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ABSTRACT
We examined the vertical distribution of pelagic ju-

veniles in 15 species of rockfishes off central California.
In depth-stratified midwater trawls made at night, pelagic
juveniles of most species were equally distributed through-
out the water column. Notable exceptions were Sebastes
paucispinis, which was significantly more abundant in 
10 m and 30 m tows, and S. melanops, S. entomelas, and
S. mystinus, which were common in 100 m tows though
not significantly so. All species were collected mainly
below the thermocline, but thermocline depth was a
poor predictor of the vertical distribution of pelagic 
juveniles. Increased stratification of the water column,
however, led to a tendency for deeper centers of den-
sity for most species (13 of 15), and smaller rockfishes
(≤25 mm standard length) occurred primarily below the
thermocline. In the presence of weak or gradual ther-
moclines, Simpson’s (1981) parameter of water column
stratification may be a better measure of overall water
column characteristics than thermocline depth alone,
and it may be a better indicator of the effects of water
column characteristics on the distribution of pelagic
juvenile rockfishes. The patterns indicated by our data
suggest that it would be worthwhile to further examine
the effects of ontogeny and hydrography on the vertical
distributions of pelagic juvenile rockfishes.

INTRODUCTION
While the effects of coastal oceanographic features and

the horizontal distributions of the early life stages of
fishes have been studied extensively (Kingsford and Choat
1986; Grimes and Finucane 1991; Cowen et al. 1993;
Sabatés and Olivar 1996), comparatively little attention
has focused on their influence on vertical distributions.
Knowledge of vertical distribution of early life stages,
however, is essential to understanding the interactions
between oceanographic and biological processes. For ex-
ample, pelagic early life stages of fishes may exhibit be-
havioral strategies that help them either to remain in, or

to be transported to, favorable areas. A combination of
vertical migration and vertically structured ocean processes
may provide a mechanism for avoidance of passive larval
drift, resulting in increased larval retention, survival, and
recruitment (Sinclair 1988; Bakun 1996).

Interactions between active vertical migration (Parrish
et al. 1981; Moser and Boehlert 1991), stage of devel-
opment (Larson et al. 1994; Sakuma and Larson 1995),
and physical transport mechanisms may affect the on-
shore/offshore distributions of the pelagic early life stages
of fishes in the upwelling regions of the California
Current system. Studies of vertical distribution in these
upwelling areas suggest that the depth distributions of
rockfish larvae in particular are directly related to water
column stratification, with the lower depth limit of lar-
vae being bound by either the depth of the thermocline
(Ahlstrom 1959; Moser and Boehlert 1991) or the pyc-
nocline (Sakuma et al. 1999). Lenarz et al. (1991) found
no evidence of a relationship between thermocline depth
and the vertical distributions of pelagic juvenile rock-
fishes off central California. However, the data of Shenker
(1988) and Doyle (1992) indicate that pelagic juvenile
stages may occur shallower in the water column than
larvae, suggesting that responses to depth and to the ther-
mocline may vary with ontogeny.

This article employs a long-term data set collected by
the National Marine Fisheries Service, during May-June
cruises from 1987 to 1998 to investigate the depth dis-
tributions of pelagic juvenile rockfishes in relation to
hydrography. Specifically, we describe the vertical dis-
tributions of pelagic juvenile stages of fifteen Sebastes
species relative to the stratification of the water column.

METHODS
The California Current system off central California

is strongly influenced by seasonal, wind-driven upwelling
(Hickey 1979) and associated filaments and eddies
(Mooers and Robinson 1984). A strong upwelling cen-
ter occurs at Point Reyes and a weaker one at Davenport,
north of Monterey Bay (Schwing et al. 1991). Filaments
from these centers carry upwelled water far offshore and
to the south, forming frontal boundaries with warmer,
less saline water masses (Mooers and Robinson 1984;
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Schwing et al. 1991). Filaments intermingled with syn-
optic mesoscale eddies may provide significant cross-shelf
transport of heat, nutrients, and biota (Mooers and
Robinson 1984).

Data Collection
The National Marine Fisheries Service conducts an-

nual May-June midwater-trawl surveys of pelagic juve-
nile fishes between Cypress Point (36˚35'N) and Point
Reyes (38˚10'N). A set of stations is sampled during ten-
night sweeps of the survey area using a modified Cobb
midwater trawl with a nominally square 14 m by 14 m
mouth and a 9.5 mm stretched mesh cod-end liner
(Wyllie Echeverria et al. 1990). Three replicate sweeps
are typically completed from mid-May to mid-June of
each year. We used data from trawls at the four most
consistently sampled depth-stratified stations to investi-
gate species’ depth preferences (see fig. 1). Because tar-
get depths varied over the years, catches were divided
into three depth categories, 10 m (6 and 8 m target depth
tows), 30 m (30 and 32 m target depth tows), and 100
m (80 and 110 m target depth tows). Since 1993, a
Vemco TDR (time-depth recorder) was attached to the
upper bridle of the net and recorded the depth of each
tow. The net was lowered to the target depth and towed
at a ship speed of approximately 5 km/hr for 15 min, as
described by Lenarz et al. (1991).

Conductivity-temperature-depth (CTD) casts were
made using a Sea-Bird Electronics SEA-CAT-SBE-19
profiler at each trawl station to obtain temperature, salin-
ity, and density information at depth.

Pelagic juvenile Sebastes were collected, identified,
counted, and frozen at �80˚C aboard the research ves-
sel. In the laboratory, standard length (SL) was measured
to the nearest mm for either all individuals of each species
or a subsample of 100 fish per tow of each species.

Data Analysis
Acoustic measurements indicate that the mouth width

of the Cobb midwater trawl changes with depth. Width
varies from 8 m at a depth of 10 m, to 11 m at 30 m
depth, and 13.5 m at 100 m depth (Lenarz at al. 1991).
We adjusted catch abundances for mouth width prior
to analysis by multiplying the 10 m depth trawls by 1.375
(11/8) and 100 m depth trawls by 0.8148 (11/13.5); we
did not adjust 30 m depth trawls. We log transformed
adjusted species abundances (abundance +1) to normalize
the data and equalize variances. Because of high vari-
ability of towed net sampling, we present data results at
both the 0.05 and 0.10 significance levels.

We examined within-station differences in species’
abundances due to year, depth, and year*depth interac-
tions using a two-factor, repeated-measures analysis of
variance (ANOVA). For this analysis, catches for each

species were averaged within depth categories for each
station and year because not all depths at a station were
sampled in each sweep and we needed a complete data
matrix to perform the statistical analysis. As a result, the
average catch at each station and depth, while typically
based on three data points, was sometimes based on one
or two data points. We considered year and depth as ex-
perimental treatments. We performed all F-tests under
the assumption of multivariate normality and adjusted
probability values for violations of the assumption of
compound symmetry using the Huynh-Feldt epsilon
(O’Brien and Kaiser 1985; Athey and Connor 1989).

We compared the vertical distribution of each species
to the depth of the thermocline by subtracting the mean
depth of catch from the depth of the thermocline at each
of the four stations (Sakuma et al. 1999). We refer to
this as the depth of catch relative to the thermocline (DCRT).
We carried out this analysis for stations at which all three
depth strata were sampled and at which the species was
captured in at least one depth stratum. We calculated
the mean depth of each species as the center of density:

n

Z =� PiZi,
i = 1

where Zi is the depth of the ith sample, and Pi is the
proportion of pelagic juveniles at depth i (Fortier and
Leggett 1983).

66

Figure 1. Location of four stations with depth-stratified tows sampled dur-
ing May–June cruises, 1987–98, and included in the repeated measures
analysis of variance.



ROSS AND LARSON: INFLUENCE OF WATER COLUMN STRATIFICATION
CalCOFI Rep., Vol. 44, 2003

We defined station thermocline depth as the depth
of maximum change in temperature (∆T). We addressed
the question of whether this represented a “true” ther-
mocline by comparing a measure of water column strat-
ification, � (Simpson 1981), to our estimated thermocline
depths. A highly significant Spearman rank correlation
between ∆T and � supports our definition (rs = 0.513,
p = 0.000, n = 120). We calculated the stratification 
parameter, �, the amount of work per unit volume
( J/m3) required to bring about vertical redistribution of
the mass in complete mixing, as

0
� = 1/h � (–���)gzdz,

�h

where
0–� = 1/h � �zdz,

�h

h = depth of CTD cast (m),

� = density (kg/m3),

g = �9.8 (m/s2), and 

z = depth (m),

using the density data over the depth of the CTD cast
or 150 m, whichever was the least.

To determine if the depth of the thermocline had a
direct influence on vertical distribution, we calculated
the mean depth of catch relative to a fixed depth of 20 m
(DCR20) and compared the variances with those of the
DCRT (Sakuma et al. 1999).

We investigated the role of thermocline strength in
determining species’ depth distributions by regressing
the mean depth of catch against water column stratifi-

cation, �, at the same station. We assume that the strat-
ification parameter is a good proxy for the strength of
the thermocline (pycnocline and thermocline depths
were highly correlated, rs = 0.816, p = 0.000, n = 120).

RESULTS
Over 173,000 pelagic juvenile rockfishes were col-

lected in the midwater trawls, and catches were domi-
nated by Sebastes jordani (tab. 1). Specimens ranged in
size from 8 to 110 mm SL, with a mode of 73 mm SL
in shallow tows, 67 mm SL in mid-depth tows, and 68
mm SL in deep tows. A small proportion of the indi-
viduals were either late larval or early juvenile stages
10–20 mm in SL, but most were larger juveniles of a
size believed competent to settle (30–90 mm SL, de-
pending on species) (Anderson 1983; Ralston and
Howard 1995). Fish smaller than 25 mm SL, however,
are not fully vulnerable to the midwater trawl gear, so
they are underestimated in the catches (D. Woodbury,
National Marine Fisheries Service, Southwest Region
Field Office, pers. comm.).

A wide range of water column conditions was ob-
served during the 12 years of the study (fig. 2). As these
examples illustrate, the thermocline was relatively sharp
at some stations, stepped at others, and quite gradual 
at others. Mean thermocline depth, computed from 
all CTD profiles, was 24.5 m (standard error = 1.3, 
n = 120) with a minimum depth of 4 m and a maxi-
mum depth of 89 m. Water column stratification ranged
from 36 to 308 J/m3, with a mean of 141.1 J/m3

(SE = 5.7, n = 120).
Pelagic juvenile rockfishes of most species were more

or less evenly distributed among the three depth cate-
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TABLE 1
Standardized Catches and Lengths (mm SL) of Pelagic Juvenile Rockfishes Collected at 

Depth-Stratified Stations off Central California During May–June Cruises, 1987–98  

10 m tows 30 m tows 100 m tows

Length Length Length Length Length Length
Species Catch range mode Catch range mode Catch range mode

Sebastes auriculatus 369 12–34 16 89 16–39 17 10 14–32 19
S. crameri 38 12–53 ND 15 18–52 ND 3 19–41 41
S. entomelas 356 27–81 62 529 20–73 34 320 25–66 53
S. flavidus 96 16–52 15–83 60 26–50 ND 36 31–50 ND
S. goodei 3,280 15–83 60 2,526 10–80 57 56 14–69 50
S. hopkinsi 707 17–64 50 1,076 16–62 53 87 19–59 48
S. jordani 46,925 8–81 73 111,251 9–82 67 2,831 9–83 68
S. levis 17 22–57 50 7 15–62 ND 1 48
S. melanops 10 31–46 ND 23 23–44 41 12 21–44 38
S. mystinus 239 39–63 48 196 23–55 43 239 29–60 49
S. paucispinis 352 13–110 48 134 14–107 47 19 23–83 24
S. pinniger 202 16–38 34 200 15–39 33 178 14–39 33
S. rufus 105 34–56 51 10 39–60 52, 54 3 46–53 51
S. saxicola 293 21–45 35 191 23–52 34 23 22–44 34, 37
S. wilsoni 59 27–36 32 44 14–38 30 14 28–36 34

Overall 53,048 8–110 73 116,358 9–107 67 3,832 9–83 68

Note: Catches adjusted for net width at depth. ND denotes no discernable mode.
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Figure 2. Examples of individual CTD cast profiles with strength of water column stratification, �, shown in density plot. For station locations, see fig. 1.
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Figure 3. Estimated mean abundances and standard errors showing the vertical distributions of pelagic juvenile rockfishes off central California during
May–June cruises, 1987–98. F-test degrees of freedom adjusted and rounded to the next lowest integer using the Huynh-Feldt epsilon (O’Brien and Kaiser 1985).
X-axis scales vary with species.
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gories (fig. 3). Juvenile S. paucispinis and S. crameri were
most abundant in 10 m and 30 m tows, significantly so
for S. paucispinis at the 0.05 level (F1,4 = 9.552, p =
0.030), and for S. crameri at the 0.10 level (F1,3 = 5.657,
p = 0.087) (fig. 3). In contrast, juvenile S. melanops, S.
entomelas, and S. mystinus were more commonly taken
in the 100 m tows, but not significantly so (fig. 3). We
found no significant interactions between year and depth
for any species.

The mean nighttime center of density for pelagic ju-
venile rockfishes occurred either in or below the ther-
mocline in all species examined (fig. 4). Vertical
distributions of shallow species—S. levis, S. paucispinis,
and S. crameri—were centered closer to the thermocline
than those of deep species—S. entomelas, S. melanops,
and S. mystinus. Some individuals of each species, how-
ever, were found above the thermocline in these night-
time samples.

Variances of the DCR20 were lower than those of
the DCRT for just over half the species (8 of 15; see
tab. 2). This suggests that these species orient to depth
per se rather than to the thermocline. This is further
suggested in a plot of mean depth of catch versus ther-
mocline depth, which shows that pelagic juveniles of
most species are widely scattered in the water column,
leading to the observed high variances (fig. 5). However,
linear regression analysis indicates that most species (11
of 15) tended to have deeper mean centers of density as
a result of increasing thermocline depth, significantly 

so for S. pinniger (p = 0.002) and S. jordani (p = 0.034)
at a level of 0.05, and for S. rufus at a level of 0.10 
(p = 0.054) (fig. 5).

Mean depth of catch for rockfishes ≤25 mm SL oc-
curred primarily beneath the thermocline (fig. 6). Mean
depth of catch occurred below the thermocline slightly
more frequently (80 of 88 stations, 91%) at stations with
an overall species’ mean SL of ≤25 mm than at stations
with a mean species’ SL of >25 mm (207 of 250, 83%)
(chi-square = 3.341, df = 1, p = 0.068), suggesting that
ontogeny may have influenced the depth distributions
relative to the thermocline.

To further evaluate the effects of water column strat-
ification on the depth distributions of pelagic juvenile
rockfishes, we regressed mean depth of catch against the
water column stratification coefficient (fig. 7). Most
species (13 of 15) exhibited a deeper mean depth of
catch with increasing stratification of the water column
(as indicated by a negative slope), although the slope was
significantly different from zero at the 0.05 level only
for S. saxicola (p = 0.004, n = 21), and for S. entomelas
and S. flavidus at the 0.10 level (fig. 7). Those species
with greater mean depth of catch were affected by water
column stratification more than shallow species, sug-
gesting that the response to stratification depended on
mean depth (fig. 8). We found a stronger relationship
when we excluded S. levis and S. rufus, species with less
than ten estimates of mean depth, from the regression
analysis (Adj. r 2 = 0.151, p = 0.104, n = 13).
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Figure 4. Mean depth of catch relative to the thermocline (DCRT) for pelag-
ic juvenile rockfishes off central California during May–June cruises,
1987–98. Diamonds denote depth of thermocline minus mean depth of
catch, horizontal lines denote standard error, and numbers in parentheses
are number of positive stations.

TABLE 2
Variance of Mean Depth of Catch Relative to 

the Thermocline (DCRT) and the Depth of Catch
Relative to a Fixed Depth of 20 m (DCR20) for 

Pelagic Juvenile Rockfishes off Central California, 
May-June Cruises, 1987–98

Variance

Species DCRT DCR20

Sebastes levis (cowcod) 227.7 209.0
S. paucispinis (bocaccio) 543.2 233.7
S. crameri (darkblotched rockfish) 939.1 669.2
S. pinniger (canary rockfish) 372.2 591.7
S. auriculatus (brown rockfish) 967.0 1,117.3
S. hopkinsi (squarespot rockfish) 1,416.8 1,336.6
S. flavidus (yellowtail rockfish) 1,476.1 1,544.3
S. jordani (shortbelly rockfish) 465.2 405.5
S. goodei (chilipepper) 1,050.2 984.6
S. saxicola (stripetail rockfish) 1,019.5 1,215.6
S. wilsoni (pygmy rockfish) 2,217.7 1,837.7
S. rufus (bank rockfish) 1,972.7 2,253.5
S. entomelas (widow rockfish) 1,353.3 1,489.0
S. melanops (black rockfish) 1,402.4 1,272.9
S. mystinus (blue rockfish) 1,281.3 1,328.6
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Figure 5. Influence of nighttime thermocline depth on mean depth of catch for pelagic juvenile rockfishes at positive depth-stratified stations off central
California during May–June cruises, 1987–98. X-axis scales vary with species.
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DISCUSSION
We attempted through this study to expand on the

work of Lenarz et al. (1991), employing an additional
eight years of sampling information. Despite the addi-
tional data, however, many of the relationships we pre-
sent are not statistically significant. Perhaps the true patterns
in nature are no stronger than those we report here, but
much of the additional data came from years in which
recruitment of rockfishes, and their abundance in mid-
water tows, was low, particularly 1992–98 (Ross 2001;
S. Ralston, National Marine Fisheries Service, Southwest
Fisheries Science Center, pers. comm.). The low catches
in midwater tows reduced the opportunity for compar-
isons of depth distributions. We discuss our results fully
recognizing the exploratory nature of the study but in
the belief that trends and patterns documented are of
enough interest to warrant future investigation.

The nighttime vertical distributions of pelagic juve-
nile rockfishes we observed in the coastal waters off cen-
tral California were similar to those described by Lenarz
et al. (1991). Our results agree qualitatively with those
of Lenarz et al. (1991), who, based on fewer years of
data, also found that S. paucispinis occurred at shallower
depths and that S. entomelas and S. mystinus were most
abundant at the deeper depths.

We found conflicting results on the influence of water
column characteristics on the vertical distribution of
pelagic juvenile rockfishes. Our data suggest that station
thermocline depth is a poor predictor of the vertical dis-
tribution of pelagic juveniles. Gray (1996) and Sakuma

et al. (1999) also found that thermocline depth poorly
predicts vertical distributions. However, Gray (1996) sug-
gested that the occurrence of weak, gradual thermo-
clines (extending over 20–30 meters of depth) might
have made it difficult to find such an association in the
coastal waters off Australia. Weak or gradual thermo-
clines were also common in our data. Although we made
no attempt at classification, we observed a wide range
of water column conditions during the 12 years of sam-
pling. Because of this variability in the nature of the
thermocline, the water column stratification parameter
might better indicate the effects of water column char-
acteristics on the distributions of juvenile fishes. In ad-
dition, it appears that the response of species to water
column stratification may depend on their mean depth
in the water column, with deeper-living species show-
ing a slightly greater response to stratification than shal-
low species.

The thermocline (Ahlstrom 1959; Boehlert et al. 1985;
Moser and Boehlert 1991; Larson et al. 1994) and the
pycnocline (Sakuma et al. 1999) have been reported as
representing lower boundaries to the vertical distribu-
tion of larval rockfishes, but this does not appear to be
the case for pelagic juvenile rockfishes. Our finding that
juvenile rockfishes occur primarily below the thermo-
cline, in contrast to the documented occurrence of lar-
val stages above the thermocline or pycnocline (Ahlstrom
1959; Boehlert et al. 1985; Moser and Boehlert 1991;
Larson et al. 1994; Sakuma et al. 1999), suggests a change
in rockfish depth distributions with ontogeny. Larval and
transforming prejuvenile fishes may need to undergo
varying periods of acclimation to decreasing tempera-
tures while descending through the thermocline (Steiner
and Olla 1985). Micronektonic S. diploproa, splitnose
rockfish, have a physiological predisposition for colder
conditions (Boehlert 1978, 1981) but do not migrate
directly from surface waters to the deeper adult habitat.
Instead they have a midwater transition period lasting as
long as several months (Boehlert 1977). Similarly, pre-
juvenile red hake (Urophycis chuss) do not descend im-
mediately below the thermocline at transformation but
remain above it in warmer waters (Steiner and Olla 1985).
Juvenile walleye pollock (Theragra chalcogramma) in the
laboratory have been observed to alter their vertical po-
sition in the water column in response to a thermocline,
moving above it but making brief exploratory move-
ments down into or along it (Olla and Davis 1990).

Our results also suggest that the depth distributions
of pelagic juvenile rockfishes might be related to on-
togeny, in that smaller fish (≤25 mm SL) occurred below
the thermocline slightly more consistently than larger
fish. The presence of smaller pelagic juvenile rockfishes
(≤25 mm SL) beneath the thermocline is consistent with
the hypothesis of Lenarz et al. (1991); they found that
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Figure 6. Depth distribution of rockfishes ≤25 mm standard length at night
off central California during May–June cruises, 1987–98. Diagonal line indi-
cates that mean depth of catch and depth of thermocline are equal.
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Figure 7. Mean depth of catch as a function of water column stratification at night for pelagic juvenile rockfishes at positive depth-stratified stations off central
California during May–June cruises, 1987–98.
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smaller pelagic juveniles of S. jordani (which they re-
garded as those less than 50 mm in SL, because they are
small for fully transformed juveniles in this species) might
be adapted to avoid shallower waters, in order to reduce
the possibility of offshore advection during the May-
June period of intense upwelling activity off central
California. If the sensory and locomotory abilities of
pelagic juvenile rockfishes ≤25 mm SL allow them to
make similar adjustments in their depth distributions,
this may represent a behavioral response to reduce the
impact of upwelling on onshore/offshore distributions
and possibly increase recruitment success (Parrish et al.
1981; Larson et al. 1994; Sakuma et al. 1999).

A suite of behavioral responses involving interactions
between water temperature, prey availability, ontoge-
netic stage, and thermoclines, however, may influence
the vertical distributions of early life stages of fish (Steiner
and Olla 1985; Olla and Davis 1990; Sogard and Olla
1996). Experimental studies indicate that when food is
present below a thermocline, prejuvenile walleye pol-
lock (will migrate transiently beneath it, thereby alter-
ing their vertical distributions, at least temporarily (Olla
and Davis 1990). Food-deprived juveniles may use an
energy-conserving behavioral response, descending be-
neath the thermocline to lower metabolic costs, whereas
under conditions of increased food availability they tend
to stay above the thermocline (Sogard and Olla 1996).

Lenarz et al. (1991) suggested that larger pelagic ju-
venile rockfish may be adapted to searching the water
column for optimal feeding conditions. The lack of sta-
tistical significance in the vertical distributions of 14 of
15 species of pelagic juvenile rockfishes may reflect this
feeding behavior. Pelagic juvenile rockfishes appear to

be opportunistic feeders, specializing on intermittently
abundant single prey items (Reilly et al. 1992). Major
prey items are the various life stages of calanoid cope-
pods and subadult euphausiids, including eggs, but diet
is apparently unrelated to predator size (Reilly et al.
1992). Synoptic vertical sampling of pelagic juvenile
rockfishes, zooplankton, and hydrography is required to
determine the relationships, if any, among the depth dis-
tributions of predator, prey, and oceanographic features.

Onshore vertical distributions may differ from the off-
shore vertical distributions presented in the present study,
particularly for nearshore species of pelagic juvenile rock-
fishes as they move onshore into adult habitats later in
the season. Moser and Boehlert (1991) reported that lar-
val abundances of rockfish at an onshore and offshore
station varied markedly for the 20–30 m depth interval.
Almost no larvae were found within this depth interval
at the offshore station, whereas a large proportion of the
total larvae were found within this depth interval at the
onshore station. The difference between the two sta-
tions corresponded to the associated depth of the ther-
mocline, which was 20–40 m at the shelf station and
30–50 m at the offshore station. Larson et al. (1994)
noted evidence of juvenile rockfishes with an unusually
shallow bathymetric distribution in southern Monterey
Bay, during the period 2–12 June 1987. This vertical
distribution coincided with the development of a sharp,
shallow thermocline (approximate depth 15 m) during
an upwelling relaxation event and the apparent onshore
movement of several species of Sebastes. In contrast, dur-
ing the same relaxation event smaller pelagic juvenile
rockfishes remained offshore and deeper (Larson et al.
1994). These results, in combination with the poten-
tially deeper distribution of smaller pelagic juvenile rock-
fishes seen in this study, and the observations by Shenker
(1988) and Doyle (1992) of pelagic juvenile rockfishes
in the neuston, suggest that depth distributions may
change ontogenetically.

In conclusion, our results suggest that pelagic ju-
veniles of different rockfish species tend to be most
abundant at different depths in the water column, in
agreement with previous studies. We found conflicting
results regarding the effects of water column stratifica-
tion on vertical distributions. Mean depth of catch was
statistically unrelated to thermocline depth, but in most
species mean depth of catch tended to be deeper when
the water column stratification parameter was greater,
and this effect may have been larger for deeper occur-
ring species. Finally, we had indications that depth dis-
tributions may change ontogenetically. Despite 12 years
of sampling, usually with three replicate sample sets per
year, the effects of water column characteristics and on-
togeny were poorly resolved in our data set. This may,
in part, be the consequence of low abundances of most
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Figure 8. Relationship between the rate of change in mean depth of catch
due to water column stratification (see fig. 7) and the mean depth of the
species in the water column. Solid dots are data points for Sebastes levis
and S. rufus.
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pelagic juvenile species for most years from 1987 to 1998.
We believe that it remains worthwhile to pursue ques-
tions about the relationships of ontogeny and hydro-
graphy with the vertical distributions of pelagic juvenile
rockfishes. Sampling programs more strongly focused on
depth distributions per se will be required to evaluate
trends suggested by our results.
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