Abstract.—white seabass, Atract-
oscion nobilis, is a valuable recreational
and commerecial species, but much of its
early life history is undescribed. The
coast and two bays of San Diego County
were sampled each month for two years
with a depth-stratified sampling design
to determine habitat, food habits, age,
and growth rate of recently settled fish.
Age was estimated from otolith incre-
ments and validated with fish of known
age, reared in the laboratory. A few re-
cently settled fish were caught in the
bays at depths <1 m, but most inhab-
ited shallow water (4-8 m) along the
coast from May to October. This depth
distribution coincides with that of the
mysid Metamysidopsis elongata. Fish
abundance in this zone was low, how-
ever, reaching a maximum of 24/ha in
July. The smallest white seabass col-
lected were about 7 mm SL and 26 d
old, but previous studies indicate that
smaller and presumably younger fish
were probably extruded through the
trawl. According to combined results,
most larvae settled 2-3 weeks after
being spawned. Juveniles remained at
a depth of 4-8 m for 2-3 months, fed
primarily on abundant mysids, and as-
sociated with drifting macrophytes
(r=0.52, P=0.015, n=21). Growth dur-
ing this period was 1.3 mm/d, similar
to that observed in the laboratory. At
about 100 mm SL (~100 d old), juve-
niles appeared to move out of the area.
The shallow waters just beyond the
breaking waves may be preferred by
young white seabass because abundant
food and warm water promote rapid
growth and drifting macrophytes pro-
vide a refuge from predators.
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White seabass, Atractoscion nobilis
{family Sciaenidae), is a highly de-
sired recreational and commercial
species found in waters off the
coasts of southern and Baja Califor-
nia as well as in the Gulf of Califor-
nia. Adults inhabit the nearshore
zone over rocky bottoms and in kelp
beds and can attain a weight of 38
kg (Young, 1973). Population size
has not been estimated, but since
the 1920’s, commercial and recre-
ational landings off California have
continued to decline and the range
of the species has contracted (Collins,
1981; Methot, 1983). Management
efforts to stabilize and restore the
population have been largely unsuc-
cessful. Reductions in the catch and
distribution of white seabass have
been attributed largely to overfish-
ing (Thomas, 1968; Vokovich and
Reed, 1983; MacCall, 1986), but the
importance of other mechanisms,
such as increased natural mortal-
ity of fish at early life history stages,
has not been evaluated.

Despite the historic value of this
species, much of its early life his-
tory was unknown until recently.
Moser et al. (1983) described the
development of the early life stages
and historic distribution of larvae
in the California Cooperative Oce-
anic Fisheries Investigations
(CalCOFI) sampling area off south-

ern and Baja California. In several
laboratory studies, growth, sur-
vival, energetics, and feeding be-
havior of larvae have been exam-
ined (Kim, 1987; Dutton, 1989;
Orhun, 1989), as well as the devel-
opment of sensory systems and
predator-avoidance behavior (Mar-
gulies, 1989).

Less is known about the early ju-
venile stage because few early ju-
veniles have been caught until re-
cently. Early studies suggested that
juveniles inhabit either the surf
zone or kelp canopy along the open
coast, or bays and estuaries (Tho-
mas, 1968; Feder et al., 1974; Max-
welll). Allen and Franklin (1988,
1992) have since demonstrated that
late larvae and early juveniles in-
habit shallow water along the open
coast of southern California and
Channel Islands and semiprotected
embayments in the vicinity of Long
Beach Harbor. However the nurs-
ery area for white seabass has not
been clearly defined and the rela-
tive importance of the open coast
and bays as nurseries has not been

1 Maxwell, W.D. 1977. Progress report of
research on white seabass, Cynoscion
nobilis. Calif. Dep. Fish Game, Mar.
Resour. Admin. Rep. 77-14, 14 p. [Avail-
able from Calif. Dep. Fish Game, 330
Golden Shore, Suite 50, Long Beach, CA
90802.]
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evaluated. In addition, food habits, age, and growth
of these fish in the wild have not been examined.

The specific goals of this study were to determine
1) the depth distribution of early juvenile white
seabass along the open coast and in bays of San Di-
ego County, 2) size-specific food habits of white
seabass, and 3) age and rate of growth.

Materials and methods

Sampling design

Most white seabass were obtained from a survey
originally designed to sample settled California hali-
but, Paralichthys californicus (Kramer, 1990). Two
bays (Mission Bay and Agua Hedionda Lagoon) and
the open coast of San Diego County were sampled
monthly from September 1986 to September 1988
with a depth-stratified sampling design. The coast
was sampled at four primary sites with a 1.6 m x
0.35 m beam trawl (Fig. 1). At each site, four benthic
tows were made in each of three bottom depth inter-
vals (strata): 4-8, 9-11, and 12-14 m. A few tows

were made in water as shallow as 3 m on days when
the sea was calm. Tows were made parallel to shore
at about 0.6 m/s for 10 min. The exact depth of tows
within each stratum was chosen at random. Sam-
pling depth was maintained along the chosen 1-m depth
contour with the aid of a fathometer. An odometer at-
tached to the trawl recorded tow distance, which ranged
from 250 to 450 m. An additional four sites were
sampled from April to October 1988 by biologists at
San Diego State University (SDSU) with identical gear,
but only at the 4—8 and 9—-11 m depth strata.

A similar sampling design was used to sample the
two bays. Mission Bay and Agua Hedionda Lagoon
were subdivided into five and three blocks respec-
tively to sample the various habitats adequately
within each bay (Fig. 1). Each block was further sub-
divided into three depth strata: 0-1, 1-2, and 2-4 m.
Within each stratum and block, three benthic tows
were made at random locations with a 1.0 m x 0.35 m
beam trawl equipped with an odometer. In the two
deeper strata, the trawl was towed by a 5-m skiff for
5 min, covering a distance of 100—250 m. In the 0—1 m
stratum, the trawl was towed by hand for a mea-
sured distance of 20-50 m. The 0-1 m depth stra-
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Figure 1
Map of San Diego County showing location of the eight coastal sites and sampling areas (blocks)
within Mission Bay and Agua Hedionda Lagoon. Four coastal sites were sampled by Kramer (1990)
and four were sampled by San Diego State University (SDSU). The sampling design used along the

coast is also shown.
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tum was also sampled with a 1 m X 6 m beach seine.
Three hauls were made in each block over a mea-
sured distance of 15-50 m with the width of the seine
fixed at 4 m. In addition, three tows were made each
month in blocks 2-5 of the 24 m stratum in Mission
Bay with the 1.6-m beam trawl (Fig. 1). The mesh
size of all three nets was 3 mm. All hauls were made
during the day. Monthly sampling in Agua Hedionda
Lagoon was not initiated until March 1987.

Tow distance, water temperature, and the pres-
ence and type of drift macrophytes in the net were
recorded at the end of every tow. Beginning in April
1988, the weight of drift macrophytes in each tow
was also recorded at the four coastal sites sampled
by SDSU biologists. White seabass were either fro-
zen or preserved in 80% ethanol and later measured
to 0.1 mm standard length (SL) in the laboratory.
Lengths of alcohol-preserved fish were adjusted by
3.6% to compensate for shrinkage. Average shrink-
age was estimated by measuring a subsample of
white seabass before and several months after pres-
ervation in ethanol. Sagittae and stomach contents
were removed and stored in 80% ethanol. Fish were
then dried at 60°C for two days and weighed.

White seabass were also obtained opportunistically
(i.e. sporadically) from the coastal habitat with a 7.6-m
headrope otter trawl and a 15.2-m beach seine (6-mm
mesh). These fish were used only in the food habits
and growth portions of this study.

Distribution and abundance

Abundance was calculated as the number of fish
caught divided by the product of tow distance (from
odometers) and net width. Mean abundance of fish
along the coast was calculated for each site by depth
stratum (n=4 tows). Monthly differences in abun-
dance among the three depth strata were compared
by using the Kruskal-Wallis test, with a=3 depths,
and n=4 (1987) or n=8 (1988) sites (Sokal and Rohlf,
1981). Monthly mean abundance in bays was calcu-
lated for each bay by block and depth stratum. Block
means were averaged to produce a mean for each
bay and the two bays were averaged to yield a grand
mean for each depth stratum. Because estimates of
monthly mean abundance did not differ among the
two gear types (paired t-test; mean difference=0.50
fish/ha, £=0.27, df=8, P=0.79), trawl and seine
samples within the 0—1 m depth stratum were pooled
to produce an improved estimate of abundance.
The relation between abundance of white seabass
and drift macrophytes was estimated by testing for
a correlation between abundance of white seabass
and drift macrophytes in each tow and for a correla-
tion between mean abundances at each site (n=4

tows). Abundance of macrophytes (g/m?) was log-
transformed prior to analysis. Biomass of macro-
phytes was recorded only from April to October 1988
at the four secondary sites along the coast that were
sampled by SDSU biologists.

Food habits

The stomach contents of 142 white seabass collected
in bays and along the coast with all gear types were
examined. For each fish, prey items were identified,
counted, sorted into one of ten major prey categories,
dried at 60°C for 1-2 d, and weighed to either 1 ug (for
samples <25 mg) or to 0.1 mg (for samples >25 mg).
White seabass were grouped into six length classes: 6
10, 10-18, 18-25, 2535, 35-55, and 55-150 mm SL.
Class intervals were chosen so that each interval con-
tained similar numbers of fish. Mean prey weight and
frequency of occurrence of each prey category were cal-
culated for the six length classes. Six individuals with
empty stomachs were excluded from calculations of fre-
quency of occurrence and mean weight of prey.

Age and growth

The ageing method was validated by using labora-
tory-reared fish of known age. Eggs obtained from
captive broodstock were placed in 7-m? flow-through
tanks and reared at 17-20°C on a diet of marine ro-
tifers, brine shrimp, euphausids, and chopped mack-
erel. White seabass were sacrificed at irregular in-
tervals between 13 and 76 d after hatching and stored
in 80% ethanol. Sagittae were mounted in Eukitt
mounting media and ground in the sagittal plane
with 15-um grit sandpaper and polished with 0.3-um
grit lapping film. Increments were counted on the
right sagitta from the central primordium to the mid-
ventral margin. Each sagitta was read in one ses-
sion by one observer, with neither age nor length of
the fish known to the reader. The rate of increment
deposition and age at first increment formation were
estimated by linear regression.

A subsample of 50 wild larval and juvenile white
seabass was aged with the technique described above.
Individuals were selected at random from several
length classes to represent equally the size range of
fish collected. The subsample included fish caught
in bays, on the coast, and in both years. Growth rates
were estimated by fitting a Gompertz function (L, =
L %1 -¢™) to length-at-age and weight-at-age data.
The ages of the remaining individuals were estimated
from the resulting age-length relation. The date each
fish was spawned was calculated by subtracting the
age of the fish and an additional two days (incuba-
tion time at ~16°C; Orhun, 1989) from date of cap-
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ture. The error associated with the estimated
spawn dates is therefore the same as that asso-
ciated with the age-length relation.

Growth of wild white seabass was compared
with growth of three groups reared in the labo-
ratory. Eggs spawned on 8 May, 24 June, and
25 September 1989 were reared as described
above. Mean length-at-age was estimated from
random subsamples (n=16-76 fish) taken at ir-
regular intervals during rearing. Linear growth
models were fitted to the length-at-age data for
both reared and wild fish to facilitate statisti-
cal comparisons of growth rates with ANCOVA.
Although growth of white seabass from hatch-
ing to 150 mm SL was nonlinear, growth over a
smaller size range of 6-104 mm SL was de-
scribed equally well by linear models (r2>0.94).
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Figure 2
Length-frequency distributions of white seabass caught during

regular sampling along the coast of San Diego County with a 1.6-m
beam trawl and in Mission Bay and Agua Hedionda Lagoon with
1.6-m and 1.0-m beam trawls and a 6-m beach seine.

Results

Distribution and abundance . . )
During regular sampling, a total of 112 white seabass

were caught in 1,250 tows along the coast and 10
white seabass were caught in 2,527 tows in the bays.
Most tows caught no white seabass.
Lengths of fish ranged from 6.2 to 149

The overall abundance of white seabass in the bays
and along the coast of San Diego County was low.

no.tows= 0 0 2 18 68 56 46 21 42 49 79 55 71 25 mm SL (x= 30.2 mm SL), but 80% were
—— b
smaller than 40 mm SL (Fig. 2). About
40 fish (33%) were smaller than 15 mm
25 | 4 50

SL, the approximate length at metamor-
phosis (Moser et al., 1983).

w
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> in shallow water in both coastal and bay

8 2 in shall ter in both tal and b

2 g habitats. Along the coast, nearly all white

3 " 3 o seabass (97%) were collected in the shal-

2 3 lowest (4-8 m) depth stratum, with the

8 4 20 = highest density at 6 m (Fig. 3). Only three

§ X fish were taken in deeper water and these

§ . 0 g were among the largest caught, ranging
e

from 92 to 149 mm SL. In the bays, all
ten fish were caught in the shallowest (0—

0 T () 1 m) stratum.
0 2 4 6 8 10 12 14 Settled (demersal) white seabass were
Depth (m) present in shallow strata only during
spring and summer, although one fish,
Figure 3 the 149-mm-SL juvenile, was caught in

January 1988. Along the coast, white
seabass were caught from June to August
1987, and from May to October 1988,
when sampling ended (Fig. 4). In both
years, abundance was highest in July,
with mean densities of 15/ha (1987) and
24/ha (1988). White seabass were found
in 54 of 210 tows (26%) made in the 48 m

Distribution of white seabass and the mysid Metamysidopsis elongata
along the coast in relation to depth. White seabass abundance is the
mean (+ 1 SE) during months fish were captured (Jun—-Aug 1987, May-
Oct 1988). Number of tows at each depth during this period is indicated
at the top of the graph. Mysid data are redrawn from Clutter (1967) and
represent total number of M. elongata caught from 1960 to 1962 at a site
~3 km south of the Torrey Pines 2 site (Fig. 1). Sampling effort for mysids
was similar for all depths.
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stratum during these nine months. Be-
cause most tows in the 48 stratum caught
no white seabass, the variance associated
with the estimates of abundance within
the stratum was high. As a result, abun-
dance in the 4-8 m stratum did not differ
statistically from that in the 9—11 and 12—
14 m strata (generally zero) except in June
1987 and from June to July 1988 (Kruskal-
Wallis test, P<0.05, n=4 or 8). The tem-
perature in the 4-8 m stratum during the
summer ranged from 16 to 20°C, an aver-
age of 1.2 and 1.8°C warmer than the two
deeper strata.

Although the relative abundance of
settled white seabass was lower in the
bays than along the coast, the two esti-
mates could not be compared statistically
because different nets were used to sample
the two habitats. In addition, only 10 fish
were caught in the two bays, making esti-
mates of abundance sensitive to capture
of individual fish. Estimates of mean den-
sity in the 0~1 m stratum in the bays from
April to August ranged from O to 5 per ha

in 1987 and from O to 10 per ha in 1988
(Fig. 4). The high April 1988 estimate re-
sulted from a single fish caught in a short
tow. Mean abundance during these five
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Figure 4
Monthly mean abundance of white seabass (+ 1 SE) in the 4-8 m stra-
tum along the coast (1987 n=4 sites; 1988 n=8 sites) and in the 0-1 m
stratum in the bays (n=2 bays). Means that are significantly different
from those in the 9-11 and 12-14 m strata (usually zero—not shown)
are indicated (Kruskal-Wallis test, ** = P<0.01; *** =P<0.001).

months (total catch + total area swept) was

1.3/hain 1987 and 3.1/ha in 1988. Monthly

estimates for bays were about 0.8-12 times

lower than estimates for the coast during the same
period.

Abundance of white seabass within the 4-8 m
coastal stratum was related to the abundance of drift
macrophytes. Drift macrophytes were common in the
4-8 m stratum and were recorded in 188 of 205 tows
(92%) made during the nine months when white
seabass were present. Macrophytes were present in
49 of 52 tows (94%) that caught white seabass. The
drift material was mainly giant kelp (Macrocystis
pyrifera) and surf grass (Phyllospadix torreyi), but
filamentous red and other brown algae were domi-
nant at times. In 1988, weight of macrophytes in each
tow was recorded at the four sites sampled by SDSU
biologists. At these sites, abundance of white seabass
in each tow was weakly correlated with the abun-
dance of drift macrophytes in each tow in the 4-8 m
coastal stratum (n=77, r=0.29, P=0.01, Fig. 5A). Be-
cause white seabass were not abundant, an average
of the four tows made at each site was also calcu-
lated. Mean abundance of white seabass at each site
(n=4 tows) and mean abundance of drift macrophytes
were more strongly correlated (n=21, r=0.52,

P=0.015, Fig. 5B). Drift macrophytes were also
present in the two deeper strata, but only three white
seabass were caught at those depths.

Food habits

Along the coast, white seabass of all length classes
fed almost exclusively on mysid crustaceans. For each
length class, mysids composed from 74% to 99% of
the diet by weight and were found in 78-100% of
stomachs that contained food (Table 1). These mysids
were not identified to species but were probably
Metamysidopsis elongata, the numerically dominant
mysid in the nearshore coastal habitat (Clutter, 1967;
Roberts et al., 1982). Larger white seabass ate larger
mysids, although fish >0.2 g dry weight (~40 mm SL)
fed on mysids of similar mean weight (Fig. 6). Mysids
also dominated the diet of the 10 fish caught in the
bays.

Prey of secondary importance varied with white
seabass length class. Larvae (6-10 mm SL) fed on
copepods, fish of intermediate length (1055 mm SL)
fed on gammarid amphipods, and larger juveniles
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(35—-150 mm SL) preyed on shrimp and fishes. Most
fish in the stomachs were well digested and difficult
to identify, but the sagittae closely resembled those
of white croaker, Genyonemus lineatus, and queen-
fish, Seriphus politus. One case of cannibalism was
observed; a 7-mm larva was eaten by a 35-mm juve-
nile. Most shrimp were well digested, but at least
two individuals were identified as belonging to the
genus Crangon. Other items found in the stomachs
included nematodes, bits of algae and surf grass,
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Figure 5
Relations between (A) abundance of drift macrophytes
and abundance of white seabass in each tow, and (B)
mean abundance of drift macrophytes and mean abun-
dance of white seabass at each site (n=4 tows) in the 4—
8 m stratum from April to October 1988 at the four
coastal sites sampled by SDSU. Sample size, Pearson
correlation coefficient (r), and P-values are shown.

portions of crustaceans, and sand. The stomachs of
six white seabass (5%) were empty or contained only
nonfood items such as sand.

Age and growth

Otolith increments formed daily in sagittae of labo-
ratory-reared white seabass (Fig. 7). The slope of the
regression of observed number of increments on age
was 0.96 and did not differ from unity (+2=0.96, n=25,
P<0.01, 95% confidence limits on slope: 0.89 and 1.04
increments/d). The first increment formed 3—4 d after
hatching, a period that corresponds to yolk absorption
and onset of feeding (Kim, 1987; Orhun, 1989).

Age was estimated for 50 wild white seabass rang-
ing from 6.2 to 104 mm SL. The ten smallest fish
that were aged ranged from 6.2 to 9.2 mm SL and
were estimated to be 26—32 d old (Fig. 8). The age of
a fish that was 15 mm SL, the length at metamor-
phosis, was estimated to be about 40 d. The largest
juvenile aged (104 mm SL) was estimated to be 108
d old. The range of estimated ages suggests that
white seabass remain in the nursery for 2-3 months
after settlement. It should be noted that the oldest
validated age was 76 d. A 149-mm-SL juvenile was
not aged because it was probably much older than
the oldest validated age.

Growth of these fish was rapid in terms of length
and weight. The parameters of the Gompertz model
relating age and length were estimated as L;=0.202,
G=6.64, and g=0.0273, where L is length at time ¢,
G is the instantaneous growth rate at time £, and g
is the rate of decrease of G (Fig. 8A). This equates to
a maximum growth rate of 1.57 mm/d at 70 d. Weight
also increased rapidly. The parameters relating
weight and age were W;=2.72 x 1077, G=17.58, and
£=0.0256, where W is weight at time ¢, (Fig. 8B).

Wild fish between 6 and 104 mm SL grew at rates
similar to those of laboratory-reared fish. Wild fish
grew at a linear rate of 1.31 mm/d, compared with
laboratory rates of 1.15, 1.32, and 1.04 mm/d for
groups spawned in May, June, and September 1989
(Fig. 9). Linear growth models were used to facili-
tate statistical analysis by ANCOVA. Linear models
fitted the data well, with coefficients of determina-
tion (r2) of 0.94-0.99 for the four groups. The rate of
growth (slopes) did not differ among the four groups
(ANCOVA, F=1.40, P=0.25). However, the June labo-
ratory group was significantly larger at a given age
than the wild fish (ANCOVA, F=5.05, P < 0.01; Tukey
pairwise comparison), but the remaining groups did
not differ in their length-at-age.

The distribution of spawning dates, based on
counts of otolith increments, indicated that spawn-
ing occurred from March to July in 1987, and from
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n = sample size.

Mean dry weight in micrograms (pg) and as a percentage of total weight (in parentheses) and frequency of occurrence of prey
items in stomachs of white seabass caught along the coast. Six fish with empty stomachs were excluded from the analysis.

Table 1

Length class and mean length (mm SL)

6-10 10-18 18-25 25-35 35-55 55-150
Prey category (7.9) (13.7 (21.8) (29.1) (44.8) (79.2)
Mean Dry Weight in pg and (%)
Mysids 46 (75) 154 (31) 467 199) 1.417 (99) 2.329 (78) 8,270 (74)
Copepods 10 (16) 2 — — - —
Gammarid amphipods — 74) — 5 (<1) 11 (<1) —
Fish — — 4(1) — 97 (3) 768 (7)
Shrimp — — — — 186 (6) 211 (2)
Nematodes — — — — 6(<1) 15 (<1)
Macrophytes — — <1 — 55 (2) 647 (6)
Crustacean parts 5(8) 2(1) — 5(<1) — 459 (4)
Sand — — — 1(<1) 185 (6) —
Unidentified — 5(3) — — 99 (3) 814 (7)
Total 61 170 471 1,428 2,968 11,184
Frequency of occurrence (%)
Mysids 78 91 100 96 100 100
Copepods 11 5 — — — —
Gammarid amphipods — 5 — 11 5 —
Fish — — 5 — 25 25
Shrimp — — — - 5 5
Nematodes — — — —_ 5 10
Macrophytes - — 5 - 25 50
Crustacean parts 11 5 — 4 5 15
Sand — — — 4 5 —
Unidentified — 5 — — 15 10
n 18 22 20 27 20 20
March to the beginning of September in
1988 (Fig. 10). In both years, most of the 10 T — — —
young white seabass collected were spawned
in June. The distribution of spawning dates B
derived from estimated ages agreed closely = 1F -
with those based upon direct ageing. g’
§
i . o o1} -
Discussion 2
c
. 3 |
Spawning season = o001 '
Larval and juvenile white seabass collected ¢
off San Diego County were spawned from 0.001 L— L L L
0.0001 0.001 0.01 0.1 1 10

March to September, with the greatest num-
ber spawned in June in both years (Fig. 10).
This seasonal pattern of spawning, inferred
from counts of otolith increments, agrees
with previous estimates based on larval
abundance and adult spawning condition.
Moser et al. (1983) observed that eggs and
larvae were most abundant in CalCOFI

White seabass dry weight (g)

Figure 6
Relation between white seabass dry weight and mean dry weight of
mysids (total weight of mysids plus total number of mysids) in the
stomachs of 111 white seabass.
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plankton samples in July and that 95%

of fish were captured between May and 80
August. Adults begin to mature in early 70
March (Clark, 1930) and spawn off south-
ern California from April to August. Peak 60
spawning activity is in May and June 2
(Skogsberg, 1939). § 50
2 4
Size and age at settlement ©
& 30
The smallest larvae caught during the 5 2

present study were 6—7 mm SL, which
would seem to indicate that white
seabass begin to settle at about this size.
However, white seabass as small as 4.2 0
mm SL were collected along the open
coast north of San Diego County in 1988
and 1989 with a trawl containing 2-mm
mesh in the codend (Allen and Franklin,
1992); therefore the smallest settled
larvae were probably not retained by
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our net. More than 20% of the individu-
als collected in that study were <5 mm
SL and 50% were <7 mm SL. This size distribution
suggests that many larvae caught off San Diego
County had settled at lengths of 4-5 mm SL. Larvae
up to 7.2 mm SL have been collected from the water
column (Moser et al., 1983), indicating that some in-
dividuals settle at >5 mm SL.

Given that many white seabass settled at 4-5 mm
SL, the average age at settlement must be less than
one month. The 10 smallest fish caught and aged in
this study ranged from 6.2 to 9.2 mm SL and were
26—-32 d old (Fig. 8). Although smaller (4-5 mm SL)
fish were not aged, they were probably much younger.
In the laboratory, white seabass reared at 15°C hatch
at a length of 2.8 mm SL after 2 d and grow to 4 mm
SLin 10 d and to 5 mm SL in 15-19 d (Moser et al.,
1983; Orhun, 1989). At this rate of growth, a 45 mm
SL settled fish would have spent only 1221 d in the
pelagic habitat.

Allen and Franklin (1992) hypothesized that most
white seabass larvae that settle along the coast of
southern California are spawned off Baja California
and advected northward. However, a short pelagic
phase of 2—3 weeks suggests that many of these lar-
vae are spawned within the Southern California
Bight (SCB). The direction of larval transport is dif-
ficult to predict because the behavior and position of
white seabass larvae in the water column is un-
known. During spring and early summer, poleward-
flowing undercurrents over the continental slope and
equatorward-flowing surface currents over the con-
tinental shelf (Hickey, 1993) could transport larvae
along the coast in either direction. However, mean

seasonal current velocities in the SCB region in
spring and early summer are generally less than 20
cm/s, although short-term velocities can be higher
(Hickey, 1993). At 20 cm/s, larvae could be trans-
ported a maximum of 200-360 km in 12-21 d. It
therefore seems unlikely that the 4-5 mm SL white
seabass caught in the northern and middle SCB by
Allen and Franklin (1992) were spawned off Mexico.
These larvae, which represented a large proportion of
the total catch, were almost certainly spawned off Cali-
fornia. Of course older larvae collected in the middle
SCB or young larvae caught off San Diego County could
have been spawned off either California or Mexico.

Nursery location

The depth distributions of settled white seabass on
the coast and within bays suggests that these fish
prefer shallow water beyond the surf zone. Along the
open coast, nearly all fish were caught at depths of
4-8 m, a region which begins just beyond the break-
ing waves. In the bays, all 10 fish were caught just
beyond the shore break at a depth of 0-1 m. Previ-
ous observations in other regions are consistent with
this conclusion. Settled white seabass have been col-
lected beyond the breaking waves along semi-
protected and exposed shores in and around Long
Beach Harbor (Allen and Franklin, 1988). White
seabass were not collected along protected shores,
but depths <1.5 m were not sampled. On the open
coast north of San Diego County, settled white
seabass were also more abundant along the 5-m
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depth contour than along the 10-m con-

tour (Allen and Franklin, 1992). Al- 120

though this distribution supports the
conclusion that white seabass prefer 100
shallow water, 30—40% of the settled

fish were caught at the 10-m contour E, 80
(Allen and Franklin, 1992). Most of the £
fish collected at 10 m were taken along 8 60
one section of coastline between Ven- E
tura and Point Dume; thus the prefer- E, "
ence for shallow water may be modified @
by local conditions.

Greater densities of settled fish along 20
the open coast than in the bays suggests
that the primary nursery for white 0
seabass is the open coast. However, this 10

difference in densities may reflect lower
capture efficiencies of the 1.0-m trawl
and beach seine in comparison with the 1
1.6-m trawl used on the coast. Although
net efficiencies could not be estimated
for white seabass because of low abun-
dance, Kramer (1990) found no difference
in efficiency of these same nets for Cali-
fornia halibut <40 mm SL. Net efficien-
cies probably did not differ greatly for
small white seabass either, and thus the
low catch of settled fish in the two bays
was due to low abundance. In ichthyofau-
nal surveys of other southern California
bays over the last several decades, only a
few early juvenile white seabass have
been caught (Dixon and Eckmayer, 1975;
Klingbeil et al., 1975; Horn and Allen,
1981). Although depths of 0—1 m may not
have been sampled intensively, data from
these surveys support the view that bays

0.1
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Gompertz growth curves relating (A) length and age, and (B) weight and
age of recently settled white seabass. Ages were determined from counts of
increments in sagittae.
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Figure 8

as a whole are not important nurseries
for white seabass.

The small size of southern California bays must
also limit their importance as nursery areas for white
gseabass. As an example, Kramer (1990) estimated
there were only 92 ha of habitat available between 0
and 1 m in Mission Bay and only 10 ha in Agua
Hedionda Lagoon, compared with roughly 2,500 ha
of habitat available between 5 and 8 m along the coast
of San Diego County. Most of the remaining bays on
the southern California coast are also small and
many are periodically closed off from the sea by shift-
ing sandbars (Zedler, 1982).

Nursery features

The narrow depth distribution of settled white sea-
bass along the coast suggests that one or more fea-

tures of this zone enhance survival of young fish. Sur-
vival in shallow nurseries may be higher because of
faster growth resulting from abundant food or
warmer water, or lower predation rates (Bergman et
al., 1988; Karakiri et al., 1989). Two features of the
white seabass nursery that may promote rapid
growth of juveniles are the abundant mysids and
warmer water. Mysids, the principal prey of all sizes
of white seabass collected, appear to be much more
abundant within the nursery than at adjacent
depths. Clutter (1967) sampled mysids at depths of
2-14 m during 1960-62 at a site 3 km south of the
Torrey Pines 2 site (Fig. 1). Although the center of
the depth distribution varied among months by 1-2
m, the mysid Metamysidopsis elongata was most nu-
merous in the middle of the white seabass nursery
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(Fig. 8). Other species of mysids were
much less abundant. Density of M.
elongata within the nursery can be quite
high. Clutter’s data indicate that the
mean density of mysids at 6 m was over
4,000/m3, whereas Roberts et al. (1982)
estimated that the mean density of
mysids at 6 m near the San Onofre site
was over 100/m3. Mysids are also about
an order of magnitude more abundant
during spring and summer, when white
seabass are in the nursery (Clutter, 1967).

Mysids are not only abundant within
the nursery; their broad size distribu-
tion makes them suitable prey for both
recently settled larvae and much larger
juveniles. Mature M. elongata brood and
release relatively large young that re-
main in shallow water (Clutter, 1967).
This reproductive strategy results in a
population of mysids in the nursery that
ranges over 100-fold in individual
weight (Fig. 6). Although larger fish eat
larger mysids, juveniles >40 mm SL can
apparently feed on the largest mysids
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available (Fig. 6). At about this size, a

transition from mysids to larger prey

such as fish and shrimp also begins. The diets of other
closely related sciaenids show a similar shift. Small
(1040 mm SL) sand seatrout, Cynoscion arenarius,
small (15--30 mm SL) spotted seatrout, C. nebulosus,
and juvenile (50-129 mm SL) weakfish, C. regalis,
all feed extensively on mysids and at larger sizes shift
to eating fish (Stickney et al., 1975; Sheridan, 1979;
McMichael and Peters, 1989). Large juvenile, sub-
adult, and adult white seabass feed principally on
fish (Quast, 1968; Thomas, 1968).

A second feature of the shallow nursery that may
enhance growth and survival of settled white seabass
is warm water. Temperatures in the 48 m stratum
during the summer ranged from 16 to 20°C, an aver-
age of 1.2 and 1.8°C warmer than the two deeper
strata. The effect of a 1-2°C increase on growth has
not been calculated for juveniles, but Orhun (1989)
observed that a temperature increase from 15 to 17°C
resulted in an increase in growth rate (dry weight
gain) from 13.8%/d to 16.7%/d in 4-21 d old larvae.
Temperature may have less influence on growth of
juveniles, but any increase in growth rate will accu-
mulate over the 2—-3 months that juveniles are in the
shallow nursery. Houde (1987) has demonstated that
a small increase in growth rate acting over a moder-
ate time interval can reduce stage duration and theo-
retically result in substantial increases in survival
and cohort size.

Correlations between abundances of drift macro-
phytes and white seabass suggest that macrophytes
are also an important feature of the nursery. Al-
though the correlation among abundances in single
tows was weak (r=0.29), the sensitivity of this analy-
sis was poor because the catch of white seabass was
low; a maximum of only two white seabass was
caught in a single tow at these stations. The correla-
tion among mean abundances in the four tows at each
site—the mathematical equivalent of making longer
tows—was stronger (r=0.52) and does suggest that
white seabass are more common near drift macro-
phytes. Allen and Franklin (1992) also noted that
white seabass were rarely caught unless drift algae
was present. It is possible that white seabass are sim-
ply more vulnerable to the trawl when drift macro-
phytes are present, but numerous studies with drop
nets and purse seines have demonstrated that many
juvenile fishes associate with drift macrophytes
(Kulczycki et al., 1981; Robertson and Lenanton, 1984;
Kingsford and Choat, 1986). Small white seabass may
associate with drift macrophytes because they harbor
suitable prey or serve as a refuge from predation.

In addition, the nursery area may be preferred by
white seabass because the risk of predation could be
lower than at adjacent depths. Unfortunately this
hypothesis is difficult to evaluate. Surveys of the
nearshore areas of southern California show that
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predators of small benthic fishes are present

both within the white seabass nursery and

in deeper water (Love et al., 1986). S.ome .of 1987 B g from ololith n=22

these predators, such as the California 10 f B age from growth equation ]

lizardfish (Synodus lucioceps), are less
abundant within the white seabass nurs-
ery than at 12-18 m, whereas other spe-
cies, such as California halibut (Para-
lichthys californicus), are more abundant
within the nursery than in deeper water
(Ford, 1965; Love et al., 1986; Allen, 1990).
However predation risk will depend not only
on the total number of vertebrate and in-
vertebrate predators at a particular depth,
but also on the size and ontogenetic distri-
bution of predators as well as species-spe-
cific probabilities of encounter, detection,
and capture (Bailey and Houde, 1989;
Fuiman and Margurran, 1994). A detailed
study is required to determine if the risk of
predation to settled white seabass is lower
in the nursery than in deeper waters.

Number of white seabass

Conclusion

The shallow water along the open coast just
beyond the breaking waves appears to be
the primary nursery for white seabass. Sur-
vival of young white seabass is probably
influenced by the abundance of mysids and

Seasonal pattern of spawning by white seabass in 1987 and 1988 as
calculated from date of capture, age of settled fish, and an estimated
two-day incubation period (Orhun, 1989). The ages of 50 fish were
estimated directly from otoliths, the others from the age-length rela-
tion shown in Figure 8.

Mar Apr May Jun Jul Aug Sep
Week
Figure 10

drifting macrophytes as well as by water
temperature in the nursery during spring
and summer. However, it is not known if survival in
the nursery is an important determinant of year-class
success for white seabass. Year-class success in most
marine fishes is generally believed to be set during
the larval stage. However, poor correlations between
larval abundance and subsequent recruitment for
some species indicate that survival of older fish, per-
haps early juveniles, may be equally important
(Sissenwine, 1984; Bradford, 1992). Further studies
are needed to evaluate the importance of survival of
early life history stages in determining the distribu-
tion and abundance of white seabass populations off
southern California.

Acknowledgments

I am deeply indebted to Sharon Kramer for provid-
ing specimens and data from her survey of the shal-
low water flatfishes of San Diego County. I also thank
John Butler who provided laboratory space and
equipment; P. Dutton, D. Griffith, M. Maloney, and

M. Shane who assisted with field collections; S.
Johnson, D. Mayer, R. Orhun and others who reared
white seabass; K. Miller-McClune who assisted with
data analysis; John Hunter, Richard Ford, and Stuart
Hurlbert who reviewed and greatly improved an early
version of the manuscript; and three anonymous re-
viewers for helpful comments on the final manu-
script. This study was supported by the Ocean Re-
source Enhancement and Hatchery Program
(OREHP) through grants to Richard Ford of San Di-
ego State University and Donald B. Kent of Sea World
Research Institute. OREHP is administered by the
California Department of Fish and Game. This study
was conducted in partial fulfillment of the requirements
of a Masters degree at San Diego State University.

Literature cited

Allen, L. G., and M. P. Franklin.
1988. Distribution and abundance of young-of-the-year
white seabass, Atractoscion nobilis, in the vicinity of Long



720

Fishery Bulletin 95(4), 1997

Beach Harbor, California in 1984-1987. Calif. Fish Game
74:245-248.

1992, Abundance, distribution, and settlement of young-
of-the-year white seabass Atractoscion nobilis in the South-
ern California Bight. Fish. Bull. 90:633-641.

Allen, M. J.

1990. The biological environment of the California halibut,
Paralichthys californicus. In C. W. Haugen (ed.), The
California halibut, Paralichthys californicus. resource and
fisheries, p. 7-29. Calif. Dep. Fish Game, Fish Bull. 174.

Bailey, K. M., and E. D. Houde.

1989. Predation on eggs and larvae of marine fishes and

the recruitment problem. Adv. Mar. Biol. 25:1-83.
Bergman, M. J. N., H. W. van der Veer, and J. J. Zijlstra.

1988. Plaice nurseries: effects on recruitment. J. Fish Biol.

33A:201-218.
Bradford, M. J.

1992, Precision of recruitment predictions from early life

stages of marine fishes. Fish. Bull. 90:439-—453.
Clark, F. N.

1930. Size at first maturity of the white seabass. Calif.

Fish Game 16:319-323.

Clutter, R. 1.
1967. Zonation of nearshore mysids. Ecology 48:200—208.
Collins, R.
1981. Pacific coast croaker resources. Mar. Recr. Fish.
6:41-49.

Dixon, R. L., and W. J. Eckmayer.

1975. A checklist of elasmobranchs and teleosts in the outer
harbor of Anaheim Bay. InE.D.Lane and C. W. Hill (eds.).
The marine resources of Anaheim Bay, p. 175-183. Calif.
Dep. Fish Game, Fish Bull. 165.

Dutton, P. H.

1989. The feeding ecology and growth of white seabass lar-
vae (Atractoscion nobilis). M.S. thesis, San Diego State
Univ., San Diego, CA, 146 p.

Feder, H. M., C. H. Turner, and C. Limbaugh.

1974. Observations on fishes associated with kelp beds in
southern California. Calif. Dep. Fish Game, Fish Bull.
160, 144 p.

Ford, R. E.

1965. Distribution, population dynamics and behavior of a
bothid flatfish, Citharichthys stigmaeus. Ph.D. diss., Univ.
California, San Diego, CA, 243 p.

Fuiman, L. A., and A. E. Margurran.

1994. Development of predator defences in fishes. Rew.

Fish Biol. Fish. 4:145-183.
Hickey, B. M.

1993. Physical oceanography. In M.D. Dailey, D. J. Reish,
and J. W. Anderson (eds.), Ecology of the Southern Cali-
fornia Bight, p. 19-70. Univ. California Press, Berkeley,
CA.

Horn, M. H., and L. G. Allen.

1981. Ecology of fishes in upper Newport Bay, California:
seasonal dynamics and community structure. Calif. Dep.
Fish Game, Mar. Resour. Tech. Rep. 45, 102 p.

Houde, E. D.

1987. Fish early life history dynamics and recruitment
variability. Am. Fish. Soc. Symp. 2:17-29.

Karakiri, M., R. Berghahn, and H. Von Westernhagen.

1989. Growth differences in 0-group plaice Pleuronectes
platessa as revealed by otolith microstructure analysis.
Mar. Ecol. Prog. Ser. 55:15-22.

Kim, B. G.

1987. Effects of stocking density and food concentration on

survival and growth of larval white seabass (Atractoscion

nobilis). M.S. thesis, San Diego State Univ., San Diego,
CA, 110 p.
Kingsford, M. J., and J. H. Choat.

1986. Influence of surface slicks on the distribution and

onshore movements of small fish. Mar. Biol. 91:161-171.
Klingbeil, R. A,, R. D. Sandell, and A. W. Wells.

1975. An annotated checklist of the elasmobranchs and
teleosts of Anaheim Bay. In E. D. Lane and C. W. Hill
(eds.), The marine resources of Anaheim Bay, p. 79—
90. Calif. Dep. Fish Game, Fish Bull. 165.

Kramer, S. H.

1990. Distribution and abundance of juvenile California
halibut, Paralichthys californicus, in shallow waters of San
Diego County. In C.W.Haugen (ed.), The California hali-
but, Paralichthys californicus, resource and fisheries, p.
99-126. Calif. Dep. Fish Game, Fish Bull. 174.

1991. Growth, mortality, and movements of juvenile Cali-
fornia halibut Paralichthys californicus in shallow coastal
and bay habitats of San Diego County, California. Fish.
Bull. 89:195-207.

Kulezycki, G. R., R. W. Virnstein, and W. G. Nelson.

1981. The relationship between fish abundance and algal
biomass in a seagrass-drift algae community. Estuarine
Coastal Shelf Sci. 12:341-347.

Love, M. S,, J. 8. Stephens Jr., P. A. Morris, M. M. Singer,
M. Sandhu, and T. C. Sciarrotta.

1986. Inshore soft substrata fishes in the Southern Cali-
fornia Bight: an overview. Calif. Coop. Oceanic Fish. In-
vest. Rep. 27:84-106.

MacCall, A. D.

1986. Changes in the biomass of the California Current
ecosystem. In K. Sherman and L. M. Alexander (eds.),
Am. Assoc. Adv. Sci. Selected Symposium 99: variability
and management of large marine ecosystems, p. 33—
54. Westview Press, Boulder, CO.

Margulies, D.

1989. Size-specific vulnerability to predation and sensory
system development of white seabass, Atractoscion nobilis.
larvae. Fish. Bull. 87:537-552.

McMichael, R. H., Jr., and K. M. Peters.

1989. Early life history of spotted seatrout, Cynoscion
nebulosus (Pisces: Sciaenidae), in Tampa Bay, Florida.
Estuaries 12:98-110.

Methot, R.

1983. Management of California’s nearshore fishes. Mar.
Recr. Fish. 8:161-172.

Moser, H. G., D. A. Ambrose, M. S. Busby, J. L. Butler,
E. M. Sandknop, B. Y. Sumida, and E. G. Stevens.

1988. Description of early stages of white seabass,
Atractoscion nobilis, with notes on distribution. Calif.
Coop. Oceanic Fish. Invest. Rep. 24:182-193.

Orhun, M. R.

1989. Early life history of white seabass (Atractoscion
nobilis). M.S. thesis, San Diego State Univ., San Diego,
CA, 162 p.

Quast, J. C.

1968. Observations on the food of kelp-bed fishes. In W.
d. North and C. L. Hubbs (eds.), Utilization of kelp-bed
resources in southern California, p. 109-142. Calif. Dep.
Fish Game, Fish Bull. 139.

Roberts, D., E. DeMartini, C. Engel, and K. Plummer.

1982, A preliminary evaluation of prey selection by juve-
nile-small adult California halibut (Paralichthys califor-
nicus) in nearshore coastal waters off southern Cali-
fornia. In G. M. Cailliet and C. A. Simenstad (eds.), Gut-
shop 81, fish food habits studies: proceedings of the third



Donohoe: Age, growth, distribution, and food habits of Atractoscion nobilis 721

Pacific workshop, p. 214-223. Washington Sea Grant,
Seattle, WA.
Robertson, A. L, and R. C. J. Lenanton.

1984. Fish community structure and food chain dynamics
in the surf-zone of sandy beaches: the role of detached
macrophyte detritus. J.Exp. Mar. Biol. Ecol. 84:265-283.

Sheridan, P. F.

1979. Trophic resource utilization by three species of
sciaenid fishes in a northwest Florida estuary. Northeast
Gulf Sci. 3:1-14.

Sissenwine, M. P.

1984. Why do fish populations vary? In R. M. May, (ed.).
Exploitation of marine communities, p. 59-94. Springer-
Verlag, Berlin.

Skogsberg, T.

1989. The fishes of the family Sciaenidae (croakers) of

California. Calif. Dep. Fish Game, Fish Bull. 54, 62 p.
Sokal, R, R., and F. J. Rohlf.

1981. Biometry, 2nd ed. W. H. Freeman and Company,

New York, NY, 859 p.

Stickney, R. R., G. L. Taylor, and D. B. White.

1975. Food habits of five species of young southeastern
United States estuarine Sciaenidae. Chesapeake Sci.
16:104-114.

Thomas, J. C.

1968. Management of the white seabass (Cynoscion nobilis)
in California waters. Calif. Dep. Fish Game, Fish Bull.
142, 34 p.

Vokovich, M., and R. J. Reed.

1983. White seabass, Atractoscion nobilis, in California-
Mexican waters: status of the fishery. Calif. Coop. Oce-
anic Fish. Invest. Rep. 24:79-83.

Young, P. H.

1973. The status of the white seabass resource and its
management. Calif. Dep. Fish Game, Mar. Resour. Tech.
Rep. 15, 10 p.

Zedler, J. B.

1982, Ecology of southern California coastal salt marshes:
a community profile. U.S. Fish and Wildlife Service,
Washington, D.C.,110 p.



