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ABSTRACT 
Late larval groundfish were collected off central 

California during late February and early March of 1992 
and 1993. Hydrographic data obtained during these sur- 
veys showed that in both years ocean temperatures were 
relatively warm as a result of El Niiio conditions. Contour 
plots of dynamic height topography at the surface indi- 
cated poleward flow in 1992, but equatonvard flow in 
1993. During 1992 large catches of shortbelly rockfish 
(Sebastes jordant), bocaccio (S. paucispinis), and other rock- 
fishes (Sebastes spp.) were made on the shoreward side of 
a temperature front located 100-150 km off the conti- 
nental shelf. Higher catches of Pacific and speckled sand- 
dabs (Citharichthys sordidus and C. stigmaem) were also 
associated with the front, but these species were found 
on both sides of the gradient. In contrast, Pacific whit- 
ing (Merlucn'trs productus) were most abundant in the warm, 
nearshore waters of the southeastern portion of the sur- 
vey area, whch suggests that these fish had been advected 
northward by poleward flow during El Niho. Catches 
of all species were lower in 1993 than in 1992, and there 
were markedly fewer large (>20 mm SL) individuals. 
High catches of shortbelly rockfish and other rockfishes, 
and moderate abundances of bocaccio, Pacific and speck- 
led sanddabs, and Pacific whiting were associated with 
an eddy feature detected in the salinity field off Monterey 
Bay; catches were also generally higher in nearshore 
waters, which were more saline. As in 1992, the largest 
catches of Pacific whiting in 1993 came from the warm 
nearshore waters of the southeastern portion of the sur- 
vey area. 

INTRODUCTION 
Successful recruitment of marine organisms with 

planktonic eggs and larvae is often strongly affected by 
the hydrographic conditions prevailing during the early 
life hstory (Bailey and Francis 1985; Cowen 1985; Ebert 
and Russell 1988; Roughgarden et al. 1988; Sinclair 
1988; Cury and Roy 1989; Hollowed 1992). The hy- 
drographic regime off central California is driven by a 
complex mixture of geostrophic and wind-driven flow 
patterns (Parrish et al. 1981; Simpson 1987; Strub et al. 
1987; Schwing et al. 1991). Geostrophic flow patterns 
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are dominated by equatorward transport in the California 
Current (surface to 200 m) throughout the year, with a 
nearshore reversal to poleward flow during the winter 
months in association with the shoaling of the California 
Undercurrent (core at approximately 300 m; Parrish et 
al. 1981; Simpson 1987). Wind-driven flow patterns show 
strong high-frequency and seasonal variability (Largier 
et al. 1993). Southerly (i.e., northward-progressing) winds 
during winter storms typically lead to turbulent mixing, 
onshore transport, and downwehg. Following the spring 
transition to upwelling-favorable northwesterly winds, 
however, wind forcing leads to offshore transport in 
the upper mixed layer, nutrient enrichment, and in- 
creased primary productivity (Parrish et al. 1981; Simpson 
1987; Strub et al. 1987). 

Although the increased productivity during upwehng 
is generally viewed as beneficial, the offshore advection 
of planktonic larvae could adversely affect recruitment 
to nearshore settlement areas (Roughgarden et al. 1988). 
It has been hypothesized that, for many species off cen- 
tral California, spawning in the winter season, before 
spring transition, is a strategy for avoiding such advec- 
tion offshore (Parrish et al. 1981). 

The purpose of this study is to examine the distri- 
butional patterns of larval and late larval groundfish-in 
particular, rockfishes (Sebastes spp.), sanddabs (Citharichthys 
spp.) , and Pacific whiting (Merluccius productur)-off cen- 
tral California during the period just before spring tran- 
sition, and to relate observed patterns to the prevailing 
hydrography. Previous studies of distributional patterns 
have either used bongo nets to examine early larvae (Loeb 
et al. 1983; Moser et al. 1993) or midwater trawls to ex- 
amine pelagic juveniles (Wyllie Echeverria et al. 1990; 
Larson et al. 1994). But there have been few studies on 
the distributional patterns of late larvae within the 10 to 
20 mm size range, a stage during ontogeny that has been 
implicated as important in establishing year-class strength 
(Smith 1985). 

MATERIALS AND METHODS 
Late larval groundfish were collected with a 5 m2 

frame trawl fitted with a 2 mm mesh net and a 505 pm 
mesh codend (Methot 1986). A large Isaacs-Kidd de- 
pressor was used to stabilize the net at its targeted depth. 
Trawling was conducted in midwater aboard the National 
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Figure 1. 
stations conducted during 1992 and 1993. 

Map of the study area, showing the locations of trawl and CTD 

Oceanic and Atmospheric Administration (NOAA) R/V 
David StarrJordan during the winters of 1992 (February 
23-March 6) and 1993 (March 2-13). The survey area 
ranged from Bodega Bay to Monterey Bay in 1992 and 
from Salt Point to Cypress Point in 1993 (figure 1). 
Oblique tows were conducted at night for a duration 
of 20-30 minutes. The maximum depth fished by the 
net, determined from an attached time-depth recorder 
(TDR), was 70 m in 1992 and 80 m in 1993. At one 
station per night, an additional deep tow was conducted 
to a maximum depth of 135 m in 1992 and 149 m in 
1993. Average tow speed was 1.2 m/second. A flow- 
meter affixed to the mouth of the net was used to de- 
termine the volume sampled. 

In 1992 a conductivity-temperature-depth (CTD) cast 
was performed at each trawl station, with additional 
CTD stations sampled during the day (figure 1). In 1993 
CTD casts were conducted at every other trawl station 
and at additional daytime stations (figure 1). Horizontal 
contour maps of temperature, salinity, and density (a,) 
at depths of 2, 10, 30, 100, 200, 300, and 500 m were 
created to chart the hydrography of the survey region. 

Contouring methods and plots are described and pre- 
sented in Sakuma et al. (1994a, b). In addition, tem- 
perature and salinity at 60 m were contoured specifically 
for ths study to characterize the hydrography within the 
lower depth range of the oblique tows. Likewise, dy- 
namic height topography at the surface (0/500 m) and 
at depth (200/500 m) was contoured with the methods 
described in Sakuma et al. (1994a, b). To compare sea- 
surface temperature (SST) during the two survey years 
with data from previous years, we examined March SST 
data from 1973 to 1993 for the Farallon Islands shore 
station (37O41.8’ N, 122’59.9’ W) monitored by the 
Point Reyes Bird Observatory (PRBO; data obtained 
from Scripps Institution of Oceanography Marine Life 
Research Group). We also examined anomalous March 
sea levels from 1975 to 1993 obtained at the NOAA, 
National Ocean Service (NOS) San Francisco tide gauge 
station at Fort Point (37”48’ N, 122’28’ W; data obtained 
from the Joint Archive for Sea Level Data, University 
of Hawaii). 

In 1992, larval fish were sorted at sea and placed in 
95% EtOH. Two subsamples of the sorted remainder 
were saved from each tow to check the accuracy of the 
sorting conducted at sea. In the laboratory, larval short- 
belly rockfish (Sebastes jordant), bocaccio (S. paucispinis), 
other rockfishes (Sebastes spp.), Pacific and speckled sand- 
dabs (Citharichthys sordidus and C. stigmaeus), Paclfic wht- 
ing (Merluccitrs productus), and “other” fish larvae were 
sorted and enumerated. In adhtion, standard length (SL) 
measurements were recorded for shortbelly rockfish, 
Pacific sanddab, and Pacific whiting, with large catches 
randomly subsampled and length measurements expanded 
to the whole catch. 

In 1993, because of reduced catch rates, the seven 
taxa were sorted, identified, enumerated, and placed in 
95% EtOH at sea. Subsamples of the sorted remainder 
were saved again and returned to the laboratory to check 
the accuracy of the shipboard sorts. Identifications of 
all taxa were reconfirmed in the laboratory. As in 1992, 
length measurements were recorded for shortbelly rock- 
fish, Pacific sanddab, and Pacific whiting; large catches 
were subsampled; and the total length composition was 
estimated through expansion. Catch statistics for both 
years were adjusted with the flowmeter reahngs to num- 
bers per 10,000 m3 of water filtered. 

We could not characterize the depth distributions of 
these species because of the vertical integration of abun- 
dance that occurs during an oblique tow. Therefore we 
excluded all deep trawls to standardze sampling to a spe- 
cific depth range. We then calculated Spearman rank 
correlation coefficients to compare log-transformed abun- 
dance statistics (log,[x+ 11) with hydrographic variables 
(i.e., temperature, salinity, and density) measured in situ 
(30 m depth). We selected this depth because prior 
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Figure 2. 
temperature at the Farallon Islands shore station (dotted line) from 1973 to 1993. 

March sea-level anomaly at the NOM, NOS San Francisco tide gauge station (solid line) from 1975 to 1993, and March sea-surface 

studies by Ahlstrom (1959) and Lenarz et al. (1991) in- 
dicated that larval and pelagic juvenile rockfish, sand- 
dabs, and Pacific whiting are generally most abundant 
below 20 m. Likewise, additional data obtained during 
a 10 m2 MOCNESS cruise conducted in March 1994 
indicated that the vertical distribution of most of 
these fishes is broadly centered between 20 and 60 m 
(unpubl. data, National Marine Fisheries Service, Tiburon 
Laboratory, 3150 Paradise Drive, Tiburon, CA 94920). 
To increase sample sizes in 1993, we used gridded in- 
terpolations of the hydrographic variables when actual 
data were not available. 

We superimposed total catches of shortbelly rockfish, 
bocaccio, other rockfishes, Pacific and speckled sand- 
dabs, and Pacific whiting onto horizontal contour maps 
of temperature and sahnity to examine spatial patterns 
of abundance in relation to the hydrographic regime. 
We then stratified catches of shortbelly rockfish, Pacific 
sanddab, and Pacific whiting into small (<lo mm SL), 
medium (10-19 mm SL), and large (>19 mm SL) size 
classes, and overlaid the data on hydrographic contours 
to examine differences in spatial distribution with size. 

RESULTS 
Increased sea levels were observed during March of 

1992 and 1993 at the N O M ,  NOS San Francisco tide 
gauge station (figure 2). In addition, data &om the Farallon 
Islands shore station indicated that SSTs in March of 
1992 and 1993 were anomalously warm (figure 2). Both 
the Farallon Islands shore station data and contours of 
CTD temperature at the surface indicated that SSTs were 
generally warmer in 1992 than in 1993 (figure 2). Sakuma 
et al. (1994a, b) reported that in both years the warmest 
SSTs were observed in the southern portion of the sur- 

vey area off Monterey Bay. In addition, contours of tem- 
perature and sahnity at the surface and at 30 m indicated 
that nearshore waters were generally warmer and more 
saline than oALShore waters. A notable exception in 1993 
was a high-salinity eddy feature offshore of Monterey 
Bay. This feature was most prominent at 30 m, but was 
present at the surface and down to 100 m (figure 3b; 
Sakuma et al. 1994b). A conspicuous hydrographic fea- 
ture observed in 1992 was a strong alongshelf tempera- 
ture gradient about 150 km from the coast; this feature 
was most prominent at 30 and 60 m (figure 3a; Sakuma 
et al. 1994a). 

In 1992, plots of dynamic height topography, both at 
the surface and at 200 m, showed elevated values 
nearshore and progressively decreasing values offshore, 
indicating an overall pattern of poleward flow at distances 
up to -140 km offshore (figure 4a). In contrast, the 
plot of 0/500 m dynamic height in 1993 showed ele- 
vated values well offshore and, to a lesser degree, over 
the continental slope, indicating a general pattern of 
equatonvard flow, whereas the nearshore flow pattern 
was not readily discernable (figure 4b). At 200 m, dy- 
namic heights were elevated both nearshore and well 
offshore, suggesting a general pattern of weak poleward 
flow nearshore and relatively strong equatonvard flow 
offshore (figure 4b). 

A total of 81 tows (includmg 14 deep tows) were made 
in 1992, and 65 tows (including 10 deep tows) in 1993. 
The preserved subsamples of the sorted remainders re- 
vealed substantial numbers of fish (i.e., more than 15% 
of the number originally sorted at sea) in 11 of the 81 
tows in 1992, and 10 of the 65 tows in 1993. In these 
cases larval fish were enumerated from the subsamples, 
and their numbers were expanded to the total volume 
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Figure 3. Contours of (a) temperature at 30 and 60 m in 1992 and (b) salinity at 

and added to the preliminary total. Catch rates of all taxa 
were higher in 1992 than in 1993 (figure 5). In addi- 
tion, the length-frequency data revealed that fish col- 
lected in 1992 represented a wider size range than in 
1993 (figure 6). 

Catches of shortbelly rockfish, other rockfishes, and 
Pacific whiting were positively correlated with temper- 
ature in 1992 (table 1). Moreover, temperature correla- 
tions between other rockfishes and Pacific whiting were 
among the highest observed, indicating that tempera- 
ture may have been an important influence on the dis- 
tributions of these fishes in 1992 (table 1). In contrast, 
catches of Pacific and speckled sanddabs were negatively 
correlated with density and were uncorrelated with 
temperature (table 1). Catches of bocaccio were not sig- 
nificantly correlated with any variable, although there 
appeared to be a slight negative relationship with den- 
sity (table 1). 

In 1993, unlike the preceding year, only catches of 
shortbelly rockfish were correlated with temperature 
(table 2). Instead, all species showed strong positive cor- 
relations with salinity, indicating that this hydrographic 

37 - 

. . . . . , . . .............. ... ....,., .. ..,.. .... ... ... 1993 Salinity (ppt) at 60 m 
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b" Longitude ("w) 
30 and 60 m in 1993. 

variable most strongly affected the distributions of these 
fishes in 1993. In a reversal of trend, catches of Pacific 
and speckled sanddabs were positively correlated with 
density in 1993 (table 2). Likewise, catches of shortbelly 
rockfish, other rockfishes, and Pacific whiting were pos- 
itively correlated with density (table 2). 

Although symbols proportional in size to catch rate 
were superimposed onto contour maps of temperature 
and sahi ty ,  only temperature maps are presented for 1992, 
because the distributional patterns correlated best with 
temperature (table 1). Similarly, because salinity had the 
highest correlations in 1993 (table 2), we present only 
overlays of abundance on the salinity field for that year. 

The overlays for 1992 showed that shortbelly rock- 
fish, bocaccio, other rockfishes, Pacific and speckled 
sanddabs, and PaclGc whiting were found ofFihore as well 
as nearshore (figure 7). However, large offshore catches 
of shortbelly rockfish and other rockfishes were made 
only on the warmer, nearshore side of the temperature 
front (figure 7a). Similarly, the largest catches of bocac- 
cio came from the nearshore side of the gradient (fig- 
ure 7a). In contrast, Pacific and speckled sanddabs were 
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1992 Dynamic Height O / m  rn 

Figure 4. Contours of dynamic height topography at the surface (0/500 m) and at depth (200/500 m) in (a) 1992 and (b) 1993. Arrows indicate the flow direction 
of the 0.9 m contour interval at the surface and the 0.41 m contour interval at depth. 

abundant on both the nearshore and offshore sides of 
the front (figure 7b). Large catches of Pacific and speck- 
led sanddabs on the colder offshore side as well as the 
warmer nearshore side of this thermal feature could ac- 
count for the lack of correlation with temperature (table 
1, figure 7b). Large catches of Pacific whiting were made 
primarily in the southern portion of the survey area on 
the nearshore side of the frontal gradient in association 
with the warmest water temperatures, which accounts 
for the high correlation between temperature and whit- 
ing abundance (table 1, figure 7b). 

In 1993 the largest catches of shortbelly rockfish, 
bocaccio, other rockfishes, Pacific and speckled sanddabs, 
and Pacific whiting were made in relatively saline near- 
shore waters or in association with the offshore eddy fea- 
ture (figure 8). These results account for the significant 
correlations with salinity observed in 1993 (table 2). 

The size-based overlays of shortbelly rockfish in 1992 
indicated that small individuals were most abundant 
nearshore (figure 9). Medium-sized shortbelly rockfish 
were also relatively abundant nearshore, but the highest 
catches were made offshore. Large individuals were most 

abundant offshore (figure 9). In 1992 the highest catches 
of small Pacific sanddab were generally made nearshore, 
although very few specimens were collected in any one 
area (figure 10). In contrast, the highest catches of 
medium-sized and large Pacific sanddab were made off- 
shore (figure 10). The 1992 size-based overlays of Pacific 
whiting showed no distinct differences in the distribu- 
tions of small, medium, and large individuals (figure 11). 

In contrast to the pattern observed in 1992 (figure 9), 
there were no dstinct Merences in distribution between 
small and medium-sized shortbelly rockfish in 1993 (fig- 
ure 12). Small and medmm-sized shortbelly rockfish were 
abundant nearshore and in association with the off- 
shore eddy (figure 12). The spatial distribution of large 
shortbelly rockfish could not be discerned because only 
one specimen was collected (figures 6 and 12). Similarly, 
no size-based differences in distribution were observed 
for Pacific sanddab in 1993, because catches of small and 
large specimens were much reduced (figure 13). Although 
catches of Pacific whiting were much lower in 1993 
compared with 1992, moderate numbers of small and 
medium-sized specimens were collected at several stations 
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(figure 14). Small Pacific whiting were generally most 
abundant nearshore, whereas medium-sized individuals 
were abundant nearshore as well as offshore in associa- 
tion with the eddy (figure 14). Unfortunately, the largest 
single catch of Pacific whiting taken in 1993 (second 
station off Cypress Pt.; figure 8b) was discarded at sea, 
and no size data were recorded. However, the lack of 
size information for this nearshore station was not crit- 
ical to describing differences in distribution with size, 
because all three size categories of Pacific whiting gen- 
erally increased in abundance near shore (figure 14). 

DISCUSSION 
The relatively warm conditions in 1992 and 1993 

were associated with a major El Niiio event (see Sym- 
posium section; figure 2; Hayward 1993; Sakuma et al. 
1994a, b). Along with increased temperature, other char- 
acteristics of El Niiio along the California coast in- 
clude a nearshore rise in sea level, enhanced poleward 
transport, increased onshore transport, reduced upwelling, 
and a depressed thermocline (Brodeur et al. 1985; Mysak 
1986; Pearcy and Schoener 1987; Clarke and Van Gorder 
1994). Anomalously high sea levels were observed in 
both survey years (figure 2). Enhanced poleward trans- 
port was clearly evident in our dynamic height data for 
1992, but geostrophc flows at the surface apparently had 
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Figure 6. Length-frequency distributions of larval groundfish collected in 1992 and 1993. 

1 84 



SAKUMA AND RALSTON: LARVAL GROUNDFISH DISTRIBUTION, 1992 AND 1993 
CalCOFl Rep., Vol. 36, 1995 

TABLE 1 
Spearman Rank Correlation Coefficients for 1992 (n = 66) 

TABLE 2 
Spearman Rank Correlation Coefficients for 1993 (n = 53) 

Temperature Salinity Density 
('C) (PPt) (kg/m3) 

Shortbelly rockfish 0.30 
0.0134 

Bocaccio 0.03 
0.8082 

Other rockfishes 0.42 
0.0005 

Pacific whiting 0.33 
0.0066 

Pacific sanddab 0.05 
0.6777 

Speckled sanddab 0.12 
0.3463 

0.35 
0.0044 

-0.16 
0.2012 

0.32 
0.0087 

0.09 
0.4565 

-0.23 
0.0655 

-0.13 
0.2890 

0.20 
0.1020 

-0.21 
0.0887 

0.11 
0.3815 

-0.11 
0.3942 

-0.30 
0.0145 

-0.28 
0.0234 

Shortbelly rockfish 

Bocaccio 

Other rocktishes 

Pacific whiting 

Pacific sanddab 

Speckled sanddab 

0.30 
0.0292 

0.24 
0.0851 

0.24 
0.0892 

0.20 
0.1338 

0.05 
0.7246 

-0.14 
0.3084 

0.73 
0.0001 

0.22 
0.1227 

0.49 
0.0002 

0.73 
0.0001 

0.46 
0.0006 

0.27 
0.0530 

0.58 
0.0001 

0.10 
0.4863 

0.40 
0.0030 

0.61 
0.0001 

0.49 
0.0003 

0.44 
0.0010 

Significance probabilities for each correlation are given in boldface under the 
coefficients. 

reverted to the more typical condition of offshore equa- 
tonvard transport in 1993 (figure 4). However, nearshore 
flow patterns at the surface in 1993 were not readily dis- 
cernable (figure 4b). Therefore, because increased sea 
levels generally coincide with enhanced poleward trans- 
port (Mysak 1986), the timing of the 1993 survey may 
have coincided with a waning period in poleward trans- 
port rather than a total reversal of flow to equatonvard 
transport (figures 2 and 4b). Because of unusual El Niiio 
conditions, the distributional relationships we observed 
may not be indicative of spatial patterns prior to spring 
transition in other non-El Niiio years. 

Although ocean temperatures were warm in both 
1992 and 1993 (figure 2; Sakuma et al. 1994a, b), there 
were distinct differences between these two years in the 
abundance patterns of the late larval fish we surveyed. 
In 1992 the best correlations of physical and biological 
data were between the various larval abundances and 
temperature (table 1). In contrast, salinity was more 
strongly correlated with abundance in 1993 (table 2). 
These interannual differences were probably representa- 
tive of a more complex underlying relationship between 
the hydrographic regime and the distributional patterns 
of larval fish. 

Between-year differences were also evident in our 
size-based analysis of shortbelly rockfish and Pacific 
sanddab. In 1992, these species were distributed pro- 
gressively offshore with increasing size (figures 9 and 10); 
in 1993 all size categories of these species were found 
primarily in nearshore waters, or in association with the 
offshore eddy feature evident in the salinity field (figures 
12-14). Whereas small shortbelly rockfish were found 
primarily nearshore in 1992, elevated numbers of small 

Significance probabilities for each correlation are given in boldface under the 
coe5cients. 

individuals occurred well offshore in association with 
the eddy feature in 1993, suggesting that in 1993 these 
early larvae were advected offshore (figure 12). 

Larval catch rates during the winter of 1992 were hgh 
relative to 1993 (figure 5). However, this did not trans- 
late into greater year-class strength in 1992 than in 1993. 
To the contrary, midwater trawl surveys conducted in 
May and June indicated that catch rates of all pelagic 
juvenile rockfish species were very low in 1992, whereas 
abundances in May and June of 1993 were moderate 
(Eldridge 1994). This suggests that annual reproductive 
success, at least among the rockfishes, had not been es- 
tablished at the time our 1992 larval survey was con- 
ducted (early March), although the effect of advection 
or emigration of individuals out of the survey area can- 
not be discounted. Ralston and Howard (in press) have 
shown that rockfish year-class strength is set by May-June, 
even though cohort variability may increase later, upon 
settlement. 

It is important to note that high catches of several 
species were made well offshore in both years (figures 
7 and 8). One might presume that offshore-distributed 
late larvae of species like shortbelly rockfish, bocaccio, 
and Pacific and speckled sanddabs are effectively lost to 
adult populations, which inhabit the nearshore conti- 
nental shelf and slope regions. Indeed, offshore Ekman 
transport due to equatonvard wind stress has often been 
implicated as a contributing factor leading to poor re- 
cruitment in nearshore benthic species (Parrish et al. 
1981; Bakun and Parrish 1982; Wild et al. 1983; 
Roughgarden et al. 1988; Ebert and Russell 1988). 

It should be emphasized that even though both our 
surveys were conducted before the spring transition to 
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Figure 7. Temperature at 30 m in 1992 overlaid with total catches of (a) shortbelly rockfish, bocaccio, and other rockfishes; (b) Pacific and speckled sanddabs, 
and Pacific whiting. 

the upwelling season, when offshore Ekman transport is 
greatest (Parrish et al. 1981; Strub et al. 1987; Largier et 
al. 1993), episodc cross-shelf transport to ofEhore waters 
does occur in winter. Results presented in Sakuma et al. 
(1994a, b) showed upwelling-favorable wind events dur- 
ing January of both years. We believe the offshore dis- 
tribution of larvae may have been due to ofEhore Ekman 
transport stemming fiom episodic events of equatorward 

wind stress. In 1992 the offshore distribution of larvae 
may have been maintained by the poleward propagation 
of the warm-sahe coastal water mass in association with 
the El Niiio event (figure 4a; Clarke and Van Gorder 
1994; Norton and McLain 1994). In 1993 the offshore 
distribution of larvae was probably maintained by the 
eddy feature evident in the salinity field (figure 3a). 

The hypothesis that offshore larvae are vagrants gone 
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Figure 8. 
Pacific whiting. 

Salinity at 30 m in 1993 overlaid with total catches of (a) shortbelly rockfish, bocaccio, other rockfishes; (b)  Pacific and speckled sanddabs, and 

astray from retention areas (sensu Sinclair 1988) is con- 
sistent with additional data for young-of-the-year short- 
belly rockfish and other rockfishes gathered in 1992. 
Midwater trawls conducted later in that year revealed 
that survival to the pelagic juvenile stage was very low 
(Eldridge 1994). It is not implausible to speculate that 
larvae distributed far offshore have little chance of reach- 
ing nearshore settlement areas. However, larvae within 

reasonable range of the continental shelf may reach 
nearshore settlement areas under the right set of condi- 
tions. Bakun and Parrish (1982) concluded that upwelling 
and offshore transport could be beneficial, depending 
on the timing and duration of the upwelling events rel- 
ative to the life stage of the species being considered. 
In 1993 the survival of shortbelly rockfish and other 
rockfishes was moderate (Eldridge 1994), despite an 
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Figure 9. Temperature at 30 m in 1992 overlaid with total catches of small 
(c10 mm SL), medium-sized (10-19 mm SL), and large (>I9 mm SL) short- 
belly rockfish. 
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Figure 10. Temperature at 30 m in 1992 overlaid with total catches of small 
(c10 mm SL), medium-sized (10-19 mm SL), and large (>19 mm SL) Pacific 
sanddab. 

extensive offshore distribution of late larvae (figure 8a). 
Even so, these offshore larvae were primarily distributed 
around an eddy feature (figure 8), whch may have acted 
as a larval retention mechanism (Sinclair 1988). Schwing 
et al. (1991) have proposed that such mesoscale features 
can aggregate and maintain larvae near potential settle- 
ment areas (see also Lobe1 and Robinson 1986), despite 

the predominant equatonvard flow of the California 
Current and offshore Ekman transport associated with 
upwelling. In addition, Hayward and Mantyla (1990) have 
reported that certain types of eddies can raise the nu- 
tricline into the photic zone, leading to increased prlmary 
production at the perimeter. The increased production 
in such areas would allow for better larval survival than 
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Pacific Whiting in 1992 
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Figure 11. Temperature at 30 m in 1992 overlaid with total catches of small 
( 4 0  mm SL), medium-sized (10-19 mm SL), and large (>19 mm SL) Pacific 
whiting. 

in the surrounding oligotrophic offshore waters. There- 
fore, within limits, an offshore distribution of larvae, in 
and of itself, may not be detrimental to survival. 

Sakuma (1992) observed that early-stage metamor- 
phic Pacific and speckled sanddabs were predominantly 
distributed farther offshore than late-stage individuals, 
which were distributed closer to shore. In t h s  study, hgh 

< 10 mm SL 

. . . . . . . . . . . . . . ...... . .....: 
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Figure 12. Salinity at 30 m in 1993 overlaid with total catches of small ( 4 0  
mm SL), medium-sized (10-19 mm SL), and large (>19 mm SL) shortbelly 
rockfish. 

catches of medium-sized and large Pachc sanddab, whch 
correspond to the early-stage individuals in Sakuma 1992, 
were predominantly distributed offshore (figures 10 and 
13). Larson et al. (1994) observed a similar trend in the 
pelagic juveniles of several species of rockfish, in which 
smaller indwiduals had a more oftihore hstribution, whde 
larger ones were more often found nearshore. In this 
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Figure 13. Salinity at 30 m in 1993 overlaid with total catches of small ( 4 0  
mm SL), medium-sized (10-19 mm SL), and large (>19 mm SL) Pacific 
sanddab. 
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Figure 14. Salinity at 30 m in 1993 overlaid with total catches of small 
( 4 0  mm SL). medium-sized (10-19 mm SL), and large (219 mm SL) Pacific 
whiting. 

study, we observed high offshore catches of medium- 
sized and large shortbelly rockfish (figures 9 and 12), 
which corresponded to the small pelagic juveniles in 
Larson et al. (1994). Larson et al. (1994) and Sakuma 
(1 992) both indicated that earlier larval stages were sub- 
ject to transport offshore by prevailing current patterns, 
whereas later juvenile stages were able to reach nearshore 

settlement areas through some sdl-unknown set of mech- 
anisms (Sakuma 1992; Larson et al. 1994). Given that 
juvenile rockfishes can remain pelagic for over 150 days 
(Woodbury and Ralston 1991), and that Pacific and 
speckled sanddabs can remain pelagic for over 270 days 
(E. B. Brothers, unpubl. data. EFS Consultants, 3 Sunset 
West, Ithaca, NY 14850; Kendall 1992), it is reason- 
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able to postulate that larvae distributed offshore may be 
transported toward shore at some later period. 

In contrast to the distributional patterns of sanddabs 
and rockfishes, the largest catches of Pacific whiting were 
made closer to shore in the southernmost portion of the 
survey area (figures 7b and 8b). This may have been due 
to northward transport of larvae spawned to the south, 
or a northward shift in spawning location during El Niiio 
conditions (Bailey and Francis 1985; Hollowed 1992). 

The difference in the horizontal distribution of Pacific 
whiting with respect to sanddabs and rockfishes could 
also be attributed to differences in their vertical distri- 
butions. Larval sanddabs and rockfishes are generally 
abundant between 20 and 60 m within the mixed layer 
(Ahlstrom 1959; unpubl. MOCNESS data), whereas 
Pacific whiting are generally most abundant below the 
mixed layer at depths greater than 50 m (Ahlstrom 1959; 
Bailey and Francis 1985). The deeper distribution of 
Pacific whiting larvae below the mixed layer would sub- 
ject them to different current patterns and transport 
mechanisms than fish found within the mixed layer. 
Figure 3 indicates that, although the overall flow pat- 
terns observed at 30 m were similar to those at 60 m, 
there were smaller-scale differences in hydrography be- 
tween the two depths. These smaller-scale differences 
over a period of time could account for the difference 
in the distribution of Pacific whiting compared with 
rockfishes and sanddabs in 1992 (figure 7). 

In summary, the distributional patterns of these late 
larval groundfish prior to spring transition appear to de- 
pend on the prevailing hydrography. The hydrographic 
regime is subject to interannual variations in flow, and 
the various species groups are affected differently by these 
variations. Larvae appear to be subject to transport off- 
shore away from the shelf and slope areas, but this does 
not preclude future recruitment to nearshore areas. In 
addition, at least for the rockfish species, reproductive 
success in 1992 had not been determined by early March, 
indicating that prevailing and future environmental con- 
ditions could dramatically affect recruitment. 

ACKNOWLEDGMENTS 
We wish to thank Tom Laidig, Bill Lenarz, Beth 

Norton, Don Pearson, Gareth Penn, Dale Roberts, and 
Dave Woodbury, who all participated as members of the 
scientific field party. We also thank the officers and crew 
of R / V  David Starr Jordan for their able assistance. In ad- 
dition, Glenn Almany, Tracy Hannigan, and Jennifer 
McCarthy helped process samples ashore. Special thanks 
to Ed Armstrong for providing the dynamic height cal- 
culations from the CTD data. The ideas we present 
evolved as a result of many &scussions and careful manu- 
script critiques by Ralph Larson, Bill Lenarz, Dale 
Roberts, Frank Schwing, and Dave Woodbury. 

LITERATURE CITED 
Ahlsnom, E. H. 1959. Vertical distribution of pelagic fish eggs and larvae off 

Cahfomia and Baja California. Fish. Bull. 60:107-146. 
Bailey, K. M., and €2. C. Francis. 1985. Recruitment of Pacific whiting, 

Merluu-iusproductus, and the ocean environment. Mar. Fish. Rev. 47(2):&15. 
Bakun, A,, and R. H. Parrish. 1982. Turbulence, transport, and pelagic fish 

in the California and Peru current systems. Calif. Coop. Oceanic Fish. 
Invest. Rep. 23:99-112. 

Brodeur, R. D., D. M. Gadomski, W. G. Pearcy, H. P. Batchelder, and 
C. B. Miller. 1985. Abundance and distribution ofichthyoplankton in the 
upwelling zone off Oregon during anomalous El Nirio conditions. Estuarine 
Coastal Shelf Sci. 21:365-378. 

Clarke, A. J., and S. Van Gorder. 1994. On  ENS0  coastal currents and sea 
levels. J. Phys. Oceanogr. 24:661480. 

Cowen, R. K. 1985. Large-scale pattern of recruitment by the labrid, 
Sernirossyphus pukher: causes and implications. J. Mar. Res. 43:719-742. 

Cury, P., and C. Roy. 1989. Optimal environmental window and pelagic 
fish recruitment success in upwelling areas. Can. J. Fish. Aquat. Sci. 46: 
670480. 

Ebert, T. A,, and M. P. Russell. 1988. Latitudinal variation in size structure 
of the West Coast purple sea urchin: a correlation with headlands. Limnol. 
Oceanogr. 33(2):286-294. 

Eldridge, M. B., ed. 1994. Progress in rockfish recruitment studies. NMFS, 
SWFSC, Admin. Rep., Tiburon, T-94-01, 55 pp. 

Hayward, T. L. 1993. Preliminary observations of the 1991-1992 El Nirio 
in the California Current. Cahf. Coop. Oceanic Fish. Invest. Rep. 34:21-29. 

Hayward, T. L., and A. W. Mantyla. 1990. Physical, chemical and biological 
structure of a coastal eddy near Cape Mendocino. J. Mar. Res. 48:825-850. 

Hollowed, A. B. 1992. Spatial and temporal distributions of Pacific hake, 
Merluccius productus, larvae and estimates of survival during early life stages. 
Calif. Coop. Oceanic Fish. Invest. Rep. 33:10G123. 

Kendall, M. L. 1992. Determination of age and settlement date in juvenile 
speckled sanddabs, Citharichthys stigrnaeus, using daily increments on otoliths. 
Unpubl. master's thesis, San Francisco State Univ. 59 pp. 

Larger, J. L., B. A. Magnell, and C. D. Winant. 1993. Subtidal circulation 
over the northern Cahfomia shelf: J. Geophys. Res. 98(C10):18,147-18,179. 

Larson, R. J., W. H. Lenarz, and S. Ralston. 1994. The distribution ofpelagic 
juvenile rockfish of the genus Sebastes in the upwelling region off central 
Cahfornia. Calif. Coop. Oceanic Fish. Invest. Rep. 35:175-221. 

Lenarz, W. H., R. J. Larson, and S. Ralston. 1991. Depth distributions of 
late larvae and pelagic juveniles of some fishes of the California Current. 
Cahf. Coop. Oceanic Fish. Invest. Rep. 3241-46. 

Lobel, P. S., and A. R. Robinson. 1986. Transport and entrapment of fish 
larvae by ocean mesoscale eddies and currents in Hawaiian waters. Deep- 
Sea Res. 33(4):483-500. 

Loeb, V. J., P. E. Smith, and H. G. Moser. 1983. Geographical and seasonal 
patterns oflarval fish species structure in the California Current area, 1975. 
Cahf. Coop. Oceanic Fish. Invest. Rep. 24:132-151. 

Methot, R. D. 1986. Frame trawl for sampling pelagic juvenile fish. Calif. 
Coop. Oceanic Fish. Invest. Rep. 27:267-278. 

Moser, H. G., R. L. Charter, P. E. Smith, D. A. Ambrose, S .  R. Charter, 
C. A. Meyer, E. M. Sandknop, and W. Watson. 1993. Distributional atlas 
of fish larvae and eggs in the Cahfornia Current region: taxa with 1000 
or more total larvae, 1951 through 1984. Calif. Coop. Oceanic Fish. Invest. 
Atlas 31, 233 pp. 

Mysak, L. A. 1986. El Niiio, interannual variability, and fisheries in the north- 
east Pacific Ocean. Can. J. Fish. Aquat. Sci. 43:464-497. 

Norton, J. G., and D. R. McLain. 1994. Diagnostic patterns of seasonal and 
interannual temperature variation off the west coast of the United States: 
local and remote large-scale atmospheric forcing. J. Geophys. Res. 99(C8): 

Pamsh, R. H., C. S. Nelson, and A. Bakun. 1981. Transport mechanisms 
and reproductive success offishes in the Cahfomia Current. Biol. Oceanogr. 

Pearcy, W. G., and A. Schoener. 1987. Changes in the marine biota coin- 
cident with the 1982-1983 El Nirio in the northeastern subarctic Pacific 
Ocean. J. Geophys. Res. 92:14,417-14,428. 

Ralston, S., and D. F. Howard. In press. On  the development of year-class 
strength and cohort variability in two rockfishes inhabiting the central 
California coast. Fish. Bull. 93(4). 

16,019-16.030. 

1 (2):175-203. 

191 



SAKUMA AND RALSTON: LARVAL GROUNDFISH DISTRIBUTION, 1992 AND 1993 
CalCOFl Rep., Vol. 36, 1995 

Roughgarden, J., S .  Gaines, and H.  Possingham. 1988. Recruitment dy- 
namics in complex life cycles. Science 241:1460-1466. 

Sakuma, K. M. 1992. Pelagic distributions ofjuvenile sanddabs (Citharichthys 
stigmaeus and C. sordidus) off central California. Unpubl. master’s thesis, 
San Francisco State Univ. 78 pp. 

Sakuma, K. M., H. A. Parker, S .  Ralston, F. B. Schwing, D. M. Husby, 
and E. M. Armstrong. 1994a. The physical oceanography off the central 
California coast during February-March and May-June 1992: a summary 
of CTD data from pelagic young-of-the-year rockfish surveys. NOAA- 
TM-NMFS-SWFSC-208, 169 pp. 

-. 1994b. The physical oceanography off the central California coast 
during March and May-June 1993: a summary of CTD data from pelagic 
young-of-the-year rockfish surveys. NOAA-TM-NMFS-SWFSC-209, 
168 pp. 

Schwing, F. B., D. M. Husby, N. Garfield, and D. E. Tracy. 1991. Mesoscale 
oceanic response to wind events off central California in spring 1989 CTD 
surveys and AVHRR imagery. Calif. Coop. Oceanic Fish. Invest. Rep. 
32:47-62. 

Simpson, J. J. 1987. Transport processes affecting the survival of pelagic fish 
stocks in the California Current. Am. Fish. SOC. Symposium 2:39-60. 

Sinclair, M. 1988. Marine populations: an essay on population regulation and 
speciation. Univ. Wash. Press, 252 pp. 

Smith, P. E. 1985. Year-class strength and survival of 0-group clupeoids. 
Can. J. Fish. Aquat. Sci. 42(Suppl. 1):69-82. 

Stmb, P. T., J. S .  Allen, A. Huyer, and R. L. Smith. 1987. Large-scale struc- 
ture of the spring transition in the coastal ocean off western Noah America. 
J. Geophys. Res. 92:1527-1544. 

Wild, P. W., P. M. W. Law, and D. R. McLain. 1983. Variations in ocean 
climate and the Dungeness crab fishery in Cahfornia. In Life history, en- 
vironment, and mariculture studies of the Dungeness crab, Cancer magis- 
ter, with emphasis on the central Cahfomia fishery resource, P. W. Wild 
and R. N. Tasto, eds. State of Calif. Dep. Fish Game, Fish Bull. 172, 

Woodbury, D., and S .  Ralston. 1991. Interannual variation in growth rates 
and back-calculated birthdate dlsmbutions of pelagic juvenile rockfishes 
(Sebastes spp.) off the central California coast. Fish. Bull. 89523433. 

Wylhe Echeverria, T., W. H. Lenarz, and C. A. Reilly. 1990. Survey of 
the abundance and distribution of pelagic young-of-the-year rockfish, 
Sebastes, off central California. NOAA-TM-NMFS-SWFC-147, 125 pp. 

pp. 175-188. 

192 


