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Synopsis

Field and laboratory studies were conducted for 3 years on the yellowtail rockfish, Sebastes flavidus, from
Cordell Bank, California, in order to characterize the reproduction of this species whose northern stocks
have declined. Research findings included reversal of the sex ratios and male-female ages and sizes at age
throughout the annual cycle, heavier and longer females at age than males after sexual maturation,
maturation of females at 6 and males at 8 years, long reproductive lifespans, distinct male and female
gonadosomatic index patterns over the annual cycle, age- and size-specific fecundity, no difference between
potential and realized fecundity and the seasonal changes associated with gonadogenesis. The reproductive
profile of the Cordell Bank yellowtail rockfish provided a base for comparison with northern populations

that appeared to differ, especially in age and size.

Introduction

In this study the reproduction of yellowtail rock-
fish, Sebastes flavidus, is thought of as a complex of
observable, measurable performances. These
traits continuously and dynamically change or
adapt in time and space at multiple levels of orga-
nization from the community to tissue levels in
response to environmental conditions, including
exploitation. This expands on Lewontin’s (1958)
concept that populations adapt in two ways:
through intergenerational genetic variability and
through individual phenotype plasticity. Since no
single trait or property can accurately represent the
adaptive or reproductive capacities of individual
fish, populations or species, we used a multidimen-
sional research approach to understand reproduc-
tion and its role in population persistence.

To examine the functional relationships between
yellowtail rockfish and their environments, a physi-

ological ecology research program was initiated in
1985. The research goal was to identify, describe
and understand the factors that determine yellow-
tail rockfish condition and reproduction for use in
assessing health of the stock and ultimately fore-
casting recruitment in the population. This paper
describes reproductive performance and character-
izes a yellowtail rockfish population from a Cali-
fornia coastal seamount.

Materials and methods

Subadult and adult yellowtail rockfish were collect-
ed from April 1985 to April 1988 from Cordell
Bank, California. Fish that had immature, non-
functional gonads were classified as subadults.
Monthly cruises provided 1418 specimens caught
by hook and line; of these 487 (390 females and 97
males) were randomly subsampled for further de-
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Fig. 1. Cordell Bank, California, site of study on reproduction of yellowtail rockfish.

tailed analysis. All fish collected during these
monthly cruises were identified and enumerated.
An additional total of 168 trawl-caught yellowtail
rockfish females were sampled from the commer-
cial catch from November to March of each year for
studies relating to maturity and fecundity. Cordell
Bank is the northernmost seamount (38°01’N,
123°25'W) of the California continental shelf (Fig.
1). The bank lies approximately 372 km west of the
California coast and covers 62 km of seafloor with-
in the 91 m depth contour. The highest elevation on
the bank is 35 m below the sea surface. A total of 22
adult yellowtail rockfish were captured on the bank
in November and December of each year and
transported, after air bladder deflation, to 22001
tanks in the laboratory. Fish were held in the lab-
oratory throughout the normal maturation period
and allowed to complete parturition, being main-
tained under ambient photoperiod and water con-
ditions and fed fresh fish ad libitum. All fish were
weighed and measured, and 11 were sacrificed for

internal examination of gonadal state after parturi-
tion or the normal parturition period.

Fish were examined in the laboratory within 24 h
of capture, to assess their physiological conditions
and reproductive states. Comprehensive examin-
ation protocols included morphometrics (length,
breadth, width), gravimetrics (total weight, viscer-
al weight, gonad weight, liver weight) and meris-
tics; external and internal examinations of organs
for condition (pathologies, fat content, general ap-
pearance), diseases and parasites; subsampling of
muscle, liver and gonads for proximate analyses,
histology and fecundity; and age determination by
the otolith break-and-burn method. Fecundity was
gravimetrically estimated in triplicate after Gilson
fluid fixation. For histology, ovaries were fixed in
10% buffered formaldehyde, dehydrated in etha-
nol, cleared in xylene and embedded in paraffin
(Humason 1967). Testes were fixed in 2.5% glut-
araldehyde, postfixed in 1% osmium tetroxide and
embedded in epoxy resin (Spurr 1969). Tissues
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Fig. 2. Annual reproductive performance of male and female yellowtail rockfish from Cordell Bank, California.

were sectioned at 6 um and stained in hematoxylin
and eosin.

Specimen-specific data were managed by using
dBASE III +. Subsets were created for individual
or group analyses depending on the subtask ob-
jectives. Statistical analyses included univariate de-
scriptions, curve fitting, correlation and regression
analyses, analysis of variance (ANOVA), analysis
of covarience (ANACOV) and graphics, complet-
ed with the assistance of Number Cruncher Statisti-
cal System 5.01 for microcomputers.

Results
Reproductive performance

The annual sequence of reproductive performance
in yellowtail rockfish from Cordell Bank (Fig. 2)
followed general patterns described in other stud-
ies for many Sebastes spp. (DeLacy et al. 1964,
Moser 1967, Ni & Templeman 1985, Wyllie Eche-
verria 1987). Both sexes shared common character-
istics of gonadal development, namely a copulation
period and a recovery-reorganization period.
However, their seasonal patterns differed, and fe-
males underwent additional elaboration with the
ovulation to parturition developmental sequence
that is unique to Sebastes.

Ovarian development began just prior to the

copulation period and accelerated in September.
From October through January, 75% of those fe-
males with progressively developing ovaries were
observed. Most (89%) that had ovulated and were
carrying developing embryos were collected in Ja-
nuary and February, and parturition usually oc-
curred in March and April (73%). The prolonged
(9 months, March through November) recovery-
reorganization period came next and was most ob-
vious just prior to the onset of ovarian develop-
ment. Male testicular development was rapid, oc-
curring largely during July and August (67%), then
declining rapidly with the ending of the copulation
period in October. A varying portion of the pop-
ulation appeared in the recovery-reorganization
state throughout the year.

Community-population performance

At Cordell Bank the fish community associated
with yellowtail rockfish and available to hook and
line consisted of 21 species, dominated numerically
by yellowtail rockfish (41.5%) followed by §. rosa-
ceus (13.9%), S. paucispinis (11.3%), S. chlorostic-
tus (10.3%), S. pinniger (6.2%) and Ophiodon
elongatus (4.7%). Sebastes spp. comprised 94.4%
of the total catch. The mean number of species did
not seasonally vary (Table 1), nor did the species
composition. Catches also were not seasonally dif-
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Table 1. Yellowtail rockfish sex ratio (males:females), total yellowtail catch, catch per unit effort (CPUE; No. of fish fisherman~'h™?)
and number of total fish species collected on yellowtail rockfish cruises.

Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec xj* SE
Sex ratio M:F 063 1.03 165 145 133 162 111 09 041 043 064 043 0.97+ 0.47
Yellowtail catch 175 117 206 108 41 145 136 98 49 9 82 162 1182+ 494
CPUE 319 253 344 163 168 378 2.80 354 183 231 2.09 2.02 2.57+ 0.76
No. of species 11 9 8 10 8 11 9 9 10 9 11 11 9.7+ 1.2

ferent; mean monthly catch per unit effort (CPUE)
was 2.57. The yellowtail rockfish sex ratios
changed throughout the year, despite an even
(0.97) mean value for the year. The male to female
ratio was approximately even in February and then
again in July and August, the main copulation peri-
od. Females predominated in September — January
and males in March — June.

The male and female subadult yellowtail rock-
fish were similar in ages and size (Table 2), whereas
adult females were heavier and longer than males
despite identical mean ages of 17.2 years. The sea-
sonal distribution of these parameters (Fig. 3) in-
dicated that males were generally older than fe-
males during March - May and were younger in
other months. Females on average were longer and
heavier in all months except March, and their aver-
age size greatly increased after June while that of
males slightly decreased. True sexual dimorphism
was apparent (Fig. 4). Body depths at length were
not significantly different (ANACOV, p=0.05)

between males and females, but age-specific total
wet weights and standard lengths diverged signif-
icantly (ANACOV, p=<0.05) in fish older than 8
years of age. Males also exhibited a narrower range
of ages than did females (5-39 versus 4-45 years).
All reproductive processes from ovulation and fer-
tilization through parturition occurred from Janu-
ary through May (Fig. 2). The highest incidence of
females with newly fertilized eggs and eyed em-
bryos was found in January and February (Table
3), and spent fish were most frequent after Febru-
ary. It appeared that older fish spawned early in the
season. Mean ages of females with either fertilized
eggs, eyed embryos or newly spent ovaries were
higher than those in succeeding months.

Individual performance

Individual reproduction was best monitored in the
laboratory. Maturation and spawning of experi-

Table 2. Means, standard deviation and range of ages (year; Rg), total wet weight (g) and standard length (cm) of subadult and adult

male and female yellowtail rockfish.

Age Total wet weight Standard length
X SD Rg b3 SD Rg x SD Rg
Subadults
Male 7.2 2.0 511 710.1 212.1 425-1244  29.6 2.7 25.35
(n= 18)
Female 6.7 1.5 4-10 722.9 315.5 362-1879  28.7 31 23-36
(n= 23)
Adults
Male 17.2 7.1 6-39 1156.2 209.0 669-1660 36.1 21 32-42
(n= 79)
Female
(n= 317) 17.2 7.2 645 1462.4 396.0 590-2693  38.9 3.7 2949
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Fig. 3. Mean monthly age (years), total wet weight (g) and
standard length (cm) of yellowtail rockfish from Cordell Bank,
California.

mental fish held in the laboratory were similar to
those in field-caught specimens. Seven of 22 lab-
oratory fish with a mean age of 24 years completed
maturation and released embryos. Fish that did not
successfully spawn had a mean age of 9.5 years.
Examination of these fish showed that they ceased
ovarian development and resorbed their eggs. All
seven females ceased feeding 3-5 days before par-
turition, and fish became reclusive and had high
opercular ventilation rates. All releases occurred
during the night. Examination of fish within 2-5
days after parturition showed that extrusion of em-
bryos was nearly complete and that ovaries quickly
began recovery and reorganization with the firming

95

- - - F
£ 15 BD=-0.631 + 03488 5L / M
§- —_ =098 _ -~ BD=0.221+ 03217 SL
[ - =086
>Q )
3 10
m T T T
20 30 40
Standard Length (cm)
-F
2000 gl
£ //’
=3 WW= -405.628 + 665.934 In Age .~ M
; 5 1400 1=0.85 ~ Pt
3 WW= 75.506 + 386.561 In Age
800 P r=0.92
S R
F
s SL=16.990 +7.332In A ””’
i =16.990 + 7. n Age -
s 40 08 e M
] E ’/
ES SL=23.493 + 4.319 In Age
E 30+ - r=0.92
& 2,000 3.000 4.000
5 10 20 30 40 50
Age (years)

Fig. 4. Linear regression plots of standard length, wet weight by
age and body depth by standard length of male (n = 97) and
female (n = 340) yellowtail rockfish from Cordell Bank, Cali-
fornia.

of tissues and reduction of the lumen and ovarian
flaccidity.

Ages at maturity were estimated by contrasting
individual subadults with undeveloped gonads with
adults with gonads in late stages of development
(Table 4). Males tended to be slightly, but not
significantly (t-test, p = 0.05), older than females.
Adults that appeared mature by having gonads in
advanced stages of maturation and adults that had
fully developed ova, fertilized eggs or spent ovaries
did not differ significantly in age (t-test, p = 0.05),
and they had broad age ranges (8-39 years for
males; 6-45 years for females) and wide distribu-
tions (coefficients of variation, 36.2 - 39.8%).

By subtracting the minimum ages at maturity
from the age frequencies of the males and females,
we were able to plot the average distributions of
reproductive lifespans within the male and female
yellowtail rockfish stock (Fig. 5). Age distributions
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Table 3. Percent composition and adult mean ages, by month, of
adult yellowtail rockfish with fertilized eggs, eyed embryos or
spent ovaries.

Reproductive Month N % of Adult

state total mean age
(years)
Fertilized eggs Jan 13 39 21.2
Feb 17 52 15.8
Mar 3 9 18.3
Eyed embryos Jan 2 66 26.0
Feb 1 33 9.0
Spent ovaries Jan 3 4 28.0
Feb 5 6 26.0
Mar 25 32 20.7
Apr 32 41 19.4
May 10 13 15.7
Jun 6 8 13.7

and reproductive lifespans of males and females
were polymodal. Potential reproductive lifespans
were high, 31 years (range 8-39 years) for males
and 39 years (range 645 years) for females. The
mean reproductive lifespans were the same — 11
years (shaded area) for males (8-19 years) and
females (6-17 years). Based on the age composi-
tion of the stock, 55% of the males and 59% of the
females had reproductive lifespans of 0-11 years.
Whole body changes occurred with gonadal de-
velopment, especially in females. Females in-
creased in breadth and width as ovaries enlarged.
Both sexes had seasonally enlarged urogenital pa-

pillae, males during the copulatory period and fe-
males during parturition.

Organ performance

The most easily quantifiable trait reflecting season-
al gonadal changes was the gonadosomatic index
(GSI = gonad wet weight in grams (total body wet
weight in grams)~! X 100). The low subadult GSI’s
and absolute gonad weights easily separated sub-
adults from mature adults during the gonadal de-
velopmental period. Mean GSI value for adult
males was 0.257 versus 0.098 for subadults; mean
GSI value for adult females was 3.22 versus 0.486
for subadults. Seasonal GSI patterns for adults
were distinctive (Fig. 6). Male GSI’s remained low
from January to June, were highest during testic-
ular development and the copulation period and
peaked in August. The GSI’s of females were cy-
clic, but the increase in GSI’s with gonadal devel-
opment was more gradual, with a distinct peak in
January and a graduated but rapid decline during
early recovery.

Estimated fecundity by fish length, age or weight
showed no significant difference among the 3 years
(ANOVA, p=0.01; Fig. 7). The highest correla-
tions were seen between fecundity and total body
wet weight. A comparison of age-specific fecundity
in pre-fertilized and fertilized fish indicated that
there was no significant difference (ANOCOV,

Table 4. Age and standard length (SL) of male and female of yellowtail rockfish in all reproductive states, and comfirmed mature adults

(those with fully mature or recently spent gonads). Rg = range.

Male Female
X SD Rg x SD Rg
Subadults
Age (years) 7.2 2.0 5-11 6.7 1.5 4-10
SL (cm) 29.6 2.7 25-35 28.7 31 23-36
All adults
Age 17.2 7.1 6-39 17.2 7.2 645
SL 36.1 2.1 32-42 38.9 3.7 2946
Confirmed adults
Age 19.5 6.7 8-39 17.6 7.0 6-45
SL 36.6 2.7 32-42 37.6 3.7 29-46.0
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Fig. 5. Distribution, in percent of the population, of reproduc-
tive lifespans of male and female yellowtail rockfish from Cor-
dell Bank, California. Shaded area represents mean reproduc-
tive lifespan for males and females.

p=0.05) between potential and real fecundity
(Fig. 8).

Annual sequences of macroscopic gonadal changes
were apparent. Most male subadult testes ap-
peared small, translucent, elongated structures,
triangular in cross section to threadlike. Colors
ranged from translucent pink to yellowish white.
With maturity, testes enlarged and became firm
and triangular. The pink changed gradually to all
white, the process beginning as a white line along
the sperm duct. During the peak of the copulation
period, testes contained free-flowing sperm. Asso-
ciated with this ripened condition were large uri-
nary bladders usually full of urine; the urogenital
papillae were enlarged and distended. After the
copulation period, testes gradually lost their white
appearance, beginning at the periphery. Testes
slowly became light brown to pink-gray and de-
creased in size.

Young, immature females had paired, translu-
cent, ribbonlike ovaries ventral to the swim blad-
der. With the onset of maturity during the devel-
opmental period, ovaries enlarged and were circu-
lar. Ovaries changed from pale pink to yellowish
orange as yolk accumulation progressed. No black
pigmentation spots were visible. This process was
reversed during the recovery-reorganization peri-
od.

Ovaries in mature females underwent notable
seasonal changes. After the copulation period,
ovaries began to enlarge and to change from a pale
pink to yellow-orange. Ovaries gradually enlarged
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Fig. 6. Mean monthly gonadosomatic index [gonad wet weight
in grams (g) (total body wet weight (g))~! x 100] of male and
female yellowtail rockfish from Cordell Bank, California.

to occupy over half the peritoneal cavity volume.
As the time of ovulation approached, the large eggs
could be easily teased from their clustered follicles.
At ovulation and fertilization, eggs dramatically
increased in clarity and became more yellowish
blue. The thin ovarian walls encased ovaries turgid
with free eggs. As gestation proceeded, the ovaries
assumed a gray-green appearance largely due to
the pigmentation of embryonic eyes.

After parturition, which probably occurred over
a period of hours based on laboratory observa-
tions, the ovaries appeared as flaccid sacks with
vacuous lumens. Residual embryos were occasion-
ally visible in the lumen. Ovaries appeared dark
red-brown at this stages. Recovery and reorga-
nization occurred rapidly within a few days. Flac-
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Fig. 7. Fecundity by total weight, standard length and age of
yellowtail rockfish from Cordell Bank, California.

cidity decreased, lumens decreased, walls thick-
ened, and colors changed to brown-pink. Often
randomly placed, small, black spots were visible,
especially along the ventral midline.

Tissue performance

Histological examination confirmed that yellowtail
rockfish were determinate spawners. At this level
of organization, it was possible to closely monitor

the annual reproductive cycle. This definitive ex-
amination served as a sensitive measure of the yel-
lowtail rockfish’s reproductive state.

Elongate testes had an unrestricted, tubular-
type structure throughout (Grier 1981). Efferent
seminiferous tubules branched off the central
sperm ducts and became increasingly smaller to-
wards the periphery. Intratubular spaces contained
germinal epithelium composed of Sertoli cells and
spermatogenic germ cells (cysts). Extratubular
spaces were the site of Leydig cells, usually found
in conjunction with capillaries, nerves, smooth
muscle and fibroid cells, all in a connective tissue
matrix, the stroma. Testes were bordered by squa-
mous epithelium. Spermatogenesis occurred in
cysts, progressing from the periphery to the sperm
ducts. Early in testicular recrudescence, tubules
contained cysts of primary and secondary sperma-
togonia, widely separated by Sertoli cells. Mitotic
and meiotic divisions of secondary spermatogonia
led to formation of spermatocytes, close apposition
of cysts and crowding of tubules. As maturation
proceeded, spermatogonia throughout the testes
appeared tightly packed within the cysts. The de-
velopmental progression from spermatid to sper-
matozoan formation occurred within the cysts,
which then burst and released spermatozoa into
tubules. In these final stages, mature spermatozoa
were found throughout collecting tubules and
ducts. During the post-copulation period, gradual
recovery and reorganization were observed where-
in residual sperm and cytoplasm in the lumens, and
the ducts were resorbed by Sertoli cells. Peripheral
areas showed reformation of the cysts and the pres-
ence of primary and secondary spermatogonia. Im-
mature testes also contained these initial spermato-
gonia. They differed from mature testes in that
cysts were small along with tubular lumens, and
they showed no evidence of residual spermatozoa.

Paired ovoid ovaries consisted of stroma and
oogonial nests that underwent acinar development
along margins of lamellar branches throughout the
ovaries. The stroma-germ tissue complex was en-
cased in a thin ovarian wall of squamous epithelium
and smooth muscle that seasonally varied in thick-
ness.

A seasonal developmental progression of follicle
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and oocyte growth was observed. Differentiation
was accompanied by increased vascularization and
movement of epithelial cells towards the surface of
the oocytes. Small (5-25 um) nested oogonia with
transparent cytoplasm, dark-stained nuclei and
larger (20-100 um) early peri-nucleolus oocytes
were found in ovarian tissues year-round. These
were considered undeveloped or ‘resting’ stage 0o-
cytes (Bowers & Holliday 1961, Howell 1983).
With the onset of recovery and reorganization,
oocytes (ca. 50-140 um diameter)—with numer-
ous, randomly distributed, clear lipid vacuoles, in-
creasingly large nuclei and peripherally arranged
nucleoli—increased in frequency. By mid to late
summer, cytoplasmic granulated yolk accumulated
as oocytes enlarged (120210 um). With increasing
ovarian development, over half the interior of
these oocytes became filled with large yolk glo-
bules, and lipid vacuoles coalesced and enlarged.
In the final developmental stages, the large (600
750 wm) oocytes contained single, large lipid vacu-
oles and amoeboid nuclei. With ovulation, follicle
components disintegrated while the capillary net-
work was maintained and remained in close associ-
ation with the egg. Embryos were observed as free
from lamellae in the ovarian lumen. Spent ovaries
quickly recovered and histologically displayed in-
creased vascularization, with empty or collapsed

follicles in various resorptive stages. Occasional
residual embryos and unfertilized oocytes were
seen in various stages of degeneration. As ovaries

-reorganized, lamellar branches and associated

stroma became compact and firm, and small nested
oocytes as first described became most numerous.
Ovaries of immature fish contained early devel-
oping oocytes, and there was no evidence of yolk
accumulation nor recovering resorptive tissues.

Discussion

The Cordell Bank yellowtail rockfish population’s
annual sex ratio reversal showed a pattern not pre-
viously observed in rockfishes. A coastwide study
of yellowtail rockfish (Fraidenburg 1980) showed
males dominated (56-74%) in each area with no
latitudinal trend. This survey was conducted during
mid to late summer, the transition period in our
study when the sex ratio changed from male dom-
inance to even ratios and then to predominantly
females. Northwest Atlantic studies (Ni & Sand-
erman 1984, Ni & Templeman 1985) of three Se-
bastes species noted, as in our study, an overall
even sex ratio for the year, but females were more
abundant for all but 3 months (March, June and
August). These species were behaviorally different
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in that the sexes were believed to segregate in
different seasons. Yellowtail rockfish are believed
to be nonmigratory and to remain close to areas
that they colonize as juveniles (Carlson & Haight
1972, Calson 1986). Changes in sex ratios may have
resulted from differences in feeding behavior or
localized sex segregation. It is also possible that
male aggression associated with territoriality, as
noted by Shinomiya & Ezaki (1991), could account
for more males being caught by hook and line.

The age and size composition of the Cordell
Bank population appeared different from those of
northern populations. This is important because
the composition determines the reproductive ca-
pacity of the population. The coastwide rockfish
survey of Fraidenburg (1980) showed a north to
south cline of decreasing age and size. Since that
study, a decade of monitoring of the commercial
catches in Oregon and Washington has provided
evidence of significant declines in mean ages and
sizes (Tagart 1988). Preliminary results of our own
field studies on Washington yellowtail rockfish
support these findings (National Marine Fisheries
Service, Tiburon Laboratory, unpublished data).
Northern populations appeared younger overall
but were larger than fish of similar ages from Cor-
dell. For example, the mean age of females in
northern populations was 12.1 years (versus
17.2 cm for Cordell Bank fish), and mean standard
length was 46.6cm (versus 38.9 cm).

A consistent trend among yellowtail rockfish
populations was sexual dimorphism. Females were
longer and heavier at age than males. Wyllie Eche-
verria (1986) provided details on this dimorphism
in four Sebastes species, including yellowtail rock-
fish. As noted by Westrheim & Harling (1975), this
dimorphism became apparent after fish reached
6-8 years of age (Fig. 4), the approximate ages that
we found yellowtail rockfish to mature.

Sebastes usually have a protracted spawning sea-
son (Leaman 1988). The parturition period for
Cordell Bank yellowtail rockfish occurred from
January through May and peaked during March
and April (Fig. 2). In the geographically larger
study of Wyllie Echeverria (1987), yellowtail rock-
fish exhibited a similar seasonal pattern. One of
our findings is relevant to management: the older

fish spawned during the early part of the season.
Restricted fishing seasons and selective exploita-
tion in Washington fisheries could affect the repro-
ductive potential of these populations.

Wyllie Echeverria (1987) estimated the ages and
sizes at maturity for yellowtail rockfish (males;
first = 4 years, 30cm; 50% = 6 years, 35cm;
100% = 11 years, 43cm; females: first = 4 years,
27 cm; 50% = 7 years, 36cm; 100% = 11 years,
42cm). Our research design did not allow such
precision. Male and female yellowtail rockfish at
Cordell Bank were older and larger at first maturi-
ty (males: first = 8 years, 32 cm; females: first = 6
years, 29 cm). Our smaller sample size and restrict-
ed sampling range could have biased our results.
One problem that we are currently trying to resolve
is whether the small, young females that appear to
have maturing ovaries actually complete the pro-
cess. Our laboratory observations of these fish and
the occurrence of similarly developing fish in the
field during the entire developmental period sug-
gest that they remain functionally immature, as has
been found in other Sebastes species (Westrheim
1958, Leaman 1988).

The duration of the reproductive lifespan is de-
termined by the age at maturity and the life expec-
tancy. Cordell Bank yellowtail rockfish had long
potential reproductive lifespans of 31 and 39 years
for males and females respectively. The maximum
potential span for the species could be 52 years,
given an age at maturity of 4 years (Wyllie Echever-
ria 1987) and a maximum age of 56 (Beamish 1979).
Our study estimates over half of the population has
real reproductive lifespans of 11 years for both
sexes. This trait was largely due to the polymodal,
wide-ranging age structure of the population. Frai-
denburg’s (1980) survey showed this to be a coast-
wide phenomenon. Long reproductive lifespans
have been shown to be important for the persist-
ence of populations in highly variable environ-
ments similar to those of the yellowtail rockfish
habitats (Stearns 1977).

Fecundity is often used as an index of reproduc-
tive effort, and generally it is believed to increase
with age (Williams 1966, Gadgil & Bossert 1970).
Fecundity of yellowtail rockfish from Cordell Bank
correlated well with age and size (Fig. 7). Earlier




studies (Phillips 1964, Gunderson et al. 1980) of
yellowtail rockfish have found considerably lower
fecundity at age and size. These studies may pos-
sibly differ because Phillips (1964) presented esti-
mates of fecundity at age based on low precision
methods and Gunderson et al. (1980) examined
adults over 43cm using a volumetric subsampling
method. Only 2% of our specimens were in that
size range. Recent comparisons of methods for
estimating fecundity have shown that gravimetric
subsampling was more accurate than volumetric
subsampling (Leaman 1988). Boehlert et al. (1983)
observed decreased fecundity in Sebastes entome-
las with the approach of parturition. Kusakari
(1991) found declining fecundity during gestation
in S. schlegeli. This suggests that fecundity esti-
mates derived from ovaries in early stages of devel-
opment do not accurately represent fertility. We
found no evidence of this in our study (Fig. 8)
although our ongoing histological studies are show-
ing interannual variability in the occurrence of egg
resorption. It is possible that our fecundity meth-
odology is not sensitive enough to detect this phe-
nomenon.

Our histological observations proved to be sensi-
tive measures of the reproductive cycle. Structures
and apparent functions were similar to those de-
scribed in other Sebastes species (Moser 1967, Liso-
venko 1978). They differed in that yellowtail rock-
fish showed a typical pattern of teleostean group
synchronous ovarian development in contrast to
the multiple-spawning pattern found in S. paucispi-
nis. Histological changes in our yellowtail rockfish
ovaries occurred throughout the year, similar to
findings in S. alutus (Leaman 1988). These changes
were easily observed in the cytoplasm, nucleus and
follicle, indicating that there is no resting period
between reproductive periods. Changes in the
male spermatogenic sequence were less dramatic
than in that for the females. Recruitment of a sea-
son’s gametes from a pool of intratubular stem
spermatogonia was rapid and of short duration.
Wootton (1984) defined life history strategy as the
overall pattern shown by an individual. Life history
tactics then become the variations in the typical
pattern that fish make in response to fluctuations in
their environments. With the description and char-

101

acterization we have provided on the Cordell Bank
yellowtail rockfish, we now have the opportunity
to expand our studies on spatial, temporal and
populational scales to see how other populations
have responded and adapted to different habitats.
Through knowledge of life history performance,
especially reproductive performance, it should be
possible to determine the life history adaptive ca-
pacity of yellowtail rockfish as a species and to
delimit the adaptive capacities of particular pop-
ulations.
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