1998–2008, then increased to 2.6–

4.2 million lb in 2009–12. Near-
shore rockfi sh landings increased 
from an average of 590,000 lb 
during 1981–90 to 1.3–1.8 million 
lb in 1991–98 (fueled by develop-
ment of the live fi sh market), but 
have been consistently less than 
600,000 lb since 2003. Other rock-
fi sh landings were 2.7–6.8 million 
lb during 1981–98 (except for 
1992, when landings peaked at 8.5 
million lb), then declined to 0.8–
1.4 million lb in 1999–2012. Aver-
age prices for nearshore rockfi shes 
(including those caught dead as 
well as live) increased from $0.93/
lb during 1981–85 to $5.51/lb in 
2011–12. Prices also increased 
over the same two periods for oth-
er rockfi shes (from $1.06 to $2.53/
lb) and sablefi sh (from $0.66 to 
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$2.81/lb). These price increases 
have moderated the impact of fall-
ing landings. The contributions of 
sablefi sh, nearshore rockfi sh, and 
other rockfi sh to total revenues 
averaged 38%, 25%, and 27%, re-
spectively, during 1981–2012. The 
sablefi sh share declined from 45% 
during 1981–85 to a low of 12% 
in 1993, then increased to 65% by 
2011–12. The nearshore rockfi sh 
share increased from 6% during 
1981–85 to a high of 50% in 1998, 
then declined to 16% by 2011–12. 
The other rockfi sh share increased 
from 47% in 1981–85 to a high of 
69% in 1989 then declined to 19% 
by 2011–12. 

• The hagfi sh, Eptatretus stoutii, 
pot fi shery emerged briefl y in 
the late 1980’s with landings ex-

ported for the eelskin market in 
the Republic of Korea. The fi shery 
then disappeared and reemerged 
in 2007, with hagfi sh now sold 
in South Korea’s live fi sh market 
for human consumption (CDFG, 
2008:31–34). Annual revenues 
were $0.6–3.6 million in 1988–
90 and $0.6–1.6 million in 
2007–12.

Figure 7 depicts average  annual 
landings, prices, and revenues in 
2011–12 for the ten California fi sher-
ies that generated at least $3 million 
in average annual revenue in those 2 
years. The squid seine and CPS seine 
fi sheries are noted but not graphed in 
Figure 7, as the magnitude of their 
landings (242 million and 67 million 
lb, respectively) would have obscured 
differences in landings on the y-axis 

for the other eight fi sheries. Figure 7 
illustrates the heterogeneity of species, 
gear types, and price-landings com-
binations associated with California’s 
highest-revenue fi sheries. 

Spatial Distribution 
of Fishing Activity

This section describes fi shing ac-
tivity in fi ve designated regions—
Southern California, South Central 
California, Central California, North 
Central California, and Northern 
California—and how activity is dis-
tributed among ports within each re-
gion (Figure 8 gives region and port 
locations, ignoring the numbers for 
now). Table 2 shows how vessel par-
ticipation, landings, and revenues in 
each region have varied over time. 
Regional differences refl ect the spa-

Figure 7.—Average annual landings, revenue and prices in California’s top-ten revenue fi sheries in 2011–12. High-volume squid 
seine and CPS seine fi sheries noted but not graphed to better distinguish landings in other fi sheries on y-axis.
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Figure 8.—Major California fi shing ports by region, and average annual number of 
boats fi shing exclusively in each port, each region, and adjacent regions, 2011–12.

tial distribution of high-participation, 
high-volume, and high-revenue fi sher-
ies across the state.

Vessel participation was consistently 
highest in North Central California in 
all 32 years of the time series, with an 
average 42% of active vessels landing 
fi sh in this region. The majority of the 
salmon troll fl eet is concentrated in 
this region as well as a sizeable num-
ber of Dungeness crab and groundfi sh 
fi xed gear vessels. Vessel participation 
was lowest in South Central California 
in 12 of the 32 years (mostly from the 

early 1980’s to the early 1990’s) and 
in Northern California in the other 20 
years (mostly after the early 1990’s). 
Fewer groundfi sh fi xed gear vessels 
operate in South Central California 
than any other region, and lobster 
pot vessels are concentrated more in 
Southern California. The notable de-
cline in participation in Northern Cali-
fornia after the early 1990’s is largely 
due to more restrictive regulations on 
Klamath River fall Chinook (the ba-
sis for NMFS’ consultation standard 
for ESA-listed California Coastal 

Chinook) that disproportionately con-
strained the salmon troll fi shery in that 
region (PFMC, 2016a).

Landings were highest in Southern 
California in 31 of the 32 years. This 
region accounted for an average 66% 
of statewide landings during 1981–84 
and 42% in 1985–2012, largely due to 
the concentration of the high volume 
seine fi sheries for tuna, squid, and CPS 
in this region. North Central Califor-
nia and Northern California were the 
lowest landing regions, each account-
ing for an average 10% of statewide 
landings during 1981–2012; these are 
the only regions that lack squid and 
CPS fi sheries. Revenues were highest 
in Southern California in 21 of the 32 
years, partly driven by the same seine 
fi sheries that accounted for high land-
ings in this region. Revenues were 
lowest in Central California in 21 of 
the 32 years (all after the late 1980’s). 
Although Central California has a 
number of major fi sheries in common 
with other regions, groundfi sh trawl 
revenues are consistently lower in this 
region than North Central and North-
ern California, salmon troll revenues 
are consistently lower here than North 
Central California, and squid seine 
revenues have been lower here than 
Southern and South Central California 
in most years since 1995. 

For each region, Table 3 identifi es 
fi sheries that provided at least 5% of 
regional revenues in at least one of the 
designated time intervals. Some of the 
fi sheries in Table 3 are region-specif-
ic (tuna seine in Southern California; 
Pacifi c herring, Clupea pallasii, net 
in North Central California). How-
ever, most fi sheries occur in multiple 
regions, with one fi shery (groundfi sh 
fi xed gear) occurring statewide. The 
highest-revenue fi sheries in each re-
gion in 2011–12 were squid seine in 
Southern and South Central California, 
squid seine and groundfi sh fi xed gear 
in Central California, and Dungeness 
crab pot in North Central and Northern 
California. Comparison with previous 
time intervals indicates the fl uidity of 
the revenue shares over time.

Figures 9a–e illustrate the port con-
tributions to regional revenue and how 
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Table 2.—Number of boats, landings (millions of pounds), and revenue ($millions, base year=2012), 1981–2012, 
by region and time interval. Number of boats not additive across regions as some boats fi sh in multiple regions. 
Statewide landings and revenues are slightly higher than sum across regions as not all landings and revenues 
can be attributed to a region.

 1981–2012 1981–85 1986–90 1991–95 1996–2000 2001–05 2006–10 2011–12
 Avg Avg Avg Avg Avg Avg Avg Avg

Southern California        
   #Boats 743 1,348 928 775 642 494 408 402
   Landings 194.8 360.0 207.5 130.2 190.4 144.9 148.9 162.6
   Revenue 87.5 263.8 95.7 45.9 57.6 36.5 39.7 52.4
South Central California        
   #Boats 469 548 581 626 488 345 295 301
   Landings 80.5 41.0 58.6 72.9 125.3 76.3 99.2 105.1
   Revenue 33.9 20.8 31.2 44.6 39.4 25.8 37.9 43.4
Central California        
   #Boats 855 1,376 1,141 1,045 812 560 340 493
   Landings 56.9 53.4 43.9 44.4 60.9 67.0 73.6 52.5
   Revenue 23.7 31.1 31.5 24.7 24.0 17.9 13.5 23.2
North Central California        
   #Boats 1,453 2,477 2,432 1,566 1,108 876 557 702
   Landings 45.6 62.1 80.3 52.2 38.0 26.4 17.8 37.1
   Revenue 49.5 59.0 75.4 52.5 44.1 34.4 26.7 61.4
Northern California        
   #Boats 591 1,280 758 597 445 322 279 252
   Landings 40.2 47.3 56.8 49.3 38.5 27.2 29.3 22.2
   Revenue 35.4 40.5 43.2 38.1 33.1 26.8 30.0 38.0
Total California        
   #Boats 3,359 5,776 4,710 3,699 2,847 2,143 1,605 1,800
   Landings 418.4 564.1 447.6 349.4 453.3 342.1 369.1 380.2
   Revenue 230.6 415.9 278.7 206.2 198.4 141.5 147.8 218.6

    

these contributions have changed over 
time.

• The highest revenue ports in 
Southern California are Terminal 
Island and San Pedro (Fig. 9a). 
The closure of Terminal Island 
and San Diego tuna canneries in 
the early 1980’s had an immedi-
ate negative effect on San Diego’s 
revenue share; however, non-tuna 
landings at Terminal Island have 
remained suffi ciently high for that 
port to retain its status as a high 
revenue port. Revenue contribu-
tions by Oceanside, Dana Point, 
and Newport Beach have been 
much more modest but have in-
creased over time. Some notable 
fi sheries identifi ed with specifi c 
ports include lobster pot in San 
Diego, Oceanside, and Dana 
Point; groundfi sh fi xed gear in 
Oceanside, Dana Point, and New-
port Beach; and squid seine and 
CPS seine in San Pedro and Ter-
minal Island.

• In South Central California, rev-
enue shares have generally in-
creased for Port Hueneme and 
Ventura and decreased for Oxnard 
and Santa Barbara; however, all 
four ports continue to contribute 
substantially to regional revenue 
(Fig. 9b). Some notable fi sher-
ies identifi ed with specifi c ports 
include lobster pot in Santa Bar-
bara, squid seine in Port Hueneme 
and, to a lesser extent, Ventura, 
and groundfi sh fi xed gear in Santa 
Barbara.

• In Central California, Moss Land-
ing is the highest revenue port, 
followed by Morro Bay and Mon-
terey, then Avila and Santa Cruz 
(Fig. 9c). Some notable fi sheries 
identifi ed with specifi c ports in-
clude Dungeness crab pot in Moss 
Landing and Santa Cruz, squid 
seine in Moss Landing and Mon-
terey, and groundfi sh fi xed gear in 
Morro Bay and, to a lesser extent, 
Moss Landing and Avila.

• In North Central California, the 
highest revenue port generally 
has been San Francisco, followed 
by Fort Bragg, then Princeton and 

Bodega Bay (Fig. 9d). Point Are-
na and Sausalito once accounted 
for over 5% of regional revenue 
but have been minor ports in re-
cent years. Some notable fi sheries 
identifi ed with specifi c ports in-
clude Dungeness crab pot in San 
Francisco, Bodega Bay, and Princ-
eton; groundfi sh trawl in Fort 
Bragg; salmon troll in Fort Bragg, 
Bodega Bay, San Francisco and 
Princeton; and groundfi sh fi xed 
gear in Fort Bragg.

• In Northern California, the high-
est revenue ports have been Cres-
cent City and Eureka (Fig. 9e). 
Fields Landing’s contribution to 
regional revenue peaked at 21% 
in 1985 but has been much less 
than 5% in recent years, while 
Trinidad’s contribution has been 
low but fairly stable over time. 
Some notable fi sheries identifi ed 
with specifi c ports include Dunge-
ness crab pot in Crescent City 
and Eureka, shrimp trawl in Cres-
cent City, and groundfi sh trawl in 
Eureka.

California Fleet Dynamics

Figure 10 depicts the number of 
boats that made at least one trip in 
California, the number of “California 

boats” (boats that derived the plural-
ity of their revenue from California 
as opposed to Oregon and Washing-
ton landings), and the number of Cal-
ifornia boats whose annual revenue 
exceeded $5,000. Almost all boats 
that land fi sh in California qualify as 
“California boats” in terms of plural-
ity of revenue. The total number of 
California boats declined from 6,378 
in 1981 to 1,432 in 2009, then in-
creased to 1,809 by 2012. Follow-
ing a similar pattern, the number of 
California boats earning more than 
$5,000 declined from 3,173 in 1981 
to 1,082 in 2009, then increased to 
1,390 by 2012. 

California boats earning less than 
$5,000 comprise a substantial though 
declining proportion of the Califor-
nia fl eet. Many of these vessels are 
salmon trollers operated by fi shermen 
who are semi-retired or also engaged 
in other occupations. The proportion 
of California vessels earning less than 
$5,000 has decreased from 50% in 
1981 to 23% in 2012. This change is 
consistent with the precipitous decline 
in the number of salmon trollers over 
time (Fig. 2). The remainder of this 
section focuses on “California boats” 
in terms of vessel-level activity and 
performance. 
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Table 3.—Relative distribution of regional revenue among fi sheries, 1981–2012, by region and time interval.

 1981–2012 1981–85 1986–90 1991–95 1996–2000 2001–05 2006–10 2011–12
 Avg Avg Avg Avg Avg Avg Avg Avg

Southern California        
   Tuna Seine 0.24 0.67 0.43 0.19 0.20 0.02 0.01 0.00
   Squid Seine 0.19 0.01 0.04 0.07 0.14 0.28 0.46 0.59
   CPS Seine 0.13 0.09 0.16 0.15 0.13 0.13 0.14 0.07
   Lobster Pot 0.09 0.01 0.05 0.09 0.08 0.11 0.15 0.17
   Urchin Dive 0.07 0.01 0.07 0.14 0.10 0.09 0.03 0.03
   Albacore Troll 0.06 0.08 0.04 0.11 0.13 0.03 0.01 0.01
   Swordfi sh Net 0.05 0.06 0.08 0.06 0.04 0.03 0.03 0.00
   Swordfi sh H&L/Harpoon 0.05 0.01 0.02 0.03 0.08 0.15 0.02 0.00
   Groundfi sh Fixed Gear 0.05 0.02 0.03 0.07 0.05 0.07 0.06 0.04
   Subtotal 0.93 0.96 0.92 0.91 0.95 0.91 0.91 0.91
   All Else 0.07 0.04 0.08 0.09 0.05 0.09 0.09 0.09
   Total 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
South Central California        
   Squid Seine 0.30 0.02 0.12 0.18 0.41 0.42 0.57 0.56
   Urchin Dive 0.28 0.30 0.40 0.53 0.24 0.20 0.12 0.10
   Lobster Pot 0.07 0.05 0.04 0.04 0.06 0.10 0.09 0.11
   Abalone Dive 0.05 0.13 0.08 0.06 0.01 0.00 0.00 0.00
   Groundfi sh Fixed Gear 0.04 0.04 0.04 0.05 0.05 0.03 0.02 0.05
   CPS Seine 0.04 0.11 0.04 0.01 0.02 0.04 0.02 0.01
   Prawn Trawl 0.03 0.05 0.02 0.02 0.08 0.03 0.02 0.01
   Halibut Net/Trawl 0.02 0.05 0.03 0.01 0.02 0.02 0.01 0.01
   Swordfi sh Net 0.02 0.07 0.03 0.01 0.00 0.00 0.00 0.00
   Shark Net 0.02 0.05 0.03 0.01 0.01 0.01 0.00 0.00
   Subtotal 0.87 0.87 0.83 0.92 0.90 0.85 0.85 0.89
   All Else 0.13 0.13 0.17 0.08 0.10 0.15 0.15 0.11
   Total 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Central California        
   Groundfi sh Trawl 0.17 0.21 0.23 0.25 0.20 0.13 0.06 0.05
   Groundfi sh Fixed Gear 0.14 0.06 0.04 0.12 0.17 0.13 0.26 0.26
   Squid Seine 0.14 0.12 0.07 0.14 0.06 0.27 0.13 0.31
   Salmon Troll 0.14 0.13 0.23 0.16 0.14 0.14 0.03 0.09
   CPS Seine 0.10 0.06 0.02 0.04 0.09 0.10 0.30 0.08
   Swordfi sh Net 0.07 0.09 0.14 0.08 0.06 0.02 0.03 0.02
   Albacore Troll 0.05 0.14 0.04 0.02 0.06 0.06 0.01 0.02
   Dungeness Crab Pot 0.03 0.00 0.01 0.02 0.01 0.03 0.07 0.09
   Groundfi sh Net 0.03 0.04 0.10 0.04 0.01 0.00 0.00 0.00
   Pink Shrimp Trawl 0.02 0.01 0.00 0.03 0.08 0.02 0.00 0.00
   Prawn Pot 0.02 0.00 0.00 0.01 0.02 0.04 0.06 0.04
   Subtotal 0.91 0.86 0.88 0.91 0.90 0.94 0.95 0.96
   All Else 0.09 0.14 0.12 0.09 0.10 0.06 0.05 0.04
   Total 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
North Central California        
   Dungeness Crab Pot 0.23 0.05 0.07 0.08 0.18 0.31 0.51 0.63
   Salmon Troll 0.20 0.27 0.32 0.13 0.14 0.30 0.10 0.11
   Groundfi sh Trawl 0.17 0.27 0.17 0.20 0.19 0.12 0.15 0.04
   Herring Net 0.13 0.25 0.14 0.18 0.18 0.06 0.02 0.01
   Urchin Dive 0.10 0.00 0.15 0.22 0.10 0.07 0.07 0.04
   Groundfi sh Fixed Gear 0.06 0.03 0.06 0.07 0.08 0.05 0.08 0.05
   Albacore Troll 0.02 0.07 0.01 0.01 0.01 0.01 0.01 0.01
   Squid Seine 0.01 0.00 0.00 0.01 0.00 0.01 0.00 0.05
   Subtotal 0.92 0.94 0.92 0.90 0.88 0.93 0.94 0.94
   All Else 0.08 0.06 0.08 0.10 0.12 0.07 0.06 0.06
   Total 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Northern California        
   Dungeness Crab Pot 0.48 0.39 0.34 0.37 0.50 0.56 0.67 0.65
   Groundfi sh Trawl 0.28 0.37 0.37 0.31 0.29 0.22 0.19 0.13
   Pink Shrimp Trawl 0.10 0.05 0.17 0.19 0.09 0.04 0.03 0.12
   Groundfi sh Fixed Gear 0.04 0.02 0.03 0.04 0.04 0.06 0.06 0.05
   Salmon Troll 0.03 0.11 0.06 0.00 0.00 0.02 0.01 0.02
   Albacore Troll 0.03 0.06 0.01 0.03 0.03 0.06 0.02 0.02
   Swordfi sh Net 0.01 0.00 0.00 0.05 0.01 0.00 0.00 0.00
   Subtotal 0.97 1.00 0.98 0.99 0.96 0.96 0.98 0.99
   All Else 0.03 0.00 0.02 0.01 0.04 0.04 0.02 0.01
   Total 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

    

Vessel Participation and Revenue

Trends in annual revenue per ves-
sel for California vessels are depicted 
in Figure 11. Revenue per vessel is 
characterized in terms of mean and 
25th, 50th (median), and 75th percen-
tile values. The skewness of the dis-
tribution is refl ected in the difference 

between the mean and median val-
ues and the close coincidence of the 
mean and 75th percentile values. Me-
dian revenue increased from $4,900 in 
1981 to $32,600 in 2012. Mean rev-
enue declined from $98,000 in 1981 
to $51,000 in 1985, largely due to the 
departure of tuna super seiners earn-
ing multi-million dollar revenues, and 

increased to new highs in 2009–12 
($115,000–129,000). The increasing 
revenue trend refl ects the effects of 
greater opportunity in some fi sheries 
as well as the exit of lower-revenue 
vessels over time.9 

Vessel Behavior by Region

Table 4 describes California vessels 
by “principal region” (i.e., the region 
accounting for the plurality of the ves-
sel’s annual revenue) in terms of av-
erage annual number of vessels and 
average annual trips, landings, and 
revenues per vessel. Regional bound-
aries are the same as shown in Figure 
8. Participation is consistently high-
er for North Central California than 
other regions, largely due to the con-
centration of salmon trollers in that re-
gion. Landings and revenue per vessel 
are infl uenced by the number of ves-
sels in each region that participate in 
high-volume and high-revenue fi sh-
eries. Thus, for instance, high land-
ings per boat in Southern and South 
Central California are affected by the 
concentration of CPS and squid sein-
ers in these regions. Revenue per boat 
has generally been higher in 2006–10 
and 2011–12 than in previous time in-
tervals in all regions except Southern 
California. Due to the dominance of 
the tuna seine fi shery in Southern Cal-
ifornia in the early 1980’s, revenue per 
boat in that region was much higher in 
1981–85 than in subsequent years.

Geographic Mobility and
Fishery Diversifi cation

Geographic mobility and fi shery di-
versifi cation are important risk reduc-
tion strategies (Kasperski and Holland, 
2013) and refl ect the ability of vessels 
to adapt to restrictions in a particular 
area or fi shery (Mason et al., 2012). 
Geographic mobility is characterized 
here in terms of whether each Califor-
nia vessel earned all of its annual rev-
enue in 1) a single California port, 2) 

9Although economic profi t or net revenue per 
vessel are more meaningful indicators of eco-
nomic benefi ts to the fl eet than gross revenues, 
such indicators are not provided here due to the 
lack of cost data for most of the fi sheries cov-
ered in this paper.



64 Marine Fisheries Review

more than one port but a single region, 
3) two adjacent regions, or 4) more 
dispersed areas—i.e., two non-adja-
cent regions or more than two regions, 
including out of state. The relative dis-
tribution of vessels across mobility 
categories has remained fairly constant 
over time, averaging 58%, 22%, 14%, 
and 6% during 1981–2012 for catego-
ries 1 through 4, respectively. Figure 
12 describes trends in average annual 
revenue per vessel for each mobil-
ity category during 1981–2012. Com-
parisons of revenue per vessel across 
mobility categories suggest that geo-
graphic mobility generally tends to en-
hance revenue opportunities. Average 
revenue does not exhibit any particular 
pattern over time for vessels in mobili-
ty categories 1 and 2 but has increased 
signifi cantly over time for vessels in 
mobility categories 3 and 4. 

Figure 8 depicts the geographic dis-
tribution of California vessels in mo-
bility categories 1 through 3 during 
2011–12. The number next to each 
port pertains to the average annual 
number of boats who fi shed exclusive-
ly in that port in 2011–12, the num-
ber next to each region pertains to the 
number of vessels that fi shed in multi-
ple ports but exclusively in that region, 
and the numbers connecting adjacent 
regions pertain to the number of boats 
who fi shed exclusively in the two con-
nected regions. Only mobility catego-
ries involving at least three vessels are 
depicted. 

Fishery diversifi cation is analyzed 
in terms of whether each vessel earned 
all of its annual revenue in one fi sh-
ery, two fi sheries, or more than two 
fi sheries. The percent of vessels fall-
ing in each diversifi cation category 
during 1981–2012 was 50–63% for 
one fi shery, 23–31% for two fi sheries, 
and 10–23% for more than two fi sher-
ies. Figure 13 describes trends in av-
erage annual revenue per vessel for 
each diversifi cation category during 
1981–2012.

Generally speaking, diversifi cation 
tends to enhance revenue opportuni-
ties. One notable exception: vessels 
that participated in two fi sheries during 
2006–10 and 2011–12 tended on aver-

Figure 9a.—Average annual distribution of Southern California fi shery revenues 
among ports (San Diego, Oceanside, Dana Point, Newport Beach, Terminal Island, 
San Pedro), 1981–2012 by time interval.

Figure 9b.—Average annual distribution of South Central California fi shery rev-
enues among ports (Port Hueneme, Oxnard, Ventura, Santa Barbara), 1981–2012 
by time interval.
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age to have higher revenues than ves-
sels who participated in more than two 
fi sheries. The proportion of two-fi sh-
ery vessels earning less than $25,000 
fell from 49% during 1981–2005 to 
34% during 2005–12, while the pro-
portion earning more than $500,000 
per year more than tripled from 3% to 
10%. For vessels that participated in 
more than two fi sheries, the proportion 
earning less than $25,000 and more 
than $500,000 moved in the same di-
rection as the two-fi shery vessels, but 
the change between periods consisted 
of only a few percentage points. 

For the two most recent years, 
2011–12, an average annual 1,733 
vessels earned the plurality of their 
revenue from California landings. 
Of these vessels, 51% participated in 
one fi shery, 31% in two fi sheries, and 
18% in more than two fi sheries. Fig-
ure 14 highlights the most common 
one- and two-way fi shery combina-
tions employed by California vessels. 
The number in each box is the average 
annual number of boats who fi shed ex-
clusively in that fi shery in 2011–12, 
and the number connecting any two 
boxes is the average annual number 
of boats who fi shed exclusively in the 
two paired fi sheries.

Table 5 highlights the most common 
(>3 boats) three-way fi shery combina-
tions pursued by California vessels in 
2011–12. Diversifi cation most com-
monly involves fi sheries utilizing the 
same gear or combinations of line 
and pot gear. Salmon troll, ground-
fi sh fi xed gear, and Dungeness crab 
pot are particularly notable—not only 
in terms of the number of vessels that 
participate exclusively in each of these 
fi sheries but also the frequency with 
which they are pursued in combination 
with other fi sheries.

Table 6 focuses on California vessels 
whose principal fi shery was Dunge-
ness crab pot, salmon troll, groundfi sh 
fi xed gear, lobster pot, urchin dive, or 
squid seine in 2011 and/or 2012. “Prin-
cipal fi shery” is defi ned here as the 
fi shery accounting for the plurality of 
the vessel’s annual revenue. The prin-
cipal fi sheries included here are those 
accounting for the largest number of 

Figure 9c.—Average annual distribution of Central California fi shery revenues 
among ports (Avila, Morro Bay, Monterey, Moss Landing, Santa Cruz), 1981–2012 
by time interval.

Figure 9d.—Average annual distribution of North Central California fi shery rev-
enues among ports (Princeton, San Francisco, Sausalito, Bodega Bay, Point Arena, 
Fort Bragg), 1981–2012 by time interval.
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Figure 9e.—Average annual distribution of Northern California fi shery revenues 
among ports (Fields Landing, Eureka, Trinidad, Crescent City), 1981–2012 by time 
interval.

Figure 10.—Number of boats that participated in California fi sheries (all boats), number of boats that earned the plurality of their 
revenue from California fi sheries (CA Boats), and number of California boats that earned at least $5,000 in annual revenue (CA 
Boats Rev>$5,000), 1981–2012.

boats in 2011–12. Table 6 describes the 
average annual number of boats associ-
ated with each principal fi shery, mean 
and median revenue per boat, and the 
relative distribution of boats among 
geographic and fi shery diversifi cation 
categories. Revenue per boat pertains 
to the boat’s earnings in all fi sheries 
(not just its principal fi shery). Revenue 
is highest for boats whose principal 
fi shery is squid seine or Dungeness 
crab pot and lowest for salmon troll 
and groundfi sh fi xed gear. Affi nity 
for a single port or a single fi shery is 
strongest for boats whose principal 
fi shery is groundfi sh fi xed gear or ur-
chin dive, while fi shery diversifi cation 
is highest for Dungeness crab pot. It is 
important to note that Table 6 focuses 
only on two recent years and that rev-
enue and diversifi cation patterns have 
changed over time. For example, the 
proportion of one-port vessels whose 
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Table 4.—Number of boats and average annual trips, landings (1,000s of pounds landed weight) and revenue 
($1,000s, base year=2012) per boat, 1981–2012, by principal region1 and time interval.

 1981–2012 1981–85 1986–90 1991–95 1996–2000 2001–05 2006–10 2011–12
 Avg Avg Avg Avg Avg Avg Avg Avg

Southern California        
   #Boats 631 1,163 761 628 546 438 360 358
   Trips/Boat 35 21 30 34 38 41 41 43
   Landings/Boat 345 302 274 219 365 361 467 553
   Revenue/Boat 127 218 126 76 111 92 122 171
South Central California        
   #Boats 355 406 416 467 375 261 247 249
   Trips/Boat 41 30 36 40 42 48 46 44
   Landings/Boat 309 99 146 149 370 425 567 560
   Revenue/Boat 107 52 78 97 109 107 167 188
Central California        
   #Boats 629 965 839 798 598 415 260 379
   Trips/Boat 24 19 25 24 26 24 26 27
   Landings/Boat 114 59 55 61 91 161 258 115
   Revenue/Boat 44 32 40 34 44 47 56 62
North Central California        
   #Boats 1,238 2,108 2,059 1,304 944 770 492 622
   Trips/Boat 22 17 23 23 24 23 22 23
   Landings/Boat 48 32 42 53 62 47 44 71
   Revenue/Boat 52 29 42 45 52 53 65 116
Northern California   
   #Boats 506 1,134 636 502 383 258 247 192
   Trips/Boat 28 25 30 28 30 29 29 28
   Landings/Boat 147 58 111 139 158 182 222 173
   Revenue/Boat 116 52 93 104 108 132 159 236

1 “Principal region” defi ned as the region accounting for the plurality of a boat’s annual revenue. 

Figure 11.—Annual revenue per boat for California boats—mean, median, and 25th and 75th percentile values, 1981–2012. “Cal-
ifornia boats” are boats that earned the plurality of their annual revenue from California fi sheries.

principal fi shery was salmon troll was 
considerably higher in 1981–83 (52%) 
than 2011–12 (14%), a trend related to 
the exit of many vessels from that fi sh-
ery. The Dungeness crab fi shery expe-
rienced record high revenues in 2012, 
and squid revenues in 2011–12 were 
exceeded only in 2010.

Geographic and fi shery diversifi ca-
tion are affected by a variety of fac-
tors, including the spatial distribution 
of target species, prices and constraints 
on entry in alternative fi sheries, loca-
tion of processors and other fi shery-
related businesses, fuel costs, vessel 
seaworthiness, ability of vessel and 
crew to adapt to alternative fi sheries, 
regulations, and personal preference. 
The relatively low revenues earned by 
salmon trollers and groundfi sh fi xed 
gear boats suggest that fi shing is not 
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the only source of income for many 
of these boats; however, the extent of 
their non-fi shing income is not known.

Conclusions

Trends in California vessel partici-
pation, landings, and revenues vary—
depending on the particular fi shery, 
time frame, and geographic area con-
sidered. For instance, the statewide 
landings trend dating from 1981 in-
dicates that landings peaked in the 
early 1980’s and have been consid-
erably lower (though quite variable) 
in subsequent years (Fig. 4). By con-
trast, the landings trend dating from 
1916 suggests even greater variability 
in landings and a much larger decline 
in recent years relative to the earlier 
years of that time series (Fig. 1). 

Expansions and contractions of sea-
food markets (global as well as do-
mestic) provide new opportunities and 
vulnerabilities for California fi sheries. 
Changes in ex-vessel prices experi-
enced in recent decades (e.g., positive 
for groundfi sh fi xed gear, lobster pot, 
and salmon troll, negative for sword-
fi sh drift gillnet and sea urchin) and 
the recent reemergence of the hagfi sh 
pot fi shery illustrate the infl uence of 
market conditions on fi sheries. Factors 
such as technology, fuel prices, fi shery 
infrastructure, labor availability, and 
regulatory compliance costs have also 
changed over time. 

Past trends can provide clues to the 
future. However, historic lows (e.g., 
1950’s collapse of the sardine fi shery, 
2008–10 salmon landings) and highs 
(e.g., 1988 salmon landings, 2011–12 
Dungeness crab and squid landings) 
do not always serve as relevant ref-
erence points for identifying current 
management problems or shaping ex-
pectations regarding long-term har-
vest opportunities. For many fi sheries, 
regulations have become much more 
constraining on harvest and effort in 
recent decades. Harvests also vary for 
reasons beyond the control of manag-
ers. Environmental conditions can af-
fect stock abundance and distribution 
in sometimes pronounced ways; nota-
ble examples of this have become ap-
parent even in the few years since 2012 

Figure 12.—Average annual revenue per boat for California boats, 1981–2012, 
by geographic mobility category and time interval. Mobility categories (based 
on regions described in Figure 8): 1 Port=landings occurred exclusively in one 
port, 1 Region=landings occurred in multiple ports in a single region, 2 Adja-
cent Regions=landings occurred exclusively in two adjacent regions, and More 
Dispersed=landings dispersed between two non-adjacent regions or more than two 
regions, including out of state.

Figure 13.—Average annual revenue per boat for California boats, 1981–2012, by 
fi shery diversifi cation category and time interval. Fishery diversifi cation catego-
ries (1, 2, >2) pertain to the number of fi sheries in which a vessel participated 
during the year.
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Table 5.—Most common (>3 boats) three-way fi shery combinations employed by California boats in 2011–12 and 
average annual number of boats employing each combination.

 Three-way fi shery combinations # boats

Dungeness crab pot Salmon troll Albacore troll 34
Dungeness crab pot Salmon troll Groundfi sh fi xed gear 29
Groundfi sh fi xed gear Halibut line White seabass gillnet 21
Rock crab pot Lobster pot Groundfi sh fi xed gear 11
Halibut line White seabass gillnet Albacore troll 10
Halibut line White seabass gillnet Salmon troll 9
Groundfi sh fi xed gear Salmon troll Albacore troll 8
Groundfi sh fi xed gear Salmon troll White seabass gillnet 5
Dungeness crab pot Salmon troll Halibut line 4

  

Figure 14.—Average annual number of California boats participating in most com-
mon one- and two-way fi shery combinations, 2011–12.

(the last year of the quantitative analy-
sis provided in this paper).10 Research 
that systematically considers physical, 
biological, and economic factors in 
an ecosystem framework (Field et al., 
2006; Norton et al., 2013) is important 
for understanding the complexity and 
interrelatedness of California fi sheries.

Participation, landings, and reve-
nue trends alone are a simplistic and 
sometimes misleading basis for judg-
ing management performance. Fish-
ery declines can occur as a result of 
effective management as well as be-
lated, ineffective, or nonexistent man-
agement. Stock abundance goes up 
and down for a variety of reasons; an 
important management responsibility 
is to ensure that harvest restrictions 
are responsive to stock dynamics, re-
gardless of their cause. Changes in 
legislative mandates and scientifi c in-
formation can precipitate changes in 
management. Judgments regarding 
management performance should be 
made in the context of the system that 
produced those decisions. Relevant 
system features include whether the 
management process is based on best 

10Since 2012, sardine abundance, which is af-
fected by ocean conditions as well as fi shing 
mortality (Deyle et al., 2013; CDFW, 2015), 
has declined precipitously in Oregon and Wash-
ington as well as California. California sardine 
landings are now lower than they have been 
since 1990, and northern anchovy is now the 
largest (albeit still modest) component of CPS 
fi nfi sh catch (PFMC, 2014b). Squid landings in 
2015 were the lowest since 1998, and strong El 
Niño conditions do not bode well for this fi shery 
in 2016. These changes indicate poor econom-
ic prospects for California’s wetfi sh harvesters 
and processors, for whom sardine and squid are 
traditional mainstays. Dungeness crab landings 
plummeted in 2015 due to a large and persistent 
domoic acid bloom associated with El Niño. The 
public health risk prompted CDFW to close the 
fi shery by emergency regulation in November 
2015, before the peak holiday demand period 
(OAL. 2015. Notice of Approval of Emergency 
Regulatory Action. Off. Admin. Law, State of 
Calif. OAL Matter Number 2016-1106-04, Nov. 
6, 2015, http://www.oal.ca.gov/res/docs/pdf/
emergencies/recent%20action,%20moved%20
emergencies/Fish%20and%20Wildlife%20
2015-1106-04E%20Approval.pdf (accessed 18 
Feb. 2016)).
 The salmon troll fi shery rebounded in 2013, 
with landings at 2005 levels and revenues the 
second highest experienced since 1990. How-
ever, persistent drought conditions and associ-
ated concerns regarding the status of endangered 
Sacramento River winter Chinook have since 
constrained the fi shery (CDFW, 2015).

available science, provides adequate 
opportunity for public input, refl ects 
consideration of uncertainty, adapts 
appropriately to changing states of 
the fi shery (e.g., developing, fully ex-
ploited, overexploited, rebuilding), and 
ensures accountability through appro-
priate incentives and monitoring and 
enforcement. Retrospective analyses 
are instructive for evaluating the ex-
tent to which major fi shery manage-
ment actions achieve their objectives. 

Evidence from California fi sheries 
suggests that fi shery diversifi cation 
and geographic mobility enhance rev-
enue. One way to encourage such fl ex-
ibility would be to provide fi shermen 
with greater operational discretion 
within the confi nes of management 
objectives. This may involve, for in-
stance, tailoring regulations so that 
they do not unduly constrain fl eet mo-
bility or industry efforts at gear and 
product innovation, or making per-
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mit programs fl exible in ways that 
encourage entry of “new blood” into 
fi sheries.

Another management tool that can 
increase operational fl exibility is catch 
shares. Catch share programs are well 
known for curtailing the race for fi sh 
and enhancing the economic produc-
tivity of quota holders (Mamula and 
Collier, 2015); catch shares also en-
courage fl eet consolidation which, in 
turn, leads to employment losses (Lian 
et al., 2009). An important consider-
ation is fi nding an acceptable balance 
between effi ciency gains and employ-
ment losses. Management measures 
often involve such trade-offs; there 
is rarely a universally “best” way to 
achieve any given management objec-
tive (Melnychuk et al., 2013). 

Given the disparate distribution of 
vessels, landings, and revenues among 
fi sheries, the effect of regulations 
on each of these indicators can vary 
widely—depending on which fi sher-
ies are targeted by such regulations. 
Patterns of movement among fi sher-
ies are instructive for anticipating the 
extent to which effort displaced from 
one fi shery (whether due to manage-
ment restrictions or adverse market or 
environmental conditions) is diverted 
to other fi sheries. The distinctively 
regional nature of many California 
fi sheries, the high proportion of ves-
sels that land fi sh exclusively in one 
port (58%) and one region (22%) per 
year, and the high dependence on lo-

Table 6.—Number of California boats by principal fi shery1, mean and median revenue per boat from all fi sheries 
($1,000s, base year=2012), and relative distribution of boats among geographic and fi shery diversifi cation catego-
ries, 2011–12 average. Principal fi sheries selected for inclusion in this table are those accounting for the largest 
number of boats in 2011–12. 

 All Dungeness Salmon Groundfi sh Lobster Urchin Squid
 boats crab pot troll fi xed gear pot dive seine

# boats 1,751 381 288 272 159 104 100
Mean revenue 126.0 198.4 19.5 46.3 91.0 81.0 733.1
Median revenue 32.6 123.4 9.3 17.7 71.4 53.4 539.2
Vessel distribution across geographic diversifi cation categories2

1 port 0.58 0.51 0.57 0.73 0.53 0.68 0.37
1 region 0.24 0.28 0.17 0.18 0.42 0.26 0.13
2 adjacent regions 0.14 0.18 0.22 0.06 0.03 0.03 0.31
More dispersed 0.04 0.03 0.04 0.03 0.02 0.03 0.19
 Vessel distribution across fi shery diversifi cation categories3

1 fi shery 0.52 0.34 0.62 0.68 0.50 0.70 0.50
2 fi sheries 0.30 0.39 0.22 0.21 0.29 0.26 0.43
>2 fi sheries 0.18 0.27 0.16 0.11 0.21 0.04 0.07

1 “Principal fi shery” defi ned as the fi shery accounting for the plurality of a boat’s annual revenue.
2 Based on ports and regions depicted in Figure 8: 1 Port=landings occurred exclusively in one port, 1 Region=landings 
occurred in multiple ports in a single region, 2 Adjacent Regions=landings occurred exclusively in two adjacent regions. 
3 Fishery diversifi cation categories (1, 2, >2) pertain to the number of fi sheries in which a boat participated during the 
year.

cal fi shery infrastructure that can be 
inferred from such behavior illustrates 
the need to consider community as 
well as statewide effects in evaluating 
management alternatives. Additional 
research is needed to better understand 
how fi shery regulations and fi shing be-
havior affect communities (Speir et al., 
2014). 

While a large proportion of Cali-
fornia vessels fi sh in a single port, the 
extent to which such behavior is due 
to personal preference or to manage-
ment or other constraints is not clear. 
The modest revenue earned by many 
of these boats (largely salmon troll-
ers and groundfi sh fi xed gear ves-
sels) suggests that they may also have 
non-fi shing income that buffers them 
against the vagaries of limited mobil-
ity. Landings and revenues tend to be 
considerably higher for more mobile 
operators—suggesting that they are 
more reliant on fi shing as their major 
source of income. 

Participation, landings, and reve-
nue vary not only over time but also 
among regions (Table 2) and among 
ports within each region (Fig. 9a–
e)—refl ecting localized differences 
in factors such as species availability, 
regulations, fi shery infrastructure, and 
weather. To the extent that high-effort 
or high-volume fi sheries infl uence 
the location of processing plants and 
other infrastructure, the presence of 
such fi sheries in a port may also ben-
efi t smaller fi sheries that have similar 

infrastructure needs. Understanding 
community dynamics requires a bet-
ter understanding of the port choices 
made by fi shermen and infrastructure 
providers (including processors), the 
extent to which fi sheries contribute to 
port revenues and costs, and strategies 
used by ports to cope with variability 
in fi shing activity.
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