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ABSTRACT
In 1964 scientists of the California Department of Fish and Game, the U.S. Bureau of Commercial Fisheries, and the
University of California proposed an ecological experiment to assist the return of the Pacific sardine (Sardinops
caeruleus) by imposing pressure on its chief natural competitor, the northern anchovy (Engraulis mordax) . Bitter
controversy followed but in late 1965 the California Fish and Game Commission authorized a closely regulated an-
chovy reduction fishery. The controversy did not cease, but a modest fishery with a 75,000 ton quota was initiated.

Reduction landings during the 1965–66, 1966–67, and 1967–68 seasons were 16,800, 37,600 and 6,500 short
tons, respectively. Landings were from an anchovy population conservatively estimated as between 4 and 5 million
tons, 50% of which occurs off California, and consequently do not reflect a lack of abundance but low processor de-
mand as dictated by declining world fishmeal prices. Landings were primarily by purse seiners operating in
Monterey Bay and the inshore waters off southern California. Three-year-olds were dominant in central California
landings and 2-year-olds in southern California. One-year-olds were most representative of the southern California
live bait catch.

Both otoliths and scales from over 1,100 anchovies were used to compare two age-determination methods. The
percent of agreement between individual age assignments was high and there were no significant differences in the
resulting age compositions. Anchovy scales are caducous while otoliths are rarely unobtainable or deformed. Oto-
liths are therefore recommended for age determination of anchovies because they yield results comparable to scales
and are more available.

During a 3-year period beginning in March 1966 nearly 381,000 anchovies were tagged and 1,080 were recovered
on magnets installed in reduction plants. Recoveries demonstrate that anchovies can and do move considerable dis-
tances and between major fishing grounds in a short period of time. Anchovies from central California contribute to
the southern California fishery and anchovies released off southern California were caught off central California and
Ensenada, Baja California, Mexico.

A limited term live-bait sampling study determined that considerable manpower is required if the estimates are to
be statistically significant. Since zero and 1-year-old fish are co-dominant in the live-bait fishery intensive sampling
of this fishery may be useful for detecting changes in year-class strength and recruitment to the southern California
commercial reduction fishery.
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1 Now with Marine Resources Branch, Sacramento

1. A REVIEW OF THE CALIFORNIA ANCHOVY FISHERY AND RES-
ULTS OF THE 1965–66 AND 1966–67 REDUCTION SEASONS

JAMES D. MESSERSMITH1

Marine Resources Region
California Department of Fish and Game

1.1. INTRODUCTION
The northern anchovy (Engraulis mordax Girard) has become the subject of spirited controversy among special in-
terest groups concerned with fisheries during the past few years. This controversy revolves around: (i) recommenda-
tions by State, University and Federal marine scientists that large quantities of anchovies be harvested (Ahlstrom, et
al., 1967a, b); (ii) requests by the fishing industry for reduction quotas; and (iii) unyielding opposition to such pro-
posals by sport fishermen who require anchovies for live bait and chum. The controversy is intensified because the
anchovy is important as forage for fishes of interest to sportfishermen, and because of the history of the over-
harvested Pacific sardine (Sardinops caeruleus) resource (Murphy, 1966).

The purpose of this paper is to review briefly the fishery prior to November 1965, the events leading to an an-
chovy fishery for reduction, the research program established by the Department of Fish and Game to assist in the
management of the anchovy resource, and to discuss the fishery during the 1965–66 and 1966–67 reduction seasons.
The fishery data reported are not conclusive, but are intended to serve as a basis for future comparisons to indicate
the effects of increased exploitation on a now relatively unexploited anchovy stock(s). All weight records are in
short tons.

1.2. ACKNOWLEDGMENTS
I wish to express my sincere thanks to Robson A. Collins, James E. Hardwick, Russell H. Wickwire and Richard
Wood who as members of the anchovy project collected and tabulated much of the data on which the fishery portion
of this paper is based, and to John L. Baxter, California Department of Fish and Game, for his encouragement and
editorial comments.

1.3. FISHERY PRIOR TO NOVEMBER 1965
Reliable records of commercial landings used for human consumption, dead bait, feeding in fish hatcheries and
mink farms, and reduction to oil and meal date from 1916. From 1916 through 1921 annual landings averaged only
504.5 tons; most of the catch was for reduction to oil and meal (Phillips, 1949). In 1919 a law was passed prohibit-
ing the reduction of whole fish except under permit. The law was strengthened
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in 1921 resulting in reduced landings averaging 159 tons for the next 17 years. During the period 1939 through 1946
landings averaged 1,454 tons.

In 1946 the scarcity of sardines caused processors to begin canning anchovies in quantity and in 1947 the catch
jumped six-fold to 9,470 tons. The landing capacity of the fishing boats exceeded the canning needs of plants and
excess deliveries were diverted to reduction plants.

TABLE 1
Commercial and Live Bait Catch of Anchovies in California, 1939–1967

(In short tons)
In order to lower the amount of anchovies being reduced, the California Fish and Game Commission passed a reg-

ulation that required each processor place a high proportion of each ton of anchovies in cans (Clark and Phillips,
1952). With the temporary resurgence of the sardine population through 1951, anchovy canning declined. With the
collapse of the sardine fishery in 1952, anchovy landings increased to 27,891 tons and 42,918 tons in 1953. Due to
economic conditions, presumably low consumer acceptance of the canned product, landings
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2 The CalCOFI Committee is composed of four members; three are the scientific leaders of the MRC-associated programs of the major cooper-
ating agencies and one represents the MRC. In 1964 they were E. H. Ahlstrom, U.S. Bureau Comm. Fish.; J. L. Baxter, CDFG; J. D. Isaacs, Univ.
of Calif.; and G. I. Murphy, Coordinator for MRC. P. M. Roedel has acted in Dr. Murphy's place since 1966. Dr. A. R. Longhurst replaced Dr.
Ahlstrom in 1967.

declined to 19,400 tons in 1957 and 5,200 tons in 1958. Landings did not again exceed 5,000 tons until 1966 when,
for the first time in over 40 years, anchovies were fished solely for reduction purposes.

Anchovies are very important in California as live and dead bait. Records of the live bait catch were initiated in
1939 and, except during World War II, have been submitted voluntarily ever since. These records account for most
of the catch but are not complete since some operators do not submit records. When records were first initiated live
bait landings were 1,074 tons and accounted for 58% of the statewide anchovy catch (Table 1). Since 1950 anchovy
live-bait landings have fluctuated between 3,800 and 6,800 tons, averaging 5,570 tons for the past 5 years (1963
through 1967).

1.4. EVENTS CULMINATING IN AN ANCHOVY FISHERY FOR REDUC-
TION
The November 12, 1965 decision of the California Fish and Game Commission authorizing the present reduction
fishery for anchovies was not capricious, but was arrived at after several months of consideration. As early as 1942
and each year since 1961 central California reduction plant owners have requested the Commission to issue anchovy
reduction permits.

On January 28, 1949, the Commission adopted a policy opposing the "issuance of reduction permits for whole
herring or anchovies." Since then, industry has made numerous attempts to have the policy changed, either by the
California Legislature or through the Commission.

On March 6, 1964, the California Cooperative Oceanic Fisheries Investigations (CalCOFI) Committee2 presented
a series of papers concerning the anchovy to the California Marine Research Committee (MRC). The papers in-
cluded anchovy population estimates and a proposal for an ecological experiment to assist the return of the sardine
by simultaneously reducing fishing pressure on the sardine and imposing pressure on the sardine's chief natural com-
petitor, the anchovy. The proposed experiment, "Requirements for Understanding the Impact of a New Fishery in
the California Current System," (Ahlstrom et al, 1967a) was a long-range program consisting of three phases. Phase
1 called for a controlled anchovy harvest of 200,000 tons throughout the principal range of the population with ap-
proximately 35% in California waters (emended to 35% north of lat. 31° N). This phase was to have an annual quota
for a period of approximately 3 years. Phase 2 called for adjusting the quotas and their areal distribution on the basis
of the findings during Phase 1. Phase 3 had the ultimate objective of restoring the predecline balance between
sardines and anchovies and maximizing the harvest of both species consistent with all uses. It was noted that if both
the sardine fishery and competition from anchovies are affecting the sardine population, and if the objective was to
bring back the sardine in the shortest possible time there should be fishing on anchovies and a complete moratorium
on sardine fishing. At the time of this proposal the total
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spawning biomass of anchovies was estimated to be between 1.8 and 2.25 million tons based on egg and larva data
available through 1958 (Table 2).

TABLE 2
Anchovy Population Estimates, Source of Estimate and Reference

During April 1965, Assembly Bill 2756 was introduced in the California Assembly. This bill would have allowed
landing and reduction of 115,000 tons of anchovy by specified classes of vessels during the 28½-month period Janu-
ary 1, 1966 through May 15, 1968. The bill was passed by both houses of the Legislature, but was pocket vetoed by
the Governor on two grounds: (i) the purposes of the bill could be legally accomplished by administrative action,
and thus the bill was not needed; and (ii) the limited entry features of the bill were of questionable constitutionality
and might involve the State Government in costly litigation (Chapman, 1967). Opposition to AB 2756 by organized
sportsmen's groups was so intense that the Governor's office received over 35,000 letters in opposition, more than
for any other measure considered during the 1965 legislative session. The Governor then requested the Commission
to reconsider allotting permits for reduction fishing.

After hearing considerable testimony from all interested parties, including the California Department of Fish and
Game's recommendation for approval, the Fish and Game Commission adopted (August 27, 1965) the following
new policy concerning the reduction of anchovies: "It is the policy of the Fish and Game Commission that: 1. The
anchovy resource shall be managed on a scientific basis, with regulations sufficiently flexible to allow corrective ac-
tion to be taken at any time the Commission deems necessary; 2. The existing uses of anchovy shall be protected;
and 3. The Commission shall give consideration to the issuance of anchovy reduction permits when the scientific
evidence indicates that the resource will not be endangered."

After the Commission adopted the above policy the Department proposed regulations which would allow the tak-
ing of 15,000 and 100,000 tons of anchovies north and south of Point Conception respectively. The proposal in-
cluded setting of seasons, the mandatory use of log
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books, and the northward extension of the statutory ban on fishing within 3 miles of the mainland shore from south
of Point Mugu to south of Point Conception. Action on this proposal was scheduled for October 1, 1965. The De-
partment also proposed a tagging and monitoring project to be initiated in the event a reduction fishery was author-
ized.

During the October 1 meeting the Fish and Game Commission expressed the opinion that effective scientific man-
agement of the sardine and anchovy resources required that full regulatory authority over both species be delegated
to one body. It therefore adopted a resolution requesting the California Legislature to recognize these problems and
to assist it by providing immediate legislation declaring a moratorium on the taking of sardines so that it could pro-
ceed with the proper scientific studies in a systematic manner, and to delegate management responsibility for both
sardines and anchovies to the Commission. Responsibility was to include the control of the take and/or regulation
for all purposes. The Commission felt that since the Legislature was going into emergency session it could take up
the matter and therefore postponed further action on the take of anchovies for reduction purposes. When the Legis-
lature failed to act on the resolution the Commission decided to proceed with the matter of an anchovy reduction
fishery at its November 12, 1965 meeting.

At this meeting the Commission listened to considerable testimony by all interested parties before adopting regu-
lations governing an experimental fishery to take and use 75,000 tons of anchovies by a reduction process. The regu-
lations were adopted with the following preamble: "It is the intent of the Fish and Game Commission that an experi-
mental fishery be initiated for the take of anchovies for use by a reduction process; the Fish and Game Commission
wishes to make clear that the experimental fishery for reduction purposes may be terminated at any time that the
Commission finds that the existing uses of anchovy are jeopardized or that the resource is endangered; . . ." Thus the
anchovy reduction fishery began. Commission action, much of the testimony, and the adopted regulations are a mat-
ter of public record (California Fish and Game Commission, 1965).

The 1965–66 regulations governing the take of anchovies for reduction are summarized as follows:
·1. Season: October 15, 1965 through April 30, 1966.
·2. Permit Areas and Quotas:
–a. Northern Permit Area (North of Pt. Conception) 10,000 tons.
–b. Southern Permit Area (south of Pt. Conception) 65,000 tons distributed over four zones (Figure 1) . No fishing within 3 miles of the mainland shore, a northward extension

from Point Mugu of the statutory requirement.
·3. Size limit: Minimum 5 inches total length with an undersized allowance of 25 percent, by weight, of all anchovies in the load (a statutory law reiterated).
·4. Fishing operations:
–a. Vessel identification numbers required on side of vessel (a statutory law).
–b. Daily record of fishing on forms provided by the Department of Fish and Game.
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FIGURE 1. Anchovy reduction quota and zones for the Southern Permit Area, 15 October 1965 through 30 April 1966 and 1 October 1966 through 30 April 1967.

11



·5. Administration:
–a. Five-day notice of zone closure when approaching quota.
–b. All permits can be suspended on 48 hours notice by Commission determination of depletion of species, waste, or deterioration of fish.

Reduction permits for the 1965–66 season were issued to:
·Santa Cruz Canning Co., Moss Landing
·Hovden Food Products Corp., Monterey
·J. D. Packing Co., Oxnard
·Westgate-California Corp., California Marine Curing and Packing Co., Terminal Island
·Van Camp Seafood Co., Terminal Island
·Star-Kist Foods, Inc., Terminal Island
·Pan Pacific Fisheries, C.H.B. Foods, Inc., Terminal Island
·Westgate-California Corp., San Diego
·Del Monte Fishing Co., Pacific Rendering Plant, San Francisco

In August 1966, the Fish and Game Commission again considered testimony by interested parties before adopting
regulations for a second season. The adopted regulations were similar in most respects to those of 1965–66 and
agreed with the recommendations of the Department of Fish and Game. They are recorded in the Commission
minutes as is much of the testimony (California Fish and Game Commission, 1966). Amended provisions of the reg-
ulations were as follows: (i) season lengthened to October 1, 1966 through April 30, 1967; (ii) time requirement for
notification of zone closure reduced from 5 days to 48 hours; and (iii) vessel operators desiring to take anchovies for
reduction purposes in the southern permit area were required to file a declaration of intent. All companies that re-
ceived permits in 1965, except Del Monte Fishing Co., applied for and received permits for the 1966–67 season.
Permits are issued only to applicants who have complete reduction plants in operating condition. No fee is charged
for the permits and they are not transferable.

1.5. DEPARTMENT OF FISH AND GAME ANCHOVY RESEARCH PRO-
GRAM
When the Commission authorized the anchovy reduction fishery, the Department of Fish and Game initiated a
project responsible for monitoring the fishery and conducting any biological studies on the anchovy necessary for
resource management.

Project objectives included determination of migratory habits, estimates of population size and mortality rates,
catch locations, catch per unit of effort, number and pounds of anchovies landed, the age-composition of the catch,
and other fishery statistics. Initial efforts were directed toward tagging and tag recovery, and fishery monitoring of
the commercial reduction and live bait fisheries.

In addition to studies of the fishery, the Department conducts oceanic surveys of adult and juvenile fishes that
contribute considerably to the knowledge of anchovy abundance, habits and distribution. These are year-
around-surveys of all surface and mid-depth resources between central California and Magdalena Bay, Baja Califor-
nia and as far as 80 miles offshore. They are made by operating an echo sounder over a predetermined course and
identifying schools by their characteristic
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echo trace supplemented with mid-water trawl catches. These surveys are made possible through funding provided
by Public Law 88–309, the Federal Aid for Commercial Fisheries Research and Development Act (Bartlett Bill).

The impartial analysis of all these data, and data from cooperating agencies, can provide a scientific basis for the
wise multiple use of the anchovy resource for live and dead bait, forage for predator fishes, human consumption and
pet food, as a protein supplement to the diet of livestock and poultry, and various other commercial products.

1.5.1. Tag and Tag Recovery
Tagging studies have met with considerable success. During the period March 14, 1966 through January 31, 1968,
224,566 anchovies were tagged with internal tags, and 530 were tags recovered (Wood and Collins, 1969). Tags are
recovered on permanent magnets placed in the final stages of the reduction process. This method of recovery pre-
cludes assigning tags to individual vessels and specific recapture localities. Recoveries can be assigned only to ma-
jor fishing areas such as Monterey, southern California, or Ensenada, Baja California, Mexico. This method is excel-
lent for determining movements between major fishing areas, but cannot be used for determining local movements.
A magnet system to correct this deficiency was installed but has not yet been tested under production conditions.
Tag recoveries have demonstrated that anchovies move considerable distances, and between major fishing grounds
(Messersmith, 1967; Messersmith, et al., 1969; and Haugen, et al., 1969). Fish from as far away as San Francisco
Bay and San Diego contribute to the Monterey fishery and fish from Monterey Bay reach southern California. The
magnitude of these migrations cannot be determined as yet.

1.5.2. Fishery Monitoring
The principal methods of collecting statistics to monitor the anchovy fishery are fishing logs and interviews, landing
records ("pink tickets") and fish sampling.

Fishing logs (Figures 2 and 3 ) are used to determine the vital statistics relating to the catch and effort of the fish-
ing fleet. Log books are assigned to fishing boat skippers who complete the logs at the end of each trip. The fleet's
normal procedure is to sail in the evening, fish all night and deliver their catch the following morning. Each time the
skipper sets the net he records the time of day, the estimated catch in tons, and whether or not an airplane assisted in
locating fish, and marks on the chart portion of the fishing log the area where the set(s) was made. From these data
we can determine the number and size of vessels, and several vital catch statistics, including catch per hour, area of
catch, and catch per set.

Logs are required of all skippers who land anchovies for reduction and are submitted voluntarily by most of those
who land anchovies for canning. For the period October 15, 1965 through April 30, 1967 log data were obtained for
93% of the total commercial anchovy landings for reduction and non-reduction purposes. Catch per effort analyses
are based only on those logs with complete data and therefore do not include all landings (Tables 3 and 4). Effort is
defined as the elapsed
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FIGURE 2. Instructions for completing fishing logs. Photograph by Jack W. Schott
time between inception of scouting and the completion (or start) of the last set.

In addition to monitoring the fishery via logs a sampling program was initiated to estimate the year-class compos-
ition of the catch in pounds and numbers. During the 1965–66 season vessels to be sampled were selected according
to area of fishing since the fleet tended to congregate in one or two areas on any given day. Samples consisted of 50
fish selected at random. We measured the lengths of all 50 and obtained
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FIGURE 3. Completed fishing log. Photograph by Jack W. Schott.
individual weights, sex, state of female maturity, and scales and otoliths for age determination from 10. At the start
of the 1966–67 anchovy reduction season, sampling procedures were changed extensively, reflecting knowledge
gained during the first season. The new program called for obtaining 20 random samples for every 5,000 tons of fish
landed in southern California. Each ton (within the 5,000) from which a sample was to be drawn was determined
from a table of random numbers, as was the part of the load to be sampled. Samples consisted of two 500g (1.1
pound) clusters, each divided into two equal parts. All the fish
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TABLE 3
Monthly Anchovy Landings During 1965–66 Reduction Season—Short Tons
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TABLE 4
Monthly Anchovy Landings During 1966–67 Reduction Season—Short Tons
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in one part were measured only; from the remainder we obtained length, individual weight, sex, state of female ma-
turity, and scales and otoliths for age determination. State of maturity during both seasons was determined by a
method defined by Hjort (1910).

During the 1966–67 season central California sampling procedures differed from those for southern California in
that 2,000g (4.4 pounds) were collected on alternate days from the two reduction plants in Monterey Bay; 1,000g
(2.2 pounds) were retained for processing. A 200g (0.44 pounds) subsample, from the 1,000g was obtained for com-
plete processing, as in southern California, while for the remaining 800g (1.76 pounds), only length measurements
were taken.

1.6. THE FISHERY
1.6.1. 1965–66 Season (October 15, 1965 through April 30, 1966)
The problems inherent in the development of a new fishery began cropping up soon after anchovy reduction permits
were received by the processors (November 22, 1965). A price for fish had to be negotiated, purse seines had to be
purchased, some reduction equipment was not fully dependable, and processors in general were concerned about the
economic soundness of the venture. In short, it had been 8 years since anchovies were taken in quantity (never under
such stringent administrative controls) and nearly everyone in the fishing industry was wary.

Some believe that this fishery could be the salvation of California's pelagic wetfish fleet and it is fitting that the
first reduction landings were in Monterey at the last remaining plant on John Steinbeck's famous "Cannery Row."
The fish were large but the oil yield was low and interest waned. A price dispute curtailed all fishing until January
10 when negotiating parties finally agreed to a price of $20 per ton. Prior to the settlement only about 170 tons were
landed, therefore for all practical purposes the new fishery did not start until January 10, 1966.

The present fishery is conducted in two distinct geographical areas, Monterey Bay and southern California. Each
has its own fishing fleet and method of operating. Both use purse seine and lampara nets exclusively. The former are
more effective and cost $10,000 to $15,000 each.

1.6.1.1. Northern Permit Area
This area's 10,000 ton reduction quota was never approached for two reasons, lack of processor interest attributed to
low oil yield and the difficulty of catching fish. Anchovies tended to be scarce and in water too deep for the nets
used in the area. Total landings for the reduction season were 1,488 tons of which 375 were for reduction (Table 3).
Except for 43 tons caught off Point Sur, all were caught in Monterey Bay (Figure 4) .

The Monterey fleet consisted of seven vessels that made at least one delivery; four purse seiners and three lam-
para vessels. The lampara nets are used by small vessels of 13 to 30 gross registered tons (GRT), and usually cannot
catch anchovies when the water depth is over 20 fathoms. The GRT of the purse seiners was 52, 54 and 102.
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FIGURE 4. Anchovy reduction fishing catch areas, 15 October 1965 through 30 April 1966.
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1.6.1.2. Southern Permit Area
Reduction fishing off southern California began in January in the Santa Cruz Basin and San Pedro Channel areas. In
February all effort shifted to the San Pedro Channel where the fleet remained until April 26, when the 10,000 ton
quota was reached and that area (Zone II, Figure 1) was closed to fishing. The fleet consisted of 24 vessels which
operated at least temporarily (Table 5). Eighteen made more than six deliveries while the remainder made as few as
one. During January, 3 purse seiners and 13 lampara boats caught fish. By the close of the season 12 pure seiners
and 7 lampara boats were active; 4 of the original lampara boats had converted to purse seines; 1 lampara boat had
sunk and 1 seiner had run aground.

TABLE 5
Data Concerning Gear and Vessel Length and Gross Registered Tons of the Southern California Anchovy Fleet

As the season progressed, several important events took place concurrently; anchovies became more available
close to the fleet's home port of San Pedro, the weather improved, and many boats acquired better gear.

During March and especially April the daily landings of the fleet frequently exceeded the reduction capacity of in-
dividual plants. To avoid the many problems caused by too many fish the processors placed the vessels on daily lim-
its. Despite this, during the last 4 days of fishing following the Department's announcement that the San Pedro zone
(Zone II) would close, 16 vessels with a combined capacity of about 1,100 tons landed 3,470.8 tons from this area at
the rate of 12.6 tons
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per hour. In comparison the catch per unit of effort for January through April was 5.8, 6.1, 6.9, and 9.2 tons per hour
respectively (Table 6).

Vessels that worked with airplanes were nearly twice as successful as those that did not (Table 7). Purse seiners
caught approximately three times as many fish as did lampara vessels and were twice as effective in terms of catch
per hour (Table 6).

Final reduction landings for southern California were 16,467 tons of a 65,000 ton quota. Catches by zone were:
Zone I—1,635 tons, Zone II—12,406 tons, Zone III—973 tons, and Zone IV—1,446 tons (Figure 1 and Table 3).
The origin of 7 tons was unknown.

TABLE 6
Catch and Catch Per Hour by Area and Gear, 1965–66 Season
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TABLE 7
Catch and Catch-Effort by Airplane Use, Area, and Season

1.6.2. 1966–67 Season (October 1, 1966 to April 30, 1967)
1.6.2.1. Northern Permit Area
During the season all reduction fishing in this permit area occurred in Monterey Bay. Fishing began October 4 with
anchovies close to shore in water less than 20 fathoms deep and therefore vulnerable to the lampara fleet as well as
to purse seiners. To keep the fishermen from exceeding plant reduction capacities the processors imposed daily lim-
its of 10 to 20 tons for lamparas and 30 tons for the seiners. One plant soon lowered delivery limits for the lamparas
and seiners to 8 and 16 tons respectively. These limits were continually adjusted according to the availability of fish
(the more available the fish the lower the limit and vice versa) and according to the needs or interest of the pro-
cessors.

During the season the fleet consisted of 3 purse seiners and 15 lampara vessels, only one of which made less than
eight deliveries. The average registered gross tonnage for the small lampara vessels was 14 tons compared to 65 tons
for the purse seiners. Approximately two-thirds of the lampara catch was by vessels which do not put their catch on
their own boat but use lighters, a remnant of the past, which they tow to and from the fishing grounds (Figures 5 and
6 ). The lighters used by four vessels at Moss Landing can carry up to 25 tons of anchovies, the one at Montery can
carry 12.

The small lamparas normally cannot catch fish in water over 20 fathoms deep. In Monterey Bay this restricts them
to within 4 to 6 miles of the beach in the southern and northern halves of the bay respectively. This condition is the
same noted during the late 1940's
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FIGURE 5. Monterey Bay lampara vessel with a 25-ton capacity lighter.

FIGURE 6. Unloading the lighter shown in Figure 5.
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TABLE 8
Catch and Catch Per Hour by Area and Gear, 1966–67 Season
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TABLE 8—Cont'd.
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by Clark and Phillips (1952) who reported "Five to six miles offshore is usually as far out as catches of anchovies
are made."

After December 24 rough weather and the failure of anchovies to school in water shallower than 20 fathoms elim-
inated the lampara vessels from the fishery. They didn't resume fishing until March 20 when anchovies again moved
into shallow water.

Northern permit area canneries processed 9,488 tons of anchovies, 8,021 tons for reduction (Table 4). Purse sein-
ers caught 6,547 tons @ 11.1 tons per hour and the lamparas caught 2,555 tons @ 6.2 tons per hour (Table 8). No ef-
fort data were available for 386 tons.

1.6.2.2. Southern Permit Area
A price dispute curtailed fishing until November 9 when a Port Hueneme purse seiner began catching anchovies in
the outer Santa Barbara Passage and around Santa Cruz Island; no other vessels fished until December 14. On
December 20, 15 purse seiners made deliveries and by January 16 the fleet was at full strength. During the season,
29 vessels made at least 1 delivery, while 23 made more than 11; one boat made 50 deliveries. In January the fleet
consisted of 22 seiners and 4 lampara vessels. At season's end there were 18 seiners and no lamparas. The seiners
had a mean GRT of 75, mean length of 65 feet, and a catch rate of 6.4 tons per hour (Tables 5 and 8). The decrease
in average length and GRT compared to the 1965–66 purse seine fleet reflects the conversion from lampara nets to
purse seine nets. All vessels were slightly more successful when working with airplanes (Table 7).

The southern California fishery first developed around Anacapa Island, although a few seiners, particularly the
smaller vessels, made catches near Santa Barbara and Santa Catalina Islands. The center of fishing effort began to
shift from Anacapa Island toward San Pedro in mid-January. By February 13, nearly all fishing effort was concen-
trated in the San Pedro Channel, off San Pedro, where it remained until that zone (Zone II, Figure 1) was closed on
April 16.

Landings from around Anacapa Island and the San Pedro Channel accounted for 62% of the total southern Cali-
fornia catch of 29,594 tons for reduction (Figure 7) . The season catch rate of 6.4 tons per hour was 0.8 tons per hour
less than during the 1965–66 season, probably because the quota in Zone II was reached before anchovies concen-
trated in that zone and because of poor fishing in March caused by rough weather and failure of anchovies to form
tight schools.

The 23 most active vessels in the fleet had a combined carrying capacity of about 1,800 short tons. This fleet av-
eraged 11 deliveries per fishing day with a maximum of 21. The delivery capacity of 11 vessels is more than the five
active southern California reduction plants can process (50 tons per hour) during a normal work day. This is espe-
cially true when reduction facilities are needed to process offal from tuna, bonito, or mackerel canning. To control
the amount of anchovies landed the processors placed the fishing vessels on limits during much of the season thus
effectively reducing the fleet's average daily landings by about one-third.
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FIGURE 7. Anchovy reduction fishing catch areas, 1 October 1966 through 30 April 1967.
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1.7. FISHING SUCCESS OF PURSE SEINE AND LAMPARA NETS
Catch per hour can be used as an indicator of the relative fishing power of the two gear types, but is not suitable for
exact comparison since the vessels, crews, areas of fishing, and months of greatest effort are not always directly
comparable. However, since data suitable for comparing gear success are available for a few vessels it is useful to
examine here the fishing success of the two gear types.

The comparison is limited to the catch, effort, and catch per hour of vessels that fished in the same areas during
the same period of each month (Table 9). The vessels were divided into two groups: (i) five that used lampara gear
only, and (ii) three that fished half of the time with lampara gear and half with purse seine nets. Vessels in the two
groups had a similar average registered gross tonnage (44.4 for lamparas and 41.0 for lampara-seiners) and average
vessel length (52 feet for lamparas and 48 feet for lampara-seiners). Data for vessels that used purse seines only are
not presented because these vessels are considerably larger.

TABLE 9
Catch Statistics for Groups of Vessels Using Pure Seine or Lampara Gear and Fishing in the Same Area in the

Same Time Period of the 1965–66 Season
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The unweighted data indicate that anchovies became more available as the season progressed (Table 9). When the
data for vessels that used lampara gear only were weighted to equal effort (100 hours) in each monthly period, the
catch per hour showed an increase of 53% from 3.71 tons per hour to 5.66 tons per hour between the earlier and later
parts of the season. This increase is accepted as a measure of increased fish availability since no other parameter,
such as vessels, crew, or gear was changed. Weighted data for vessels that converted during the season from lampara
to purse seine gear indicate a catch of 4.64 tons per hour when fishing with lampara gear and 8.05 with purse seine
gear. A 53% increase in catch per hour would be expected because of the increased availability of fish, hence these
vessels would have been expected to show a catch per hour of 7.10 tons if they had not converted. The 13% differ-
ence between the expected 7.10 tons per hour and the actual 8.05 tons per hour is attributed to the change in gear.

1.8. ECONOMICS
The anchovy reduction fishery started at a time when the price of fish meal, one of the two main products of an-
chovy reduction, reached a peak of $210 per ton for a 65% protein guarantee product, the highest it had been since
1949. Meal prices then started a steady decline to $137 per ton at the end of the report period. The price for oil re-
mained steady at about 50¢ per gallon.

During both seasons fishermen received $20 per ton for anchovies. Plant operators paid an additional $2.00 per
ton privilege tax plus harbor fees. On the average 5.5 tons of whole anchovies will produce 1 ton of meal and 5 to
140 gallons of oil.

Oil analyses (conducted by the U.S. Bureau of Commercial Fisheries Technology Laboratory, Terminal Island,
California) of samples taken during various months of the year revealed that the oil content of anchovies fluctuated
between 15 and 45 gallons per ton of fish in the Monterey area and between 5 and 30 gallons per ton off southern
California. These laboratory extractions are about 50–60% (and at low oil yields 80%) higher than the reduction
plants' yield. Oil content drops from January through April and into May, paralleling the period of highest spawning
activity, jumps to a high level in early summer, and remains high until December or January.

1.9. DISCUSSION
1.9.1. Northern Permit Area
During 1965–66 and 1966–67 seasons the area's anchovy fishery was conducted in and around Monterey Bay. All
landings were made at two processing plants, one in Monterey and one in Moss Landing. About 67% of the landings
were made during October through December and 86% during October through January. Low oil yield in February,
March and April resulted in lower fishing effort. Fishing effort in the late months of the 1966–67 season was re-
portedly an attempt to improve the seasons' landings under the theory that if the quota was not approached no quota
would be granted in the future.

In 1952, the year of greatest Monterey anchovy landings, 73% of the year's catch of 19,868 tons came from within
20 miles of San Francisco,
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95% during October, November, and December. The remaining 27% was caught in Monterey Bay, 95% during
June, July and August.

Examination of catch records for 1952 and for the 1966–67 reduction season reveal that anchovies have been
caught in quantity during all months except December, February and March. Since the oil yield is highest during the
July through December period, it would appear that the most economical time to conduct an anchovy reduction fish-
ery in Monterey is from June through January, not October through April.

1.9.2. Southern Permit Area
When reporting the commercial catch for the seasons 1954–55 through 1956–57, Miller and Wolf (1958) stated that
"through the past three seasons the commercial catch of anchovies in southern California has not been limited by
lack of fish." (Emphasis added.) This statement is still true and in an attempt to foresee developments a comparison
between the fishery during those years and now seems appropriate.

The fishery during the 1950's was characterized by: landings for human consumption in the absence of previously
abundant sardines; catches exceeding 34,000 tons in 1953 and averaging 23,400 tons from 1953 through 1957; one
zone which included all the area south of an east-west line through Point Mugu with 21,000- and 35,000-ton quotas
from September 1955 to March 31, 1956 and from April 1, 1956 to March 31, 1957 respectively; prices paid the
fishermen ranging from $42 per ton in 1953 and 1954 to $25–26 per son from 1955 through 1957; an anchovy
spawning population in California waters of 300,000 to 600,000 tons based on larvae distribution (Ahlstrom, 1966a)
and early population estimates (Table 2).

In contrast, characteristics of the fishery in 1965–66 and 1966–67 were: landings primarily for reduction; catches
in the latter season totaling 30,000 tons of a 65,000 ton quota; the division of the area south of Point Conception into
four fishing zones; a 7-month season designed not to conflict with the peak live bait season of June to September;
price of fish never exceeding $20 per ton; an anchovy spawning population in California waters of approximately
2.5 million tons.

Analysis of catch records for 1953 through 1957 reveal that October, November, and December landings usually
contributed the least to each seasons catch while February through May usually contributed the most. It is quite
probable that these data only reflect the fact that the wetfish fleet is most active for more valuable mackerel during
October through December and least active February through May. By contrast December 1966 landings of 4,181
tons accounted for nearly 14% of that seasons catch and is the greatest anchovy tonnage ever landed during any of
the last 4 months of the year.

Fishery zones did not hamper fishing during the early months of the reduction season, but the closure of the most
accessible zone after its quota was reached during the last month of each season definitely curtailed landings.

California Department of Fish and Game sea survey data for 1965, 1966, and 1967 reveal that over one million
anchovy schools were present from San Diego to the Northern Channel Islands and offshore to
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Cortes Bank and San Nicolas Island during April, May, and June (Baxter, 1968 and Kenneth F. Mais, pers. com-
mun.). Except for April 1967 they were not abundant in a 20-mile wide coastal belt between San Diego and Ocean-
side. Inshore schools were more numerous in April and May than in June. (We do not yet know what this means in
terms of biomass.) During October, 1966 the area south of a line from San Pedro to San Nicolas Island was practic-
ally devoid of anchovy schools; Cortes Bank was the lone exception.

Tag return data demonstrate that anchovies move considerable distances in a short time; in one instance at least
369 miles in 129 days (2.9 miles per day). Consequently fishery zones do not protect any segment of the population
but rather serve only to distribute the areas of fishing. The effect of the zones has been to close the most productive
area, close to home port, and reduce total landings.

The data indicate that the last 3 or 4 months of the year can not be expected to be good anchovy fishing months
and that fishery zones not only distribute the area of catch but curtail landings, especially during the last months of
the season. It can be argued that the present high anchovy population negates any analogy between what happened
in the 1950's and what might be expected now.
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2. THE 1967–68 ANCHOVY REDUCTION FISHERY
JAMES E. HAROWICK
Marine Resources Region

California Department of Fish and Game

2.1. INTRODUCTION
This is the second report on the northern anchovy (Engraulis mordax) reduction fishery off the Pacific coast of Cali-
fornia. The first report covered the 1965–66 and 1966–67 seasons (Messersmith, 1969).

On July 28, 1967 the California Fish and Game Commission authorized a third reduction fishing season to begin
September 15, 1967 and end May 15, 1968. As in preceding years there were two permit areas: The Northern Permit
Area, which includes all California waters north of a line extending west from Point Conception; and the Southern
Permit Area, which includes all California waters south of this line. The number of zones within the Southern Permit
Area was increased to five although the quota, 65,000 short tons, remained unchanged.

The purpose of this paper is to review the fishery and give some insight into the factors contributing to the failure
of the catch to approach the authorized quota (Table 10). All weight records are reported in short tons.

2.2. ACKNOWLEDGMENTS
This paper would not have been possible without the cooperation of the numerous fishermen participating in the
fishery. I also wish to thank Department of Fish and Game Patrol Captain Clifford Mattews and seasonal assistant
Les Fischer for their aid in maintaining contact with the fishery at Port Hueneme. In Monterey Richard H. Parrish,
Department of Fish and Game, and local processors provided immediate contact with the fishery.

2.3. FISHERY REGULATIONS
In response to a request by the California Fish and Game Commission, the Department of Fish and Game submitted
its recommendations for a 1967–68 anchovy reduction season at the July 28, 1967 meeting of the Commission. The
major Department recommendations were: a quota of 200,000 tons, 15,000 tons in the Northern Permit Area and
185,000 tons in the Southern Permit Area; two zones in the Southern Permit Area, one to include the area between
Santa Catalina Island and the mainland and the other the remainder of the Southern Permit Area.

Industry asked for a 250,000 ton quota with no zones while sportsmen's groups urged the Commission to put an
end to all anchovy reduction (Minutes of California Fish and Game Commission Meeting, April 7, 1967 and July
28, 1967). Major features of the regulations adopted (July 28, 1967) by the Commission included: A Northern Per-
mit Area with a 10,000 ton quota; a Southern Permit Area (Figure 8) divided
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into five zones with a 5,000 ton quota in each of the 4 inshore zones and a 45,000 ton quota in the offshore zone;
and a season of September 15 through May 15.

FIGURE 8. The Southern Permit Area illustrating the 5 zones and their respective quotas.
The following processors applied for and were issued reduction permits on August 28 and 29:

·Star-Kist Foods, Inc., Terminal Island
·Santa Cruz Canning Co., Moss Landing
·Hovden Food Products Corp., Monterey
·J. D. Packing Co., Inc., Oxnard (Name changed to Universal Packers Corp., October 4, 1967)
·Westgate-California Corp., California Marine Curing and Packing Co., Terminal Island
·Westgate-California Corp., San Diego
·Van Camp Sea Food Company, Terminal Island
·Pan Pacific Fisheries, C.H.B. Foods, Inc., Terminal Island

2.4. FISHERY
2.4.1. Northern Permit Area
Northern Permit Area fishermen first delivered anchovies for reduction on October 2, after agreeing with processors
to accept $17 per ton. On March 2 and 3 anchovies sold for only $16 per ton.

The 16 lampara vessels and 3 purse seiners operating took 2,080 tons during October (Table 10). By November
13, all but one of the lampara vessels had ceased operations. This was a result of rough weather, an abundance of sea
lions on the fishing grounds, and a generally reduced availability of anchovies, particularly in water less than 20
fathoms deep. The sea lions presented a danger to fishermen
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TABLE 10
Anchovy Landings in Tons—September 15, 1967 Through May 15, 1968
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and were responsible for lost time, smaller catches and net damage. More than once fishermen reported a large male
sea lion coming aboard a vessel or skiff and chasing crew members around the vessel. Two purse seiners continued
to operate after November 13, when weather permitted, and a third purse seiner fished for anchovies when mackerel
were not available.

Oil yield declined from 22 gallons per ton of raw fish on January 29 to 11 gallons per ton on February 5 and con-
sequently processors quit accepting anchovies until late March. We know that processors were not willing to accept
anchovies between February 5 and March 29 because of their low oil content; we do not know if anchovies were
available to Northern Permit Area fishermen.

Data from the Department's Fisheries Resources Sea Survey Investigation indicate that anchovies were unavail-
able even if the processors had wanted them. The Survey found spawning anchovies in Monterey Bay during late
February. It is the experience of the Sea Survey staff that anchovy schools spread out near the sea surface prior to
and during spawning. When the cold water reached the surface, spawning ceased, and anchovies again formed
schools vulnerable to roundhaul gear.

During the light-of-the-moon period beginning April 11, fishermen removed anchovy gear from their boats, some
in preparation for squid fishing, and others to fish for salmon in Alaska. No anchovies were taken for reduction for
the rest of the season which closed May 15, 1968.

As in the two previous seasons (Messersmith, 1969) purse seiners were more successful (10 tons per hour) than
lampara vessels (4 tons per hour), and were also more successful (16 tons per hour) in December and January than in
the fall or spring (7 tons per hour).

2.4.2. Southern Permit Area
When the season began on September 15, fishermen, boat owners, and processors were involved in price negoti-
ations for tuna, bonito, and mackerel as well as for anchovies. Since anchovies are the least valuable, and the others
appeared to be immediately available, anchovies received the lowest priority in the negotiations. On October 7 one
vessel began delivering anchovies at Port Hueneme for $15 per ton, less $2 for trucking. On February 7 the price de-
clined to $12 per ton, less $2 for trucking and the fishermen quit fishing two days later. Until that time a large con-
centration of anchovies had been available in Hueneme Canyon and around Anacapa Island. Anchovies were not
again landed at Port Hueneme during the remainder of the reduction season, although the Department's Fisheries Re-
sources Sea Survey April cruise found several large schools of spawned out anchovies in shallow water near Ven-
tura.

San Pedro fishermen and boat owners agreed to accept $16 per ton for anchovies effective February 19. However,
the only anchovies landed at San Pedro for reduction were 27 tons delivered by two purse seiners on April 8 when
several large schools were found in the San Pedro Channel. The purse seiners had difficulty following them as the
fish were moving rapidly and erratically. Large anchovies were not again reported in this area during the remainder
of the season.
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Department of Fish and Game survey cruises found fewer anchovy schools in the nearshore waters of southern
California than in previous years. The January-February 1968 cruise detected only 296 schools during 980 miles of
echo sounding. During the April-May cruise, adult anchovies were found farther seaward than during any previous
cruise, with the bulk of the population 40 to 120 miles offshore in and beyond the San Nicolas Basin. A few large
schools were found in shallow water near Ventura, the only place fishermen may have been able to fish them eco-
nomically. Large quantities of juvenile anchovies were found within 10 miles of shore from northern Baja California
to Newport Beach.

2.5. OIL AND MEAL PRICES
The primary purpose of Terminal Island reduction plants is to reduce the offal from tuna, bonito and mackerel can-
ning. When this offal is mixed with anchovies and reduced the resultant meal and oil is sold as tuna-and-mackerel.
The mixtures are of inferior quality to that of pure anchovy products and therefore bring lower prices.

Domestic anchovy meal prices are very stable but are reported irregularly. Therefore, I have presented Peruvian
anchovy meal prices (Figure 9) as an index of the local meal market, since they rarely differ by as much as $10 per ton
from the domestic product. Whereas during the 1966–67 season, when 37,615 tons were landed, meal sold for as
much as $158 per ton. During the 1967–68 season prices were never higher than $140 per ton.

FIGURE 9. The monthly ranges of Peruvian anchovy meal prices at Los Angeles from August 1965 through July
1968. Data is based on the United States Bureau of Commercial Fisheries Market News Report.
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Domestic tuna and mackerel oil prices ranged from 52 cents to 47 cents per gallon during the 1966–67 reduction
season and 28 to 24 cents per gallon during the 1967–68 season.

2.6. DISCUSSION
In the Northern Permit Area processors imposed daily landing quotas of 15 to 20 tons for each lampara vessel and
30 to 40 tons for purse seiners. Such limits remained in effect from the first delivery on October 2 until late Novem-
ber after all but one lampara vessel had quit fishing. Regardless of these conditions the fishermen indicated, by their
participation, that they thought anchovy fishing was profitable. The processors in the Northern Permit Area contin-
ued to place orders for anchovies until the oil yield dropped below 11 gallons per ton. Weather was the primary
factor curtailing landings during November, December and January.

In the Southern Permit Area, where the oil yield seldom exceeds six gallons per ton, processors did not offer the
fishermen as much as did Northern Permit Area processors. Boat owners expressed the opinion that they could make
a profit at $16 per ton, provided no limits were placed on deliveries. Many crew members thought they could not
make a decent living at that price, since they work on a profit sharing basis. Regardless, the prime factor inhibiting
the fishery was the failure of adult anchovies to school within the inshore zones. A second factor which rivaled the
first as a deterrent to fishing was the low price of fish meal.

2.7. REFERENCE
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3. AGE DETERMINATION OF NORTHERN ANCHOVIES, ENGRAULIS
MORDAX, FROM OTOLITHS1

ROBSON A. COLLINS and JEROME D. SPRATT
Marine Resources Region

California Department of Fish and Game

3.1. INTRODUCTION
When the California Fish and Game Commission authorized an anchovy reduction fishery, in the fall of 1965, an ex-
panded program of biological studies and fishery monitoring was undertaken by the Department of Fish and Game.
Age determination, using scales to assess year-class composition, was an important part of this program. Scales have
been used to determine the age of northern anchovies (Engraulis mordax) since the early 1950's (Clark and Phillips,
1952). The scale method was thoroughly investigated by Miller (1955), who found that it was valid, but subject to
an unmeasurable degree of error. He concluded that "If the errors are consistent in degree from year to year or if
they tend to be compensatory, the data may be used to measure variations in age composition and year class
strength." The method worked quite well using material collected from the canning and live bait fisheries, and sever-
al large year-classes were followed for up to three years. These year-classes showed expected growth rates, lending
confidence to the scale method.

With the start of a moderate reduction fishery certain drawbacks in the scale method of age determination became
apparent. Fish are handled without regard to freshness and often spend 12 hours or more in the hold of a vessel, ar-
riving at the unloading dock in various stages of decomposition. Since anchovy scales are caducous many samples
contained a large proportion of fish without usable scales.

The large numbers of scales obtained for age analysis during the first two reduction seasons (1965–66 and
1966–67) were more than could be examined by the scale readers before the beginning of subsequent seasons.
Streamlining the age determination system and increasing personnel reduced processing time somewhat, but the
ages of some fish were still not established until over a year later.

For effective management, data from one season of fishing must be processed before the start of the next. The ex-
isting scale method was too slow and inefficient to accomplish this.

Otoliths, routinely used by the Department of Fish and Game for age determination of Pacific mackerel (Scomber
japonicus) and jack mackerel (Trachurus symmetricus) , were suggested as an alternate for age determination of an-
chovies and as a solution to the problems encountered in the use of scales. A study on this use was begun in 1966.
Its purposes were: i) To develop a technique for determining ages of anchovies
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from their otoliths; ii) To verify that age determination from scales and otoliths are comparable; and iii) To delineate
the relative advantages and disadvantages of each method.

3.2. ACKNOWLEDGMENTS
Many people participated in the data collection and analysis. Stephen J. Crooke, California Department of Fish and
Game, collected some of the samples and participated in the initial otolith reading. The CalCOFI scale readers were
Clarkson E. Blunt, Jr., James E. Hardwick and Alexander Petrovich of the California Department of Fish and Game
and Makoto Kimura and John S. MacGregor of the U.S. Bureau of Commercial Fisheries, La Jolla. James D. Mess-
ersmith guided the study and offered advice and encouragement during preparation of the manuscript.

3.3. MATERIALS AND METHODS
3.3.1. Samples
During 1966 and 1967 we collected both otoliths and scales from each anchovy in each live-bait sample. Develop-
ment of clear age determination criteria required using material from all months of the year, and from all ages of
fish. For these reasons the otoliths and scales were taken from the live bait fishery in accordance with our regular
sampling plan (Wood and Strachan, 1970). They consisted of samples of anchovies caught for sale as live bait at the
ports of San Diego, Los Angeles-Long Beach, and Port Hueneme. Reduction fishery samples were available only
during the first four months of the year, the period of ring formation in scales, and we suspected this was true for
otoliths also. Assignment of ages to fish taken during this period is difficult and subject to a high degree of error
(Miller, 1955).

3.3.2. Obtaining the Otoliths
The largest of three pair of otoliths, the sagittae, are used for age determination. They are found within the otic cap-
sules that lie at the base of the posterior portion of the skull and can be obtained readily be removing the gill arches
and breaking the skull on a line through the otic capsules (Figure 10) . Examination of the otolith location, and a little
experimentation leads quickly to proficiency in extracting them. The otoliths are surrounded by a tissue sac, the sac-
culus, which must be removed before reading or storage. Gently rubbing the otolith in the palm of the hand removes
this tissue readily; they then can be stored and allowed to dry overnight before reading.

Small gelatine capsules, such as those used for dispensing medicines, work quite well for storing otoliths if kept
dry. The capsules are inexpensive, easy to obtain, and protect the otoliths from breaking. All capsules for one
sample are stored in a single coin envelope labeled with the sample number and date of sampling (Figure 11) . Each
capsule contains a number which relates it to the length, weight, sex, and state of maturity data of the fish from
which the otolith was taken.

About 1,200 paired samples of scales and otoliths were suitable for this study. An additional 400 were unusable
because the scales were either regenerated, or too few in number.
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FIGURE 10. The arrow indicates the point at which the anchovy skull is broken in order to obtain its otoliths
(upper photo). The skull is broken and an arrow points to the otolith protruding from the otic capsule (lower

photo).

3.3.3. Reading Criteria
For reading, the otoliths are immersed in about ¼-inch of water. Other mediums such as anise oil will work, but we
found, as did Fitch (1951) with Pacific mackerel otoliths, that water is entirely satisfactory. Water has a clearing ef-
fect on otoliths and they will become completely transparent if submerged too long. This can be corrected by allow-
ing them to dry for a few minutes. A dish with a black glass
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insert (Schott, 1965), or a black glass embryological staining dish help accentuate the rings by providing contrast.
Reading was done under a binocular microscope at a magnification of 10X to 20X. A beam of light, from a small

microscope lamp, directed at the otoliths from a low angle is usually the best illumination. Light directed almost
straight down helps to bring out the narrow rings of older fish when they are difficult to detect.

Since investigators have used a number of different terms to describe otolith structures the literature is very con-
fusing. We have used the terminology set down by the International Commission for the Northwest

FIGURE 11. All the otoliths from one sample are stored in small gelatine capsules in a coin envelope.
Atlantic Fisheries (Jensen, 1965; Appendix A). These terms are quite clear and particularly adaptable to automatic

data processing.
Examination of otoliths under magnification and reflected light reveal a central white opaque nucleus surrounded

by alternating bands of translucent or hyaline, and white opaque material, termed zones (Figure 12) . If a dark back-
ground is used the hyaline zones appear dark. During the first few years of growth the white opaque zones are wider
than the dark hyaline zones which separate them. The quantity of material laid down by older fish is so small that
the opaque zones formed after the second or third year appear as thin white lines on a dark background.

Preliminary criteria for judging otolith rings were established using past experience with Pacific mackerel (Fitch,
1951) and Pacific sardines (Sardinops caeruleus) (Walford and Mosher, 1943) as a guide.
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We now define a completed annual ring as the interface between an inner dark hyaline zone and an outer white
opaque zone (Fitch, 1951; Chugunova, 1959). For age determination we count only completed rings, i.e. white
opaque zones, excluding the nucleus. The type of growth evident on the margin of the otolith, opaque or hyaline,
tells us how recently the last ring was formed. Since the anchovy reduction fishery is presently conducted during the
period of ring formation the knowledge of how recently the last ring was formed is very important in year-class as-
signment. It is difficult to detect new opaque zones in older fish, because they are narrow. New growth is evident
first at the dorsal edge and on the antirostrum (Figure 13) and this area must be carefully examined for newly formed
zones. The rings on the majority of the ototliths we have examined are easily seen, and up to seven completed rings
have been detected, the same maximum number detected on scales (Clark and Phillips, 1952). The photographs in
Figures 14 and 15 have been chosen to represent typical otoliths from several different ages of anchovies. Zones laid
down by the fish tend to decrease in width with increasing age, becoming quite narrow in older fish. This character-
istic helps separate rings

FIGURE 12. A typical otolith has alternating bands of white (opaque) and dark (hyaline) material. These bands
are called zones. The anterior end is at the top and the dorsal edges toward the center. Photograph by Jack W.

Schott
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from spurious checks. We occasionally find spurious checks in fish taken from catches, and quite often in fish held
in captivity. They appear as a ring which is quite narrow when compared to those interior and exterior to it, and may
fail to be complete around the entire otolith (Figure 16) .

Occasionally we find otoliths of large size which appear completely opaque and so severly calcified that the zones
are obscured (Figure 17) . These are unreadable and we omit them from our analysis. The lengths of these fish are dis-
tributed in the same manner as the aged fish, and less than 1% of the total had otoliths of this type. At other times
one of the otoliths may be so deformed that an assignment of age must be based on a single otolith (Figure 18) . In all
cases where an abnormal otolith was found the other appeared normal, and an age could be determined from it.

FIGURE 13. New rings can be detected first on the antirostrum (arrow) and dorsal edge of otolith. Photograph by
Jack W. Schott.
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FIGURE 14. Examples of otoliths from: A. 90-mm male, age 0. Several checks can be seen; B. a 110-mm female,
age I, this otolith has a hyaline edge and is about to form a second annulus; C. a 114-mm male, age II; and D. a
121-mm female, age II. Notice the relative size, and width of the hyaline margin of C and D. Photograph by Jack

W. Schott.
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FIGURE 15. Otoliths from: A. a 128-mm female, age III; B. a 129-mm male, age IV, the last two rings are nar-
row and can be seen on the dorsal edge; C. a 138-mm female, age V; D. a 144-mm female, age VI. Photograph by

Jack W. Schott.
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FIGURE 16. Checks in rings such as the one in the second opaque zone, may lead to false age if they are not re-
cognized. Photograph by Jack W. Schott.
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FIGURE 17. An otolith unreadable due to calcification. One or more rings may be obscured. Photograph by Jack
W. Schott.
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FIGURE 18. An example of a deformed otolith. The other member of the pair is readable. Photograph by Jack
Schott.

3.3.4. Reading Program
After the basic technique was developed, a number of otoliths were read for experience and the actual reading of
samples was begun. At this point, a second reader was trained. As the study progressed the readings became more
consistent and the frequency of agreement became greater, stabilizing at about 70% during the latter part. This is
considerally better than the 50% agreement between scale readers reported by Miller (1955). Each pair of otoliths
was read independently by the two authors, and each was assigned a ring count. Differences in the ring count inter-
pretation occurred most often because of difficulty in recognizing the type of zone on the margin of the otolith. The
narrow opaque zones in the outer portions of the otoliths of older fish, mentioned above, were also a source of diffi-
culty. Ring counts for each pair of otoliths were compared, and those which were different were re-examined and
the reasons behind the differences discussed. A ring count was then agreed upon. These discussion sessions served
to resolve differences in interpretation of otolith structures

49



and to help establish uniform reading criteria. We feel that while this method served quite well for this study it
should not be employed in a routine age determination program. Disagreement between experienced readers should
be compensatory and relatively small, allowing some other method of checking readings, such as the Chisquare ana-
lysis of difference originally used with sardine age composition studies (Felin and Phillips, 1948).

The scales from our samples were submitted to the co-operative reading program of the Department and the U.S.
Bureau of Commercial Fisheries. Each fish was aged by two of five readers, and those in which a disagreement on
age resulted were examined by all during an "agreement session", and the differences resolved. Except for the num-
ber of readers involved the scale reading process and technique are the same as described by Miller (1955).

3.3.5. Year-Class Assignment
Since the date a fish hatches is not usually known, it is necessary arbitrarily to assign a birthdate for all anchovies in
order to establish the year-class to which they belong. This date is usually the one on which a majority of fish show
newly completed rings. The year-class assignment is based on this birthdate, for it is then that a given fish is as-
sumed to be 1 year older, and a new year-class is "born." Miller (1955), accepting the above criteria, established
April 1st as the birthdate for anchovies aged by scales. Since the majority of otoliths from our samples show newly
completed rings by June 1st, we have used this date as the birthdate for anchovies aged by otoliths. We believe the
difference in birthdates is due to the difficulty of detecting newly formed rings on otoliths.

The type of zone on the edge of the otolith, and the date of capture in relation to the birthdate are used when es-
tablishing the year-class to which a fish belongs. All fish are considered to have completed a winter growth zone and
started a summer zone on their otoliths by the June 1 birthdate. Further, all fish are assumed to have completed a
summer zone and started a winter zone by December 1. Since the opaque zones are considered summer growth, and
the hyaline zones winter growth (Fitch, 1951; Jensen, 1965; Appendix A), year-class assignment can be made as fol-
lows: Remembering that a completed annual ring is defined as the interface between an inner hyaline zone and an
outer white opaque zone, a fish with either an opaque or hyaline margin, caught during the period June 1 (its birth-
day) through November 30, is considered to have recently formed a ring. If a fish with a hyaline zone on the margin
is caught during the period December 1 through May 31, it is considered to be about to form the annual ring; but a
fish with an opaque margin caught during this same period is considered to have already formed the annual ring.
Therefore, during the period December 1 through May 31 a fish with an opaque margin will be aged one year
younger than one with a hyaline margin, and the same number of completed rings. For example: A fish, whose oto-
liths have two completed rings and an opaque edge, caught in March of 1969, would be assigned to the 1967 year-
class; if taken in December of 1969 it would be placed in the 1968 year-class.
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A two ring fish with a hyaline edge, caught in December 1969, would be assigned to the 1967 year-class.
Since year-class assignment is determined by time of ring formation, and because of a difference in time of appar-

ent ring formation in otoliths and scales we decided to compare them by assigning both an artificial birthdate of
January 1, thus avoiding confusion resulting from different birthdates. All otoliths were examined to determine if a
ring had just been formed or was about to be formed. A year-class assignment was then made accordingly.

3.4. RESULTS
The age and year-class of each fish as determined from both scales and otoliths were recorded and the data for the
two years, 1966 and 1967, analyzed separately. Direct comparison of the ages assigned to each fish by the two meth-
ods yielded agreements of 79% for the 1966 samples and 72% for the 1967 samples. Mosher (1954) reported 68%
agreement for sardine scale and otolith readings.

Age compositions were constructed for each method, using all samples for which both a scale age and an otolith
age were available (Table 11). A chi-square test for independence was then applied to the two sets of age composi-
tion data with the hypothesis that: The age composition obtained from the samples is independent of the method of
age determination. We accepted the hypothesis for both years, at a significance level of 0.05.

The age-length frequencies obtained by the two methods were compared (Figures 19 and 20 ), and found to be re-
markably similar, except for the 4- and 5-year-old fish.

Acceptance of this hypothesis says essentially that the two methods are comparable, and can be used with equal
confidence. It does not rule out the possibility of their being quite different. The analysis of the two years of data and
the age-length frequencies gives confidence that they are indeed comparable. The data reveal no consistent differ-
ences upon which to judge which method is most accurate.

TABLE 11
Anchovy Age Composition Derived From Scales and Otoliths for Two Years of Live Bait Sampling in Southern

California
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FIGURE 19. Range in length at age data derived from scale and otolith samples of the 1966 southern California
live-bait fishery. Open figures scales, closed figures otoliths.
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FIGURE 20. Range in length at age data derived from scale and otolith samples of the 1967 southern California
live-bait fishery. Open figures scales, closed figures otoliths.

3.5. DISCUSSION AND CONCLUSIONS
Up to 40% of the fish in samples taken from the reduction fishery are without scales that can be used for age determ-
ination while at least one readable otolith can be obtained from each fish. These facts weigh heavily in the choice
between the two methods. The increase in sampling necessary to offset the lack of age data when scales are used is
quite costly in terms of sampling and processing time and manpower.
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Scales require considerable preparation before they are ready for reading, otoliths do not.
A comparison of age composition data derived from scale and otolith readings revealed that although the age

compositions did not agree completely, differences were not sufficient to reject our hypothesis that: The age com-
position obtained from the samples is independent of the method used.

For these reasons we recommend that otoliths be used in age composition studies of the anchovy reduction fish-
ery.
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3.7. APPENDIX A
A Standard Terminology and Notation for Otolith Readers
(from Jensen 1965)

Table 1. Terminology to describe otolith marks.

Table 2. Notation to describe the character of otolith zones.

Table 3. Notation to describe type of edge growth.
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4. SIZE AND AGE COMPOSITION OF NORTHERN ANCHOVIES
(ENGRAULIS MORDAX) IN THE CALIFORNIA ANCHOVY REDUC-
TION FISHERY FOR THE 1965–66, 1966–67, AND 1967–68 SEASONS

ROBSON A. COLLINS
Marine Resources Region

California Department of Fish and Game

4.1. INTRODUCTION
The data presented here are the results of sampling anchovy reduction landings during the 1965–66, 1966–67 and
1967–68 reduction seasons (November 12, 1965 through April 30, 1966, October 1, 1966 through April 30, 1967
and September 15, 1967 through May 15, 1968 respectively). Fishery sampling is one of the phases of fishery mon-
itoring and biological studies conducted by the anchovy project (Messersmith, 1969). The primary objective of fish-
ery sampling is to estimate the contribution of year-classes in the catch in terms of pounds and numbers. This report
is the first in a projected series on this subject.

Two fishery areas are represented: central California, or Northern Permit Area, with landings at Monterey and
Moss Landing; and southern California, or Southern Permit Area, with landings at Port Hueneme and San Pedro
(Messersmith, 1969). Southern California landings accounted for 99% and 79% respectively of the total landings
during the first two seasons. The third fishing season failed to develop in southern California and 87% of the total
landings were made in central California. Essentially all of the remaining 13% were landed at Port Hueneme (Table
12).

TABLE 12
Anchovy Reduction Landings by Area and Season
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4.2. ACKNOWLEDGMENTS
Appreciation is gratefully extended to those people whose assistance in the data collection and analysis was invalu-
able. Marvin Ogg collected samples at San Pedro, while Julius Phillips, Richard Parrish and Cress Lundstrom
sampled central California landings. John Gingerich sampled at Port Hueneme. The scale readers, John MacGregor
and Makoto Kimura of the U.S. Bureau of Commercial Fisheries, La Jolla, and C. E. Blunt, Jr., Patrick O'Brien,
James Hardwick, Alexander Petrovich and Richard Wood of the Department carried out a large portion of the age
determination work. James D. Messersmith offered advice and encouragement on the manuscript that Kathleen
O'Rear and Micaela Wolfe typed for publication.

4.3. SAMPLING
4.3.1. 1965–66 Season (October 15, 1965 through April 30, 1966)
During this first season samples consisted of 50 fish selected at random from vessels fishing together in one area. If
more than one area was fished on a given day a 50 fish sample was selected from each area of fishing. The standard
lengths of all 50 fish were taken; from 10 of these, also selected at random, we obtained otoliths and scales for age
determination, individual weights, sex, and female state of maturity.

4.3.2. 1966–67 Season (October 1, 1966 through April 30, 1967)
4.3.2.1. Southern California
During the second season we followed new sampling plans designed by Patrick K. Tomlinson (unpublished ms.).
These were developed and based on data and experience gained during the first season. At San Pedro we used a
stratified, two-stage sampling plan. Landings to be sampled were divided into strata of 5,000 short tons. Each 5,000
ton stratum was divided into unequal first-stage units consisting of boat loads. Twenty first-stage units were selected
with replacement so that a boat load's probability of selection was proportional to its size. Each first-stage unit con-
sisted of two clusters of 500+ g (1.1 pounds) each drawn from a random one-sixth of each load. In practice, 20 ran-
dom numbers between 1 and 5,000 were picked with replacement to determine the tonnage to be sampled.

A cumulative total of tons landed was kept for each stratum. The fishing boats hailed their tonnage to shore by ra-
dio before arriving at the unloading dock. The sampler was then able to record the boats' tonnages as they were
hailed, in order of arrival time, and select the boat or boats containing the ton(s) to be sampled.

Each cluster was processed by placing every other fish on a balance until 500 g was most closely approached. The
500 g cluster was then divided into secondary samples of 250 g (0.55 pounds) ± one fish, where each fish was
chosen with equal probability and without replacement. The discarded 250 g portion was weighed and counted as a
control, and the standard length of each fish was recorded. Each fish in the retained 250 g portion was measured,
weighed, sexed, the
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state of maturity of both males and females recorded, and otoliths and scales taken for age determination.
At Port Hueneme samples were taken on an irregular basis. Landings at both Port Hueneme and San Pedro were

generally caught at or near the same location. Early in the season, however, landings were made at Port Hueneme
only. Landings here were approximately 10% of the coastwide total the first two seasons, and 13% the third. These
data are included, although they are insufficient for year-class composition analysis.

The data from each stratum were treated independently in the analysis, and the results combined into season
totals.

4.3.2.2. Central California
In central California we did not know the expected arrival time of the boats or the tonnages they had caught. Since
the fleet is small in number (Messersmith, 1969), and the vessels operate in the vicinity of each other, we attempted
to obtain one sample from a purse seiner and one from a lampara boat on each day of landing. We used a two-stage
sampling plan with primary units (boat loads) of unequal size chose with equal probability and replacement. Second-
ary units of equal weight, 1,000 g (2.2 pounds) ± one fish, were chosen with equal probability and without replace-
ment. Each stratum consisted of one month's catch. Processing of the sample was as in southern California except
that a single 1,000 g cluster was taken rather than two 500 g clusters; 800 g (1.76 pounds) were measured only, and
the remaining 200 g (0.44 pounds) were processed completely, as in southern California. The data were stratified by
month, and the strata combined into a season report.

4.3.3. 1967–68 Season (September 15, 1967 through May 15, 1968)
Southern California landings were not sampled during this third season because landings did not reach the minimum
required by the sampling plan. Central California sampling followed the same plan used during the previous season.

4.4. SIZE AND AGE COMPOSITION OF THE CATCH
4.4.1. Size Composition
The anchovies sampled ranged from 78 mm SL (3.1 inches) to 166 mm SL (6.5 inches) in southern California and
from 90 mm SL (3.5 inches) to 172 mm SL (6.8 inches) in central California (Tables 13–19). In both areas the over-
lap in lengths of adjacent age groups was considerable. A fish of a given length could fall within one standard devi-
ation of the mean length of as many as four age-groups (Figures 21 and 22 ). Because of this overlap some 150,000
measurements, collected during the two seasons and without supplemental data, were not included in our analysis,
and the procedure of taking lengths without supplemental information was omitted from our sampling plan.

Comparison of length-at-age data for the southern and central California fishery shows that central California
samples were as much
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FIGURE 21. Range in length at age data for the 1966–67 southern California anchovy samples.
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FIGURE 22. Range in length at age data for the 1966–67 central California anchovy samples.
as 5 to 10 mm larger at a given age (Figures 21 and 22; Tables 13 14 15 16 17 18 19). Reasons behind this differ-
ence are not readily apparent.

4.4.2. Age Composition
Both scales and otoliths were taken for age determination from samples obtained during the three seasons. Scales
were normally used for age determination during the first two seasons; however, otoliths were used when scales
were not available since both are valid means of determining the ages of anchovies (Collins and Spratt, 1969). Dur-
ing the third season otoliths were used exclusively for age determination
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The scales were read by the co-operative reading program of the Department of Fish and Game and the U.S. Bureau
of Commercial Fisheries at La Jolla, using criteria developed by Miller (1955). The otoliths were read only by the
author and Jerome D. Spratt of the California Department of Fish and Game.

4.4.2.1. 1965–66 Season
In southern California, estimates of numbers and pounds landed by year-class were computed from the sample data
using the double sampling method of Mackett (1963). Two-year-olds dominated the catch both in number (49%) and
pounds (40%) (Tables 20 and 21).

Year-class catch estimates were not computed from central California data because the weights of individual fish
were not obtained. However, the raw data are included (Table 17).

4.4.2.2. 1966–67 and 1967–68 Seasons
During the 1966–67 season, year-class estimates of the southern California catch were based on a stratified two-
stage sampling plan, with units selected with probability proportional to size. The estimator is discussed by Sukhat-
me (1954–8.9 and 8.10). Two-year-old fish again dominated the southern California landings accounting for 38% of
the catch by number and 37% by weight (Tables 20 and 21).

Central California landing estimates for both seasons were calculated from the samples by using the method de-
scribed by Cochran (1963 section 11.6) with the assumption that all S2i

2 = 0. In this area landings were dominated
by three-year-old fish, with four-year-olds a relatively close second. The two year-classes accounted for 68% of the
catch by number, and 69% by weight during the 1966–67 season. During the 1967–68 season, three-year-olds con-
tinued their domination; however, two-year-olds were of second importance. Together they accounted for 57% of
the number landed and 56% of the weight (Tables 22 and 23).

Fish less than 5-inches TL (108 mm SL) are restricted in the catch by a legal minimum size limit.

4.5. SEX RATIOS, NUMBERS AND POUNDS
Data collected on sex and weight of sampled anchovies from both southern and central California provided an excel-
lent opportunity to add a third estimate of the sex ratio to those of Clark and Phillips (1952) and MacGregor (1968).
Clark and Phillips estimated a female: male ratio of 1.4:1 in the central California fishery during 1946–51 and 1.2:1
in the southern California live-bait fishery during 1947–51. MacGregor used Miller's (1955) data to conclude that
the ratio was 1.3:1 statewide during the 1952–53 and 1953–54 seasons. Data from the 1966–67 season were used to
estimate the numbers and pounds landed by sex for the southern California fishery, while data from both the
1966–67 and 1967–68 seasons were used for the central California fishery (Table 24). The data for southern Califor-
nia, taken during the period of peak spawning activity (November through April), yield a numerical ratio of 1.6 fe-
males for every male. The weight ratio (pounds of females:pounds of males) was 1.8:1. The two years of
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data from the central California fishery yielded different ratios. The 1966–67 data had a numerical ratio of 1.4:1 and
a weight ratio of 1.5:1. The 1967–68 data had a numerical ratio of 1.3:1 and a weight ratio of 1.4:1. The discrepancy
between numerical and weight ratios was due to a high proportion of females at the older ages as well as a tendency
for females to be slightly larger than males at any given age (Figure 23) . Clark and Phillips (1952) reported a similar
size discrepancy between the sexes.

FIGURE 23. Range in length at age data for females (open figures) and males (closed figures) in 1966–67 south-
ern California anchovy samples.
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4.6. WEIGHT-LENGTH RELATIONSHIP
Weight-length curves for southern and central California were calculated from individual fish length (mm SL) and
weights (g) for the 1966–67 fishery; the only one for which extensive data for both areas were available. Separate
calculations were made for males and females (Table 25). In southern California length and weight curves were
based on 1,513 females and 926 males.

They are: Female W = .000010933L2.98408 Male W = .000008056L3.04859 Although the constants differ, plots
of the two curves are very similar.

Central California data yielded weight curves of: Female W = .00003582L2.74285 Male W = .00002657L2.80529

for 407 females and 270 males.
The plots of these formulas are close to the one given by Clark and Phillips (1952). Central California fish are

slightly less robust than those in southern California; but, since the samples were taken during a period of high
spawning activity, the differences may be due to the weight of the sex products if the peak spawning period in cent-
ral California were slightly later than in southern California.

The southern California curves were based on individuals from 97 mm to 161 mm SL, while the central California
curves included individuals from 80 mm to 171 mm SL.
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TABLE 13
Length Composition of Year Classes of San Pedro Landings in the Southern California Reduction Fishery,

1965–66 Season
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TABLE 14
Length Composition of Year Classes of San Pedro Landings in the Southern California Reduction Fishery,

1966–1967 Season
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TABLE 15
Length Composition of Year Classes of Port Hueneme Landings in the Southern California Reduction Fishery,

1965–66 Season
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TABLE 16
Length Composition of Year Classes of Port Hueneme Landings in the Southern California Reduction Fishery,

1966–67 Season
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TABLE 17
Length Composition of Year Classes in the Central California Reduction Fishery, 1965–66 Season
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TABLE 18
Length Composition of Year Classes in Anchovy Samples in the Central California Reduction Fishery, 1966–67

Season
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TABLE 19
Length Composition of Year Classes in the Central California Reduction Fishery, 1967–68 Season
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TABLE 20
Estimated Numbers of Anchovies Landed for Reduction by Age and Year Class, Southern California 1965–66

and 1966–67 Seasons

TABLE 21
Estimated Weight of Year Classes Landed for Reduction, Southern California 1965–66 and 1966–67 Seasons
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TABLE 22
Estimated Numbers of Anchovies Landed by Age and Year Class, Central California 1966–67 and 1967–68 Sea-

sons

TABLE 23
Estimated Weight of Year Classes Landed, Central California 1966–67 and 1967–68 Seasons

72



TABLE 24
Sex and Biomass Ratio in Number and Pounds for the 1966–67 and 1967–68 Anchovy Reduction Seasons
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TABLE 25
Weight at Length for Anchovies Caught off Central and Southern California During the 1966–67 Reduction Sea-

son

74



1 Now with Marine Resources Branch, Sacramento.

2 Now with Inland Fisheries, Region 2, Sacramento.

5. PROGRESS REPORT ON ANCHOVY TAGGING OFF CALIFORNIA
AND BAJA CALIFORNIA, MARCH 1966 THROUGH MAY 1969

CHARLES W. HAUGEN, JAMES D. MESSERSMITH1 and RUSSELL H. WICKWIRE2

Marine Resources Region

5.1. INTRODUCTION
The dramatic increase in the northern anchovy (Engraulis mordax) population (Ahlstrom et al., 1967), and the au-
thorization of a potentially large anchovy reduction fishery created a need for more information on the biology, pop-
ulation structure, and movements of anchovies. of immediate concern was the extent of anchovy movement. Spe-
cifically, might an intensive fishery decimate a local population or would it draw from a much larger population
from other areas? Such knowledge is vital if the fishery is to be managed wisely. To help meet this need a tagging
study was initiated in January 1966 as part of a larger project of fishery monitoring and biological studies
(Messersmith, 1969).

Anchovies are used for live and dead bait, human consumption as canned or fresh fish, canned pet food, and re-
duction to meal and oil. Tags are recovered by means of magnets installed in the reduction plants. The rate of tag re-
covery is influenced by tagging and natural mortality, availability of tagged fish to the fishery, the amount of fish
processed and its condition or degree of decomposition, changing conditions within the plants which cause fluctuat-
ing recovery rates, and the efficiency of the recovery system. Tagging mortality and the efficiency of the recovery
system are the only parts of the complex that we can alter to improve tag recovery rates.

Reports have been published on the experimental development of tagging methods (Vrooman, et al., 1966) and on
the field methods of catching, holding, and tagging anchovies and recovering the tags (Wood and Collins, 1969).
This paper reports: (i) the results of the first 3 years of tagging, March 1966 through May 1969; and (ii) special stud-
ies to assess the cause and rate of tag loss occurring in the reduction plants.

5.2. ACKNOWLEDGMENTS
We wish to express our gratitude to the many people who have made a contribution to this paper: John L. Baxter
(California Department of Fish and Game) for editorial guidance; Andrew M. Vrooman (U.S. Bureau of Commer-
cial Fisheries) and Richard Wood (California Department of Fish and Game) for background information; Kathleen
O'Rear and Micaela Wolfe who typed the manuscript; Ingrid L. K. Iverson who prepared Figure 25; and especially
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to the many fishermen, cannery personnel, and Department personnel who participated in the tagging and tag recov-
ery operations.

5.3. RESULTS
During the 3-year period, March 1966 to May 1969, 380,815 anchovies were tagged and 1,080 tags were recovered.
About 39% (422) of these recoveries demonstrated coastwise movements in a northerly or southerly direction. Fish
from southern California (Port Hueneme to San Diego) and from San Francisco Bay were shown to contribute to the
Monterey Bay fishery, anchovies from central California (San Francisco Bay to Morro Bay) to the southern Califor-
nia fishery, and southern California fish to the Ensenada fishery.

An indication of the rate of travel that an anchovy may attain was revealed when a tag from a fish released off San
Diego was recovered at Monterey 129 days later. This fish had traveled at least 370 miles at a rate of nearly 3 miles
per day.

Tagged fish were at liberty from 3 to 1,130 days. Tags from anchovies released in southern California were re-
covered at Monterey Bay during the fall and early winter (September to January), suggesting a northerly movement
during late summer. The recovery in southern California during the late winter and spring (February to May) of tags
from fish released in central California suggests a southerly movement during the winter.

The relatively low level of the reduction fishery during the period covered by this report has precluded the use of
tagging data for estimating population size or mortality rates.

Low initial tag recovery rates stimulated efforts to improve recovery techniques. New and more efficient perman-
ent magnets were purchased by the Department and installed in the plants increasing the recovery rate to between
36% and 100%. The average recovery rate at one plant was increased from 14% to 98%.

5.4. TAGGING
To test the hypothesis that anchovies move between major fishing areas, tagging was conducted at various localities
along the coast from San Francisco Bay to Ensenada. Tagging localities and dates were to a large extent governed
by the local availability of anchovies and by the activities of live bait fishermen and dealers, who supplied most of
the fish to be tagged (Wood and Collins, 1969).

On March 14, 1966, the first anchovies were tagged with serially numbered, internal tags and released following
methods described by Vrooman, et al. (1966) and Wood and Collins (1969). During the next 3 years, through May
1969, 380,815 anchovies were tagged and released in the folowing areas: 83,279 in San Francisco Bay; 5,390 in
Monterey Bay; 55,838 off Morro Bay, 31,274 off Port Hueneme, 37,202 off San Pedro; 35,997 in Los Angeles-Long
Beach Harbor; 17,821 off Santa Catalina Island; 15,554 off San Clemente Island; 83,186 off San Diego; and 15,274
off Ensenada (Figure 24 and Table 26).
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FIGURE 24. Major movements of anchovies tagged and recaptured March 14, 1966 through May 31, 1969.

77



TABLE 26
A Summary of Anchovy Tag Release and Recovery Data March 1966 Through May 1969
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TABLE 26
A Summary of Anchovy Tag Release and Recovery Data March 1966 Through May 1969

5.5. TAG RECOVERY
Anchovy tags were recovered on permanent magnets in seven California reduction plants, which processed over
80% of the anchovies caught off California, and three Ensenada, Baja California reduction plants that processed an
unknown amount caught off nothern Baja California. The California plants are located as follows: two in the
Monterey Bay area, one near Port Hueneme, and four at Terminal Island (Los Angeles Harbor).

Although all reduction plants handle fish in a similar manner each plant has its own peculiarities. In general, com-
mercial fishermen deliver anchovies to the reduction plants where the fish are off-loaded with vacuum pumps, and
are transported via a series of conveyors, flumes, and dewatering screens to a weighing tower and thence to fish pits
where they are accumulated (Figure 25) . When a sufficient quantity of fish has been accumulated it is conveyed to a
steam-cooker, a press to remove oil and water, and finally dried and ground to meal.

In addition to tagging mortality, the success of a tagging program is determined, in large measure, by the success
of the recovery system. In turn, the successful tag recovery system is one which extracts tags from the fish and/or
the meal as well as recovering tags that have fallen from mutilated or partially decomposed anchovies but are still in
the delivery or reduction system.

In each reduction plant, during the first two reduction seasons, 1965–66 and 1966–67, the only magnet available
for tag recovery was the one near the final stage of the reduction process (M4, Figure 25) between the drier and the
mill used for fine grinding. The debris attracted to this magnet was removed by the plant operators at least once a
day. During the reduction season the debris was collected daily by a
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FIGURE 25. Flow diagram of the reduction system from the fishing vessel to the grinding mill, and locations of
tag recovery magnets. Magnets are: M1 pipe trap; M2 hump; M3 plate; M4 plate or rotating grate. Plate magnet
(M4) was installed by the processor to remove metal scrap from the meal and was the only source of tag recover-
ies during the first two reduction seasons. The more efficient rotating grate magnets have since been installed at

two plants.
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Department of Fish and Game employee and weekly during the remainder of the year. The debris was sifted to re-
move fish meal and other extraneous matter. Then the remaining scrap was examined carefully for tags.

Tests conducted during these first two seasons, and discussed in a later section, revealed that between and within
any one plant, recovery rates were very erratic ranging from 2% to 82%. Additional magnets were installed at the
end of the 1966–67 reduction season in an attempt to increase the rate of recovery. Magnets were installed wherever
we believed there was a practical chance to recover tags: from effluent water (M1 and M2 Figure 25); from indi-
vidual fish as they were discharged onto de-watering screens or into fish pits (M3); and from the meal prior to the fi-
nal grinding process (M4). In addition to increasing tag recovery rates we believed that magnets placed in the flume
or at the end of the de-watering screens (M3) would pull tags out of some of the tagged fish passing over them; thus
the recovered tag could be related to the boat being unloaded and ultimately to the precise area and time of capture.

The 1967–68 fishery in southern California was a failure due mainly to economic problems and a low availability
of fish, and no testing was conducted. During the 1968–69 season 38% of test-tag recoveries and 28% of California
tag recoveries from ocean caught fish were obtained from these magnets. These tests also revealed that recoveries on
magnet M3, and from a given unloading, could occur over a 14-day period. The cause of this delay is not understood
and requires further study before the condition may be corrected or predicted.

For these reasons only fish movement into a fishing area has been examined in detail. For example, if a tagged an-
chovy was released outside the southern California anchovy fishing grounds and recovered at a Terminal Island re-
duction plant, it would indicate that the tagged fish had moved north or south into the fishing grounds. On the other
hand a tagged fish released and recaptured within the same fishing area is not considered to have moved. of course,
it could have left the area temporarily and returned. Using these criteria only 422 of 1,080 tag recoveries show
northerly or southerly movement; 210 moved considerable distances (Figure 24 and Appendix B) while the re-
mainder (212) were released off San Diego and were recovered by the San Pedro or Port Hueneme fisheries.

5.6. ANCHOVY MOVEMENT
5.6.1. Northerly
Northerly movements of anchovies were demonstrated by 250 tag recoveries. Two hundred twelve of these repres-
ented a relatively minor movement from the San Diego area to the southern California fishing grounds (as boats
landing fish at Port Hueneme and Terminal Island usually fish the same general areas, recoveries from reduction
plants at both ports are combined for the purpose of this analysis). These recoveries occurred throughout the reduc-
tion season.

Major northerly movements were shown by the recovery of 38 tags at Monterey plants from releases at various
points in southern California. These tags were recovered between September 3 and January 23.
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5.6.2. Southerly
Southerly movements were demonstrated by 172 tag recoveries. Fifty-six of these were from fish released in San
Francisco Bay and recovered at Monterey reduction plants. These recoveries took place throughout the year. Three
tags from San Francisco Bay, three from Monterey Bay, and one from Morro Bay releases were recovered at south-
ern California plants between February 23 and May 5. An additional 109 tags released in southern California were
recovered at Ensenada. These recoveries took place throughout the year with the majority (63) occurring in April
and May.

5.6.3.Offshore to Inshore
offshore to inshore movement was documented during a tag recovery experiment at Terminal Island reduction
plants. During the experiment, 6 tons of anchovies caught in Los Angeles Harbor were sluiced over a magnet in-
stalled in an unloading flume. Five tags from fish released off San Clemente and Santa Catalina Islands were re-
tained by the flume magnet. This is the only known landing for reduction of anchovies caught in the harbor, an area
closed to reduction fishing.

5.6.4. Inshore to offshore
From the 35,997 tagged anchovies released within Los Angeles-Long Beach Harbor, 132 were caught on southern
California fishing grounds and three were recovered off Baja California.

Actually, a great many of our tag recoveries from fish tagged off southern California have demonstrated offshore
movement. Most of the anchovies tagged in this area have been released within 3 miles of shore, an area in which
fishing for reduction is not permitted.

5.7. DISCUSSION
Our dependence on the reduction fishery for tag recoveries places some severe limitations on the program in determ-
ining the extent and timing of anchovy movements. We can expect no returns from tagged fish moving outside the
range of fishing boats that deliver to the reduction plants. For example, we have no returns from north of Monterey
Bay, although we know that at times anchovies are abundant off the coasts of Washington and Oregon.

A clear understanding of the timing of anchovy movements is hampered by the lack of a year-round reduction
fishery in California. The season is closed from May 15 to August 1 in central California and from May 15 to
September 15 in southern California. During the closed season, the few tags recovered are from canning activities in
the Monterey area. In addition about 74% of the season's catch in central California has occurred during the period
August through December, while about 78% of the landings in southern California have been from January through
May.

In spite of these difficulties, tag returns have shown that anchovies move quite widely within the area covered by
the program. Interchange of fish between the major fishing grounds of central California and southern California has
been documented, though the portion of the
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anchovy population involved is not yet known. The data suggest that the major northerly component of this inter-
change occurs during the summer and the major southerly component during the winter.

We have also shown that anchovies from at least as far north as Port Hueneme contribute to the Ensenada fishery.
As of May 31, 1969, no tags from fish released off Ensenada have been recovered at California plants. However,
most of the Ensenada tagging was conducted within 2 months of the end of the 1968–69 California reduction season
and we expect recoveries from these releases in the 1969–70 seasons.

of 55,838 tags released off Morro Bay, only one has been recovered. As yet, we are unable to explain this low re-
covery rate.

5.8. SPECIAL STUDIES OF TAG LOSS
Present anchovy tag recovery and analysis problems parallel those faced by Clark and Janssen (1945) when tagging
Pacific sardines (Sardinops caeruleus) . Their introduction to the subject is as appropriate now as it was then.

“"For many years fisheries students throughout the world have been tagging fish to better understand migrations
and more recently to measure the intensity of fishing. In most of these programs the recovery of tags has depended
on the tag being observed on a recaptured fish and returned by the observer to the investigator. Under this method a
certain number of tagged fish are recaptured but the tag is not returned to the proper authority, either because it was
not seen or because the finder was not sufficiently interested. The proportion of tags thus lost is not known. To know
its magnitude would aid materially in the analysis of results, but to measure its fluctuations between time intervals is
of even greater importance. If the loss of recaptured tags is a fairly constant factor, calculations can be carried on un-
der the assumption that this loss is operating equally at all times. If, on the other hand, the loss of recaptured tags
varies from time to time this variation may be sufficient to affect seriously the conclusions drawn from tagging ex-
periments."”

To measure this loss and to obtain data on which to base recommendations for improving recovery efficiency, we
conducted a number of tag recovery experiments. For several reasons, including lack of funds, inconclusive results,
and a low tonnage fishery, the experiments have not resulted in significant changes in the recovery system or in de-
termining the recovery rate at each reduction plant. These tests have demonstrated that within-plant recovery rates
are not constant and they have pointed out problems that must be solved if tagging is to be used for estimating an-
chovy population size and mortality rates for an expanded fishery.

5.8.1. Reduction Plant Losses
Tags in fish processed at reduction plants are subject to loss in a variety of ways. To identify and measure these
losses we first had to determine if dead fish could be tagged (test tags) and used to simulate tag recovery rates of
tagged anchovies caught in the ocean. To do this, live anchovies were tagged (live tags) and kept alive until the tag
incision healed. When the test was conducted dead anchovies were
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tagged and both types were introduced dead into the reduction system at the offloading docks.
A Chi-square test revealed no significant difference in recovery rates between the two groups. About 39% (71 of

180) of the test tags and 36% (72 of 200) of the live tags were recovered. Therefore, we concluded that test tags
could be used in experiments to determine tag losses in the plants. Since this conclusion is vital to the validity of
subsequent tests replicate experiments should be conducted so that there is no question that our conclusion is cor-
rect.

5.8.1.1. Sites of Tag Loss in the Reduction System
In one experiment tags were introduced at various points in the reduction system in an attempt to pinpoint the site of
tag loss. Anchovies containing test tags were introduced at the following points: (i) into the hold of an unloading
fishing boat; (ii) into the conveyor that transports fish to the weighing tower; (iii) into the flume leading to the fish
pit; (iv) and into the fish pit. Although there was no significant difference between recoveries from the various
points (34 of 50 tags at the boat, 35 of 50 at the conveyor, 38 of 50 at the flume, and 41 of 50 at the fish pit), the tag
recovery rate increased the closer the introductory points were to the recovery magnet (M4, Figure 25).

This type of experiment should be repeated in each of the reduction plants and should consider the state of decom-
position of the fish, whether the equipment is in continuous operation, and whether there is a constant flow of fish
through the system.

5.8.1.2. Magnitude of Loss
Sixteen experiments were conducted with test tags at seven of eight California reduction plants to get some measure
of tag loss within the plants. The resulting data indicated that tag recovery rates fluctuated drastically between 2%
and 82%. To increase the tag recovery rate and, in special cases, aid in determining the exact area of capture, the De-
partment purchased various models of permanent magnets and installed them in the reduction plants, as follows: (i)
at location M1 (Figure 25) in two plants; (ii) location M2 in one plant; (iii) location M3 in two plants; (iv) and loca-
tion M4 in two plants.

After the magnets were installed 20 additional test tag experiments were conducted. A comparison of the two
series of experiments revealed that the majority of test tags (96% before and 98% after) were still recovered within 8
days of being introduced into the plants. of greater significance was the increase of recovery rates in all plants which
now varied between 36% and 100%. The present reduction plants and equipment are 20 to 30 years old and in some
cases are in a poor state of repair which may result in a depressed recovery rate.

The recovery rate at a reduction plant in the Monterey area increased from 14% (six tests) to 94% (three tests)
when the plate magnet at M4 was replaced with an Eriez rotating grate magnet. Nine tests conducted at a major Ter-
minal Island reduction plant yielded recovery rates, from all magnets combined, that varied from 46% to 82%. We
have no measure of tag recovery rates at Ensenada reduction plants.
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Ninety-eight percent of all test tags recovered on magnet M3 were recovered on the day of the test; the remaining
2% were recovered up to 14 days later. This suggests a 98% chance that tags recovered on magnet M3 will be from
fish unloaded that same day and therefore the area of capture is wherever the unloading vessels had been fishing. If
the fleet had operated within a restricted area for the preceding 14 days the precise area of capture is even more cer-
tain.

5.8.1.3. Effects of Debris on Magnet Efficiency
One test was conductd to determine the effects of debris accumulation on the retention power of a magnet. Near the
end of a "normal" day of reduction, and prior to cleaning the plate magnet (M4), seven groups of 25 tags each, one
group every 15 minutes, were scattered on a screw conveyor 2 feet before the tag-recovery magnet. At the end of the
day the magnet was cleaned and 167 of the 175 tags were recovered. By the fourth day 172 tags had been recovered;
three tags were never found. The three missing tags were from the last two groups of 25 tags.

The implication is that the debris accumulated during this "normal" day of operation had no significant effect on
the tag-recovery rate. While it is interesting to speculate the significance of the three tags that were never recovered,
it is equally important to determine why tags introduced so near the magnet took up to 4 days to move 2 feet up the
conveyor. Replicate tests are needed to validate these results, and to identify and eliminate the cause of the delay and
tag loss.

5.8.2. Losses During Canning
When fish are prepared for canning they are first decapitated and eviscerated. The trimmed body is canned and the
offal is sluiced to a de-watering screen and passed into a fish pit. From there it is conveyed into the reduction plant
along with whole fish also destined for reduction. The effects of the canning operation on tag recovery rates were
tested only once. Ten fish containing test tags were introduced prior to the fishcutting machines. Two tags remained
in the fish destined for the can, one was recovered 38 days later in the reduction plant, and seven tags were never re-
covered. This recovery rate was not typical of test tag experiments in the reduction plant where the recovery rate
during this period was approximately 94% (Richard H. Parrish, pers. commun.).

The cause of this loss is difficult to identify but is important because by law, a portion of the landings taken for
canning may be (and are) used for reduction as long as a specified number of cases of canned fish are produced for
each ton landed. For this reason the weight of fish used for canning (and tag recoveries associated therewith) cannot
be identified separately from that used for reduction. Thus, we do not know how much of the 4,339 tons taken for
canning during the period of this report (March 13, 1966-May 31, 1969) was reduced as whole fish and may have
contributed measurably to tag recoveries, and how much was actually canned and therefore contributed few tag re-
turns.
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5.8.3. Discussion
Studies of tag losses in reduction plants and canneries have led to a better understanding of the problems of tag re-
covery and some areas that need additional study; a fact of substantial value if the level of harvest is increased and
tagging studies are conducted for purposes of estimating anchovy population size and mortality rates. To make such
studies meaningful, it is essential that we be able to evaluate the magnitude and variability of tag losses.
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5.10. APPENDIX B
Tagging and Recovery Data for 210 Anchovy Tag Recoveries Demonstrating
Major Movement
March 14, 1966 to May 31, 1969

APPENDIX B—Cont'd.
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6. RESULTS OF A LIVE BAIT SAMPLING STUDY
STEPHEN J. CROOKE
Marine Resources Region

California Department of Fish and Game

6.1. INTRODUCTION
Live bait fishermen began submitting records of their catch to the Department of Fish and Game in 1939 (Aplin,
1942) and, except during World War II, have submitted them since. The records are voluntary and include the date
and area of catch, number of hauls, and number of scoops of each species taken. The boats use lampara nets primar-
ily; a comprehensive description of the fishery appears in Wood and Strachan (1970). Northern anchovies (Engraulis
mordax) are the dominant species, accounting for approximately 98% of the live bait catch (op. cit.). A sampling
program to determine the age composition of anchovies in the southern California live bait catch was initiated in
1955 (Miller and Wolf, 1958) and continued through May 1968.

6.2. ACKNOWLEDGMENTS
This study was made possible by the willing cooperation of the live bait dealers in southern California. I particularly
wish to thank Richard Brock, William Duggan, Roy Everingham, Arthur Mello, and Lonnie Williams.

Several members of the Department provided assistance. Will Reid helped with sampling while James Hardwick
and Russell Wickwire aided in processing samples. The assistance of Norman Abramson with statistical problems is
greatly appreciated, as is the help of Robson Collins who read the otoliths used to age the anchovies and completed
the preliminary mathematical work. Micaela Wolfe and Kathleen O'Rear typed the manuscript. James D. Messer-
smith gave guidance in conducting this study and his editorial assistance and that of John L. Baxter are also greatly
appreciated.

6.3. LIVE BAIT SAMPLING STUDY
6.3.1. Justification
During the spring of 1968, a review of the live bait sampling program revealed several procedural flaws. Originally
vessel skippers at several ports saved frozen fish samples for Department biologists. This procedure was later
changed and the number of samples was limited to 10 per month, taken directly by the biologist assigned to the live
bait study. The samples were divided among three ports, the number at each port depending on the volume of busi-
ness done by the bait dealers within each port. Long Beach was sampled five times per month, San Diego three
times, and Port Hueneme twice per month. During the summer of 1967 the sampling intensity was about 1 sample
per 12 loads delivered at Long Beach, 1 sample per 40 deliveries at San Diego, and
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1 sample per 15 deliveries at Port Hueneme. The program was not random in the selection of the day or vessel to be
sampled. Instead, sampling was somewhat systematic, frequently opportunistic, and consequently the fishery was
sometimes undersampled.

There were also problems associated with the sampling method. Sampling from receivers was biased because the
fishermen, in order to maintain full receivers, usually combined catches from more than one day. Variations in the
amount removed and replaced made it impossible to use anchovies from receivers in order to determine the age
structure of a day's catch. This bias was further compounded because anchovies tend to stratify by size while in the
tanks aboard bait boats. Consequently, when the fish were unloaded, and more than one receiver was needed, the
fish at the top, usually the smaller ones, were crowded into one receiver while those at the bottom often went into
another. Thus a receiver could contain the results of several days catch and/or two different size groups of fish
which are not necessarily representative of all the different size groups caught in a set.

In addition, no provisions were made in the sampling program for properly integrating sample results and the log
record of catch. Sampling was done on a numerical basis, a sample consisting of 50 fish. The total weight of an-
chovies was recorded and then the fish were measured and age and sex determined for every fifth fish. Unfortu-
nately individual fish were not weighed. Logs were submitted reporting the catch in scoops weighing 12.5 pounds
each. An estimate of the age composition of the catch was determined on a numerical basis but not by weight since
individual weight-age data were not collected. Since the catch was reported by weight, it would have been better to
weigh and age individuals so that age composition data could also be reported by weight.

Because the plan wasn't providing reliable quantitative data, an intensive, short-term study of live bait sampling
was undertaken in southern California during June, July and August 1968.

6.3.2. Objectives
The purpose of this sampling study was to determine the level of sampling necessary to obtain reliable data from the
southern California live bait fishery. Additionally, the study would also make possible a more rational appraisal of
past sampling. Parameters to be estimated included:

·1) Species composition of the catch by weight and number.
·2) Year-class (age) composition of anchovies in the catch by weight and number.
·3) Variances for all estimates.

6.3.3. Sampling Plan
6.3.3.1. Selecting the Vessel
Sampling was conducted at sea on vessels operated by five live bait dealers in southern California. Two dealers were
located at San Diego, one at Newport Beach, and two at Long Beach Harbor. Their catch in 1967 represented over
85% of the statewide take and 92% of the southern California catch. The catch of one vessel from each dealer
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was sampled three times each month. Intuitively, this level of sampling seemed to be sufficient to give the desired
results and the 15 samples per month was the maximum number the sampler could collect and process.

Selecting the actual day and dealer to sample was accomplished by first randomly selecting the day without re-
placement, then a dealer, from a table of random numbers. Another day and dealer were then selected and the pro-
cedure repeated until 15 sample days were chosen. A 16th sample day was chosen should a sample be missed before
that day. Each month was treated as a separate stratum.

6.3.3.2. Selecting the Sample
The study called for:

·1) Samples to be taken while at sea.
·2) A sample cluster of approximately 2 kg (4.4 pounds) of fish to be taken from each set just after the fish were first brailed to insure a homogenous sample.
·3) The species composition of each sample to be determined by weight and numbers.
·4) Determining the mean length of 50 anchovies from each set and weighting that length according to the number of scoops in the set.
·5) A 250 g (0.55 pound) sample to be taken from the cluster which had a mean length most near that of the weighted mean for all sets.
·6) The sample to be processed for age, individual weight, length, sex, and female state of maturity according to the method described by Collins (1969).

Conditions 4 and 5 above violate Assumption I of Appendix C. At the time the plan was conceived, it was difficult
to decide which set should be sampled. Intuitively it seemed the set determined by the above method would be the
most representative of the actual catch.

6.4. RESULTS
Estimates of the number of anchovies taken revealed that Age I fish (1967 year-class) occurred most frequently and
accounted for 60% of the catch by weight. Age groups 0 and II were also important, contributing 14% and 18% of
the catch by weight, respectively. By numbers, 0 age fish were more important than II's. Fish older than II years
made up over 4% of the catch and those not aged accounted for the rest of the landings (Tables 27 and 28; Appen-
dices C and D).

Sample data relating to the dominant 1967 year-class were used to determine the number of samples necessary to
achieve 0.90 and 0.95 confidence intervals of lengths equal to 30% of the catch. The figures were set by determining
the confidence intervals whose half-lengths were equal to 15% of the catch. The summer catch amounted to
1,502,899 kg. Fifteen percent represented 225,435 kg and the 95% confidence interval allowed for a standard error
of 115,018 kg. The 90% confidence interval provided for a standard error of 137,460 kg. Squaring the standard error
provided the V needed for the equation in Appendix E. To achieve 90% (± 15%) confidence, 21 samples are needed
for a 30
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day month and 22 samples for a 31 day month. At the 95% (± 15%) confidence interval, each day in the month must
be sampled.

Data on the species composition of the catch showed an extremely large variance between sets. The sample catch
data for August 22, 1968 (Table 31) revealed that the average catch of anchovies for each set was 25.9 scoops with a
standard deviation of the mean of 24.0. Anchovies were the most consistently captured species, thus they would
have the lowest variance between sets (Table 29). Because their standard deviation (variance) is great, it is logical to
believe that the other species, captured with much less consistency, would have a greater variance than anchovies.
Because of the anticipated high variance the species composition of the catch was not determined.

The estimated summer catch of the selected dealers based on sampling was 2,777 short tons (2,524 metric tons).
The dealers reported 2,513 short tons on their log books. The difference, 264 short tons, is 10.5% of the reported
landings. Oversampling of one vessel at the expense of another at one port is probably partially responsible for the
difference. Samples were to have been taken three times a month from each boat but five were taken from one boat
and one from the other. The vessel sampled 5 times caught 180 short tons more during the study period. By substi-
tuting the reported catch of the under-sampled vessel, it is possible to calculate an adjusted estimate of 2,612 short
tons. This adjusted estimate is 4.0% larger than the reported catch and 5.9% less than the original estimate.

6.5. RECOMMENDATIONS
Sampling the anchovy catch in the live bait fishery should be based on techniques that can be evaluated statistically.
In southern California a sampling plan like that used in 1968, should center around the five dealers who caught ap-
proximately 90% (in 1968) of the live bait. Each day in the month should be sampled to insure 95% (± 15%) confid-
ence in the estimate of the dominant year-class. Four alternate sample days per month should be selected to insure
against missed samples. They could be discarded if not needed.

The manpower requirements for sampling 30 days per month is high. During this study 270 hours per month were
required to collect 15 samples. Because of this, it would be advisable to have at least three persons collecting and
processing samples.

Before the sampling plan used in the summer of 1968 can be simplified, more data are needed as follows:
·1) Variance of anchovy ages between samples drawn from the same set.
·2) Variance of anchovy ages between sets on the same boat.
·3) Variance of anchovy ages between boats on the same day.
·4) Variance of scoop weights.

If 1, 2, and 3 above are low, fewer boats can be sampled without lowering the confidence limits. Present data in-
dicate that the log record of catch can be used to determine total catch.

At present there is little justification for sampling the live bait catch. However, should a large commercial fishery
develop, live bait sampling could be used to detect changes in year-class strength. This
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would enable the Department to make appropriate recommendations should the commercial fishery become large
enough to have an effect on the live bait fishery. It would also assist in managing the resource because it would en-
able predictions of recruitment to the commercial fishery since the live bait fishery is based on 0, I, and II-year-old
fish while the commercial catch consists of I, II, and III-year-olds.
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TABLE 27
Estimated Weight (Kg) of Anchovies Caught by Age and Year-Class With Standard Deviations
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TABLE 28
Estimated Number of Anchovies Caught by Age and Year-Class With Standard Deviations
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TABLE 29
Catch Data of Sets Sampled in Los Angeles Harbor on August 22, 1968

97



6.8. APPENDIX C
6.8.1. Formulas
The number or weight of anchovies for a given age on a specific day was determined from the equation:

EQUATION
The estimate for the month is computed by summing the weight or number estimates for the days of sampling and

multiplying by the fraction of days in the month sampled.
The standard error was calculated using the equation:

EQUATION
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Monthly standard errors were figured for each year class. Summer standard errors were also calculated.

6.8.2. Assumptions
The above equations are valid, only if the following assumptions are true:

·1) An unbiased estimation at each stage is a sufficient condition for the estimators to be unbiased.
·2) The variance formula is correct if and only if the first stage units (days) are independently selected and assumption 1 holds also.
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6.9. APPENDIX D Trip, Catch, and Age Distribution of Anchovies

APPENDIX D—Cont'd.
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APPENDIX D—Cont'd.
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6.10. APPENDIX E
The number of days to sample per month for a given confidence interval was determined using the equation:

APPENDIX E—Cont'd.

7.
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