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ABSTRACT
An Analysis of the Rockfish (Sebastes) and Lingcod (Ophiodon elongates) Fishery
along the South Central Coast of California from 1988-2004
Steve Rienecke

Long-term trends in rockfish and lingcod landings from the commercial
passenger fishing vessel (CPFV) fishery along the south central coast (SCC) of California
were examined using data from two primary sources, California Department of Fish and
Game surveys (CDFG) from 1988-1998 and surveys conducted by the Center for Coastal
Marine Sciences at California Polytechnic State University (Cal Poly) in 2003-2004. The
objectives of this study were to analyze parameters for individual species and changes in
species assemblage composition over time using these complimentary data sets.

For the entire SCC mean lengths and CPUE did not appreciably change for
most species from 1988-2004. Annual mean lengths were above the size at 50% maturity
for most species throughout this study. However, yellowtail and canary rockfish had
mean lengths below the size at 50% maturity throughout the entire study indicating a
scarcity of adults. Vermilion and copper rockfish also had years of mean lengths below
the size at 50% maturity, although for vermilion rockfish it was due to strong periods of
sub-adult recruitment into the fishery. Declining mean lengths for copper rockfish from
1995-1998 probably resulted from removal of larger size classes, but 2003-2004 data
indicates a reversal of this trend as mostly adults comprised the catch.

There were some observable trends in abundance and mean lengths for
individual species and composition of fish assemblages between near-port areas

compared to distant areas. Temporal stability for fish assemblages tended to decrease



from north to south. The fish assemblage from distant areas at San Simeon north was
stable while mostly minor changes occurred for near port areas. A combination of
fishing pressure and changes in annual SST’s may have influenced these changes. The
least amount of stability among years was noted for distant areas at the Point
Sal/Purisima area. An analysis of spatial differences for fish assemblages revealed that
near-port areas and San Simeon north were similar, while the Point Sal/Purisima area was
different. Length comparisons between near-port and distant areas revealed three general
trends: species that were always larger for distant areas, species with mean lengths that
decreased from north to south, and species where little or no differences were detected
among areas. Vermilion and olive rockfish did not conform to any of these trends
because mean lengths were only larger for San Simeon north. CPUE between near and
distant areas varied for species between the two surveys and indicates that patterns seen
in CPUE were not always consistent between both surveys or between near and distant
areas. The only consistencies in CPUE between the two surveys were lower catch rates
for near port areas for olive rockfish and no differences in catch rates between near and
distant areas for vermilion rockfish.

Although many species did not show a major decrement from 1988-2004 for
the entire SCC, there were a few large differences between near and distant areas based
on relative fishing effort. While some of these differences can be attributed to increased
fishing effort in near-port areas from heavier localized fishing, habitat differences might
also account for some of the differences observed. Assemblage differences in species
composition for the Point Sal/Purisima area probably reflect habitat differences and an

abundance of brown rockfish, although it may be possible that southern species



transgress Point Conception during El Nino episodes. Although large differences in
median length were found for some species between near and distant areas in 2003-2004,
further studies should examine if these trends have stabilized or whether they are more of

a cyclical nature and replenished through recruitment events.
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a size limit of 610 mm earlier in the season, one fish with a size limit of 762 mm (30 in.)
during the middle of the season, and the eventual no take for this species later in the
season.

2.3 Sampling procedure

Data collected from CPFV’s for the sportfishing groundfish fishery in 2003-2004
were obtained from a collaborative research effort between CPFV vessels out of Port San
Luis (Patriot Sportfishing) and Morro Bay (Virg’s Sportfishing) and scientists from Cal
Poly. The program was initiated at the start of the recreational groundfish season in 2003
and is projected to be an ongoing project until at least 2007.

Two student observers accompanied CPFV vessels on trips that were targeting rockfish
and lingcod and sampled the total catch of a *subset’ of the total fishermen aboard the
vessel. At each fishing locality the number of observed fishers, total fishing time, GPS
location, and water depth were recorded. Within the sample of observed fishers (usually
between 6-14 individuals) the observers recorded the species caught; measured fish size
in fork length to the nearest 0.5 cm, and recorded the dispostion of each individual fish
(ie. K- for kept fish, RA- for fish that were released alive, and RD- for fish that were
released dead).

Additionally, CPFV data taken by CDFG samplers from 1988-1998 for the SCC
was made available in Microsoft Access format during 2003. For a more detailed
description of the methods used by the CDFG survey see (Reilly et al. 1993). The Cal
Poly and CDFG data sets were comparable as both protocols followed similar
methodologies and contained area and depth specific information on where fish were

caught. Prior to these two data sets information was not available on an area specific



3. Results

A total of 29,165 fish was recorded within the observed sample of fishers during
the 2003-2004 sportfishing seasons, 10,804 in 2003 and 18,361 in 2004. Of the 29,165
fish recorded, 28,975 (99.3%) were from 27 different species, 19 of which are included in
the Nearshore Fishery Management Plan (NFMP), including 26,350 (90.3%) rockfish of
the genus Sebastes from 22 species and 2625 (9.0%) by five other species including
Hexagrammids (lingcod, kelp greenling, and rock greenling), cabezon, and California
sheephead (Semicossyphus pulcher) (Table 1).

Catch rates as measured by CPUE for the important species indicate very little
change at all for six of the top eleven species caught within this region (Figure 2). Little
or no changes were seen for canary, copper (S. caurinus), rosy (S. rosaceus), and starry
rockfish (S. constellatus) as these species make up only a minor portion of the fishery
(Figure 2c, 2d, 2g, 2h). CPUE fluctuated over time for blue, brown (S. auriculatus),
gopher, olive (S. serranoides), and yellowtail rockfishes, but there were no long term
periods of decline for these species, except yellowtail rockfish (Figure 2j). CPUE rapidly
increased from 1988-1998

for blue rockfish (Figure 2a), while a gradual increase was seen for gopher
rockfish (Figure 2e). Vermilion rockfish (S. miniatus) and lingcod had higher CPUE
values in 2003-2004 (Figure 2i, 2Kk).

3.1 Mean lengths for kept fish (1988-2004)

Mean lengths for brown, gopher, and yellowtail rockfishes have remained fairly

constant since 1988 (Figure 3). Although mean lengths for blue, copper, olive, rosy,

starry, and vermilion rockfishes have fluctuated over time, most of these have no
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Table 1. Total sport catch (not representing take) by species caught aboard CPFV’s for 2003-2004.

2003 2004
Number % % Number % %
Common Name Scientific name Caught Rockfish Total Caught Rockfish Total
ROCKFISH 9606 88.9 16744 91.2
Black and yellow
rockfish Sebastes chrysomelas 33 0.3 0.3 1 - -
Black rockfish Sebastes melanops 152 1.6 14 31 0.2 0.2
Blue rockfish Sebastes mystinus 3952 41.1 36.6 8910 53.2 48.5
Bocaccio Sebastes paucispinis 9 0.1 0.1 54 0.3 0.3
Brown rockfish Sebastes auriculatus 1150 12.0 10.6 1026 6.1 5.6
Calico rockfish Sebastes dalli 71 0.7 0.7 60 0.4 0.3
Canary rockfish Sebastes pinniger 72 0.7 0.7 202 1.2 11
China rockfish Sebastes nebulosus 36 0.4 0.3 57 0.3 0.3
Copper rockfish Sebastes caurinus 84 0.9 0.8 288 1.7 1.6
Flag rockfish Sebastes rubrivinctus 0 - - 12 0.1 0.1
Gopher rockfish Sebastes carnatus 2263 23.6 20.9 2405 14.4 131
Greenspotted rockfish Sebastes chlorostictus 2 - - 0 - -
Kelp rockfish Sebastes atrovirens 8 0.1 0.1 27 0.2 0.1
Olive rockfish Sebastes serranoides 359 3.7 3.3 474 2.8 2.6
Rosy rockfish Sebastes rosaceus 181 1.9 1.7 402 2.4 2.2
Squarespot rockfish Sebastes hopkinsi 0 - - 3 - -
Starry rockfish Sebastes constellatus 50 0.5 0.5 211 1.3 11
Treefish Sebastes serriceps 61 0.6 0.6 27 0.2 0.1
Vermillion rockfish Sebastes miniatus 859 8.9 8.0 1949 11.6 10.6
Widow rockfish Sebastes entomelas 0 - - 2 - -
Yelloweye rockfish Sebastes ruberrimus 0 - - 2 - -
Yellowtail rockfish Sebastes flavidus 239 25 2.2 596 3.6 3.2
Unidentified Rockfish Sebastes unknown 25 0.3 0.2 5 - -
LINGCOD Ophiodon elongatus 1024 9.5 1365 7.4
OTHER GREENLINGS 97 0.9 96 0.5
Hexagrammos
Kelp greenling decagrammus 95 0.9 96 0.5
Rock greenling Hexagrammos lagocephalus 2 - 0 -
Scorpaenichthys
CABEZON marmoratus 13 0.1 24 0.1
CALIFORNIA
SHEEPHEAD Semicossyphus pulcher 3 - 3 -
MISCELLANEOUS 61 0.6 129 0.7
California halibut Paralichthys californicus 1 - 3 -
Pacific Sanddab Citharichthys sordidus 0 - 72 0.4
Rock Sole Lepidopsetta bilineata 0 - 8 -
Unidentified flatfish Flatfish ssp. 42 0.4 14 0.1
Jacksmelt Atherinopsis californiensis 1 - 0 -
Leopard shark Triakis semifasciata 0 - 1 -
Soupfin shark Galeorhinus zyopterus 1 - 0 -
Spiny dogfish Squalus acanthias 4 - 5 -
Ocean Whitefish Caulolatilus princeps 6 0.1 20 0.1
Pacific mackerel Scomber japonicus 2 - 6 -
Pacific tomcod Microgadus proximus 1 - 0 -
Rainbow surfperch Hypsurus caryi 1 - 0 -
Senorita Oxyijulis californica 1 - 0 -
Wolf-eel Anarrhichthys ocellatus 1 - 0 -




apparent trend, with the exception of declining mean lengths for rosy rockfish. There
was a gradual decline in mean length for copper rockfish from 1995-1998, but was
followed by an increase in 2003-2004. Although there was relatively no change in size
for vermilion rockfish between 1997-1998 and 2003-2004, the mean length for this
species has gradually declined since its peak of 412 mm in 1992. The size of canary
rockfish in 2003-2004 cannot be compared to the 1988-1998 CDFG survey because this
was a “no-take” species in 2003-2004. However, the mean size of all individuals
measured in 2003-2004 did not vary from the previous CDFG kept data and the mean
size has remained relatively constant since 1988. The mean size for lingcod was higher
in 2003-2004 compared to 1988-1998 primarily because of regulation changes in the
minimum allowable retention size.

If we compare these same species relative to the size at 50% maturity, the average
size for retained fish for seven species were above the size at 50% maturity for most
years (Figure 3). Species with mean sizes above the 50% maturity size for all years
included brown, gopher, rosy, and starry rockfishes. The mean length for blue rockfish
was below the size at 50% maturity from 1994-1997, but above that size for all other
years. Olive rockfish were above the size at 50% maturity for all years except two, while
mean lengths for copper rockfish fluctuated above and below the mean size at 50%
maturity throughout the entire study. Mean sizes for vermilion rockfish were above the

size at 50% maturity from 1991-1996.
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Figure 2. CPUE for fish species caught aboard CPFV’s in waters <55m of water.
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While most of the rockfish species mentioned previously remained relatively
stable and consisted of mainly adult fish, mean sizes for canary and yellowtail rockfish
were well below the size at 50% maturity for all years but showed little change in size
over time. Only 5.1% of the yellowtail rockfish were above the size (355 mm) at 50%
maturity from 1988-1998, but this increased to 14.1% of the kept fish for this species in
2003-2004. Only 1.1% of the canary rockfish were above the size (420 mm) at 50%
maturity from 1988-1998, while no fish was above that size for 2003-2004.  Although
most of the recreational catch for these two species indicates a high proportion of
immature fish, our data represents only fish that were caught in waters <55 m (30 fm).
3.2 Sizes between kept and all fish (2003-2004)

Six of the ten species compared showed significant differences between size
distributions of only kept fish vs. that of all fish (Table 2). Median size differences
varied considerably between species with size differences ranging up to as high as 11.0
cm (4.3 in.) for lingcod in 2004 to 0.5 cm (0.2 in.) for gopher rockfish for both years.
Since there were such small size differences between kept fish and all fish for gopher
rockfish, length frequency histograms were plotted for these two categories for all species
where significant differences were detected using the Wilcoxon Mann-Whitney test.
Length frequency histograms for each category were combined using both years of data
for blue, olive, rosy, and yellowtail rockfishes (Figure 4) since significant differences
were detected for both years (Table 2). However, histograms were plotted for separate
years for both gopher rockfish and lingcod because regulations were different for these

species between 2003 and 2004 (Figure 5).
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Figure 3. Mean length for fish species caught aboard CPFV’s in less than 55m of water. —e— represents mean length of
kept fish, -- o -- represents mean length of all fish, and — represents the size at 50% maturity.
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Table 2. Comparisons for size class distributions between kept fish vs. all fish for the top 10 species.
Differences among distributions were tested on the median length (M) using a Wilcoxon Mann-Whitney
test and were considered significant at p<0.05. Significant differences for individual species are indicated

by an *.

2003 2004
Length Kept Length All Length Kept Length All
Species (M) (M) P (M) (M) P
Blue rockfish 29.00 26.00 <0.001* 31.00 27.50 <0.001*
Brown rockfish 35.00 35.00 0.293 37.00 37.00 0.394
Copper rockfish 33.25 31.00 0.417 36.25 36.50 0.281
Gopher rockfish 27.00 26.50 <0.001* 27.00 26.50 <0.001*
Olive rockfish 33.50 31.50 <0.001* 37.00 35.00 <0.001*
Rosy rockfish 22.00 20.50 0.007* 22.00 20.50 <0.001*
Starry rockfish 32.50 32.25 0.559 31.00 31.00 0.289
Vermillion rockfish 32.00 31.50 0.167 33.50 33.00 0.078
Yellowtail rockfish 28.00 20.00 <0.001* 28.00 20.00 <0.001*
Lingcod 64.00 55.75 <0.001* 66.00 55.00 <0.001*

Length frequency histograms for blue, olive, rosy, and yellowtail rockfishes and
lingcod (Figures 4a-d, Figure 5b) indicate that distributions between kept and all fish are
different, thus verifying the results obtained from the Mann-Whitney test. ~ Although
most of the yellowtail rockfish catch consisted primarily of sub-adult juvenile fish the
total catch shows a bimodal distribution with modes around 18cm and 28cm
corresponding to age groups of 2.5 and 4 year old fish (Lea et al. 1999) with a few adults
present. Differences in size class distributions for rosy rockfish (Figure 4c) indicate that
fishermen are keeping mostly adult fish, although, because of its smaller size this is a less
desirable species and very few rosy rockfish are kept (Table 3). There was a large
difference between kept and all fish for lingcod in both years. Our data suggests a
significant difference between the sizes of lingcod which fishermen can keep of
compared to that of the total catch population. However, comparing just the sizes the

total catch 50.1% and 46.8% of all lingcod were larger than 56 cm, the size of 50%
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maturity for lingcod (Miller and Geibel 1973), in 2003 and 2004 respectively, with a total

of 48.2% of the total catch from 2003-2004 combined over the size at 50% maturity.

All Fish Kept Fish

A. Blue Rockfish

1000

: o i
el x=29.6

800 1 600 4 :

> 1

2 600 . & 450 !

5 5] 1

=3 1 El

S 400 | g 300 !

[y i 1

UL g AT ||| ”||| | |
U’LF'F‘MlllLllrljvl'l'T*r*rmthv*T*rlljrllrl'F‘v—v—ﬁ 0+ ‘“‘II‘ ! ‘l‘ |‘ LI ‘Ill"-‘-‘ —
<14 16 18 20 22 24 26 28 30 32 34 36 38 40 <14 16 18 20 22 24 26 28 30 32 34 36 38 40
Length (cm) Length (cm)

B. Olive Rockfish

40 “0 1 n=591
1 n=833 -
| x=32.7 1 x=35.6
30 1] 30
> (3\
2 s
e 20 g 20 4
g g
E w
10 10 -
0 04
<16 20 24 28 32 36 40 44 48 52 <16 20 24 28 32 36 40 44 48 52
Length (cm) Length (cm)
C. Rosy Rockfish
12
60 | n=583 n=06
% X=20.4 10 x=21.7
> 40 > 8
3 3
< [=4
S 304 S 6
o o
<4 o
L 20 L 4
| I :
IR ||11111111111{17 - oo LI, 1
<10 12 14 16 18 20 22 24 26 28 <10 12 14 16 18 22 24 26 28
Length Length
D. Yellowtail Rockfish
% I n=835 2 T =209
75 | 1 x=22.5 1 x=29.0
1 20 T
> 60 1
[ > 1
c Q 15
ER ! ] 1
g 1 = 1
T 30 } $ 107 1
1 1
*tallsganlll... . || | Ll
0 .‘ll‘ll‘ ) I‘Il‘ll‘ll‘ll‘ I‘ L |‘ Y R ' P T B 0 411, ‘| ; |‘ I‘ 1 ‘||‘| ‘"‘ I‘ LI |‘||‘| — |‘||‘||‘||‘ |‘I|‘ ‘l ‘II‘I —u
<14 17 20 23 26 9 32 35 38 4 4 <14 17 20 23 26 29 32 35 38 41 44
Length (cm) Length (cm)

Figure 4. Length frequency histograms of all fish vs. kept fish for species where significant differences were detected using a
Mann-Whitney test. Sample size and mean length are given and vertical dashed line represents the size at 50% maturity.
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Figure 5. Length frequency histograms of all fish vs. kept fish for gopher rockfish and lingcod. Sample size and mean length
are given per year since regulations were different between 2003 and 2004. Vertical dashed line represents the size at 50%
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The only species that was an exception was gopher rockfish (Figure 5a). Median
size of kept compared to all fish for gopher rockfish was statistically different according
to the Mann-Whitney test, but upon inspection of histograms they appear similar with
nearly identical distributions and mean sizes (Figure 5a).

No differences were detected between kept and all fish for brown, copper, starry,
and vermilion rockfishes (Table 2). More than 90% of all fish caught for each of these
four species were kept (Table 3), with most of the catch consisting primarily of adult fish.
The only exception was vermilion rockfish where catches consisted of more sub-adult
fish than adults even when considering only kept fish, but their large size and bright red

coloration make them a highly desired species (Love 1996).

Table 3. Percentage of kept fish vs. released fish for the top 10 species of rockfish and the lingcod caught
aboard CPFV’s in waters <55m.

2003 2004
Species % Kept % Released % Kept % Released
Blue Rockfish 66.7 31.7 54.2 44.7
Brown Rockfish 95.6 4.3 95.9 4.1
Copper Rockfish 91.7 8.3 93.4 6.6
Gopher Rockfish 47.3 52.4 56.5 42.8
Olive Rockfish 62.2 37.2 77.4 22.6
Rosy Rockfish 29.0 69.4 10.9 86.1
Starry Rockfish 90.0 8.0 915 8.5
Vermillion Rockfish 94.9 5.0 95.6 4.4
Yellowtail Rockfish 314 66.9 225 75.3
Lingcod 22.6 77.2 7.7 92.3

Additionally, fishery regulations for individual species also influenced retention
rates for gopher rockfish and lingcod. Gopher rockfish were restricted to two fish per
angler in 2003, and fewer fish were kept compared to 2004 when there were no
restrictions on the number of gopher rockfish an angler could possess (Table 3). The
percentage of lingcod kept also varied greatly between the two surveys with fewer fish

kept in 2003-2004 primarily due to both a decrease in bag limit and an increase in the
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Annual mean lengths for canary and yellowtail rockfish also showed little change
over time, but the sizes of retained fish were well below the size at 50% maturity for both
species and indicate a high proportion of juveniles. Although this is a concern, smaller
sized fish should be expected for both species since juveniles occur in shallower waters
while adults generally prefer deeper depths.

Periods of declining mean lengths were seen for a few species including both
blue and vermilion rockfish, but these periods had unusually high catch rates indicating
strong cohorts of sub-adult recruitment. 1f mean lengths decline while CPUE increases
this is usually due to a strong episodic period of sub-adult recruitment into the fishery.
However, a simultaneous decline in mean lengths and CPUE is indicative of the removal
of larger adult individuals within a population without replenishment from sub-adults
over time. For vermilion rockfish, where mean lengths were below the size at 50%
maturity (1988-1990, 1997-1998, and 2003-2004) CPUE values were higher in these
years. This indicates strong sub-adult recruitment which was especially evident in 2003-
2004 (Figure 2i). For blue rockfish the high catch rates during periods of declining mean
lengths may also be related to increased CPFV catches during EI Nino years for
schooling species (Ralph Larson, San Francisco State University, pers. comm.). The
highest catch rates for blue rockfish during EI Nino periods from 1992-1993 and 1997-
1998 could have coincided with lower food production and a higher metabolic activity
following an increase in annual sea surface temperatures (SST’s). In central California
blue rockfish feed primarily on planktonic organisms such as jellyfish, crustaceans, and
tunicates and typically rely on spring upwelling events to meet the energy requirements

necessary for growth and reproduction. Ven Tresca et al. (1995) found a correlation
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between reduced upwelling during El Nino years and lower somatic and gonadal indices
for blue rockfish, and Harvey (2004) noted that energy consumption for this species
generally decreases during EI Nino events. The decrease in energy consumption from
reduced upwelling and a limited food availability, coupled with a higher metabolic
activity from warmer water and increased SST’s may increase catchability of blue
rockfish during El Nino events, thus increasing CPUE.

There were a few species that did show long term declines in mean lengths,
including both rosy and copper rockfish. Mean lengths for retained rosy rockfish sharply
declined from 1990-1998, but greatly increased during 2003-2004 (Figure 3). Although
the average size of retained rosy rockfish increased following the gradual decline from
1990-1998 it is difficult to determine whether the decline seen during this period was due
to the removal of larger adult individuals or possibly from individual fisher preferences.
Rosy rockfish is one of the smallest rockfish species and therefore has one of the lowest
retention rates of all fish (Table 3), complicating the interpretation of declining mean
lengths. The average size of retained copper rockfish similarly declined from 1992-1998,
but had a strong adult showing in 2003-2004. The decline may have been from the
scarcity of adult fish from 1994-1998 as both mean lengths and CPUE declined
simultaneously during this period and mean lengths were also below the size at 50%
maturity. However, since copper rockfish is classified as a species that is caught at all
depths (Karpov et al. 1995) these conclusions may not apply to the deeper segment of the
population.

CPUE for all of the species examined did not show evidence of long term

declines, with the exception of yellowtail rockfish (Figure 2i). CPUE was lower in 2003-
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2004 for blue, olive, and yellowtail rockfishes, but this should be expected since
regulation changes should reduce CPUE between the two surveys. Several species
exhibited little changes at all in CPUE throughout the entire 13 years worth of available
data. Although no drastic declines in catch rates were seen, CPUE on a whole fluctuated
more for schooling species of rockfish such as blue, olive, and yellowtail rockfish than
they did for demersal species. The fluctuations in CPUE for blue and olive rockfish
coincided with EI Nino events, while the fluctuations in CPUE for brown rockfish, a
demersal species, occurred from years where sampling was increased at Point
Sal/Purisima.
4.2 Retention Rates for Species

Sizes of only kept fish were compared to that of the total CPFV catch including
released fish for 2003-2004 for individual species to ascertain whether these differences
were due in part to smaller sized fish within a population or rather because of individual
fisher preferences. Released fish were also measured to potentially track strong cohorts
or year classes of juvenile fish entering the fishery. For the ten species tested, sizes
between kept and all fish were significantly different for six species (Table 2).
Differences in size class distributions between kept and all fish for blue and olive
rockfish indicates that fishers are releasing juvenile fish in the smallest size classes
usually between 6-23 cm for blue rockfish and 12-27 cm for olive rockfish. The same
was true for yellowtail rockfish where fish 12-27 cm were released while those =28 cm
were generally retained. Only the largest rosy rockfish were retained and the difference

in sizes between kept and all fish for this species is due mostly to individual fisher
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preferences since this is one of the smaller dwarf rockfish species and has one of the
lowest retention rates among all fishes (Table 3).

Although a significant difference was detected between sizes of kept and all fish
for gopher rockfish, this measure should be taken with caution since there was such a
large sample size and a smaller size range (17.5-33 cm) for this species (Ralph Larson,
pers. comm.). There are significant differences between kept and all fish for gopher
rockfish under the Mann-Whitney test, however, by inspecting length frequency
histograms for these two categories they appear similar (Figure 5a).

The Cal Poly data does differ from the CDFG data in terms of the percentages of
released fish for a few of our selected species (Reilly et al. 1993, 1998; Wilson et
al.1996; Wilson-Vandenberg et al. 1995, 1996). Factors affecting these differences are
most likely due to regulation changes and depth restrictions.  For instance, the daily bag
limit was 15 rockfish per angler during the 1988-1998 CDFG survey while it was only 10
rockfish per angler in 2003-2004. This most likely had an influence on retention rates for
rockfishes as individual anglers during 2003-2004 wanted to keep just the ten largest
rockfish they catch and/or certain more desirable species rather than the first ten, whereas
during the previous CDFG survey from 1988-1998 it was more likely an issue of catching
enough fish to fill the daily bag limit of 15 fish. While the percentage of kept fish has not
changed since the last CDFG survey (Reilly et al. 1998) for species such as the brown,
copper, starry, and vermilion rockfishes mainly due to a strong presence of adult fish
and/or a high desirability for more colorful species, it appears as though there has been a
change for species such as blue, olive, rosy, and yellowtail rockfishes. Much of the

differences in these species can be attributed to the reduction in the daily bag limit
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between the two surveys, but restricted fishing depths during 2003-2004 have also
reduced the number of adult fish available. This is especially evident for species such as
the yellowtail rockfish where adult individuals are generally more abundant in deeper
waters (Love et al. 1990) and to a lesser extent olive rockfish in which adults occur more
frequently in depths greater than 36.6m (20fm) as is apparent by the difference in mean
length between 2003 and 2004 (Figure 3f) where fishing was restricted to waters
shallower than 36.6m (20 fm) in 2003.
4.3 Stability of Fish Assemblages

Temporal stability of fish assemblages was tested over time for four regions
fished by CPFV’s along the south central coast using Kendall’s Tau statistic. A high
degree of stability was observed for the fish assemblage at San Simeon north, an area that
received less fishing effort, with 95% of the yearly rank order comparisons having
statistically significant concordance. The assemblage composition for the two near-port
areas were not as stable compared to San Simeon north, however, there were more pair-
wise yearly comparisons that were significantly concordant than those that were not
(Tables 9, 10). Although a greater fishing effort in near-port areas might easily explain
some of these differences it is also important to note that these areas also may be
influenced by environmental variability as well. The most notable changes in the near-
port areas occurred during cool La Nina years (Figure 6, Table 9, 10).

The fish assemblage from the Point Sal/Purisima area showed the least amount of
stability over time of all four areas, despite a lower fishing effort for this area. This result
was rather counterintuitive to what might be expected and some of the variation over time

may be influenced by fluctuating sea surface temperatures during EI Nino years and from
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the close proximity of this area to Point Conception. This area which is closest to Point
Conception is at a transitional region between warmer temperate waters of the Southern
California Bight south of Point Conception while cooler temperate waters, (Oregonian)
are to the north.

A test of spatial differences between fish assemblages for the four areas revealed
that San Simeon north and the two near-port areas were relatively similar (Tables 12, 14),
while the Point Sal/Purisima area was markedly different (Tables 13, 15). There was
some difficulty in determining similarity between areas using yearly pair-wise
comparisons generated from Kendall’s Tau statistic, however, when same year
comparisons were examined between areas there was >80% similarity for all area
comparisons except with the Point Sal/Purisima area. Additionally, species composition
was similar for all areas except again for Point Sal/Purisima (Figure 7). The differences
observed in pair-wise comparisons between areas that were similar were from
comparisons between earlier years to those of later years, indicating that some changes
have occurred over time. This was apparent for near-port area comparisons and those
between near-port areas and San Simeon north (Table 12, 14).

The fish assemblage at Point Sal/Purisima was different than the other areas
fished by CPFV’s along the south central coast and it had fewer significant rank order
correlations with other areas and a largely different species composition. Abundant
brown rockfish and an overall lower abundance of blue rockfish for this area are probably
due to habitat differences. This area consists primarily of low relief rocky outcrops
compared to high relief rocky structures that are typically found along most of the rest of

the south central coast. Brown rockfish typically utilize low relief habitats frequently
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while species such as starry rockfish typically utilize high relief structures (Love et al.
2002), which explains why so few starry rockfish were caught in this area. Malatesta and
Auster (1999) state that where the continental shelf consists of low relief structure that it
IS not a homogeneous environment but instead consists of a variety of habitats and may
be subject to change depending on the intensity of storms in which sand may bury
exposed rocky outcrops. This might help explain why this area had the least amount of
temporal stability in its fish assemblage even though this area received less fishing effort.
4.4 Size and CPUE between near and distant areas

The response to increased fishing pressure from CPFV’s in areas closer to port
varied for important recreational fish species and indicates that not all species responded
similarly to fishing pressure along the SCC. There were a few species that did appear to
show decreased mean size in areas that received heavier localized fishing. The most
notable example was olive rockfish that had higher catch rates for both the CDFG and
Cal Poly surveys (Figurel2f, Tables 18, 19) and larger sized individuals for distant areas
(Figure 9c, Table 16) indicating that this species may have shown signs of stress from
heavier localized fishing even before this study began. Larger sized individuals were
seen for brown and copper rockfish and lingcod for distant areas from both ports (Figures
8b, 9a, and 11b; Tables 16, 17), while larger sized fish were observed for olive and
vermilion rockfish but only for the San Simeon north area (Figure 9c, 10c, Table 16).
Starry rockfish had slightly larger sized fish for distant areas at San Simeon north (Figure
10b, Table 16), but none were observed in the Cal Poly survey for the Point Sal/Purisima

area. This may be primarily due to habitat differences in this area and relate to
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preferences for high relief substrate by starry rockfish rather than low relief substrate,
which is typical for Point Sal/Purisima.

For the species with larger sized fish for distant areas including copper, olive, and
starry rockfishes and lingcod, CPUE was also higher (Figure 12d, f, h, and j; Tables 18,
19). In the case of starry rockfish and lingcod higher CPUE is a more recent occurrence
since CPUE was not different between near and distant areas for the CDFG survey from
1988-1998, but was for the Cal Poly survey in 2003-2004. Olive rockfish had a higher
CPUE for distant areas from both ports for both surveys.

Copper rockfish had an overall higher CPUE at San Simeon north only during
2003-2004, while that for distant areas from Port San Luis was greater only during the
CDFG survey in 1988-1998 and not in 2003-2004. Since smaller sized fish and lower
catch rates were observed in areas closer to port this indicates that this species may be
subject to the effects of more intensive localized fishing. Generally copper rockfish have
relatively small home ranges and typically display residential behavior even when
translocated to different areas (Lea et al. 1999) which make this species potentially
vulnerable in areas that receive greater fishing effort. Even though the shallow water
CPFV catch shows some signs of stress for this species in areas close to port, half of the
total catch in near-port areas was above the size of 50% maturity (Figure 9a).
Considering that shallow water catches do show signs of stress this may not reflect what
is occurring in deeper waters since adult copper rockfish are considered an “all-depth-
species” (Karpov et al. 1995).

Although significantly larger sized fish were observed in distant areas from San

Simeon north for vermilion rockfish, CPUE surprisingly was not different between near
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and distant areas throughout the entire study (Figure 12i, Tables 18, 19). There were
years where mean lengths were below the size at 50% maturity, but CPUE was much
higher during these periods indicating strong cohorts of sub-adult recruitment entering
the fishery. It is not necessarily an immediate concern that most of the catch consisted of
sub-adult fish in near-port areas and at Point Sal/Purisima while adults were present at
San Simeon north since catch rates were extremely high in 2003-2004 (Figure 12i). This
suggests strong recruitment into the fishery. It is possible that recruitment in these areas
may come from adults found in deeper waters or from larval transport southward along
the California current from the larger adult population found to the north.

The brown rockfish was a unique exception in that larger sized fish and higher
CPUE for distant areas may not necessarily be related to fishing pressure but rather due
to habitat differences. While significant differences in length were detected with a larger
median length for distant areas from both ports (Tables 16, 17), the larger size detected
for distant areas from Morro Bay should be taken with caution since there was such a
small sample size (n=61) for this species in this area. The most compelling evidence that
suggests that habitat differences may be responsible for larger sized fish and higher catch
rates comes from the fact that CPUE was several times higher only at Point Sal/Purisima
(Figure 12b) while it was minimal and very low for almost all years for both near-port
areas and San Simeon north. Also, brown rockfish was the dominant species at the Point
Sal/Purisima area, comprising up to 28% of the total catch compared to 1-6% for near-
port areas and San Simoen north.

The size distribution for blue and yellowtail rockfish followed a north to south

gradient with larger sized fish caught in the northernmost areas to smaller sized
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individuals for the southernmost areas (Figure 8a, 11a). The gradient was more
pronounced for yellowtail rockfish and might be expected since this species is near the
southern end of its range (Miller and Lea 1972, Eschmeyer and Herald 1983) and that the
fishery for this species is centered primarily from northern California to British Columbia
(Gunderson and Sample 1980, Love et al. 2002). The fact that so few adult fish were
present in the catch lends support to the claim made by Reilly et al. (1993) that
recruitment to the fishery along the south central coast may not depend on local adult
populations but rather on adult populations to the north. The presence of fewer adults in
the 2003-2004 catch might also be attributed to shallower water fishing since fishing
depths were restricted to <55m (30 fm) in 2003-2004 and yellowtail rockfish are a deeper
water species that generally do not appear in the fishery as adults until around 120m
(Love 1990). There were proportionally more larger sized adults observed for blue
rockfish in distant areas at San Simeon north than in near-port areas, however this is not a
concern since these two areas had a similar bimodal distribution with peaks of 25 and
32cm (Figure 8a) and CPUE between these two areas was not significantly different
(Figure 12a; Table 18). There were notably fewer adult blue rockfish at Point
Sal/Purisima and the overall CPUE was significantly lower compared to near-port areas
(Figure 12a; Table 19). This may reflect differences in habitat type for this area since
blue rockfish typically utilize high relief rocky outcrops rather than low relief as adults.
Fishing pressure was probably not a factor influencing these differences since near-port
areas received more fishing effort than Point Sal/Purisima.

Smaller sized fish and lower catch rates should be expected for rockfishes in areas

closer to port mainly because of a greater fishing effort by CPFV’s, but also because
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many species display some degree of residential behavior. However, this was not the
case for all species along the south central coast. Canary rockfish had no significant
differences in length between near and distant areas (Tables 16, 17) and CPUE was not
different between near and distant areas. However, an exception of slightly higher CPUE
was observed for San Simeon north during 1988-1998 (Figure 12c; Table 18).
Significant size differences were detected for gopher rockfish between near and distant
areas (Tables 16, 17), however, the caveats are similar to comparisons between sizes of
retained and all fish for this species. While significant size differences were detected,
there are little or no differences in size comparisons by inspection of length frequency
histograms between near and distant areas (Figure 9b). Similarly rosy rockfish had
significant size differences between near and distant areas at Point Sal/Purisima (Table
17), however, factors leading to these differences include a small sample size (n=25) and
the smallest size range (11-28cm) for all of the important recreational species (Figure
10a). There were no size differences detected between near-port areas and San Simeon
north (Table 16).

Although size differences were minimal for gopher and rosy rockfish between
near and distant areas, CPUE was significantly different between near and distant areas
during 1988-1998 (Figures 12e, g; Table 18, 19). Gopher rockfish CPUE was much
lower in near-port areas during this period possibly indicating a response from heavier
localized fishing from CPFV’s (Figure 12e). A lower CPUE might have occurred due to
the selection for fish caught in waters <55m (30 fm) as gopher rockfish are typically a
shallower water species that generally do not occur at depths =46 m (25 fm) (pers. 0bs.).

Generally, fewer gopher rockfish occur beyond this depth and if most of the effort in a
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given year is deeper than this depth it might reflect lower catch rates for this species.
This might easily be the case as CPFV’s tend to fish deeper depths in areas closer to port.
Another possibility might be from the expansion of the live-fish commercial fishery at
the onset of the late 1980°s and competing resources with this fishery. A possible
explanation for a much higher CPUE for rosy rockfish in near-port areas (Figure 129)
that receive greater fishing effort may be due to the scarcity of larger adult individuals of
predatory species such as lingcod, vermilion rockfish, and copper rockfish. A similar
trend was noted for the Southern California Bight when larger sized species experienced
declines dwarf species such as squarespot and honeycomb rockfishes became more
abundant (Love et al. 1998).
4.5 Comparisons with historical data

Historically there are a few studies that have examined CPFV data or at least
utilized more recent data collected aboard CPFV’s along the south central coast (Karpov
et al. 1995; Miller and Geibel 1973; Miller et al. 1967; Miller and Gotshall 1965;
Heimann and Miller 1960). However, it is difficult to make direct comparisons with
these studies since the methodologies used in this study differ from those of its
predecessors. As newer methodologies to collect field data have been developed and
evolved over time newer more detailed and robust comparisons can be made that were
not possible using previous data sets.

Even so, limitations with data from our recent surveys make comparisons between
recent and historical data rather challenging as fishing regulations have dramatically
changed over time. Prior to the CDFG and Cal Poly surveys area specific catch

information such as depth and locality were not available for this region of California.
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Additionally fishing depths were limited to shallower waters in the Cal Poly survey, thus
not allowing us to make relevant comparisons with deeper water species such as
bocaccio, chilipepper, and widow rockfishes. Also regulation changes in minimum
allowable sizes for certain species, bag limit number, and the number of allowable hooks
per line have changed frequently over time and thus harbor direct comparisons with
previous data sets. For instance, restrictions on the number of allowable hooks per line
weren’t implemented until 1999 and this would influence catch rates and lead towards
higher catches of schooling species such as blue, olive, and yellowtail rockfishes.
Although there are some differences in methodologies and sampling discrepancies
between recent and historical data sets, some general comparisons can be made.

The last major published assessment of rockfish and lingcod stocks for the marine
recreational fishery was conducted from 1980-1986 by Karpov et al. (1995). All
recreational methods were examined within northern and central California, including the
CPFV fishery in San Luis Obispo County along the south central coast. Length
frequency analysis was performed for a few similar species assessed in this survey
including a few rockfish species such as blue, yellowtail, canary, and brown rockfish and
also lingcod. However, their length frequency analysis can not be directly compared to
results from this study since their analysis included fish along the entire central coast of
California from San Luis Obispo County all the way to Monterey and Santa Cruz
counties, whereas this study only focused on fish caught within the south central coast.
Blue rockfish and gopher rockfish were among the most frequently encountered species
for this area ranking first and third in abundance from 1980-1986 indicating a higher

proportion of shallow water fishing and a great deal of similarity with the findings of this
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study. Other top ranking species included yellowtail rockfish which ranked second and
olive, copper, vermilion, and rosy rockfishes ranking fifth through eighth which again is
similar to the results obtained in this study. Species such as yellowtail rockfish and
bocaccio had a higher frequency of occurrence, ranking second and fourth respectively,
and indicates that some deeper water fishing also occurred during this period.

Historical data from CPFV or “partyboat” catches was sampled at Morro Bay and
Avila (Port San Luis) during 1957-1958 by Heimann and Miller (1960) and expanded to
include San Simeon and Cayucos through 1960 (Miller and Gotshall, 1965). The top 11
fish species in order of abundance for 1957-1958 were blue rockfish, olive rockfish,
yellowtail rockfish, vermilion rockfish, bocaccio, lingcod, canary rockfish, copper
rockfish, gopher rockfish, widow rockfish, and rosy rockfish. Although depth
information was not available for this survey it appears as though fishing occurred at
mixed depths from the wide array of both shallow and deeper water species. A shift
towards deeper water fishing occurred in 1960 with an increase in take of deeper water
species such as yellowtail rockfish, bocaccio, and starry rockfish (Miller and Gotshall
1965). From 1957-1960 the five most frequently landed species in the CPFV fishery for
this region were blue rockfish, yellowtail rockfish, olive rockfish, bocaccio, vermilion
rockfish, and canary rockfish.

It is difficult to determine similarity between recent data from this study to
historical data from over 35 years ago for the 1950’s and 1960’s since information on
fishing depths and species caught at these depths was not recorded until 1988. Olive
rockfish are scarcer from previous findings for the 50’s and 60’s and saw a drop in

abundance and rank order compared with more recent findings from this survey in 1988-
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2004. This species ranked third overall in abundance from 1957-1960 (Miller and
Gotshall 1965) and made up 15% of the overall catch in 1957-1958 when more shallower
water fishing occurred (Heimann and Miller 1960, Miller and Gotshall 1965), while
ranking seventh and comprising just 4.6% of the shallow water CPFV fishery from 1988-
2004. Considering that olive rockfish is exclusively a shallow water species it appears
that this species has experienced periods of decline following the 1960°s up until
recently.

The most complete information for individual species both recently and
historically are for blue rockfish and lingcod (Karpov et al. 1995; Miller and Geibel
1973). Blue rockfish are the main species for the fishery in this area and are the most
abundant species numerically both historically and recently (Miller and Gotshall 1965;
Karpov et al. 1995). This species has dominated CPFV catches for this region since the
1950’s and 1960’s sometimes making up as much as 50% of the CPFV catch (Heimann
and Miller 1960), except during years of deeper water fishing in 1960 (Miller and
Gotshall 1965) and from 1985-1986 and 1988-1990 (Stephens et al., in review) in which
blue rockfish were replaced by yellowtail rockfish.

A continuing trend towards targeting large aggregating schooling species such as
blue rockfish was apparent in this study by a remarkably high abundance in the catch for
2003 and 2004 (Table 1). Blue rockfish abundance declined from 50% in 1957 and 1958
to 40% in 1959 and reached values as low as 18% in 1960 (Miller and Gotshall 1965).
The decline in 1960 was attributed towards a shift for fishing deeper depths beyond
which blue rockfish occur, but the decline in 1959 was attributed to the scarcity of fish in

near-port catches. Similar declines in near-port catches for blue rockfish were reported
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for other areas of central California including the Monterey and Santa Cruz area and
attributed to fishing pressure (Miller and Gotshall 1965; Mason 1995). A large bag limit
of 20 fish per angler up until 1971 and year round fishing were probably the strongest
factors contributing to declining catch rates in near-port areas for schooling species such
as blue and olive rockfish. A reduction in bag limit to 10 fish per angler and changing
the number of allowable hooks to two per angler in 2001 appears to have stabilized the
decline for blue rockfish as they have returned to a high abundance. Although periods of
fluctuating catch rates have occurred for blue rockfish over time, some of these
fluctuations may be due to the scarcity of fish from fishing pressure but also possibly
because of strong recruiting year classes or shifts in fishing effort at different depths.
Size data from Miller et al. (1967) suggests there has been a loss of large adult
individuals in the past 40+ years. Mean yearly sizes were often above 30cm from 1960-
1970 with strong adult modes near 35cm for several years. Our data from 2003-2004
shares a similar bimodal distribution with some years of the Miller study and a mean
length of 29.6cm for our kept fish (Figure 4a); however, in our data there was generally a
lack of larger sized individuals =36cm. The lack of larger sized fish, particularly large
females, may represent a problem for rebuilding future stocks since larger sized females
produce an exponentially greater number of larvae with higher survivability than smaller

reproductive females (Berkeley et al. 2004).
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5. Conclusions

There is strong evidence that some regions of California have experienced long
term declines in rockfish and other groundfish stocks from intensive fishing pressure
including the Southern California Bight, Monterey and Santa Cruz areas, and the San
Francisco area (Karpov et al. 1995; Love et al. 1998b; Mason 1998). Data from the
CPFV fishery for the entire region along the SCC from 1988-2004 indicates that this
region has not suffered a similar proportional decrement comparable to those other
regions (Stephens et al., in review, data from this study). However, when comparisons
were made between areas closer to port to those from distant areas within the SCC certain
species were significantly larger in size and had higher catch rates for distant areas
further from port that received less fishing effort. While some species showed only
minor or no discernable differences between near and distant areas, there were a few that
had major differences of which, some can be attributed to heavier localized fishing in
areas closer to port. Still others may be due to habitat differences rather than fishing
pressure, as was the case with brown rockfish.

The results of this study concur to some degree with the results obtained from
Reilly et al. (1993) for the SCC, and | recommend that further long term studies should
be conducted to determine if fish lengths and catch rates continue to decline in near-port
areas. Long term data may indicate that size structure is cyclical and stocks may recover
due to variable recruitment events. Although larger sized fish and greater catch rates
were attributed to fishing deeper depths and areas further from port by Reilly et al.
(1993), fish lengths were primarily obtained from retained fish, thus biasing the data

towards larger sized individuals. In this study some differences were found between
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retained or kept fish compared to all fish for several species, thus indicating the need to
include measurements for released fish. Measuring released fish will allow us to more
accurately represent the actual catch size for each species and compare fish sizes between
near and distant areas. Given that larger sized fish were observed in areas with less
fishing effort in 2003-2004, future studies might examine the effects on reproductive
effort to determine if species respond and conform to areas with greater fishing effort by
reaching an earlier age and smaller size at maturity. Leaman (1991) suggested that this
may have occurred between heavily and lightly exploited stocks in the commercial
fishery for Pacific Ocean Perch (S. alutus) off British Columbia, but it is not known
whether this is true for other Sebastes species or if it is true for nearshore shallower water
species caught within the recreational fishery.

One important factor that has been considered when implementing management
decisions for the recreational fishery is the depths at which fish are caught. In this study,
species with the largest size differences between near and distant areas were those that
occur at both shallow and deeper depths as adults, such as copper and vermilion rockfish.
If mean lengths and CPUE show continual decline over time in near-port catches for
species such as these, deeper water fishing may help alleviate some of the stress on adult
populations in near-port shallow water catches. Shallow water species such as olive
rockfish and lingcod also show some signs of stress in near-port areas and may benefit
from a reduction in shallow water fishing. One potential drawback to deeper water
fishing is the increased catch of certain protected deep water species such as canary and
yelloweye rockfishes. This may also present a problem in that discard at deeper depths

may not be an option since rockfishes possess a swimbladder which does not allow them
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to adjust to rapid changes in pressure. The effects of barotrauma become more
pronounced at deeper depths, and rockfish bycatch may only work with the aid of release
devices described by Theberge and Parker (2005). Regardless of the extent of
barotrauma, if a rockfish can swim down within a ten minute period, two-day post-
release survivorship at depths <46m (25 fm) is fairly high at around 80% (Erica Jarvis,
California State University Long Beach, pers comm.).

Other factors to consider when making management decisions for the recreational
fishery along the west coast are the timing and duration of seasonal closures. Since 2000
many different seasonal and depth closures have occurred on a yearly basis. While
individual species restrictions have also been subject to change, suggestions such as full
seasonal area closures, rotating area closures, and establishing marine reserves have been
suggested (Karpov et al. 1995). Another important factor to consider is the annual
reproductive life cycle of these fishes. Rockfishes are viviparous fishes, giving birth to
live young (parturition). Parturition occurs primarily during the winter months from
January to April in central and northern California (Wyllie-Echeverria 1987; Lea et al.
1999; Love et al. 2002). Stock replenishment occurs through strong cohorts and
successful year classes of larval and juvenile recruitment. So, in order to ensure the
success of future rockfish stocks it should be recommended that the fishery be closed
during the primary months of parturition to allow females to release their young.

Lastly, a more thorough understanding of how individual species and fish
assemblages respond to fishing intensity and climate changes needs to be better defined.
A few recent studies have shed some light on this subject including (Jarvis et al. 2004;

Bennett et al. 2004). For fish in the Southern California Bight most recreational fishes
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responded negatively to changes in temperature and positively to upwelling (Jarvis et al.
2004), while ocean climate was found to explain 60% of the variation in recreational
rockfish CPUE in northern and southern California (Bennett et al. 2004). Further studies
should address the response of fish assemblages to both fishing intensity and
environmental variables with refined methodologies and techniques to address this issue.
In this study a few methods were used to determine temporal and spatial stability
among fish assemblages utilized by the CPFV fishery in different locations along the
south central coast. The fish assemblage at San Simeon north is stable and has
experienced no change over time while some minor changes have occurred in near-port
areas. While the changes in near-port assemblages can be explained by both a greater
fishing effort and a response to climatic changes in SST’s, an overall low stability for the
fish assemblage at Point Sal/Purisima was rather unexpected since this area received
lower fishing effort. Climatic variations in sea surface temperatures and upwelling may
influence this area more so than other areas along the SCC since it borders the
southernmost area of the cool temperate Oregonian zone and the transitional region of
warmer temperate waters south of Point Conception. Also, one might argue that habitat
differences might drive some of the variation in the assemblage for this area as well. A
well developed system has been established to classify seafloor habitats (Greene et al.
1999), but relatively few studies have examined benthic zones in detail in central
California with the exception of Yoklavich et al. (2002). It would be beneficial for future
studies to examine and characterize the benthic community along the SCC and determine
whether the seafloor habitat in the area between Point Sal and Purisima Point differs from

the rest of the south central coast. This may help aid in understanding whether fishing
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pressure or habitat differences drive the differences in mean lengths and CPUE for

species in this area.
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