
KRAME& SHALLOW-WATER FIATLlSHES OF SAN DIEGO COUNTY 
CalCOfl Rap.. Val. 32,1991 

THE SHALLOW-WATER FLATFISHES OF SAN DIEGO COUNTY 
SHARON HENDNX KRAMER' 
Sourhwcsr Firhenes Snmce Center 

Nanonll Mannc Fishener Scmcc, NOAA 
P 0. Box 271 

La Jollr. Califorma 92038 

ABSTRACT 
Seven species of flatfish live in the shallow marine 

waters (depth 14 m) of San Diego County: Califor- 
nia halibut, Paralichthys californicus; fantail sole, Xys- 
treurys liolepis; speckled sanddab, Citharichthys 
stigmaeus; spotted turbot, Pleuronichthys ritteri; 
hornyhead turbot, Pleuronichthys verticalis; diamond 
turbot, Hypsopsetta gunulata; and California tongue- 
fish, Symphurus atricauda. Speckled sanddab was 
most abundant, representing 79% of the flatfish 
catch. California halibut had the highest biomass, 
and represented 46% of the catch. 

Only California halibut and diamond turbot used 
bays as nursery areas: they had distinct ontogenetic 
distributions, with length increasing with depth. 
The remaining species settled on the open coast but 
were not found together during early juvenile 
stages: they settled at different depths, and at differ- 
ent times of the year. Older juveniles and adults par- 
titioned the habitat by eating different foods and by 
living at different depths and locations. 

Life histories of nearshore flatfishes varied widely: 
speckled sanddab settled at a large size on the open 
coast and matured rapidly, whereas California hali- 
but settled at a small size, used bays as nurseries, and 
delayed maturity. 

RESUMEN 
Siete especies de lenguados viven en aguas mari- 

nas someras (profundidad de 14 m) en el condado de 
San Diego: Paralichthys califonticus, Xystreurys liole- 
pis, Citharichthys stigmaeus, Pleuronichthys ritteri, L? 
verticalis, Hypsopsetta guttulata, y Symphurus atri- 
cauda. Citharichthys stigmaeus fuC la especie mas 
abundante representando un 79% de la captura de 
lenguado. Paralichthys californicus present6 la mayor 
biomasa y un 46% del lenguado capturado. 

Solamente Paralichthys californicus y Hypsopsetta 
gurtulutu utilizaron bahias como zonas de cria. Estas 
dos especies presentan distribuciones caracteristicas 
durante la ontogenesis, con aumento de longitud del 
individuo con profundidad. Las otras especies se es- 
tablecieron en la costa pero no coincidieron durante 

10s periodos juveniles mas tempranos: se estableci- 
eron a diferentes profundidades, y en tiempos del 
aiio diferentes. Los juveniles mis  viejos y 10s adultos 
dividieron el habitat comiendo aliment0 diferente y 
viviendo a profundidades y localidades diferentes. 

Los ciclos de vida de 10s lenguados en aguas de 
poca profundidad variaron ampliamente: Citharich- 
thys stigmaeus se establecio despues de alcanzar ta- 
maiio grande y maduro rapidamente, mientras que 
Paralichthys californicus se establecio con tamaiio pe- 
queiio, utilizo las bahias como areas de cria, y de- 
mor6 la maduracion. 

INTRODUCTION 
Flatfishes (order Pleuronectiformes) have com- 

plex life histories of pelagic eggs and larvae and 
demersal adults. Larvae are symmetrical, but trans- 
form into asymmetrical juveniles (both eyes on one 
side of the head) that settle to the bottom. The du- 
ration of the pelagic larval stage and the size at trans- 
formation vary among flatfishes, but the general 
trend is toward longer pelagic larval stage and larger 
settlement size with increasing depth of adult habitat 
(Moser 1981). 

Interspecific differences in morphology among 
flatfishes result in interspecific differences in soft- 
bottom resource use. For example, flatfishes can be 
divided into two groups: species that have large, 
symmetrical mouths and feed on fish and large crus- 
taceans living on or above the bottom, and species 
that have small, asymmetrical mouths and feed on 
worms and small crustaceans living on or in the 
substrate (Allen 1982). 

Off southern California, Pleuronectiformes are 
the most abundant soft-bottom fishes caught in ot- . 
ter trawls (Allen 1982). Reports ofbottom-trawl sur- 
veys off southern California lack information on 
sizespecific abundance of soft-bottom species (Al- 
len 1982; DeMartini and Allen 1984; Love et al. 
1986). Most of these surveys sampled depths greater 
than 12 m. 

The objective of this paper is to describe the size- 
specific distribution and abundance of the seven 
most abundant flatfish species found along the shal- 
low open coast and bay habitats of southern Califor- 
nia. The organization and dynamics of the flatfish 
assemblage will be discussed in light of these 
findings. 
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MATERIALS AND METHODS 
Monthly collections were taken on the open coast 

and in bays from September 1986 to September 
1988, and followed a stratified random design (for 
details see Kramer 1990a). Four blocks weresampled 
that represented 40 n.mi. of the open coast between 
Mission Bay and San Onofre: San Onofre, offshore 
of Agua Hedionda Lagoon, Torrey Pines, and Mis- 
sion Beach (figure 1). 

The two bays sampled were Mission Bay and 
Agua Hedionda Lagoon. Each was divided into 
blocks of similar habitat (five blocks in Mission Bay, 
three in Agua Hedionda Lagoon) (Kramer 1990a). 
Three to four randomly selected isobaths were sam- 
pled within three depth strata for each block. On the 
open coast, the three depth strata were from about 5 
m (near the first breaker line) to 8 m, 9 to 11 m, and 
12 to 14 m. In bays, strata ranged from “shoreline” 
(<1 m) to “open water” strata of 1-2-m and 2-4-m 
depths. San Diego Bay was sampled in June and July 
1988, by means of a similar design but with 12 
blocks (figure 1). The area of each habitat was com- 
puted from navigational charts (Kramer 1990a). 

Gear consisted of two beam trawls with mouth 
openings of 1.6 and 1.0 m, and a 1-by-6-m beach 
seine. Gear was lined or made of 3-mm mesh net- 
ting. A meter wheel was mounted on the trawls to 
track distance traveled along the bottom, and to al- 
low estimation ofthe area swept by each trawl (Kry- 
gier and Horton 1975). 

The 1.6-m beam trawl was fished from a small 
(15-m) vessel, and the 1.0-m beam trawl was fished 
from a skiff (5 m) or pulled by hand in shallow water 
(C1 m). The beach seine and 1.0-m beam trawl were 
pulled parallel to shore at depths < 1 m, for a distance 
of 20-50 m. 

All flatfishes taken in trawls and seines were mea- 
sured (standard length [SL] in mm), and fish were 
selected at random and frozen for later analysis in 
the laboratory (Kramer 1990b). At the laboratory, 
each fish was thawed, measured (SL in mm), and 
weighed (wet weight in g). Biomass was estimated 
by converting standard lengths into wet weight us- 
ing allometric equations describing the relationship 
between standard length and wet weight (Kramer 
1990b). 

Mean density (no. /ha) was determined for flatfish 
species and their length classes by season, location, 
and depth. Five length classes were used for speckled 
sanddab: SL a40 mm, 41-60 mm, 61-80 mm, 81- 
100 mm, and >lo0 mm. Six 50-mm length classes 
were used for California halibut: SL s 5 0  mm, 51- 
100 mm, 101-150, 151-200, 201-250, and >250 
mm. For the remaining species, five 50-mm length 
classes were used: SL G50 mm, 51-100, 101-150, 

I I C I O .  I 

ngure 1 Map d locabon d sampling blo&s. Opencoast blocks am ( 1 )  San 
Onofre. (2) a d l m  to Agua Hedmda Lagoon. (3) Tomay Pmes. and 
( 4 )  Mir~won Beach. The two bays mubnely sampled were Agua Hedwmda 
Lagoon and M i m  Bay, wlth sampling in San Diego Bay in Jum-July 1988 

151-200, and >200 mm. No corrections were made 
for bias due to gear type. 

Seasonality of settlement was determined by the 
temporal pattern of settlement. For each species, 
“newly settled” individuals were classified by 
length; maximum was 10 mm above the minimum 
estimated transformation length in published litera- 
ture (Ahlstrom et al. 1984). 

Analysis of variance (ANOVA) was used to de- 
scribe the variability in density by length class (den- 
sity in no./ha) with respect to location (four open- 
coast blocks and two bays), season (fall 1986 through 
summer 1988), and depth ((5 m, 5-8 m, 9-11 m, 
12-14 m). An accepted significance level of P S0.05 
was used for all analyses except where noted. Abun- 
dance was determined by multiplying the mean den- 
sity for each habitat by the area of each habitat. 
Abundance estimates were summed for open coast 
and bay habitats. 
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RESULTS 
Thirteen fattish species representing three fami- 

lies were captured. Seven species belonged to the 
family Paralichthvidae (Hensley and Ahlstrom 
1984): California halibut, Paralichthys calfornicrrs; 
fantail sole, Xystrerrrys liolepis; speckled sanddab, 
Citharicbthys stifmaeiu; Pacific sanddab, Citharich- 
thys sordidus; longfin sanddab, Citharichthys xantho- 
s t i fma;  gulf sanddab, Citharichthys fragi l is;  and 
bigmouth sole. Hippoglossina stomata. Five species 
were of the family Pleuronectidae: spotted turbot, 
Pleuronicbrhys rirreri; hornyhead turbot, Plerrronich- 
thys verricalis; curlfin turbot, Plerrronichthys decurrens; 
English sole, Parophrys vetulus; and the diamond tur- 
bot, Hypsopserra prrtulata. California tonguefish, 
Symphurus arricauda, was the only member of the 
family Cynoglossidae. 

The total number of flatfishes caught was 32,546; 
seven of the thirteen species accounted for >99% of 
the catch (California halibut, speckled sanddab, 
spotted turbot, hornyhead turbot, fantail sole, dia- 
mond turbot, and California tonguefish). Paralich- 
chyidae represented 91.9% of the catch, followed by 
by Pleuronectidae with 7.7%. and Cynoglossidae 
with 0.4%. Three species of paralichthyid flatfishes 
accounted for 91.89% of the catch (California hali- 
but, speckled sanddab, and fantail sole), and three 
species of pleuronectid flatfishes accounted for 6.9% 
(spotted, hornyhead, and diamond turbots). 

Total biomass of the seven most abundant flatfish 
species was estimated at  662 kg. Paralichthyidae 
represented 68.3% ofthe total biomass, followed by 
Pleuronectidae with 31.3%, and Cynoglossidae 
with0.4%. 

The sampling design covered only a portion of the 
depth range of many species, and the beam trawls 
undersampled California halibut and probably other 
flatfishes >250 mm SL relative to otter trawls (Kra- 
mer 1990a). For example, speckled sanddab is small 
(maximum length = 144 mm SL) and is probably 
sampled effectively by the gear; however, the species 
is abundant at greater bottom depths than those 
sampled (depths of maximum abundance 5 to 40 m; 
figure 2). Thus abundance estimates did not fully 
represent the entire population of any species. 

Density, abundance, and distribution of tongue- 
fish were poorly estimated in this study because of 
their diurnal behavior. Tonguefish is nocturnally ac- 
tive: it remains buried in the sand or mud during the 
day and feeds at night. Tonguefish is the only flatfish 
in southern California coastal waters that has diel 
behavior that affects availability to trawling (De- 
Martini and Allen 1984). 

S i r e  Range (Figure 2) 
Speckled sanddab was the smallest flatfish species 

captured (5-135 m m  SL), followed by California 
tonguefish (21-208 mm). Sported turbot (7.5-237 
mm), diamond turbot (7-266 mm), and hornyhead 
turbot (10-265 mm) were similar in size: spotted 
turbot and diamond turbot have a maximum re- 
corded length of 373 mrn SL, whereas hornyhead 
turbot has a maximum recorded length of 290 mm 
(Miller and Lea 1972). 

The largest flatfishes were California halibut and 
fantail sole. Fantail sole ranged from 7.5 to 340 mm 
SL, but has a maximum recorded length of 423 m m  
(Miller and Lea 1972). California halibut was the 
largest flatfish taken in this survey; standard length 
ranged from 6.1 to 600 mm,  which is considerably 
less than the maximum recorded length of about 
1,300 mm (Miller and Lea 1972). 

A. 

I 

STANDARD LENGTH (mm) 
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Figure2. A, Maximumstandardlength andrangecaptureden~elybysam- 
pling gear. 8. Maximum depth. depths of maximum abundams. and Outer 
bound of sampling depth. Lengths and depths obtained from IiteraNm (Ford 
1965: Miller and Lea 1972: Allen 1982: DeMartini and Allen 1984: Love et al. 
7seS). 
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Cutch Statistics (Figure 3) 
Numbers captured. Speckled sanddab was the most 

abundant flatfish (25,298 fish), and represented 
78.6% of the flatfish catch. Distribution of speckled 
sanddab varied in both space and time; 45% were 
caught at Torrey Pines, and 27.1% were caught in 
spring 1988. Almost all (99.6%) speckled sanddab 
were found on the open coast, and most were caught 
deeper than 10 m. 

California halibut ranked second in number cap- 
tured (4,085), and represented 12.6% of the flatfish 
catch. Most halibut were caught in bays: 60.2% 
came from Mission Bay and Agua Hedionda La- 
goon, and 46.2% from Mission Bay alone. The total 
number of halibut captured decreased with depth. 

Spotted turbot followed California halibut (956), 
and represented 2.9% of the flatfish catch. Greatest 
numbers (36.3%) were caught at Mission Beach. 
Most spotted turbot were caught on the open coast 
(83.9%); some were taken in the outer areas ofMis- 
sion Bay. 

Diamond turbot was fourth in number taken 
(848), representing 2.6% of the flatfish catch. Most 
diamond-turbot were caught in bays - 43% in Mis- 
sion Bay and 40% in Agua Hedionda Lagoon. The 
number captured decreased with depth. 

Hornyhead turbot ranked fifth in number (423). 
and represented 1.3% of the flatfish catch. Most 
hornyhead turbot (33.3%) were caught at Torrey 
Pines. Only four were caught in bays (0.90/,), all in 
the entrance channel to Mission Bay. Hornyhead 
turbot increased in abundance with depth. 

Fantail sole ranked seventh in numerical abun- 
dance (228). and represented 0.7% of the flatfish 
catch. Most (99.1%) fantail sole came from the open 
coast, and 45% were taken offshore of Agua He- 
dionda Lagoon. 

California tonguefish ranked seventh in numeri- 
cal abundance (129), and represented 0.4% of the 
flatfish catch. Mission Bay yielded 48% of the Cali- 
fornia tonguefish catch. 

Biomass. California halibut had the highest bio- 
mass at 307.0 kg, or 46.4% of the flatfish biomass. 
Highest biomass was on the open coast offshore of 
Agua Hedionda Lagoon (67.3 kg, or 21.9% of the 
halibut biomass, and 10.2% of the flatfish biomass). 
Total biomass increased with depth to 11 m, and then 
declined. 

Spotted turbot was second highest, at 117.5 kg, or 
17.8% of the flatfish biomass. Highest biomass was 
at Mission Beach (46 kg, or 39.2%), followed by 
Carlsbad (29.4 kg, or 25%). Biomass was highest in 
the 9-11-m depth stratum on the open coast. 

DEPTH STRATA 

WQUm 3. TOtd bio- and number Captured by depth stratum for s e w n  
flmfl.ahppedss. 

Biomass of speckled sanddab was 101.0 kg, and 
ranked third (15.3%) in flatfish biomass, followed 
by hornyhead turbot with 55.4 kg, or 8.4% of flat- 
fish biomass. Hornyhead turbot biomass increased 
with increasing bottom depth. 

Fantail sole ranked fifth in biomass, with a total 
of 43.3 kg, or 6.6% of the flatfish biomass. Biomass 
was relatively constant across all open-coast depth 
strata, and ranged from 14 to 16 kg. 

Diamond turbot had the sixth highest total bio- 
mass, at 34.3 kg, or 5.2% ofthe total biomass. Bio- 
mass was highest in bays (12.5 kg, or 36.5%), and 
decreased with depth. 

Biomass of tonguefish was the lowest, at 2.9 kg, 
or 0.5% of the flatfish biomass. Greatest biomass 
was in Mission Bay (1.0 kg, or 35%). Biomass on 
the open coast increased with depth. 
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Variations in DensityZ 
Depth. Density of speckled sanddab and horny- 

head turbot varied significantly with depth (F = 
387.1, df = 3, 3516, P < 0.01; and F = 52.7, df = 
3, 3516, P < 0.01, respectively), and increased with 
depth. Speckled sanddab density increased from a 
mean of272.5/ha (SE = 17.5) in the shallowest open 
coast stratum (5-8 m) to 630.8/ha (SE = 50.7) in 
the deep stratum (12-14 m). Hornyhead turbot in- 
creased from 1.24/ha (SE = 0.36) in the shallowest 
open-coast stratum to 16.2/ha (SE = 1.36) in the 
deepest stratum. 

Density of California halibut also differed signif- 
icantly with depth (F = 37.6, df = 3, 3516, P < 
0.01). The smallest length class (650 mm) was most 
dense in bays (mean = 46.7, SE = 4.5), and de- 
creased with depth on the open coast (shallowest 
coastal stratum mean = 11.7, SE = 2.7; deepest 
coastal stratum mean = 1.9, SE = 1.0). Density of 
the larger classes increased with depth; the largest 
class (>250 mm) was least dense in the bays (mean 
= 0.5, SE = 0.1) and most dense in the deepest 
coastal stratum (mean = 5.7, SE = 0.6). Halibut 
450 mm were found primarily in the bays; larger 
halibut were found on the open coast. 

Density of spotted turbot differed significantly 
with depth (F = 12.9, df = 3, 3516, P < 0.01). 
Spotted turbot was most dense in the shallow 
and mid-depth strata (5-11 m) on the open coast 
(mean,,,,,o, = 20.7/ha, SE = 1.9;meanm,,,, = 21.5/ 
ha, SE = 1.5). with the lowest open-coast density 
in the deep stratum (meandep = 14.5, SE = 1.1). 
Lowest densities were found in bays, with a mean of 
2.l/ha (SE = 0.4). Spotted turbot were found in 
shallow coastal habitats, but not in bays (figure 4). 

Density of tonguefish in the 151-200-m class var- 
ied significantly with depth (F = 5.7, df = 3, 3516, 
P < 0.01). However, the smallest (<50 mm) and the 
largest (151-200 mm) tonguefish were caught in 
deeper coastal waters (9 m), with intermediate 
length classes in shallow coastal water (<7 m) and 
in the bays (figure 4). 

Density of fantail sole did not vary significantly 
with depth for any of the length classes (F = 2.2, df 
= 3, 3516, P > 0.05). 

Location. Densities of California halibut and dia- 
mond turbot differed significantly with location (F 
= 33.0, df = 3,3516, P<O.Ol;andF = 47.0, df = 
5, 3516, P < 0.01, respectively). These fish were 
most dense in bays, where there were seasonally 
high concentrations of juveniles. The highest den- 

Tabln of density for each specin by sample block, quarter, and length class 
are Nlilable in Knmcr 1 m .  

.& II-IOO lOt.9!4 t 5 t . W  

LENGTH CLASS (mm) 

Flgure 4. Mean b o r n  depth of standard length c h s  lor sew flatfish 
S p C i e S .  

sity of diamond turbot occurred during the period 
of peak settlement ofjuveniles, with a maximum of 
864/ha (SE = 248) in Agua Hedionda Lagoon in 
winter 1987, and 51.8/ha (SE = 20) in Mission Bay 
in spring 1987. Halibut was also most dense during 
settlement ofjuveniles, with a maximum of 188/ha 
(SE = 15.7) in Mission Bay in spring 1987, and 7971 
ha (SE = 410) in Agua Hedionda Lagoon in winter 
1987. 

There were more California halibut and diamond 
turbot at open coast locations adjacent to bays than 
in areas far from bays. Density in bays ranged from 
36.5/ha (SE = 2.9) offshore of Agua Hedionda La- 
goon to 12.l/ha (SE = 1.3) at San Onofre. Maxi- 
mum coastal densities of diamond turbot were at 
Mission Beach, ranging from 1.3/ha (SE = 0.85) in 
fall 1986 to 12.7/ha (SE = 3.6) in fall 1987. Density 
of diamond turbot in the >250-mm class did not 
vary significantly with location (F = 0.6, df = 5, 
3516, P = 0.71). 
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TABLE 1 
Key Life-History Characteristics of Inshore Flatfishes 

A. Juveniles 
Settlement depth ontogenetic 

distribution 
Size at Settlement 

Species settlement location’ Mean SD N 

California halibut 617 B. C 5.05 3.67 398 Yes 
Diunond turbot S14 

Fantd role S17 
Hornyhcad Nrbot S17 
Spotted turbot 416 
Cahfoma tonguefish 429 

B. Adults 

Speckled randdab 635 

S u e  at 1st 
mamry (a) 

Cahfoma hahbut 300.4 
Diamond turbot 160 
Speckled sanddab 70 
Fantd sole 160 
Hornyhnd NrboI 140 
SDotted turbot 140 

B 1.25 0.46 51 Yes 
C. B 11.02 2.25 773 No 

C 6.35 5.91 4 No 
C 8.84 2.54 5 No 
C 9.19 4.35 4 No 

C. B 11.37 1.20 10 ? 

Maximum Season of 
SL (-) Depth disrribution hirjor prey SP”nia8.t  

1274 S I 5  (d.c,j,k) Anchones (b.c) w.sp.su 
373 620 (d.j.k) Polychactcs ( E )  W. F 
144 5-40 (d,e.J.k) Myrids (d.e) Sp.Su.F (g) 
423 10-30 (d,c&k) Crabs (c) Su,F 
290 10-50 (d,ej.k) Polychaetes (e.9 W,Sp.Su!.F? (h)’ 
237 10-20 (d,i,k) Anemones (e. 0 SD.SU.F?. W? 

Califoma tonguefish 120 208 20-60 (d.&,k) Amphipod; (ej s;,F? (i) 
(a) Miller and Lea 1972: @) Plummcr et al. 1983: (c) Lanc 1975: (d) Ford 1965: (e) Allen 1982: (0 Luckinbill 1969 (9) Goldberg 1987: (h) Goldberg 
1982% li) Goldbera 1981: (i) Love et al. 1986 (k) DeManini and Allen 1984. - -. . .  
*B = bays: C = coast 
tW = winter; Sp = spnng: Su = summer: F = fall 

Diego Bay. High abundance there suggests that the 
bay may be an optimal habitat for spotted turbot 
and tonguefish, or that it is an area of increased sus- 
ceptibility to capture with the beam trawl. The en- 
trance is dredged to about 15 m and has a sandy 
bottom similar to the open coast. The channel is 
protected from large swells, but is influenced by 
tidal currents. The bottom was populated with sea 
pens, Stylatula sp., and was the only location where 
dense stands of sea pens were found. Stylatula has 
been found in the stomachs of spotted turbot, and 
may be an important food (Ford 1965). 

Fantail sole, hornyhead turbot, speckled sanddab, 
and English cole did not depend on shallow-water 
nursery habitats. Newly settled fantail sole and 
homyhead turbot were caught from March to Sep- 
tember 1989, whereas speckled sanddab settled 
throughout both 1989 and 1990 but were caught in 
greatest numbers from March to September 1989 
(figure 5). 

Juvenile English sole were found only on the open 
coast, although they use bays as nursery areas in 
northern California, Oregon, and Washington 
(Toole 1980; Krygier and Pearcy 1986; Rogers et al. 
1988). The English sole settled on the open coast 
between April and September, at about the same 
time as halibut, but in deeper water and at a larger 
size (figure 5; table 1). 

The seasonal spawning pattern is winter and 
spring for species using bays and the shallow open 
coast as nursery areas (diamond turbot, California 
halibut). But species that settle in deeper waters of 
the open coast spawn throughout the entire year or 
in other seasons (table 1). 

Annual Variation in Settlement 
Variability in rates of settlement could be caused 

by differences in larval survival due to food availa- 
bility or predation, variability in reproductive effort 
and abundance of adults, or variability in oceano- 
graphic conditions influencing the transport of lar- 
vae to the nearshore. Newly settled and small 
juveniles of all species were more abundant in 1988 
than 1987. suggesting that the factors influencing 
settlement success affect the entire nearshore envi- 
ronment. Ford (1965) also found considerable vari- 
ability in population estimates for speckled sanddab 
in 1962 and 1963, which suggests that there is high 
interannual variability in speckled sanddab abun- 
dance. 

Spatial patterns in settlement were also evident, 
with most of the coastal settlement of speckled sand- 
dab and California halibut at Torrey Pines in 1988. It 
seems unlikely that increased egg production would 
account for the spatial and temporal settlement pat- 
terns for all species; therefore the increased settle- 
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small juvenile diamond turbot use bays as nursery 
areas. 

Size and Season of Settlement (Figure 5) 
Diamond turbot larvae are the smallest of the flat- 

fishes at transformation, ranging from 4.4 to 8.8 
mm SL (Ahlstrom et al. 1984). Juveniles of 4 4  mm 
were considered “newly settled”; 51 newly settled 
juveniles were caught-45 (880/,) in winter 1988. 
All settlement occurred in bays, in the blocks far- 
thest from the entrances. 

Length at transformation of California halibut 
ranges from 7.5 to 9.4 mm SL (Ahlstrom et al. 
1984). Juveniles c17 mm were considered newly set- 
tled. A total of 398 newly settled halibut was caught 
from February to May 1987 and from January to 
September 1988. Most newly settled halibut (271) 
were caught on the open coast in 1988, with over 
50% (144) at Torrey Pines, followed by offshore of 
Agua Hedionda Lagoon (41, or 15%). Fewer newly 
settled halibut (127) were caught in 1987, and nearly 
all (124, or 97.6%) were in the bays. Of these, most 
settled in the blocks between the entrance and the 
middle of the bays. 

Speckled sanddab larvae are the largest of the flat- 
fish group at transformation, ranging in length from 
24 to 35.5 mm SL (Ahlstrom et al. 1984). Juveniles 
of s3.5 mm were considered newly settled, and 
7,456 newly settled speckled sanddab were caught 
in the survey. Although some settlement occurred 
throughout both years, peak settlement was be- 
tween May and October in 1987. and from February 
until the end of the sampling program in September 
1988. Speckled sanddab settlement was greatest in 
1988, with over 50% at Torrey Pines (n = 2,920). 
followed by the open coast offshore of Agua He- 
dionda Lagoon (n = 1.614). 

Newly settled juveniles of the remaining species 
were relatively rare. Spotted turbot, hornyhead tur- 
bot, and fantail sole all transform at a small size 
(Ahlstrom et al. 1984), and were considered newly 
settled at  4 7  mm SL. Only 4 newly settled spotted 
turbot were caught, in May and June 1988. Five 
newly settled hornyhead turbot were captured in 
August 1988 on the open coast offshore of Agua 
Hedionda Lagoon and at Torrey Pines. From March 
through September 1988.4 newly settled fantail sole 
were captured: 2 in Mission Bay, and 2 on the open 
coast at  Torrey Pines. 

California tonguefish transform at  a relatively 
large size (19-24.2 mm; Ahlstrom et al. 1984). with 
juveniles of 6 29 mm considered newly settled. Ten 
newly settled tonguefish were caught on the open 

coast at depths 2 9  m: 7 in fall 1986, and 3 from 
December 1987 through March 1988. 

Abundance Estimates 
Speckled sanddab. Speckled sanddab was most 

abundant in 1988 (figure 6). Total abundance esti- 
mated for both spring and summer 1988 by location 
was: San Onofre. 1,562,539 (SE = 183,131), Agua 
Hedionda. 833,415 (SE = 71,099). Torrey Pines, 
1,293,550 (SE = 154,833), and Mission Beach, 
1,036,291 (SE = 98,419). Estimated abundance for 
spring and summer 1987 was significantly less than 
that for 1988. For example, abundance at Torrey 
Pines for both spring and summer 1987 was 372,317 
(SE = 69,400). which is about one quarter of the 
abundance in 1988. 
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Calijiornia halibut. Nearly all halibut in the 51-100- 
mm length class were found in the bays, whereas 
most of the halibut in the 201-250-mm class were 
found on the open coast (figure 7). 

In 1987, 5Gmm juveniles were more abundant in 
bays than in 1988; conversely, they were more abun- 
dant on the coast in 1988 than in 1987. Abundance of 
halibut <50-mm summed over all habitats for both 
years differed significantly, being higher in 1987 
than 1988 (n,%, = 227,055, SE = 17,623; n19= = 
155,407, SE = 16,966). Although settlement oc- 
curred on the open coast in 1988, juvenile halibut in 
the 51-100-mm length class were not found on the 
open coast. 

Spotted turbot. Lack of small spotted turbot on the 
shallow open coast suggests that they did not use 
shallow habitats as a nursery area (figure 8). Density 
of spotted turbot in all except the 150-200-mm class 
appears to be underestimated or incompletely 
sampled. 

Figure 7. T m i  abundatXe of California haltbut estimated by season for 
(A )  bays and (8) O w n  coast. 

Figure 8. Tolal abundance of sponed turbot estimated by season tor (A)  Mis- 
sion Bay and (8) open mest. 

The most juvenile spotted turbot in the three 
smallest size classes (G50,51-100, and 101-150 mm) 
were found in the entrance channel to San Diego 
Bay during the June and July 1988 survey. Density 
of spotted turbot 550 mm ranged from 214 to 7391 
ha (mean = 473/ha, SE = 88), and was much higher 
than that at any other location. 

Abundance of spotted turbot S50 mm at the San 
Diego Bay entrance (area = 600 ha) was 164,632 (SE 
= 53,433). Abundances of the 51-100,101-150,~ and 
151-200-mm length classes at the entrance to the bay 
were 12,432 (SE = 8,580). 35,640 (SE = 17,670), 
and 82,320 (SE = 26,452). These accumulations of 
small spotted turbot suggest that they may prefer 
the habitat at the entrance to San Diego Bay. 

Total abundance of adults in the 151-200-mm 
class on the open coast ranged from a low of 23,000 
(SE = 8,178) during fall 1986 to 45,264 (SE = 
10,776) during spring 1988. Abundance was lower 
in the fall and winter than in the spring and summer 
(figure 8). 
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Figure 10. Total abundance of hanyhaad turbot esmated by wascn tor the 
opencoast. 

Fgure 9 Total abundanas ol diamond turbot eshmated by seascn fa (A) bays 
and (8) open mast. 

Diamond turbot. The number ofjuvenile diamond 
turbot in bays appeared sufficient to support the 
adult population on the open coast (figure 9). Dia- 
mond turbot of 51-100 mm SL were most abundant 
in bays in spring, with.24.164 (SE = 554) in 1987 
and 28,108 (SE = 580) in 1988. Maximum abun- 
dance of adults (151-200 mm) on the open coast was 
7,632 (SE = 573) in fall 1987-considerably lower 
than the estimated production of juveniles from 
bays. 

Hornyhead turbot. Hornyhead turbot s 5 0  mm 
were most abundant on the open coast in summer 
1988, with an estimated abundance of 13,853 (SE = 
5,116) (figure 10). No small juveniles were caught on 
the open coast in 1987. Hornyhead turbot do not 
appear to use bays as nursery areas. 

The 151-2Wmm length class was most abun- 
dant, with greatest numbers in summer and fall of 
1987: there were 14,006 (SE = 5,312) in summer and 
16,210 (SE = 7,519) in fall on the open coast. Abun- 
dance was lower in winter, with 1,973 (SE = 1,973) 
in 1987 and 4,567 (SE = 2,151) in 1988. Winter lows 
and summer-fall peaks in abundance were consistent 

Fgure 11. Total abundance of fantail sole e81imatad by seascn tor the open 
coast. 

for both years of the survey, and may represent sea- 
sonal movements of adults across the shelf. 

Fantail sole. Juvenile fantail sole 4 0 0  mm were 
rare or missing in collections, indicating that they 
did not use shallow habitats as nursery areas. Their 
nursery area is probably deeper than 15 m. 

Abundance of adults on the open coast was com- 
parable to abundance of diamond turbot and horny- 
head turbot. Fantail sole in the 151-200-mm length 
class were most abundant in.1986 and 1987, with 
maximum seasonal abundance of13,191 (SE = 1,161) 
in fall 1986, followed by 11,084 (SE = 791) in spring 
1987 (figure 11). The abundance of >200-mm fantail 
sole ranged from 2,280 (SE = 360) in spring 1988 to 
9,155 (SE = 755) in summer 1987. The fish appeared 
in the study in low numbers, without any obvious 
seasonal trends. 

Calfornia tonguefsh. Although density and abun- 
dance are underestimated, trends in the data are 
probably valid. Greatest density of tonguefish on 

136 



KRAMER: SHALLOW-WATER FLATFISHES OF SAN DIEGO COUNTY 
ColCOFl Rep., Vol. 32.1991 

the open coast was offAgua Hedionda Lagoon, with 
seasonal means ranging from 0 to 5.8/ha (SE = 
2.35) for the 101-150-mm class and from 0 to 4.7/ha 
(SE = 1.79) for the 151-200-mm class (figure 12). 

San Diego Bay had the highest density of tongue- 
fish. Like spotted turbot, tonguefish were found pri- 
marily at the entrance of the bay (blocks 10-12, 
figure 1). The 51-100-mm class was most dense in 
the outermost block (block 12). with density rang- 
ing from 474 to 1,089/ha (mean = 705.9/ha, SE = 
248.3). Density decreased farther into the bay, and 
was lower at block 10 (mean = 301.6/ha, SE = 
143.5). 

Estimated abundance of tonguefish in the 51-100- 
mm class from San Diego Bay was 368,303 (SE = 
71,826). Tonguefish in the 51-100-mm class were 
caught in both Mission Bay and San Diego Bay, but 
not on the open coast. 

Other Flatfsh Species 
Six additional flatfuh species captured include 

Citharichthys sordidus, C. xanthostigma, C. fragilis, 
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Figure 12. Tot@ abundancs 01 California tonguehsh esbmated by 88884) fw 
(A) Mission Bay rvld (6) cpsn coast 

Hippoglossina stomata, Pleuronichthys decuwens, and 
Parophrys vetulus. Of the Citharichthys sp., C. sordidus 
and C. fragilis were rare, with only 6 fish captured 
along the open coast. Numbers captured and range 
in standard length were: C. sordidus (1; 21.5 mm) and 
C. fragilis (5; 18.3-24 mm). Longfin sanddab, C. 
xanthostigma, was more abundant: 96 were caught on 
the open coast. They ranged from 19.5 to 233 mm: 
5 were <40 mm, and 91 were 129-233 mm. Only 1 
Hippoglossina stomata (204 mm), and 8 Pleuronichthys 
decurrens (143-180 mm) were caught, all on the open 
coast. 

English sole (Parophrys vetulus) was relatively un- 
common: 262 were captured, and ranged from 10 to 
295 mm. Most (159, or 61%) were newly settled, 
with standard length S30 mm (transformation 
length ca. 20 mm; Ahlstrom et al. 1984). Settlement 
occurred between May and September (figure 5). 
English sole were most abundant in summer 1988, 
when 134 fish, representing 51% of the English sole 
catch, were taken. €ombined catch in spring and 
summer 1988 was 247, or 94% of the total catch of 
English sole. 

There was no relationship between standard 
length and depth of capture; the mean bottom depth 
was 10.82 m for 50-mm fish (n = 207, SD = 2.48) 
and 10.81 m for 51-100-mm fish (n = 52, SD = 
2.02). Only one English sole was taken from a bay, 
which suggests that in southern California, the open 
coast serves as a nursery. 

DISCUSSION 

Season and Location of Settlement 
Only California halibut and diamond turbot used 

bays as nursery areas, but timing and location of 
settlement were slightly different. Diamond turbot 
settled between January and March in back bays, 
whereas halibut settled primarily between March 
and September, either on the open coast or closer to 
the entrance in bays (figure 5). Both species settle at 
a small size (table 1) and spend little time in. the 
plankton, perhaps as a strategy to decrease dispersal 
away from the nearshore habitats where adults 
spawn. Diamond turbot adults probably spawn in 
or near bays (Lane 1975), and halibut larvae are 
known to be distributed nearshore (Gruber et al. 
1982; Barnett et al. 1984; Lavenberg et al. 1986; 
Moser and Watson 1990). 

Tonguefish settled in the late fall and winter of 
both years, whereas spotted turbot settlement was 
observed only in May and June 1989 (figure 5). Spot- 
ted turbot and tonguefish both use nearshore nurs- 
ery areas, probably including the entrance to San 
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Density of spotted turbot differed significantly 
with location (F = 66.0, df = 5, 3516, P = 0.01). 
There were more spotted turbot on the open coast 
than in bays, with highest density at Mission Beach 
(mean = 28.5/ha, SE = 2.0) and lowest at Agua 
Hedionda Lagoon (mean = 0.30/ha, SE = 0.30). 
The open coast offshore of Agua Hedionda Lagoon 
had thesecond highest density (mean = 17.8/ha, SE 
= 1.4). with lowest open-coast densities at the two 
locations farthest from bays (mean,,,, p,no = 9.11 
ha, SE = 1.2; mean,,,,,, = 7.2/ha, SE = 0.9). 

Density of speckled sanddab also differed signifi- 
cantly between coastal locations (F = 138.4, df = 
3, 1004, P < 0.01); highest density was at Torrey 
Pines (overall mean = 948.3/ha, SE = 73.0); the 
lowest was at San Onofre (mean = 180.9/ha, SE = 
13.5). Highest density obtained in a single tow was 
8,463/ha, or nearly Urn2, and was taken in the deep 
stratum at Torrey Pines in summer 1988. 

Density of hornyhead turbot, fantail sole, and 
California tonguefish also varied significantly with 
location, except for the following rare length classes: 
hornyhead turbot 51-100 mm; fantail sole juveniles 
650 mm; and tonguefish 51-100 mm. Like speckled 
sanddab, hornyhead turbot was most dense on the 
open coast at Torrey Pines (mean density = 12.71 
ha, SE = 1.42). and least at San Onofre (mean = 
1.65/ha, SE = 0.38). The highest density of >200- 
mm fantail sole was also at Torrey Pines, with a 
mean of 2.58/ha (SE = 0.5). Tonguefish was most 
dense on the open coast offshore of hgua Hedionda 
Lagoon (mean = 3.l/ha, SE = 0.62), and least at 
Torrey Pines (mean = 0.24/ha, SE = 0.17). 

Seasonality. Density of speckled sanddab, Califor- 
nia halibut, diamond turbot, and hornyhead turbot 
varied significantly with season. Most of the sea- 
sonal variability was due to settlement of juveniles 
in the smallest length classes. Highest densities of 
speckled sanddab were obtained in spring and sum- 
mer of 1988 (overall mean summer = 630.8, SE = 
50.7). These high densities were due to large num- 
bers of small juveniles in the 640-mm length class 
(meanspmg = 495.2, SE = 41.9; mean,,,,, = 405.3, 
SE = 49.3). Lowest density occurred in winter 1987 
(overall mean = 102.5, SE = 11.4). 

California halibut 650  mm had maximum densi- 
ties in winter (mean = 63.9/ha, SE = 17.6) and 
spring of 1987 (mean = 96.9/ha, SE = 13.6). and in 
spring (mean 43.5/ha. SE = 6.2) and summer 1988 
(mean = 34.0/ha, SE = 5-1). 

Density differed significantly with season only 
for diamond turbot a50-mm, and did not differ 
significantly for the larger classes (~sL1ol-I,  mm 

= 0.07, PsLi51-2a) mm = 0.759 Psuoi-zw mm 

= 0.52, and Ps,,,,,, = 0.39). Overall density was 
greatest in winter and spring, with mean densities 
ranging between 40.0/ha (SE = 8.75) in spring 1988 
to 56.0/ha (SE = 13.4) in spring 1987. These peaks 
were due to settlement ofjuveniles. 

Density of hornyhead turbot varied significantly 
with season for the 650-mm. 101-150-mm, and 
151-200-mm length classes. The 51-100-mm and 
>200-mm classes did not differ significantly with 
season (PsL,-,oo,, = 0.61, PSL,ZMmm = 0.14), and 
were relatively rare, with maximum seasonal densi- 
ties of0.82/ha (SE = 0.55) for the 51-100-mm class 
and 2.47/ha (SE = 0.77) for the >200-mm class. 

Density of large fantail sole (>151 mm) also dif- 
fered significantly with respect to season. No fantail 
sole between 51 and 100 mm were caught. The fish 
were relatively uncommon, with overall densities 
ranging from 0.82/ha (SE = 0.23) in summer 1988 
to 2.96/ha (SE = 0.53) in fall 1986. 

There were no seasonal patterns in density of 
spotted turbot or California tonguefish. Spotted 
turbot ranged from a low mean density of 5.2/ha 
(SE = 1.1) in winter 1987 to a high ofll.9/ha (SE = 
1.7) in spring 1987. The 151-2Wmm class was most 
dense, regardless ofseason, and ranged from 2.7/ha 
(SE = 0.6) in winter 1987 to 7.8/ha (SE = 1.2) in 
spring 1987. 

Relationship between Size  and Depth (Figure 4) 
There were insignificant or weak linear relation- 

ships between length and depth ofcapture for speck- 
led sanddab, hornyhead turbot, fantail sole, tongue- 
fish, and spotted turbot. California halibut length 
was positively correlated with depth, which sug- 
gests ontogenetic changes in depth distribution (Al- 
len 1982; Plummer et al. 1983). The relationship 
between standard length (mm) and depth of capture 
(m) is: 

SL = 14.87*DEPTH + 48.19 

(SE slope = 0.29, t2 = 0.40, n = 3898). Transform- 
ing stages (SL s 10 mm) were found on the open 
coast, with small juvenile halibut in bays at depths 
of 4 m and less, and larger halibut in the deeper 
coastal strata (>12 m). 

Diamond turbot had a similar ontogenetic depth 
distribution to halibut, with the smallest individuals 
in the shallowest habitats. The linear regression de- 
scribing standard length at depth of capture is: 

SL = 15.12*DEPTH + 41.27 

(9 = 0.59, SE slope = 0.43, n = 848). Like halibut, 
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ment may be due to differential larval mortality or 
transport on the coast. 

Oceanographic conditions can lead to variability 
in the transport of larvae and juveniles to their pro- 
spective nearshore nursery habitats (Nelson et al. 
1977; Mearns 1979; Cohen 1985; Boehlert and 
Mundy 1988). Currents in the Southern California 
Bight are characterized by minimal offshore Ekman 
transport and a gyral geostrophic flow pattern, re- 
sulting in minimal seaward dispersion (Owen 1980; 
Parrish et al. 1981). 

Fish larvae can be transported onshore by internal 
waves, which occur when the water column is ther- 
mally stratified in spring, summer, and fall (Winant 
and Bratkovich 1981; Shanks 1983,1988). Postflexion 
diamond turbot and California halibut are neus- 
tonic, and are distributed within 2-3 km of shore 
(Barnett et al. 1984; Moser and Watson 1990). Most 
of the nearshore coastal flatfishes have relatively 
short-lived planktonic larvae and settle at a small 
size, which may decrease the risk of dispersal to 
unfavorable areas. 
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Comparison of LiJe Histories 
Size at settlement increases with settlement depth: 

diamond turbot settle at the smallest size in the shal- 
lowest habitats, and speckled sanddab settle at a 
larger size in deeper water (figure 13; tabie 1). 
Smaller size at settlement suggests shorter duration 
of pelagic stages and less dispersal, which may be 
advantageous for species using bays as nursery 
areas. 

After settlement, juveniles of some species allo- 
cate energy to growth, and others to reproduction. 
However, there is no apparent relationship between 
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Figure 14. A. Length at maturity versus length at settlement lor 25 Swcies 01 
RaWlhes. 6. Ratio of size a1 maturuylsue at setuement vemu6 le+ at 
sefiement for 25 sped= 01 RatRshes. Length ai settlement determined by 
adding 10 mm 10 smallest size at transtonaton (AhistrOm et ai. 1984). Sue 
at maturity wa8 Obtn~ned hMn Kramer 1990, or referencad below. Numbers 
in ligure refer to Rshsa listed a8 tollaus: 1. Cithwkhthys sUgmwus: 2. Sym- 
PhUNS auiuwda; 3. PareIlChmys calilbmicus (Haaker 1975): 4. Pleumn- 
ichthys WfUCallS: 5. PteuIMIchMys riIIerf; 6. HYpsOpsetIa guttulehr: 
7. Xysowrys l ldepk; 8. Cifherichrhys xmmostjgme (Goldberg 1982b); 
9. Hlppagbssina s m m a  (Goldberg 19828); lo. Pamphrys vehrhrs (Rotr 
lSE1); 11. Microshwa kifl (ROW 1981): 12. PlaUchthys msua (Rdl  1982); 
13. P/e~~mnectesplatarSs (Roll 1982): 14. Glyptocephlllus cynoglarsus (Roll 
1962); 15. Mlc~~stomur p6cMcus ( R d l  1982); 16. RelnhardUus hippagh- 
='des (Roll 1982): 17. Hlppaghsus stenolspi3 (Roll 1982): 18. Gtyptoce- 
phalus zechlrus (Hosie and Horton 1977); 19. Pseudopleuronectes 
m w i c a ~ ~ s  (Klein-MacPhee 1978); 20. Pleahfhys SIelktus (Oram 1950); 
21. Urnand. hnvginea (Roycs et el. 1959); 22 Pamlichthys dentslus (Smith 
and Daiber 197'7); '23. HlPpcglossoides platsssaides (Roll 1962): 24. IC 
manda aspera (Roll 1981): 25. Limandalimmda (RoW1982). 

size at maturity and size at  settlement (figure 14; 
table 1). Sizes at maturity and at settlement of 25 
flatfish species indicate the range in these life history 
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characteristics; speckled sanddab mature at the 
smallest size, and Pacific halibut (Hippoglossus steno- 
lepis) at the largest (figure 14). 

The ratio of size at  maturity to size at settlement 
indicates the relative amount of energy put into 
growth or reproduction after settlement. This ratio 
is lowest for speckled sanddab; they settle and begin 
to reproduce soon afterwards, investing energy pri- 
marily in reproduction, not growth. The ratio is 
highest for Pacific halibut, which settle and then 
grow to a large size before reproducing. 

Community Stncctrtre 
Size-srructured distribution patterns. Several species 

have size-structured distribution patterns, including 
California halibut and diamond turbot (figure 4). 
Separation of small juveniles from large adults may 
reduce the risk of cannibalism: large California hal- 
ibut have been found with smaller halibut in their 
stomachs (Drawbridge 1990). 

Juvenile halibut and diamond turbot both use bays 
as nursery areas, but there is little overlap in diet. 
Small diamond turbot eat primarily polychaetes and 
clam siphons, whereas small halibut eat crustaceans 
and small fish (Lane 1975; Haaker 1975; Peterson and 
Quammen 1982; Allen 1988; Drawbridge 1990). Po- 
tential juvenile competitors with diamond turbot in- 
clude English sole, spotted turbot, and hornyhead 
turbot, bu&hese three species do not use bays as 
nursery areas. 

Speckled sanddab of all sizes are found together 
on the open coast. Risk of cannibalism is low, be- 
cause sanddab settle at a size larger than the largest 
prey consumed by adults (most adult prey are 20 
rnrn or shorter; Ford 1965). Species that do not seg- 
regate by size (including hornyhead turbot) may not 
have the risk ofmortality due to cannibalism. 

Habitat partitioning. Seven flatfish species inhabit 
shallow inshore habitats, but do not occur at the 
same size in the same habitats and do not eat the 
same prey (table 1). For example, halibut and speck- 
led sanddab do not occur together over the same size 
range (20-130 mm SL); the halibut live in bays, 
speckled sanddab on the open coast (figure 4). Hali- 
but’s change in distribution suggests that movement 
from the bays to the open coast occurs when the fish 
are between 100 and 200 mm (Kramer 1990a). Larger 
halibut (>250 mm) are primarily piscivorous, and 
have been found with speckled sanddab in their 
stomachs (Ford 1965; Allen 1982; Plummer et al. 
1983; Hobson and Chess 1986; Drawbridge 1990). 
Ford (1965) estimated that predation by California 
halibut could account for 78% of the total monthly 
mortality of speckled sanddab. Speckled sanddab 

may also prey upon newly settled halibut, which 
settle at a size small enough to be within the range 
(<20 mm) eaten by sanddab (Ford 1965). . 

Speckled sanddab and juvenile English sole both 
inhabit the open coast, and settle at about the same 
size ( s35  mm). They both eat copepods and mysids 
as small juveniles (<50 mm), but speckled sanddab 
continue to feed on mysids while English sole 
switch to a predominately polychaete diet by the 
time they reach 70 mm (Ford 1965; Toole 1980). Ju- 
venile English sole and speckled sanddab have been 
found in Humboldt Bay, but not in the same habi- 
tats; English sole occur in the intertidal zone, speck- 
led sanddab in deeper channels (Toole 1980). 

California halibut and fantail sole are morpholog- 
ically similar yet eat different prey. Larger juveniles 
(>200 mm) occur together on the open coast, but 
halibut eat fish and mysids, and fantail sole eat pri- 
marily decapods and other crustaceans (Ford 1965; 
Allen 1982; Plummer et al. 1983). Newly settled ju- 
veniles do not occur together; fantail sole settle in 
much deeper water (12-15 m; Moser and Watson 
1990) than halibut. 

Large juvenile and adult spotted turbot, horny- 
head turbot, diamond turbot, and English sole occur 
together on the open coast, but have different diets: 
all of them eat polychaetes, but each eats different 
species. About 40% of the hornyhead turbot’s diet 
by weight is the polychaete Owenia fusiforma, and 
50% of spotted turbot’s diet is anemones that are 
attached to the basal disc of the sand tube of poly- 
chaetes (Ford 1965; Luckinbill 1969). Diamond tur- 
bot also eat polychaetes, but clam siphons compose 
nearly 40% of the diet by weight (Ford 1965; Lane 
1975; Peterson and Quammen 1982). English sole 
also eat polychaetes, but brittle stars compose 16% 
of the diet by volume (Ford 1965; Allen 1982). Al- 
though these species coexist, they partition the hab- 
itat by eating different prey. 

Dietary overlap is probably greatest between 
newly settled and small juvenile stages of flatfish; 
food resources are partitioned during later juvenile 
and adult stages. Newly settled juveniles were found 
in different habitats, with very little overlap in dis- 
tribution. Most species, including fantail sole, 
tonguefish, hornyhead turbot, and spotted turbot, 
probably settle at depths greater than those surveyed 
(>14 m). Speckled sanddab settled deeper than hali- 
but, and both settled deeper than diamond turbot. 
Time of settlement also differed, with diamond tur- 
bot settling primarily in winter, halibut in spring, 
and speckled sanddab in late spring and summer 
(figure 5). Small juvenile stages (<50 mm) were also 
found in different habitats: diamond turbot in back 
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bays, halibut in the middle sections of bays out to 
the open coast at depths (8 m, and speckled sand- 
dab on the open coast at greater bottom depths (fig- 
ure 4). 

In conclusion, the flatfish species found in shal- 
low-water habitats (44 m) do not occur together 
during early juvenile stages; they settle at different 
depths, have ontogenetic depth distributions, and 
settle at different times of the year. Older juveniles 
and adults partition the habitat by partitioning food 
resources and by living at different depths and loca- 
tions. Life histories of nearshore flatfishes vary 
widely, from that of speckled sanddab, which settle 
at a large size on the open coast and mature rapidly, 
to that of California halibut, which settle at a small 
size, use bays as nurseries, and delay maturity. 
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