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INTRODUCTION

Objectives of Study

A long-term study on rockfish recruitment was initiated in 1983 by
the Groundfish Analysis and the Groundfish Communities Investigations of
the Tiburon Laboratory of the Southwest Fisheries Center, National Marine
Fisheries Service. The study has three major objectives.

The first objective is to develop methods for predicting year-class
strength of species of rockfish that are either important to the fisheries
or are abundant. Most species of rockfish are not recruited to fisheries
until the age of 4 to 10 years. We will attempt to estimate year-class
strength in the first year of life and thus give fishermen and managers a
basis for planning. Since analyses of data for several species of rockfish
indicate that year-class strength can vary as much as tenfold, the goal is to
be able to detect several-fold changes in year-class strength. Such precision
has been shown to be appropriate for management purposes (e.g., Lenarz, 1971).
The study area includes the coastal and offshore waters between Point Sur and
Cape Mendocino, California. The study emphasizes seven species of rockfish
that are important in the area: black rockfish (Sebastes melanops), blue
rockfish (S. mystinus), bocaccio (S. Eaucisginis?} chilipepper (S. goodei),
shortbelly rockfish z§. Jordani), widow rockfish (§. entomelas), and
yellowtail rockfish (S. flavidus).

The second objective is to gain insight into factors that affect strength
of recruitment. Recruitment strength is the most important factor underlying
the success of ‘fisheries, but factors that control recruitment strength are
the least understood aspect of fish population dynamics. The fishery manager
is faced with the fact that although there must be a relationship between
recrui tment strength and the quantity and quality of eggs or larvae produced
by adults, that relationship is obscured by poorly understood environmental
factors. We are attempting to gain a better understanding of environmental
factors that affect recruitment strength.

The third objective is to develop a better understanding of the niches
of juveniles of important species. About 60 species of rockfish occur in
California and about 20 species are fairly abundant in the study area.

These closely related species are similar in appearance in the juvenile stage.
The ecology of some juvenile rockfish is fairly well known during the phase in
which they inhabit nearshore waters, but little is known about the ecology of
any species of rockfish when they inhabit offshore waters as juveniles. We are
attempting to determine feeding habits and environmental factors that affect
the distribution of juvenile rockfish during the pelagic stage, as well as
adding to the existing knowledge of the nearshore stage.

Background

Pata on juvenile rockfish are being collected during two phases of their
life history. Some species are being studied in their pelagic offshore stage
shortly before the time that they move into their next habitat. These species
include bocaccio, chilipepper, and shortbelly, widow, and yellowtail
rockfishes. Some species spend the next stage of their life in shallow
nearshore waters and are being studied there; these include black rockfish,



blue rockfish, bocaccio, and yellowtail rockfish. Juvenile shortbelly and
widow rockfishes are occasionally found in high numbers in shallow nearshore
waters, but it is not known if this is a regular phase of their life history.
Although small numbers of black and blue rockfishes occur in offshore samples,
we do not believe that the offshore samples are representative of their
abundance. Juvenile chilipepper are rarely found in shallow nearshore waters.

Juvenile rockfishes of the species of interest are most abundant
in pelagic offshore waters between mid-May and mid-July in the study area.
At this time most specimens are between 30 and 60 mm (SL). Most specimens of
the important species are between 3 and 7 months old. The transition from the
pelagic to the next phase usually peaks in late June and July for the
important species. When juveniles first enter the nearshore habitat they have
the silvery nondescript appearance of pelagic-phase fish, but rather quickly
begin to take on the appearance of adults. The nearshore phase tends to last
through fall, but there is considerable variability among species and years.
Blue and black rockfishes spend a significant portion of their lives in
shallow nearshore waters.

Sampling Methods

Samples in the offshore areas are collected with a midwater trawl that
is a slightly modified version of the net used by the California Department
of Fish and Game pelagic fish survey (Mais, 1974). The net has an 80-foot
headrope and 1/2-inch mesh liner in the codend. Fifteen-minute tows are made
during dark hours. Daylight tows were soon discontinued because of low
catches. Standard warp is 30 m for tows in depths less than 50 fathoms and
90 m in deeper waters. The NOAA vessel David Starr Jordan is being used for
the trawl surveys. Most of the work is conducted from late May through the
end of June, although some work has been conducted in April.

SCUBA surveys are made in shallow nearshore water between Bodega Bay,
Sonoma County, and Albion, Mendocino County. Between arrival of the juveniles
(usually in May or June) and late October or early November, surveys are made
every 2 to 3 weeks as weather permits. At locations judged to be in
representative habitats, counts are made to depths of about 35 m. Here,
two or three observers, equipped with SCUBA and marking slates, note the
numbers of juveniles during timed segments along random courses. Data used in
this report were grouped in 1-minute segments. Ecological and behavior notes
are added, if judged significant. Three important species--black, blue, and
yellowtail rockfishes--can be monitored effectively using this method.

Information of juvenile rockfish is also obtained by examining contents
of predator stomachs. During 1984 and 1985, lingcod (Ophiodon elongatus),
adult piscivorous rockfish, and chinook salmon (Oncorhynchus tshawytscha)
were sampled. The results for lingcod and piscivorous rockfish were not
encouraging. Juvenile rockfish were not a common food item and often were
not identifiable to species. Chinook salmon feed heavily on juvenile rockfish
during June (Merkel, 1957). Since 1984, only chinook salmon stomachs have
been collected.




Objectives of Report

Analytical work is just beginning. This report contains analyses of
some of the data collected during the first 3 years of the study. Very few
juvenile rockfish were collected in 1983, an El1 Nifio year. An M.S. thesis
project will be started this fall by a staff member. It will be centered

about a management model that incorporates predictions of year-class strength
into fishery management.

There are two major objectives for this report. The first is to review
progress to date. The second is to review project strategies with respect to
the early results and to develop new strategies were appropriate.



PROGRESS IN IDENTIFICATION OF JUVENILE ROCKFISH

The recruitment project needs to identify all specimens of important
species Wwith a high degree of accuracy. In 1983 some work had already been
published on the identification of rockfishes at the pelagic juvenile stage.
Descriptions of bocaccio, shortbelly rockfish, and cowcod (S. levis),
in addition to several other species not found in our study area, were
published by Moser et al. (1977). Also in 1977, Allen published drawings
of halfbanded (S. semicinctus), stripetail (S. saxicola),
splitnose (S. diploproa), darkblotched (S. crameri), copper (S. caurinus),
flag (S. rubrivinctus), redbanded (S babcockis, vermilion (S. miniatus),
olive (S serranoides), greenstriped (S. elongatus), squarespot (S. hopkinsi),
shortbelly. and blue rockfishes, and cowcod chilipepper, bocaccio, and
several other Southern California species. Moser and Ahlstrom (1978) produced
a description of blackgill rockfish (S. melanostomus). Richardson and Laroche
(1979) described darkblotched, canary (S. pinniger), and rosethorn
(S. helvomaculatus) rockfishes. Laroche and Richardson in 1980 described
yellowtail (S. flavidus) and black rockfishes. In 1981 they published
descriptions of widow and sharpchin (S. zacentrus) rockfishes and clarified
some of their previous work on head sEines in Juvenile rockfish.

There is a potential for some 44 species in Northern and Central
California. With sometimes incomplete information on the 23 "known" species,
there was room for confusion. To satisfy the project's need to identify all
juvenile specimens of important species, a key was developed. It was decided
to attempt to use meristics rather than the incompletely known pigment
patterns for identification. Although there are published data on rockfish
meristics, they are incomplete. Fortunately, the Tiburon Laboratory developed
a large data base on the meristics of species in the study area during a study
on adults. This meristic information was used to formulate a key for
identification of juvenile rockfishes. When meristics produced uncertainties
because of overlap, other characters such as head spines, form of anal fin
spines, body shape, and pigment patterns were used.

A group of five important species (black, blue, olive, widow, and
yellowtail rockfishes) proved difficult to identify to species in some
cases because of overlap in meristics and incomplete descriptions.
Additional characteristics were found for these species and it is now
possible to identify almost all specimens positively.

The project has also developed methods to identify three species--brown
(S. auriculatus), honeycomb (S. umbrosus), and rosy (S. rosaceus) rockfishes--
that were not previously described in the literature as juveniles.

Members of the recruitment project are now able to identify more than 99%
of sampled specimens. Several technicians have been trained in the use of the
key, and their identifications--even in the field--have been found to be
accurate.

The project and the Northwest and Alaska Fisheries Center have funded
development of a field guide for larval and juvenile rockfish by an outside
contractor. The guide is due to be completed at the end of FY86.



PROGRESS IN OFFSHORE MIDWATER TRAWL SURVEYS
Examination of Number of Replicates Per Station

It is often the case for surveys for marine organisms that the optimum
number of samples per station (m,,:) is one. This is a consequence of the
high variability among stations. ~Thus in designing the original sample plan
for the offshore midwater trawl survey, it was assumed that m,,, would be one.
Data are avajilable now to examine that assumption. An aspect of the
Groundfish Communities Investigation's studies is intensive sampling of the
Gulf of Farallones. In 1985, six stations in the Gulf were sampled twice in
a short period of time, and these data can be used for the estimation of Mopt «

Cocnran (1963) shows that mopt for a fixed cost can be estimated as

S
m

opt = (s2/vef - s85/m)vei/e, ,

{ = estimated variance among stations,
g5 = estimated variance within stations,

m number of replicates per station in pilot survey,
cost per station, and

¢, = COSt per sample.

Q
-
]

In this case, cost is ship time. We estimate that ¢, is between 0.5 ¢, and
1.0 ¢,, and assume for this study that ¢, = ¢,. As is often the case for data
from marine organism surveys, the data are highly variable and the variance is
related to the mean. Therefore the In(X + 1) transformation is used for this
and most of the other estimates in the study as is often done for such data.
Future analysis will further investigate the statistical distribution of the
data and another transformation may be indicated, but it is likely that the
Iin(X + 1) transformation will provide approximately correct results. Results
of the calculations (Table 1) indicate that there should be only oné replicate
per station for routine survey purposes.

Examination of Depth of Tow

Prior to initiation of our work in 1983, no surveys had been conducted
in offshore waters for juvenile rockfish. Consequently, little information
was available for designing the field work. Several investigators who had
incidentally captured juvenile rockfish believed that tows should be as close
to the surface as possible. People with experience on the Jordan believed
that there could be problems from the ship's wake if the warp were less than
about 90 m. However, our experience revealed that the midwater trawl could
easily be badly damaged during tows in shallow waters because of encounters
with the bottom if warp were 90 m. Therefore, in waters less than 50 fathoms,
warp is set at 30 m and in deeper waters it is set at 90 m. In order to
verify that these depths are appropriate, replicate tows have been made at
30 m and 300 m when time allowed.



TABLE 1.--Estimates of optimum number of replicates per station (mo £)
for the offshore midwater trawl survey. Data are from two replicates of
six stations in the Gulf of the Farallones during late May-early June,
1985. Data are transformed to In(X + 1).

Widow Yellowtail Shortbelly All
rockfish rockfish Chilipepper Bocaccio rockfish rockfish

st 5.978 4.135 2.690 7.518 2.206 8.157
s% 3.143 0.523 8.192 3.649 0.762 4.811
r?zopt 0.845 0.367 - 0.801 0.646 0.915

Insufficient pairs of 30-m and 90-m tows are available for meaningful
analyses. A total of 15 pairs of 90-m and 300-m tows were made in 1984 and
1985. The results are shown in Table 2. Average untransformed catches of
bocaccio, chilipepper, and shortbelly rockfish were higher in the 90-m tows
than in the 300-m tows, and catches of widow and yellowtail rockfishes were
higher in the 300-m tows than in the 90-m tows. The catch of all rockfish
was higher in 90-m tows than in 300-m tows. The Wilcoxon signed ranks test
was used to determine if the differences are significant. None are at
commonly used levels of significance, but differences for bocaccio,
chilipepper, and widow rockfish approach significance. Spearman's correlation
coefficient was used to test the relationship between 90-m and 300-m catches.
Correlations were significant for shortbelly rockfishes and all rockfishes.

The results suggest that 90-m tows are appropriate, because catches of
three out of five target species were higher at that depth when compared to
300-m tows. However, the sample size is small and it is not yet possible to

compare 30-m tows with 90-m tows. We will continue to collect data on the
question.

Annual Estimates of Juvenile Rockfish Densities

Prior to 1985, the project had about 2 weeks of ship time in June.
Beginning in 1985, the project has been assigned 31 days of ship time
during late May and June. It was hoped that enough stations could be
sampled to detect annual differences in juvenile rockfish densities.

Very few juvenile rockfish were captured in 1983, which was probably an
extreme year because of El Nifio conditions. Thus it was decided to examine
the 1984 and 1985 data to determine if sample size is adequate to detect
annual differences in density. Superficial examination of the data indicated
that there were areal differences in density, but the differences were not
consistent from year to year. The study area was divided into seven
geographical strata--three nearshore, three offshore, and the Gulf of the
Farallones. In 1985 it was possible to sample stations farther offshore and



TABLE 2.--Comparisons of catch rates of juvenile rockfish in
replicate midwater tows made with 90-m and 300-m of warp in 1984
and 1985. The data are from 15 stations.

Average warp Sign test Spearman's

Species 9O m 300 m probability
Bocaccio!? 4.y 4,2 0.068 0.616
Chilipepper? 3.0 0.4 0.109 0.725
Shortbelly rockfish 27.7  19.7 0.657 0.541*
wWidow rockfish 1.2 4.3 0.107 0.497
Yellowtail rockfish - 4.8 0.237 0.306
All rockfish 51.7 33.6 0.675 0.643%%

* P < 0.05
¥* P < 0,01

! Only 1984 data from five stations are used, because overall
densities were very low in offshore stations in 1985 and no catches
were made at replicated 1985 stations.

farther north than in 1984 because of the additional ship time. These
additional stations are not included in the analysis. Data collected by the
Groundfish Communities Investigation in the Gulf of the Farallones are
excluded from this analysis because they replicate stations sampled by the
Groundfish Analysis Investigation while other stations were not replicated.
Data were transformed to In(X + 1).

The results indicate sample size is sufficient to detect annual
differences in the density estimates (Table 3). As will be shown later,
the transformed data did not correct all problems with heterogeneity of
variance, but analysis of variance is recognized as a robust test and the
differences are estimated to be highly significant. The results also indicate
that it is important to stratify because strata and the year x strata effects
are often significant. Because the year x strata effect is sometimes
significant, the results indicate that it is probably not desirable to
base allocation of sampling effort to strata on average catches.

Catches made in the Gulf of Farallones area by the Groundfish Communities
Investigation in late May and early June, 1985, were the highest of any
made by the program. Catches often exceeded 1,000 juvenile rockfish.
These stations were replicated at the end of June and no catches of juvenile
rockfish were made at this time. It appears from these results and evidence
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from chinook salmon stomach contents and nearshore studies that the transition
from the pelagic offshore stage to the next stage occurred earlier than normal
in 1985. 1n addition, it appears that the timing of the transition is more
variable than expected and that the sampling scheme should take this into
account. Therefore, it was decided to reduce the size of the area sampled

in the future and to attempt to sample the entire covered area several times
during the sampling period. Under this scheme annual estimates of abundance
will be from the replicate with the highest average catch for the species.

The areal coverage has been reduced to the area between Carmel and the
mouth of Tomales Bay (Figure 1). The new area is divided into seven strata
with five stations each. The stations can be sampled in seven nights,
if weather is good. Thus, under ideal conditions the area will be covered
four times. It is more likely that time will be lost and the area will be
covered two to three times.

Random stratified estimates of the averages and their variances are shown
in Table 4 for data collected at the selected stations 1983-1985. The data
were transformed to In(X + 1). The data for the Gulf of the Farallones in
1985 were from the samples collected by the Groundfish Communities
Investigation. The data suggest that reproduction of the five important
species of rockfish was a failure in 1983. Densities of juvenile widow and
yellowtail rockfishes were higher in 1985 than in 1984, Densities of juvenile
chilipepper and shortbelly rockfish were similar in 1984 and 1985. Densities
of bocaccio were lower in 1985 than in 1984.
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FIGURE 1.--Study area for future midwater trawl surveys for juvenile rockfish.
The area is divided into seven strata: DN (Deep North), SN (Shallow North),
GF (Gulf of the Farallones), DS (Deep South), SS (Shallow South), MO (Monterey

Off shore), and MN (Monterey Nearshore). There are five stations represented
as « for each station.



11

38° —

37°1+—

| |

Geographical Strata
for

G Rockfish Recruitment

”””” TN ~ Trawl Survey

N/ Russian River

SN
‘e
D !
AN
\
N L]
\
\
\.
|
|
N\

A\ * . :
TN AL
Monterey

123° 122°




12

2Lhg 0 €860 Eo6ni'O 602°0 L99L°0 L9L°0 2990°0 602°0 0000°0 000°0 0000°0 000°0 ie Te3ol

0000°0 000°0 0000°0 000°0 0000°0 000°0 0000°0 000°0 0000°0 000°0 0000°0 000°0 € Kouajuop

8JOoySJeaN

£EEE0 000°L 0000°0C 000°0 0000°0 000°0 €EEELE°0 000°L 0000°0 000°0 0000°0 000°0 f KoJajuol

aJdoys JJo

0000°0 000°0 0000°0 000°0 0000°0 000°0 0000°0 000°0 0000°0 000°0 0000°0 000°0 q yinog

MOTT®BYS

0000°0 000°0 0000°0 000°0 0000°0 000°0 0000°0 000°0 0000°0 000°0 0000°0 000°0 Z yanog daaq

0 sauoTTRuRy

8yl Jo JInd

00GL°h 006°2 0968°0 0G2°L 0000°L 000°L €£90°0 0S2°0 0000°0 000°0 0000°0 000°0 t U3JON

MOTTRUS

0000°0 000°0 0000°0 000°0C 0000°0 000°0 0000°0 000°0 0000°0 ©000°C 0000°0C 000°0 € yjJoN daaqg

€861

cdep *Bay *JdBp *3Ay *JdBep *8Ay *Jdep *8AY cJdep *BAY *Jdep *8ay 9ZTs BaJY/JBDL
ys1J%o0d UsTJNO0d ysiJnood ys1Jnood J4addadTTTUD 0To0rO0g a1dweg

184 TTejimMoTTaX MODTM A119q340Us

‘so7dwes UOYT3eBI3169AUI ST3TUNWWO) YSTJPUNOUD WOLJ BWed Ggel 40J Bjep sauolTeded ayj Jo JInD ‘uwnjedis
S3UOTTEUE4 8Y3 JO JIND 8y3 JoJ £g6| JOJ BIEP OU ade aJayl 3eyl 830N (1 + X)%7 03 pawuojsuedl aJe eled
*6861-£861 ‘USTJINOOJ BTTudANf JO SaT3JEULP JO §90URTJURA pue S98BJ9AR JO 693BWIIE9 PaTJTieJis wopuey--‘y ITEVL



13

12304 W

£668°1 €£gn'2 1h9E°0 £99°0 89ch°O €€9°0 #GL9°L 6.L8°1L £€602°0 685°0 G90h°0 9hB°0 9¢
€G.G'0 68E*2 10£0°0 ELL°O 100°0 €L1°0 LIGL°0 G8L°L 2fO0n°0 900°1L 0000°0 000°0 ml KoJuajuon
aJ0ys JEDN
£668°0 09k°2 0000°0 000°0 0000°0 000°0 i2hE'L G6R°L LOEO°O £LL°0 80L9°0 069°1 f KaJajuoNn
aJoye JJo
64L9°0 €02°€ OLHE"O OEL*L 0291°0 090°1 9129°0 616°2 L29l°0 Lgi*l 2L62°0 068°0 S ynog
moTTRUS
G6G66°0 G211t LEGE'O L2900 2GLL°0 GGG*0 G2l0°L 22£°2 Lonwe'o LiL°O 8699°0 22t°¢ S yanog daaqg
gL10°G 6£2°2 GLh9'O G08°0 28€h*L 66L°L 06L6°E n66°L 102L°0 LrE°0 6GLOZ°L 660°1 < sauoTTeded
ayly Jo JInd
LO6R° 0 66L°L 1061°0 998°0 0291°0 20n°0 6825°0 LLL*L 0000°0 000°0 0000°0 000°0 h Y3JON
MOTTRUS
6L89°% G91°2 L9n6°0 €06°0 #080°L ORO'L L26h"t 698°1 2088°0 €69°0 0000°0 000°0 4 ujzJoN deeg
ngo!l
s JBp *BAy *Jdep *BAY cJdep *BAY * JBA *BAY cJdep *3Ay s Jdep *8aAy Y ALY BaJdYy/JEI X

ye1Jxo0d ys1JMo00d ystinood Ys1Inood J9ddadTTTY) o1o0eO0g aTdureg

198 ) T1einoTIax MODTM A118Q340US

(QaNNILNOD)-~"t 314VL



14

LLLL*)L 68h°E ©2E2°0 6L0°L hw6EL°L G92°2 90hh°0 186°L LL6O°0 0Gh°0 6610°0 £88L°0 6¢ Tel3olL
21916 009°9 66£G5°0 008°L 966L°S 000°k 1090°0 O0O®°0 0000°0C 000°0 0000°0 000°0 [ Kouajuol
aJdoysJeaN
ni0L°0 988°0 0000°0 000°0 2610°0 6EL°0 2610°0 6EL°0 0000°0 000°0 0000°0 000°0 S KaJajuon
aJdoys JJo
9L80°L OLG°E €l8h°0 Lh8"L 0918°0 H26°2 6£8O°L 891L°2 0000°0 000°0 0000°0 000°0 ] yinog
MoTTRYS
Lyg0"0 629°2 KwSLO*O0 GL2°0 9SiLL°0 0S8°0 HEOZ°0 H6L°2 0000°0 000°C 0000°0 000°0 h yanog daaq
9068°0 GIG*L 9892°0 800°€ 2799°0 GS0°9 60GL°0 Lh8'9 OHBY'O 2SL°E 96EL°0 BLE°L il sauoTTeJdry
ay3 Jo Jino
E6EHN°0 09E€°L 2610°0 6E£L°0 HiEO°O0 9£9°0 6#H2SS'O L9670 0000°0 000°0 0000°0 000°0 S Y3JON
MoTTRYS
06L9°0 2E6°L L9E2*0 98h°0 00ES°0 E£S2°L 9Lhw°0 1LGL°*L 0000°0 000°0 0000°0 000°0 f yadJoN deaqg
G861
*JdBp *Bay *Jdep *3Ay *JdepA *BAy *Jdep *3Ay *Jdep *BAyY *Jep *3AyY 8z1s eaJdy/Jea}

ys1Jxood YstJRo0od Us 134004 UstJno0d Jaddad1TIUu) 0700ed0g a1dureg
TV TTemoTT9X MODTM £1T12q340Ys

(QINNILINOD)~--"4 dTAVL



15

PROGRESS ON MEASURING RECRUITMENT
FROM CHINOOK SALMON STOMACH CONTENTS

The principal goal of this study of the Groundfish Communities
Investigation is to evaluate the impact of predation as a mechanism
controlling populations of juvenile rockfish. A corollary to this is
the possibility of using predator stomach contents to estimate year-class
strength of juvenile rockfish. The focus of this project is to investigate
chinook salmon predation on juvenile rockfish in the Gulf of the Farallones.
Our studies show that in normal years there is a regular seasonal cycle in
which chinook salmon prey heavily on juvenile rockfish from mid-May until mid-
July. 1In 1983, 1984, and 1985, corresponding midwater trawls were made at
appropriate stations to compare species composition and relative abundance
of juvenile rockfish in the salmon's diet and in the pelagic ecosystem.

Although data collection for the project is still in progress,
preliminary analysis has made several points clear. The first is that
predator stomach contents can be used as a measure of year-class strength--
at least to the level of whether this is a good year, a bad year, or somewhere
in between. Greater definition of year-class strength may be possible when
data analysis is completed. However, this measure of recruitment is only
possible when the basic mechanisms of the predator's behavior and the normal
cycle of the ecosystem are understood. Without this background information,
changes in numbers of juvenile fish in the predator's stomachs cannot be
interpreted accurately. The second point is that--at least in this case--
species composition and relative abundance of juvenile rockfish in salmon
stomachs approximate the trawl samples. Length frequencies have not yet
been compared. The final point is that estimating recruitment from predator
stomachs has several operational advantages. This method allows for the
widest spatial and temporal coverage, an important consideration when sampling
a process with as much uncertainty as this. This method of coverage is also
the cheapest, partly because of the problems of uncertainty and coverage, and
partly because it eliminates the need for ship time. It has definite
limitations, basically those assocjated with any fishery-dependent sampling
program, but it is an effective tool as a method of sampling juveniles of
commercially important species.
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PROGRESS IN UNDERWATER NEARSHORE SURVEYS

Analyses were conducted on data collected by underwater observers
during the nearshore surveys to examine two questions.

The first analysis tests the hypothesis that the three observers doing
the work produce similar estimates of total juvenile rockfish densities.
The Wilcoxon paired observations test was used. The results for the three
possible pairs of observers were nonsignificant (pair 1: n = 19, P = 0.28;
pair 2: n = 10, P = 0.62; pair 3: n = 7, P = 0.31). The results indicate
that the three observers produce similar estimates.

The second analysis examines the apparent year-to-year differences in
numbers of juveniles by testing the null hypothesis that there are no annual
differences in numbers of the three important species observed. One-way
analysis of variance was used to test the hypothesis on the In(X + 0.001)
transformed data. An observation is defined to be the average of all
transects for a day's work. This analysis assumes that there are no
important season and area effects. The results (Table 5) indicate
significant differences among years for each of the species. A Tukey HSD
post hoc analysis (Table 6) indicates that estimates of the blue and
yellowtail rockfishes are significantly higher for 1985 than for 1984,
and for 1984 than for 1983. It also indicates that ‘while estimates of the
black ro¢kfish are sighificantly higher for 1985 than for 1983, the increase
noted between 1983 and 1984, and between 1984 and 1985 are not significant.

TABLE 5.--One-way analysis of variance of nearshore
survey éstimates of juvenile rockfish densities.
The effect is year (1983,1984 and 1985). Data are
transformed to In(X + 0.001).

Black Blue Yellowtail
Source Df Rockfish Rockfish Rockfish
Year 2 4.681% 33.337%%x 39.959%*x

Error 20

® P <¢0.05
P < 0.00

1

There has been considerable variation in the time of first arrival,
as well as the relative numbers during a given year. For example, the few
juveniles observed in 1983 did not appear until late May, whereas the abundant
juveniles of 1985 first arrived in April. Although the numbers have varied
significantly from year to year, once established they have remained stable
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until at least August--early September, never varying by as much as an order
of magni tude.

TABLE 6.--Estimates of average density of juvenile rockfish by
nearshore survey. Data are transformed to In(X + 0.001).
Critical ranges are calculated using the Tukey HSD Post Hoc
analysis with alpha = 0,05,

Average density

Sample Black Blue Yellowtail

size rockfish rockfish rockfish
1984 7 =2.44 -0.17 0.46
1985 9 0.63 4,34 5.04

Critical range 3.39 2.3 2.90
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DISCUSSION

Considerable progress has been made by the rockfish recruitment program
at the Tiburon Laboratory. Since 1983, identification of juvenile rockfish
in the area has progressed from incomplete information scattered throughout
the literature and in file cabinets to a functioning key that allows
technicians to readily identify almost all intact specimens captured in
the area. 1In addition, a field guide for the entire West Coast should be
completed by a contractor in about a year.

Considerable progress has also been made in estimating densities of
Jjuvenile rockfish. It appears that satisfactory estimates are being obtained
for the important species in the area by midwater trawl. Chinook salmon
stomach contents show promise for providing an even more efficient method
of estimating abundance. The underwater counts appear to offer satisfactory

estimates and also some ecological insights, but are limited to species that
occur nearshore.

Two important questions remain to be answered. The first: Are estimates
of juvenile abundance sufficiently correlated with eventual recruitment to the
fishery in the area to prove useful as a tool for management and the fishing
industry? The second: Are there major areal differences in recruitment
success? That is, do recruitment estimates for northern and central
California have any utility in a coastwide context?

It will take a number of years to answer both questions. It will be
necessary to examine correlations between juvenile abundance and recruitment
strength to answer the first question, and rockfish do not fully recruit to
fisheries until they are 4 to 10 years old. The outlook is hopeful because
there is qualitative evidence that year classes abundant in nearshore waters
as juveniles persist as strong year classes until the age of recruitment.
Data are becoming available from the fishery to answer the second question.
For example, the 1970, 1971, and 1977 year classes of widow rockfish are
important in landings in all three West Coast states.

Scientists from the Tiburon Laboratory, the Northwest and Alaska
Fisheries Center, and the USSR are planning to conduct a cooperative
midwater trawl survey from a Soviet vessel off the coast of Oregon in 1986.
In addition to allowing comparisons of abundances off California and Oregon,

the cruise will provide data on several important species that are not
abundant in California waters.
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