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ABSTRACT 
The stomach contents of 336 California halibut 109- 

689 mm standard length (SL) were examined. Halibut 
were trawled from 6-m, 18-m, and 30-m depths off 
San Onofre and near Oceanside from March 1981 to 
March 1982. The relative influences on diet of depth 
of capture, predator body size, and the seasonal 
abundances of major prey types were examined. Ma- 
jor prey by frequency of occurrence were northern 
anchovy (Engraulis mordux) and large mysids, not- 
ably Neomysis kadicrkensis. Northern anchovy domi- 
nated by weight; mysids dominated in terms of num- 
bers consumed. Halibut <25 cm SL ate mostly mysids 
and some larval fishes; halibut >30 cm SL ate mostly 
northern anchovy and other juvenile and adult fishes. 
Fish of intermediate (25-30 cm SL) size consumed 
both prey types in roughly equal frequency. Preva- 
lence of anchovy in the diet tracked the seasonal (sum- 
mertime) increase of anchovy in nearshore waters. Ex- 
tent of feeding on mysids reflected mysid abundance 
much less perfectly. Depth of capture influenced diet 
little, except indirectly, since relatively small halibut 
tended to predominate at the shallowest depth sam- 
pled. 

Otter trawl, bag seine, and ichthyoplankton data 
suggest that the California halibut spawns in nearshore 
coastal waters, utilizes embayments as nursery 
grounds while a young juvenile (age-group 0 and 
yearling), and inhabits shallow, open coastal waters 
during late juvenile and later life-history stages. 

RESUMEN 
Se examino el contenido estomacal de 336 Para- 

lichthys californicus (Halibut de California) de 109- 
689 mm de longitud normal. Estos peces captura- 
ron en arrastres efectuados a 8, 18 y 30 m de profun- 
didad, frente a San Onofre y en las cercanias de 
Oceanside (California) durante el periodo de Marzo 
1981 a Marzo 1982. Se relaciona la influencia de la 
profundidad de captura y la talla del depredador,con la 

dieta y abundancia de la presa en la region. El 
aliment0 que aparecia con mayor frecuencia en el 
estomago era la anchoa (Engraulis mordax), y Misi- 
diiceos grandes, principalmente Neomysis kadiaken- 
sis. La anchoa dominaba en peso y 10s Misidaceos en 
numero. Paralichthys californicus de menos de 25 cm 
de longitud normal se alimentaba frecuentemente de 
Misidaceos junto con algunas larvas de peces, y 10s de 
mas de 30 cm devoraban con preferencia anchoas y 
otros peces, tanto adultos comojovenes. Los peces de 
tallas intermedias (25-30 cm de longitud normal) con- 
sumian ambos tipos de presa con igual frecuencia. La 
predominancia de la anchoa en la dieta marcaba el 
incremento de este pez en la region costera durante el 
verano. La captura de Misidaceos indicaba con menor 
precision la abundancia de estos crustaceos. La pro- 
fundidad habitada por Paralichthys californicus in- 
fluye, aunque indirectamente, en la dieta, ya que 10s 
ejemplares pequeiios tienden a predominar en 10s 
estratos menos profundos. 

Los datos obtenidos con redes de arrastre y de cer- 
co, asi como 10s anilisis del ictioplancton, indican que 
Purulichthys californicus efectua la puesta en aguas 
costeras, utilizando 10s bancos como zonas de cria y 
habitando ahi 10s jovenes hasta de un aiio de edad, 
mientras que 10s estados mis avanzados de la fase 
juvenil y adultos habitan aguas someras y costeras no 
protegidas. 

I NTRO D UCTl ON 
The California halibut (Paralichthys californicus) is 

a species of major economic importance in California. 
However, its sport and commercial catches have 
steadily declined since catch records have been kept 
(Frey 1971). In recent years, the southern California 
partyboat fishery (MacCall et al. 1976) and the 
statewide partyboat and commercial catches (e.g., see 
Oliphant 1979) have remained at low levels. Possible 
explanations for this decline are naturally occurring 
population fluctuation, overexploitation of adult 
stocks by commercial fishing, alteration of nursery 
grounds, a northern shift in the center of population 
density (Frey 1971), or, most probably, some com- 
bination of the four explanations. A more complete 
understanding of the feeding habits and other details 
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of the life history of this important sport and commer- 
cial species could help avert further declines in its 
abundance. 

Food habits data are fragmentary for the various life 
history stages of California halibut. The foods of adult 
halibut have been generally described by Frey (1971) 
for fish caught in trawls throughout California waters; 
by Quast (1968) and Feder et al. (1974) for halibut in 
or near giant kelp (Macrocystis) beds off southern 
California; and by Ford (1965) for fish on the La Jolla 
intercanyon shelf near San Diego. Haaker (1975) and 
Barry and Cailliet (198 1) described the food habits of 
juvenile halibut in Anaheim Bay, Orange County, and 
Elkhorn Slough, Monterey County, respectively. 

This study together with that of Roberts et al. 
(1982) provides the first comprehensive food habits 
data for the juveniles and small adults of this species 
in southern California coastal waters. Specifically, we 
characterize the diet of California halibut in terms of 
body size, depth of capture, seasonal variation, and 
their interrelationships. We further relate halibut diet 
to the abundance of major prey estimated during the 
same annual period. 

METHODS 

Methods of Capture 
California halibut were collected at two longshore 

locations off San Onofre and about 18 km downcoast, 
near Oceanside, at 6-m, 18-m, and 30-m bottom 
depths (Figure 1). Standard (7.5 m) otter trawls with 
1.3-cm stretch mesh cod-end liners (Mearns and Allen 
1978) were used. During a major yearlong collection 
period from March 1981 through March 1982, 243 
night trawls were made; an additional 34 daytime 
trawls were made during April and May 1981. In- 
cidental food habits data for halibut captured after 
March 1982 are included for comparison but were not 
rigorously analyzed. 

Stomach Analysis 
The alimentary tract of each halibut collected was 

fixed in 10% Formalin immediately following cap- 
ture. Fish were.macroscopically sexed, measured (SL 
in mm), and weighed (0.1 g, wet weight) in the 
laboratory. 

The viscera were fixed for a minimum of 4 days, 
soaked in tap water for 24-48 hrs, and stored in 70% 
ethanol prior to further examination. 

Prey items in the stomachs were identified to the 
lowest possible taxa and sex/maturity classes. All prey 
items were assigned reconstructed wet weights; sever- 
al methods were used. Clothier (1950) was used to 
identify fish skeletal remains. Fish prey were assigned 

Figure 1. Chart of the nearshore waters between San Clemente and Ocean- 
side, California, showing the locations off San Onofre and near Oceanside at 
which California halibut were trawled. Depth contours are meters below 
MLLW. 

reconstructed (undigested) wet weights derived from 
standard length-wet-weight regressions. Partial re- 
mains of fish prey, identified to species, were 
assigned lengths by comparing key vertebral measures 
to reference specimens. Mysids were assigned recon- 
structed weights based on sex and maturity criteria 
rather than length classes (L. Gleye, Marine Ecologic- 
al Consultants of Southern California, unpubl. data.). 

Statistical Analysis of Diet 
Major prey categories were tabulated by percent 

frequency of occurrence (% FO), percent recon- 
structed weight (% W), and percent number (% N) 
using all halibut stomachs collected from March 198 I -  
March 1982. An index of relative importance (IRI; 
Pinkas et al. 197 1 ) was calculated based on these para- 
meters. Prey categories accounting for less than 0.4% 
of the total IRI were pooled to form a single group. 
Prey categories were then ranked by their IKI. 

Day samples (16 stomachs with food) were pooled 
with night samples (26 stomachs) for halibut collected 
in April and May 1981. There was no statistical differ- 
ence ( P  > 0.1) between total stomach contents of 
these day and night sample fish in mean percentage 
digested [estimated by eye to the nearest 25%). There 
also was no diel difference in mean reconstructed 
weight of prey standardized by halibut weight [all P > 
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0.1). Stomach samples of fish from both longshore 
locations were pooled, since there was no difference 
( P  > 0.2) between them in the mean weight of either 
of two major prey taxa (northern anchovy, mysids) 
scaled for halibut weight. 

Interrelations among halibut size, depth of capture, 
and % FO of two major prey (anchovy, mysids) were 
examined with a threeway test of independence (G- 
test; Sokal and Rohlf 1969:601). The analysis was 
restricted to halibut captured at the 6-m and 18-m 
depths. Too few halibut were caught at the 30-m depth 
to be included in the analysis. Seasonal variation in 
diet also could not be simultaneously examined be- 
cause of insufficient sample sizes. Halibut were di- 
vided into two length classes (G245 and >245 mm 
SL) in order to minimize the number of cells contain- 
ing zeros. These length classes also roughly reflect the 
size at which a major dietary shift occurs (see Re- 
sults). Stomachs in which anchovies and mysids co- 
occurred were excluded from this analysis, because 
the added variability obscured the distinction between 
occurrence of the two types. 

Estimates of Prey Abundance 
The relative abundance (mean monthly CPUE) of 

northern anchovy (Engraulis mordax) was estimated 
from lampara seine hauls made at 5- 16-m depths in the 
San Onofre-Oceanside area from March 1981 through 
March 1982 (E. DeMartini, unpubl. data). Abun- 
dances of mysids were estimated based on epibenthic 
sled samples from 6-m, 8-m, 12-m, 15-m, 23-m, 30- 
m, and 37-m depths in the San Onofre-Oceanside area 
on four daytime cruises (June, September, December 
1981; March 1982) by Marine Ecological Consultants 
of Southern California (S. Watts, pers. comm.). For 
additional description of sampling gears see Roberts et 
al. (1982). Mysid abundance was expressed as num- 
bers per m2 area integrated throughout the water col- 
umn from surface to seabed. Two rare species of 
mysids not present in our halibut stomach samples 
were excluded from the mysid abundance estimate. 

RESULTS 

Prey Eaten 
Northern anchovy and mysids were the two most 

important prey types when ranked by IRI (Table 1). 
Northern anchovy had the greatest total frequency of 
occurrence in halibut stomachs and constituted nearly 
82% by weight of all prey. Two mysid species, 
Neomysis kadiakensis and Metamysidopsis elongata, 
plus northern anchovy accounted for >90% of the 
total IRI. Each of the remaining prey taxa accounted 
for <0.4% of total IRI. Of the 336 California halibut 

TABLE 1 
Major Prey Categories of California Halibut, Paralichthys 

californicus, Ranked by IRI* 

IRI (%) %'ow % N  %FO' 
Northern anchovy 3675 (54.0) 81.6 7.1 41.4 
Small mysids' 1608 (23.7) 0.3 59.1 27.1 
Large mysids3 1066 (15.7) 1.6 29.6 34.2 
Other fish species4 440 (6.5) 16.0 3.0 23.2 
Caridean shrimp 9 (0.1) 0.4 0.8 7.2 
All other prey 2 (0.0) 0.1 0.4 3.9 
'Sums to >loo% caused by co-occurrences of prey categories in sto- 
machs. 

'All mysid species, including Neomysis spp immatures and juveniles. 
3Neomysis spp adults only. 
41ncludes unidentifiable fish remains. 
*(Index of Relative Importance: Pinkas, Oliphant, and Iverson 1971). 
Components of the IRI-percent of total weight (%W), percent of total 
number (%N), and percent frequency of occurrence (%FO) of prey in 
halibut stomachs-are also given. Data represent 336 stomachs (IS5 
empty) of halibut trawled at 6-m,18-m, and 30-m depths from off San 
Onofre and near Oceanside from March 1981 through March 1982. 

captured (size range 124-476 mm SL), 155 (46%) had 
empty stomachs. There were no marked differences in 
the number of empty stomachs among the depths, sea- 
sons, and halibut body sizes examined. Large adult 
halibut seemed to specialize on fishes larger than 
northern anchovy. For example, the largest halibut 
(689 mm SL) that we captured during the major, year- 
long part of the study had consumed two adult white 
croaker, Genyonemus lineatus. Another large adult 
halibut (820 mm SL) captured in May 1982 had con- 
sumed two adult hornyhead turbot, Pleuronichthys 
verticalis. 

Factors Influencing Prey Eaten 
Both halibut body size (S, either S245 mm or 

>245 mm SL) and depth of capture (D, 6 or 18 m) are 
related to the percent frequency of occurrence (% FO) 
of two (northern anchovy, mysid) major prey types 
(Table 2). The size of halibut influenced the type and 
frequency of prey consumed. Larger juvenile and 
small adult (>300 mm SL) halibut fed primarily on 
northern anchovy; small juvenile (<245 mm SL) hali- 
but fed on mysids and larval fish; and intermediate 
halibut fed on both northern anchovy and mysids to a 
large extent (Figure 2). 

Halibut captured at 6 m were smaller than fish cap- 
tured at 30 m (Table 2; Figure 3). However, the prey 
type (mysids or anchovy) in stomachs and the depth of 
capture were independent for halibut of all sizes 
pooled (Table 2). This indicates that the relative fre- 
quency of the two prey consumed is primarily depen- 
dent on the size of halibut, regardless of depth. 

Monthly variation in the % FO of mysids in sto- 
machs did not appear to track the monthly variation in 
mysid abundance (Figure 4). For example, the % FO 
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Figure 2. Bar histogram char! of the absolute frequency of occurrence of two major prey categories (mysids and larval fishes; juvenile and adult fishes) found in the 
stomachs of California halibut of various body sizes that were trawled at 6-m, 18-m, and 30-m depths from off San Onofre and near Oceanside during March 1981 
through March 1982. Total number of prey occurrences (201) exceeds the number of stomachs containing these major prey because of co-occurrences of prey 
categories. 

TABLE 2 
Results of Threeway Test of Independence for 

California Halibut 

Prey frequency 
Halibut size Trawl depth of occurrence 

(mm SL) (m) Mysids Anchovy 
C 245 6 21 12 
C245 18 25 0 
>245 6 I 6 
>245 18 24 44 

Factors T w e  of test G-value df Aloha-level 
SxDxP Independence 83.3 4 0.005 
SxDxP Interaction 17.3 1 0.005 
SXP Independence 29.2 I 0.005 
SxD Independence 36.8 1 0.005 
PxD IndeDendence 0.1 1 0.9>P>0.5 

Factors analyzed were size (S-either C245 mm or >245 mm SL); depth 
of capture (D-either 6 or 18 m); and frequency of occurrence of two 
major prey categories (P-either mysids or northern anchovy) in \tom- 
achs. Stomachs in which mysids and anchovy co-occurred were excluded 
from the analysis. Halibut captured at the 30-m depth were too few to be 
included in the analysis. 

of mysids in the stomachs of halibut <245 mm SL 
was higher during June 198 1 than September 198 1 ,  
even though mysids (primarily Metumysidopsis elon- 
gata) were twice as abundant during September. 

The % FO of northern anchovy in stomachs of hali- 
but >245 mm SL, however, closely tracked the 
abundance of anchovy. For example, both the % FO 
in stomachs and the CPUE of anchovy were elevated 
from June 1981 to September 1981 (Figure 4). 

DISCUSSION 

General Aspects of Diet 
The major prey (mysids, small fishes) of juvenile 

and small adult California halibut, Parulichthys cali- 
fornicus, of coastal waters resemble the foods of juve- 
nile and small adult summer flounder (Puralichthys 
dentutus), a morphologically similar congener found 
in North Atlantic bays and estuaries (Powell and 
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Figure 3. Mean body sizes (standard length in mm) of California halibut trawled 
at 6-m, 12-m, 18-m, and 30-m depths from the area between San Onofre 
and Oceanside. Two standard errors of means and sample sizes are noted. 
Length data for halibut present in trawls (1.3-cm stretch mesh cod-end liner) 
made by Lockheed Ocean Sciences Laboratory at 6-117, 12-m, and 18-m 
depths during 1978, 1979, 1980, and 1981 (see Southern California Edison 
Company 1979, 1980, 1981, and 1982) are represented by the hollow cir- 
cles. Length data collected by the authors for trawls made from April 1980 
through March 1982 are noted by the solid circles. 

Schwartz 1979; Poole 1964; Smith and Daiber 1977). 
The diet of California halibut in coastal waters, 
however, differs from that of juvenile halibut from 
Anaheim Bay (Haaker 1975). These differences in 
prey eaten probably reflect differences in prey abun- 
dance (availability) in the two habitats. For example, 
gobies are an important prey of small juvenile halibut 
in Anaheim Bay (Haaker 1975), and gobies are known 
to be abundant in Anaheim Bay (MacDonald 1975). 
Conversely, gobies are not abundant in the shallow 
(<30 m) coastal waters between San Onofre and 
Oceanside (E. DeMartini, unpubl. data), and they did 
not occur in our sample halibut. 

Northern anchovy are a major prey of adult Califor- 
nia halibut (Frey 1971). Our data demonstrate that 
northern anchovy also are an important food for juve- 
nile and small adult halibut in the coastal waters of 
southern California. Most (96%) of our sample halibut 
that ate anchovies had eaten immature stages (< 10 cm 
SL; Hunter and Leong 1981). Of all anchovy prey, 
97% and 94% by number and weight, respectively, 
were immature fish. 

Mysids also are important in the diet of juvenile 

halibut in coastal waters, although they seem insignifi- 
cant in Anaheim Bay (Haaker 1975). Ford (1965) 
found mysids in the stomachs of 8 halibut (average 
305 mm TL, equal to 263 mm SL; Haaker 1975) out 
of 36 collected from coastal waters near San Diego, 
45-65 km downcoast of our sampling areas. More- 
over, small juvenile halibut appear to selectively feed 
on the larger, rarer mysids available. Although large 
mysids (Neomysis spp adults) were about 28 times less 
abundant than small mysids, they represented nearly 
one-third of the total numbers of mysids consumed by 
our sample halibut (Table 1). Large mysids occurred 
more frequently than small mysids in halibut stomachs 
with food and accounted for about 5 times the total 
weight of small mysids (Table 1). Slower rates of 
digestion for large mysids might have caused us to 
overestimate the importance of large mysids. How- 
ever, we feel this influence was minor, since most 
mysids of all sizes encountered in stomachs were rel- 
atively undigested. The generally faster digestion and 
gut evacuation rates for mysids versus fish, though, 
probably caused some unavoidable underestimation of 
the importance of mysids in halibut diet. 

Influences of Body Size, Depth, and Season on 
Diet 

Changes in diet with increased body size have been 
demonstrated for small juvenile California halibut in 
Anaheim Bay (Haaker 1975) and for the juveniles and 
small adults of two congeners in North Carolina 
estuaries (Powell and Schwartz 1979). Halibut in 
Anaheim Bay (Haaker 1975) and the two Atlantic Pu- 
rulichthys spp (Powell and Schwartz 1979) switch to a 
more piscivorous diet as they grow larger. Our data 
show that juvenile-small adult halibut in coastal wa- 
ters also switch to a more piscivorous diet with in- 
creased body size (Figure 2; Table 2). 

The body length (-25 cm SL) at which halibut in 
coastal waters begin to shift to a more piscivorous diet 
roughly corresponds to the length (9 inches or about 
23 cm TL; Frey 1971) at which male halibut begin to 
mature. Females begin to mature at a much larger size 
(17 inches or 43 cm TL; Frey 1971). Hence our sam- 
ples characterize the diet for fish of a range of maturity 
states of both sexes: 61% of our halibut were adult 
males, 15% adult females, and 24% immatures-the 
latter probably mainly juvenile females. Sample sizes 
were insufficient, however, to analyze diet by sex as 
well as body size. Only one of our sample halibut 
exceeded the current minimum legal size (22 inches or 
559 mm TL) of sport-caught halibut (Figure 2). 

Clark (1930, 193 1) notes that young California hali- 
but occur in shallow water, while larger fish frequent 
greater depths except for an onshore spawning migra- 
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Figure 4 (A) Relative abundance (CPUE) of northern anchovy and abundance (number per mZ) of mysids in the San Onofre-Oceanside region at the various 
sampling depths and longshore locations pooled Mysid data are restricted to species that occurred in our halibut stomach samples (6) Relative frequency (% FO) 
of anchovy and mysid prey present in stomachs of halibut from all depths of capture and both longshore locations pooled Numbers of stomachs with food are noted 
by month and by halibut length class (~24 .5  or >245 mm SL) 
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tion. Our data show that juveniles smaller than about 
10 cm SL do not occur in shallow (<30 m) coastal 
waters. Age I+-sized fish (15-25 cm SL) and 11+ 
(30-45 cm SL) and older-sized fish (Haaker 1975; In- 
nis 1980) segregate by depth, with older juveniles 
and young adults occurring deeper than younger juve- 
niles (Figure 3). Undoubtedly, our trawls grossly 
undersample adult-sized halibut at all depths, and this 
accounts for our inability to detect the seasonal 
onshore spawning migration of adults (see Barry and 
Cailliet 1981). 

The % FO of northern anchovy and mysids in the 
stomachs of juvenile-small adult halibut of all sizes 
pooled is independent of depth (Table 2). Differences 
in diet (mysids vs northern anchovy) between small 
juvenile (S245 mm) and larger (>245 mm) halibut, 
however, are dependent on depth (Table 2). Small 
juveniles inhabited shallow (6 m) depths and con- 
sumed mysids , while larger fish frequented deeper 
waters and ate mostly northern anchovy. Northern 
anchovy were eaten more frequently by juvenile and 

small adult halibut during summer-fall, despite the 
fact that mysids were also relatively abundant then. At 
this time anchovy were more abundant nearshore, and 
this is typically the case (see Huppert et al. 1980). 
These data corroborate the preliminary observations of 
Roberts et al. (1982) and are consistent with a major 
prediction of Optimal Foraging Theory-namely, that 
more-preferred, often larger prey are eaten regardless 
of the relative abundance of less-preferred prey 
(Hughes 1980). Our data lend further support to 
Roberts et al. (1982), who also suggested that the 
differences in diet between juvenile and small adult 
halibut might be due to prey selection and that small 
juveniles may inhabit shallow coastal waters because 
mysids, their preferred prey, are more abundant there. 

In summary, northern anchovy and mysids are the 
major prey of juvenile and small adult California hali- 
but in the coastal waters of the San Onofre-Oceanside 
region. The relative importance of these two prey 
varies with size of halibut and season. Anchovies are 
most important during summer-fall. Smaller juvenile 
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halibut tend to inhabit shallower coastal waters and 
consume mysids more frequently than anchovies, de- 
spite the insignificant relation between depth per se 
and the relative frequency of mysids versus anchovies 
eaten. 

Implications of Size-Specific Depth Distributions 
Our data indicate that California halibut < 10 cm SL 

are largely absent from shallow (6-30-m depth) coastal 
waters off northern San Diego County (Figures 2,3). 
Moreover, only 2% of 1580 halibut trawled at 6-m, 
12-m, and 18-m depths in another coastal monitoring 
study off northern San Diego County were <10 mm 
SL (Table 3). These data contrast sharply with a 
majority of other studies done in Elkhorn Slough, 
Mugu Lagoon, Anaheim Bay, and Newport Bay 
(Table 3 ) ,  which show that juvenile halibut <10 cm 
SL are an abundant size group during certain times of 
year. None of the few California halibut captured in 
the surfzone (<5-m depths) using a bag seine in the 
San Onofre-Oceanside region were <205 mm SL 
(Table 3). Mostly large juvenile halibut were caught in 
a subsequent study, analogous to the latter, made in 
the same area and at La Jolla near San Diego (Table 
3). 

On the basis of these data we tentatively conclude 
that juvenile halibut <10 cm SL reside primarily in 
embayments and not in shallow coastal waters. Haak- 
er’s (1975) data for Anaheim Bay suggested this. 
There is an obvious need for further studies of juvenile 

halibut distribution designed specifically to test this 
hypothesis. We feel, though, that surfzone sampling 
using 1.3-cm stretch mesh bag seines (Table 3) should 
have collected greater numbers of small juveniles be- 
tween 5-10 cm SL, if young-of-the-year were abun- 
dant in surfzone regions. 

California halibut apparently spawn in nearshore 
coastal waters (Frey 1971; Gruber et al. 1982). The 
planktonic larval stages (G -1 cm SL; J. R. Hunter, 
H. G .  Moser, W. Watson, pers. comm.) occur 
throughout the water column, primarily over 12-45-m 
bottom depths within 1.9-5.4 km of shore in the San 
Onofre-Oceanside region (A.  Barnett, Marine Eco- 
logical Consultants of Southern California, unpubl. 
report); and larger larvae occur closer to shore (A. 
Barnett, unpubl. data). Halibut larvae are most abun- 
dant in this region during March-September (A. 
Barnett, unpubl. report), which agrees with the Febru- 
ary-July spawning season noted by Frey (1971). 

We do not yet know whether halibut larvae meta- 
morphose in nearshore coastal waters and then migrate 
into embayments, or transform to juveniles within 
embayments after somehow reaching these areas 
while in the plankton. The former seems more likely 
based on the early life history of other Purulichthys 
spp. A western Atlantic congener, Purulichthys dentu- 
tus, spawns in offshore coastal waters, and larvae 
probably metamorphose nearshore before entering 
estuaries (Smith 1973). Juvenile P. dentatus are re- 
stricted in their distribution to estuaries (Smith 1973). 

TABLE 3 
Summary of Gear and Sampling Designs, Sampling Effort, and Catches of Juvenile-Small Adult California Halibut for Various 

Studies Made in Central and Southern California Waters 

Sample Mesh Collection No. samples No. halibut 
type(s) size (cm) Region sampled period (effort) C10cm >lOcm Source ._ 

Otter trawl 1.3 Elkhorn Slough, Oct 78-May 80 146 7 64 Barry and Cailliet 
Monterey Bay (1981); J.P. Bany, 

pers. comm. 
Bag seine 1.0 Mugu Lagoon, Feb 77-Nov 81 228 975 278 C. Onuf, pers. 

Otter trawl 2.5 Anaheim Bay, Jan-Apr 70 - 48 - 4 4  -182 Haaker (1975, Fig. 

Otter trawl, 0.8, 0.3 Newport Bay, Mar 74-Sep 75 129, 24 18 11 1 L.G. Allen, pers. 
bag seine Orange County comm. 
Otter trawl, 0.8, 0.3 Jan 78-Jan 79 48, 48 11 52 
bag seine 
Otter trawl 1.3 San Mateo Pt.-Don Mar 78-Dec 81 83 1 34 1546 SCE (1979, 1980, 

Ventura County comm. 

0.6 Orange County May 70-Feb 71 - 120 -487 - 603 41) 

1981, 1982) Light, north San Diego 
County; coastal waters 
(6, 12, & 18 m) 

surfzone (C5-m depth) 77 

La Jolla surfzone (C5-m 
depth) 

Halibut catches are divided into individuals I O  cm and > 10 cm SL. All mesh-size data are stretch measurements for the bag or cod-end liner sections, as 
appropriate. Apparent differences among embayments in the relative proportions of halibut S 10 and > 10 cm undoubtedly reflect both differences in gear and 
variable recruitment in the different years of study. 

Bag seine 1.3 San Onofre-Oceanside Jun-Dec 76; Mar-Apr 68 0 5 Tetra Tech (1977) 

Bag seine 1.3 San Onofre-Oceanside, Nov 78-Jul 79 175 2 13 E. DeMartini 
(unpubl. data) 
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Parulichthys olivaceus has a similar early life history 
in Japan (Minami 1982). 

Shallow waters of the open coast serve as a nursery 
ground for many species of nearshore fishes in the 
Southern California Bight (Sherwood 1980). The 
California halibut may be one of a minority of species 
for which embayments are essential during the early 
juvenile stage. 

We feel that the major alteration and destruction of 
bays and estuaries in southern California (e.g., see 
Reish et al. 1980) undoubtedly has eliminated many of 
the nursery grounds that are necessary during the early 
life history of the California halibut. 
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