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Abstract–California halibut, Paralich­
thys californicus, collected by a 400­
mesh eastern trawl in southern (Mex­
ican border to Point Conception) and 
central (Point Conception to Tomales 
Bay) California were aged by using 
whole and sectioned otoliths (sagittae) 
to determine age, growth, and mor­
tality. Males represented 69% of the 
sample from southern California and 
53% of the sample from central Califor­
nia. A higher proportion of California 
halibut were older in southern Califor­
nia than in central California. Although 
California halibut can live as long as 30 
years, the oldest fish found in our study 
was 13 years old. For southern Califor­
nia, the von Bertalanffy growth func­
tion (VBGF) was Lt=925.3(1–e –0.08(t+2.2)) 
for males and Lt=1367.7(1–e –0.08(t+1.2)) 
for females. For central California, the 
VBGF was Lt=956.7(1–e–0.10(t+2.1)) for 
males and Lt=1477.1(1–e –0.10(t+0.2)) for 
females. The VBGF showed that at the 
same age, females on average were 
larger than males in both southern 
and central California. The VGBF also 
showed that both male and female hal­
ibut in central areas on average were 
larger than halibut from southern Cal­
ifornia. Instantaneous mortality rates 
of halibut in southern California were 
estimated at 0.91 for males and 0.68 for 
females. Mortality estimates for cen­
tral California could not be calculated 
because of small sample sizes. 
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California halibut, Paralichthys califor- and Point Conception, and central Cali­
nicus, is an important flatfish species fornia as the area between Point Con­
for sport and commercial fisheries in ception and Tomales Bay. Bottom trawl 
nearshore waters off central and south- surveys were conducted off central Cal­
ern California (Frey, 1971). The gear ifornia from 8 July through 3 August 
most commonly used commercially to 1993 and off southern California from 
harvest California halibut are otter 14 February through 18 March 1994. 
trawls, gill nets, and trammel nets, California halibut were caught with a 
whereas hook-and-line or spear are 400-mesh eastern trawl (15 m wide × 
used mostly in the recreational fishery 1.5 m high; 9.8 cm mesh body, 8.5 cm 
(Kramer and Sunada, 1992). mesh codend). For both areas, sampling 

Information on age, growth, and mor- effort was stratified by depth: 0–20 
tality of California halibut are impor- fathoms (fm), 21–40 fm, and 41–60 fm. 
tant to the management of both the Fifty stations within each depth stra­
sport and commercial halibut fisheries. tum were randomly selected for sam-
Previous studies have addressed these pling by trawling parallel to isobaths 
issues to a limited extent. Pattison and at each station. The sample sizes were 
McAllister (1990) studied techniques to not proportional to the estimated area 
age halibut and determined length-at- of the strata (Table 1). 
age of halibut along the California coast, An additional ten California halibut 
but most of the fish were taken south were collected with the same 400-mesh 
of Point Conception and they did not do eastern trawl gear in southern Cali­
separate analyses for southern and cen- fornia from July 1994 to June 1995. 
tral California. Sunada et al. (1990) an- These were included in the age and 
alyzed age, size, and sex composition of growth determinations. However, they 
commercial landings in southern Cal- were not used for mortality estimates 
ifornia. Haaker (1975) studied the bi- because they were collected at a differ­
ology of California halibut in Anaheim ent time period from the other halibut 
Bay, including age and growth, but the collected off southern California. 
fish he used were generally less than Each halibut was measured to the 
three years of age, immature, and in- nearest millimeter for total length (TL) 
cluded fish only to 510 mm total length. and standard length (SL). Gonads were 
In contrast to other studies, our study examined visually to determine the sex 
provides information on age and growth of the fish. Sagittal otoliths were re­
for central and southern California sep- moved and stored dry in vials for age 
arately. Mortality for southern Califor- determination. Pattison and McAllis­
nia was also calculated. ter (1990) determined that when com­

pared with other fish structures, oto­

liths provided the most reliable ages for 


Methods California halibut. They found that in 

an otolith, an opaque band was formed 


Southern California was defined as the during spring and summer (from April 

area between the U.S.-Mexico border to October) and a translucent band was 
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Table 1 
Number of trawls and number of California halibut used in age and growth analyses by depth strata and region. Asterisk (*) 
indicates that these fish were not used in the mortality estimates because they were caught at a later date. 

Southern California Central California 

Stratum Depth (fm) No. of trawls No. of halibut used Area (nmi2) No. of trawls No. of halibut used Area (nmi2) 

1 0–20 913 +3* 575 47 254 587 
2 21–40 165 +2* 495 39 22 905 
3 41–60 13 +1* 425 40 0 1124 
Total 1091 +6* 276 

58 
46 
45 

deposited in winter (from November to March). A 
combination of an inner opaque and adjacent out­
er translucent zone represents an annular growth 
ring or annulus (Casselman, 1983). This growth 
ring was validated by Pattison and McAllister 
(1990) with oxytetracycline-marked otoliths; they 
found that only one complete ring (opaque and 
translucent) was formed each year. 

Pattison and McAllister suggested that age es­
timates of older fish (age 11 or older) may be 
underestimated when whole otoliths, rather than 
sectioned otoliths, are read. In the preliminary 
analysis in our study, to test if a significant dif­
ference existed between estimating age with whole 
otoliths and estimating age with sectioned otoliths, 
an otolith from each of 80 randomly selected fish 
(10 fish from each 100-mm size class from 200 to 
900 mm TL) was viewed both whole and sectioned 
to estimate age. A mutually determined age (an age 
agreed upon by the two readers) was established 
for the whole otolith, as well as for the sectioned 
version of the otolith. If the age readings were 

Figure 1 
An example of an otolith viewed whole. Age was determined to be 
3 years. 

identical for each reader, then that age was consid­
ered the correct age. Otherwise, the two readers 
discussed the readings and agreed upon an age. The non­
parametric, paired Wilcoxon test was applied to the pairs 
of whole and sectioned otolith ages for each fish. In addi­
tion, a paired Wilcoxon test was applied to otoliths for fish 
restricted to 8 years and older (n=32). 

In addition to determining whether to use whole or sec­
tioned otoliths, the preliminary analysis also involved de­
termining how halibut age was to be estimated: either by 
using the mutually determined age, as already described, 
or an averaged age. The averaged age was a single value 
calculated as the mean of the four independent readings 
(whole or sectioned version of an otolith read by two read­
ers on two different occasions) and rounded to the nearest 
integer. Sample means generally have the same type of 
sampling distribution as individual observations, but with 
a smaller variance. Hence, we applied the nonparametric 
paired Wilcoxon test to the pairs of averaged and mutually 
determined ages for each otolith (n=80). The results from 
the preliminary analysis determined how we conducted the 
process of age determination in the main part of the study. 

We acknowledge that using sectioned otoliths is the rec­
ommended procedure when analyzing long-lived fish. Al­
though individual California halibut may live as long as 
30 years (Frey, 1971; Pattison and McAllister, 1990), all the 
fish in our study were relatively young (less than 14 years 
old). Because of our preliminary analysis and because sec­
tioning a large number of otoliths (potentially over 1300) 
would have entailed considerable costs, all otoliths were 
initially read whole. We did use sectioned otoliths when the 
variability in the age readings for that otolith seemed to be 
unacceptably high and when the whole otolith was judged 
unreadable because of the anise oil residue. 

Before recording ages, two readers consulted with each 
other to standardize their technique for counting annuli. 
Each otolith was initially read whole, that is, the surface of 
the uncut otolith was read for the number of annuli pres­
ent. The whole otolith was submerged in water, illuminat­
ed with fiber optic light transmitted from the sides, and 
viewed against a dark background with a dissecting mi­
croscope (16× to 25×). Figure 1 is an example of an otolith 
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Figure 2 
An example of a whole otolith that was unreadable (A) according to 
our criteria, but readable sectioned (B). Age was determined to be 
9 years. 

viewed whole. Some whole otoliths from central California 
were soaked in anise oil during initial handling to facilitate 
viewing annuli. The anise oil, however, left a residue that 
later caused problems in reading the otoliths. Therefore, 
these otoliths had to be sectioned before they could be read. 
For each otolith (either whole or sectioned), the two read­
ers counted the annuli twice at different times, for a total 
of four independent readings. The birth date for a halibut 
was assigned to 1 January (Williams and Bedford, 1974). 

The mean and standard deviation of the four age deter­
minations for each whole otolith were calculated. Because 
of our preliminary analysis, if the standard deviation was 
less than 1.5 years, the mean, rounded to the nearest in­
teger, was the estimated age for that halibut. A standard 
deviation of 1.5 years was arbitrarily chosen as the upper 
limit for acceptance of an age determination. This devia­
tion represented a difference in ages of 3 years or more 
among readings. If the standard deviation was 1.5 years 
or larger the whole otolith was judged unreadable. These 
otoliths were cut laterally through the nucleus with a di­
amond blade on a Buehler low-speed Isomet saw. Three 
sections, approximately 0.38 mm thick, were cut from 
each otolith and mounted on a glass slide with Eukitt 
clear mounting medium. These sections were viewed with 
a compound microscope (25× to 100×) with transmitted 

light. The best of three sections on a slide was chosen for 
age determination. Figure 2 is an example of a whole oto­
lith that was unreadable, but readable when sectioned. 

The mean and standard deviation of the four age deter­
minations for each sectioned otolith were calculated. In ac­
cordance with our preliminary analysis, if the standard 
deviation was less than 1.5 years, the rounded mean was 
considered the estimated age. If the standard deviation 
was 1.5 years or larger, the otolith was not used in the 
analysis because it was felt to be unreadable. The index 
of average percent error was calculated to compare with­
in-reader precision (Beamish and Fournier, 1981) for both 
whole and sectioned otoliths. 

Several analyses were made on total lengths and ages 
by sex and region. Comparisons of both length and age 
distributions between sexes for each region were made by 
using the two-sample Kolmogorov-Smirnov test (Holland­
er and Wolfe, 1973). Length-at-age data for females were 
compared with those for males sampled from the same re­
gion by using the nonparametric Mann-Whitney test. The 
Mann-Whitney test was also used to compare the length­
at-age data between regions for each sex separately. 

The von Bertalanffy growth function was fitted to the 
length-at-age data for individual fish (Ricker, 1975); pa­
rameters were estimated by nonlinear least squares by us-
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ing the Gauss-Newton method in the program NLIN from 
SAS (1990). Outliers were removed when the von Ber­
talanffy growth function was fitted to the data. Outliers 
were data points that clearly stood apart in scatter plots 
of individual total length versus age. Means and standard 
deviations of observed length-at-age, and the theoretical 
von Bertalanffy growth function (VBGF) were plotted for 
females and males by region. 

Hotelling’s T2 test (Bernard, 1981) compared growth pa­
rameters between male and female halibut in each region. 
This test was also used to determine if growth in southern 
California was different from growth in central California, 
for each sex separately. 

The estimated annual survival rate, S, was calculated 
for males and females separately by region by using Rob­
son and Chapman’s method (1961). Total annual mortal­
ity, A, was calculated by using the complement of annual 
survival, A = 1 – S. The instantaneous mortality rate, Z, 
was estimated by using –ln(S) (Ricker, 1975). All statistical 
analyses were performed at the 0.05 level of significance. 

Results 

In our preliminary analysis, a subsample of whole otoliths 
from 80 fish were read and then sectioned to determine 
the best method for reading otoliths for age determina­
tion. In Figure 3 is a plot of the mutually determined ages 
from sectioned and whole otoliths, along with a 45 degree 
line and a linear regression. No significant difference was 
found between ages from whole and sectioned otoliths 
when using all 80 fish (paired Wilcoxon test, P=0.21), and 
when using only older fish (8 years and older) (paired Wil­
coxon test, P=0.11). 

Also, as part of the preliminary analysis, in the compari­
son of averaged ages with mutually determined ages for 
the estimation of halibut age, we found no significant dif­
ferences for both whole (paired Wilcoxon test, mean dif­
ference=0.15, P=0.23) and sectioned ototliths (paired Wil­
coxon test, mean difference=0.16, P=0.06). Therefore, ages 
were estimated for each individual by calculating an aver­
age of four independent readings from whole or sectioned 
otoliths because an average of several readings is consid­
ered a more reliable measurement than a single reading 
(Fleiss, 1986). 

The total number of trawls conducted by strata and re­
gion are listed in Table 1. The original intent was to per­
form 50 trawls at each depth stratum for both southern 
and central California. However, substrate obstructions 
and other problems limited the number of successful tows 
at most strata. A total of 58 trawls were successfully com­
pleted in stratum 1 in southern California. 

Because most of the halibut were collected in a single 
stratum (stratum 1), comparisons among strata were not 
made (Table 1). In southern California, a total of 916 indi­
viduals were collected from stratum 1 (84% of total), 167 
individuals from stratum 2, and only 14 individuals from 
stratum 3. In central California, a total of 254 individuals 
were collected from stratum 1 (92% of total), 22 individu­
als from stratum 2, and none from stratum 3. 
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Figure 3 
A scatter plot of mutually determined ages 
for sectioned otoliths and whole otoliths. The 
dotted line is the linear regression through 
the origin (slope is 0.947); solid line is the 45 
degree line. 

For southern California, pairs of whole otoliths from 
1109 individuals were initially examined to estimate age. 
Twenty-two pairs of whole otoliths were unreadable, six 
pairs had no discernible opaque and translucent zones, 
and sixteen pairs had large variations in the four age 
readings (SD ≥1.5). These 22 pairs of whole otoliths were 
sectioned to determine age. Of these, two were eliminated 
because of large variations in the four age readings (SD 
≥1.5). An additional ten were eliminated as outliers be­
cause lengths were anomalously small or large for the es­
timated age when the von Bertalanffy growth function 
was fitted to the data. Thus, a total of 1097 individuals 
were used to evaluate age and growth for halibut in south­
ern California. The sample consisted of 69% males (761 in­
dividuals) and 31% females (336 individuals). Tables 2 and 
3 provide counts of total length versus age for males and 
females, respectively, in southern California. 

In central California, pairs of whole otoliths from 292 
individuals were initially examined to estimate age. Oto­
liths from 28 halibut had no discernible opaque and trans­
lucent zones and 49 had large variations in the four age 
readings (SD ≥1.5), resulting in a total of 77 otoliths that 
were sectioned to estimate age. Of these, fourteen otolith 
pairs were eliminated because of large variations in read­
ings (SD ≥1.5). An additional two became outliers that 
were removed when the von Bertalanffy growth function 
was fitted to the data. Thus, a total of 276 individuals were 
used to evaluate age and growth for halibut in central 
California. The sample consisted of 53% (147 individuals) 
males and 47% (129 individuals) females. Counts of total 
length versus age for males and females, respectively, in 
central California are shown in Tables 4 and 5. 

Within-reader index of average percent error for whole 
otoliths ranged from 8.1% to 13.2%. For sectioned otoliths, 



592 Fishery Bulletin 99(4) 

Table 2 
Male California halibut total length versus age (mostly whole otoliths, some sectioned) in southern California. 

Age (yr) 

TL (mm) 1 2 3 7 8 9 10 11 12 Mean age 

201–225 2 1 2.3 
226–250 2 5 2 2.0 
251–275 1 20 14 2.4 
276–300 1 51 59 4 1 2.6 
301–325 14 33 4 2 2.9 
326–350 7 21 18 5 3.4 
351–375 4 32 34 17 3 3.8 
376–400 11 25 16 6 1 4.3 
401–425 5 10 25 8 12 2 5.3 
426–450 8 15 15 11 2 5.7 
451–500 6 14 26 21 6 6 6.3 
501–525 1 7 14 17 5 2 6.5 
526–550 1 5 9 7.5 
551–575 2 9 9 7.2 
576–600 1 4 7 1 7.6 
601–625 1 6 8.0 
626–650 1 4 1 2 7.5 
651–675 0.0 
676–700 0.0 
701–725 1 1 8.5 
Mean length 259 289 319 377 417 482 506 577 
Median length of distribution: 387 mm TL 

6 5 4 

2 4 8 
1 3 9 
0 3 1 1 
3 2 5 

578 552 538 586 

within-reader average percent error ranged from 4.7% to 
8.9%. 

In southern California, significant differences between 
males and females were found in comparisons of length 
distributions (Kolmogorov-Smirnov: D=0.42, P=0.0001). A 
higher proportion of males were smaller than females (Fig. 
4). The median length for males was 387 mm TL (range: 
210–707 mm TL); the median length for females was 544 
mm TL (range: 241–987 mm TL) (Tables 2, 3, and 6). Fe­
males on average were significantly larger than males for 
ages 3 through 10 (Mann-Whitney tests, Table 6). 

Some differences in lengths were also found between 
males and females in central California. Most of the larger 
fish were females (Fig. 4). However, the length distributions 
of males and females in central California were not signifi­
cantly different (Kolmogorov-Smirnov: D=0.14, P=0.12). The 
median length for males was 437 mm TL (range: 285–781 
mm TL); the median length for females was 444 mm TL 
(range: 262–1039 mm TL) (Tables 4, 5, and 7). Females on 
average were significantly larger than males for ages 3 and 
5 through 8 (Mann-Whitney tests, Table 7). 

In addition, comparisons were made between regions for 
each sex separately. In comparisons of mean length at ag­
es, the males in central California on average were signifi­
cantly larger than those in southern California for ages 

2 through 9, except age 8 (Mann-Whitney tests, Table 8). 
The females in central California on average were signifi­
cantly larger than those in southern California for only 
ages 5, 7, and 8 (Mann-Whitney tests, Table 8). However, 
the median length of females in southern California (544 
mm) was greater than the median length for those in cen­
tral California (444 mm). 

In southern California, age distributions were signifi­
cantly different for males and females (Kolmogorov-
Smirnov: D=0.18, P=0.0001). A higher proportion of fe­
males were older fish compared with males. The primary 
age mode for females was age 6 and for males it was age 
3 (Fig. 5). In central California, age distributions were al­
so different for males and females (Kolmogorov: D=0.20, 
P=0.008). Males had a higher percentage in the 6 to 8 year 
range and a lower percentage in the 3 to 5 year range com­
pared with females (Fig. 5). In central California, the pri­
mary mode for both males and females was age 3. With 
both regions combined, females were found up to age 13 
and males up to age 12. In comparisons of age distribu­
tions between regions, we found that a higher proportion 
of halibut in southern California was older than halibut in 
central California (Fig. 5). 

Because differences in length-at-age were found be­
tween sexes, von Bertalanffy growth parameters were cal-
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Table 3 
Female California halibut total length versus age (mostly whole otoliths, some sectioned) in southern California. 

Age (yr) 

TL (mm) 1 2 3 4 5 9 10 11 12 13 Mean age 

201–225 0.0 
226–250 3 2.0 
251–275 1 5 4 2.3 
276–300 7 7 2.5 
301–325 1 2 2.7 
326–350 3 6 5 3.1 
351–375 2 4 2 3.0 
376–400 4 5 2 3.8 
401–425 6 12 3 1 4.0 
426–450 5 5 3 1 4.0 
451–500 4 9 10 4.9 
501–525 1 17 5 1 5.3 
526–550 3 9 1 5.6 
551–575 4 3 10 6.0 
576–600 4 3 1 6.2 
601–625 2 4 6.1 
626–650 3 10 9 4 1 6.6 
651–675 2 1 10 2 6.5 
676–700 3 0 0 1 7.3 
701–725 3 1 1 1 8.0 
726–750 2 7.0 
751–775 1 7.0 
776–800 1 1 3 9.4 
801–825 1 1 1 9.0 
826–850 1 1 1 9.0 
851–875 2 0 1 8.7 
876–900 0.0 
901–925 1 1 9.5 
926–950 1 1 9.5 
951–975 1 13.0 
976–1000 1 11.0 
Mean length 252 292 364 463 520 736 828 836 
Median length of distribution: 544 mm TL 

8 7 6 

1 3 4 

1 1 8 
2 6 
4 4 8 
2 6 8 

3 6 
1 1 

2 0 

666 616 591 964 000 

culated separately for males and females for both regions 
(Table 9). Outliers were removed when the von Berta­
lanffy growth function was fitted to the data. With outli­
ers removed, the standard errors of the asymptotic mean 
length, L∞, became considerably smaller. Graphs of the 
von Bertalanffy growth function are shown in Figure 6 
(where females and males are compared by region) and 
Figure 7 (where southern and central California are com­
pared by sex). 

Significant differences between males and females in 
southern California were found for all three growth pa­
rameters (Hotelling’s T2 tests, P<0.0001). For central Cali­
fornia, two of the three growth parameters were signifi­

cantly different between males and females (Hotelling’s T2 

tests, P<0.0001). Females grew faster and on average were 
larger than males at the same age in both regions (Fig. 6). 

Similar comparisons were made between regions for 
each sex separately (Fig. 7). For females, all three growth 
parameters were significantly different between southern 
and central California (Hotelling’s T2 tests, P≤0.003). In 
contrast, the only significant difference between regions 
for males was in K, the Brody growth coefficient (Hotell­
ing’s T2 tests, P<0.0001). 

In southern California, survival rates were based on ages 
7 to 12 years for males and ages 6 to 11 years for females. The 
estimated annual survival rates, S, for halibut from south-
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Table 4 
Male California halibut total length versus age (mostly whole otoliths, some sectioned) in central California. 

Age (yr) 

TL (mm) 1 2 3 7 8 9 10 11 12 Mean age 

201–225 0.0 
226–250 0.0 
251–275 0.0 
276–300 4 1 2.2 
301–325 4 3 2.4 
326–350 5 4 2.4 
351–375 9 3.0 
376–400 2 15 8 3.2 
401–425 9 1 1 3.3 
426–450 2 7 2 4.0 
451–500 3 1 1 4.8 
501–525 2 1 3 6.2 
526–550 1 1 1 6.0 
551–575 1 2 4 1 6.6 
576–600 1 0 0 2 7.0 
601–625 1 1 1 8.0 
626–650 1 2 2 1 7.5 
651–675 1 0 0 2 6.0 
676–700 1 0 1 1 7.7 
701–725 1 8.0 
726–750 1 0 0 0 1 9.0 
776–800 1 10.0 
Mean length 000 326 385 448 493 539 596 737 
Median length of distribution: 437 mm TL 

Figure 4 
Length frequencies for male and female California halibut sampled off southern California 
(So. CA) and central California (Central CA). 

Length (mm) 

Fr
eq
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6 5 4 

4 2 6 
5 1 
7 1 

781 649 582 000 
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Table 5 
Female California halibut total length versus age (mostly whole otoliths, some sectioned) in central California. 

Age (yr) 

TL (mm) 1 2 3 4 5 9 10 11 12 13 Mean age 

201–225 0.0 
226–250 0.0 
251–275 1 2.0 
276–300 3 4 2.6 
301–325 5 7 2.6 
326–350 2 10 2 3.0 
351–375 1 7 2.9 
376–400 8 5 3.4 
401–425 3 2 3.4 
426–450 2 6 3.8 
451–500 1 3 2 4.2 
501–525 7 2 4.2 
526–550 2 1 3 4.2 
551–575 1 3 1 4.0 
576–600 1 2 2 1 4.5 
601–625 1 4.0 
626–650 1 1 6.7 
651–675 1 1 4.5 
676–700 1 0 6.3 
701–725 1 6.5 
726–750 3 5.0 
751–775 1 0 1 6.0 
776–800 1 6.0 
801–825 1 4.0 
826–850 1 8.0 
851–875 1 9.0 
876–900 1 1 8.5 
901–925 1 2 8.7 
926–950 0.0 
951–975 1 10.0 
976–1000 0.0 

1001–1025 1 12.0 
1026–1050 1 12.0 
Mean length 000 313 373 493 606 842 970 000 1027 
Median length of distribution: 444 mm TL 

8 7 6 

0 0 1 

1 1 1 
1 0 0 

810 726 672 000 

ern California were 0.40 (95% confidence interval=0.34, 0.46) 
for males and 0.51 (95% confidence interval=0.45, 0.57) for 
females. Estimated annual mortality rates, A, were 0.60 for 
males and 0.49 for females. Instantaneous mortalities, Z, 
were estimated at 0.91 for males and 0.68 for females. We 
were unable to calculate survival rates and mortalities for 
central California halibut because the sample sizes were too 
small. 

Discussion 

The California halibut can be a long-lived species, living 
as long as 30 years (Frey, 1971; Pattison and McAllister, 

1990). However, none of the fish in our study was older 
than 13 years, and most of the fish were less than 11 years 
old (Fig. 5). We feel that the low average percent error in 
our study showed that both whole and sectioned otoliths 
were reliable methods for aging California halibut for the 
age range of our study. 

Pattison and McAllister (1990) suggested that because 
of the asymmetrical growth of the sagittae in larger fish, 
ages assigned to older fish (age 11 or older) may be un­
derestimated if whole otoliths, rather than sectioned oto­
liths, were read. Manooch and Potts (1997) in a growth 
study of greater amberjack also did not find whole oto­
liths useful in aging fish. In contrast, we found that age 
estimates from whole and sectioned otoliths were not sig-
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nificantly different, even when the analysis was limited We feel that the larger percentage of unreadable whole 
to ages 8 to 13 years. However, our conclusions are lim- otoliths in central California versus southern California was 
ited to primarily younger fish because most of the fish due primarily to the preparation techniques used for age 
in our study were less than 11 years old. Pattison and determination. The anise oil used in the initial handling of 
McAllister recommended sectioned otoliths for fish aged some central California otoliths created a white film that pre­
11 years or older. Nonetheless, we concur that use of sec- cluded the otoliths from being read at a later time. Because of 
tioned otoliths in older individuals may reduce the varia- problems encountered with anise oil, we do not recommend 
tion in assigned ages. applying it to otoliths until one is ready to age them. 

Table 6 
Mean total length (mm) and standard deviation for male and female California halibut by age group in southern California. Mann-
Whitney comparisons of male and female halibut for mean length at age. Asterisk (*) indicates statistical significance. 

Male Female 
Age Mann-Whitney 
(yr) n Mean SD Min Max n Mean SD Min Max P-value 

4 259.3 25.0 1 252.0 — 252 252 — 
103 289.4 28.4 21 291.9 38.4 241 368 0.77 
178 319.3 39.3 42 364.4 63.9 254 477 0.0001* 
110 377.3 42.2 54 462.6 86.7 342 660 0.0001* 
106 417.2 55.0 58 520.5 64.3 389 671 0.0001* 
92 481.7 61.9 70 591.2 67.7 401 735 0.0001* 
97 505.6 65.1 41 616.1 60.5 493 758 0.0001* 
40 538.3 62.6 26 666.0 101.4 492 859 0.0001* 
23 551.5 68.0 11 736.2 131.9 534 934 0.0002* 
6 578.2 34.5 9 828.3 67.4 720 937 0.002* 

577.0 — 577 2 836.0 213.5 685 987 — 
586.0 — 586 — — — — — — 

— — — — — 1 964.0 — 964 964 — 
Total 761 336 

290 232 
369 210 
411 220 
501 291 
561 294 
646 362 
645 399 
707 403 
707 451 
619 542 

1 577 
1 586 

Table 7 
Mean total length (mm) and standard deviation for male and female California halibut by age-group in central California. Mann-
Whitney comparisons of male and female halibut for mean length at age. Asterisk (*) indicates statistical significance. 

Male Female 
Age Mann-Whitney 
(yr) n Mean SD Min Max n Mean SD Min Max P-value 

2 15 325.9 29.8 12 312.9 28.7 262 367 0.29 
3 46 384.8 38.1 46 373.4 70.0 279 593 0.02* 
4 26 447.8 60.5 35 493.5 102.3 328 820 0.07 
5 9 492.8 59.0 17 606.2 101.4 474 758 0.007* 
6 20 538.6 49.4 4 672.0 87.0 582 782 0.006* 
7 13 595.6 72.7 2 725.5 43.1 695 756 0.05* 
8 13 582.5 74.4 5 810.4 99.3 694 925 0.002* 
9 3 648.7 29.5 5 842.0 112.2 547 923 — 

10 781.0 — 781 1 970.0 — 970 970 — 
11 737.0 — 737 — — — — — — 
12 — — — — — 2 1026.5 17.7 1014 1039 — 
Total 147 129 

381 285 
472 293 
660 380 
582 424 
680 479 
748 490 
719 475 
678 619 

1 781 
1 737 
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The data in our study confirmed that females grow fast­
er than males, as found in previous studies (Pattison and 
McAllister, 1990; Sunada et al., 1990), and that growth was 
different between males and females for each region. Fe­
males in both regions had larger asymptotic mean lengths, 
L∞ , than males (Table 9). 

Growth curves for males and females crossed between 
ages 1 and 2 for southern California and at age 3 for cen­
tral California (Fig. 6). This finding suggests that young 
male and female halibut are of similar size until about ages 
2 and 3 in southern and central California, respectively. 
However, Haaker (1975) found that juvenile female hali­
but in Anaheim Bay grew faster than males. The crossover 
in growth curves may be due to the small sample sizes for 
ages 1 and 2 in our study. The growth curves also involved 
some extrapolation for very young ages. 

Our study showed lower mean length-at-age than that 
obtained by Pattison and McAllister (1990); however, the 
differences for females were slight. These differences may 
partly be attributed to different environmental conditions 
in the years prior to each study. Pattison and McAllister 
used otoliths collected from 1955–66 and 1984–88, where­
as we used otoliths collected from 1993 to 1995. Manooch 
and Potts (1997) in a study of greater amberjack in the 
Gulf of Mexico also cited temporal changes as one of 
the factors that may have contributed to differences in 
growth between greater amberjack in southern Florida 
and northern Gulf of Mexico. The geographic range of 
the samples may also have affected the results because 
we found growth differences between southern and cen­
tral California. Pattison and McAllister’s study encom­
passed samples from central and southern California, but 
they did not separate the two regions in their analysis. 
In addition, gear selectivity may have contributed to the 
differences found between our two studies. Pattison and 
McAllister used halibut that were collected with several 
gear types (trawl, gill net, beach seine, hook and line, and 
spear), whereas our study sampled halibut with only trawl 
gear of a specific mesh size. Potts et al. (1998) found while 
studying vermillion snapper from the southeastern Unit­
ed States that the different gear types used in sample col­
lection may bias growth results. 

Sunada et al. (1990) found that for commercial halibut 
landings in southern California the asymptotic mean 
length, L∞, was 909 mm TL for males and 1445 mm TL 
for females. In comparison, our study showed for southern 

Table 8 
Mann-Whitney comparisons of California halibut from 
southern and central California for mean length at age. 
Asterisk (*) indicates statistical significance. 

Mean observed Sample size 
total length (mm) n Mann-

Age Whitney 
(yr) Central Southern Central P-value 

Males 

2 289.4 325.9 103 15 0.0001* 

3 319.3 384.8 178 46 0.0001* 

4 377.3 447.8 110 26 0.0001* 

5 417.2 492.8 106 9 0.0006* 

6 481.7 538.6 92 20 0.0002* 

7 505.6 595.6 97 13 0.0002* 

8 538.3 582.5 40 13 0.08 

9 551.5 648.7 23 3 0.03* 

Females 

2 291.9 312.9 21 12 0.10 

3 364.4 373.4 42 46 0.92 

4 462.6 493.5 54 35 0.21 

5 520.5 606.2 58 17 0.002* 

6 591.2 672.0 70 4 0.07 

7 616.1 725.5 41 2 0.04* 

8 666.0 810.4 26 5 0.01* 

9 736.2 842.0 11 5 0.17 

Southern 

California a slightly higher L∞ for males at 925 mm TL, 
and a lower L∞ for females at 1368 mm TL. The asymp­
totic mean length for females may be lower because fewer 
large females were collected in our study. Although our 
study had different growth parameters than those of Su­
nada et al. (1990), the differences were only slight. The 
differences may have been due to gear vulnerability. Su­
nada et al. (1990) collected halibut from both trawl nets 
and gill nets and found that fewer females were collected 
in trawl nets, which may be attributed to trawl gear being 
restricted to offshore areas during spawning season. Also 

Table 9 
Von Bertalanffy growth parameters with asymptotic standard errors (SE) for California halibut by sex in southern and central 
California. Length is given in mm TL. 

Region n L∞ SE K SE t0 SE 

Southern 761 925.3 121.4 0.08 0.02 –2.2 
female 336 1367.7 273.4 0.08 0.03 –1.2 

Central 147 956.7 211.9 0.10 0.05 –2.1 
female 129 1477.1 308.1 0.10 0.04 –0.2 

Sex 

male 0.41 
0.48 

male 0.91 
0.43 
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Figure 5 
Age frequencies in percent for male and female California hali­
but sampled off southern and central California (CA). 

Figure 6 
Von Bertalanffy growth curves for comparing growth between sexes by 
region. 

P
er

ce
nt

 

females, n=336 
males, n=761 

females, n=129 
males, n=147 

Age (years) 

To
ta

l l
en

gt
h 

(m
m

) 

Age (years) 

Error bars: one standard deviation 
●  Females: mean observed 
▲ Males: mean observed 

Theoretical 



MacNair et al.: Age, growth, and mortality of Paralichthys californicus 599 

Figure 7 
Von Bertalanffy growth curves for comparing growth between regions 
by sex. 
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females, which are generally larger, may be more capable 
of escaping a trawl net than males. Other factors that may 
have affected the growth parameters include the follow­
ing: method of collection, time periods of sampling, and dif­
ferent environmental conditions in the years prior to each 
study. 

Many factors can affect growth rates of fish including 
differences in the seasonality of spawning, environmental 
factors, amount and size of food, and genetics (Weatherly 
and Gill, 1987; Moyle and Cech, 1988). Southern and cen­
tral California are biogeographically different. Differences 
between central and southern California coastal waters 
include temperature, water circulation patterns, bottom 
topography, and substrate. In particular, Jow (1990) noted 
differences in bottom topography and substrate between 
the trawl areas for California halibut in southern and 
northern (San Francisco Bay area) California. The bio­
geographical differences among these regions could possi­
bly cause growth rates of the same species to differ. Stud­
ies of other fish species have shown differences in growth 
between geographical regions. For example, Parrish et 
al. (1985) found latitudinal differences in the growth of 
northern anchovy, Engraulis mordax. They found that the 
growth rate of juvenile northern anchovy in central Cali­
fornia was greater than that of juvenile northern anchovy 
in southern California. Butler et al. (1996) found differ­
ences in maturation and length at age of Pacific sardine 

between latitudinal regions. Sardine appeared to mature 
at a younger age off both southern and Baja California 
than off Monterey; one-, two-, and three-year old fish were 
smaller at age off Baja and larger off Monterey. Deriso et 
al. (1996) confirmed the findings of sardine growth differ­
ences by Butler et al. (1996). The exact mechanism for lati­
tudinal differences in growth rates of California halibut is 
still unclear and further research is needed to clarify this 
phenomenon. 
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