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ABSTRACT
Analyses of the white seabass commercial fishery and the regulations governing it revealed that management tech-
niques in use since 1931 have probably affected the yield. Values from catch-per-unit-of-effort, weight-length, age-
growth, and population parameters were utilized in an equation to determine the best possible equilibrium yield un-
der existing environmental, biological, and socio-economic conditions. Results indicate that under present fishery
practices (namely, fishing on only a portion of the resource) the yield in weight per recruit could be increased if ac-
tual harvesting were to begin at age 5 (28 inches TL). Current regulations have sufficient latitude to permit the fish-
ery, on its own volition, to harvest younger fish, namely 5- to 8-year-olds rather than 8- to 11-year-olds.
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1 This work was performed as part of Dingell-Johnson Project California F-16-R, "Barracuda-White Seabass Management Study," supported
by Federal Aid to Fish Restoration Funds. The author is now with the Maine Department of Sea and Shore Fisheries, Boothbay Harbor, Maine.

1. INTRODUCTION1

California sport and commercial fishermen esteem white seabass for its prestige and monetary value. A general his-
tory of declining and erratic catches, particularly by the California sportfishery in the 1950's, indicated that this re-
source was not stabilized despite regulations designed to achieve a consistent and relatively high yield (Table 1). A
Federal Aid to Fish Restoration project was undertaken by the California Department of Fish and Game in 1958
(California Dingell-Johnson F16R Barracuda-White Seabass Management Study) to elucidate life history factors
that could have a bearing on management decisions.

The species was first described by W. O. Ayres in 1860. Since then, taxonomic studies and life history observa-
tions have been reported by Jordan and Evermann (1898), Starks (1919), Skogsberg (1925, 1939), Clark (1930),
Walford (1931, 1937), Croker (1932), Barnhart (1936), Clemens and Wilby (1946), Roedel (1948), Limbaugh
(1955), and Fitch (1958). The sport and commercial fisheries in California were described by Skogsberg (1925,
1939), Whitehead (1930a), Croker (1937), Fitch (1949), and Pinkas (1960). Only Whitehead (1930b) used a math-
ematical approach in analyzing the white seabass population by deriving catch-per-unit-of-effort values for the com-
mercial fishery.

1.1. Life History Summary
The white seabass of the eastern North Pacific Ocean ranges over the continental shelf from Juneau, Alaska, to Mag-
dalena Bay, Baja California, and also occurs in the northern portion of the Gulf of California. There they may or
may not represent an isolated population. Their principal area of abundance shifts with environmental conditions
within the area bounded by Point Conception, California, and Ballenas Bay, Baja California. During years when sea
temperatures are above average, white seabass are found in fair abundance as far north as San Francisco. The south-
ern California sport and commercial fishing fleets catch white seabass within the principal areas of abundance.

The white seabass is the largest member of the family Sciaenidae in California. It may reach a weight of 83
pounds and a length of 4 feet, but individuals exceeding 60 pounds are rarely seen.

Precise spawning areas, fecundity, and embryonic development have not been delineated or determined for the
species, but existing data indicate that spawning normally occurs from April through August in southern California
waters. During these periods, mature fish appear to congregate near shore, over rocky habitat, and frequently near
kelp beds. Some of the typical areas are Long Point, Palos Verdes Peninsula; Dana Point; and off the west end of
Santa Catalina Island.
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TABLE 1
Sport and Commercial White Seabass Landings
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1 The reasons for the voluntary increase in mesh size were difficult to determine. Some fish buyers indicated it was due to a consumer desire
for larger fish, others said that larger fish were easier to prepare for the fresh fish markets. Several fishermen claimed that a better price resulted
from the larger fish.

Clark (1930), in a preliminary study, determined that males start maturing at 20 inches (508 mm) TL while females
begin maturing at 24 inches (610 mm) TL. In her opinion, females begin maturing a year later than the males.

Cursory examination of white seabass stomach contents revealed that squid (Loligo opalescens) , sardines
(Sardinops caeruleus) , and anchovies (Engraulis mordax) are most commonly eaten. Pelagic red crabs
(Pleuroncodes planipes) are also favored when available.

Juvenile white seabass have been captured in Newport Bay and Long Beach-Los Angeles harbors. Intermediate
sized fish probably inhabit kelp beds or sandy areas along the open coast. Large fish are generally captured near
rocky headlands or offshore islands, especially where there are kelp beds.

1.2. Sport Fishery 1936 Through 1964
Sportfishermen take white seabass chiefly in the area between Santa Barbara and the U. S.-Mexico border and
around the offshore islands, particularly Santa Catalina and San Clemente. The sport catch is made with live bait or
artificial lures on hook and line from a boat that is drifting or at anchor. Occasionally a night fishery develops when
squid come close to shore to spawn. The technique involves using an intense light to attract the squid which in turn
lure the seabass. Conventional rod and reel, as well as spinning gear, are currently the most popular forms of tackle.
Divers using various types of commercial or homemade spear guns direct their efforts toward trophy sized animals.

Partyboat records date back to 1936 with a gap for the war years (1941–1946). Prior to World War II, the party-
boat catch averaged about 18,000 fish per year with a high of 30,000 in 1939. Between 1947 and 1964 annual land-
ings averaged 38,457 fish growing rapidly from 21,000 in 1947 to over 65,000 in 1949, then declining to an all-time
low of 10,500 in 1959.

1.3. Commercial Fishery, 1951 Through 1964
During the period 1951 through 1964 most commercial fishing for white seabass in California occurred in coastal
waters from Morro Bay to the Mexican border, but was centered in the San Pedro area including the offshore is-
lands, particularly Santa Catalina and San Clemente. Although commercial operations occurred the year around,
most of the catch was landed from April through September.

A survey of the commercial fishermen who had made the most consistent catches revealed that they used 30- to
40-foot boats and gill nets, usually of the set type, with 6.0- to 7.5-inch mesh sizes (stretched mesh, knot to knot), al-
though the legal minimum mesh size was 3.5 inches.1 Fishermen combined two or three individual nets to form a
"gang." They used four to eight gangs per fishing trip, with each gang from 40 to 110 fathoms long and 4 to 4.5
fathoms deep. Generally, boats with a mechanical drum carried the longer pieces of gear (Figure 1) . The advent of the
drum and nylon gill nets in the late
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FIGURE 1 Gill-net boat with a mechanical drum. Commercialmen attach cork floats and anchors as they set the
net. The rollers on the stern keep the net moving freely. Photograph by Jack W. Schott.
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1940's enabled fishermen to set greater quantities of gear than at the time of the analysis of Whitehead (1930b).

1.4. Commercial Regulations and the Annual Catch
To determine if management practices affected the fishery, I juxtaposed the details of the regulations on a graph of
the total catch from 1916 through 1961 (Figure 2) . This synoptic picture revealed some trends which could have res-
ulted from these laws. White seabass regulations started in 1931 with the enactment of two laws: (i) the closing of
all net fishing from May 1 to June 30, and (ii) a 28-inch minimum size limit. These and the closed-season regula-
tions of 1933 and 1935 possibly led to the decreased total catches in the 1930's. It is also conceivable that this group
of regulations led to the comparatively large catches from 1957 through 1960. Interestingly, most of these regula-
tions are intended to stabilize the size of the white seabass population. I believe it is now important to determine if it
is feasible to manage this

FIGURE 2 White seabass commercial landings from California waters with regulations and mean yearly ocean
temperatures, 1916 through 1961
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fishery so that fishermen may harvest the best possible poundage from the white seabass population.
Also included in the white seabass catch-regulations graph (Figure 3) were the yearly mean ocean temperatures off

Scripps Pier (Scripps Institution of Oceanography, 1958). These values and the total catch of white seabass showed
some correlation. A good relationship occurred from 1956 through 1961 which certainly lends credence to the dis-
cussions on this subject by Skogsberg (1939) and Radovich (1961).

1.5. Goals of Investigation
The aims and goals of this investigation were: (i) to measure the relative abundance of the white seabass resource,
(ii) to determine the rate of growth (age-weight-length relationships), (iii) to determine the age and size composition
of the resource, (iv) to estimate survival and mortality rates, and (v) to evaluate current management practices as
they apply to both the sport and commercial fisheries.

White seabass sportfishing practices and results could be described as a cyclic, widely fluctuating, sporadic, and
fortuitous fishery. This situation is not amenable to a limited (time, money, and manpower) biological investigation.
Despite the willing and whole-hearted cooperation of the sportfishing fraternity, we were forced to look elsewhere
for a relatively large and consistent source of specimens and fishery data—namely the commercial fishery.

Project personnel obtained the necessary data to achieve the above objectives from four principal sources: (i) fish
sampled at the commercial markets, (ii) catches aboard fishing vessels, (iii) specimens caught by project fishing ef-
forts, and (iv) catch statistics collected by the California Department of Fish and Game.

Values from catch-per-unit-of-effort, weight-length, age-growth, and population parameters were used in a yield
equation to determine an optimum harvestable size so that fishermen could crop the best possible weight from the
existing white seabass population.

2. CATCH-PER-UNIT-OF-EFFORT
I used catch-per-unit-of-effort data to determine the relative abundance of white seabass in California waters. Many
authors have established the value of such an analysis, provided a somewhat stable fishery exists. Clark (1939),
Rounsefell and Everhardt (1953), and Beverton (1963) wrote good general sections on this subject. While analyzing
catch and effort data, I also evaluated the effect of a regulation that limits the trip poundage from May 1 to August
31.

2.1. Source of Data
The staff of the California Department of Fish and Game (1952) described the commercial fish receipt ("pink tick-
et") system used to gather catch and effort data of California's marine fisheries. The Biostatistical Section, California
Department of Fish and Game, abstracted
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and tabulated pertinent white seabass data, and project personnel made computations from these tabulations.

2.2. Explanation of Effort Terms
Under the pink ticket system, fish buyers report catches only. From these data we computed the catch-per-month and
catch-per-trip. These terms then do not have the usual connotation, because there was no measure of unsuccessful
effort. In order to rectify this situation, a separate log-book system or a revision of the pink ticket system was
needed. Unfortunately, because of time limitations, neither improvement could be instituted, so we used the data at
hand.

The term "trip" also needs clarification. No detailed information was available concerning how long a trip lasted.
A survey of commercial fishermen revealed that a trip might be from 1 to 5 days, although more than 50% of these
fishermen made 1-day trips. If different fish buyers at a port purchased white seabass from the same boat on the
same day, then there were two or more pink tickets for this boat on the given day. When this occurred, poundages
were totaled and tallied as one trip. This situation occurred because of the fluctuations of supply and demand in the
fresh fish markets. Catch-per-trip was analyzed with caution and only in comparison with catch-per-month, which
tended to eliminate the error from length of trips and number of deliveries in 1 day.

2.3. Selection of Representative Commercial Gill-net Boats
For this study, I selected individual gill-net boats that had fished over a number of years. In this way, there was
some degree of uniformity in gear and fisherman experience. To meet these standards, gill-net boats that fished 4 or
more months each year from 1951 through 1960 were selected. Only eight boats met these requirements, but these
combined vessels landed 10% to 33% of the total white seabass catch within each year of the study. For comparison
purposes, I compiled the annual total fleet catch-and-effort information.

In addition to the catch-and-effort analysis, the price-per-pound paid to fishermen was considered in order to de-
termine its effect on the fishery.

2.4. Data Compilation Methods
2.4.1. Selected Boats, 1951 Through 1960
The catch-per-unit-of-effort data of each boat were compiled by: (i) tabulating the catch-per-month and then sum-
ming these values by year, (ii) dividing the boat's total catch by the number of months fished for each year to pro-
duce the average catch-per-month-per-year, (iii) tabulating the number of trips-per-month and then summing these
values by year, and (iv) dividing the monthly catch by the number of trips for each month fished to obtain the aver-
age catch-per-trip-per-month, and then dividing the boat's total catch by its total trips for the year to produce the av-
erage catch-per-trip-per-year.

The catch-per-unit-of-effort data of the combined eight boats were compiled by: (i) calculating the average catch-
per-month-per-year similar to the individual boat compilations, and (ii) calculating the average
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catch-per-trip-per-month, then by year, similar to the individual boat compilations.
The price-per-pound paid to the eight boats was compiled by: (i) dividing the monthly and yearly income by the

pounds of fish caught to obtain the average price-per-pound by month and year for individual boats, and then divid-
ing the yearly income of the combined eight boats by the annual landings to yield the average price-per-pound paid
to the group.

2.4.2. Total Boats, 1951 Through 1960
Catch-per-unit-of-effort data for all boat landings was compiled by: (i) tabulating the total catch and number of boats
for each year, (ii) dividing the total catch by the number of boats to obtain the average catch-per-boat, and (iii) di-
viding the total income by the total catch to yield the average price-per-pound for each year.

2.4.3. Boat Poundage Regulation, May 1 to August 31
These data were compiled from the peak catch of 1959 by: (i) counting the number of boat trips that exceeded a
catch of 1,000 pounds during the 4-month period, and (ii) dividing this number by the total fleet and multiplying by
100 to yield a percentage for the same time period.

2.5. Discussion of Catch Areas of the Selected Eight Boats
Six of the selected eight boats fished in the 700 catch block series (Figure 3) during the 10-year period, and de-
livered their catches to the San Pedro fresh fish markets. The seventh fished in the 700 series for 8 consecutive
years, and then moved northward to fish in the 600 series during 1959 and 1960. This boat delivered its catches to
the Morro Bay fish markets for those 2 years. The remaining boat fished in the 800 series during the 10 years and
delivered its catches to the San Diego fish markets. These eight boats should give a good cross-section of the white
seabass catch in California waters.

2.6. Discussion of the Catch-Per-Unit-of-Effort Analysis
Catch-per-month and catch-per-trip values for each of the eight selected boats were similar, so I combined them to
yield an average catch-per-month and catch-per-trip for this group for each year.

There was a fair relationship between the combined eight-boat average catch-per-month-per-year and the total
catch during most years of the study. However, a marked anomaly occurred in 1959. In this year, commercial
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FIGURE 3 Southern California fisheries chart designating the catch block numbers and their locations
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fishermen caught the largest tonnage of white seabass ever reported from California waters, yet the eight-boat catch-
per-unit-of-effort values declined for that year, after reaching their highest peak in 1958 (Figure 4) .

FIGURE 4 White seabass catch-per-unit-of-effort values, 1951 through 1960, showing the marked anamoly in 1959
(solid line = total boats, average catch-per-boat; broken line = eight boats, average catch-per-boat; dot and dash

line = eight boats, average catch-per-month-per-year)
A special analysis of the eight-boat average annual catch from 1956 through 1960 was made by comparing the av-

erage price-per-pound by month and year with the catch for these periods. This revealed that the eight boats fished
an identical total of 80 months during 1958 and 1959, with 850 and 823 trips respectively. However, during the
high-catch months of July and August, the eight boats made 134 fewer trips in 1959 than in 1958. Yet in 1959 the
catch of the entire fleet showed that July and August were still the high-catch months. I attributed the eight-boat ef-
fort change to a marked decline in the average price-per-pound during July and August of 1959 (Figures 5 and 6 ). It
is possible that these fishermen, who made a good income in 1958 and the first half of 1959, could afford to fish
with reduced effort during the 2 months of depressed prices in 1959.

The combined eight-boat average catch-per-month-per-year closely follows the yearly mean ocean temperature,
except for 1959. Manpower and time considerations made it impossible to pursue this relationship further in terms
of management implications.
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FIGURE 5 The average catch-per-month for the combined eight boats with average price-per-pound including
standard deviation, paid to the fishermen from 1956 through 1960
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FIGURE 6 The average catch-per-month for the combined eight boats with average price-per-pound paid to these
fishermen in 1959
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TABLE 2
Actual White Seabass Weight-Length Data from Commercial and Project Gill Nets During 1961
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2 Clark's original data sheets indicated that only 44 fish were used for the weight-length calculations. The 78 fish noted in her paper applies
only to the maturity studies.

TABLE 2
Actual White Seabass Weight-Length Data from Commercial and Project Gill Nets During 1961

2.7. Results
The regulation limiting the trip catch to 5,000 pounds per boat and 1,000 pounds per person from May 1 to August
31 is unnecessary. In fact, during the peak catch months in 1959, only 15% of the total boat trips achieved a catch of
1,000 pounds. The exact reason for this regulation has become obscured. In any event, whether it was biological, so-
cio-economic, or a combination of these factors, the analysis showed this regulation hasn't achieved its purpose in
any category.

3. WEIGHT-LENGTH RELATIONSHIP
Clark (1930) initially calculated the white seabass weight-length relationship. In her publication she stated, "Because
of many difficulties encountered, the data were very inadequate and they are presented here only as a rough guide
for protection for the white seabass". Clark could collect only 44 white seabass for this relationship.2 No fish was
shorter than 400 mm TL and just 12 exceeded 700 mm. For these reasons, project personnel undertook a new ana-
lysis in 1961.

3.1. Methods
Some of our 1961 weight-length data was collected by sampling the commercial catch at several ports in southern
California, but because these fishermen usually use gill nets with 6-inch stretched mesh, there were no small white
seabass. To fill this gap project gill nets with variable mesh sizes ranging from 1 to 6 inches were fished in the Long
Beach-Los Angeles harbor. Most of the samples come from the latter activity.

19



Many of the commercial sampling problems described by Clark (1930) were inherent in this study. In addition,
over 90% of the present-day commercial fishermen sell eviscerated fish (dressed head-on) as opposed to whole fish
(round). Therefore, the samplers either asked these fishermen to bring in round fish, or rode the commercial boats to
obtain weights before the fish were eviscerated. The problems of weighing fish at sea on a rolling 30- to 40-foot boat
often invalidated samples, if not the sampler. Many commercial fishermen consented to bring in round fish, but fre-
quently, after the samplers waited at the dock for several hours, the boats would return with few or no fish. Con-
sequently, I obtained only 153 fish for the weight-length relationship from commercial and project gill nets
throughout 1961 (Table 2). Total lengths were measured in millimeters from the tip of the lower jaw to the end of
the upper caudal lobe by means of a measuring board. Fish weights were determined by two procedures: (i) small
fish (79 to 699 mm TL) were weighed to the nearest gram, and (ii) large fish (700 to 1,352 mm TL) to the nearest
one-quarter pound, which were then converted to the nearest gram.

I submitted these data to Norman J. Abramson, California Department of Fish and Game, because he had de-
veloped a weight-length computer program. This program, for the I.B.M. 7090 computer, fitted the logarithmic
transformation of the equation W=aLb by the method of least squares. The program calculated six weight-length
curves using round weights of males, females, and sexes combined, then dressed head-on weights in the same three
categories. Juvenile fish were eliminated from these calculations, thereby reducing the number of fish to 135 (round)
and 133 (dressed head-on).

The dressed head-on weight-length relationship was computed because the average ratio value often used to con-
vert to either round or dressed head-on weight is not accurate along the entire range of lengths. With round and
dressed head-on curves it is possible at any given length to convert to either weight more accurately.

The selective gear, gill nets, possibly did not catch fish representative of the normal white seabass population,
even though variable mesh sizes were used. Any statements made concerning the population should be understood
to mean the population caught by these gill nets.

3.2. Results
I tested the calculated regression curves for each sex with analysis of variance. Differences between sexes, round or
dressed weight, were not significant; therefore, the curves by sex were combined for each weight category. The de-
rived equation, round weight, was: W = .000015491 L 2.92167 (Figure 7 , solid line). The 95 percent confidence lim-
its on the slope or "b" value placed the upper limit at 2.98713 and the lower at 2.85621. This means that 95 percent
of the time the population slope value would fall within these confidence limits. The derived equation, dressed head-
on weight, was W = .000012267 L 2.94252 (Figure 7, broken line). The 95 percent confidence limits on the slope
value placed the upper limit at 3.00676 and the lower at 2.87827.
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FIGURE 7 Calculated weight-length relationship of white seabass (solid line—round weight, W = .000015491 L
2.92167; broken line—dressed head-on weight, W = .000012267 L 2.94252)

4. AGE AND GROWTH
There have been no publications on age and growth of white seabass from California waters. Project personnel de-
cided in 1958 to use scales (Figure 8) for this study because they found a good relationship between the number of ob-
served annuli on the scales of white seabass and the total lengths of these fish. In addition, Nesbit (1954) and Joseph
(1962) have demonstrated the validity of using scales of sciaenids to determine age. However, I must point out that
John E. Fitch (pers. commun.), using otoliths of white seabass to determine age, obtained considerably older ages
for large fish (over 1,250 mm) than we read from scales. This situation will not have an effect on the present analys-
is because all fish older than age XIII (1,217 mm mean length) were grouped into one category in order to determine
the population parameters.

I identified and counted annuli on these ctenoid scales if: (i) they formed entirely around the anterior and lateral
fields, (ii) they possessed two or more straightened circuli in the anterior field, and (iii) they were clearly distinct
from one another and did not intersect at
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FIGURE 8 Scale from a 995 mm white seabass showing 9 annual rings. Photograph by Leo Pinkas
any point. of course, the above criteria were not unique to this study; Carlisle, Schott, Abramson (1960) and Joseph
(1962) elaborated upon them.

4.1. Methods and Materials
Project personnel examined scales from the entire body surface and decided the most suitable were from the area
immediately posterior to the insertion of the pectoral fin. Seasonal employees cleaned the scales and mounted six to
eight of them from each fish between two glass slides. The scales were magnified to 30 diameters with a scale pro-
jector described by Pinkas (1966).

Age determinations were made without pertinent size and catch information on the numbered slides; however,
this did not eliminate reader bias because scale size possibly suggests age.

Project personnel selected scale samples from white seabass that were caught by different types of fishing gear in
order to enumerate all possible age groups. These types of gear were: (i) gill nets (commercial), (ii) lampara
(bait-boats), (iii) specially constructed variable mesh gill nets, and (iv) trawl nets. During 1961 we collected most of
the samples with project gear (iii and iv).
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To correlate lengths with ages, a series of length frequency bar charts were compiled from the commercial data. I
tried different millimeter groupings (10, 20, 50, 70, 100) and found that the 50-mm grouping showed an ascending
and descending step-like progression over the entire range of fish lengths. Next I lettered each 50-mm length group
of 1958 alphabetically and moved individual letters to the next highest 50-mm grouping within each of the follow-
ing 2 years of data. After completing the age analysis in 1962, I superimposed the mean lengths at age on the
lettered 50-mm bar charts (essentially the Petersen method). This methodology should aid in assessing the validity
of determining white seabass ages by means of their scales.

For the growth analysis, I fitted the white seabass age-length data to the von Bertalanffy growth equation by the
procedure of Tomlinson and Abramson (1961).

4.2. Results and Conclusions
Ages of the 2,831 fish sampled from the 1858–60 commercial white seabass catch ranged from III through XVI
(Table 3). Scales from fish older than 13 years were difficult to interpret; fortunately, the majority were less than 13
years old. Gill-net mesh size selectivity strongly influenced the age composition, thus full exploitation during these
years occurred at age IX and above.

TABLE 3
Age Composition of the Commercial White Seabass Catch off California

The mean lengths at age and the 50-mm length-frequency bar charts (based on the 3,773 fish lengths sampled
from the commercial fishery) maintained a fairly consistent relationship from 1958 through 1960 (Figure 9) . Compar-
ing lettered bar charts with the corresponding age groups for successive years certainly lends validity to the ages de-
termined from scales.
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FIGURE 9 The relationship between mean lengths at age and 50 mm length frequency bar charts, compiled by year,
1958–1960: numbers with parentheses designate the age groups; dots represent the mean lengths for each age;

numbers separated by a hyphen represent the range of lengths for each age
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TABLE 4
Systematically Selected Total Lengths in Millimeters by Age Groups of White Seabass
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From the project and bait-boat samples (1958–1961), we determined ages for 385 fish. I combined these with the
commercial age-length data and systematically selected 15 fish samples from each age group (Table 4) in order to fit
the von Bertalanffy growth equation (Figure 10) .

The equation used and parameters were:

EQUATION

FIGURE 10 Growth rate of white seabass, fitted by the von Bertalanffy growth equation
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The 95 percent confidence intervals for [L8] and K were 102.404 and .0206. The mean total lengths in millimeters
for age groups I through XIII were: I—231; II—336; III—467; IV—571; V—723; VI—866; VII—929; VIII—981;
IX—1,033; X—1,072; XI—1,144; XII—1,194; and XIII—1,217.

5. POPULATION PARAMETERS
Estimations of mortality and survival rates are essential to scientific fishery management. For each age group we
might consider growth during consecutive years a "plus" value and mortality a "minus" value. At some point during
these years the growth and mortality within a year-class counterbalance each other so that neither one is in excess.
We might term this juncture, optimum yield. Herrington and Nesbit (1943) published an excellent discussion con-
cerning this subject and the field of fisheries management in general.

I calculated the various fishing rates by basically following the method of Silliman (1943). Ricker (1958), elabor-
ating on the technique, wrote that Silliman's method could be used with 2 adjacent years of age data at each level of
effort with even recruitment. Beverton (1963) also discussed this method and its application. I used Silliman's meth-
od with only 1959 and 1960 white seabass age data and with different effort between years (Table 3). Robson and
Chapman (1961) also developed a method to compute survival rates; the values, calculated by the two methods,
were similar.

5.1. Results
Mortality rates indicate commercial fishermen have not over-harvested white seabass; for example, during the peak
commercial catch in 1959 there was a total mortality of 56% with 44% of the population off California surviving
(Table 5).

Within the 56% total mortality there was a fishing mortality of 39.8% and a natural mortality of 26.8%. These two
percentages, when added, exceed the total mortality value because their solution allows the same fish to die twice.
This is corrected by subtracting the product of fishing and natural mortality values from their sum.

Ricker (1958) developed a method to convert the above rates into instantaneous values (Table 6), and we calcu-
lated these values for use in determining yield.

TABLE 5
Values of the Various Rates Calculated by Silliman's Method
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TABLE 6
Estimated Survival and Instantaneous Mortality Rates of the White Seabass Resource off California

6. YIELD ESTIMATES
The yield equation developed by Beverton and Holt (1957) was used to calculate a biological minimum size limit.
These authors made an assumption that growth is isometric (b = 3). The white seabass slope

FIGURE 11 Yield in grams-per-recruit by age group
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or "b" value was significantly different from 3; therefore, the subsequent values were calculated from a binomial ex-
pansion of the equation for yield in weight per recruit Yw/r. Norman J. Abramson, California

Department of Fish and Game, provided the following expanded equation:

EQUATION
I used the same symbols as those in the preceding sections and not strictly those of Beverton and Holt (1957).

Values of the parameters were:

EQUATION
Also yield isopleths were computed to determine the effects of simultaneous variation of fishing mortality (p) and

recruitment age (tp') on yield. Beverton and Holt (1957) described a method for making these calculations; however,
Norman J. Abramson learned that Gerald J. Paulik, University of Washington, had developed a computer program
for such analyses. Professor Paulik kindly consented to process the white seabass data.

6.1. Results
The yield in weight per recruit by age group with fishing and natural mortality constant (.259 and .303) demon-
strated the white seabass harvest should start at age IV corresponding to a 22-inch TL minimum size limit (Figure 11) .

Yield isopleth values with varying rates of fishing mortality (natural mortality constant) showed that white
seabass harvest should start at age IV to achieve the greatest yield. With the estimated fishing mortality of .259, the
fishermen would obtain the best yield of 800 grams per recruit again with age group IV (Figure 12 , point P) rather
than their current yield of 500 grams per recruit.
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FIGURE 12 Yield isopleth for white seabass. Graph shows the yield in grams-per-recruit for any combination of in-
stantaneous fishing mortality and exploited age
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7. CONCLUSIONS AND RECOMMENDATIONS
Considering the limitations of this study, I believe it is unwise to advocate a change to a 22-inch minimum size lim-
it. The theory for the best harvest of white seabass could be tested without changing the minimum size limit for
white seabass or the minimum mesh size regulation. If commercial fishermen would voluntarily use 4-inch mesh gill
nets for 2 or more years we would then have some idea if the yield in weight is increasing. However, the normal
fluctuations in the white seabass catch might obscure the measurements. To determine the true effect then, the new
yield should be compared with past harvest trends and cycles. If the theory is correct, during the period of the exper-
iment there should be a 15% to 50% increase in yield with similar environmental and population conditions.

The 5,000 pounds per boat and 1,000 pounds per person limitation from May 1 to August 31 of each year should
be eliminated.

Some important facets of white seabass life history are unknown or at best fragmentary, e.g., fecundity, nursery
areas, and food habits.

A tagging study would also be extremely beneficial, not only to evaluate mortality estimates but also to determine
the amount of migration and if our assumption of one population is correct.

To answer the questions regarding: (i) the unknown life history factors, (ii) the migratory behavior and population
parameters (as supporting evidence for the current study), and (iii) the effects of the voluntary use of gill nets with a
4-inch mesh size and would require initiating a new white seabass research project.

8. SUMMARY
1) The white seabass ranges from Juneau, Alaska, to Magdalena Bay, Baja California, and also occurs in the north-
ern portions of the Gulf of California. On the outer coast it is most abundant from Point Conception, California, to
Ballenas Bay, Baja California.

2) Commercial fishermen landed most of the total catch from April through September in each year, 1951–1960.
3) Catch-per-unit-of-effort values indicated that commercial fishermen have not over-harvested the white seabass

population. A price analysis helped explain the market anomaly in the 1959 catch-effort data.
4) The limitation of 5,000 pounds per boat and 1,000 pounds per person from May 1 to August 31 is deemed un-

necessary.
5) We found no significant difference in the weight-length relationship between sexes, round or dressed head-on

weight; therefore, we combined the curves by sex for each weight category. The derived equations were: W =
.000015491 L 2.92167 (round weight); W = .000012267 L 2.94252 (dressed head-on weight).

6) We determined white seabass ages by means of their scales through the 16th year; however, ages of fish bey-
ond 13 years are difficult to determine. The mean total lengths in millimeters for age groups I through
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XIII were: I—231; II—336; III—467; IV—571; V—723; VI—886; VII—929; VIII—981; IX—1,033; X—1,072;
XI—1,144; XII—1,194; XIII—1,217. Length frequency distributions compared favorably with our age analysis.

7) The age-length data fitted by von Bertalanffy's growth equation became:

EQUATION
8) Our estimated survival and total mortality rates were: survival, 57% (1960) and 44% (1959); total mortality,

43% (1960) and 56% (1959). The instantaneous mortality rates were: total, .562 (1960) and .821 (1959); fishing,
.259 (1960) and .518 (1959); natural, .303 for both years.

9) To achieve a better yield, white seabass fishermen should voluntarily decrease the mesh size of their nets,
preferably to 4-inches between knots, stretched.
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