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INTRODUCTION

1

Rockifishes (Sshzasties sp.) make

Up a2 mzjor poriicn of the
groundfish fisherv. As in other Zisheries, year classes have
varied in abundance resulting in problems for managsment.
Understanding the causes of variation in recruitment presenis 2
challenge to ZIishery scientists. The NMFS Tiburon Laboratory has
been engagad in ressarch designed to msasure such variation eaxly
in the life cycle of rockfishes, and To determine some of its
causes. Research objectives have been addressed in four general
approaches that focus on different methods and on &different
ontogenetic stages.

The Physiological Ecclogy croup has been assessing the condition
and reproduction of adult Zish. Their results will, among other
things, help <o determine how variation in reprcducsiive
performance affects variaticon in recruitment. Two studies addrsss
pelzgic young of The vsar prior To ssaTtilement o posi-pelagic
napitats. One study, conducted largely by the Grounifish Znalvsis
group, examines the distributicon and abundance of pelagic
Juvenliles using midwatsr travwl survevs. This prclect is o)
relaTing 1ife history traits such as age, growtzh, =and &i of
velagic juveniles. In another stuly, Groundfish Cormmunit
ressarcners are examining the occurrence of pelagic Suvenilas In
<he stomachs of a major cocastel predator, the king saimon, in
order Tto evalueitzs the use of predator stomach conitents as an
ndex of vesar class stranczh. Finallv, members of The Groundfish
Communities Invastigation are using underwater chsarvailions o
aesess tThe abundance and distrikuzion of rpostpelacic fuveniles ‘in
nearsnore naklitates.

ious administrazi repcoris {Lenarz and Morelend 1985, Hokhson

1. 3.928¢, StTazf of e Tiburon LaboraTory 1987 Trassnted The

2.1 ockiectives, genseral meIngods, and Zrevicus rasults of Thse

erent tTasiks. Tnis rsport provides an uzdate ©of  ongcing

grch curing =The lasT ressaxch vear.

GROUNDYISH PEYSIOLOGICAL ECOLOEY INVESTIGATIONS

In Octcber 1985, the Pnvsiological Ecology Investigation stafs
initiated a task entitled the Phvsiological Zcology of Pacific
Groundfishes. Research, vonsisy_ng of integrated, melti-

‘*sc*blira“y studies, was designed to examine functional

elationships bo,wcen groundfishes and their environments. The
emphaSlS was on determining the ability of individual
populations to grow, reproduce, and survive in their environment.
Both inherent and environmental factors directly affect these
processes by influencing fish condition and reproduction.
Understanding the factors which determine fish condition and
subsegquent reproductive effort and success contributes +to our
ability to assess the health of the stock and ultimately *to
forecast recruitment in the population.

1



tudies included monthly field collections and laboratory
analyses designed to assess condition and reproduction of <three
species of rockfish (vellowtail, Sebastes flavidus, bocaccio, S
paucivinis, widow, S. entomelas). Fish were collected from
Cordell Bank off northern California. Methods for collecting fish
and analyzing samples were given in a previous report (Staff of
Tiburon Laboratory 1987). Because of relative commercial
importance and suitability for experimentaticn, initial emphasis
was on yellowtail rockfish. Recently, three vears of monthly
sampling (April 18€5 through March 1988) was completed. This

report presents some of the results of studies on this species.

Progress in Assessments of Adult Physiological Condition

Field-caught rockfish specimens were given comprehensive examina-
tions which included analyses at whole animal, organ, tissue,
ceilular and subcellular levels of biological organization. The

following rasulis are f£or 437 yeLlOW_a_l rocizfish ranging from 4
to 45 vears of age. There were 340 females and ¢7 males; 41
immature and subadul<ts and 296 adults.

Initial descriptive statistics and facior analvsis of selected
data were run on all fish to determine the Iinterrel ““:onsnlps of
variables. In brief, Tthe major findings Zfrom this study show <hat
anb*ox_mate;y 77% of the variability In the data was accounted
for by 8 factors associated with variables linked in order *o
body and liver conditions, age, wet weight, season, fat in the
liver and mesenteries, vear, sewual maturity and ths presence of
Nomas.

Covariance analyses were then performed to answer the following
guestions:

1. What Is the effect of ege and ss¥ on Zish conditicon? Is thers
evldance f£or senescence in oider fisn?

2. Are There seasonal differences in fIsh condition?

3. Are *here interannual differences in fish char ristics

c ac
which might relate to annual juvenile abundance and
recruitment?

Several characteristics of the f£ish varied with age as indicated
with asterisks in Table 1. In particular, besides the expected
increases in organ weignt with age, older £ish were found to have
higher incidences of parasites and disease. The parasites
discussed in this report were described previously (Staff of
Tiburon Laboratory 1987). Results indicate that fungus
Ichthvovhonugs sp. and melanoma tumors may affect growth and
condition of yellowtail rockfish from Cordell Bank. Analyses
showed that older fish were significantly more parasitized by
fungus and had more melanomas tThan younger fish.




Table 1. List of variables selected for factor analysis,
covariance and regression analyses and thelr unadjusted means and
standard deviations. N = 487 vellowtall rockfish collected from

1985 to 1988; ages range from 4 to 45 yrs.; 41 Immature and
Subadult, 396 Adult. Females = 340; Males = 87. =*Significant

effect of age (P<0.05).

VARIABLE MEAN STANDARD DEVIATION
Time
Year (1 to 3)
Season (1 to 4)
Inherent Factors
Life Stage (1-3) 3.0 0.15
Sex (1 - 2) 1.2 0.37
Age (4-45 yrs) 17.1 7.2
Condition Factors
* Total wWet Weight (gms) 1412. 388.
Body Conditicn (XSL) 2.62 0.30
(K3) 2.36 0.24
* Liver Wet Wt (gms) 26.2 22.3
* Mesenteric Fat Wt (gms) 10.5 .4
* Mesenteric Fat Rank (1-5) 3.0 1.2
* Liver Condition (1.SI-1) 1.93 0.€9
181-2) 2.23 0.77
Mesenteric Fat Condition
* (MFI-1) .73 C.25
(MFI-2) 0.%52 0.65
(MFI-3) 36.6 23.1
Gonad Maturity Rank (1-7) 4.87 1.¢2
* Wet Weight Gonads (gm) 30.1 £7.8
* Gonad Concdition (8SI-1) 2.04 2.50
(GS1-2) 2.5¢ £.57
* Fecundity (Eggs,/Zish) 580,287 ZTLCES
Parasites & Diseeases
* Melanomas {(Tot score; &-72) 8.9 5.1
* Protozoans—Heart (Sev 1-6) 2.0 1.2
* Fungus-Spleen (Nodules) 14.8 11.0
* Fungus-Spleen (Sev 1-5) 3.0 1.0
* Cestodes (Sev 1-5) 1.8 1.3
* Nematodes (Sev 1-5) 2.9 2.5
Serum Nutrient Condition
Glucose (mg/dl) 14.2 11.2
* Fatty Acids (Free) ( Egq/1) 580. 359.
* Triglycerides (mg/dl) 423. 321.
Cholesterol (mg/dl) 197. 83.
* Phospholipid (mg/dl) 637. 187.
* Free Amino Acids (mmol/1l) 3.40 0.°5
Protein (Total) (g/dl) 4.42 0.74



Table 1. (Continued)

Definitions:
Yesar: 1

I

April
April
3 = April

i9gs~March 30, 1886
198¢é-¥arch 30, 1987
, 1987-March 30, 1988

-

N
il
1=

Spring (March, April, May)
Summer (June, July, August)
Fall (September, October, November)

Winter (December, Januaryv, February)

]

W N
I

i

Life Stage: 1 = Immature; 2 = Subadult; 3 = Adult

Sex: 1 = Female: 2 = Mzle
KSL. = Total wet wt fish/Standard lengtn**3 X 100
K3 = Total wet wt fish - Tisceral wet wt/Standard length=**3 X

Rank or Severity: 1 = Absent; 2 = Scarce; 3 = Averagds;
£ = Abuncant; 5 = Very Abundant

1SI-1 = Wet wit liver/Wet wt Zish X 100

1SI-2 = Wet wit liver/Wet wt Zish-Visceral wet wt IZish X 100

MFI-1 = We:t wt mesenteric fatf/Wet wt Zish X 100

MFI-2 = Wet wt mesenteric fzi/Wet wt Zish-Visceral wet wit Zis
X 100

MTI-3 = WetT WL mesencaric

G8I-1 = Wet wt gonads /Wat X 00

£SI-2 = Wet wt gonaas/wet



There was also a significant relationship of greater Iungus
infections with reduced mesenteric fat and body condition. It
appears that variables related to age show effects of parasites

and reduced condition beginning at about age 30.

Differences between seves were relatively insignificant. There
was no significant difference in age, but males were smaller than
females. Most differsnces were related to seasonal variation
between the sexes in maturation stages. There were no significant
differences between sexes in parasitization by fungus or in
incidence of melanomas.

Significant seasonal differences occurred with nearly every
variable, and seasonal bpatterns varied among the three years
sampled. Further analyses will determine the effects of seascnal
variability on effective reproduction. It appears that ssasonal

tt

patterns in several condition factors may be important in deter-
mining reproductive success.

The acdjusted yearly means of variables tested are summarized in
Figures 1-3. the means were tested for significance of diff

ences among years and ssasons (two - factor model), after
removing the effects of the covariates of stage, age and sex. In
genexral, data showed that £ish in the first vear (1885-86) variad

significantly from f£ish collected in the subsequent Two years
(1986-87 and 1987-88). Figure 1 shows that fish sampled during
<he First vear of the study (1985-86) had significantly greater

mean age and wet weighit Than In the sacond and cthird vears.

[
A OI

[ St

Figure 2 shows that fish sampled in 1985-86 also had signifi-

e e

cantly lower liver condition than fish from 1986-87. On tThe o

Ther
hand, mesenteric fat appeared o be higher in 1985-86 Zish than
“hose collected from .8&8¢6é-87. FTish collected this yvear also nad
higher mean mesenteric fat Than 198¢-E7.

Tigure 3 shows tThat although fish were of eguivalsant maturity In
all three vears, GSI indices were much higher in 19835-86 Than In
the last two vears. This is probably a function of tThe older age
of fish in =he first vear. Figure 3 indicates, however, <tThat £ish
had significantly lower <to:tal gonad weight in 1985-86 as well as

being slightly less fecund. There was an indication of higher
percent abnormality of eggs in females in 1985-86, but sample
size was too small to be significantly different.

}J

Finally, the results so far are eguivocal and additicnal years of
sampling are necessary <o come to conclusions about which
characteristics are best predictors of reproductive success in
vellowtail rockfish. There is an indication that the older age
distribution of the fish sampled in the first year and the other
significant differences in fish sampled in that year (1985-86) may
relate to the lower year-class abundance cbserved by other tasks
in 1986 than in 1987.
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Progress in Histcological Analyses of Yellowtzil Rockfish Ovaries
]

Histological analyses of monthly samples from the 1986-87
yellowtail rockfish reproductive season confirmed theose
observations reported for the previous reproductive cvcle (1985~
1986). Oocytes of S. flavidus were accurately classified using
the staging system established for the 1985-86 reproductive
season. Because of variation in shrinkage due to fixation and
overlapping egg diameters, oocyte diameter measurements were
found to be an inaccurate method for staging cocytes. Therefore,
emphasis was placed cn histological appearance and morphological
structure to classify developmental stages for both years.

showed similar seasonal patterns between the two reproductive
cycles found during 1985-86 and 1986-87. February and March
appeared to be the months of peak parturition for both vears.

Temporal occurrence of oocytes and cocyte EZresguency distributions

Histological data from 1985-86 samples suggested that the Cordell
Bank population of vellowtail rockfish produced two
overlapping,but distinct batches of larvae. Oocyies in Stage V
(tertiary volk accumulation) were obkserved in some females
concurrently with females in spent to recently parturitioned

~

e
=

o

g
a

(S =P8 SN ——
conditions. Estimates of final egg maturation and embrvonic
gestation indicated approximately 40 to 60 dayvs between
parturition dates of these two groups. Similarly,

..... this occurrence
was noted for the 198€6-87 reproductive ssason. In addition, Ffor
both reproductive seasons the arrival of Two size modesl groups of

vellowtail juveniles (based on two distinct size classss) was
reported by divers Zrom the Groundfish Communities Investigation

in their nearshore habitat survey. Since nistological samples
were taken from tThe Cordell Bank and juvenile obsarvations wers

PO PREPEES — ==

in coastal northern California, it is tempting fto speculate that
this occurrence is a coastwide characteristic of vellowzal
rockfish reprcduction. Obkservations at the celliular (cocovie)

organismal {(Jjuvenile) levels suggest a prolonged reproductive
season for yellowzail rockiish. Additiocnallyv, histologiczal

RERGYe 8

staging of ooccytes appear to be useful in predicting the

14

occurrence of distinct katches of juveniles prior to thei

-—— =

arrival and occupation of nearshore habitats.

Temporal difference between parturient female yellowtzil rockfish
may be explained by age. Table 2 lists the distribution of
gonadotropin—-dependent egg stages (stage IITI through IV) and the
predominant months of synchronous egg development in which they
occurred. These various stages of development are listed with <he
mean ages of adults which composed the monthly samples. In all
observations (with the exception of one female), older £fish were
in more advanced stages of egg development than younger females.
Although sample size is insufficient for statistical analysis,
the general trend that ova and larvae mature earlier in older
fish appears consistent for both years. Since older fish are more
fecund and appear from the data to spawn earlier than vounger
fish, their contribution to the population is wvital.

9



Table 2.--Monthly distribution of the mest advanced egg stage
observed histologically, and the mean age in years, —/- stand

within monthly samples. (III, Late perinucleolus; IV, Primary
yolk accumulation; V, Tertiary yolk accumulation; VI, Migratory
nucleus; E/L, embryo/ larval stages; SPT, spent gonad; R/D,
recovering/devel- oping gonad.)

MONTH SgigE 1985/1986 198671987
Jul III 8.5 +/-2.67 (4) 17.2 +/-5.2 (10)
Aug IiT 12 (1)

IV 14.2 +/-4.4 (4) 14.4 +/-5.1 (3)
Sep IV 20 (1) °.2 +/=1.7 (6)
v 31.7 +/-4.8 (&) , 12.0 +/-6.0 (%)
oct ITI 15.2 +/=-5.7 (2)
v 30.0 +/-12.6 (6) 21.2 +/=-5.7 {10)
Nov v 22.2 +/-7.3 (5)
Dec v 16.0 +/-6.3 (5) 18.4 =/=7.5 (11)
VI 24.3 +/-5.8 (3)
Jan v i2.7 =/-3.1 (6) 8.9 (2)
VI 17.0 =/-4.1 (&)
E/L 15.3 =/-1.1 (3) 20.5 +/=3.4 (&)
SPT 28 (%)
Feb v 11.5 (2) 10.3 +/=7.5 (3)
VI 11 (1) 19 (1)
E/L 17.0 +/=5.5 (6) 12 (1)
SPT 26 (1)
Mar VI 14.5 (1)
R/D - 19.2 +/-6.4 (4) 23.0 +/-9.6 (3)
ApPT III 23.4 +/-7.0 (10) 12.3 +/-3.8 (9)
R/D 9 (1)

10



Progress 1in Estimates of Fecundity of Yellowtail Rockfish

A third year was completed in the study of factors relating to
fecundity in three species of northern California rockfishes (S.
flavidus, S. entomelas, and S. paucipinis). By March 1988, 175
yellowtail, 64 widow, and 101 bocaccio rockfishes have been
collected to enable us to determine their physiological and
reproductive conditions relative to their reproductive
capacities. Fecundities were estimated by gravimetric methods.
Since in-depth physiological studies have focused on yellowtail
rockfish this report is limited to preliminary results on that
species.

Major differences were found in the mean ages, sizes and standard
lengths of females over the three years (Table 3). Fish steadily
declined in ages, total wet weights, and standard lengths. The
causes for this reduction to younger, smaller size compesition of
the ©population are unknown. If accurate, this has implications
for management.

Despite the above differences in ages and sizes over the last
“hree vears, no differences were observed in age-specific,
welght-specific, or length-specific fecundities (Ficure 4). The
logarithmic ecuations describing these relationships are
presented in Table 4. The best correlations were obserxved between
total weight and fecundity, followed by age and length.

at, even tThough age and size spe
fecundities have not changed in yellowtail rock£fish

14
population fecundity may have declined due to the dec
age/size compcsition of the population.

Lisc s reased numbers of yvounger—-smzller,
less cun reduction in the »roportiocn of fish
ckse d wi gs (1925-86 = 4£0.1%,198¢-87

=27. ,1987~-88 = ile yvounger fish spawn and release
voung at later dates than older fish (see previous discussion),
the effect of this reduction in fertilized eggs remains unclear.

Abnormalities and/or malformed embryos and larvae continued to
compromise a significant portion of the spawning population
(40%) . Incidences in previous years were 55.5% and 42.5%.
Sampling technicues were designed to eliminate post-mortem
effects suggesting that the observed freguencies of observed
malformed eggs were accurate.

11



Table 3. Mean ages, standard lengths and wet weights for fish
samplad for three reproductive years in the fecundity study.
S.D. = Standard Deviation.

198E5-86 1986-87 1987-88 All Yrs

Age (Yrs)

Mean, S.D. 18.6+5.8 17.2+7.8 13.4+7.2 15.8+8.3

Range S-31 6-48 5-36 5-48
Standard Iength (cm)

Mean, S.D. 38.6=3.2 37.8+3.7 34.7+4.3 36.654.2
Wet Weight (g9)

Mean, S.D. 1557+317 1484+389 1187+446 1365+438

12
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Table 4.
age,

wet weight (g).

Eguations describing the relationship of I
standard length and wet weight. Y = a + 1n¥X; X

in number of eggs/female; Y =

age (yrs),

ecundity to
= fecundity
standard length (cm) or

Age

[P Y= -852425+5193691nX
(1985-1986)

ré = .58

(2) Y= -657954+462793 LnX
(1986-1987) ré = .69
(3) Y= -948874+535887LnX
(1987-1988)
r2 = .79

tandard Length

= -6431700+19352941nX

rc = .54

Y= -1513015+ 562961nX

= .67

Y= -7367068+21948741nX

2

rc = .74

14

Wet Weight

Y= -53338B4+BOSE346(nX

2= 73

Y= -506&377+ T8i57inX

157
r2 = .80

Y= -4B40657+745130inX

r¢ = .85



Progress in Studies of Nutritionel Aspects of Reproductive
Development

Environmental factors and nutrition play important roles in the
timing and success of telecst reproduction. This understanding
comes mainly from studies on oviparous species; little is Iltnown
on the relationship of nutrient dynamics and reproductive
development in viviparous telecsts.

Investigation of temporal patterns of se-~um nutrients in aduls
©

crie LiT
female yvellowtail rockfish during the period that included +wo
reproductive cycles from April 1985 Through August 1287, revealed

& saguence of specific nutrient profiles =hat correlated with

pecific developmental events. Zlthough there were differences in
concentrations of serum nuirients between cycles, a generalized,
consistent annual pattern was evident for “he TWo vears (Fig.3).
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nutrie ong with vitellogenin, serve *he energy
of the female and the developing oocytes as well as he
material for tissue svnthesis in the ovary. The structural
lipids, cholesterol and phospholipids were mobilized during the
early stages of ococyte vitellogenic growth {September through
November)and decline in concentrations during the period of the
most rapid ovarian growth. It is probable that lower serum
cholesterol and phospholipids during December and January were
due to high utilization rates for membrane synthesis in ovarian
and oocyte tissues. 2s +he ococytes developed there were
diminishing lipid reserves, evidenced by declining mesenteric fat
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Table 5. Correlations between nutritional and reproductive
variables in female yellowtail rockfish (Sebastes flavidus)

Cordell Bank between April 1985 and August 1987.

£ e

—rom

Oovary % Stage % Stage
Variable GSI Maturation \Y VI Fecundity
Stage Ova Ova
(n 225) (n 130) (n 130) (n 130) (n 29)
Serum nutrient
Clucose 0.17%* 0.34%%* 0.29%** 0.07 -0.26
Tres Fathy 0.04 0.12 -0.07 0.1 -0.03
Acids
Triglyvcer- ~0.03 0.35%%* 0.21%* 0.28%** 0.0z
ides
Cholesterol ~0.207% 0.18*% 0.15 0.05 0.14
Phospho- -0.03 0.16 0.13 0.11 -0.01
lipids
Tvee Amino  -0.15% -C.25 -0.1 -C.05 0.24
Acids
Drotai -0.10 0.31%"* 0.257**  -c.o2 0.08
Zirumin 0.23%%* c.355%** 0.547F* 0.20% c.03
czlcium 0.38*F* C.60%F* 0.58%%* 0.22** -0.18
missue 1ipid indices
1571 -0.39%**  _g.02 0.07 -0.18% 0.12
WFI2 -0.03 0.10 0.11 0.03 0.03
***  p<0.001
** P<0.01
* P<0.05
; 1.sI=1liver somatic index [liver wt(g)X100/body wt(g)]

MFI=mesenteric fat index

[mesenteric fat wt(g)X100/body wt(g)]
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and liver somatic indices, znd increasing serum triglyceride
transport which was correlated to serum Ca++. The annual cycle
of serum Ca++ was very stable between years with the maximum co-
occurring with serum triglvcerides and albumin maxima and
preceding the maximum ovary size (GSI) by one month and
parturition by three months. Both hepatic vitellogenin synthesis
and triglyceride transport are promoted by estradiol, the primary
estrogen in teleosts. Analysis of the serum estradiol annual
rhythm, proposed for study next year, should provide an earlier
estimate of the timing of reproductive events than Ca++,
presently the best predictor.
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DProgress in Offshore Midwater Trawl Studies

The 1987 midwater-trawl sampling of pelagic age-0 juvenile
rockiishes was organized much as in 1986, with temporally-
replicated "sweeps" of all stations in the study area (Fig. 6)
A full sweep of the arsa was carried out in April, facilita=i
the examination of seasonal trends in abundance and the
comparison with 1985 and 1986 samples talken in the Gulf of the
Farallones by the Groundfish Communities Investigation. Three
sweeps of tThe area were carried out betwesen May 23 and June 21
dditional stations (not illustrated in Fig. 6) were establish
on and near Cordell Bank (38° 00' N, 123° 24' W) and Tioneer
Seamount (37° 20' N, 122° 23' W) to investigate the influence
banks on the abundance of pelagic juveniles. Additional
oceanographic information was alsc gathersd during The 21887

— i
e 1 . . e -
Irulsaes. CTD casts wsre . a

e made at each Trawl station and in the
areas betwzen station lines, and near-continuous rezcords of
Temperature and salinitTy at 2 m of depth were automatically
storsed on the ship's czomrputer.

iNls YepOorXrtT summarlizZes nIormallon on Tn

e (2) bazthvmetric
distributions, (b) ssascnel occurrence, and (c) inZTerannual
variation in abundance of pelagic juvenile rockfishes sampled

midwater trawl in the vears 1983-1987.
Bathymetric Distributions

Bathymetrically-stratified hauls were made at 36 stations in
1987, substantially expanding the pocl of data on The verztical
Cistributions of pelagic juvernile rockifish., Standard tows at
mesST staticns are tTargsTad for 2 headrope dspth of zbout 30 m
ancd at stations in shallow wWaTer they ars tergetsd for a depz
i~ 10 m. The foctrope hangs 12.5 m bslow the headrocpe. AT al
cne station per nignt, Tows targeting as many as tThree desths
{about 10 m, 30 m, and 100 m) are made. To anzlvze <The
bathymetric distributicns of selected species, caiches wars
conmpared pairwise beftwesen 10 m and 30 m nauis, and 3C m and 10
nauls conducted at the same stations. Hauls from diZfferent ve
were treated as eguivalent, except that dazta were dropped for
cruises in which a species was rare or aksent.

f the ten species analyzed, seven showed a significant

difference in abundance with depth, and two others showed
substantial, if non-significant, differences (Table 6). The
species ranged from shallow-tending to deep-tending, in roughl
the order of *their appearance in Table 6. §S. paucispinis was
shallowest of the species, being slightly (non-significantly)
more abundant at 30 m than 10 m, and significantly more abunda
at 30 m than 100 m. Two species, S. Jordani and S. auriculatu

.
=
=

Q,

th

@]

Py

Y

~he

nt
Sl

showed non-significant increases in abundance £rom 10 to 30 m,
and non-csignificant declines from 30 to 100 m. S. goodei,
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Table 6. Comparison of catch rates of pelagic age—0 rockfishes
in pathymetrically-stratified midwater trawls, 1984-1987.

Catches were transformed to In(x+1). Shown are {a) the overall
means of catches in trawls targeting approximately 10 m, 30 m,
and 100 m of depth when more than one trawl was made at a
station, and (b) comparisons of paired tows at 10 m ard 30 m, and
30 m and 100 m of depth. In the latter category, the mean
difference of log-transformed counts in N comparisons between the
the shallower and deeper depth is shown, along with the
significance levels (P values) of a paired-comparison t-test (t)
and a signed ranks test (SR). P values smaller than 0.05 are
underlined.

Paired Comparisons

Mean Catch l10m-=30m 30m - 100 m
at Depth Mean P _valuss Mean P valuss
Swacies 10 m 30 m 100 m N Diff. £ SR N Diff. % SR
S. pauci- 0.66 c.81 0.47 37 0.13 .46 .42 31 0.37 .02 .04
soinis* :
5. dordani 1.61 2.06 1.44 47 -0.29 .18 .18 41 0.2 .1¢ .15
S. auricu- 0.04 0.31 0.18 37 -0.10 .14 .17 31 0.21 .06 .06
latus*
s. coogei™ 0.62 0.84 0.353 37 -0.25 .03 .04 31 .15 .29 .23
S. savicola® 0.11 0.38 0.20 37 -0.23 .01 .01 31 c.08 .44 .40
S. Dinnider* 0.035 0.37 C.33 37 =-0.28 .01 .01 31 ~C.C5 .33 .40
S. hookinsi* 0.43 0.40 ©.30 47 c.04 .70 .©5 41 -C.01 .90 .99
S. flavidus** 0.27 0.32 0.46 39 -0.03 .74 .70 35 -0.31 .05 .06
S. mvstin- 0.35 0.31 0.59 46 .04 .68 .67 37 -0.43 <.01 .01

nsS*k**

S. entomelas .42 0.60 0.96 47 <0.22 .13 .14 41 -0.59 .01 .01

*  Data from 1985 not used because S. paucispinis, S. auriculatus, S. goodei, S.
saxricola, and S. pinniger were absemnt or sparse at all depths.

** Data from April, 1987, not used because S. flavidus was absent from all

s samples.

Data from 1984 not used because S. mvstinus was absent from all samples.
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S. sayicola, and

f-1e

S. vinnicer increased significantly In abundance
from 10 to 20 m of dep:h and ¢id not differ much betwesen 30 and
100 m. S. hopkinsi snownd littie tendency tTo differ In azundance
rith depth. S. flavidu S. mvstinus, and S. entomelas all
increased signifipanb‘y ln abundance from 30 to 100 m. Catches
of S. flavidus and S. nvstinus were relatively low at both 10 and
30 m of depth, while the abundance of S. entomelas tended o
increass progressively with depth.

The biological significance and and proximate causes oI tThese
differing bathymetric dls;r;ouulons remains to be determined.
When these are considered, it will be interesting

wil ere to note some
apparent excepticns to the general pattern. There are a few
instances in which “wo or more stations in an area differ

strongly from the norm, with, say, nearly all species being much

0

more abundant near the surface or all species being much more

abundant in deeper water. At the mcment we do not know what
mazkes Thess areas distinctive.
Despite differences betwesen depths, catches at differant depths
2t the same s=ation were ofzan correlated (Takle 7), suggesting
“ha* catches at different depihs often varied in parzlliel beTwaen
s-ations. Catches at 30 and 100 m of depth were sicgniIicantly
correlated in 9 of 10 species examined, in spite of Zraguent
pairwise differences in counts. Correlations between cztches &t
10 and 30 m were less strong, Saniflﬁan* values being largely
limid <o those spaciss whose catches did not significantly
cdiffer betwsen desptihs.
It appears that the standard-depth tows at 30 m (and 10 m when
“he wa=er is shallow) do not seriously bias spatial znd temporzal
comparisons of relative abundance within most species. The
relatTively smzll catches of most species 8T 10 m {(at cIIshore
stazions) suggest That They ars not usuzlly restrictsi To shallow
water, despite the observation of some species in the sZon
{Shenker 1985). For the 7 o2f 10 species tThat were as more
aDanan_ at 30 m <han 100 m, the standaxd Tow depth s=za2n
adeguate for spatizl and temporzl comparisons. Standard-depth
tows probably underestimate the relative zbundance cf tThe Thres
dvepe*—llviﬂg species, and they may affect spatial and temporal
comparisons. However, two species (S. flavidus and S. mvstinus)
showed significant correlations between depths, so standard-depth
tows may provide an accurate index of relat ive abundance. S.

entomelas is apparently the species served worst by standard-
depth tows at 30 m, since paired catches at 30 and 100 m of depth

were not significantly correlated. However, seasonal and
interannual cifferences in abundance are still apparent in this
species (see bolow) To ensure accuracy, future anaWy es of

spatiotemporal patterns in the three deep- living species should
include analyses of catches in hauls made to 100 m of depth.
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Table 7.

Correlation between catches at different depths, based

on bathymetrically-stratified hauls carried out at a number of
Raw counts were transformed to

stations between 1984 and 15987.
In(x+1l) before the computation of product-moment correlation

coefficilients.

Correlations between Depths over Stations

Species 10 m vs. 30 m 30m vs. 100 m 10 m vs. 100 m
S. paucispinis  0.31 0.80%*% 0.42

s. dordani 0.69%%* 0.79%** 0.58%%*
S. auriculatus 0.14 0.83%%* -_—

S. aoodei 0.86%*% 0.74%%% 0.83%%%
S. saxicola 0.32 0.53%* —

5. pinniger 0.07 0.75%%* 0.26%
S. hookinsi 0.75%** 0.80%%* 0.72%%%
5. flavidus 0.24%% 0.48%% 0.04

S. mvstinus 0.55%%% 0.59%%% 0.12

S. entomelas 0.43%% 0.29 0.14

¥ p<.05

TF p<.0l

%% pc.001
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Temporal Variation

™he analivsis of temporazl (seasonal and interannual) chan

1y chan g2s in
abundance presented here is based, with the excepticns noted
below, upon a restricted, standardized set of data. We grouped
verta’n stations lﬂuO latitudinal/bathymetric “strazta" (as in
Fig. 6). For each stiratum we computad the means and variances of
in(x+1)-transformed catches in tows made at standard &spths. The
mean over strata (-nc stratifisd mezn) was used as an Index of
“he relative zbundance of rockifish species for tempcrzl
comparisons. One stratified mean was computed for sach vear Ircn
1983-1985, when sampling was not stratified temporally. One
stratified mean was computed for each "sweep" of The study are in
1986 and 19587. Stratified means and simple averages of catches
made by The Groundfish Communities Investigation iIn The Gulf of
“he Terallones during April of 1985 and 1586 are pressntad in
Table 8. These data are included for the analysis of ssascnal
patterns.
Seasonal Fatterms
Overall catches © rockiish have usuzlly
declined sharply b was True in 1825 and L
(see Table & "Zi1 orcohably true In 18E
lLarson 1887, ». 7) r, catches ramainad
late June (Larscn ttribute the usuz
decline in abundar seTttlement oI Juv
The banthos, but for interannuzl
In Tizming.
Species Giffer in the tTiming of thelr occurr lagic
juveniles in ocur study arsa. These differsn Dortant,
Decauss they affect bcoth our assessmants oI ¥ sTrangth
and our infarences akbouit The rsasons Ior ITs Dazed o
data from April of 1985-1987 and May-June oI 198&-_ Zrom
Tanle &), we have guzaliiatively classiilied Juvenils s=veral
spacizas of Rabastes as o ~helr seascnel cccour ater
<rawls (Tapls 29). Thcse speciss amenable To C vary
in two ways: in the duration of Thelr occurre c
juveriles and in the =Timing of tTheir occurranc
Some species occur for an exiended period of time In cur samples.
S. pinniger, S. jordani, and S. paucispinis were usually prasent
in low to modsrate abun danv- in April, and comparaed To other
species remzined moderately abundant through late June (Tables
9). Thus they occurred as pelagic juveniles for a longer Time
than cther species. §- mvs<inus, S. hopkinsi, S. entomelas, and

S. flavidus sesemed to have shorter pe*lods of occurrence as
pelagic juveniles. Each of these species either declined rapidly
in abundance during June or was relaglvely sparse in Apxril, or
both. They were apparently not near peak abundance in April, and
passed their peak abundance early in June. The duration of
occurrence of S. wilsoni, S. saxicola, and S. gocdei is unknown,
since each was usually gquite abundant in AD 11 andéd we do not know
how long they were abundan; before tThen. ch of tThese species
declined in abundance in Jume
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“zhle 9. Swummary of the sezsonal occurrences of 15 species of rockfish captured
in midwater trawls, 1985-1987, based on data in Table 3. Spscies are classified
sualitatively by their occurrence in April and by their pattern of occurrence in
Yay/June.

Tatiern of Occurrence in May/June

Abundance Strong dropoff Weak-moderate dropoff Unable
in April in mid-late June in mid-late June to say
Moderate S. wilsoni®*
to high S. gavicola
S. goodel
Voderate S. pinnigsr
8. Jordani
—ow to
moderate S. mvstinus S. paucispinis
S. hookinsi
z=sant to 5. entomelas 8. fiavidus S. malangos
low
Tariabie S. auricniatiis S, Sramerd
S. levig
Tnable 5. ruius
to say

* The occurrence of S. wilsoni in April is problematic, since this species was
quite abundant in April of 1985 and 1987, but absent in April of 1986.
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. wilsoni,S. szxicola, and S. goodel are the earliest ocour

f the species examined. Their abundances were usually as high 3
pril as in June (Tables 8, ¢9). Of the species which occur as
pelagic juveniles over short periocds S. mvstinus and §. hopkinsi
seemed the earliest, being present in April and declining in
June. S. entomelas also declined in early June, but was uncommon
in April. S§. flavidus appeared later. It was absent in April, and
did not decline as rapidly in June as the previous three species.
The species with lengthy occurrence, S. pinnicer, S. jordani, and
S. paucispinus, seemed to reach peak abundances in early June.

W O |0

¥

In addition to the general 1984 pattern several species showed
temporal shifts during 1985-1987. The temporal occurrence of S.
auriculatus was the most variable of the common species. It was
absent in April of 1986 but very abundant in April of 1883, and
showed complementary changes in June samples (Table 8). The

occurrence of some of the early, short-duration species may hzave
extended later than usual in Jypne of 1885. S. nmvstinuvs, S.
hopkinsi, and S. entomelas were moderately abundant into mid-
June in 1985. Whether this represents a real tempcral change or
the tzil of a very strong vear class remsins uniinown.

It is advisable “o continue siratifyving our sampling effort by
time. This practice serves as a hedge azzainst changes in the
temporal occurrence of some species, and helps to assess species
with different temporal patierns. It is also helpful to sitart our
mzin sampling cruise the last week of ¥May as cpposad to the firsz
week of June (as was done in 1987). This reduces <he chance of
nissing the early-occurring species, and facilitaifes the
detection of temporal patiern changes within some species.
Nevertheless,early-occurring species, later-occurring species
like membexrs of the suboenus Sekhasiomus may be underreprasented
in our normal sampling scheme. Our ability Lo analvze the
cemporal occurrsnce of species and its variation will be aided kv
The use of size-Zrecuency data, which are now becoming availablie

Zor use.

Interannual Variation

Most rockfish species were relatively abundant as pelacic
Juveniles in Mayv/June 1987 (Table 8). Catches were relatively
large in nearly all geographic areas until the last "“sweep" of
stations, when catches generally declined. Area-to- area
patchiness observed in 1985 and 1986 (Larson 1987, p. 7) was not
strongly evident in June of 1987.

Relative strengths of the 1983-87 year classes (as measured by
catches in midwater trawls) differed among species, and certain
groups of species tended to vary in concert (Tabkle 8). An
abstraction of data on the relative sizes of catches from year to
year within species seen in Figure 7, is intended to aid in the
detection of such relationships. The stratified mean abundance
from the May/June cruise was used as the index of year-class
strength in a species (the value for the highest sweep for a
species was used to represent the 1986 and 1987 year classes).
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These indices were scaled to the highest annual va
species, and the relative positions of the differer fare
rrayed in Figure 7. The relative positions of the 1584 and 1S&5
vear classes were each connected by lines, and the species were
arranged in descending order by the positicn of the 1985 vear
class and ascending order by the position of the 1984 year class.

The relative pocsitions of some years did not vary much among
species, while the pecsitions of other years varied greatly
(Figure 7). The El Nino year, 1983, was terrible for all species.
The 1986 and 1987 year classes dlffered more among species, but
the 13986 year class was poor in several species and the 1987 vear
class was relatively strong in mecst species. The pesitions of the
1884 and 19&5 yvear classes differed the most among species,
varying from among the strongest for a species to among the
weakest.

eact

r classes (and to lesser

987 year classes) allowed
t
z

The positiocons

a¥xtent the positions of the 2
some groupings of species tha
Groupings of spacies can be cha ed by strong to very
sTrong vear classes in 1985 and 1987, weak vear classes in 19886,
and (usually) weak to moderate vear classes in 1984. S. mvstinus
and S. entomelas were both very strong in 1985 and 1987, weak to
moderate in 1984, and very weak in 1986 (Figure 7). S. flavidus
and S. hopkinsi were somewhat similar to these species, wit
stTrong showings in 1985 and weak vears in 1886, but different in
That 8. flavidus was strongsr in 1984 than in 1987, and S.
hop¥insi was stronger in 1987 than in 1985. S. rufus (not
illust ?a*ed)nay show a similar pattern to these species, having
appeared in midwater trawls only in 1985 and 1987.

o temporally covary.

t

o
0

s and S. pinniger showed similar pa

S. paucispini Tterns of vear-
class succesgs, and formed the exwtreme of another small grouping
of species (Fig. 7). S. paucisvinis and E£. pinnigsr were
distinctive in the apparent dominance of the 1984 year class.
Unlike other species, these two also made relatively strong

showings in 1986, Loughly eguivalent to their showings in 1987.
Catches of both were relatively weak in May/June of 19g85. 8.
dordani, S. sawicola, and S. goodeil each shared different
similarities with these species. S. saxicola and S. goodeil were
not abundant in May/June of 1985, S. Jordani was relatively
strong in 1986, and S. caoodei was relatively strong in 1984.
However, each of the latter three species differed in some major
(and different) way from S. pinniger and S. paucispinis. Thus
these three species do not seem to fit any pattern that is
consistent with other species. The use of April catches may alter
somewhat the picture in Fig 7. The biggest effect would be in
the interpretation of the 1985 year class of the very
early-occurring species (S. saxicola and S. goodei) and two of
the species with lengthy periods of occurrence as pelagic
juveniles (S. paucispinis and S. pinniger). All were relatively
sparse in June of 1985, suggesting a weak year class, but, at
least in comparison to other April samples, were relatively
abundant in April of 1985 (Table 8). While the data from April
of 1985 should be used with some caution (coming from only cne
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stratum), acknowledgment of these caitches might razlise the
relative position of the 1985 vear class for these species. The
one most affected by this qualitative adjustment would ne §.
coodei, which was very abundant in the Gulf of the Farallones in
April of 1985 (Table 8).

The factors causing covariation in yeazr-class strength among
species are not yet evident. Geographical range seems largely
unrelated. It might be reasconable to expect species centered io
the north or south of our study are to vary in concert due to
large—scale changes in currents (cf. Cowen 1983), but each of <
main groups contains species with very different ranges. In th
first group, S. entomelas and S. mvstinus range both north
(mainly) and south of our area, and S. hcopkinsi is found mainly
to the socuth of ocur area (Gunderson and Sample 1980, EIschmeyer et
al. 1983). Similarly, S. pinniger ranges largely to the north of
our area while S. paucisvinis ranges to the south (Gundserscn
and Sample 1980, Adams 1980, EZschmever et al. 19€3). The

-—-

duration of spawning period is somewhat correlated with the

il

groupings according to ysar-class stirength, in that both S.

ne
2

pelagic juveniles and the other four have short psrica
occurrance. The relation between duration of occurrsnce and
year—-class groupings could conceivably weork through the i
spawning and subsequent ontogenetic stages. Pelagic juvenil
S. mvstinus, S. entomelas, and S. paucisvinis remazin abundan
later, sugg ing differences in spawning, etc. Howasver
flavidus a rs to occur later than its correlated
oTher speci {(such as S. Jdordani) ssem to occur at
as S. mvstinus- S. entomelas group 1is also tied tog
Zhe tendency of their pelagic juveniles to occur de
water column, and (b) their apparent phylcgenstic o
(Barsukov 1981).
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It will be interesting <To see how well these groupings hold up In
The future. If rezl, tThe existence of covarying seis of species
will be useful in at least two ways. irst, relative vear-class

strength of easily-sampled species could be used as indices of
year—-class strength in species that are less sasily szanpled.
Second, use of the parsimonious assumption that common Zactors
are responsible for variation in year-class strength in covarying
species will aid in the search for causes of vear-class success
and failure in these groups. TFor example, the groupings outlinead
above would suggest that annual shifts in the direction and/or
strength of north-~south currents do not account for the
differences in vear-class strength observed between 1984 and
1987.
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FISH COMMUKRITIZS INVISTIGATIONS
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Progress in Estimates of Relative Year-Class Strencgth Trom
Nearshore in situ Assessmencts

Strong recruitment during

1987 by several species of Sebastes in
northern Californian nearshore habitats continued To dsmonstrate
substantial vear-to-vear variability. This conclusion is basead

on in si*u visual acssessmenis by members of the GroundIish
Communities Investigation. Using scuba at permanent study sit
off the Mendocino coast, and at temporary sites coIf The Soncma
coast, they found the same three predominating spescies as during
previous years: +the yellowtail roclhiish, Sebastes Tizvi
blue rockfish, S. mvstinus, and the black rockiish, 2
{(Table 10).

The +total numbar of Zirst-vear juveniles of all spacles was
greater during 1987 than during any other year since Thes
assassments begen in 18E3. This greater total, howsver, results=d
primarily from exceptionally strong recrultment Iy E. ovsTinus.
S. flavidus was actually less numerous ~Han in 183, and S.
melancps less numersus =han in 1986 (the high yeazrs Io0r Thesse Two
species).

Thus, vear-tco-year variability ids =sessmencs
cccurrad both within and between S cone
increasinglyv clear tThat vesars oI s Zcxr scnme
species may or may not be yesars of iTtment foxr others.
s in 1986, S. fiavidus recruited in two widely szacad pulses
during the summer. Thus, IZirsit-vear Jjuvenliles of Th’s spacias
collec=ed in late OJotoper reprasanted Two dilstinCt s_Ie—groups:
one <40 to 30 mm SL, The other 60 to 70 mm SiL.

2s in previcus vesars, S. MUSTinus was mOre NuUmerols TO ~he south,
o=f Sonoma, Than <o The north, cZf Mendocino (Table Ll1}.

further, during 1987 the Jjuveniles of this species cii Scnome
were larger. Thus, during late summer those sanp_ed oZI Scnoma
were 55 o 68, x = €1 mm SL, wnile these sampled off Mandocino
were 49 to 62, x = 54 mm SL (n=28, t = 4.314 P<0.0Cl>. 2And during

mid winter, those sampled off Sonoma were 66 to 83, x = V9 mm SL,
while those sampled off Mendocinc were 58 to 73, x = 66 mm SL
(n=31, £=7.04, p<0.001>.

Differences among juvenile S. mvstinus between Scnoma an
Mendocino may reflect differences in their respective
environments. Ocean conditions monitored by the Fish Communities
Investigation off Mendocino have differed in certain features
from those reported off Sonoma by the recent multi-agency
C.0.D.E. (Coastal Ocean Dynamics Experiment) project, notably in

direction of longshore currents. Comparisons between the TWoO



Table 10.--Mean number {standard error in parentheses) of
first-year juveniles counted,/min off the Mendocino coast during
the same 4-week periods (early August to early September)

Lrom
1983 to 1987.
N = number of l-min observations.
1983 1884 1985 1986 19887
Species N = 36 N = 57 N = 50 N = 103 N = 112
S. flavidus 0.00 6.58 115.60 6.01 102.66
{0.00) (2.29) (21.296) {(1.50) 11.08)
S. mvstinus 0.27 1.49 70.56 7.83 1€1.04
(0.09) (0.30) (15.32 (1.88) (26.29)
S. melanops 0.41 0.31 4.34 9.52 7.58
(0.12) (0.08) (1.5¢) (2.08) (1.24)
Total 0.68 8.38 190.50 23.35 291.¢
(0.29) (2.33) (29.82) (3.91) (33.°29)
Table 11.--Mean number (standard error in parentheses)
first-year juveniles counted/min during the same 4-waek pericds
{early Rugust to early September) over 4 vears off the Sonoma and
Mendocino County coasts.
Mendocino Scnorx
1984 1985 1986 1987 1584 19g5 6 1887
Spacies N=57 N=5350 N=103 N = 11 N=237 N=84 60 N = 62
S. Zflavidus 6.58 115.60 6.01 102.66 4.39 135.17 6.73 89.3%
(2.29) (21.26) (1.50) (11.08) (1.48) (26.00) (2.29) (18.42)
S. mystinus 1.49 70.56 7.82 181.04 4.89 117.63 15.27 328.05
(0.30) (15.32) (1.88)  (26.19) (1.29) (19.50) (2.81) (52.15)
S. melanops 0.31 4.34 9.52 7.58 1.63 4.40 3.00 4.48
(0.08)  (1.54) (2.08) (1.24)  (0.52)  (1.17) (1.31)  (1.70)
Total 8.38 190.50 23.35 291.67 10.91 257.20 24.97 4£2.48
(2.33) (29.76) (3.91) (33.19) (2.12) (35.38) (5.17) (66.72)
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versions have been weakened, however, by shortages of data from
Sonoma. Until now, the CVO“no_lsh Communities Investigation has
concentrated its work off Mendocino, and data from Sonoma have
been limited and irregular. To add substance and regularity to
the Soncma assessments, and provide a sound basis for
comparisons, a permanent station was established this year off
the Sonoma coast (at 38° 36'N, 123° 22'W). With recording
thermographs in place to monitor sea temperatures, it 1is
anticipated that this station will provide the same range of data
that has been provided for the past 6 vears at the Mendocino
station.

Progress in Estimates of Relative Year-~Class Strength from
redator Stomach Contents

Work by the Groundfish Communities Investigation from 1983 to
1986 showed that occurrences of juvenile Sebastes spp. in
predator gut conients can be used to estimate relative year-cl
strengtb (Larson 1987). That research, however, was a limited
feasibility study done in the course of a major investigation of
pradation on juvenile Sebastes spp. As such, it was “endﬂcaon
Dy a sampling plan designed tTo meet the nseds of the predation
study. The handicap was renoved when the maljor study ended in
1986, enabling this vears' vear-class estimates <o continue with
a sampling plan modified for greater precision. 2s before, the
stomachs were from the King Salmon, Oncorhvnchus tschawtvischa.

a

]

S

—~
A
r=)

Zstimates of species ccmposition were more precise owing to
increasad numbers of juveniles sampled. ans was accomplished by
taking most of the samples during May and June, other <han
Throughout the vear, as recuired previously by the prsdation
study.

Increasad atiention has besn given to improving preay
identifications. This hag rasulted in identify-ng to species a
greater proportion of the Juveniles racovered from oredator
stomachs. The earlier predation study requlred identifyi all
items in the predator stomachs. As a result only two specres of
Sebastes were oonswsoen-Ty distincguished: <the shoribelly
rockfish, S. "dordani, and the widow rockfish, S. entomelas.

Juvenile Sebastes spp. in stomach contents are particularly
difficult to identify, because the feature generally regarded as
crucial in distinguishing the species--pigment patterns—--usually
is obliterated by digestion. Consequently meristic and/or other
morphological characteristics are used instead. This requires
developing special procedures.

The effectiveness of various morphological structures as
diagnostic features has been increased by using histological
stains. Each specimen is treated with Alizarin Red S, which has
a high affinity for calcium and therefore stains bones red. This
procedure has proved to be especially helpful in determining
meristic counts in oartlal’y digested specimens.

A computer assisted key using artificial intelligence programs is
being developed to further improve identifications. Existing
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kevs have proven inadequate because the characteristics upon
which they depend often are destroyed by digestion. TUsing the
computer assisted key, the investigator enters the specimen
characteristics available and receives a list of possible species
and the probakilities of each matching that combination of
characteristics. The key will also search for characteristics
that will further divide the possibilities. The basic structure
of this key has been completed, but much testing remains before
it will serve in practical use.

The 1987 research efforts have shown that there were more
juvenile Sebastes spp. in predator stomachs during 1987 than
during any other year since sampling began in 1983 (Table 12).
This finding, agrees with results of the in situ assessments,
reported above. Assessments of juvenile Sebastes spp. abundance
based on occurrences in the predator stomachs were greatly
enhanced by changes made in the sampling plan, and by increasad
efforts in identification. This is evident in the list of
species present (Table 13), which is far more comprehensive than
accountings of species composition from previous vears (when only
S. jordani and S. entomelas were consistently distinguished).
Despite the limited species identifications of past years,
however, it was found tThat Chilipepper, S. goodei was never
before as numerous as in 1987, when it ranked second behind S.
dordani.
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Table 12.--Mean number of first-year juvenile rockfishes in tis
stomachs of King Salmon from the Gulf of the Farallones,

1983-1987.

N = number of stomachs examined
1983 1984 1985 1986 1987
Species N = 413 N = 503 N = 760 = 243 N = 216t
S. jordani 0.0 0.34 1.56 0.18 4.2
entonmelas 0.0 0.02 0.13 0.02 0.30
211 Species 0.16 1.61 5.72 0.94 €.26

q . .
—analysis incomplete
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Table 13.--Species compositicn of juvenile Sebastes scp. in
stomachs of King Salmon during 1987 (N = 2161y,

Species Average Numbexr/Stomach

S. dordani 4.2¢2
S. goodel 0.444
S. entomelas 0.300
S. hopkinsi 0.242
S. wilsoni 0.0€2
8. mnmvsiinus 0.C36
8. p©paucispinis 0.C24
5. flavidus 0.006
S. pinniger 0.0C2
5. saxicola 0.0C2
S. semicintus 0.0062
Unidentified Sebastes 0.€50
Total 6.239

1 Approximately half of the samples collected have been analyzed to

date
these cover the entire collection period.
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DISCUSSION

Recruitment variability and the avbo“s affecting

it comprise cne

of the most ceniral problems facing fishery science and
management. The reorganization of the Tiburon Labcratory
scientific staff to address this problem has resuliad in
considerable progress being made. This is especially true ove
the last year.
Through studies of the Physioclogical Ecology Investigations on
vellowtail rockfish the effzcts of disease and parasiftes on
adult conditicn and reproductive performance were assassed.
Seascnal pattierns in health and condition have been establishzgd
and interannual changes in the ages and sizes of the population
were noted. Through h*stologi:al appearance and morphological
structure of yellowtall rockfish ovaries we have establishad =he
seasonal pattern oi the annuel reproductive cycle. Thls grovidsd
a sensitive and accurate means of identifying temporazlly saparzte
spawning periods. Fecundity studies showed that the age and size
specific fecundities of the vellowtail rockZish have not changad
over the past Three yvsars desplite the decline In the msan age and
size compesition of the population. The annuzl patterns of
nutrient fluwes in female rockfish throughout The resproductive
cycle has not been determined. It was shown that lipid storss
and serum nutrients were linked to focd availakility. Knowledge
of These patierns helps us te monitor reprcocductive cvcliss and o
estimate reproduciive capacity and success.
The midwater trawl studies of the GroundZfish Znalvsis
vaestiga*'on revealed distinct vertical distribution patierns in
ne_aglc juvenile rocikfishes. Species could bs racterized by
Their depth distributicons. The standard deoth maThods
deve.oped over the vears were Zound not To be s lally or
emporally biased. Ssasonal patierns of juveni rocikfishes were
also established. It is now possible to classi specissg
according to the duration and timing of occurren cduring the
April-May-June pericd. While 1987 was a particularlyv produciive
vear for pelagic juvenile roclhfishess the interannuzl variation of
species showed that certain species groups covaried. The 1954

and 1985 year classes were useful in identifyving these grours.
The factors causing certaln species assemblages to covary in vear
class abundan remain unknown. It does appear that factors
assoclated wi -h spawning and subseguent early life stages are
possibly linked. The existence of covarylng species assemblages
are potentially useful in prodchlng interspecific year class
size through indicator species. They will also aid in
identifying factors influencing year class success.



The occurrences of first year juveniles in the nearshor

habitats, and in the dists of predators, as determined by =he
Grouﬁa:lah Commu*ltles‘ in-situ assessments and study of predz<or
stomach contents, indicated ehbeptlonaTIy st*ong recruitment by

Sebastes spp. in 1907. The recruitment of S. flavidus was found
To occur in two distinct pulses, thus cunflrming the bimodal
reproductive performances of this species noted by the
Physiological Ecology group. Interannuzal v*riability in
abundance occurred both within and between species. Species
appearxed to vary specifically and uniquely between vears.
Spatial as well as temporal distributions were found to be
species specific. Differences were seen between Sonoma and
Mendocino study sites in the relative abundance and distribution
of various species. Studies of the environmental factors within
these sites are underway *o hclp 1aen_lry causal relationships.
The capability of identlfy’ng juvenile rockfishes in the stomachs
of kKing salmcn was greatly improved through new histological
Tachnicuas and computer assisted identification kevs. The

——

pradator studies supported findings of the in situ studies

That
eported successfiul recruitment of rockfishes in 13887.
The 1287-1988 research vear of the Tiburcon Laboratcry showed
consliaerable progress “owards monitoring and predicting
recruitment variabiliity in rockfishes. It also demonsirated <hat
Through a dyvnamic, comprshensive, multifaceted, and interactive
research approach we can greatly increase the identification and
understanding of the factors which influence recruiztment and
causes of spatial/temporal variations.
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