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In yellowtail rockfish (Sebastes flavidus), lipids that accumulated in mesenteries and liver during the summer and 
early fall upwelling were subsequently translocated to developing ovaries during late fall and winter. Tissue and 
serum lipids were assessed by stage of ovary maturation from fish collected monthly over six annual reproductive 
cycles (1985-91) from Cordell Bank, a seamount off central California. Lipids were primarily transported to 
ovaries prior to fertilization. Energetic lipids (triglycerides, nonesterified fatty acids) were maximal in serum during 
yolk accumulation stages and declined significantly during embryonic stages. Between fertilization and partu- 
rition, lipid and protein content of ovaries declined by about 21 %, a value approaching the minimum for lecitho- 
trophy (i.e. ovoviviparity). During gestation, however, serum phospholipids and calcium [vitellogenin surrogate) 
were significantly elevated relative to male levels, suggesting rnatrotrophic contributions. A reproductive mode 
that is primarily lecithotrophic but supplemented by maternal inputs during embryogenesis would be beneficial 
to viviparous fishes of the California coast. This strategy may optimize reproduction by coupling the disparate 
times of food abundance and gestation, yet allow for provision of nutrients late in the reproductive cycle should 
they be available. 
Chez le sebaste B queue jaune (Sebastes flavidus), les lipides qui se sont accumules dans le mesentere et le foie 
au cours de l'ete et lors de I'upwelling t6t en automne, ont par la suite ete transportes jusqu'aux ovaires en 
developpement au cours de la fin de I'automne et en hiver. Les lipides contenus dans les tissus et le serum ont  
ete doses en fonction des etapes de maturation de l'ovaire chez des poissons preleves chaque mois pendant six 
cycles reproductifs annuels (1 985-1991) et qui provenaient de Cordell Bank, un mont sous-marin situe au large 
de la partie centrale de la Californie. Les lipides ont d'abord et6 transportes jusqu'aux ovaires avant la fecondation. 
l a  concentration en lipides calorigenes (triglycerides, acrdes gras non esterifies) etair maximale dans le serum au 
cours des etapes d'accumulation du vitellus et dirninuait sensiblement au cours des stades embryonnaires. Entre 
la fecondation et la ponte, la teneur en  lipides et en proteines des ovaires a dirninue d'environ 21 %; cette valeur 
confine au minimum requis pour definir la lecithotrophie (c.-a-d. ovoviviparite). Cependant, pendant la matu- 
ration des oeufs dans I'organisme, la concentration en calcium et en phospholipides seriques (substitut de la 
vitellogenine) a ete significativement dev& par rapport a la teneur observee chez les mdles, ce qui nous amene 
a envisager des contributions caracteristiques du systeme reproducteur de la femelle. U n  mode de reproduction 
qui est avant tout lecithotrophe, mais qui est complete par des apports maternels durant I'embryogenese presen- 
terait un avantage pour les poissons vivipares de la c6te de la reproduction en permettant de faire le pont entre 
des epoques differentes d'abondance des aliments et d'embryogenese, mais en assurant la disponibilite d'ele- 
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ments nutritifs tard dans le cycle de la reproduction. 
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he coastal region of California is subject to variable sea- 
sonal upwelling (Boje and Tomczak 1978). Upwelling T onset, duration, and intensity, and perhaps advection by 

the California Current (Bernal and McGowan 1981), modulate 
the trophodynamics of coastal fish communities (Hobson and 
Chess 1988). The nutritional state of many fish species within 
this system is tied to the temporal pattern of productivity pro- 
duced by these influences. 

Rockfish (Sebustes) are dominant components of fish com- 
munities within the California upwelling region. These vivi- 
parous species respond to changes in environmental conditions 
by annually and interannually varying the accumulation of lip- 
ids. Lipid accumulation may influence reproduction (Larson 
1991), but Guillemot et al. (1985) interpreted seasonal (i.e. 
quarterly) changes in mesenteric fat volume in four species of 
rockfish as having little or no reproductive function. They con- 
jectured that since there was overlap in fat and gonad cycles, 
lipid reserves acquired in the summer and fall were used pri- 
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marily for adult maintenance functions during the winter. Yet, 
yellowtail rockfish (Sebusres fluvidus), one of the species 
assessed by Guillemot et al. (1985), had impaired reproduction 
that corresponded to low fat deposits during the 1983 El Nitio 
(Lenarz and Wyllie Echevema 1986). 

In marine fishes, lipids are the major source of nutrition 
(Sargent 1976; Sargent et al. 1989). When maternal diets are 
deficient, insufficient transfer of lipids to developing ovaries 
may reduce fecundity and the viability of the progeny (Watan- 
abe 1985; Luquet and Watanabe 1986; Heming and Buddington 
1988). Indeed, fluctuations in the quantity and/or quality of 
larvae released due to variations in food availability are poten- 
tial contributors to the significant interannual variability of 
recruitment strength found in rockfish (Moser and Boehlert 
1991). 

Despite the apparent importance of lipids to ovarian 
development, data exist primarily for oviparous teleosts. Infor- 
mation is limited temporally. or by lipid Components and tis- 
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sues assayed (Luquet and Watanabe 1986; Kjorsvik et al. 1990). 
Even less information is available for viviparous teleosts 
(e.g. see Pekkarin.cn and Kristoffersson 1975; Korsgaard and 
Petersen 1979). For species of the genus Sebasres. nothing is 
known of lipid dynamics beyond mesenteric fat variations. 

Since April 1985, we have studied the reproductive biology 
of a population of S. flavidus living on Cordell Bank, a sea- 
mount off the central coast of California. This paper presents 
the results of our investigation of lipid dynamics in yellowtail 
rockfish during the annual reproductive cycle. Lipids in serum, 
gonad, liver, mesenteries, and muscle tissues were evaluated 
temporally and by stage of ovarian maturation to elucidate the 
relationship of lipid components to specific oocyte and 
embryonic developmental stages. 

Materials and Methods 

Adult yellowtail rockfish were obtained by hook and line at 
depths ranging from 50 to 150 m from Cordell Bank, a sea- 
mount 37 km west of Pt. Reyes, California. Specimens were 
collected monthly from April 1985 through March 1991, except 
for June 1985 and November 1986 (rough sea conditions) and 
several months between May 1988 and November 1989 (oper- 
ational research constraints). Approximately IO females and 5 
males were examined monthly from May 1987 to the end of 
the study; prior to May 1987, only females were assessed. 

Immediately after capture, blood was obtained by cardiac 
puncture using sterile Vacutainers without anticoagulant and 
ailowed to clot before centrifugation for serum isolation. Fish 
were held on ice until examination, dissection, and tissue sub- 
sampling were performed (within 24 h). Following morpho- 
metric determinations, liver, gonad, and muscle samples were 
frozen at - 70°C for later lipid analysis. Ovary sections were 
excised and fixed in 10% neutral buffered formalin for histo- 
logical preparation. Paraffin-embedded, hematoxylin-, and 
eosin-stained sections of oocytes and embryos were categorized 
into one of nine stages of development according to the follow- 
ing ovary maturation stage (OMS) classification scheme (Bow- 
ers 1992): 

OMS State of development 

1 Recovery (early recrudescence) 
2 Early yolk accumulation 
3 Late yolk accumulation 
4 Migratory nucleus 
5 Ovulation and fertilization 
6 Early-celled embryo 
I Embryonic body 
8 Eyed larvae 
9 Spent 

We recorded each specimen’s sex, standard length, and total 
weight and the weights of liver, gonad, and mesenteric fat. We 
calculated each tissue’s relative weight index (Le. liver somatic 
(LSI), gonadosomatic (GSI), and mesenteric fat index (MFI), 
respectively) as (tissue weightlbody weight) X 100. The age 
of each fish was determined by counting annual growth incre- 
ments of otoliths using routine break-and-bum techniques. 

Serum triacylglycerols (triglycerides), total cholesterol, and 
calcium were measured by a computerized Technicon sequen- 
tial multiple analyzer (SMAC) according to the procedures sup- 
plied by the manufacturer (Technicon Instruments Corp., 
Tanytown, NY). Serum calcium concentrations were used as 
an indicator of serum vitellogenin (Tinsley 1985). Calcium is 
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stoichiometrically incorporated into vitellogenin and correlates 
with ovarian but not testicular maturation (Ng and Idler 1983; 
Mommsen and Walsh 1988). References to vitellogenin in this 
paper are based on serum calcium determinations. Serum phos- 
pholipids and nonesterified fatty acids were quantified by in 
vitro enzymatic colorimetric methods using test kits purchased 
from Wako Pure Chemical Industries, Ltd., Osaka, Japan. 

Total lipids were extracted in duplicate from 1-2 g of liver, 
gonad, and muscle tissues by the biphasic method of Bligh and 
Dyer (1959) following homogenization using a Polytron 
(Brinkmann Instruments Co., Westbury, NY). After December 
1988, a different extraction technique was used. Frozen tissue 
samples were minced into thin 2-mm slices and extracted in 
sufficient chloroform-methanol (2: 1, viv) to achieve a final 
concentration of about 30 pg/pL. Lipids were extracted for 
24 h with occasional stirring; subsequently, an additional 
5.0 mL of solvent was added and extraction continued for 
another 24 h. Triplicate determinations of three separate livers 
revealed no significant differences in mean lipid concentrations 
between the two extraction techniques (ANOVA, P = 0.31). 

Total lipids were quantified by thin layer chromatography 
combined with flame ionization detection (TLC-FID) using an 
Iatroscan TH-10 Mark I11 (Iatron Laboratories Inc., Tokyo, 
Japan) interfaced with T Datascan software (RSS Inc., Costa 
Mesa, CA). Triplicate 1 .O+L aliquots were spotted on Chro- 
marods S-111, dried. and scanned at 3.1 mm/s, hydrogen pres- 
sure of 0.95 kgicm’, and air flow of 2000 mL/min. Chrom- 
arods were stored desiccated, cleaned with 9 N H2S0,, rinsed 
with Milli-Q water. and activated by two passes through the 
RD. Peak areas were converted to lipid weight by comparison 
with external standard curves created from dilutions of gravi- 
metrically measured lipid extracts from S. flavidus livers. 

Ovary protein concentrations were analyzed by the Lowry 
method using bovine serum albumin standards (Lowry et al. 
1951). 

Temporal variations of lipids and lipid concentration rela- 
tionships to stage of ovarian maturation were analyzed by 
general linear model (GLM) ANOVA procedures within SAS 
computer software (SAS Institute Inc., Cary, NC). If age or 
length was related to a variable’s value, this effect was removed 
using the ANCOVA option in the GLM procedure. Compari- 
sons between means were accomplished by Tukey’s Studen- 
tized range (HSD) test, which controls the maximum experi- 
mentwise error rate, and paired t-tests. 

To assess the change in weights of ovary lipid and protein 
according to OMS, these variables were adjusted for differ- 
ences in female size by ANCOVA within the GLM procedure 
in SAS. The natural logarithm of standard length was used as 
the covariate, since it stabilizes the variance among means and 
approximates the relationship between body weight and length. 
Total body weight varies in relation to length due to increasing 
ovary weight during reproductive development. Therefore, it 
cannot be used as a covariate to improve the precision of deter- 
mining the relationship between tissue component quantity and 
OMS independent of fish size. 

Results 

Temporal Variations 

Fluctuations of lipids during the annual reproductive cycle 
were evaluated on specimens collected monthly between May 
1987 and April 1988 (Table I). This interval covered one 
reproductive cycle starting from the onset of ovarian 
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TABLE 1. Mean ( 2  se) standard lengths and ages of S. ,h idus  assessed during the reproductive cycle 
in 1987-88. Means among months wjithin the same sex are significantly different: *P < 0.05: 
**P < 0.001. 

Females Males 

Standard Standard 
length Age length Age 

Month (cm) n (cm) (yr) n 
~ 

May 
June 
July 
August 
September 
October 
November 
December 
January 
February 
March 
April 

Total 

33.0 t 0.1 
37.2 t 1.4 
41.2 t 0.9 
38.3 t 0.8 
35.5 t 1.2 
37.9 t 1.0 
37.6 t 1.1 
36.6 t 1.1 
37.0 t 1.9 
32.5 t 1.2 
38.2 t 1.0 
36.8 t 1.4 

37.0 t 0.4** 

8 1 1  
16 2 3 
2 0 2  2 
18 t 2 
13 'c 3 
18 t 2 
18 'c 2 
16 2 2 
14 t 3 
11 t 2 
2 0 t  3 
14 t 2 

16 t I *  
- 

recrudescence in May and terminating with parturition of larvae 
in February and March. Data from fish collected in April reveal 
the start of the next cycle. Since the male reproductive cycle 
precedes that of the female, data from males were used to assess 
changes in females specific to the cycle of ovarian development. 
Significant differences among monthly mean length or age were 
not important for analysis of lipid variables during the 12 mo 
assessed. Only GSI and MFI varied significantly with length; 
no variables were affected by age differences. 

The gonadal cycles of females and males are not synchronous 
in S. flavidus (Fig. I). Maximum testicular size was in August 
when copulation occurred whereas ovaries did not enlarge until 
November. Histologically, initial yolk accumulation become 
apparent in July and persisted for at least 6 mo. 

Mesenteric fat and liver mass increased significantly 
(P < 0.0001) until August and remained elevated through 
November in females (Fig. I ) .  Whereas liver mass increased 
evenly in both sexes, females gained greater amounts of fat in 
their intestinal mesenteries than males from August through 
November (P < 0.05). As ovaries matured through 
fertilization, embryogenesis, and parturition, liver mass and 
mesenteric fat declined. These somatic trends also occurred in 
males during this interval. 

Serum levels of triglycerides, nonesterified fatty acids 
(NEFA), and phospholipids were similar in females and males 
during the summer and early fall months except for September 
(Fig. 2). The mean triglyceride level in female serum in 
September (1979 2 152 mg/dL) was more than twice the 
highest level recorded during the 6 yr of the study and should 
be considered anomalous. This was also true for NEFA in 
females. Serum cholesterol levels were indistinguishable 
between the sexes for the entire reproductive cycle except in 
August ( P  < 0.05). 

During the winter months spanning late yolk accumulation 
and embryonic stages, serum lipids (except cholesterol) in 
females were significantly elevated over those in males 
(P < 0.05) (Fig. 2). In October, serum calcium levels in 
females (indicative of vitellogenin transport) became 
increasingly greater than in males ( P  < 0.05), attained maximal 
differences in December (P < O.OOOl), and returned to the 
same levels in March, following parturition (Fig. 2). 
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6 
8 

1 1  
10 
10 
10 
10 
10 
7 
8 

10 
8 

108 

37.2 2 0.6 26 t 6 4 

37.4 t 1.7 15 t 3 4 
35.0 t 0.8 17 t 3 5 
32.0 8 1 
34.6 t 0.8 14 t 3 5 
37.1 2 0.9 17 t 3 4 
34.7 2 1.0 1 9 2  3 5 
35.7 t 0.6 16 -c 2 6 
33.3 t 0.6 15 i 2 7 
34.5 t 1.5 17 t 5 5 
36.0 t 0.8 22 2 5  5 

35.3 t 0.3" 17 t 1 58 

35.1 t 0.7 13 t 2 7 

Total lipid concentrations in liver were similar throughout 
the year in females and males (Fig. 3). Liver lipid fluctuated 
considerably during the reproductive cycle. In females, 
maximal concentrations occurred in August and declined to 
minimal values during January-March when parturition was 
completed. 

During the annual cycle, lipid concentrations were elevated 
in ovaries from October through February(P < 0.001), 
concurrent with increased ovary size (Fig. 3).  Although 
concentrations of lipids in ovaries in April and in testes in June 
and January were high, the quantities were very low due to 
small gonad sizes. Testes lipids were below detection (5  Kg) 
in February and March. 

Muscle tissue contained relatively low concentrations of 
lipids in S. flavidus during the year (Fig. 3). Profiles of lipid 
concentration in muscle revealed no significant differences 
between the sexes throughout the reproductive cycle. There was 
little variation in lipid concentration of muscle between months. 

Variation in Maturation Stage 

Although ovarian development is synchronous within a 
female, a range of OMS may exist at one time within the 
S. fluvidus population. This is particularly the case during 
embryonic stages, since gestation lasts only about 30 d. Con- 
sequently, analyses by month do not reveal lipid levels during 
each OMS precisely. Therefore, changes in lipid concentrations 
by OMS were analyzed for the entire data set (April 1985 - 
March 1991). The mean length and age of fish analyzed for 
each OMS are presented in Table 2. 

There was an inverse relationship between liver or mesen- 
teric fat tissue amounts and the size of ovaries (Fig. 4). Liver 
and mesenteric fat increased significantly ( P  < 0.05) during 
early yolk accumulation (OMS 2) and declined (P < 0.05) 
during later oocyte and embryonic stages. Ovaries attained their 
largest size at the most advanced embryo stage, eyed larvae 
(OMS 8), when liver and mesenteric fat were minimal. 

Serum lipid concentrations, as well as vitellogenin (meas- 
ured as Ca*+), in adult females were significantly different 
among OMS ( P  < 0.0001 for all variables) (Fig. 5) .  Triglyc- 
erides were greater in maternal serum during oocyte stages than 
during embryonic stages ( P  < 0.05). The NEFA were more 
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FIG. I .  Monthly variation of relative GSI. OMS. MFI, and LSI in S. flavidus for one reproductive 
cycle, May 1987 - April 1988. Values are means r SE. Solid line, females; broken line, males. 

variable than triglycerides but declined during embryonic stages 
as well (P < 0.05). 

Cholesterol and phospholipids, which function predomi- 
nantly as structural components, had somewhat different 
profiles in maternal serum relative to  OMS than triglycerides 
or NEFA. Both lipid classes were significantly elevated 
(P < 0.05) during early-celled and embryonic body stages 
(OMS 6 and 7) compared with values during ovulationiferti- 
lization (OMS 5) and eyed larvae (OMS 8) stages. 

Serum calcium concentrations were statistically similar 
during OMS 3-8 but greater than during OMS 1, 2, and 9 
(P .c  0.05). 

Tissue lipids were analyzed in fewerfemales (liver and ovary. 
n = 284; muscle, n = 67) than were analyzed for serum lipids 
and were randomly chosen from monthly collections (Fig. 6 ) .  
Liver lipid, greatest in OMS 2, decreased significantly during 
gestation ( P  < 0.05). Lipid levels in muscle were low and not 
significantly different among OMS ( P  = 0.20). The greatest 
increases in lipid concentrations in ovaries occurred during 
OMS 3 and 4 (late yolk accumulation and migratory nucleus). 
Ovary lipids declined during gestational stages (OMS 5-8; 
P < 0.05). 

The quantities of lipid and protein in ovaries attained maxima 
at the start of embryogenesis and experienced net declines 
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FIG. 2. Changes in serum triglycerides, NEFA, phospholipids, cholesterol, and calcium (vitellogenin 
surrogate) in S. flnvidus during one reproductive cycle. Values are means 2 SE in mg/dL except NEFA 
(pEq/L). Solid line, females; broken line, males. 

through gestation (Fig. 7a). When lipid and protein quantities 
were converted to energy values, using factors of 39.6 and 
20.1 kJig, respectively (Brett and Groves 1979), it became evi- 
dent that maximum energy was sequestered in ovaries during 
OMS 6 (early-celled) or the start of embryogenesis (Fig. 7b). 
Greater energy was in the form of lipid during embryonic devel- 
opment whereas protein dominated quantitatively. Since 
OMS 5 (ovulationifertilization) is an event rather than a devel- 
opmental interval, and occurs during a very short time span, 
only three females' ovaries were assayed in this stage; there- 
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fore, the decline in lipid apparent in Fig. 7 is probably unrep- 
resentative of that portion of the reproductive sequence. 

Discussion 

Female yellowtail rockfish accumulate greater quantities of 
lipids in mesenteric depots than males during the active feeding 
period of summer and fall. Presumably this is advantageous to 
the maternal role in viviparity during the winter when food is 
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FIG. 3 Monthly concentration of total lipid in liver, gonad, and muscle of S. fluvidus during one 
reproductive cycle. Values are means 2 SE in mgig fresh weight. Solid line, females: broken line, 
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TABLE 2. Mean ( 2  SE) standard lengths and ages of female S. flovidus assessed by OMS. Females 
collected from April 1985 to March 1991. Means among stages are significantly different: 
**P < 0.001. 

~~ 

Standard 
length Age 

OMS Description (cm) (yr) n 
1 Recovery 37.2 2 0.3 16 2 1 166 

3 Late yolk 38.4 F 0.3 18 2 1 156 
4 Migratory nucleus 36.8 F 0.6 16 2 1 42 

2 Early yolk 38.5 i 0.3 17 2 1 94 

5 Ovulationifertilization 33.3 2 0.7 11 t 2 3 
6 Early-celled embryo 34.7 2 0.8 13 i 2 12 

8 Eyed larvae 36.1 2 1.4 15 2 2 12 
I Embryonic body 37.0 2 0.9 19 2 2 30 

9 Spent 36.5 2 0.6 17 i 1 48 
Total 37.5 i 0.2"* 17 ? I 563 
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7, embryonic body; 8, eyed larvae; 9 ,  spent. 

typically scarce on the central California coast (Bolin and 
Abbott 1963; Brinton 1976; Hobson and Chess 1988). 

Lipids declined in mesenteries and liver as oocytes pro- 
gressed from yolk accumulation through embryogenesis. Dur- 
ing these stages, elevated lipid concentrations in maternal 
serum, relative to those of males, indicate that at least part of 
this transport was for female reproductive-specific purposes. 
Due to the increased body size of pregnant females, some of 
the mobilized triglycerides may be required for increased energy 
demands of functions such as locomotion and ion regulation, 
but the data suggest that a substantial portion was incorporated 
into developing ovaries. It is doubtful that energy costs of loco- 
motion are high. Yellowtail rockfish are largely quiescent and 
do not migrate to any great extent (Carlson and Haight 1972; 
Carlson and Barr 1977). Further, serum glucose is quite low in 
S.fluvidus (14.2 -t 0.5 mgidL, n = 487), indicative of an 
inactive lifestyle (Love 1980). 

Guillemot et al. (1985) measured changes in mesenteric fat 
volume across the annual reproductive cycle for several species 
of Sebustes, including S. flavidus. They described a pattern of 
fat accumulation similar to our results, but interpreted the data 
differently. They concluded that fat accumulation coincided 
with gametogenesis, and thus served primarily adult mainte- 
nance functions. Such a conclusion may have resulted from 
pooling data from several locations into yearly quarters. Our 
results, using monthly measurements and analysis by stage of 
ovarian maturation, clearly show an inverse relationship 
between liver and mesenteric fat quantity and ovarian devel- 
opment. Our data indicate that lipid stores acquired during the 
feeding period are destined for energy-requiring functions and 
structural proliferation in ovaries as well as for maintenance 
expenses of the adult during the poor feeding conditions of 
winter. 

Can. J. Fish. Aquar. Sci.. Vol. 50. 1993 

Viviparity in fishes can range from strict lecithotrophy, where 
embryonic nutrition is provided exclusively by energy reserves 
deposited during oogenesis, to extreme matrotrophy, where 
maternally contributed nutrients are provided only during ges- 
tation (Wourms 1981). Historically, members of the genus 
Sebusfes have been considered lecithotrophic (Wourms 1991); 
however, recent evidence has suggested that this may not be 
the case for all rockfish species. Energy balance estimates 
(Boehlert and Yoklavich 1984; Boehlert et al. 1986; Dygert and 
Gunderson 1991) and in vitro incorporation of labeled glycine 
by embryos (Yoklavich and Boehlert 1991) indicated possible 
matrotrophy in several rockfish species. 

Using conventional criteria to discriminate between lecitho- 
trophic and matrotrophic viviparity, S. fluvidus appear to be on 
the more lecithotrophic end of the continuum, with possible 
matrotrophic contributions of lipids intended for primarily 
structural functions. If one calculates the change in lipid and 
protein content in ovaries from fertilization to eyed larvae stage 
(Le. just prior to parturition) for yellowtail rockfish, there is an 
estimated 21% reduction in weight and 16% energy loss. Net 
weight losses of 25-35% suggest no maternal nutrient inputs 
during gestation (Le. lecithotrophy) whereas weight changes 
ranging from slight losses (e.g. to 10%) to net increases indicate 
matrotrophy (Wourms et al. 1988). 

Respirometry and calorimetry measurements on three spe- 
cies of rockfishes, S. melunops, S. schlegeli, and S. caurinus, 
suggested some maternal transfer of energy during gestation 
where weight changes were - 11, + 22, and - 21%, respec- 
tively (Boehlert and Yoklavich 1984; Boehlert et al. 1986; 
Dygert and Gunderson 1991). The comparable energy losses, 
based on calorimetry data, for the three rockfish species were 
20,7, and 34%, respectively. Our method of assessing changes 
in organic weight and energy content during ovarian matura- 
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tion, independent of calorimetry and respirometry, established 
S. jlavidus values within the ranges established for other rock- 
fish species considered to have some degree of matrotrophy 
(Wourms 1991). 

Levels of phospholipids, cholesterol. and calcium (indicative 
of vitellogenin in females) in maternal S. flavidus serum during 
gestation were high relative to values found in male serum dur- 
ing the same period. This indicates matrotrophic contributions 
to embryonic nutrition in S. $avidus. For instance, lipids, par- 
ticularly phospholipids, were increased in serum of the matro- 
trophic blenny Zoarces viviparrts (Korsgaard and Petersen 
1979) and the embiotocid Cymatogasrer aggregata (devlaming 
et al. 1983) during gestation. 
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If elevated serum calcium in yellowtail rockfish reflects 
vitellogenin levels, as found in other fish species (Oguri and 
Takada 1967: Yaron et al. 1977; Elliot et al. 1979; Hori et al. 
1979), then vitellogenin transport during embryogenesis con- 
trasts with data from a western Pacific congener, Sebasres rac- 
zanowski (Takemura et al. 1991). Vitellogenin did not occur in 
maternal serum of S. raczanowski during gestation. However, 
another viviparous teleost, Gambusia ufJinis. previously con- 
sidered lecithotrophic (Wourms et al. 1988). has been shown 
to circulate vitellogenin during pregnancy (R. A. Wallace, 
C. V .  Whitney Laboratory, St. Augustine, FL, pers. comm.). 

A reproductive strategy of primarily lecithotrophic vivipar- 
ity. supplemented by matrotrophy of certain components, 
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FIG. 6. Changes in total lipid concentration in liver, ovary, and muscle of adult female S. fluvidus by 
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:neficial to S. Juvidus. Species inhabiting Pacific 
coastal areas of temperate North America must adapt to cycles 
of physical factors (e.g. temperature, currents) and biotic pro- 
ductivity dominated by upwelling of deep ocean water (Boje 
and Tomczak 1978). In most years, upwelling and associated 
productivity begin in March or April off central California 
(Bakun et al. 1974; Cushing 1978). During winter, when 
S. fluviduc reproduce, upwelling is usually greatly reduced 
leading to scarce food supplies, although upwelling and pro- 
ductivity during this period do occur in some years (e.g. Bakun 
1975). Supplemental matrotrophic processes would allow uti- 
lization of environmental productivity for reproduction during 
this time. Being primarily lecithotrophic, however, females can 
accumulate lipid reserves during the summer and early fall when 
prey is predictably abundant to support reproduction during the 
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[ a s a n a  winter. Thus, S. Juvidus employ lecithotrog , ptive 
strategy in a predictable, yet cyclic environment to couple 
disparate time intervals of food abundance and reproductive 
development. This contrasts with other situations where 
lecithotrophy may be advantageous, such as with Poeciliopsis, 
where unpredictable environmental conditions and food supply 
are encountered (Thibault and Schultz 1978). 

It is interesting that S. fluvidus, a relatively fecund vivipa- 
rous species with a long life span, would seem to adopt a repro- 
ductive nutritional strategy of committing lipids to ovarian 
development so early in the cycle (2-3 mo prior to fertilization) 
and not later when adequate nutrition and energy for female 
sustenance can be ensured. Poor nutrition and energy reserves 
can lead to increased susceptibility to disease and parasites 
(Ghittino 1989). Most viviparous species have small broods 
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FIG. 7 .  Profiles of (a) quantities and (b) energy content o f  total organic 
weight, lipid, and protein in ovaries o f  standard female S. flavidus by 
OMS. Values are means adjusted for variation of size (In (standard 
length)) by ANCOVA of females obtained from April 1985 through 
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(Wourms et al. 1988 whereas yellowtail rockfish fecundity 
approximates 1 x 106/female with a reproductive life span to 
45 yr (Eldridge et al. 1991). In lean feeding years, retaining 
lipids in mesenteries and other tissues until fertilization or later 
would increase the prospects of maternal survival and greater 
production of progeny in future, more optimal years, perhaps 
at the expense of the present year-class. If inadequate energy 
reserves are available, some of the intraovarian embryos may 
subsist on nutrients from other resorbing embryos, as proposed 
by Boehlert et al. (1986) for S. schlegeli, and contribute to a 
smaller year-class. Year-class strength is highly variable in 
Sebasfes populations on the west coast of North America and 
may be due, in part, to lower reproductive success of adult 
populations during years of lower food supply (Moser and 
Boehlert 1991). 
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