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FIGURE 1. Purse seiners at San Pedro. Photograph by Vernon M. Haden, 1947












FIGURE 2. Map of California showing statistical regions



FIGURE 3. Includes sardine deliveries to reduction ships and tuna importations. See Table 37



1. INTRODUCTION

This bulletin is the eleventh in a series begun in 1929, designed to present the detailed records of the commercial
fish catch of the State. Continuing the practice of the former issues in this series, the statistical records for 1947 are
here presented in considerabl e detail.

The current records are of interest but occasionally a review of the statistics is necessary to show the over-all pic-
ture and the trends in the minor fisheries for which no intensive program of study has been inaugurated. In 1937,
Fish Bulletin No. 49 was published and gave such areview covering the period from 1916, when the record was be-
gun, through 1935. The information gathered for that bulletin has proven of great value to the administrators, the
patrol officers, the research workersin the field and the people in the industry.

During World War 11 the staff of the Bureau of Marine Fisheries was limited and although the statistical program
was maintained it was only possible to follow the trends in the major fisheries. During 1948, in conjunction with
their major projects, the field workers gathered information concerning minor species with a view toward outlining
the history and explaining the reasons for the trends which appeared in the graphs drawn from the yearly totals for
the individual species. These observations are set forth in the text which accompanies the graphs and cover the peri-
od from 1916 through 1947. To add to the value of the record there has been prepared a set of tables which appear in
the back of the bulletin and give the yearly totals for each species. Most yearly totals include only the catch of the
Cadlifornia fishing fleet, others include the record of fish imported for canning in the California plants or for sale in
the fresh fish markets in competition with the local catch.

The statistical tables are prepared from fish receipts which are made by the markets and canneries at the time of
first delivery of the fish. One copy of this origina record goes to the fisherman, one is retained by the purchaser and
the third copy is collected by the State. Each year since 1926 the Bureau of Marine Fisheries has published a statist-
ical report in the form of a circular which gives arecord of the catch and the canned fishery products. Since this cir-
cular is printed within a few months after the close of the calendar year, the catch figures therein are preliminary re-
cords, subject to revision. A year or two later the Catch Bulletin, similar to this one, is published and includes all
supplemental items and corrections; therefore the two sets of published tables may be at variance. In preparing the
yearly totals for the long term review in thisissue, further discrepanciesin the records have come to light and adjust-
ments have been made accordingly.

Marine sport catch records and the live bait totals do not enter the commercia catch tables but they represent an
important part of the yield of the marine fisheries. Such records as are available for these fisheries have been in-
cluded in separate tables accompanying the discussions. A different phase of the industry is represented in the record
of the Alaska cod caught by Californiavessels. The California plant merely



completed the processing of fish caught, cleaned and salted in Alaska. Seaweed and kelp cutting is under the juris-
diction of the Division of Fish and Game but detailed records are withheld to avoid divulging the volume of busi-
ness of the few concernsinvolved. The only whaling station in operation in the United Statesisin California and the
by-products of this plant compete with the by-products of the State's fishing industry. The whaling industry is regu-
lated by federal agencies. The record presented is published with the permission of the company officials.

The cooperation of the Bureau of Patrol and Law Enforcement in the collection of the fish receipts is acknow-
ledged, with special appreciation for the articles contributed by Patrol Captains Ralph F. Classic and Leslie E. Lahr.
Thanks are extended to the Bureau of Fish Conservation for photographs and supplemental records on the inland
fisheries. All graphs were drawn by Mr. Charles R. Clothier. To be commended is the effort of the clerksin the field
offices and the women of the statistical unit whose constant vigilance has contributed to the accuracy of interpreta
tion of the original records and to the intelligent compilation of the tables.—Geraldine Conner, April, 1949.
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2. FISHES
2.1. THE TUNAS

Each major fishery has had its rise to a peak of popularity and importance. This is the epoch of the tunas. Obscured
by enormous landings of sardines over a period of years, the tuna industry has nevertheless developed steadily,
building upon a solid foundation of quality and expanding demand. Now, because of curtailed sardine catches and
higher prices, tuna today is California's richest fishery, netting the fisherman a total of $37,492,284 in 1947, or 62
percent of the total value of all species. Furthermore, in volume the tunas have ranked second since 1935, with a
total catch exceeded only by that of sardines.

There are five species included in the tuna catch of California. Four of these, albacore, bluefin, yellowfin and
skipjack, are packed and marketed as tuna, but the fifth cannot be so labeled and appears on the grocer's shelf as
"bonito." For these reasons the bonito is discussed in a separate article and statements in this introductory section ap-
ply only to the four remaining species.

The growth of the tuna industry is shown graphically in Figure 4, which gives the total annual landings plus im-
portations. Tables 1 and 2 show of what this catch is basically composed. The annual catch of each of the constituent
speciesis given in Table 2 both in pounds and percentage of the total; and this table reveals some significant facts.

The rise in the total catch, portrayed in Figure 4, is due predominantly to an increased catch of two species, the
yellowfin tuna and the skipjack. These two species produced together 82.9 percent of the total tuna catch over the
period 1927-1947, with the yellowfin contributing 58.5 percent and the skipjack 24.4. These percentages are taken
from Table 2. Moreover, these average percentages are fairly consistent throughout the years, fluctuating within rel-
atively narrow limits, whereas that of the two remaining speciesis erratic, reaching a minimum of zero in occasional
years. The explanation is that the yellowfin tuna and the skipjack are tropical in habitat and are fished consistently
throughout the year in some portion of their distributional area by a fleet of highly specialized vessels, whereas the
albacore and the bluefin tuna are distinctly temperate in their distribution and are found within our fishing areas only
in the summer season. The catch of the latter two speciesin any one year depends therefore upon the extent to which
they enter our fishing area, and the duration of their stay therein.

2.1.1. Yelowfin Tuna and Skipjack

These two tunas are caught simultaneously by the same boatsin the same area, and actually there is but asingle fish-
ery for the two species. They can therefore be conveniently and properly discussed together.

The yellowfin tuna, Neothunnus macropterus, and the skipjack, Katsuwonus pelamis, are similar in habits and dis-
tribution. Both are tropical, ranging into temperate waters only in the warmer months. One important difference
however, isthat the yellowfin appears to be confined
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FIGURE 4. Combined landings of all tuna compared with combined landings of yellowfin tuna and skipjack. Cali-
fornia fleet and importations. See Tables 1 and 38
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TABLE 1
TUNA LANDINGS—CALIFORNIA FLEET AND IMPORTATIONS
Pounds
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TABLE 2
TUNA LANDINGS—CALIFORNIA FLEET
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FIGURE 5. Catch of California fleet. See Tables 2, 3 and 38
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FIGURE 6. Catch of California fleet. See Tables 2, 3 and 38
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to the coastal shelf and outlying banks and islands, whereas the skipjack is not infrequently taken at considerable
distances from any shore or bank.

The catch is made by avariety of gear, principally hook and line with live bait, purse seines and trolling gear. The
relative importance of

TABLE 3
YELLOWFIN TUNA AND SKIPJACK

TABLE 4
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the three types is revealed in Tables 3 and 4. Actually, these tables are not a breakdown of the catch by gear, but
rather a breakdown of the catch by three categories of vessal. The first category comprises all those large vessels us-
ing hook and line and live bait, and fishing tuna throughout the year, or a greater part of it. This fleet on the average
accounted for 85.1 percent of the total catch during the period 1931-1947.

The second group comprises a fleet of relatively large vessels using purse seine nets exclusively. These vessels
were built primarily for the sardine fishery, and in normal times they fish sardines for the canneries from about Oc-
tober to March. With the close of the sardine season, they turn to other fisheries and many of them find profitable
occupation throughout the spring and summer fishing yellowfin and skipjack when these species are most accessible
to vessels of limited cruising range. This fleet of purse seiners accounted for roughly 11.5 percent of the annual
catch over the same period of years. With the decline of the sardine fishery the purse seiners are being forced in-
creasingly to depend on tuna for alivelihood, and the purse seine tuna season is gradually lengthening. Some of the
largest vessels of this fleet are now fishing tuna throughout the year.

The remainder of the catch is made by a miscellaneous fleet of smaller vessels that fish for tuna when it comes
within their cruising range. The majority of such vessels fish off Southern California and the coast of Lower Califor-
nia through the months of July to October. Their contribution to the catch consists mainly of skipjack, and is negli-
gible except in years when a heavy run occurs in local waters and in those of northern Lower California. This fleet
of boats uses various types of gear, either live bait like the regular tuna fleet, or modified purse seines, or trolling
lines. The majority of these boats change their gear throughout the season, depending upon what local fishery proves
most lucrative. In consequence it is not possible to classify the catch of these craft by gear.

It follows from the above that the backbone of the tuna industry has been the live bait fleet fishing yellowfin and
skipjack. These vessels range in size from about 80 feet to 150 feet in length, with carrying capacities as high as 400
tons of fish. They are distinctive and picturesgque, with a raking stem and raised deck forward extending two-thirds
the length of the hull to the large bait tanks aft. The majority have the hold divided into watertight compartments, in
which bait is carried in some, on the outward voyage, and their catch in brine when loaded.

From two to six bait wells (or compartments of the hold) and the customary three deck tanks are piped for running
sea water, and into these compartments live sardines or anchovettas are loaded when bait is caught by the small
power launch and skiff from which the bait net is operated. A large stream of sea water flows constantly through
these tanks and wells, and the contained bait swims slowly but endlessly around the tank in a circle. The bait is fed
twice a day with raw, ground tuna, and the wells and tanks are kept clean at al times by skimming off the dead and
weak fish from the surface, and by siphoning with a rubber hose the dead fish and sediment from the bottom of the
tank. At night alight is kept above or in the aperture, or coaming, of the tank because this seems to quiet the bait and
keep it milling easily.

When tuna are sighted a course is set to intercept the school, and as the vessel comes up with the school a stream
of bait, dipped up in a6-inch
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dipnet, is thrown overboard to attract the tuna. As soon as they start to take the bait, the vessel is stopped and the
fishermen clamber into steel racks which are hinged to the guard rail just above the water level, and lowered as out-
board platforms upon which to stand during fishing operations.

The entire catch is taken with hook and line, attached to a seven or eight foot bamboo pole. A three-foot length of
heavy cotton line is secured to alinen or cotton strap at the small end of the pole. The free end of the line is attached
through a heavy swivel to atwo-piece, three-foot wire leader supporting the hook.

Aslong as fishing isin progress one or two men stand atop the bait tanks and continually toss out bait to hold the
school of tuna around the ship. Fishing continues as long as the school can be held alongside, or exceptionally, until
the decks are full, with fish piled to rail height. As soon as actual fishing stops, the tuna are passed forward, and
after a preliminary hosing to remove blood and slime, are dropped into chilled brine contained within compartments
of the hold. Here the fish are held until the well isfull and until all fish are frozen down to storage temperature. Then
the brine is pumped out, and for the balance of the trip the fish are held dry in storage, with the storage temperature
maintained by ammonia coils attached to the walls of the compartments. All tuna are stored in the round, i.e., they
are not cleaned or dressed.

The tuna grounds of today (1948) are essentially the same as they were fifteen years ago. Up to 1930 or there-
abouts the fleet fished an area from California to approximately latitude 16 degrees north, fishing along the coast of
Mexico, the outlying islands and the banks along the coast of Lower California. About 1930 the larger boats began
to explore farther afield, and by 1934 the entire fleet of larger vessels had extended operations to the Gulf of Panama
and the Galapagos Islands on the equator. Since then there has been no material change, and the Central American
grounds have sustained the fishery. Today we are on the threshhold of further expansion, and the immediate future
promises a new epoch in the story of the tunas.

Although the fishing area has not changed in recent years, the fishery itself has changed in some respects. Com-
petition for fish by boats and plants has definitely become keener. The fleet has increased tremendously in size, and
with the growth in numbers, secrecy of operations, characterizing the early 'thirties, is waning. The maximum length
of tuna boats has steadily increased, and today the largest is 165 feet, over all.

Although planes were tried and abandoned many years ago as an aid in finding bait and fish, a number of tuna
boats are once more carrying scouting planes experimentally. of those using them, al agree that they are invaluable
and contribute materially to shortened trips and better loads. However, the difficulties involved in carrying, launch-
ing and retrieving them has discouraged their use and the majority of vessels carrying planes have discontinued the
attempt after one or more trips.

Perhaps the most significant development of the period is the introduction of mother ships, and the expansion of
the tuna packing industry to the Pacific Northwest. In the early days of the tuna fishery, tenders, storing fishin ice,
were used along the coast of Lower Californiato receive tuna from a fleet of small vessels fishing nearby. With the
growth
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in the size of tunavesselsin the late 'twenties, tenders were no longer needed, and were used only sporadically in the
'thirties. With the expansion of the fishing area to the equator, a cold storage plant for fish was erected in Puntaren-
as, Costa Rica, about 1935, and the larger boats used these facilities to unload small tonnages taken early in atrip.
Such fish was stored, and subsequently shipped to the canneries by refrigerated freight. Shortly after this, a loca
canner sent small vessels to base and fish from Puntarenas, and to a limited extent this practice continues to the
present.

The development in the late 'thirties of an albacore fishery off the Columbia River led ultimately to the modifica
tion of existing canneries at Astoria, Oregon, to enable them to process tuna. With this investment, and the plants ad-
apted, the owners naturally sought a greater volume and a more regular supply of fish than could be obtained from
the purely seasonal and unpredictable run of albacore. The end result was a large refrigerated mother ship, which in
1946 anchored in Costa Rican waters, purchased approximately 2,200 tons of tuna there, mainly from our California
fleet, and delivered this load to Astoria for processing. The initiative was soon followed by other canners, and, in
1947, several mother ships were either planned or contracted for by various California packers.

This development resulted primarily in an increase in the potential tuna fleet. Certain Central American govern-
ments were induced to relax their restrictions on purse seine operations, and a large fleet of purse seine vessels was
enabled to fish successfully the more distant and prolific waters, hitherto beyond their cruising range, obtaining pro-
visions and supplies from the mother ship.

The total landings of this fishery, yellowfin and skipjack combined, are shown in Figure 4. The totals are taken
from Table 1. This gives a general picture of the growth of this fishery, and shows the various stages through which
it has passed.

Up to 1926 approximately, the fishery was in itsinfancy. About that year the first large and specialized boats were
built, and the catch went up as more such boats were added to the fleet. The adolescence of the fishery began about
1930. With a steadily growing fleet of larger vessels expanding progressively over the entire distributional area of
the species, the catch rose fairly regularly to a peak in 1940, when 85,000 tons of yellowfin tuna and skipjack were
delivered. At this time the fishery can be considered as having reached maturity, and one would normally expect a
levelling off. However in 1941 there was a sharp drop in total catch, and the subsequent intervention of the war
caused a distortion of the picture. In 1942 the magjority of the larger vessels in the tuna fleet were taken by the navy,
and extensive restrictions were imposed upon the remaining fleet, which explains the low catches of 1942-1944. As
the war progressed, entailing an abnormal demand for tuna, fishermen strove to replace their confiscated vessels.
Gradually the fleet grew in tonnage, until by 1946 the gross tonnage of the tuna fleet far exceeded that of 1941. Fur-
thermore, with the ending of the war the building impetus gained momentum, and through 1947, continuing into
1948, a steady stream of large tuna boats slid down the ways, from points as far removed as Oregon and Louisiana,
to join the tuna fleet. Meanwhile the navy released and sold to our industry approximately 25 additional vessels
(YPs) built during the war on the lines of atypical tunaboat, and used in wartime to transport
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FIGURE 7. A typical modern tuna boat, able to cruise to the equator and back. The entire load of tunaisfrozen in
chilled brine. Photograph by Kent Hitchcock, Balboa, California, 1947
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refrigerated foodstuffs to the island bases. The size of this fleet alone is almost equal to the tonnage of the tuna fleet
in1941.

The relationship between the size of the tuna fleet and the corresponding catch suggests that an annual catch in
excess, roughly, of 125,000,000 pounds will result in a decreased yield per gross ton of participating vessal. In the
pre-war record year of 1940, 19,124 gross tons of the live bait tuna fleet produced 85,000 tons of fish; whereas it
took 36,280 gross tons of tuna vesselsto produce in 1947 a catch of 101,000 tons of tuna. Thisis obviously a case of
diminishing returns for an ever increasing effort, and carried to alogical conclusion, it means that vessal's cannot op-
erate at a profit beyond a certain limit. This should constitute a warning that it is time to take stock of the situation
and plan intelligently for the continued well being of the entire industry.

2.1.2. Albacore

The albacore, Thunnus germo, is the most erratic and the most exotic of our local tunas. As though playing "hard to
get," it commands the highest price, and casts its seductive spell upon the entire industry. Steady fishermen who
work diligently for a modest livelihood throughout the year will stake their season's earnings in pursuit of this elu-
sive fish. Staid and level headed business men will bid recklessly for catches of it, in apparent disregard of what the
catch will yield. It is afascinating fishery, and its fascination is enhanced by the mystery that surrounds it.

Little is known of the biology of the species. It appears within our local waters in the summer months. The first
fish are sometimes caught in June, but more often in July. A fishery develops rapidly, and through August and
September the bulk of the season's catch is landed. By November in an average year the fishery is over, and except
for sporadic catches in exceptiona years the albacore are gone until the following summer. Where they go is not
known though attempts are now being made to explore their habitat.

About 1936 albacore were rediscovered (or perhaps it would be more accurate to say, commercially discovered)
off the coast of Oregon. It had long been known, but overlooked, that albacore had frequently and fairly regularly
been taken by the sailing vessels of the Alaska Packers Association fleet, returning southward in the fall. In 1936, a
few tons of albacore were caught commercially by vessels operating from the Columbia River, and each year the ex-
tent of this catch increased. It was taken simultaneously with catches made off California, contradicting a prevalent
belief that the albacore migrated northward as the season progressed.

Two types of gear are employed in our west coast fishery, namely, live bait fishing and trolling gear. Albacore
have never been successfully fished with purse seines. The bait fishery is essentially similar to that described in the
fishery for yellowfin. The trolling method involves catching fish upon lures trolled astern by lines of varying length.
The smaller boats catch their fish by trolling; the larger ones carry one or more live bait tanks.

A typical trolling vessel has a 20- to 30-foot pole rigged on each side. These trolling poles in California are usu-
ally of eucalyptus. Each is hinged at the heel to the deck or house, or some convenient point, and is
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FIGURE 8. Catch of the California fleet only. See Tables 2, 5 and 38
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lowered from the vertical by a line rove through blocks. When not in use it is carried vertical, against the mast or
stays. When fishing the poles are lowered to a suitable height from the water. To each pole are attached three or four
trolling lines, with a steel or rubber spring in each to absorb the initial shock of a striking fish. The lines are gradu-
ated in length and so rigged that each can be pulled inboard without fouling the remaining lines on that side. Typic-
ally the lure is attached to the line by a wire leader of varying length. However the details of the gear construction
are as divergent as the fishermen, and all manner of variations can be found.

In fishing, the vessels cruise in likely areas at a speed of six to eight or more knots. When afish is caught the re-
spective lineis pulled in immediately while the vessel continues under way. The course may be changed, or a vessel
may circle widely, depending upon the whims or judgment of the fisherman. In areas heavily fished, the sea adjacent
may be covered with avast fleet of boats going in all directions and weaving in and out with barely room between to
clear the poles and lines.

The albacore appears to be an oceanic fish, in the sense that it is generally encountered in the warm, blue ocean
water. Rarely is it found deep within the green coastal water. An optimum fishing zone is the marginal area where
green and blue waters meet. The green coastal waters are characterized as a rule by lower temperatures, which fluc-
tuate more widely. The blue ocean waters are more constant in temperature, and in Southern Californiait isapreval-
ent opinion that a temperature range of about 60 degrees to 65 degrees F. is a prerequisite for albacore. We have
caught albacore, however, in temperatures as low as 56 degrees F.

The tonnage of albacore landed in a successful season is areflection of the size of the fleet rather than the size of
the vessels. As arule the regular tuna boats do not fish for albacore. It is the smaller and more or less local boats that
exploit the albacore in Southern California. Thus in 1947 there were 2,190 individual boats that delivered albacore
along the California coast at some time in the season. Almost everything that will float is put to sea in Southern
Californiain a successful season.

The most striking feature of the catch of abacore shown in Figure 8 is the failure of this fishery in the years 1928
to 1934, both inclusive. This has never been adequately explained. In the light of present knowledge, and based
upon the assumptions that the albacore is an oceanic fish, the most probable explanation is that the schools failed to
come inshore in those years. If the albacore move in with ocean currents that seasonally bring this water to our
shores, then in years when those currents fail to approach our shores it is probable that the inshore run of albacore
likewise fails. Possibly, albacore could have been found at greater distances from shore.

The catch of the northern states is added to that of Californiain Table 5. As the northern fishery developed, the
catch rose to an unprecedented peak in 1944, due solely to the expansion of the fishing area and the fishing fleet.
The northern catch however, is more vulnerable than that of California, and isin part dependent upon the prevailing
summer weather. The low catch of certain years has been attributed mainly to adverse weather, which kept the fleet
in port.
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TABLE 5
PACIFIC COAST LANDINGS OF ALBACORE
Pounds

2.1.3. Bluefin Tuna

Like the albacore, the bluefin tuna, Thunnus thynnus, is a temperate species that enters our fishing area only at cer-
tain seasons. Its known distribution is from Cape San Lucas, Lower California, to approximately the Columbia
River. With all the fishing that has been done for yellowfin tuna and skipjack within the tropics in an interval of
years, no authenticated records exist of bluefin tuna within this area. To the north, on the contrary, where no fishery
exists for bluefin, specimens are frequently taken incidentally. Large schools have been seen, and individuals taken
in the region between Point Conception and San Francisco.

Gradually our fishing season is lengthening. In an average year this extends from June to September, and the
heaviest fishing occurs in July and August. The earliest catches are now invariably made off Guadalupe Island,
Mexico. In May or June the bluefin begin to show in Southern California waters. These observations of bluefin to
the north of Point Conception have for the most part been recorded in the late summer and in the fall. Either thereis
a northward movement with the advance of summer, or possibly an inshore flanking movement of the fish along the
coast.

The bulk of the bluefin catch consists of small fish, weighing individually from 10 to 40 pounds. However, runs
of larger fish, of 100 pounds or more, particularly in the sporadic winter catches are not uncommon. Fish of the
commercia catch do not, however, attain the excessive size of the Atlantic bluefin.

Up to 1930 the fishery was strictly local, extending from Point Conception to the Mexican Border. In that year
some bluefin tuna was caught in Mexican waters, in the vicinity of Guadalupe Island. In the following years we had
progressively earlier deliveries from this region. Similarly, there was an extension of the season in the fall, and occa-
sional deliveries were made in October and November. In 1946, there was at |least a single delivery in every month
of the year, and all the pre- and postseason catches were made at Guadalupe Island. Such catches are still sporadic,
suggesting that we have as yet entered merely the fringes of the off season distributional area.
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FIGURE 9. Sece Tables 1, 2 and 38
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From the earliest days our bluefin fishery on this coast has been monopolized by the purse seine fleet. No other
gear has been found commercially successful. Bluefin will not normally take a hook, as do the other tunas. While
occasiona catches are made by the live bait tuna boats, by very heavy chumming, the total catch by this means is
negligible. Similarly, bluefin tunararely bite on atrolling lure.

Purse seining for bluefin tuna has not materialy changed in recent years. Improvements have been made in gear
and in operation, but essentialy the method is the same. Wire purse lines have come into common use, displacing
manila. Propelling motors are now installed in the majority of the large net skiffs. Vessels have grown in size, and
now there is a small fleet of large purse seiners that fish tuna exclusively, either yellowfin, skipjack or bluefin,
throughout the year. Such vessels have replaced their single ice hold with separate water tight compartments, in
which the load is carried in chilled brine. Almost the entire fleet now carries mechanical refrigeration, adopting the
system installed in the large, live bait tuna boats.

Night fishing has become more prevalent in recent years. In the early days, all local bluefin fishing was done in
daylight hours. At Guadalupe Island, night fishing proved more successful, and at the present time there is as much
bluefin caught at night as by daylight, in Southern California waters.

The total catch of bluefin tunais shown in Figure 9. The trend is fairly level, or even dlightly upward. No catch
analysis has been made of thisfishery since 1930. At that time it appeared to be healthy. The catches in the three fol-
lowing years were abnormally low, but this has not been correlated with any contributory cause. Since that time the
catch has been relatively steady, and the average catch over the entire interval is about 6,000 tons per year—H. C.
Godsil.

References (see page 210) : 18, 46, 66, 67, 68, 69, 88, 89, 109, 121, 133, 138.

2.2. SARDINE

For more than two decades the catch of sardine, Sardinops caerulea, dominated the California fishery and the ton-
nage exacted by the industry from this one species exceeded the combined catch of all other fisheries. These tre-
mendous landings were possible because of an abundant supply of fish close to the fishing ports, efficient fishing
gear, and large demand for canned sardines and for fish meal and oil produced by the reduction of whole sardines.

The rapid expansion of the sardine fishery began during World War | and reached over 150,000,000 pounds in
1918. At that time this was considered an outstanding growth but proved to be only a hint of the magnitude to be at-
tained in future years.

From 1916 through 1939 the catch more than doubled every six years and reached its maximum of abillion and a
half pounds in 1936. The catch could not continue to expand at such a rate and a leveling off was inevitable. This
followed 1936 and continued through 1944 after which a very rapid decline began. The industry was not prepared
for this failure of an over-expanded fishery and a financial crisis resulted from which the industry has not yet re-
covered.

The reasons for the failure are complex but stem largely from several seasons when spawn survival was poor and
an intense fishery removed
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FIGURE 10. Deliveries of sardines to reduction ships included 1930 through 1938. See Table 39
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from the population most of the older fish on which the fishery normally relies. Thus the ratio between income and
outgo was thrown out of balance.

The explanations of the early rapid expansion of the industry are much simpler. Canned sardines have usually ex-
perienced aready sale since they constitute an inexpensive source of protein for local and for foreign markets, espe-
cialy in oriental countries. Even the economic depressions of the early ‘twenties and 'thirties had only a small and
brief dampening effect on the sardine fishery.

In addition the demand for sardine meal and oil exceeded that for canned goods and played a more important role
in the development of the sardine industry. In many years the profits derived from the reduction of sardines into
meal and oil far exceeded that from canned fish. Throughout the 'twenties the California Division of Fish and Game
attempted to restrain this rapidly expanding fishery by prohibiting the use of whole sardines for reduction purposes.
This resulted in only a small portion of each fish being placed in the can and the remainder being reduced as offal.
Asaresult canning practically became a by-product of the reduction process.

In 1930, state restrictions on sardine reduction were further evaded by the operation of reduction ships off San
Francisco Bay, outside the three-mile limit and thus outside state jurisdiction. This phase of the industry proved very
profitable, more ships were added and in 1936 over 500,000,000 pounds of sardines were so processed. This was
over half of the total catch delivered to all shore plantsin that year. Because of the competition from the reduction
ships the State was forced to liberalize its restrictions on the use of whole sardines and for several years on and off
shore processing into meal and oil was carried on simultaneously. Due to increased labor costs and the changes in
Cadlifornia laws the reduction ship phase was terminated in 1938. The poundage delivered to the ships during the
years of their operation are included in Figure 10 and Table 39.

World War 1l had little influence on the total catch of sardines. Although the demand for canned fish was great
and the industry expended all the effort possible the total was not raised above that of the previous seven years. The
need for canned fish to feed the armies and civilian populations, however, changed the trend from reduction to can-
ning and since 1941 at least half and in most seasons more than half of the catch has been canned and not reduced to
meal and oil.

The entire sardine catch is taken in round haul nets. The first nets used, termed lamparas, because they were de-
veloped from the Italian lampara, were relatively small. They consisted of a curtain of webbing stretched between a
cork and lead line with a finer meshed bag in the center. A school of fish was located, the net payed off the stern of
the boat, and all or part of the school surrounded. The wings and lead line were then pulled aboard and the fish con-
fined in the bag. From the bag they were dipped onto the fishing vessel. Boats fishing with lampara nets were small,
30 to 50 feet in length, and with a carrying capacity up to 50 tons. They worked in shallow water so that the fish
could not escape under the lead line before the school was confined in the bag.

Because of the small nets and small boats, until 1925 sardine fishing was confined to waters near the ports of
Monterey, San Pedro and San
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Diego. The purse seine was then again introduced into the fishery. It had been tried first in the '90s and was sup-
planted by the lampara. The second trial proved more satisfactory and the purse seine and modifications thereof, fre-
quently called ring nets, rapidly replaced the lampara. The purse seine has rings along the lead line which permit a
quick closing of the net and a lessening of the chance for the fish to escape. The bag is also at one end rather than in
the middle of the net asin the lampara. Throughout the years there have been many changes and modifications in the
purse seine, and the nets in the present fishery differ greatly between boats but the general principal of the round
haul net has been retained.

The most important changes have been the increase in size of nets and in size of vessels. From seines approxim-
ately 200 fathoms long, operated from gasoline driven boats of 30- to 50-foot length, the sardine fleet now consists
of diesel engined vessels up to 100 feet in length, operating nets of 300 fathoms or more and with a carrying capa
city for the largest ships of 250 tons. These larger vessels fish over a much greater area and the sardine fishermen
scour the fishing grounds along the California coast from the Farallon Islands southward to the Mexican boundary
and around all the Channel 1slands off Southern California. Not only the range but also the efficiency of the fleet has
increased through net changes to facilitate quick closure and by the addition of radio telephones and fathometers.
Radio telephones enable the fishermen to communicate while on the fishing grounds and thus to aid each other in
finding fish. The fathometer helps the fishermen to locate schools too far beneath the surface to be detected by visu-
al means.

Although the efficiency of the sardine fleet has improved greatly the number of vessels has not increased since the
mid-thirties. The total number of boats fishing out of the ports of San Francisco, Monterey and San Pedro are given
by season in the following table.

TABLE 6
NUMBER OF SARDINE VESSELS FISHING IN CALIFORNIA WATERS
Season Number of boats Season Number of boats
149 1939-40__ .. .. . 335
157 1040-40__ 321
168 1941-42_ __ - S 297
200 104243 . __ 208
242 104344 ... 206
249 1944-45_ . 226
316 194546 ... - 224
379 1946-47 ... 263
325 194748 ... 270
TABLE 6

NUMBER OF SARDINE VESSELS FISHING IN CALIFORNIA WATERS
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The price paid to the fisherman has varied greatly and been determined largely by general economic conditions.
The price per ton for the past 23 seasons was as follows:
TABLE 7
PRICE TO THE FISHERMEN FOR SARDINES

Season | Price per ton | Season [ Price per ton
1925-26._ . £10.00 $13.00
1926-27 | 11.00 11.00
1927-28 11.00 11.00
1928-29___ 11.00 10.50
192¢-30_ 11T O 1100 17.00
1930-31_ . ... 8.00 22.00
1931-32 .00 22.00
1982-83. .| 4.00- 4.25 22,00
193334 .l [ 6.00- 7.00 22.00
1934-35. .. _____ S I 7.50 £ 30.00-40.00
1935-36. .. .o . 8.00 194748 . 45.00-60.00
193637 .| 10.00

—Frances N. Clark
References (see page 210) : 32, 34, 35, 36, 46, 55, 70, 71, 89, 98, 120, 136.
TABLE 7
PRICE TO THE FISHERMEN FOR SARDINES
—Frances N. Clark
References (see page 210) : 32, 34, 35, 36, 46, 55, 70, 71, 89, 98, 120, 136.

2.3. JACK MACKEREL

The jack mackerel, Trachurus symmetricus, is a newcomer among the prominent cannery fishes of California. It
owes its position more to the failure of the sardine supply in the past two years and to the poor Pacific mackerel sea-
son in 1947 than to any sudden discovery of its inherent goodness or abundance. It was, until 1947, handicapped by
the official common name of "horse mackerel." This was not a matter of great concern until the species began to
grow in importance and it became necessary to develop a domestic market for a product formerly absorbed largely
by the export trade. The word "horse" on a can holds unfortunate connotations in the mind of the American public,
and it proved difficult to dispose of the pack. This led to the Division of Fish and Game instituting a survey of the
industry in the summer of 1947 in an attempt to find a name more suitable for labeling purposes. The consensus
favored "jack mackerel" and this name was given official sanction by the division. It was later accepted by the
United States Pure Food and Drug Administration provided the scientific name as well appeared on the label.

"Jack" is appropriate as part of the name in that the fish, together with the yellowtail, belongs to the jack family,
Carangidae. "Mackerel" was retained because of long-standing common usage. The jack mackerel bears a superfi-
cial resemblance to the true mackerels and is often caught with them, so the popular association of the word with
this fish is not surprising. Fishermen speak of it as either "horse mackerel" or "Spanish mackerel," the latter being
especialy prevalent in Southern California. Neither name is applied exclusively to the jack mackerel. The large At-
lantic bluefin tuna is frequently called "horse mackerel," while the members of genus Scomberomorus, (which in-
cludes our sierra) are quite generally called " Spanish mackerel."

Records of jack mackerel landings go back only to 1926. Before that, catches of jack and Pacific mackerel were
not kept separate. Both species
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FIGURE 11. See Table 40
were relatively unimportant market fishes and their combined catch exceeded 4,000,000 pounds only once in the
period 1916-1925. Probably most of the catch consisted of Pacifics during that decade, for annual landings of jack
mackerel alone did not reach 1,000,000 pounds until 1933.

In 1935, landings were nearly 10,000,000 pounds, a figure not surpassed until 1943. In the intervening years, the
catch fluctuated between 1%2 and 6% million. Both the 1943 and 1944 catches were over 12,000,000 pounds, and
that of 1946 exceeded 15,000,000. Then in 1947 these record years were far eclipsed with the delivery of
129,000,000 pounds.

The jack mackerel fishery is prosecuted almost exclusively by seiners and has always centered in Southern Cali-
fornia. Through 1946, the vast majority of boats delivered to Los Angeles-Long Beach Harbor canneries. Landings
in the San Diego and Santa Barbara regions were trifling, and in only one year—1946—were there heavy landings
in Central California. Nearly half of that year's 15,000,000-pound catch was brought to Monterey plants, with over
6,500,000 delivered in December alone. Thiswas the first year of the drastic sardine shortage in
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Central Cdlifornia, and the fleet scoured the local fishing grounds. They found jack mackerel abundant inside
Monterey Bay. The following season, relatively few boats fished for any length of timein Central California and the
jack mackerel catch fell to about 2,000,000 pounds, still comparatively huge for the area.

Most of the 1947 catch was delivered direct to plants operating in the Los Angeles-Long Beach harbor area.
However, in the last two months of the year, large tonnages were delivered at Port Hueneme and the bulk was
trucked to Monterey for processing. The total catches for both November and December exceeded the best month on
record (October, 1940) for Pacific mackerel. The year's total fell short of the banner Pacific year (146,000,000
pounds in 1935) but surpassed all other. The 1947 figures unquestionably include some Pacific mackerel, for mixed
loads with jacks predominant were commonplace and many of them were listed simply as jack mackerel on the can-
nery fish receipts.

The best fishing grounds center around Anacapa and Santa Catalina islands, athough many catches are made
aong the mainland from Santa Barbara south to San Diego and around the other Channel Islands. The season is at
present limited by the extent of the fishery for sardines and Pacific mackerel. Catches are highest in the fall and
winter, falling off to practically nothing in the spring. Jack mackerel may still be on the grounds but no one looks for
them.

Prior to 1947, the price to the fisherman for jack mackerel usually lay between that for sardines and Pacific mack-
erel. In 1947, it started at $45 per ton, compared with $40 for sardines and $60 for Pacifics (Los Angeles Harbor
guotations). In December, both jacks and sardines rose to $60 and Pacifics to $75.

There is as yet no way of estimating the size of the reservoir of jack mackerel. Whether it is an unexploited re-
source capable of further expansion which has been overlooked in the scramble for more desirable commercial spe-
cies, or whether a limited, perhaps local, population is being decimated because of the lack of other fish is now an
unanswerable question. Certainly the fishery warrants careful watching and study.—Phil M. Roedel.

Reference (see page 210) : 49.

2.4. PACIFIC MACKEREL

The Pacific mackerel, Pneumatophorus diego, is the only member of the true mackerel family, Scombridae, found in
Cdliforniawaters. A number of closely related species are native to other parts of the world and severa support im-
portant fisheries.

Pacific mackerel range from the Gulf of Alaska south to the tip of Lower California and up into the Gulf of Cali-
fornia. They are not common north of San Francisco. South of central Lower California, we have very little know-
ledge of either their abundance or their habits, but there is reason to believe that fish from the southern portion of the
range do not migrate as far north as California.

By and large, mackerel is a cannery fish with only an inconsequential poundage sold by the fresh fish markets.
The mackerel canning industry has always been centered at L os Angeles Harbor, where it got
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FIGURE 12. See Table 40
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its start in the late 'twenties. There were difficulties in the first few years which stemmed both from poor quality
packs and the depression, but since 1933 production has been limited chiefly by availability of the fish.

The graph (Fig. 12) shows the total landings for the State by calendar years since 1916. Through 1925, the figures
include jack mackerel aswell, for, in those days of a minor market fishery, records for these two quite different spe-
cies were not kept apart. In al probability, Pacifics dominated the catch during that decade, because jack mackerel
landings amounted to only a few hundred thousand pounds per year in the late ‘twenties. The records for the follow-
ing years are reasonably correct though we believe that they underestimate dlightly the actual poundage caught. The
reason for this is that mackerel are not infrequently caught with sardines. The tendency is to call loads containing
such a mixture "sardines," particularly when sardines make up half or more of aload. Sometimes the proportion of
each speciesis noted but rarely is such aload called "mackerel." Mackerel is relatively a high priced fish and it can-
not be used for straight reduction, so the cause of the bias is apparent. Mixed fish was a particularly acute problem in
1947 and the records for this year are probably the least accurate. The complication stemmed more from loads pre-
dominantly jack mackerel than sardine but the end result was about the same.

The mackerel season does not correspond with the calendar year. (The seasonal landings, however, are reflected
reasonably well by the annual figuresin the graph.) Thereisin Southern California a definite period of scarcity cen-
tering in April. In the mid-'thirties, the season usually began sometime in May, reached a peak in the fall, and
dropped off in the winter, the period of scarcity starting any time from December to March. Evidence accumul ated
that mackerel were becoming less abundant, and in 1938 and 1939 the canners agreed to a voluntary closed season
in April and May. During the next two years, June was closed as well. Since then, though there have been no restric-
tions of any sort, mackerel have been too scarce in the spring and summer to warrant extensive fishing until August
or September. The fishery is becoming more and more concentrated in the months of September to December, in-
clusive. Monterey has a similar period of scarcity, not as well defined since the fish are not pursued intensively at
any time and the catches made accidentally by the sardine fleet give a disproportionate weight to mackerel taken
during the sardine season.

The fishing grounds extend from Monterey Bay south to Ensenada, Mexico, but over 95 percent of the catch is
taken aong the Southern California coast from Santa Barbara to San Diego and offshore around the Channel Is-
lands. Until the early 1940's, a small but steady fishery existed in Monterey Bay. A group of "Monterey type" jig
boats fished out of Monterey making their catches on hand lines within a few miles of port. That fishery is now ex-
tinct and most of the mackerel delivered to the Monterey markets are caught incidentally by lampara boats. Macker-
el have never been canned in any quantity at Monterey, though the pure seine fleet has at times caught appreciable
poundages, often mixed with sardines and so recorded. At San Francisco, there is no mackerel fishery, though
sardine seiners have delivered occasional |oads containing mackerel.
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San Diego has not supported a mackerel fishery of any consequence since the early 1940's. During the 'thirties a
minor canning industry existed, and in 1934 the catch reached a peak of 11.5 million pounds. The San Diego operat-
ors now prefer to expend al their energies on tuna, and current landings are absorbed through fresh fish channels or
are transshipped elsewhere for processing. A survey made in October, 1947, disclosed that most of the market fish-
ermen use set or drift lines or small round haul nets in fishing mackerel. They take them accidentally in bait nets, in
barracuda gill nets and on barracudajigs.

Activities in the Santa Barbara region have been, for the most part, on avery small scale. The normal demand of
the areais met by a few local market boats delivering at Santa Barbara. Late in 1941, a canning industry started at
Port Hueneme but soon thereafter, the Navy took over the port and the plants were forced to move. In 1947, part of
the port was reopened, and in the last two months of the year some mackerel was landed there for transshipment to
canneries in both Central and Southern California. A few seiners delivered at Santa Barbara toward the end of 1947,
these loads also being destined for canning el sewhere.

Ports in the Los Angeles region receive most of the state catch. The largest amount is delivered dockside to can-
neries at Los Angeles-Long Beach Harbor. There are as well several plants at Newport Beach to which the boats de-
liver direct. Redondo Beach and Santa Monica dealers have aso received a good quantity of mackerel in recent
years but none is processed locally. The entire catch, excepting such trifling amounts as are sold fresh, is trucked
elsewhere (usually to Los Angeles Harbor) for canning.

Two entirely different fishing methods account for most of the region's catch—conventional purse seining and
scooping. The latter is a specialized technique developed in Southern California and is used only in the mackerel
fishery. Most of the scoop boats are small (under 40 feet) and carry crews of one to three men. The scoop itself isa
long-handled dip net with a deep mesh bag hung on a spring steel hoop about 28 inches in diameter. The fish are
first schooled about the boat by chumming with a soupy mixture of ground bait. The fisherman, who standsin arack
hung over the side, is then able to catch them in the scoop as they rush for the cloud of chum. Originaly, scoops
were made with rigid chicken wire bags, but these have long since been replaced by bags of cotton mesh. At times,
the fish will not concentrate sufficiently to make scooping practicable. They can then be caught on striker poles with
barbless feathered hooks. When the Newport Beach fishery first developed, striker fishing by daylight was the gen-
era practice. By the late 'thirties, night fishing with scoops a one had become the rule. Today, few of these men will
trouble with strikers even when scooping is poor.

The Los Angeles Harbor industry depended upon seine-caught fish for its supply until 1939. First the lampara
boats and later the purse seiners dominated the fishery. In 1939 the seiners were no longer able to meet the demand
and the scoop boats invaded the harbor in force. From the 193940 season through 194647, the scoopers delivered
more fish in the Los Angeles region than did the seiners. In the 1947-48 season, the seiners accounted for more than
half of the very poor catch. At Newport Beach, where canneries first operated in 1935, scoop boats make almost the
entire catch.
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The scoop boats fish in Santa Monica Bay, along the coast south of the bay as far as Oceanside, and at Santa
Catalina Idland. They generally operate within a few miles of shore. Over the years since 1939, Santa Monica Bay
has produced the greatest tonnage of scoop-caught fish and Santa Catalina Island the smallest. The seiners cover a
much larger area. They fish the entire coast from Santa Barbara almost to San Diego and offshore around the Chan-
nel Islands, particularly Santa Cruz, Anacapa, Santa Catalina, and San Clemente. Until about 1936, they concen-
trated in the general area now exploited by the scoop fleet.

Small net boats have played only a minor role in the region's mackerel fishery for a number of years. Bait men
and market lampara fishermen make a few deliveries, but their contribution to the total catch is very small. The
amount of mackerel taken by other gear, such as set lines, hand lines and entangling nets, is negligible.

During thefirst 11 months of 1947, the cannery price to the fishermen in the L os Angeles region was $60 per ton.
It rose to $75 in December. These prices compare with $10 in 1933, $21 in 1937, $27.50 in 1941, $40 through most
of thewar, and $50 to $60 in 1946.

In 1947, the scoop fishermen experienced their worst season. Through October, their total take was as high as it
had been the previous year but in November the fishery collapsed. The seiners did a bit better than they had some
previous years, but they, too, caught little mackerel after November. This disappearance may be a result of overex-
ploitation, may reflect an unusually early start of the period of scarcity, or both. Thetotal statewide catch fell to 46.5
million pounds, the lowest since 1932 which was the last year of arelatively limited demand.

The fishery has been most erratic since it completed its developmental stage. The graph of total landings shows
three peaks each followed by atrough. Each peak is lower than the one before it and each succeeding trough alittle
deeper. The collapse of the spring and summer purse seine fishery was a danger sign, and here it should be noted
that only the blossoming of the scoop fleet has kept the catch up for the past decade. The 1947 seiner catch, while
about equal to the average of the past seven years, was only about a sixth as great as it was in the seiners best year,
1935, when the area fished was smaller.

Finally, in 1947 with the great scarcity of sardines, the fishermen were expending every effort to catch any spe-
cies and finding only jack mackerel in quantity sufficient to stave off disaster.—Phil M. Roedel.

References (see page 210): 49, 52, 61, 63, 105.

2.5. SALMON
2.5.1. Species Present

There are two species of salmon which are common in California. These are the king and silver. A third species, the
pink salmon, spawns irregularly in some Northern California coastal streams. It is of no importance either as a com-
mercial or as a game fish.

The king salmon, Oncorhynchus tshawytscha, is the more important California species. At sea its range is from
Southern California northward to Alaska and south along the Asiatic side to Japan. It rarely enters streams south of
San Francisco Bay. The commercial range is from Monterey northward.
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FIGURE 13. Ocean and river catch of salmon compared with yearly landing totals. See Tables 8 and 41
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The king salmon provides al of the Sacramento-San Joaquin River catch, nearly all of the commercial ocean
catch south of Pt. Arena and by rough estimate it forms on the order of 90 percent of the catch north of Pt. Arena.

This speciesisthe largest of all saimons. The average mature fish weighs about 20 pounds. Spawning fish as large
as 50 or as small as three pounds are not rare and extreme examples larger than 100 pounds or smaller than one
pound have been taken. Ocean caught kings are often taken long before they have attained their growth. Five-pound
fish are common in the troll catch.

The silver salmon, Oncorhynchus kisutch, forms the remainder of the California salmon catch. Like the king this
speciesis found from Southern California north to Alaska and southward on the Asiatic side to Japan. It is rare south
of Monterey. It spawns in streams from Central California northward but does not enter the Sacramento-San Joaquin
River system.

A mature silver salmon will usually weigh 7 to 12 pounds. Individuals over 15 pounds are rare and 30 is about the
extreme limit.

The two species of salmon have not been separated in our catch records. Dealers along the Northern California
coast have habitually recorded both species as "salmon," thus making an accurate separation of past dataimpossible.

2.5.2. Indians

The earliest saimon fishermen were American Indians. Most people dismiss this fishery with a hastily conceived
mental picture of an occasional red man catching an occasional salmon. A more accurate picture would be of thou-
sands of Indians harvesting and drying enough salmon to last them throughout the year. Salmon was the staple food
of sometribes. Even by today's standards the Indian take in some places was not small.

For example Kroeber (1939) has estimated the Indian population of the lower Klamath as 5,000 and gives salmon
as the most important source of food. Indian gear was often very effective and some of the Indian weirs were often
able to stop almost the entire fall spawning run of salmon. At the Hoopa Indian Reservation on the Trinity River
such aweir has been used within the present decade.

2.5.3. River Fishery

By 1850 there was a commercial salmon fishery operating in the lower Sacramento and San Joaquin Rivers, in
Suisun Bay and in San Pablo Bay. This fishery spread through the years and eventually included the other large
coastal streams of the State, but the Sacramento-San Joaquin fishery has always been the largest and in recent dec-
ades legidation has gradually eliminated the other fisheries. The Mad River was closed in 1919, the Eel in 1922, the
Smith and Klamath in 1933. Since that time a portion of the lower Sacramento-San Joaquin system is all that has re-
mained open.

Among the earliest kinds of commercial gear were drift gill nets and beach seines. Pound nets, set nets, traps and
weirs al'so came into use but were declared illegal by the State Legislature in 1881. Beach seines were outlawed for
the taking of salmon in 1923 except in the Smith
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River where this form of gear remained legal until the stream'’s closure 10 years | ater.

The drift gill net and its close relative the drift trammel net are the only commercial gear which are now legal for
salmon fishing in inland waters.

In the Sacramento River above Rio Vista the nets may be as short as 50 fathoms in some of the narrower places or
as long as 120 fathoms. The river nets are usually about 25 feet deep, and are suspended so that the cork line floats
about 12 feet under the surface. This allows river traffic to pass over the net. Nets with a submerged cork line are
called "diver nets." In the wider waters below Rio Vista there are areas where nets must be at least 300 fathoms long
to fish properly. The currents will bunch up a shorter net. In most of the downstream waters 220 to 260 fathoms of
net is the most popular. Such nets are usually about 35 feet deep. In the Carquinez Straits the waters are over 75 feet
deep in places and nets about 50 feet deep are commonly used.

A controversial form of gear is fished by arelatively few fishermen on shallow mud flats. These "flat nets' are
usually 150-175 fathoms long and about 25 feet deep. One boat may operate as many as six or eight such nets. This
is possible only because the nets drag on the mud and do little or no drifting with the current. Some people contend
that such nets are actually set nets and are therefore illegal. The owners claim that the nets would drift if there were a
strong current. A clear-cut court ruling might help settle this point.

The gill net boats in the more open waters of the Pittsburg-Martinez area are usually 26- to 28-foot double enders
with low cabins (see Figure 14). The net and catch are carried in the stern. The entire boat is low and offers little
wind resistance. A boat which catches the wind will be blown out of position when drifting with its net. The boats
are of a standardized design and there was no radical change for a good many years until the recent addition of two
"bow pickers' to the fleet. This type of boat was developed in more northern waters and may or may not revolution-
ize gill netting in California. A "bow picker" is atypical Columbia River gill netter with aroller and gurdy mounted
up forward for pulling the net over the bow, thus preventing it from becoming entangled as the boat drifts with the
current. In the more restricted waters above Rio Vista there are some smaller gill net boats, part of which have no
cabins. The size of the individual gill net boat has not changed much in recent years. In 1937 the most common
length was 26 feet and over 80 percent of the boats were registered as 24, 25, 26 or 27 feet in length. In 1947 the
most common length was still 26 feet, but 27-, 28- and 29-foot boats have become more common.

The number of salmon gill net boats in the Sacramento-San Joaquin River system increased from about 100 in
1872 to over 800 in 1901. By 1916 the number was down to a little over 500. The decline continued until the mid-
'thirties, at which time the fleet was down to about 150 boats. Since that time there has been an increase and in 1947
there were 240 boats, each of which landed 1,000 pounds or more of salmon. There is not apt to be any large scale
increase in the future unless there is an increase in the area where netting is permitted. Such is not likely. Since 1921
the trend has been in the other direction. In recent years there has been continuous heavy pressure by sportsmen's
groups to close more
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FIGURE 14. Salmon gill net boats. Pittsburg, California. The design is old and standard. Cabins are low to minim-
ize the surface exposed to the wind when the boat is drifting with its net. Radical changesin design are just begin-
ning to enter the fishery. Photo by D. H. Fry, Jr., January, 1949
and more of the inland waters to netting. At present the gill net fleet is so confined that the open area is over-
crowded. This crowding was made worse by the moving of large numbers of surplus World War 11 ships into some
of the best salmon "drifts." The method of fishing is basically very simple, but requires a detailed knowledge of the

area, every snaginit, and every whim of the tide.

The fisherman lays his net across the current and lets the tide drift him. The salmon hit the net, go part way
through and become entangled. Boat, net and catch drift with the current until the end of the suitable drifting water
is approached or until the tide changes. Then one fisherman keeps the boat in position with a large pair of oars while
the other man hauls the net and catch on board. If there is plenty of time the fish are taken out of the net as they
come aboard, but if there is a bad snag close ahead the men may hurriedly get everything on board and leave the sal-
mon tangled in the net until later.

A somewhat different method of fishing was more common in the past. After setting out the net the fishermen
would pull the net over the boat and back into the water, thus working the boat under the entire length of net, remov-
ing the catch and letting the net continue to operate behind it. Picking out individual fish as they were caught also
used to be a common practice. The fishermen would watch the cork line, go to the scene of any activity and remove
the fish causing it. Sometimes it was not even necessary to watch. Salmon do not peacefully die after afew
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wigglesin agill net. On aquiet night an active fish hitting the net near the surface can sometimes be heard a quarter
mile away.

At present the operators of the shallow water "flat nets' are the only California salmon netters who make a regular
practice of removing the catch while the net continues to fish. Because these nets are used where there is no strong
current they do not drift any distance and the fishermen can leave them in position without regard for state of the
tide.

2.5.4. Ocean Troalling

Ocean trolling for saimon off the California Coast started in the early 1880's in Monterey Bay. Commercialy this
form of fishing was of little consequence until the late 1890's. About 1898 mild curing of salmon was started and ac-
ted as a stimulus to the ocean fishery. The early trolling was done from small sail boats rigged with leg-o-mutton
sails. About 1908 the Sacramento River gill netters began using power and many of these fishermen took their boats
to Monterey Bay to troll for salmon in the summer. These powered gill netters were a big improvement over the
boats which had previously been in use, but they would be regarded as too small for trolling asit is done today.

FIGURE 15. Salmon troller. Boats like this carry ice, are capable of long trips, and can follow schools of salmon or
albacore anywhere off the coast of California, Oregon or Washington. Four trolling poles, six power operated lines
and 24 hooks are most commonly used. Photo by D. H. Fry, Jr., Eureka, California, July, 1948
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By 1914 the troll fishing had spread from Monterey Bay north to Pt. Reyes. Two years later some boats had tried
the area off Fort Bragg and Shelter Cove and there was some trolling out of Eureka and Crescent City.

In recent years the trollers have been gradually tending toward the use of larger boats and the use of ice to pre-
serve the catch. A largetroller is shown in Figure 15. The smaller craft leave the harbor each morning and return the
same afternoon or evening. If the salmon are running close to a harbor even the largest boats will make one day
trips, but if the fish are 30 to 50 miles away the fishermen will put on aload of ice and may stay out a week or
longer.

In 1937 the most common sizes of ocean trollers were 28 and 30 feet and about 90 percent of the boats were
between 24 and 40 feet in length. In 1947 the most common sizes were still 28 and 30 feet, but boats 32 to 45 feet
long were relatively more numerous than in 1937. The number of trollers has been increasing. In 1947 over 1,100
boats landed ocean caught salmon and 876 landed more than 1,000 pounds each. By comparison, Nidever (1937)
states that in 1935 there were 570 trollers operating off the coast of California.

Ocean trolling used to be strictly a hand operation, except for the sail or motor which moved the boat. A typical
troller of the 1920's and 1930's would use either two or four trolling poles and would fish as many as nine lines.
Some of the lines might have four or even more hooks, and as much as 30 pounds of lead to keep the hooks at the
proper depth. When the fish were biting fast the one or two men on a troller would have a really exhausting job. The
modern salmon troller has mechanized his equipment and lets the engine do the back breaking job of lifting fish and
lead to the surface, but he has to have even more dexterity than a hand puller.

The typical modern trolling boat has four poles and fishes six lines; four hooks per line is typical. This is fewer
lines and hooks than some of the hand pullers used but power pulling is so much faster that no more are needed. The
fishermen take less time to get the fish on board and the lines fishing again, and spend less time towing recalcitrant
salmon through the ocean.

In 1947 nearly 100 percent of the trollers north of San Francisco used gurdies. At San Francisco about 80 percent
were so equipped and at Monterey only about 20 percent. Probably the chief reason for this difference is that in the
more southern waters salmon are often scarce and many fishermen fish salmon only a small part of the year. A sec-
ondary reason for the higher proportion of hand pullers in the south is that the gurdy is a northern development
which has been working its way down the coast.

The heart of the typical power pulling mechanism is a set of six small gurdies. These are mounted three on a shaft,
one shaft for each side of the boat (see Fig. 16). Each gurdy is equipped with a clutch and brake. The line is stranded
stainless steel one-sixteenth of an inch thick. A single sinker is attached to the end of the line. These weights may be
as heavy as 50 pounds. The heaviest leads are put on the bow lines. Lighter sinkers for shallower fishing are used on
the lines from the main poles. A new type of weight for deep fishing is entering the fishery. This device has a flat
surface and is so shaped that it has a diving action thus
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FIGURE 16. Three salmon gurdies mounted on a single shaft. Thereis a second set of three on the other side of the
boat. The lines are stainless steel. Note the three lead weights at the right. Photo by D. H. Fry, Jr., 1949
making it fish deeper than other sinkers of equal weight. Hooks are attached to leaders and each leader is snapped
onto the line. Small "stoppers' permanently fastened to the lines keep the snaps from dliding. The lures used are

spoons, wooden plugs and sardines.

When a salmon strikes, the fisherman engages the clutch of one gurdy and winds in the one line. When a hook
reaches the surface he unsnaps it, unless the fish is on that hook, and lets the gurdy continue winding until the fishis
at the surface. If the salmon is obviously of legal size, 25 inches (1947), the fisherman usualy hits it on top of the
head with a combination gaff-club, then he gaffs it in the head and lifts it aboard. Fish of doubtful size are measured
and small ones are released. The methods of release are varied and are the subject of controversy. Some methods are
easy on the fish, others probably kill more than they save. About the only complete agreement is that the use of a
landing net is one of the worst methods. The hook catches in the webbing and unhooking a squirming salmon in the
bottom of the net is a time consuming process.

The transition from hand to power pulling was slow. In 1931 a Sezttle firm started selling power gurdies, not es-
sentially different from those in use today, but more than a decade passed before such equipment reached California
in any quantity. During the 1930's some California fishermen used home devised equipment to enable them to apply
power to their lines but by 1941 the great majority of California fishermen were still pulling by hand. About 1943
factory made gurdies and steel lines began appearing and by 1945 the change to power was almost complete among
the large boats and full time trollers. Even today there are hand pullers among the small boat operators and men who
troll only asmall part of thetime.

44



Another device which has greatly increased the efficiency of the trolling fleet is the radio telephone. About 1944
some trollers started using radio and by 1946 the great majority had sets. Formerly when one fisherman located sal-
mon there might be a lapse of days before the bulk of the fleet found out about it. Now the interval may be a matter
of minutes. Not only has the radio improved communications, it has also improved the spirit of cooperation. Fisher-
men who used to be very secretive about the location of schools of fish now go to the other extreme.

2.5.5. Canning

The early development of the salmon fishery was greatly stimulated by the canning industry. The first salmon can-
nery on the Pacific Coast started operations in 1864 on the banks of the Sacramento River at Washington (now Bro-
derick). During the next 10 years there was little growth of this new industry but in the five-year period from 1876
to 1881 the number of canneries increased from 2 to 20. These plants were located on the Sacramento and San Joa-
quin Rivers and on Suisun Bay. After two peak years in 1881 and 1882 the canning industry rapidly collapsed. By
1885 there were only six plants operating. From that time until 1896 the pack fell off more gradually. There was a
dlight revival during the next decade, followed by a gradual fading away until the last canneries closed in 1919.

On the Klamath River the canning industry never approached the maximum attained by that of the Sacramento.
The peak years were 1912 and 1915. The canneries were closed by the State L egislature in 1934.

At present canning of river caught salmon is prohibited by law, except that sportsmen may have their fish packed
for their own use. Ocean caught salmon may be legally canned and some small scale operations have been conduc-
ted since World War 11.

2.5.6. Salmon Landings

The salmon landings from 1916 through 1947 are shown in Figure 13. During this entire period the catch has been
regulated by the supply. There have been some fishermen's strikes but in general both the fishermen and the markets
have taken all the salmon they could get. The period of low catches extending from the late 'twenties to the early
'forties was due to a shortage of fish, not to economic conditions. Similarly the rise which started in 1944 was due to
an increase in the abundance of salmon.

Numerous logical reasons have been given for the period of poor fishing: Overfishing, dams keeping the saimon
away from their spawning grounds, diversion of water for irrigation and power, pollution of streams, spearing of sal-
mon on and near their spawning beds, loss of young into irrigation ditches, etc., etc. Probably all of the above reas-
ons and many others played a part. Some salmon streams have had their runs exterminated by one or more of the
factors mentioned and a constant struggle is necessary to keep the same thing from happening to many more
streams.

The improvement in fishing which started in 1944 is harder to explain. There have been some successes in the nu-
merous battles against the unwanted by-products of civilization, but these victories have not been enough to explain
any great increase in the numbers of salmon. The most logical answer would seem to be that there has been a period
of
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unusually favorable conditions in the ocean and that these conditions have permitted the survival of an unusually
high percentage of the young fish.

The Sacramento-San Joaquin River system has aways been the backbone of Californias salmon fishing. In the
Nineteenth Century the fishing was nearly al in the river or the bay. Since 1916 more fish have been caught in the
ocean than in the river but by tagging salmon at sea it was demonstrated that during the period of the test the major-
ity of the ocean caught salmon were Sacramento fish. There is no reason to suspect that this is not the usual condi-
tion.

The "other rivers' shown in Figure 13 and Table 41 are the Smith, Klamath, Mad and Eel. The State Legislature
felt that there were not enough fish in these streams to support both a sport and a commercia fishery and closed the
commercial fishery. Thelast year of commercia fishing was 1918 in the Mad River, 1921 in the Eel and 1933 in the
Smith and Klamath. It should be kept in mind that although closed to gill netting these streams still help supply fish
to the ocean trollers. In addition their salmon are subjected to a very intense sport fishery in the rivers themselves.

The yearly catch of ocean salmon is shown by regions in Figure 17 and Table 8. Only the three most northern
ocean districts produce salmon in any quantity. of these the northernmost, Eureka Region, has produced the greatest
landings every year but one since 1919. Before 1919 there was relatively little ocean trolling this far north.
Monterey isthe

TABLE 8
SALMON
Ocean Caught
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FIGURE 17. Commercial salmon landings by regions. See Tables 8 and 41
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southernmost region which produces salmon in any numbers. At one time nearly all of California's ocean caught sal-
mon was taken in this vicinity. In 1916 the Monterey landings reached their all time high of over 5,000,000 pounds;
from then on the catches fell off rapidly and since 1922 the annual landings have reached a million pounds in only
three years.

The salmon landings by months are shown for the various districts in Figure 18. In the ocean regions, Monterey,
San Francisco and Eureka, the season opens April 1st. At Monterey and San Francisco fishing is apt

FIGURE 18. Average catches for a two-year period (1945-1946) by months for each region
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to be good right at the start of the season but at Eureka the fishing and the weather are both apt to be poor. At
Monterey the salmon leave as summer advances and by August the fishing is virtually over. In the more northern
areas there is good salmon fishing throughout the summer. In the fall the adult salmon start entering the streams thus
leaving a population of immature fish in the ocean. To protect these young fish the season is legally closed Septem-
ber 15th.

In the Sacramento River fishery the salmon are taken on their upstream migration. There are some fish in the river
every month of the year but by far the heaviest runs are in the fall and spring. The season is legally closed from June
16th to August 9th and again from September 27th to November 14th. The first of these closures occurs when there
are very few fish in the river. The second occurs shortly after the height of the fall run and allows the escapement of
tens of thousands more salmon than would otherwise have reached the spawning grounds.—Donald H. Fry, Jr.

References (see page 210): 38, 42, 72, 73, 75, 79, 86, 89, 113, 123, 127.

2.6. SHAD

The shad fishery centers in the San Francisco Bay, Sacramento and San Joaquin River area. A small poundage is
taken in ocean waters along the entire coast from San Diego to Crescent City and individuals are generally taken
each year in severa of the larger Northern California streams.

Shad, Alosa sapidissima, was first introduced in Californiain 1871 by the California Fish Commission assisted by
the U. S. Fish Commission and the New Y ork Fish Commission. The success of this achievement in the art of fish
culture was due to the energy and initiative of the first California Fish Commissioners and the great skill of the
famous fish culturist, Mr. Seth Green of the U. S. Fish Commission. As an experiment, Mr. Green left Rochester,
New York, on June 20, 1871, with 15,000 shad fry just hatched, contained in eight tin cans holding 12 gallons of
water each. Seven days later he arrived at Tehama, California, with 10,000 of the fry in good order and liberated
them in the Sacramento River at that point. A second plant of 35,000 fry was made in the river at the same point by
Mr. Livingston Stone in 1873. Later, between 1876 and 1880 severa subsequent plants, totaling 574,000 shad fry,
were made by the U.S. Fish Commission. The fry were brought overland in aquarium cars from streams on the At-
lantic coast.

These shad fry had several natural advantages which contributed to their survival. The feeding conditions for the
fry were nearly ideal because their food in freshwater was not eaten in any great amount by other fish. The Sacra
mento and San Joaquin Rivers and their tributaries afforded large and easily accessible spawning areas.

Under these favorable conditions, the shad increased rapidly so that in 1879 several thousand were marketed in
San Francisco. They spread rapidly from California and were being taken in the Columbia River in 1880 and in Pu-
get Sound in 1882.

* Messrs. B. B. Redding, S. R. Throckmorton and J. D. Farwell.
49



FIGURE 19. See Table 42
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Under the present fishing laws the shad are well protected. They are taken commercially, during a two and one-
half month open season extending from March 15th to June 1st, by drift gill nets ranging from 150 to 300 fathomsin
length with a minimum stretched mesh of 5%z inches.

The commercial fishing district is confined to Fish and Game District 12B and includes Carquinez Straits, Suisun
Bay, the Sacramento River to Rio Vista and the San Joaquin River to Convict Point on Venice Island. The salmon
net fishing fleet of about 225 gill net boats and their crews of one or two men, usually two, does al the commercial
shad fishing. The successful shad net is of 5% to 6Y2-inch mesh, 6#-inch being the most efficient. This size will also
catch salmon of smaller sizes than do the salmon nets. Shad are not taken in the ocean to any extent except incident-
ally with nets that are being used for other fish.

Shad take a fly readily in freshwater, and in every stream in which they spawn there is a minor sport fishery. In
the Mokelumne River they are caught during the run with hand dip nets made of chicken wire.

Because the shad season comes at the time of the spring salmon run and because the same men fish for both spe-
cies with different gear, it is believed that the fluctuations in the catch reflect the relative abundance and the relative
price of both species rather than the abundance of shad.

In the trade, the male shad is designated as buck and the female as roe shad. Because the roe or eggs are the most
valuable part of the fish, roe shad bring the highest price to the fishermen. Naturaly in this case the fishermen at-
tempt to take as much of the roe shad as possible. The roe shad is the larger of the two and gills in alarger mesh net,
the larger mesh allowing a good portion of the bucks to pass through. The average weight of the roe shad when
taken in the bay and river is alittle better than five pounds. Buck shad average 3% pounds in weight.

A large part of the shad and shad roe is sold fresh locally. The rest of the catch is marketed on the Atlantic coast
except for those that are canned or cured in brine. Much of the roe is frozen during the season to be held for future
local consumption or for eastern shipment. A fairly large proportion is canned each year. Most of the canned shad
and shad roe go to eastern and foreign markets.—Howard McCully

References (see page 210): 20, 72, 119, 122.

2.7. STRIPED BASS

Striped bass have prospered from the time they were introduced into California waters and have not only furnished
this State with an important food fish but also with a popular sport fish. Transported from New Jersey, 137 striped
bass, Roccus saxatilis, were introduced into the waters of Carquinez Strait in 1879. In 1882, another plant was made
of about 300 fish.

The commercial fishery started in 1880 when the first bass were brought to market. By 1889 the catch was large
enough to be of importance. In 1902 the striped bass were second only to salmon in the commercial catch and were
being shipped to eastern markets. The sport fishery become important about the same time.

This is probably one of the most remarkable cases of survival and acclimatization of introduced species. The 137
three- to eight-inch bass found themselves transplanted into an environment that offered them
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FIGURE 20. Commercial fishery ended in 1935. See Table 42
an abundant food supply. This was shown by the extraordinary growth of two 16-pound striped bass caught in 1883
only four years after the first planting. The fish planted in 1879 had successfully reproduced before the second intro-
duction was made in 1882.

Shortly after their introduction they found their way to Monterey Bay and to the streams, sloughs and estuaries
entering it. They moved northward into the Russian River and to several bays and lagoons just north of San Fran-
cisco. In the early 1900's they were planted in the Eel River and other streams of Humboldt and Del Norte Counties.
By 1906 striped bass were being taken in the Columbia River. These fish have extended their runs many miles up
the Sacramento and San Joaquin Rivers and their tributaries; they inhabit all sloughs and cuts throughout the delta
region, which alone consists of over 700 miles of waterways.

Investigations of the life history of the striped bass on this coast, made by the California Division of Fish and
Game, have proven that the nursery grounds of most striped bass taken in California waters are within the Sacra-
mento and San Joagquin Rivers and their delta, there being a well-defined feeding and spawning migration to and
from these areas.

Sportsmen now enjoy taking this game fish the year around in San Francisco Bay and the streams and sloughs en-
tering it. Although there never has been arecord kept of the amount of striped bass taken by anglers, it has been es-
tablished that the sport catch has long been much larger than the commercial catch ever was.

Fishing for striped bass was completely unrestricted for 11 years after their introduction until the San Francisco
County Board of Supervisors enacted a minimum size limit of eight pounds in 1890. The first state law was a min-
imum size limit of three pounds enacted in 1897. Since then the laws were made progressively harsher until the
commercia fishery was ended in 1935 and the sportsmen in 1948 had a bag limit of five fish or 25 pounds and one
fish.

Previous to 1931, when commercial fishing for striped bass with nets was prohibited, the fishery comprised 175
to 200 small commercial fishing
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boats, and 350 to 400 fishermen. The average yearly catch for the last 10 years, 1926-1935 inclusive, amounted to
about 658,000 pounds, which at 11 cents per pound (the average price paid during this period) realized $72,380 per
year to the fishermen.—Howard McCully.

References (see page 210): 119, 122.

2.8. CATFISH

Catfish were introduced into California waters from Pennsylvania in 1874, and later plants from the Mississippi
Basin supplemented the original stock. These fish have thrived in most of the lakes and streams where they have
been planted. They provide sport for thousands of anglers, and support an important commercial fishery in certain
restricted areas. Excluding anadromous fishes, catfish lead all other fresh water species taken commercially in Cali-
fornia both in amounts caught and in value.

of the two species originally transplanted, the fork-tail catfish, Ictalurus catus, supplies the bulk of the commercial
and sport catch. Thisfish isalso caled channel catfish, blue catfish or white catfish. The square-tail catfish, Ameiur-
us nebulosus, is more common in lakes than in rivers and streams. It is known as the yellow catfish, bullhead,
horned pout or Sacramento catfish.

Since about 1920, the spotted catfish, Ictalurus punctatus, has been taken by sportsmen in the Colorado River and
a few specimens have been reported from the upper Sacramento River. This species is a native of the Mississippi
drainage.

Lega restrictions prohibit commercial catfishing in a large part of the State. Commercia fishermen keep out of
some areas which are legal because the fish are not sufficiently abundant. As aresult of these two types of restriction
most catfish netting is conducted in the Sacramento River from the City of Sacramento to the river mouth, in the San
Joaquin River below Stockton, and in many of the sloughs of the Sacramento-San Joaquin delta.

In recent years there has been no commercial fishing for catfish on the Sacramento River upstream from the City
of Sacramento. It is believed that cold water released from Shasta Dam has forced the fish to move downstream to
areas where more moderate temperatures prevail. The disappearance of the catfish from this upstream area makes it
difficult not only to predict the future of the fishery, but to assess the effects of an increase in fishing effort.

Clear Lake formerly supported a commercial hook and line fishery for catfish. However, in 1931 a law was
passed prohibiting the shipping of catfish out of the district in which Clear Lake is located, and the lake fishery was
virtually abandoned. In 1941 legislation was adopted which abolished all commercial catfishing in the lake.

In the commercial fishing areas protection is afforded the catfish by a closed commercia season from May 1st
through August 31st. This period includes the spawning season. A minimum size limit of seven inches dressed with
head off or nineinchesin the round is provided by law.

Fyke nets are permitted but there is alimit fixed on the size of mesh, circumference of the funnel opening and size
of the net hoops.
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FIGURE 21. Catfish totalsin round weight. Cleaned weight reported on fish receipts has been doubled. See Table
42
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The size of the net hoops permitted (22 feet in circumference) is much larger than even the largest hoops now in use.
Catfish fyke nets are fished in deep water, usually close to the river bank. Lines from each end of the net are
fastened to snags or overhanging trees to keep the net hoops upright on the river bottom. To prevent theft of the net
or catch, some fishermen fasten their nets to a submerged mooring, and pick them up with grappling hooks. Part of
the fishermen tend their nets every day, others every two daysto aweek.

Between 1935 and 1945 most fishermen increased the size of their fyke nets. Fyke nets with a hoop diameter of
two and one-half feet and alength of 9 or 10 feet were standard. Then some fishermen began using 16-foot nets with
three and one-half foot hoops. During the 1945 fishing season a fyke net called a "bomber" was developed using
hoops as large as five feet in diameter. This net had an over-all length of 25 feet. Bomber

FIGURE 22. Fyke nets, the new and the old. A "bomber" net on the left and an old style catfish fyke net fastened to
it. Pittsburg, California. Photograph by D. H. Fry, Jr., January, 1949
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FIGURE 23. A power operated boat with a hoist for handling the large fyke net now in use. Pittsburg, California.
Photograph by D. H. Fry, Jr., January, 1949
nets are coming into more general use and are the subject of much heated controversy among the fishermen. Large
power boats equipped with power hoists are used to handle these nets. As the increase in the length and diameter of
the net made it possible to hold greater numbers of fish, the nets were tended only once aweek. A crew of three or
four men now operates as many as two hundred "bomber" nets.

Gill net fishermen who take salmon and shad often operate catfish nets as a side line. Market prices and availabil-
ity of fish usually determine the type of fishing carried on by these men.

Most fishermen engaged in the catfish fishery live in houseboats or camps near the area where they set their nets.
The usual equipment consists of from 50 to 100 fyke nets, tar vats for treating the nets, live cars to hold the fish and
some type of boat with which to set and tend the nets. The fish are dumped into the live cars and kept alive until the
fisherman is ready to market them. At that time he catches, cleans, beheads and skins the fish he is going to sell.
Many fishermen deliver their catch to market by boat or truck while others sell to buyers sent out by the dealers to
pick up the catch with company trucks.

All catfish are dressed by the fishermen and the fish lose 50 percent of their live weight in the cleaning process.
To give an accurate picture of the catfish catch in the round (Fig. 21) the poundage reported on market receipts has
been doubled.

Until 1935 the number of fishermen operating and the amount of gear used remained fairly constant. Fluctuations
in take could be accounted for by weather or economic conditions. Since then the number of fishermen engaged in
the fishery has doubled and the number of nets
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fished per man has more than doubled. The revenue from this fishery has increased from $32,000 in 1935 to $85,000
in1947.

Despite the greatly increased fishing intensity and more efficient gear only a moderate gain in total poundage can
be noted in 1945 and 1946 (Fig. 21), and there is amarked drop in the 1947 catch.

—George H. Warner

References (see page 210): 50, 54, 119.

2.9. FRESH WATER ROUGH FISH

There are six species of true fresh water fishes, exclusive of the catfishes, that are caught commercially in Califor-
nia. All these species may be found at times in the brackish waters of the Delta area, but they are essentially fresh
water fishes. They are:

Hardhead Mylopharodon conocephalus
Greaser blackfish Orthodon microlepidotus
Western sucker Catostomus occidentalis
Sacramento squawfish Ptychocheilus grandis
Split-tail Pogonichthys macrolepidotus
Carp Cyprinus carpio

The hardhead, greaser blackfish, western sucker, Sacramento squawfish and split-tail are al native to California
waters. The greaser blackfish is sometimes called "hardhead" and is included in the hardhead catch. It is usualy re-
ferred to as "blackfish,” in Clear Lake and as "greaser,” in the San Joaquin Valley. The Sacramento squawfish is
commercialy called "pike" and is so listed in the catch tables. The western sucker is sometimes referred to as " Sacra
mento sucker." The names used in the text are those authorized by the California Division of Fish and Game. The
carp was introduced into our waters from Asia, by way of Europe. The hardhead, greaser blackfish, Sacramento
squawfish, split-tail and carp are al members of the minnow family, Cyprinidae. The western sucker belongs to the
sucker family, Catostomidae.

Carp were first introduced into our waters from Holstein, Germany, in 1872, when five individuals were placed in
private ponds in the Sonoma Valley. The forefathers of these carp were introduced into Europe in 1227. With the
eventful introduction into California waters another step in the series of involuntary migrations was completed. In
1872 the carp was one of the most popular of fishes; they were recommended as being valuable food fishes that
would thrivein all of the warmer ponds, lakes and streams of California. Shortly after the first introductions of carp,
many pond owners in California were engaged in carp culture, especially in Sonoma County and in the counties of
Southern California. At that time the sales of carp were so rapid that there was no overstocking of ponds. Ten years
after the introduction of carp into California the species was so plentiful that the market price had declined to 1¥
cents per pound. In the early years of this century carloads of carp were shipped east. However, at present carp are
being imported from other states to help meet the consumers demands.

The bulk of the production of California fresh water fish is consumed locally. An increasing poundage is aso be-
ing purchased by the many people who have moved into California from the Middle West and South during recent
years. Hardhead and greaser blackfish are particularly enjoyed by the Chinese, and they are sold alive at the fish
markets.
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FIGURE 24. Rough fish includes fishes marketed as carp, hardhead, Sacramento pike, split-tail and sucker. Hard-
head is called blackfish in Clear Lake and greaser in the San Joaquin valley. Pike is Sacramento squawfish. Table
43 shows yearly totals 19161947 for individual species. Graph and tables do not include an estimated 425,000
pounds taken in 1941 at Clear Lake or 1,000,000 pounds taken under permit in 1947
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The fishermen transport the live fish, in tank trucks, to the markets where they are kept alive in large containers.
Many of the containersin the valley area are made of concrete. The customer picks out the live fish which he desires
to purchase, and in this manner he is assured of a fresh fish. The price for live blackfish and hardhead is very good,
sometimes bringing the fishermen 35 to 40 cents per pound. It is difficult to sell these same fish when they are dead.
The orientals also consume many split-tails and suckers. The Jewish people prefer the squawfish and suckers, while
the principal consumers of carp are Negroes.

The lower poundages of some of the rough fishes during recent years are not due to the lack of an adequate sup-
ply, but rather to restrictive legislation passed to preserve the game fishes of the State, and to the varying prices paid
for rough fish from year to year. After the World War | period of high catches, landings declined markedly, and then
remained fairly constant from 1922 to 1931. The Sacramento-San Joaquin River region furnishes a steady supply of
rough fish from year to year, and most of the time furnishes the bulk of the catch. The heavy poundages taken
between 1931 and 1936 were due mainly to the fishing operations at Clear L ake to remove rough fish. Gradually the
landings at Clear Lake declined and in 1937 the Sacramento-San Joaquin River fishing area again assumed its role
of principal rough fish producer. Between February 15 and December 31, 1941, an estimated 425,000 pounds of
rough fish were taken from Clear Lake. The fishermen reported the total poundage landed but failed to note the
poundage by species. The accompanying graphs do not include these fish.

In 1941 and 1942 a sudden increase occurred due to the landings in the Los Angeles area where 211,766 pounds
of carp were caught. A steady increase in landings has occurred since 1944. During the years from 1944 to 1947 the
annual landings of carp has averaged 200,000 pounds; the highest since 1919.

Hardhead and greaser blackfish are the most valuable of the rough fish, and are the object of more intensive fish-
ing. As aresult, the catch has remained fairly constant except for the period of intensive fishing operations at Clear
Lake. The Sacramento squawfish has shown a slow but steady decline in poundages since 1916. Many squawfish
were formerly caught by fishermen operating baited hoop lift nets from wharves near the waste outlets of the
formerly active sardine canneries near Pittsburg.

Carp are regularly taken for markets in at least 35 states. The flesh of the carp is lean and firm, rather than fat.
While some people may prefer to fillet carp, others will use the whole carp baked. Suckers, when caught in the wa-
ters of deep lakes or from clear running streams have a firm, sweet and flaky meat. Suckers use their rounded pro-
truding lips almost like a vacuum cleaner and suck food into their mouths from the stream beds and lake bottoms.
These fish have no teeth on their jaws, but the bones of the throat region are equipped with teeth which in certain
species are strong enough to crush the shells of fresh water mussel. The main objection to suckers as food is the con-
siderable number of small bones. Hardhead and blackfish have a sweet flavor but they are also rather bony. The
split-tail and the Sacramento squawfish are comparatively unimportant although good prices are occasionally paid
for small quantities of them.
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Only the adult rough fish are used for food. The young of most species are used for live bait by black bass fisher-
men in the river region. The carp minnows are particularly sought for bait because of their golden color and their
ability to stay alive for long periods of time when placed on a hook. A few commercia fishermen make additional
money by catching and selling small minnows for bait. On the San Joaquin River, near Mendota, carp minnows
were selling for 75 cents per dozen to fishermen in 1947.

Rough fish are taken commercially from two types of watersin California. First in importance are the slow mov-
ing waters of the lower part of the Sacramento-San Joaquin River system. Second are the still waters of the many
ponds, sloughs, inland lakes and reservoirs of Central and Southern California.

FIGURE 25. A carp fisherman with a new type of carp trap, Seven Mile Sough, near the mouth of the Mokelumne
River. Rolled barley istied, in fine-mesh sacks, near the funnel-shaped entrance for bait. Fishermen sometimes fish
with 50 of these traps at one time, and they have caught as much as 3,500 pounds of carp in two days of fishing.
Photograph by Felix A. Miller, December, 1948

60



FIGURE 26. A rough fish fisherman's equipment, Sacramento River near Broderick. The tank truck is equipped to
haul live fish to the markets. Thetrailer holds the seine, a skiff and a live box, used to keep the fish alive during fish-
ing operations. Photograph by Felix A. Miller, December, 1948

Many pounds of rough fish landed in the Sacramento-San Joaquin River region are caught by fishermen in their
fyke nets set to capture catfish. A few permits are issued which allow fishermen to use seinesin theriver districts for
the purpose of catching rough fish, and these fishermen add greatly to the poundages of fresh fish in our local mar-
kets. Among the more recent developments in gear by the rough fish fishermen is a new type of carp trap in use
mainly in the river region (Fig. 25). These traps are baited with rolled barley and they seem to be effective in catch-
ing only carp. Two fishermen sometimes have a string of 50 of these traps fishing at one time. The traps are usually
hauled up every other day to remove the carp and to rebait the traps. In one day's haul with 50 of these traps 3,500
pounds of carp have been landed, or an average of 70 pounds per trap. It costs the fishermen $7 for material alone to
construct one of these carp traps. In 1947 the price to fishermen for fresh carp varied from 5 cents per pound in the
spring to 4 cents per pound in the fall in the river district. The price is less in the fall when the carp are easier to
catch.

Rough fish are taken mainly by seines in the inland lakes although dip nets and hoop nets are also used. Clear
Lake in Lake County and Lake Almanor in Plumas County produce quantities of rough fish each year. Southern

Cadlifornia lakes frequently contribute to the rough fish catch. The main fish caught is the carp. Lake Elsinore in
Riverside
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FIGURE 27. Compartments in a rough fish fisherman's tank truck, Sacramento River near Broderick. An aerator
supplies oxygen to the water in these compartments when live fish are being transported to market. Note the dip net
and fish basket for use in handling the fish. Photograph by Felix A. Miller, December, 1948
County is a steady producer of carp. There were 13 permits issued to rough fish fishermen for use on Lake Elsinore

during 1947.

Fishing is done on a permit basis on our inland bodies of water. Permits are issued by the Division of Fish and
Game to remove fish which are competing with or preying upon more desirable food fishes, and to utilize certain
food fishes which can not be taken in any numbers by ordinary angling. Some fishermen are issued permits to catch
rough fish specifically for the purpose of producing fish meal, others seek permits to seine minnows to sell for bait.
The permittees are required to have a commercial fishing license, and all of their operations are inspected by a rep-
resentative of the Division of Fish and Game. Usually all game fish accidentally taken must be returned to the wa
ters from which they were caught, but at times permits have required the permittees to hold al of the game fish in
"live cars' for planting in other waters. During the months when black bass are spawning, permittees are required to
fish in areas other than where the bass spawn. In 1947 there were 33 permits issued to take rough fish from our in-
land waters. Approximately 1,000,000 pounds were taken by fishermen operating under permit in 1947. Exact fig-
ures are not available and this amount is not included in the tables and graphs.
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A rather recent development in methods of fishing is the use of an airplane to spot the schools of carp and to dir-
ect fishermen waiting in boats to the concentrations of fish. An airplane is used very effectively on Lake Almanor
where a few fishermen depend entirely upon an airplane spotter to locate the carp. Large poundages are captured in
this manner, many pounds of which are used by a dehydrating plant near the lake. Dehydrated carp was selling for
$147 per ton in 1947 to mea manufacturers, who add other materials to produce the finished mesal
product.—Richard J. Hallock.

References (see page 210): 50, 84, 99, 119.

2.10. BOTTOM FISH

Trawl and bottom fish are the most important sources of fresh market fish in California, consisting of over 20 com-
mercially important flatfish and round fish. The history of the fishery extends back to the 1870's when paranzella
fishing for bottom fish was conducted in San Francisco Bay by small sailboats. As long as the grounds in the bay
were productive, the fleet remained within it; but when catches declined, the area within a day's run of San Fran-
cisco was developed. Through the following years development and expansion of the fishery took place, and more
efficient and larger boats and gear followed.

The fishery prior to the first World War supplied local markets within fresh fish shipping distances of San Fran-
cisco, Santa Barbara, and Los Angeles. During the first World War the industry expanded to its peak production in
1917. At the close of the war the consumption of fish dropped off and roughly stabilized at an average of about
15,000,000 pounds per year. This condition existed for a period of 10 years until the depression subsequent to 1929,
when in the early '30s it slumped to about 11,000,000 pounds. Catches hovered around this point until 194042
when a sudden and drastic decline occurred. The causes of this amost virtua collapse were two-fold. In 1938-39
the fishing industry went "hog wild" over sharks, and the vitamin boom drew many of the former drag boat fisher-
men into the whirlpool of the shark fever. This influence was dominant until 1941 at which time the second factor
assumed importance.

On December 7, 1941, World War |l was precipitated. Regulations promulgated for the security of the United
States prohibited enemy aliens from fishing in our coastal waters. These defense orders were hastily constructed and
issued without consideration for the effect that they would have on the production of fish. The only concern of gov-
ernment, and rightly so, was the security of the west coast. A good share of the crews and skippers of the drag fleet
were of Italian birth and not naturalized. The regulations meant that they could no longer fish in waters adjacent to
the California coast. As aresult the fishery plunged to alow in 1942. Gradually the effect of this order was mitigated
with the substitution of American crews to operate the boats. The security regulations of the early war years were so
strict that the limited fishing carried on was conducted under a very serious handicap. Operation under all of the im-
posed inefficiencies contributed to the reduction of the total catch.

As the war continued and increasing numbers of men were taken into the armed forces, it became apparent that
every available source of
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food must be utilized to its fullest extent to supply the Nation's requirements. Thus began the expansion of the fish-
ery, which has continued to the present.

Before the war practically al trips made by drag boats were oneday affairs. The vessel would set out for the fish-
ing grounds in the morning and would return to port with its fare in the afternoon. The catches were trucked to cent-
ral points for distribution to the public. AlImost all the fish taken by drag boats were sold fresh, and the industry op-
erated on a fresh fish market basis.

With the gradual resumption of production as the war progressed, innovations in techniques of processing and
handling were introduced. The operation of the industry was modified to such an extent that its character was
drastically changed. In addition to technological revolution, certain changes were effected in actual fishing activities.
Before the war the trawling was conducted by two boats dragging a net of Italian derivation, known as the paran-
zella. The net was kept open on the bottom by the distance maintained between the two fishing boats. During the
early years of the war the otter trawl wastried in this fishery, and it proved so successful, particularly with the devel-
opment of the balloon trawl, that the true paranzella fishery, or the double drag, went out of the picture about 1943.
At present (1947) the fishery is carried on entirely by otter trawlers. (Fig. 57.)

In 1938 the center of production of the trawl fishery shifted from San Francisco to Eureka. Here new grounds
were explored and expanded, and new processes were developed in an industry that was over 70 years old. The fish-
ery before 1940 consisted of roughly 10 sets of double drag boats. Subsequent to this time the fleet increased to as
many as 80 boats. The increased production that followed 1943 is not indicated by Figure 28, as this figure deals
only with flatfish. Although flatfish, up to 1943, represented a sizable proportion of the trawler catch, a shift to other
species changed the complexion of the fishery.

The unsatiated demand by the government and civilian market during the war was unprecedented. The market
men and fishermen were eager, however, and adapted gear to meet the changing conditions. The

TABLE 9
FLATFISH COMBINED
Exclusive of Pacific Halibut
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FIGURE 28. Flatfish includes combined totals for California halibut, starry flounder, sand dab, sole and turbot. Ex-
cludes Pacific halibut. See Tables 9 and 44
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balloon trawl was improved. This net, a modification of the otter trawl, fished higher in the water and captured spe-
cies that normally were not taken with the old type paranzella net. The paranzella gear fished relatively close to the
bottom of the ocean.

As aresult, huge stocks of rockfish were found in the northern areas and the landings of this species shot from a
prewar average of less than 4,000,000 pounds to over 13,000,000 pounds. This increase was also due in part to the
development of the fillet line.

The army contracts could not be met with fresh fish and new methods of handling, packaging, and refrigeration
were required that would assure a product of good quality and palatability. Whereas formerly a relatively minor
amount of fish had been processed into fillets, practically every species that could be obtained in volume was now
filleted, packaged, and frozen for the government contracts.

To meet this demand, processing lines, which are similar to cannery lines, were developed. Individuals adept in
filleting fish stand before a moving conveyor belt carrying round fish. The fish are filleted with a few deft move-
ments of the knife; the fillets placed in a basket; and the carcassed remains are carried off by another belt to a pit to
await reduction. Some filleters become so skilled that they can produce many hundreds of pounds of fillets per day.
This semimechanical method removed the bottleneck from the industry and left the ability of the fishermen, the
abundance of fish available, and the weather as the main factors limiting production. The lines not only operated
upon rockfish and flatfish but upon many other species including sablefish of small sizes that had formerly been re-
jected by the markets. Government contracts did not specify size of sablefish fillets and the catches of this species
climbed from less than amillion pounds to over 6,000,000 pounds to help fill this need. With the cessation of hostil-
ities, government contracts were canceled. The collapse of this market had only a temporary effect, however, since
many new customers had been conditioned during the war to eating fish, and merchandising opportunities were bet-
ter than normal.

of the many species taken by the trawl! fishery in 1947 the soles were by far the most important, indicating a re-
turn to a state comparable to that of the late 1930's. Best catches by the trawl fleet are made during the summer and
fall months, the period from June to September producing greatest yields.

2.10.1. Sole

In the restaurants of San Francisco and to a lesser extent throughout the State, fillet of sole is one of the best known
of our sea foods; and it should be, as the species which make up the general category of sole accounted for over 55
percent of the total trawler caught fish in 1947.

Almost all of the soles landed in California are taken by trawls. Very few are taken by hook and line or by other
gear. The Eureka area has produced the greatest percentage of the sole catch since 1938. San Francisco, although the
original port from which the trawler fleet developed, has diminished in importance until at present (1947) it contrib-
utes slightly less than 30 percent of the State's total sole catch.

The various species of fish comprising sole are listed below in their general order of importance. The species
caled solesin Californiaare
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FIGURE 29. See Table 44
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not true soles. They are nevertheless related to the soles of other domestic and foreign fisheries.

English sole, Parophrys vetulus, amounts to about 70 percent of the catch. It is widely distributed aong the coast
and istaken in nearly al the trawling waters of the State.

Petrale sole, Eopsetta jordani, ranks next with approximately 20 percent of the catch consisting of this species. Al-
though not as abundant as the English sole, it is a premium fish on the sole market.

Rex sole, Glyptocephalus zachirus, is aweak third, representing slightly over 5 percent of the 1947 trawler catch.

Recent development of new techniques in handling and catching Dover sole, Microstomus pacificus, have been
instrumental in increasing the take of this species. Sand sole, Psettichthys melanosticus, is considered a desired spe-
cies, athough it is not nearly as abundant as some of the other sole. Locally abundant in the San Francisco region,
the broadfin or rock sole, Lepidopsetta bilineata, is not considered as desirable as the sand sole. A small amount of
arrowtooth, Atheresthes stomias, scaly fin, Isopsetta isolepis, and slender, Lyopsetta exilis, soles are included in the
landings. The quantity is so small, however, that very few records are obtained of these species; in most cases their
poundage is listed as sole or included in that of the dominant species.

In the southern part of the State at Avila and Santa Barbara, the fantail sole, Xystreurys liolepis, sometimes
known as the long fin sole or true petrale, forms a small but popular portion of the flatfish catch of this section.

Following the decline from 1917 to 1920 sole catches again rose from dlightly under 4,000,000 pounds to over
11,500,000 in 1929. As aresult of the depression of 1929-33, sole catches fell to an average of 8,500,000 pounds.
After 193940 the landings descended further to alow in 1942 as the effect of fishing competition for soupfin shark
made itself felt and the early wartime restrictions decreased the efficiency of the trawler fleet. Following 1942,
catches immediately shot upwards again to 12,300,000 poundsin 1947, a height never before reached.

The starry flounder is sometimes recorded as sole and not flounder. This has caused a small error in the sole re-
cords; however, the quantity so recorded is a fraction of 1 percent. Nearly all of the sole catch is marketed in the
form of fillets. Very few other than rex are consumed whole. Rex sole is usually prepared for the table or restaurant
trade by beheading and eviscerating. Its name means king, and king of the solesit is as the rex is considered by con-
noisseurs of sea food to possess a delicate savor not found in the other soles. The records of rex sole landed are not
necessarily indicative of the catches of the species made at sea. Generally it is only the last day's catch of rex that is
retained for the market. Specimens taken in hauls made prior to the day the vessel makes port are usually not saved,
as the flesh of this speciesistender and cannot withstand handling as well as some of the other flatfish.

Flatfish are one of the most widely recognized and appreciated products of the sea. They are limited to a narrow
band of ocean bottom of not too great depths surrounding the land masses of the world, and contribute significantly
to the earth's food basket. Although the trawl fishery lacks the picturesgue and glamorous features of many other
types of fishing, the drag boats that sweep the continental shelves make
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FIGURE 30. See Table 44
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possible the harvesting and utilization of the many species of sole that dwell on the ocean floor.

2.10.2. Starry Flounder

Landings of starry flounder, Platichthys stellatus, since 1935 have averaged better than one-half million pounds.
Small amounts in addition are landed and recorded as sole. At the retail level it is sold as fillet of sole. Before 1938
San Francisco produced nearly all the flounder of the State. Following this year the landings were more equally dis-
tributed between the north and central parts of the State, with Eureka and San

TABLE 10
REGIONAL LANDINGS

Francisco each averaging 47 percent of the landings and Monterey 5 percent. The yearly poundages for these ports
have fluctuated widely, however. Very little flounder is landed elsewhere in California.

of the smaller flatfish the starry flounder is one of the more important in the catches of the sportsmen. Many an
angler's day has been saved by a catch of flounder. In the bays of the central and northern portion of the State, it af-
fords incidental sport to a large number of anglers whose efforts may be directed toward other species. It is taken
from all the harbors and piersin Northern California as well as from boats.

In 1947 this species made up amost 2 percent of the trawler caught fish. It is more abundant in comparatively
shallow water, and it is captured there with other bottom fish. A relatively minor amount of effort is expended dir-

ectly for catching this species.
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FIGURE 31. Comparison of regional landings at Eureka, San Francisco and Monterey. See Table 10
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The landings for the starry flounder fluctuated around arising trend from 1919 to 1940. In 1941 the catches of this
species, as did those of other flatfish, reacted inversely to the shark fishery and in 1942 with the war. The decrease
in the landings of the flounder was not nearly as marked as was that of the sole or turbot.

2.10.3. Sand Dab

Two species of sand dab, Citharichthys sordidus and C. stigmaeus, make up the commercial catch. Nearly al of the
landings consist of the more abundant species, C. sordidus, taken chiefly in Northern California. Almost al of the
poundage is caught in trawl nets. However, there are small quantities taken by hook and line boats off Monterey to
supply local markets. Prior to 1938 the landings in San Francisco amounted to over 95 percent of the State's sand
dab catches. From 1938 to the present the San Francisco region produced an average of 47 percent of the total catch.
Likewise during this period of time, 40 percent of the production was taken in the Eureka area. The remaining per-
centage comes from Monterey with a small amount dribbling into Santa Barbara and Los Angeles. The Los Angeles
fishery is conducted with hook and line, and is dependent upon the species C. stigmaeus, known localy as the
Catalina sand dab.

One type of gear used in southern waters for taking this species is unique. It consists of an iron hoop about 6 feet
in diameter to which short gangions are fastened around the rim. The hooks attached to the gangions are baited, and
the entire device is lowered by arope to sandy bottoms around Santa Catalina Island. After a short "soak” the hoop
islifted, the dabs removed, the gear rebaited and then reset.

Sand dabs do not account for a very great proportion of trawler loads. In 1947 under 2 percent of the drag boat
catch consisted of these species. However, because they are available throughout the year and because a restaurateur
may print sand dabs on his menu with reasonable assurance of obtaining them, a steady demand has been cultivated
for thisitem.

The total landings have followed the landings for flatfish in general. The production from about 1930 to 1940 in-
dicated arising trend with a resultant fall in 1940-42, due to the competition from fishing activity for other species.
The trend from 1942 has been upward.

2.10.4. Turbot

Considered by some epicureans to be the most delectable of the larger flatfish, the turbots do not make up a very
large proportion of the trawler caught flatfish in California. A considerable part of the turbot catches, particularly in
the southern part of the State, is marketed as sole.

Three species make up the bulk of the catch. The curlfin turbot, Pleuronichthys decurrens, is of major importance
followed by the diamond, Hypsopsetta guttulata, and the sharpridge, Pleuronichthys verticalis. The C-O turbot, P.
coenosus, and the spotted turbot, P. ritteri, are also taken. These occur rather infrequently in the catch and do not
congtitute a significant proportion of the drag fleet landings either in Santa Barbara or in the northern part of the
State. In the Santa Barbara area turbots are estimated at more than 10 percent of the trawler loads. The turbots in
Northern California contribute a very small portion to
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FIGURE 32. See Table 44
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FIGURE 33. Comparison of regional landings Eureka, San Francisco and Monterey. See Table 10
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the catch, in 1947 amounting to one-half of 1 percent of the trawler taken fish. The curlfin turbot is most desired by
the market and consequently is better known to the trade. It is marketed filleted or whole. In restaurants devoted
more exclusively to serving fish, turbots are prepared whole, with only the heads and the intestines removed.

The landings prior to 1931 are very low, but this condition resulted from confusing the turbots with the soles in
the landing records. From that time on, the course of landings of these species has been erratic, marked by great in-
creases and by a tremendous decrease at the start of the war in 1941. The fishery recovered very rapidly, however,
and from alow of alittle more than 6,000 pounds in 1942 skyrocketed to 160,000 pounds in 1945. This phenomenal
increase was brought on by the unlimited market and war time contracts offered by the Federal Government.—Wm.
EllisRipley.

References (see page 210) : 40, 41, 76, 81, 87, 89, 116, 118.

2.11. CALIFORNIA HALIBUT

Landings of California halibut, Paralichthys californicus, have never since equaled the 4,600,000-pound catch of
19109. It is a market fish of considerable importance especialy in Southern California and compared with al other
species taken commercialy in 1947 it ranked twentieth in poundage and eighteenth in value.

This fish ranges from Pt. Reyes south into Mexico and is taken commercially throughout most of its range. Two
principal methods of fishing are employed, with trammel net and with otter trawl. The trammel net fishery extends
from Monterey south into Mexico and the otter trawl fishery from Pt. Reyes to Santa Barbara. About 96 percent of
the total catch istaken south of Pt. Conception. Prior to 1935 the landings were made principally at Los Angeles and
San Diego with a large percentage coming from Mexican waters. The period 1936-1047 shows a northern shift in
the landings with over 30 percent being made at Santa Barbara and only 28 percent coming from Mexican waters.

It could be debated whether the total landings of California halibut reflect the condition of the fishery or the eco-
nomy of the country. The rise in poundage from 1933 to 1936 could have been caused by afluctuation in the abund-
ance of halibut, or it could have resulted from an increased fishing effort as the demand for the fish rose during the
depression years. During and following World War 1l there was a large demand for protein food and al fisheries
were exploited heavily and the catch of halibut increased. The rapid decline in 1947 may indicate an effect on the
abundance of halibut imposed by this heavy exploitation. We can safely say from observations that the demand for
halibut keeps the fishing intensity at a high level which in turn prevents the fish from attaining their former abund-
ance.

There are some points that should be brought to the attention of anyone wishing to use the total catch figures as
presented. In San Francisco the market receipts from which the records are taken are simply made out as halibut or
Cdlifornia halibut meaning halibut from California waters. In this region the ranges of the Pacific halibut, Hippo-
glossus stenolepsis, and the California halibut overlap. Researchers in the field have observed a 9 to 1 ratio of Pa
cific to California halibut at different
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FIGURE 34. See Table 44
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times on this market, and al the data since 1936 has been adjusted to fit this ratio. Another point is a factor in the
Santa Barbara receipts, where many halibut are recorded as sole to cover the fact that they are under the 21-inch
minimum legal size. Finally there is an estimated one half million pounds of California halibut taken annually by
anglers and their catch does not enter the commercia records.—Edwin K. Holmberg.

References (see page 210) : 1, 39, 40, 41, 76, 81, 87, 116, 118.

2.12. PACIFIC HALIBUT

The Pacific halibut, Hippoglossus stenolepis, supports fisheries in the north Pacific, centering in northern Washing-
ton, British Columbia, and Alaska. The fishery is regulated along the entire coast by the International Fisheries
Commission, which divides the coast into four geographical areas and sets poundage quotas for the two central
areas. The open season has started on or about May 1st in recent years and has closed when the pre-established
guota of fish has been taken. The season in adjoining areas closes automatically with the two central areas.

Only hook and line boats are allowed to take Pacific halibut. The otter trawl boats are required to return the
halibut to the water, and this requirement is rigidly enforced in the main halibut fishing areas, but enforcement,
which isin the hands of the federal agents, has been lax in California. Hook and line boats may market the halibut
caught incidental to other fishing throughout the year, if they have obtained a permit to do so. About 50 percent of
all Pecific halibut taken in Californiais marketed fresh, the balance is frozen.

California contributes about 1 percent to the total Pacific coast catch, and the fishery for Pacific halibut is one of
minor importance in the State. In former state publications Pacific halibut was listed as northern halibut, a name
which is frequently used to designate this species. It is a highly desired food fish, and the price of al bottom fish is
affected by the abundance of this halibut on the market. It is felt that the fishery could produce more if protection
were enforced in California.

The majority of the landings in the State are made at Eureka with about 15 to 20 percent of the catch landed at Ft.
Bragg and San Francisco. The erratic increase in the catch from 1926 to 1934 was attributed to an increase in the
number of fishermen pursuing halibut and to the discovery of new halibut banks. In the next five years the catch de-
clined to approximately one-third of the 1934 catch. This decline was due primarily to overfishing. The halibut fish-
ermen blame the otter trawl boats for the decrease, but in the declining years the otter trawlers accounted for 9 per-
cent of the total catch. The take of halibut by drag boats in recent years undoubtedly prevents the halibut from in-
creasing in abundance, and as a result there are only a few long line boats plying Northern California waters. The
small catch during the war years, 1941 to 1945, was partially aresult of the decrease in fishing effort but the abund-
ance of halibut may have been low during these years since the catches contined at alow level in the years following
the war.

Pt. Arena is considered the southern limit in the commercial range of the Pacific halibut, and most of the fish
brought into San Francisco are caught north of this point. Fishermen land both Pacific and California halibut, Para-
lichthys californicus, in San Francisco. The market
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FIGURE 35. See Table 44
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FIGURE 36. See Table 44
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receipts do not show the species separately; both are simply recorded as halibut or California halibut, meaning
halibut from California waters. This has created statistical confusion in the recording of San Francisco halibut
catches. Personal observations by severa fisheries biologists have indicated that about 90 percent of the landings at
San Francisco is Pacific halibut. This percentage has been used to correct al San Francisco catch figures but the
yearly state-wide totals for the two species have not been greatly changed by this procedure.

Trawler caught halibut at Eureka are often recorded as petrale sold which causes a slight error in the latter figures,
75,000 pounds estimated for 1947.—Edwin K. Holmberg.

References (see page 210): 1, 40, 41, 76, 78, 81, 87, 89, 116, 117, 118.

2.13. CABRILLA AND GROUPER

For all practical purposes the taking of cabrilla and grouper is a single fishery. The main fishery as it exists today is
located between Turtle Bay and Magdalena Bay, Lower California, usually close to shore where the bottom is rocky
and broken. One boat anchored on one of the fishing banks where these species are taken will usually catch a mix-
ture of cabrilla, grouper and black sea bass. The fishery is conducted almost entirely in the winter when local Cali-
fornia species are scarce and most of the landings are made at Los Angeles and San Diego.

Nearly all of these sea bass are taken by either hand lines or set lines, although occasional catches are made by
gill nets, trammel nets and purse seines. Fishing is carried on principally by two types of boats: small live bait boats
and Seattle halibut vessels. These northern boats come south at the close of the Pacific halibut season in the fall and
fish in Mexican waters until spring. Fishing is usualy carried on in certain definite spots aong the coast of Lower
Cdlifornia; however, in recent years schools of these fish have been located with the aid of a fathometer and fished
with hand lines, using cut sierrafor bait, until the boat is loaded or the school is depleted. Other boats have success-
fully located schools of these fish by trolling oversized handmade plugs which are readily taken by cabrilla and
grouper.

All of these fish are delivered cleaned and beheaded; consequently, the actual poundages of fish caught is prob-
ably 30 or 40 percent greater than the landings recorded here. Grouper, cabrilla and black sea bass are sold as fancy
fillets by the fresh fish dealers.

2.13.1. Cabrilla

Several species of true sea bass, family Serranidae, are called cabrilla or pintos by the fishermen who catch them.
Probably the most important cabrillafrom a commercial standpoint is Epinephelus analogus which makes up nearly
90 percent of the total landings for this species. They are usualy smaller than either grouper or black sea bass, ran-
ging in size between 20 and 35 pounds and are brown in color, the body being covered with small round, dark spots;
the sides have five or six faint dark cross-bars.

Cabrilla have been important in the fish trade of Mexican seaport towns for many years; however, it was not until
1928 that any landings were recorded in California. At that time some 6,500 pounds were
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FIGURE 37. Catch of California fleet only. Importations from Gulf of California not included. See Table 45
brought in and were sold in the form of fancy fillets by the fresh fish markets and met the immediate approval of the
American consumer. The desirability of this species is attested by the fact that nearly one-quarter million pounds
were landed in 1929, the second year of their salein Californiaand in 1930 this figure was more than doubled when
one-half million pounds were reported. Since 1930 the total 1andings have fluctuated from year to year with ayearly
average of dightly over 100,000 pounds.

The cabrillaare considered of better eating quality than the grouper and for this reason have been the most sought
after of the two. The Mexican government has become alarmed at the signs of depletion as a result of the increased
fishing pressure exerted on this species and placed a high tariff on any cabrilla taken out of Mexican waters. Due to
this high tariff it is no longer profitable for Californiafishing boats to take this species.

Small amounts of cabrilla are taken in the Gulf of California by Mexican fishermen engaged in the totuava fishery
and are brought to California markets by truck or rail. These truck and rail shipments are not included in this report
which is concerned primarily with landings by California boats.

2.13.2. Grouper

Probably the most important grouper entering the commercial catch is Mycteroperca jordani; however, several dif-
ferent species of Mycteroperca enter into the grouper landings. These fish generally average between 50 and 150
pounds each. Grouper are seldom taken north of Turtle Bay, Lower California; however in May, 1947, Dr. Carl L.
Hubbs of Scripps Institution of Oceanography at La Jolla, identified nine fish
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taken near Encinitas, California, as grouper, Mycteroperca xenarcha. These fish weighed between 68 and 97 pounds
each and were taken on a set line strung over the kelp. Thisis the first commercial record of this species from Cali-
fornia. They have been taken on numerous occasions by skin divers working in the vicinity of La Jolla

FIGURE 38. Grouper delivered cleaned and beheaded, therefore approximately 30 to 40 percent should be added to
show round weight. See Table 45

Here again as with the cabrilla a small percentage of the catch is made in the Gulf of California by Mexican tot-
uava fishermen and shipped into California by rail or truck. These fish taken in the Gulf are not entered in the land-
ings presented in the graph.

The first grouper recorded in California landings amounted to 21,600 pounds in 1931 and until 1940 the landings
showed a slight upward trend. The landings in 1941 of nearly 280,000 pounds were nearly four times greater than
those of the preceding year and represent the highest landings for any single year to date (through 1947). Since
1942, average yearly landings have been around 100,000 pounds. It seems reasonable to assume that with the high
tax placed upon cabrilla by the Mexican government slowing down the fishery for cabrilla, the landings of grouper
will show amarked risein years to come as fishing effort is transferred from cabrilla to grouper.—John E. Fitch.

References (see page 210): 53, 130, 133.
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2.14. MEXICAN CORBINA AND TOTUAVA

The Mexican corbina and totuava although separated in the catch records comprise a single fishery. This fishery is
conducted both on the mainland and peninsular side of the Gulf of Californiain the area affected by the silt laden
water of the Colorado River. At the fishing camps set up primarily for totuava, any member of the family Sciaenidae
which is over five pounds in weight and not a totuava is considered a corbina by the fishermen and sold as such.
Corbina are generally smaller than totuava, averaging less than 10 pounds and ranging in size from 3 to 40 pounds.
Totuava range from 50 to 150 pounds, one specimen viewed by the author weighed 200 pounds. Both fish are de-
livered cleaned and beheaded to the California markets and no adjustment has been made in the record for the lossin
weight resulting from cleaning. The figures presented in Table 46 are 30 to 35 percent less than the actual poundage
caught.

2.14.1. Mexican Corbina

Records of landings of Mexican corbina in California by California boats have been relatively insignificant and
probably quite incomplete. Mexican corbina sold in the markets as fillets consist mostly of the gulf corbina, Cynos-
cion orthonopterus which is taken incidentally along with totuava by Mexican fisherman and shipped in conjunction
with this more important species. often the two have not been separated in the reports of shipments received by the
markets thus adding further confusion to an already complicated picture.

The average yearly poundage shipped to California markets from the Gulf has been somewhat in excess of 60,000
pounds. This is compared to the greatest yearly landings by California boats of slightly over 5,000 pounds in 1944
and a yearly average of somewhere around 1,000 pounds. The Mexican corbina landed by California boats are in
most cases taken accidentally or incidentally at the entrance to the Gulf of California by purse seiners and live bait
boats plying these waters and sold to the markets to supplement their profits from other fishing activities.

During certain times of the year heavy runs of corbina occur in the waters around San Felipe and Santa Clara,
Mexico, and al of the local population not actually engaged in totuava or shrimp fishing at the time line the shores
or set forth in skiffs to fish corbina. On good days two or three men can land up to 1,000 pounds or more of these
fishin an hour of fishing.

2.14.2. Totuava

Until 1924 little was known about the totuava or Mexican sea bass, Cynoscion macdonaldi, a member of the croaker
family. In that year a couple of enterprising Americans who had heard of these giant fish being landed at San Felipe,
Lower California, pioneered an industry trucking iced fish across the then uncharted 150 miles of desert between
Calexico and San Felipe. Prior to thistime, totuava were caught, the swim bladder removed for drying and shipment
to the orient, where it is used as a soup stock, and the carcass left on the sands to rot. Not even the wildest estimate
could approximate the millions of pounds of fish wasted in this manner in the years preceding 1924. When the
trucking business was first started fish could be purchased at San Felipe for aslittle as 5 cents
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per 100-pound carcass while the air bladders properly dried often brought as much as $5 each. In a few years,
however, the carcass became the more valuable of the two and trucking became a big business between San Felipe
and Calexico and between Santa Clara on the mainland and Y uma.

No record is available for the years prior to 1928 when the amount trucked to California markets is recorded as
840,000 pounds. Most of this came from the fish camps on the Gulf of California to either Calexico or Yuma and
was then transshipped to San Pedro chiefly, although some was sent to San Diego. In 1929 the landings increased to
over 1,000,000 pounds and have remained at that point nearly every year since that date.

In early years most of the fish was hauled to California markets; however, since about 1933 increasing amounts
have been sent to many inland cities, Phoenix, Kansas City and St. Louis receiving most of the fish. After the market
was expanded to include other than California shipments, it has become impossible to obtain good records from the
border custom stations because the fish destined for California was mixed with fish to be shipped to marketsin other
parts of the United States. Because of these very poor and incomplete records, shipments of totuava have been omit-
ted from our catch records since 1941.

Totuava comes entirely from the Gulf of California and at present (1949) none is caught or landed by boats of the
Cdlifornia fishing fleet. Most of the fishing is done between October and May. The fishing boats are from 35 to 50
feet long and use gill and trammel nets. These net boats have replaced the skiffs and canoes which were used in the
earlier hand line fishery.

The nets used in the fishery are usually from 1,000 to 1,500 feet in length with the gilling mesh between 10 to 14
inches stretched measure. They are generally fished perpendicular to the shore in shallow water, being set at high
tide and left in position from one to three days depending upon the availability of fish. During the set the boat lies at
anchorage just beyond the off-shore end of the net and two crew members in a skiff run the length of the net every
two or three hours removing totuava, sharks and porpoises. The totuava are cleaned and beheaded soon after remov-
al from the net and the heads, along with the sharks and porpoises, are hauled to the nearest sandy beach above the
high tide mark and are left to the flies. The stench from these rotting carcasses is obnoxious on most of the beaches
and flies are unbearable to one intending to camp anywhere within amile or more of the water.—John E. Fitch.

References (see page 210): 22, 48, 133.

2.15. SWORDFI SH

The catches of broadbill and marlin have been included under the name swordfish in our catch records. Broadhill,
Xiphias gladius, is often thought of as an important sport fish. However, the numbers and pounds of broadbill
landed by sportsmen are very small, and the expense and time involved make it practically impossible for the aver-
age sportsmen to even try to catch this fish. The broadbill is, however, of considerable commercia importance. The
landings are not great in pounds, by comparison with other fish, but the value per pound is very high. The gear ne-
cessary isrelatively inexpensive.
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FIGURE 39. Includes broadbill and marlin. See Table 47
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Marlin, a sport fish, is found in warm seas throughout the world. Locally it is caught off the islands of Southern
Cadlifornia from Point Conception south into Mexico. Marlin, Makaira mitsukurii, is usually found in California wa
ters from June to December, with the peak in September.

The average commercial swordfish boat of today is 30 to 45 feet in length and is manned by two or three men.
They may stay away from port 4 to 10 days, usually trying to pick up a full load before returning. Special gear is
used by vessels seeking swordfish. The boats have a long board extending forward from the bow called the plank.
The plank varies from 20 to 30 feet in length. On the forward end of the plank is located the pulpit. Thisis a plat-
form with a protecting rail around it. The swordfisherman in the pulpit can brace himself against the rail when
throwing the harpoon, and also in moderate swells it affords safety. The shorter planks can be used by the boats with
greater speed and finer lines, while the slower boats need the longer plank in order to get close enough to throw the
harpoon. A few very short planks, about six feet long, are used by boats which are primarily in search of other vari-
eties of fish, but will take swordfish when available. In order to maintain their maneuverability and seaworthiness
they use the six-foot plank. In addition to the plank found on the swordfish boat many of them have a crows nest.
From this height the fisherman can better spot the dorsal fin and upper part of the caudal fin which show when the
swordfish is on the surface. Many boats have the engine controls extended to the crows nest. After spotting and ap-
proaching the broadbill the man on the pulpit drives the harpoon into the fish and the shaft of the harpoon is de-
tached from the barb. Fastened to the barb is a one-quarter-inch line which is payed over the side to the end, where a
keg or float is secured. While

FIGURE 40. Typical swordfish boat showing plank and pulpit. The plank is almost aslong as the boat. Photograph
by Edward C. Greenhood, 1948
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FIGURE 41. Typical swordfish boat showing plank, crows nest and trolling poles. Complete engine controls are ex-
tended to the crows nest. The trolling poles are vertical on either side of the crows nest and in trolling they are
lowered to about a 30° angle above the horizontal. Photograph by Edward C. Greenhood, 1948
the fish just harpooned is playing himself out the boat goes in search of other broadbill. Until the broadbill is ex-
hausted no attempt is made to bring it aboard. Most of the boats are equipped with a boom and a block and tackle to
assist in bringing in these large fish. The head and part of the tail are then trimmed off, the fish is cleaned and the
liver saved to be sold for its high vitamin A and D content. The carcass is then iced down and stowed. The boat
"Bernard Pedro" took 58 broadbill swordfish on an 11-day trip in August 1942. The catch weighed over 9,500
pounds and sold to wholesale dealers for 25 cents a pound dressed. This was believed to be the largest number of

fish caught on one trip along the California coast in the trade's history.

The methods of fishing for marlin are by trolling or by searching until the telltale caudal fin and sometimes the
dorsal fin, as well, are sighted. When one has been spotted, the boat circles the fish, trolling cut bait until the marlin
strikes. Asfood the flesh of the marlin is considered
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poor when fresh but very good smoked. When taken commercially it did not enjoy the popularity of the broadhill.

The development of the swordfish fishery was rather slow in the early stages. Within the past 20 years it has be-
come more rapid. In the early 1920's there was little or no market and its acceptance as a desirable, palatable fish has
been very dlow. The increase in our commercial catch was stimulated by importations of swordfish which helped to
create eastern markets. One of the early importers on the west coast, M. N. Blumenthal, started to import swordfish
from Japan as early as 1925. He said that he devel oped his imports to the stage where at various times 75 to 100,000
pounds a month were shipped into this country. Figures are not available to show the total quantity of swordfish im-
ported. They have been delivered from Japan, Hawaii, and South America.

As indicated by Table 47 swordfish landings by California boats have varied greatly in poundage from a low of
12,513 poundsin 1920 to a high of 1,009,957 poundsin 1947. Figure 39 includes both marlin and broadbill landings
up to 1937. In 1935 it becameillegal to take marlin by harpoon in California waters and since 1937 these fish could
not be bought or sold in the State. Marlin was only of minor commercial importance and these laws had little effect
upon the fishery. Between 1931 and 1937 the catch of marlin never exceeded 20 percent of the total catch and usu-
ally it comprised about 3 percent. The first marlin landings were made by sportsmen who, unable to dispose of the
large carcass sold a limited amount to the fish markets. In 1927 the catch commenced to increase. The continued up-
ward trend in poundage might be attributed to the fact that markets were paying a fixed price for fish delivered, and
there was a growing demand in California in addition to the east coast market. Then the previously latent fishery
began to come into its own. Between 1929 and 1939 the catch seemed to remain fairly stable with an increase in
1940 and 1941. Around 1939 the swordfish association was formed, and at this time the prices and catches again in-
creased. The average price paid per pound between 1935 and 1939 was 10 to 13 cents. In 1940 there was a dight up-
ward trend and by 1941 the fishermen were getting around 16 cents per pound. In 1942 with the nation at war all
food products rose in cost. Swordfish was no exception. The fishermen then received about 21 cents a pound for
swordfish. This value was set by the office of Price Administration based on the price that was being paid in March
of that year. At alater date the OPA alowed an increase of about 10 cents a pound to the fishermen. The regulation
on maximum price was not affixed to livers. As a result there was a dlight price increase on swordfish livers. By
1945 the fishermen were receiving for swordfish about 30 cents per pound, increasing slightly through 1946 and
reaching about 32 cents per pound in 1947. In this year the fishermen received $322,252 for their catch of 1,009,957
pounds.

There are many factors which affect the landings of swordfish. The catch is no doubt affected by price, availabil-
ity or abundance of the fish, the size of the fleet engaged in the fishery, and the availability of more desirable spe-
cies, such as albacore. It is much easier for the fisherman to load his boat with albacore when they are running. Asa
result swordfish are often subordinated to the albacore when they are available—Edward C. Greenhood and John G.
Carligle, Jr.

Reference (see page 210) : 133.
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2.16. ANCHOVY

In California, anchovies are represented in the catch by three species, Engraulis mordax, Anchoa compressa and A.
delicatissima. The first of these, called the northern anchovy, is the largest, most abundant and most valuable. It is
found from British Columbia to Cedros Island, Lower California. The latter are called the deep-bodied and slough
anchovy, respectively. They are smaller, less abundant and are found in Southern and Lower California waters.

Anchovies have aways been of importance in California as a source of both live and dead bait. Both sardines and
anchovies are among the outstanding forage fishes in the diet of a number of predatorsin our waters.

In central California several thousand pounds of anchovies have been salted down each year for human consump-
tion and starting with 1946, the northern anchovy has been used as a cannery fish. During the period 1916-1921 the
large take was due to a demand for anchovies for reduction into oil and meal. In 1919 a state law was passed which
prohibited the reduction of whole fish except under permit, but it was not until 1921 that "teeth" were put into this
law and the years that followed show a reduced total catch. From 1916 through 1937 an average of 500,000 pounds
were landed each year and the bulk of these fish were utilized in Central California. During the period from 1938
through 1946 the average landings increased to about 2,750,000 pounds and the bulk of these fish were utilized in
Southern California. It is probable that previous to 1938 the annual take of anchovies in Southern California was
also greater than that for the balance of the State and that the poundage recorded throughout is misleading. The catch
of the live bait fishery in the southern area does not get into our catch records because the fish are not brought
ashore.

In 1947 the landings reached 19,000,000 pounds and only 3,000,000 pounds of this total was landed in Southern
Cdlifornia, the remaining 16,000,000 pounds was canned at Monterey. There had been some experimental canning
of anchoviesin California prior to 1946 but during that year, because of the scarcity of sardines, the canning of an-
chovies started in earnest. In 1946 about 1,500 cases of anchovies were canned at Monterey and in 1947, 180,000
cases and about 2,400 cases at San Francisco. This same year in the Los Angeles region an experimental pack of
about 75 cases was made.

Part of the anchovy pack was shipped to the Philippines and the balance sold on the domestic market. Near the
end of 1947, the canned anchovy market weakened noticeably and a number of plants ceased packing the fish regu-
larly. Early in 1948, the California Division of Fish and Game issued notice of a regulation which required a high
case pack per ton of fish. This served to discourage unnecessary reduction of whole fish into meal and oil.

Anchovies are caught with lampara nets and purse seines. With the development of canning on a more regular
basis in 1946, the purse seines made a greater portion of the catches. The mesh size of the purse seine has been re-
duced in recent years to accommodate smaller sized sardines and anchovies—Julius B. Phillips.

References (see page 210) : 3, 53.
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FIGURE 42. Approximately 181,000 cases of anchovies were canned in 1947. See Table 48
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2.17. BARRACUDA
The barracuda, Sphyraena argentea, ranges from Alaska to the Gulf of California, but is taken in commercial quant-
ities only from Point Conception southward to Cape San Lucas, Lower California. Practically all the commercial
catch is sold fresh; barracudais one of the chief sources of revenue for the fresh fish markets of Southern California.
At the same time, by total poundage landed, barracuda ranks first among the marine sport fishes of the State.

The catch figures exhibit arather wide annual variation, as may be seen from Figure 43. The trend of the commer-
cial catch in California

TABLE 11
BARRACUDA
Comparison of Commercial Catch With Catch of Sport Fishing Vessels

waters is downward since 1939. Unfortunately the record of landings by marine sport fishermen was not compl ete
or available from 1941 through 1946. The 1947 sport catch figures, however, indicate that a larger portion of the
total catch is now taken by sportsmen than before the war.

Barracuda are taken by means of artificial lures, live bait, gill nets, and round haul nets, including purse seines. It
isunlawful to catch barracuda with around haul net in the waters of the State. However, the largest part of the catch
south of the international boundary is made by purse seiners. Most of the catches are sold to fresh fish markets at
Los Angeles and San Diego, with afew catches sold at Santa Barbara.

The landings from California waters are greatest from April through September, with a small part landed
throughout the year. Catches originating in Mexican waters are greatest from September through April.

Barracuda are caught for the most part in shallow water along the coast and nearby islands. They feed upon an-
chovies, young sardines, and small organisms. The spawning season is from April through September, with greatest
spawning in May and June. Y oung fish of the year have appeared in the latter part of July (Walford 1932). Evidence
of definite northward movement as the fishery progresses indicates barracuda are migratory (Walford 1929).
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FIGURE 43. See Table 48
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FIGURE 44. Commercial catch in California and Mexican waters compared with catch of sport fishing vessels. No
sportfish records were collected from 1941 through 1945 and 1946 records are incomplete. See Tables 11, 24, 26
and 48

Marketing conditions are such that the price paid to the fishermen shows variation disproportionate to the rather
steady consumer demand. Frequently at both San Diego and Los Angeles purse seiners fishing in Mexican waters
unload many tons within a short interval of time, with a resulting temporary oversupply and depression of price.
Markets commonly pay one or two cents more per pound for fish landed by jig boats that for fish landed by purse
seiners. There is little apparent relationship between average annual price paid the fishermen and the commercial
catch in any one year—Robert C. Wilson.

References (see page 210): 121, 128, 131, 133.

2.18. BONITO

The bonito, Sarda lineolata, is a fish of moderate size, as closely related to the mackerels as to the tunas. It may ar-
bitrarily be included in either group, and heretofore it has been considered as one of the five tunas of this coast. The
federal regulations, however, prescribe that it cannot be packed and labeled as "tuna," and because the market for
canned bonito is distinctly limited the fishery has not experienced steady and intensive exploitation.

The bonito is a coastal fish of temperate waters, and is distributed seasonaly, roughly from Magdelena Bay to
British Columbia. Specimens from the latter region are scarce, and occur mostly in the late summer and fall of occa-
sional years. The principal distributional area of the
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FIGURE 45. See Table 48

94



bonito is off the coast of Southern California and the northern half of Lower California. Within this area the bulk of
the commercial catch is made, and the greatest tonnage is landed at San Pedro and at San Diego.

The bonito is a pelagic and a predatory fish that occurs in schools at varying distances from our coast. Casual ob-
servations indicate that it spawns in the early spring and summer. There are suggestions of a seasonal migration
within this habitat, but the exact pattern of this migration is not known. Much of the winter catch comes from Mex-
ican waters, but in the summer and early fall it appears equally abundant in both Mexican and local waters.

The bonito is avoracious fish and is caught by almost every type of gear. An appreciable tonnage is caught by the
trolling fleet, both in local and in Mexican waters. A larger tonnage is caught by the smaller live bait boats that fish
locally and off the coast of Lower California. Even the smaller tuna boats may occasionally complete their load with
catches of bonito. In some years large catches are made by the purse seine fleet. Negligible quantities are even
caught by gill nets.

The market for bonito is limited. Small quantities are sold regularly in the fresh fish trade, but the bulk of the
catch goes to the canneries. Here it is processed in a manner identical with tuna. It is gutted, precooked and cooled.
Then the light meat is separated in four "loins," which are cut to length and packed solid in tuna cans with afill of
salad oil. The cost of this method of processing is relatively high, and the industry has found difficulty in realizing a
fair margin of profit on the pack. Furthermore, there is at best a restricted market for canned bonito. Lacking any in-
dividual selling characteristics, it cannot share the prestige that sells the tuna. Expensive to produce, it does not com-
mand a premium price, and in consequence the industry has accepted bonito more from necessity than choice. Only
exceptionally has the industry sought bonito.

The catch of bonito is shown in Figure 45. In general there has been a dow but steady growth in its volume. The
peacetime annual fluctuations are not excessive. The phenomenal drop in 1942, continuing into 1943, 1944 and
1945, is probably due to the restrictive measures of the war years. The sharp rise to the peak in 1947 may be attrib-
uted to the removal of ceilings set by the office of Price Administration after which every product was salable at the
producer's price. To this extent the cannery demand, or acceptance, is the controlling factor in the bonito catch, and
aplot of the total case pack isidentical with the plot of total catch. The price to the fisherman has risen steadily (see
Table 12) and is not reflected in the drop in catch in the years 1942 to 1945.

Notwithstanding the foregoing statements the primary or ultimate cause of the fluctuations is undoubtedly the
fluctuating availability relative to that of more desirable and marketable fish. Some years are characterized by abnor-
mally large local runs of bonito, and others by a scarcity; and the correlation of such runs with that of other species
determines in large part the annual bonito catch.

The condition of the fishery is not apparent from this superficial analysis. However, the basic conditions underly-
ing its present exploitation will safeguard its immediate future. It is essentially a secondary or subordinate fishery.
Bonito are not primarily sought, but are taken incidentally or in lieu of more desirable species. No concerted or in-
creasing
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TABLE 12

BONITO
Average Annual Price per Ton Paid fo the Fisherman

Year Price per ton Year | Price per ton
1931 o £30 $75
1982 . 40 a0
w3 40 140
1934 e 50 155
1985, e 50 195
1986, ... 60 195
L 75 195
1938 ... 75 235
1989 . 65
TABLE 12
BONITO

Average Annual Price per Ton Paid to the Fisherman
effort is being exerted to secure bonito, and as stated above, the catch is a reflection of relative availability. Under
present conditions of demand and price there is no inducement to increase the effort disproportionately to maintain
the catch. A decline in the fishery, even though it be due to overexploitation, resulting in a decreased return to the
fisherman for any unit of effort, will in al probability cause a shift of fishing effort to other fisheries, rather than en-
hance the effort expended to catch bonito.—H. C. Godsil.
Reference (see page 210): 133.

2.19. CABEZONE

Cabezone, Scorpaenichthys marmoratus, are landed in minor amounts in California and deserve passing mention,
only. Technically the cabezone belongs to the sculpin family, Cottidae, in which are classed a number of smaller
species which are found on our coast but none of which are of commercia significance. Although the cabezone be-
longs to the sculpin family, it is not to be confused with the species commonly called sculpin, Scorpaena guttata, in
Southern California. The latter species belongs to the family Scorpaenidae in which are classed the rockfishes.

The cabezone is taken along the entire California coast, wherever there are rocks, but the bulk of the annual land-
ings are made at Monterey and San Francisco. There is not much market demand for this fish and therefore it is
rather low-priced. The average annual poundage in California during the period 1930-1947 was about 6,000 pounds.
This species is caught on hook and line, usually while fishermen are seeking other species such as rockfish or ling-
cod.

On occasions, some fishermen and marketmen in Central and Northern California refer to the cabezone and the
channel rockfish as sculpin. Because of its spinous head, the channel rockfish may be referred to as scorpion, also.
However, the fish known as scul pin and sometimes scorpion, Scorpaena guttata, which is common in Southern Cali-
fornia, israrely taken in the Central Californiaregion.—Julius B. Phillips.

Reference (see page 210): 6.
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FIGURE 46. See Table 48

97



2.20. CALIFORNIA FLYING FISH
One of the chief tourist attractions at Santa Catalina Island is the boat trip at night to see the flying fish. The fish
leave the water in front of the boat and sail through the air in the path of the boat's searchlight. The sight is beautiful
to behold and somewhat astounding to strangers from the hinterland who previously would have laughed to scorn
anyone who told them that there were fish living today that could fly through the air.

Actually, the fish does not fly; it sails, and therefore the name "flying fish" is a misnomer. The pectoral fins are
extremely long and are

FIGURE 47. See Table 48

capable of great expansion till they resemble the wings of a monoplane. The fish picks up itsinitial speed in the
water. Breaking through the surface it extends its pectoral fins into sails and adds to its speed by rapidly sculling
with the lower |obe of the tail fin which has not yet left the water. When soaring speed is attained, the tail is com-
pletely withdrawn from the water and the fish can soar for 50 to 200 feet through the air. As the speed slackens the
fish loses altitude and if it wishes to continue in the air it will once more lower the tail into the water and scull very
rapidly, gaining a fresh burst of speed for another long soar. In this manner the fish will frequently make as many as
four soaring trips before it finally plops back into the water.

The lens of the eye of aflying fish is constructed for seeing under water and therefore the fish has very poor eye-
sight when in the air, with the result that it will occasionally circle around and smash into the boat that startled it
from the water. If the fish is soaring in an updraft of air it will frequently reach heights of 50 feet or more above the
water, and not a few have landed on the decks of the Santa Catalina Island passenger steamers on their trips to and
from theisland.
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Besides tourist attraction, the flying fish, Cypselurus californicus, also is valued commercialy as bait for marlin
fishing. The season extends from spring through summer to fall, these being the months when the marlin are present
in greatest numbers. Other species of flying fish occur in other parts of the world, but this particular speciesisfound
only in Southern California and Lower California. It is caught in gill nets (the only kind of net which will take such
agile and "air-minded" fish). The landings are made at the fresh fish markets where they are immediately iced, then
shipped out to marlin fishing centers. A large share is shipped to Hawaii for the marlin fishermen there.

The records of the catches go back only to 1928. Previous to that time the landings were included with the "miscel -
laneous fish" category. Since the sale of this fish is amost exclusively to the marlin fishermen for bait, the records
should reflect the ups and downs of that industry. Thus we observe a decline ending in 1933 which probably isin-
dicative of the economic depression. Then again there is a prolonged low period from 1941 to 1946 which was
caused by the war.—Charles R. Clothier.

Reference (see page 210): 77.

2.21. HAKE

Hake, Merluccius productus, is a soft flesh fish which must be marketed fresh. It has been of minor importance and
more recently of no importance. With the expansion of most of our fisheries the fishermen have gone farther afield
which means that it takes longer for the fish to reach the consumer. As aresult it has become impossible to present
this fish to the consumer in a satisfactory condition, and the market demand has fallen to nothing. Thisis evidenced
by the fact that the greatest poundage of hake was landed in ports nearest the major markets, but when the center of
the trawl fishery shifted to Eureka the hake landings declined. Hake are still taken by drag nets, hand lines, and gill
nets but these fish are discarded, because they are too soft to reach the markets in edible condition and therefore the
recorded catch is low. More could be brought in if there was a market demand. Technological processes may be
evolved to utilize hake and it has been described by several authorities as one of the latent fisheries.

The range of this species is from the Gulf of California northward, but few commercia landings are made south
of Pt. Conception. In Northern California hake is often recorded as ocean whitefish which has lead to confusion with
the true ocean whitefish, Caulolatilus princeps, taken in Southern California waters. An attempt was made to correct
this confusion in the tables presented in this bulletin, but it would behoove the investigator to assay the situation be-
fore using the materials in toto.—Edwin K. Holmberg.

References (see page 210): 21, 53.
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FIGURE 48. See Table 48
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2.22. PACIFIC HERRING

Herring are found in nearly all temperate waters of the Northern Hemisphere. The Pecific herring, Clupea pallasii,
ranges from San Diego Bay on the south to Nome, Alaska, on the north, and extends southward along the Asiatic
coast to Japan and China. It is of major commercial importance throughout British Columbia waters and as far west
asKodiak in Alaska.

Herring are easily captured by nets because they habitually form dense schools. This makes them a cheap source
of excellent and nourishing food. They have been found to be ideal for processing into meal and ail, the former to be
used as food for livestock, the latter for the host of purposes to which animal fat has been found adaptable. In addi-
tion to these direct uses herring are of tremendous importance in the economy of the ocean, for they are food for a
multitude of larger fishes and mammals which are valuable to man.

Important as it is elsewhere in the world, in California the herring fishery has never been large, as Figure 49 illus-
trates. During, and shortly after World War | comparatively large quantities of herring were landed in California.
Reduction into fish mea and oil and canning for export to needy countries were the stimuli causing the increased
landings. The State Reduction Act! which went into effect in July, 1919, and the discontinuance of canning opera-
tions after that same year combined to bring the landings down to where they have only rarely exceeded 1,000,000
pounds annually. This small quantity has been used primarily by bait dealers, although some are salted, kippered or
sold fresh. It should be noted that for salting or kippering the fatter herring from Alaska and Icelandic waters are
preferred to the local fish.

It will be noted that an increase in landings took place during 1947. This was caused by a few plants in the San
Francisco Bay area buying herring which they canned in an attempt to fill the demand created by the recent scarcity
of sardines. Unfortunately, the economics involved and the quality of the finished product failed to meet the public's
buying standards. The writer was informed by some of the companies concerned that they do not plan to handle any
more herring until improved packing methods are devel oped.

To date no method has been devised that will prevent the product from falling apart in the can. This defect greatly
reduces the "eye appeal” and therefore the future demand for canned herring. However, new processing methods are
being tested. It is believed that feasible methods for producing a top quality pack of herring is definitely possible,
even though the economics involved in the new methods have not as yet been thoroughly studied.—Eldon P.
Hughes.

References (see page 210): 53, 106, 112.

L Thisact prohibits the use of fish for reduction purposes without writ&)e:rﬂ permission from the California Division of Fish and Game.



FIGURE 49. See Table 48
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2.23. KINGFISH AND QUEENFISH

Sold under the name of "kingfish" are two species of fish: Genyonemus lineatus, the kingfish (erroneously called
tomcod), and Seriphus politus, the queenfish (erroneously called herring or shiner). Both are members of the croaker
family, Sciaenidae. The kingfish composes an estimated 75 to 90 percent or more of the total catch of the two spe-
ciesin the Los Angelesregion, and possibly an even higher percentage at Monterey.

These fish are taken commercially by small round haul nets in Southern California, and a few accidentally on
hook and line set for other fishes. In Central California, they are taken by round haul, gill, and drag nets, and on
hook and line. They are also taken by sport fishermen on hook and line from piers and boats. They are landed
throughout the year.

Most of the commercial catch is sold in the fresh fish markets. These fish are less desirable for eating than many
other members of their family, but are quite popular among certain racial groups. Some are sold for bait; they com-
prised 5 percent of the total live bait catch in 1947, with the queenfish predominating for this use. (Table 27). The
commercial demand is limited, and fluctuations in landings probably reflect this demand rather than any great
changes in the abundance of these species. The value at the markets has ranged from about 3 cents a pound to alittle
over 6 centsin recent years.

Through 1942, about two-thirds of the catch was landed in the Los Angeles region, with amost all of the re-
mainder landed at Monterey, and small amounts at San Francisco and other ports. In 1943, the situation changed
sharply, with the Monterey catch increasing to comprise 52 to 69 percent of the total for the next four years, then
dropping to 42 percent in 1947. The explanation may lie in the increased catch by round haul and drag nets as com-
pared with gill nets, at Monterey; it may also reflect an increasing scarcity of other more desirable fishes in that re-
gion.—Anita E. Daugherty.

References (see page 210): 27, 53.

2.24. LINGCOD

In past statistical records for the State, lingcod, Ophiodon elongatus, was called Pacific cultus. Following the change
made in official common names future statistics for this fish shall be recorded under the name lingcod which isin
line with general usage, although the fish is not related to the codfish family.

Lingcod is of considerable importance on local markets where it is sold fresh. This rather highly esteemed fish is
either white or green in the fresh state, but the more desirable green flesh turns white on cooking. It is taken by hand
lines, set lines, troll lines, and otter trawl nets. A new method of fishing has been improvised for taking lingcod from
San Francisco northward in California. A power gurdy, as normally used for trolling operations retrieves the heavily
weighted line rapidly from the ocean bottom when the jig or lure is taken by the fish. Being a game fish, lingcod is
of considerable importance in the sport catch which does not enter these records.
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FIGURE 50. Kingfish is the trade name under which both kingfish and queenfish are sold. See Table 48
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FIGURE 51. Lingcod was called Pacific cultus in former statistical records. See Tables 24, 26, and 48
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Ranging from Alaska south to below the Mexican border, this species occurs in the landings at al fishing ports
along the California coast. The heaviest poundages are brought in at Eureka with lesser amounts delivered at San
Francisco and Monterey. The heaviest catches are reported from April to October with some fish taken throughout
the year.

Thetotal catch tapered off from the depression years of 1930 and 1931 to an all time low in 1942. The demand for
fish after that year caused a continued rise to an all time high of 1,940,000 pounds in 1947. It is feared that the in-
creased pressure on this slow growing fish will prove too great and a resulting decline in its abundance will be re-
flected in the future catch of lingcod.—Edwin K. Holmberg.

Reference (see page 210): 53.

2.25.MULLET

The mullet, Mugil cephalus, has for years been one of the most under-rated fish taken in California waters and has
only recently come into its own both as a sport fish to be taken with a dry fly and as a table delicacy second to none.
The species ranges in the eastern Pacific from Central Californiato Chile aswell asin the lower Colorado River and
the Salton Sea. Various species of mullet are found in estuaries and shallow bays throughout the temperate and trop-
ical areas of the world.

The fish has never been taken in commercial quantities north of Los Angeles County and seldom north of San
Diego. In the years up to and including the middlie 1930's most of the landings shown in the graph were taken in San
Diego Bay and a few other shallow bays to the south of San Diego. They were caught in either gill nets or beach
seines and were seldom taken on hook and line. In these early years much of the fish taken in San Diego Bay was
peddled by the fisherman directly to the consumer so the total catch is greater than that shown.

Mullet became established in the Salton Seain 1905 when it was flooded by the Colorado River. Catches of com-
mercial quantity in this seafirst were recorded in 1915; reached a peak of around 91,000 pounds in 1918 and ceased
in 1921 when the environment became unsuitable for mullet and no more were to be found. Between 1921 and 1942
there was no commercial fishing for mullet in the Salton Sea. However, in 1942 conditions had again become favor-
able for this species and limited fishing was alowed under strict supervision and regulation. The figures from 1943
through 1947 are amost entirely made up of fish taken in the Salton Sea with a peak of over one-half million pounds
landed in 1945.

Since the middle 1930's no commercial fishing with nets or seines has been allowed in San Diego Bay and most
of the landings of mullet in California between 1936 and 1942 were of fish taken in Mexican waters. The demand
was never great enough in these years for a separate fishery and those poundages landed were probably taken incid-
entally with other more desirable species. The great fluctuations are probably due more to this factor rather than the
lack of availability of the speciesto the fishermen.—John E. Fitch.

References (see page 210): 54, 124.
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FIGURE 52. Most of the catch 1943-1947 was made in Salton Sea. See Table 48
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2.26. PERCH

No significant fluctuations took place in the perch fishery for a 21-year period (1916-1937). However, 1938 marked
the beginning of a drop in production which continued into the all time low of 1941. Evidence indicates that the
drop was due to alack of fishermen rather than alack of fish. A complete record of price fluctuations, from the Los
Angeles area, indicates a slight upward trend until 1942 at which time a considerable jump in price per pound oc-
curred. Since the initial price jJump in 1942, both price and production has risen at almost exactly proportional rates.
Perch was worth 6 cents a pound to fishermen in the Los Angeles area in 1931; perch is now valued at 15 cents per
pound as an al year average.

The catch contribution of the numerous species of fish sold as perch can be determined from Table 13. In brief,
the areas from Eureka through Monterey utilize fish from the salt-water perch family Embiotocidae. The Santa Bar-
bara and Los Angeles areas are dependent on the salt-water perch, and to a large extent on members of three other
families of fishes. The halfmoon, or blue perch as it is known in the markets, is restricted to California waters south
of Point Conception and is one of the important species in the perch catch. It isthe only member of family Scorpidae
to be found in California waters. The opaleye, often called green perch, is far less important than the halfmoon. It is
a member of family Girellidae and the only representative in California waters. The blacksmith, miscalled black
perch, isamember of the demoiselle family Pomacentridae. Fish belonging to the demoiselle family are the least de-
sirable of the perch and perchlike species in the markets. One other fish that occasionally appears and is sold as a
perch isthe sargo, Anisotremus davidsonii, also known as silver perch.

The above species of fish, hereinafter referred to as perch, are mainly utilized as a cheap source of fresh fish. In
the Eureka region save for the redtail perch, part of the catch is frozen or set aside as cut bait material for the long
line fishermen.

Examination of port landing records for a 13-year period, 1935-1947, shows that San Francisco markets rank first
throughout the State of Californiain perch landings. Los Angeles generally ranks second, although the greatest land-
ings for the years 1938, 1941, and 1947 were in the Los Angeles region. Monterey, for a 13-year average, ranks in
third position, with Eureka following very closely. The Santa Barbara region landings are inconsistently fifth in
volume, but as an over-all average well outrank San Diego, the least important major port.

The effect of the closed season (May 1st-July 15th), on the commercial taking of salt-water perch varies consider-
ably. Eureka perch fishing is most productive in March and April, falling off to a minimum in the summer and fall
months. In the San Francisco area, catches are characteristicaly strong in the spring months, and continue to be
comparatively good for the remainder of the year following the reopening of the season. Monterey catches are
strong in March and April, very weak in January and February and following the closed season. The Santa Barbara
and Los Angeles areas produce catches that are fairly even throughout the months of the entire year. In the Los
Angeles area, the important halfmoon catches follow the reopening of the season. Other species are not taken in ap-
preciable quantities after July 15th.
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FIGURE 53. See Table 48
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TABLE 13
DISTRIBUTION OF PERCH CATCH—1947
If a prediction concerning the future of perch fishing is appropriate, it is probably safe to say that the increased
population along the California coast plus the increased demand for a cheap source of fresh fish will combine to
hold perch production at a comparatively high level. Supply, of course, will depend primarily on the sustained abil-
ity of the various perches to produce a sufficient surplus of tender young recruits every year.—Parke H. Young.
Reference (see page 210): 28.
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2.27. POMPANO

The pompano fishery is at present dependent on the California pompano, Palometa simillima, but at times quantities
of the Mexican pompano, Trachinotus kennedyi, have entered the catch records. The California pompano is not a
pompano but is the only member of the butterfish family, Stromateidae, to be found in California waters. The range
of this speciesis very wide, from British Columbiato central Lower California. The maximum length of the Califor-
nia pompano is around 11 inches.

In contrast, the Mexican pompano (Table 48) is a true pompano of the family Carangidae; closely related are the
amberjack, yellowtail and crevaly, al found on the Pacific Coast. The northern range of the Mexican pompano is
approximately 300 miles south of the southern limit of the California pompano. It is found from Magdalena Bay,
Lower California, to the coast of Panama. The length of alarge specimen may be in excess of two feet.

Each of the Pacific coast pompanos has its Atlantic coast counterpart; however the fishery for the Atlantic species
is developed to a much greater extent. The butterfish, Poronotus triacanthus, which corresponds to the California
pompano produces an annual catch of 12,000,000 pounds, whereas the Atlantic pompano, Trachinotus goodei, and
others, average less than 1,000,000 annually. The Atlantic butterfish and California pompano attain approximately
the same maximum length, but the true pompano from the Atlantic may grow to alength of three feet and weight of
8 or 10 pounds.

Perhaps the comparatively low catch of the California pompano is due to relatively hit and miss fishing methods.
They are usually taken in lampara nets in conjunction with fishing effort expended on other species. Thereis an ex-
clusive commercial fishery for butterfish on the Atlantic coast where floating traps and pound nets are used. The true
pompano in the southern Atlantic fishery is taken by trammel and run-around gill nets, haul seines and by hook and
line.

According to the 1878 report of the California Commissioner of Fisheries, 18 years after the California pompano
was first described by Ayres, "pompino" were considered to be a special delicacy bringing 25 and 50 cents per
pound. In the present day with inflated prices a catch rarely brings as much as 50 cents per pound although as afresh
seafood pompano are held in high esteem. Fishermen in the early days, even as now, did not hesitate to take three- to
four-inch half grown fish as the market value outweighed any conservative inhibitions of the fisherman. Special re-
lease devices permit the escape of the half grown fish on the Atlantic Coast.

The principal fishing center for California pompano was originally in San Francisco Bay, leading to the belief that
the natural range of the fish was very limited. By 1916, the first year for which there are documented records, Los
Angeles was by far the most important producing area. Prior to 1946 Los Angeles maintained the lead in the fishery
for 29 of the 30 years. In 1946, Monterey Bay produced approximately 2,000 pounds more than did Los Angeles,
and in 1947 more than double the Los Angeles catch. The fishery of Monterey Bay is conducted mainly in the north-
ern portion where the warmer water is to be found. Several
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FIGURE 54. For the record of Mexican pompano, see Table 48
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lampara boats, about 25 feet in length, are providing the great bulk of the catch. Fishing in both areas is conducted in
water less than 10 fathoms deep.

There is nothing to indicate that the efficiency of the fishing methods has increased in Monterey Bay, which leads
to the conclusion that there is an increase in abundance, particularly to the northward. This conclusion is substanti-
ated by the observations of British Columbia scientists who have recent records of California pompano occurring in
hundreds of pounds rather than by isolated instances as was the case prior to 1946.

California pompano taken in quantity more than satisfy a moderate local market, and as a consequence must find
outlets in eastern markets. Shipments of frozen pompano to the east have become more common in the last several
years. Conversely, butterfish, the Atlantic species, is shipped frozen to the markets on the West Coast. The prevail-
ing price at thistime is around 45 cents per pound. One company in the Los Angeles area has imported many thou-
sands of pounds of butterfish for local dealers. California pompano are very popular with the Japanese and Filipino
trade in the Los Angeles area. Part of the Monterey fish are consumed locally, but the great bulk is shipped to San
Francisco and to the East.

Price fluctuations are no doubt dependent upon supply, and during a season of good catches, a boat captain may
find it necessary to contact several buyers in order to dispose of his catch. In both the Monterey and Los Angeles
markets, the average price per pound appears to vary inversely with the total deliveries. For instance, in the 1945
season, Monterey deliveries totaled dlightly over 9,000 pounds but commanded an amazing average price of 58
cents per pound to the fisherman. In 1946, Monterey catches amounted to 44,000 pounds which brought 33 cents per
pound as an average. In the month of April, 1947, dlightly more than 37,000 pounds of California pompano were
landed, mostly in Monterey. The fisherman received for his catch an average of 18 cents per pound in Monterey and
approximately 16 centsin Los Angeles.

From the foregoing, it would seem that there may be possibilities of increasing the yield of the California pom-
pano fishery. Introduction of more efficient gear, including the incorporation of release devices, and a more thor-
ough knowledge of the habits of the fish could do much toward providing fuller utilization of the resource—Parke
H. Young.

Reference (see page 210): 133.

2.28. ROCK BASS

The California rock bass fishery consists chiefly of two species, the kelp bass, Paralabrax clathratus, and the sand
bass, Paralabrax nebulifer, and is of minor commercial importance. To the marine sport fishermen, however, the
rock bass fishery is of major importance, ranking first in number of fish taken and second in poundage. (See Tables
24 and 26.)

Rock bass are taken throughout the entire year with the largest landings made in June, July and August. Fishing
grounds extend from Point Conception south into Mexican waters. Rock bass are common in Southern California,
all along the coast and around the islands.
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FIGURE 55. Commercial landings only. Rock bassis also an important marine sport fish. See Tables 14, 21, 6, 48
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The commercia catch has varied little from year to year, and the general trend has been toward a decline in the
total landings. The average catch from 1916 through 1935 was about 480,000 pounds and from 1936 through 1947
was only half that amount. This drop does not necessarily show a decline in the availability of the fish but rather a
reduction of the fishing effort for local market fish, especialy for those species with which the rock bass fishery is
associated. Unfavorable economic conditions have caused many fishermen to pursue other, more profitable species.

Few regular commercial fishermen are engaged primarily in rock bass fishing. The demand for this fishisalim-
ited one, existing only in the fresh fish market. Therefore, the price per pound to the fisherman is seldom high
enough to attract full time fishing effort. Rock bass are caught by every conceivable fishing method and are taken
incidentally by boats fishing for other species such as rockfish, sheepshead and lobster. Rod and reel, hand and set
lines, gill nets, traps and trawls al contribute to the catch.

A large portion of the commercial rock bass landings have consisted of fish taken by sportsmen with sport tackle
and live bait. This practice of selling the catch became more and more popular among ardent fishermen who regu-
larly fished on the live bait sportfishing vessels, for it helped considerably to defray the cost of the day's recreation.
In 1947 alaw was passed to stop this practice and make sportfishing boats for sportsmen only.

TABLE 14
ROCK BASS
Pounds
| Commercial Sporteatch Commereial Sporteatch
1
1036 | 416,145 | 05,114 || 1942 122812 |
£ R | 325,000 | 470,518 1943 ... 198,132 | ... ...
1938 .. -] 286,087 | 001,488 | 1944 e 220,032 |-
1939___ 260,153 | 904,140 1945.. 163,846 i ______________
1940___ - 245,559 926,181 1946__ - 207,548 £24,636
1941 o 141,977 | . L 251,413 | 1,356,241
TABLE 14
ROCK BASS
Pounds

The amount of fish reported by the numerous live bait sportfishing boats and not included in the commercial re-
cord, is shown in the Table 14. This constitutes the major part of the sportsmen'’s catch, but not all, since these fish
are also taken by pier fishermen, skiff fishermen, and on private party boats. The abrupt rise in the sport catch of
rock bassin 1947 is the result of more complete records collected by the Bureau of Marine Fisheries from the oper-
ators of the sportfishing vessels—Raobert D. Collyer.

References (see page 210): 30, 133.
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2.29. ROCKFISH

The rockfishes, commonly called "rock cod,” have been one of the mainstays of the fresh fish markets in California
for anumber of years. These fish are al'so an important item in the ocean sport catch along the California coast. The
rockfishes comprise alarge family with about 55 species occurring in California waters.

These fishes are caught along our entire coast, primarily where there is arocky or gravelly bottom. Some species
are found close to shore while others may be taken from 300 fathoms and occasionally from greater depths. Most of
the commercial fishing is donein 40 to 110 fathoms. The smallest species may reach a Iength of only 8 inches, but
the largest attain a length of 36 inches. A half-dozen of the larger and more abundant species make up over half of
the annual California commercial poundage landed, namely

Bocaccio, Sebastodes paucispinis
Vermilionrockfish, S. miniatus
Y ellowtail rockfish, S. flavidus
Chilipepper, S. goodei
Orangerockfish, S. pinniger
Black rockfish, S. melanops

Aside from the true rockfishes of the genus Sebastodes, there are three other species belonging to this family,
Scorpaenidae, that are landed in minor amounts. These are the sculpin, Scorpaena guttata, and two so-called channel
rockfish, Sebastolobus alascanus and S. dtivelis. of these two channel rockfish, the latter is landed only rarely be-
cause it is taken in 300 or more fathoms of water. The catches of sculpin are listed separately in the statistical re-
cords, whereas the catches of channel rockfish are included with rockfish. Channel rockfish were not landed in ap-
preciable quantities until 1932, and they are still of only minor importance.

To the commercia fishermen, the rockfishes are "cheap” fish and it is not profitable to fish them unless fairly
large quantities are caught. Thisis due partialy to the fact that in dressing out the fish in the most popular fillet form
for the trade, there is aloss of about two-thirds in weight because of the heavy bony structure and large head. Hook
and line fishermen will readily forsake rockfish for more valuable market fishes such as salmon and albacore during
good "runs’ in the open season.

The rockfish catch increased from about 5,000,000 pounds in 1916 to a little over 8,000,000 in 1918, as a con-
sequence of the increased demand for food during World War |. The decline to 4,000,000 pounds in 1922 reflects a
postwar slump. The landings then increased to 72 million pounds in 1926 and remained between this figure and
6,000,000 pounds until 1931, when the yearly total declined steadily to 1¥2 million pounds in 1942. However, 1942
represents the first full year of this country's participation in World War 11, and cannot be considered normal be-
cause of restrictions that curtailed fishing activities during a period of adjustment to war conditions. Therefore, the
normal decline was from 7%z million pounds in 1931 to about 3% million pounds in 1941. This appears to represent
a gradual dimunition of the stock of rockfish on the usua fishing grounds in Southern California and in Central
Cdlifornia, but not in Northern California, because the rockfishesin this region had been but

L \n Fish Bulletin 49, p. 43, areported record rockfish, caught April 19, 1933, near Pt. Sur, was 36Y2 inches long and weighed 32%2 pounds.
Thiswas identified erroneously, as Sebastodes pinniger when it should have been S. levis.
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FIGURE 56. See Table 48
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FIGURE 57. A Northern California dragger, equipped with a balloon type trawl and otter-boards or "doors.” The
major portion of the net has been suspended from the boom to dry. The otter-boards, of which there are two, are
lashed to therail, one on either side, near the stern of the vessel. In operation, a hauling cable is attached to each
board and each board, in turn, is fastened to a wing of the net. The otter-boards are weighted so that they slide
along on the bottom edge. The attachment of the hauling cable to the boards is such, that as the boat moves along
the boards are pushed outward, keeping the mouth of the net open. Photograph by J. B. Phillips. Fort Bragg,
November, 1947
lightly exploited up to this ti me. Previoudly, the catches in the Southern and Central California regions had been
maintained by the discovery of new "rocks' or "banks,"” which were fished intensively until their production was

poor.

Before 1933 the landings, by Southern California boats, of catches made in Mexican waters amounted to a few
thousand pounds annually. During the period 1934-1943, landings from catches made in Mexican waters ranged
between 100,000 and 200,000 pounds. In other words, the lack of good fishing in Southern California waters was
compensated, in some measure, by trips into more productive Mexican waters. Since 1943, catches made in Mexic-
an waters have dropped off considerably just as they have in the locally fished waters. This has not been due to
poorer fishing conditions in Mexican waters so much as to the fact that the relatively unexploited Northern Califor-
nia region began producing large quantities of rockfish caught by the balloon drag net. The first rockfish drag boat
moved down to Eureka, from Oregon, in November, 1943 and by 1944, a large number of such vessels were operat-
ing in Northern California. Later, this type of net wasintroduced farther south.

The year 1943 serves to mark two different phases in the history of the rockfish fishery in California. Up to, and
including most of the year

2The major portsin Northern California are Eureka, Crescent City and Fort Bragg; in Central California, San Francisco, Monterey and Santa
Cruz; in Southern California, Santa Barbara, San Pedro and San Diego.1 18



FIGURE 58. Rockfish being hauled in from a depth of 100 fathoms, off Pt. Sur, near Monterey. In this case there
was about one mile of mainline with 3,000 baited hooks set out on the bottom of the ocean. As the rockfish are
brought up from such depths, the lessened pressure allows the gasesin the air bladder to expand, increasing the size
of the air bladder, and the fish balloon upward to the surface. Photograph by J. B. Phillips, April, 1928
1943, the fishery was conducted primarily in Southern and Central California, with hook and line, trawl lines, or
long lines with numerous baited hooks attached. About 5 percent of the annua state poundage was landed by the
old-type paranzella and otter-board draggers. Late in 1943, the balloon drag net proved so successful that, by the end
of 1944, the bulk of the rockfish landings in California were caught by this type of gear. The state catch rose ab-
ruptly to 13% million pounds in 1945. Fish could be delivered cheaper because of the huge quantities taken, but the
surplus in Northern California could not be disposed of locally. As a consequence, a frozen fillet industry devel oped
and the product was shipped to many of the markets formerly supplied by the Southern and Central California fish-

eries.

There are still hook and line operations for rockfish along the entire California coast, and in Southern and Central
Cdlifornia this is the principal gear used. The greater poundage is now taken by the balloon draggers operating in
Northern California.

To illustrate the change that has taken place in this fishery: During the eight-year period, 1935-1942, the average
annual catch in California was about 3,650,000 pounds, and Northern California contributed 10 percent of this total,
Central California 63 percent and Southern California 27 percent. During the five-year period, 1943-1947, the aver-
age annual catch in California amounted to about 8,400,000 pounds and Northern California contributed 82 percent
of thetotal, Central California 14 percent and Southern California 4 percent.

The first impetus was given the frozen fillet industry in Northern California by the Army during World War 11.
When it was demonstrated that the balloon drag net could provide large quantities of rockfish at a reasonable price,
the Army placed large orders for this product for the
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camps in California. With the cessation of hostilities, the large Army orders were withdrawn and this lessened de-
mand is reflected in the decreased catch since the 1945 peak year. In the Southern and Central California fisheriesin
the last decade the catch experienced a downward trend in spite of arelatively constant demand. This suggests that
the northern rockfish population might not have continued to furnish an annual catch of 13,000,000 pounds for very
many years.

Some experiments in canning rockfish have been made in California, but this particular pack has not been de-
veloped commercially. Small amounts of rockfish are preserved by salting but the bulk of the catch continues to be
sold fresh or as frozen fillets.

—Julius B. Phillips.

References (see page 210) : 31, 40, 41, 96, 116, 117, 118.

2.30. SABLEFISH

Sablefish, Anoplopoma fimbria, also known as black cod, coalfish, candlefish, seatrout and skilfish, ranked six-
teenth in the commercial catch of 1947. It ranges from Alaska to Southern California, and is taken throughout the
year by hand lines, set lines, long lines, otter and balloon trawls. In California, greatest landings are made at Eureka
where 40 percent of the trawler catch consists of sablefish. Monterey, where the fishing is primarily long line, is
next in importance.

Inhabiting deep water during the winter months, the fish migrate into shallower water as the season progresses.
Taken at depths of from 80 to 300 fathoms, the heaviest landings are made during the summer months when calmer
weather allows the fishermen moretime at sea.

The sablefish is dark greenish-black in color, with a long, slender body. It reaches a length of three feet and a
weight of from forty to fifty pounds. Thereis areport of an Alaskan specimen weighing 126 pounds with the viscera
removed.

Marketed chiefly as smoked "black cod," sablefish are also valued for the liver. Recently frozen fillets have been
introduced in the stores in an effort to stimulate an interest in the fresh product. Buyers for the markets accept only
fish of five pounds or more because smaller fish are not suitable for filleting or smoking. During the war years four-
pound fish and smaller were accepted and such large quantities of small fish were delivered that the long line fisher-
men became alarmed and voluntarily adopted a minimum size limit of about four pounds.

The accompanying figure shows several minor fluctuations. The catch reached a peak first in 1935, when sable-
fish livers brought a higher price than the fish itself. The sharp drop following this year and continuing until 1942,
was caused by the fishermen abandoning the sablefish and turning to the more lucrative shark fishery. The outbreak
of World War 11, with the demands it placed on the fishing industry, and the introduction of the balloon trawls at
Eureka late in 1943, skyrocketed the landings of sablefish to over 6,000,000 pounds in 1945. With the end of the
war, the demand for fishery products lessened and sablefish landings have declined until they are now at the 1928
level.

of historical interest is the Newport Beach fishery which is protected by a city charter drawn in 1905. Here fish
are sold right on the beach from the dories making up the fleet. Sablefish under the name of "seatrout" comprises a
considerable portion of these sales. No other shops, stores or markets are allowed on the beach according to the pro-
visions
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FIGURE 59. See Table 48
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of the charter. Also of interest is the sablefish run which began July 11, 1947, in Monterey Bay. Fishermen from

miles around thronged the municipal pier, pulling in fish as fast as they could throw in aline. On July 26th, the run

abruptly ceased. An estimated 100 tons were taken by the sportsmen during the 15 days of the run.—Keith W. Cox.
References (see page 210) : 7, 47, 89, 116, 117, 118.

2.31. PACIFIC SAURY

Although known to most commercia fishermen, the Pacific saury, Cololabis saira, also called skipper, garfish, and
needlefish, is seldom seen in the fish markets, having appeared in quantity only once when in 1931, 1300 pounds
were delivered at Monterey. Most individuals are about 10 inches long, some reach 14 inches, and with their long,
dender cigarshaped bodies and pointed jaws, they ook not unlike small barracuda. Occurring in large schools, close
to the surface and inhabiting the temperate seas, they range from Lower California to Japan. of considerable import-
ance in Japan before the war, shipments of frozen saury were made to the United States for sale to the Japanese here.
At the present time sauries are of negligible importance in the California commercial fisheries. The few individuals
appearing in the market usually have been caught in the nets mixed with other species.

As an experiment, in September, 1947, Hovden Food Products Company, of Monterey, packed 10, half-pound
oval cans of saury in oil. The product was highly satisfactory being judged superior to sardines in taste and appear-
ance. Unfortunately, the fish moved from the area and no more have been canned. Since sauries are more plentiful
off Southern California than was formerly suspected, it may be possible that further investigation will reveal a com-
mercial fishery could be established for these fish in this region.—Keith W. Cox.

Reference (see page 210) : 2.

2.32. SCULPIN

This is Scorpaena guttata, the trandation of which is spotted scorpion. It is a member of the rockfish family,
Scorpaenidae, and should not be confused with the true sculpins, Cottidae. The common names, sculpin and scorpi-
on, as well as the scientific name, are al derived from its poisonous dorsal spines. These can inflict a painful wound,
varying considerably in degree; but they in no way affect the quality of its flesh. On the contrary, it is a much-
sought-after fish and considered a great delicacy and often goes directly to the fishermen's homes. Most of it is con-
sumed locally, sold through fresh fish markets in the ports of delivery.

Sculpin is taken chiefly with hook and line and incidentally in round haul nets. Its catch by the latter, which sel-
dom take rockfish of the Sebastodes group, is of interest, suggesting a difference in habitat or behavior; the sculpin
probably swims farther off the bottom, at least at times. It will even come to the surface to lights at night and the
mackerel scoop boats occasionally get these fish when they come up for chum. It is reported to occur over both
rocky and sandy bottoms, concentrating in certain areas and possibly at certain times of year, where it is sought by
those fishermen who specialize in this fishery.
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FIGURE 60. See Table 48
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The species ranges from Monterey south into the Gulf of California and is caught the year around, with heaviest
landings in the spring and summer. Most of the commercial landings reported in recent years have been made in the
Los Angeles and San Diego regions, with the amount at L os Angeles ranging from 69 to 95 percent of the total. The
landings have varied from year to year, apparently representing variations in fishing effort rather than in abundance
of fish. Sculpin is caught mostly by a few specialists, who move from one fishery to another as the chances for
greatest profit shift. Despite the claim that there is probably never enough of this fish taken to supply the potential
demand, the price paid for it is not incentive enough for fishermen to go after it. Prices in recent years have risen
from around 7 cents a pound to about 14 cents and in 1947 the bulk of it sold for 20 cents—Anita E. Daugherty.

Reference (see page 210) : 6.

2.33. BLACK SEA BASS

The present fishery for black sea bass, Stereolepis gigas, is conducted almost entirely along the coast of Lower Cali-
fornia, Mexico, between Cedros Island and Cape San Lucas. Most of the catch is sold fresh in the form of fillets, al-
though in past years some was dry salted. The fishisfrequently called jewfish.

Severa boats fish almost exclusively for black sea bass and other closely related forms. Most of the catch,
however, is brought to California markets at San Diego and Los Angeles by the numerous small boats which ply
Mexican waters for any marketable species from yellowtail, bonito and skipjack to black sea bass and groupers. Cer-
tain spots or banks are more favorable than others for catching this species and sometimes a full load can be ac-
quired in afew days time on one bank. often the fisherman must fish several of these favorite localities before a pay
load is assured. Most of the fish taken range between 50 and 500 pounds each, and are caught on either hand lines or
set lines usually fished on the rocky bottom and close to shore. Purse seiners aso account for a small percentage of
the total Californialandings as do the shark gill netters which operate in Mexican waters.

Until about 1922, the commercial catch of approximately 150,000 pounds per year was made up almost entirely
of fish taken off the California coast. During the next 10 years or until about 1933 the average yearly landings of
350,000 to 400,000 pounds was divided nearly equally between fish taken in Mexican waters and those taken loc-
ally. Since 1933, presumably as increased fishing pressure resulted in depletion of the stock on local banks, the bulk
of the catch has come from Mexican waters. During this period an al-time high of approximately 861,000 pounds
was landed in 1934; generally, however, the average yearly landings have remained fairly stable at around 400,000
pounds. The 244,000 pounds in 1947 represented the lowest landings since 1925.

Up to 1922 probably most of the catch was delivered round. During the next 10 years the practice of cleaning the
fish at seaincreased and by 1933 all fish were delivered cleaned. This makes the record of landings misleading since
it does not represent round fish. The black sea bass taken locally is eviscerated before it is landed, and the fish taken
in Mexican waters are beheaded and eviscerated and no adjustment has
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FIGURE 61. See Table 48
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been made in the catch record for this loss of weight. A reasonably accurate approximation of the total poundage of
fish caught can be reached by adding 40 percent to the recorded totals beginning with 1933 to cover the loss of
weight in cleaning and beheading.—John E. Fitch.

Reference (see page 210): 133.

2.34. WHITE SEA BASS

The California white sea bass, Cynoscion nobilis, ranges from Alaska south to the Gulf of California. However, the
commercia range of this species can be defined as lying between Tomales Bay in Northern California and Mag-
dalena Bay, Lower California. From San Diego southward a small percentage of the catch includes avery closely re-
lated species, the shortfin sea bass, Cynoscion parvipinnis. The two species are so much alike they are seldom separ-
ated in the catch by the markets and therefore both have been treated as a single species in this report. Probably 99
percent is actually Cynoscion nobilis the true white sea bass. The young of the two species of sea bass have several
dark cross bars on the body and are sometimes erroneously called seatrout.

TABLE 15
SHORTFIN SEA BASS

Pounds
1932 oo 2487 || 1938 . 2,259
: 438 ) 1939 ___. - 2,600
3,350 || 1940, .o _ o TTTTIIIIIII 2,544
156 || 1941 T DT 2,305
1,191 1945 ... 375

TABLE 15
SHORTFIN SEA BASS
Pounds

Both of these species are members of the croaker family, which includes much sought after food fish on both
coasts of North America such as the croakers, corbina and totuava on the Pecific Coast and the weakfish and drum
of the Atlantic Coast.

The white sea bass, usually found in and around kelp beds, is a schooling fish and quite voracious in its feeding
habits. It is a valuable market fish and rated second only to albacore in general popularity as a sport fish in Southern
Cdlifornia. The average weight of this species ranges between 15 and 20 pounds, though it has been recorded up to
80 pounds and fish up to 60 pounds are not too uncommon.

Prior to 1925 over half the catch was made by purse seines and other round haul nets; with increasing scarcity of
white sea bass the round haul netters gradually turned to other fisheries and in 1940 were declared illegal. For a
couple of years after World War 11 anew fishery for white sea bass sprang up at Pismo Beach, California. It entailed
the use of a small monoplane and surplus army DUKWs carrying beach seines. The plane would fly low over the
surf until a school of white sea bass was spotted feeding in shallow water. A radio call would inform the DUKW op-
erator who would enter the surf, set the beach seine parallel to shore beyond the school of sea bass and then return to
shore. The two ends of the net would be quickly pulled ashore with winches leaving the sea bass trapped in the re-
maining bag, and eventually the whole school would be landed as the net was beached. This method accounted for a
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FIGURE 62. See Tables 24, 26, and 48
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great number of fish but has been declared illegal and has not been used since 1947.

Until 1931 the average yearly commercial catch of white sea bass was well over 1,000,000 pounds reaching a
peak of nearly 3,000,000 pounds in 1922. Since 1932 the catch has fluctuated widely, amounting to 1,000,000
pounds on only three occasions (1933, 1935 and 1947). Generally the catch has remained at a figure dightly over a
half million pounds; the lowest landings on record were made during 1944 when only 394,000 pounds were repor-
ted.

Numerous restrictive measures have been enacted throughout the years in order to give maximum protection to
this heavily fished species. These laws include such items as closed seasons, closed areas, gear prohibitions, minim-
um size limits, and bag limits.

Los Angeles Harbor and vicinity has usually been the center of the white sea bass fishery, although in 1946 over
half of the total landings were made in the Santa Barbara region. A small portion of the catch is also made along the
coast of Lower California each year and landed at either San Diego or Los Angeles. The landings recorded for white
sea bass do not represent atrue record of the actual pounds caught, since at present nearly all of these fish are landed
eviscerated. In earlier years they were both eviscerated and beheaded before being landed. A reasonably accurate ap-
proximation of the total poundage of fish caught can be obtained by adding 15 percent to the total landings given in
Figure 62 to cover loss of weight in cleaning.—John E. Fitch.

Reference (see page 210): 48, 121, 133, 137.

2.35. GREENLING SEATROUT

This is a fine food fish taken only in small quantities by market fishermen. Many more are taken by sportsmen.
Greenling seatrout, Hexagrammaos decagrammus, are found along rocky shores and reefs and around kelp beds from
Alaska to Point Conception. Their food consists to a large extent of worms, crustaceans and small fishes. They are
also known to eat plants such as sea lettuce. The commercial catch consists solely of fish taken incidentally with
rockfish, lingcod or other varieties. Sportsmen take them almost everywhere they fish along the Northern California
coast; from rocks or reefs, from skiffs and larger boats. The greenling seatrout belongs to the family Hexagrammid-
ae. There are three similar species found in Northern California, of which it is the most common.

Seatrout seems to be a pleasing name to epicures and is, thus, confusingly used by many dealers and fishermen to
indicate other species

TABLE 16

GREENLING SEATROUT
Pounds

8 N 59
L 57
1038 [ -

1939
1941
T 115

47
647
30
101
38
75
30
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GREENLING SEATROUT
Pounds
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of fish. In Southern California the young white sea bass and shortfin sea bass are often miscalled seatrout, as is the
sablefish at Newport Beach. In Northern California the steelhead are sometimes so misnamed.—Robbert D. Collyer.

2.36. SHARK AND SHARK LIVER

One of the greatest bonanzas reaped from the sea was harvested along the Pacific Coast when it was discovered that
the liver of the soupfin shark, Galeorhinus zyopterus, was one of the richest known sources of vitamin A.

The fishery from 1916 to 1937 was principally devoted to the capture of shark for the production of edible car-
casses. These carcasses, mainly from the soupfin, the leopard shark, Triakis semifasciata, the smooth-hound sharks,
Mustelus californicus and Rhinotriacis henlei, and the dogfish shark, Squalus suckleyi, were absorbed in the South-
ern California fresh fish markets. The demand in the northern part of the State for this product was never very great.
The requirements for shark were limited to supplying this and another small market for the highly specialized soup
base derived from the cartilaginous rays of the dorsal and pectoral fins of the soupfin shark. The common name of
the soupfin shark was derived from the practice of making soup from the dehydrated fins. This item commanded a
premium price in the oriental market. A small amount of effort was expended to supply shark skin for an eastern
firm, but this attempt never met with any great success. The difficulty and care involved in removing the skin and
preserving it for the market was more trouble than the average fisherman cared to undertake for the amount re-
ceived.

Long lines equipped with many hooks were the principal means of capture for shark during the years before the
vitamin boom. A lesser quantity was taken incidentally in gill and trammel nets. Needless to say, no great develop-
ment was possible predicated upon the limited demand then prevalent.

Investigation by the F. E. Booth Company in 1937 showed that the soupfin shark had great quantities of very high
potency vitamin A in its liver. This information was not generally known and for a short time the market lay
dormant. Buying activity on the market stimulated the interest of others and the industry began to expand by leaps
and bounds. Prices spiraled from a few dollars to $2,000 dollars a ton in a short while. The shark fever spread
through the fishing industry as many fishermen and boats were attracted to shark fishing by the chance to strike it
rich. Until 1938 the fishery consisted of small boats fishing with hook and line gear or set gill nets used mainly for
taking other species. The sharks captured were generally those taken incidental to other fishing activities. The
halibut long line tub gear and gurdy were adapted to shark fishing in 1938. This method remained popular for some
time but was soon supplemented and subsequently supplanted by the diver gill net, when it developed that the diver
would capture many more sharks than would the hook and line gear. The diver net is a bottom gill net equipped with
sufficient weight on the leadline to keep it on the bottom and with enough floats to make it stand like awall of web
from the bottom. It is anchored at both ends. When a shark strikes the web, it attempts to turn or roll and in so doing
it isentangled in the net.
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FIGURE 63. In 1937 it was discovered livers of soupfin shark had quantities of high potency vitamin A. Yearly
totals incomplete due to practices of throwing carcasses overboard and landing only livers. See Table 48
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With the increased development of the fishery, there came added knowledge of the habits of the soupfin. Asares-
ult of the fact that the soupfin was pelagic and could be found far out at sea near the surface during various periods
of the year, the floating gill net was developed and introduced into the fishery in 1943. The floating gill net or "float-
er" is about 1,500 to 1,800 fathoms long and about 10 to 15 fathoms deep of 9% to 11-inch mesh. Individual vari-
ations in construction are not conducive to standardization of the gear. The net is set behind the boat in aline about a
mile and a half long. One end is attached to the boat; the other drifts free with a buoy and a light attached. Current
and wind usually keep the vessel with some leeway against the net. The drifts are made overnight, during which
time the sharks, if any, are entangled in the wall of net that hangs below the surface. To prevent the capture of a
great quantity of unwanted great blue sharks, Prionace glauca, the nets are sometimes suspended from buoy lines so
that the corkline of the net is severa fathoms below the surface of the ocean. The net is hauled into the ship by a
power gurdy. The gurdy, or net puller, is constructed in the form of afree sheave placed horizontally. A power shaft
extends from the bottom of the sheave through a casing which supports it to the deck of the vessel. Power is sup-
plied to the shaft from the motor of the vessel through a clutch. The V-shaped score of the sheave is usually lined
with rubber to give a better purchase on the net.

Coincident with the expansion of the soupfin shark fishery there occurred the development of the dogfish shark
industry. The high prices paid for soupfin stimulated investigation of other possible sources of vitamin A. Asares-
ult, it was discovered that dogfish liver was another important source. The dogfish liver, however, did not contain oil
with as great a vitamin potency as that of the soupfin. Dogfish shark are taken in the northern part of California dur-
ing the winter at which times otter trawlers usually make special efforts to obtain this species.

Vitamin oils from the soupfin and dogfish sharks were the major sources of vitamin A for the United States dur-
ing World War 1l. As a consequence the stocks were fished heavily to supply the tremendous demand that de-
veloped, as other sources of vitamin oils were cut off. Shark liver oil was used in the production of vitamin concen-
trates, in human and animal food fortification, and in therapeutics.

Thetotal shark landings are misleading. The figures given for the years up to 1937 represent for the most part car-
cass weights as prepared for the market rather than round shark. Several species are included in these totals, and the
proportion represented by soupfin and dogfish during this time is not known. The large increase in landings in
1938-39 was the result of the wild scramble for soupfin and is probably a fairly accurate total of round weights of
the shark landed. During the first two years of the expanded fishery, the sharks were traded in the round at the fish-
erman-dealer level. The dealers removed the livers in their plants and sold them either to brokers or vitamin pro-
cessors. About this time some of the fishermen found that the livers ran somewhat more than 10 percent of the round
weight (10 percent liver weight to body weight was the rule of thumb upon which the price per ton of round shark
was determined), and began to sell the excised shark livers rather than the shark in the round. Because of this change
in marketing practice which began about in 194041, the statistics that indicate a
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decline during these two years are inaccurate. During this period, some fishermen sold their sharks in the round; oth-
ers sold the excised livers and the carcasses separately; still others sold livers only. The proportion of each of these
various marketing practices represented in the total reported catch is not known; however the figures do represent a
minimum record.

Trading of livers between the fishermen and dealers at this time was conducted on an established price per pound.
The price was determined on the basis of the average vitamin A potency contained by the livers from a given region
during a given season. It soon became apparent to the observant fisherman and dealer that some livers were good
(high in vitamin A content) and others were poor (low in vitamin content). As aresult, grading became a practice;
poor livers were placed in containers separate from the good ones; and female livers, which were low in vitamin po-
tency, were maintained in a separate category. Some of the more enterprising individuals developed trading tech-
nigques based on the principle of caveat emptor. The higher potency livers were sold on the basis of chemical analys-
is of the vitamin content. The poor livers were sold on the open market at the prevailing "blind" price per pound. As
the market price was based on the average run of the lot containing both good and poor livers, lots containing noth-
ing but culled remains were not bargains. This iniquity not only depressed the "blind" price on the open market, but
was instrumental in bringing about a further change in marketing technique.

Gradually the procedure has developed wherein all livers are offered for sale on the basis of vitamin content. It is
now general practice for the fisherman to unload his livers into a cold storage plant. There they are frozen and core
samples taken by representatives of commercial analytical firms. Upon receipt of the subsequent report of vitamin
content the lot is put on the block. In many cases this procedure is so far removed from the ordinary fish handling
and bookkeeping techniques that reports of these transactions are not obtained. Thus, the spread of this marketing
method has resulted in more and more omission of shark poundage in our catch records. At San Francisco at present
(1947), dl livers are sold on potency at auction where interested firms may bid competitively for the merchandise.
In other ports livers are sold to individual dealers who follow rather closely the published sale prices of the auctions.
In some cases livers are shipped to San Francisco to be offered for sale at the weekly auction.

The transition in trading practices of sharks has been somewhat gradual but erratic. It is most difficult to interpret
accurately its effect on the total shark landings. However, there are data at hand from reports made by liver pro-
cessors that indicate our figures for 1942 to 1946 are low by the following percentages:

1942 41%
1943 22%
1944 16
1945 28%
1946 160%

The above figures should be used with discretion as they in themselves are subject to some question. Neverthe-
less, it isthought that the trend indicated by the differences might be some help in interpreting the

" Investi gation subsequently developed that the production of vitamin A was associated with the growth of sharks, both soupfin and dog-
fish—the older or larger the shark the more vitamin itsliver contai ned.132



data. No attempt was made to distinguish dogfish shark from soupfin so that the relationship between these two spe-
cies remains clouded. Notwithstanding its decrease in abundance the soupfin shark was by far the most important
segment of the total shark catch to 1945.

In 1946 a fishery for basking shark, Cetorhinus maximus, was revived as new uses for the liver oil were de-
veloped. The fishery does not approach the soupfin or dogfish in value, there being no appreciable amount of vitam-
insin the liver oil. The value of this species liesin the commercial use of the liver oil and the utilization of fish meal
produced from the carcass.

The fact that shark fillets are used for human consumption is unknown to the consuming public in many cases.
Shark has been commonly substituted for other species of fish such as California and Pacific halibut, white sea bass,
barracuda, sole, rockfish, etc., and even salmon. During the summer of 1944 the author observed soupfin shark fil-
lets purveyed in a Long Beach restaurant as white sea bass, California halibut, barracuda and salmon. Upon ques-
tioning, the owner of the establishment admitted that the fillets sold for salmon had been treated with food coloring
to simulate the color of salmon tissue. Elsewhere throughout the State shark has been misrepresented for various
other species. Soupfin steaks substitute for halibut in some of the inland communities. Even in a fishery port such as
Santa Barbara, entrepreneurs have been known to foist bonito, thresher, and soupfin shark as halibut, rockfish, cod,
etc. This has undoubtedly extended the use of shark meat into segments of the population that would not have nor-
mally consumed it.

Shark meat is as palatable and nutritious as many other popular species, and there is no sound nutritional, esthetic,
or scientific basis for the reluctance attached to the consumption of sharks. The practice of substituting shark for oth-
er species, however, is not condoned. Connoisseurs of fish flesh can detect nuances of flavor peculiar to certain
kinds. Many markets for fish have been developed and cultivated because of the gastronomic characteristics peculiar
to the type. Substitution of shark for other species has a depressing effect on the market for these other fish. The per-
son with a cultivated taste for halibut, for instance, may not be able to detect that he is eating disparaged shark, but
he may however perceive that the flavor of the "halibut” is off. A few such experiences and the halibut customer is
lost to the trade. Therefore, if for no other reason than to maintain their integrity before the fish consuming public,
the industry should attempt to restrain these perfidies.

During the war years, 1941-45, many markets carried shark under its common trade names, whitefish, grayfish,
or fillet. Most people in securing this commaodity knew or suspected what they were receiving, or were not particu-
larly interested in the lineage of the product, and it was sold and purchased without subterfuge. It appeared in retail
markets and in many restaurants and in places where fish products had not been consumed before, as a result of the
scarcity of meat. Meatless days, accepted by many restaurants and individuals throughout the nation as a meat con-
servation move, increased the market and distribution of shark fillets.

The present consumption of shark has fallen materially with the decreased demand upon our fisheries resources.
Other products of more well-known repute have replaced shark flesh on the market. The remaining
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market for shark carcasses is prevalent only in areas where the low price of this commaodity is afactor.

A few other species are taken and their carcasses are of varying degrees of commercia value. Among them are
the bonito shark, Isurus glaucus, the thresher shark, Alopias vulpinus, the sevengill shark, Notorynchus maculatus,
and the sixgill shark, Hexanchus corinus—Wm. Ellis Ripley.

References (see page 210): 19, 58, 89, 97, 101, 102, 107, 132.

2.37. CALIFORNIA SHEEPSHEAD

The California sheepshead, Pimelometopon pulchrum, ranges from Monterey Bay to the Gulf of Californiawith the
greatest abundance south of Point Conception. It is usually found around kelp beds and rocky shores where it feeds
on mollusks, crustaceans and small fishes. This species is a member of the family Labridae, as is the sefiorita but is
not related to the sheepshead of the Atlantic coast and the Gulf of Mexico.

The scientific name of this colorful fish means "a beautiful fat forehead" and this is evidently derived from the
large fleshy hump on the head of the male which becomes more prominent with age. This fish reaches a length of
about 3 feet and aweight of from 20 to 25 pounds, with the depth and thickness of the front portion of the body in-
creasing as it matures. The females and young are usually of a uniform rose color. The males have a striking colora
tion consisting of a broad crimson band encircling the body and extending from just behind the head to the central
portion of the body; the head, dorsal, anal and caudal fins and the posterior portion of the body being purplish black.
The lower jaw is white. Both sexes have large protruding teeth in heavy powerful jaws which give them amost pug-
nacious appearance. The striking appearance of the male makes it an object of interest both in show windows and to
passengersin excursion boats around Santa Catalina | sland.

Sheepshead are considered to be quite destructive to lobsters as their fondness for crustaceans often leads them in-
to lobster traps where they are caught and used for bait. They are quite adept at detaching their favorite food, aba-
lone, from the rocks. Nothing conclusive is known of this fish's biology except its fondness for crustaceans and mol-
lusks. Two cases have been noted of afemale and a male taken near Santa Catalina Island on June 28 and 30, 1936,
respectively, wherein the 9¥%+inch female contained ripe ovaries of which about one third of the ova was transparent
and the 15-inch male was completely spawned.

Sheepshead are caught with hook and line, hand or set lines, incidentally in lobster traps and may be taken with
lures trolled at ordinary speeds. In 1943 permits were issued to take them in fish traps in areas where commercial
fishing was permitted but constant abuse of the permits resulted in their being revoked in March of 1947. Thereisno
bag limit and the fishing season extends throughout the year with the heaviest landings made in the winter months.

Thisfishis of minor commercia importance but is ranked fairly high among the sport fishermen partly because of
its good flavor. The flesh of the sheepshead israther coarse but the fat forehead is an esteemed
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FIGURE 64. See Table 48
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ingredient for chowder. The flesh has aflavor similar to lobster meat and it is often served as, or mixed with, lobster
in salads and cocktails.

The commercia landings have varied between 50,000 and 370,000 pounds per year. The fluctuations in the catch
seem to be due to the number of boats fishing rather than to the abundance of fish as this species is consistently
plentiful south of Point Conception. Although it is taken incidentally with other species the largest landings are
made by afew boats which specifically fish for sheepshead. In 1947 the landings from 7 percent of the boats making
catches of sheepshead, constituted 62 percent of the total poundage of this species landed commercialy from Cali-
fornia waters. Other species frequently taken with sheepshead are rock bass, ocean whitefish and shark. There are
considerable quantities landed by the lobster fishermen, probably due to the fact that this fish is used extensively for
lobster bait, and spiny lobster and sheepshead are found in the same localities.

Around 1880 large quantities were caught by Chinese fishermen who dried and salted the meat. Between that time
and 1925, when the fishery started to expand, there was little demand for the fish which is now sold entirely on the
fresh fish market. In 1928 the total catch reached a peak of 370,000 pounds, probably due to the scarcity of other
species and the fact that more boats were turning to set line fishing. Again in the period from 1942 to 1946 the de-
mand for sheepshead increased resulting in larger poundages being taken in Mexican as well asin Californiawaters.
Since 1930 Los Angeles has been the leading port of landing except during 1940 through 1945 when Santa Barbara
took the lead. A small portion of the catch has come from Mexico and since 1942 these poundages have increased
considerably. In 1945 the landings from Mexican waters were equal to about one third of the catch from California
waters. The average price per pound to the fishermen rose from 2Y2 centsin 1932 to 9% centsin 1944.

In the sport catch for 1947, 51,500 pounds representing 13,100 fish were taken from the waters of California
Sheepshead ranked sixteenth in pounds per species taken during the year by party boats and sport fishermen. The
larger specimens are considered to be an excellent target for the underwater spear fishermen. They are wary and
powerful, putting up quite a struggle when speared.—James W. Withycombe.

Reference (see page 210): 133.

2.38. SIERRA

The sierra, Scomberomorus sierra, is a market fish of very minor importance. It deserves more attention, for it is ex-
cellent table fare and should make a good canned product. It appears to be abundant off Lower California and there
seems no reason for its not supporting a much heavier fishery. Until 1947, it was called officially " Spanish macker-
el" and is listed as such in previously published catch records. This name unquestionably accounts in part for the
lack of demand, because the jack mackerel, a less desirable food fish, is frequently miscalled "Spanish mackerel"
and sold under that name. In any event, the sierra has remained relatively unknown to the California housewife. A
good advertising campaign could well result in far wider utilization of this resource.

Sierras are slender, mackerel-like fishes belonging to the bonito family, Cybiidae. They are distinguished by the
series of finlets which
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FIGURE 65. Erroneously called " Spanish mackerel." See Table 48
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follow the dorsal and anal fins and by the golden bronze spots on their sides. They reach alength of two or three feet
and aweight of four or five pounds. The genus, Scomberomorus, includesin all about 20 species which are found in
tropical and subtropical coastal seas throughout the world. of these, the sierra is the only common kind found off
western North America; it is a Mexican fish which seldom reaches Southern California waters. Another species, the
Monterey Spanish mackerel, Scomberomorus concolor, was once found in Central California where it supported a
small fishery in the 1870's and 1880's. It disappeared almost completely before 1890 and only a half dozen speci-
mens have been caught since that time. All members of the genus are quite generally called Spanish mackerel. This
was one reason for changing the name to sierra, though more fundamental was the confusion with jack mackerel in
Cdlifornia

The entire sierra catch since 1916 would hardly fill three modern purse seiners. The fluctuation in annual landings
in no way indicates availability; it merely reflects happenstance catches of alittle wanted fish. Market boats operat-
ing out of San Diego and Los Angeles occasionally bring in up to a few hundred pounds along with more salable
varieties and this congtitutes the fishery. The 1947 catch of 5,229 pounds represents 18 deliveries made by 17 boats,
whilein 1946, 17 boats caught 6,390 pounds in 19 trips.—Phil M. Roedel.

Reference (see page 210): 133.

2.39. SKATESAND RAYS

Skates and rays in California, unlike many of our other species, suffer from under utilization. The species that make
up the volume of the recorded catch are available in much greater quantity than they are used. Although almost any
type of equipment that fishes the bottom may be used to take skates and rays, the great bulk of the catch is derived
from trawl boat landings in Monterey and San Francisco. Almost every drag made by trawlers produces a share of
skates and rays. A very few are retained, only smaller specimens up to several pounds in weight being considered
desirable—all the rest are returned to the sea. Los Angeles landings are from hook and line and from gill and tram-
mel net boats.

The San Francisco region has consumed the greatest portion of the total catch, averaging over 66 percent for the
years 1936 to 1947. During the same period Monterey averaged 10 percent; Los Angeles, 5 percent; and the remain-
ing 19 percent was distributed among the other fish producing ports of California.

In the northern part of the State, people of Italian, Japanese, French, and Chinese descent consume most of the
production. Only the trimmed wings (pectoral fins) are used from the skates. Rays are seldom, if at all, consumed.
The reduction of skates and rays has been attempted several times, but because the price offered for the raw material
was of necessity low, the ventures were never successful.

The ups and downs of skate and ray landings have followed roughly the trends of general economic conditions,
the peaks of production falling at about the same time as periods of economic plenty. The decrease in landings fol-
lowing 1938 was aresult of a shift to the shark fishery
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by nearly al fishermen who were able to make the change, coupled with the entry of the United States into World
War |l. At the start of the war unfriendly aliens were barred from fishing the offshore waters. This action removed
many of the Italian crew members from the drag boats. The forced migration of people of Japanese descent from the
coastal areas into relocation centers also contributed to the decrease in the demand. The Japanese market did not re-
vive after the war, probably due to resettlement of these people in other areas and states.

Three species are of importance in the catch—the big skate, Raja binoculata, the California skate, Raja inornata,
and the long nose skate, Raja rhina. The big skate and the California skate are considered more desirable—Wm. El-
lisRipley.

Reference (see page 210): 132.

240. SMELT

There are four species of fish which comprise most of the catch marketed as smelt in California. These are jack
smelt, Atherinopsis californiensis, surf smelt, Hypomesus pretiosus, grunion, Leuresthes tenuis, and top smelt, Ath-
erinops affinis. of these, jack smelt make up most of the catch. Top smelt contribute an estimated quarter of the total
and the other species each make up asmall fraction. The surf smelt isa member of the true smelt family, Osmeridae,
while the others belong to the silverside family, Atherinidae. As the markets often do not separate these smelt they
must be treated together. The smelt catch is largely made at San Francisco and ports to the south. Although the flesh
of these fish is white and of good flavor, their generally small size and large number of bones reduce their desirabil-
ity. The yearly catch totals of smelt shown in Figure 67 reflect demand rather than fluctuations in abundance or
availability. The high catches in the three years beginning with 1943 are the direct result of a wartime boom. The
lumping together of several species in this one record would tend to mask any changes in the abundance of each
kind.

Most of the commercial smelt catch is made with round haul nets. They are often taken incidentally by boats fish-
ing primarily for other species. There is no particular fishing season as they are available throughout the year. At
Monterey some smelt are taken in circle gill nets. These small nets are laid out in a circle around the school of fish.
The fisherman then scares the smelt by throwing into the water a small weighted board attached to a retrieving line.
The frightened fish then gill themselvesin the net in their efforts to escape. Drift gill nets are also frequently used in
smelt fishing. This net islaid out straight and allowed to drift for a few hours. Some smelt are also taken with beach
seines at Newport Beach in Southern California. In this method the net is laid out from a skiff as it makes a half
circle out through the surf and back. The net is then hauled ashore with ateam of horses.

In Southern California considerable numbers of smelt are caught incidentally by boats fishing for live bait.
However, smelt are so unsatisfactory as bait that they are used only when no other fish are available.

In addition to the recorded catch, smelt are taken by amateur fishermen from the shore along most of the Califor-
nia coast. North of San Francisco surf smelt are taken with anet similar to the one used for whitebait. Jack smelt and
bay smelt may be caught either with baited
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FIGURE 67. See Table 48
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hooks or by snagging. When snagging the fisherman uses a line with many small hooks. By chumming he attracts a

school of smelt around hisline. A sudden upward jerk often hooks severa fish at once. As smelt are one of the most

abundant fishes found close inshore they make up alarge part of the dilettante fisherman's catch.—J. A. Aplin.
References (see page 210): 24, 25, 26, 33, 53, 90, 125.

241. WHITEBAIT

The species of fish which make up most of the market supply sold under the name of whitebait are Spirinchus stark-
si and Allosmerus attenuatus. The young of several other kinds of fish are also marketed as whitebait.

The yearly catch records shown in Figure 68 reflect demand rather than abundance. At Fort Bragg the fisherman
often takes an order for a definite quantity before going out to fish. Thisis also true at Eureka and most Northern
California ports. Over the period shown in the table of landings the totals are an indication of the degree of econom-
ic prosperity. This is one of Californias few fisheries where demand has not exceeded the ability to produce. The
yearly totals since 1943 have shown a considerable increase as transportation from the outlying beaches in Northern
Cdlifornia has improved and better refrigeration has helped in speedier utilization of this highly perishable product.
During World War 1l a small proportion of the catch was dried and sold in the Chinese markets of San Francisco.
However, with the return of trade with the orient this business has stopped.

FIGURE 69. Whitebait net of American Indian origin in use on the Humboldt County beaches. The most effective
method of catching these fish. Photo by Wm. Ellis Ripley, 1948
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FIGURE 68. See Table 48
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Whitebait is fished along the coast of Humboldt and Del Norte Counties with a net of the type shown in Figure
69. Thisnet is of American Indian origin and still is the most effective method of catching these fish. Fishing begins
at the turn of the high tide and lasts an hour or more. Sometimes a fisherman working at night can locate the schools
of fish by feeling them strike against his legs as he stands in the wash of the surf. When a scoop of the net has
caught only afew fish, they can be shaken back into the sack held by the hand at the point of the triangle. Here they
can be held while other tries are being made. This makes it unnecessary for the fisherman to go up the beach to
empty his net so often. During agood run of fish it is now possible to see as many as a dozen nets in operation along
a stretch of a half mile of beach near Arcata. This is a considerable increase over the number of fishermen seen on
the same beach before the war.

Probably the unrecorded catch of whitebait by the sport fishermen north of San Francisco has increased in propor-
tion to that of the commercial catch. This increase has been the result of improved roads and a greater local popula
tion. So far no regulation of this fishery has been deemed necessary.—J. A. Aplin.

Reference (see page 210): 9.

2.42. OCEAN WHITEFISH

The ocean whitefish, Caulolatilus princeps, is found from Central California south into Lower California and has
been taken at the Galapagos Islands and Peru. The largest California landings are reported from the Los Angeles
area

Thisfish is handled entirely in the fresh fish markets. It not only has a delightful flavor but it is also beautiful to
look at with its bright hues of blue, green, yellow and brown. In Northern California the hake is often erroneously
called ocean whitefish. The two fish do not resemble each other in the least, the ocean whitefish being as described
above, while the hakeis adirty date color and its flesh is soft and flabby.

Ocean whitefish is caught on set lines baited with sgquid, or sometimes with mackerel when squid are not avail-
able. The lines are set in various depths from 30 to 100 fathoms and are pulled up about every four hours. The catch
from this type of fishing gear will be variable with rockfish predominating. Some localities will yield mostly rock-
fish, others mostly sculpin or ocean whitefish.

Since the ocean whitefish is taken on the same gear as rockfish the landings will reflect to a certain extent the
Southern California landings of rockfish. Thus there is a period of large landings from 1924 to 1931 during the time
when rockfish were plentiful and in great demand. Since 1931 the supply of rockfish has diminished in Southern
Cadlifornia, and more and more boats have dropped out of the fishery with the result the ocean whitefish landings
have fallen off proportionally. The war years created an unusually large demand for fish of all kinds, and this is
shown by the increased landings from 1942 to 1945.—Charles R. Clothier.
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243. YELLOWTAIL

Yellowtail, Seriola dorsalis, is a sportfish of prime importance in Southern California. It is a fish that can be taken
by anglers from boats, and occasionally from shore. Yellowtail is generally taken on live bait, but it may aso be
caught by trolling. It is noted for its fighting qualities, and by many sportsmen it is considered second only to the al-
bacore in gameness.

Yellowtail istaken commercially by boats of al types, using various gear. It istaken in purse seines, and incident-
ally caught in gill nets. The larger bait boats rarely deliver this fish in quantity because the fresh fish demand islim-
ited and competitive; the cannery demand for it is small, inasmuch asiit is a less desirable canning species. The cost
of the raw product and the cost of processing it make it difficult to market. The smaller tuna bait boats, however, fre-
quently catch yellowtail to complete a partial 1oad when the more desirable tunais not available. Some of thisis sold
to the markets, and the surplusis delivered to the canners. Small jig boats take a good many yellowtail, and thereisa
fleet of small live bait boats fishing for the markets at San Diego, catching seasonally considerable quantities a short
distance south of the border.

The yellowtail is not atuna, but with the jack mackerel isin family Carangidae. Its range is from Central Califor-
nia south along the Mexican coast into the Gulf of California. It is taken commercially from Point Conception south
to the tip of Lower California. The commercial catch is greatest between June and September. However, it may be
caught the year around in Mexico.

In 1933 legidlation was passed which prohibited the taking of yellowtail by seiners in California waters during
certain months and after 1940 this regulation was effective throughout the entire year. Between 1933 and 1940 fur-
ther protection was given yellowtail by making it illegal to take them in California waters for the purpose of can-
ning. This legislation stimulated fishing south of the international border and the small live bait boats of San Diego
then ranged along the Mexican coast as far as Cedros Island, and intensively around the Coronado Islands, deliver-
ing their catch to the canneries. Except for prohibition of canning, these laws are still in effect, and, with one or two
additional ones regulating quantity per person, influence the catch of yellowtail today.

In 1918 the catch was high due to the war and the "eat less meat" campaign of that time. In 1919 and 1920 the
catch fell precipitously, and then rose gradually to a relative equilibrium. It has been noted in an earlier publication
that the amount of yellowtail canned parallels the catch (Fry, 1937b). Apparently the poundage caught depends a
good deal on the canners demands. Hence it is likely that the quantity sold on the fresh fish market is relatively
stable. Between 1921 and 1935 the canners had little desire for this species. In 1935 and 1936 the yellowtail catch
was again high, and this was due apparently to a healthy market for canned fish, inasmuch as the quantities canned
in these years increased strikingly. Moreover the restriction of fishing in local waters, caused a more extensive ex-
ploitation of the richer grounds along the Mexican coast. Canned yellowtail is usually packed in a solid or flake
form. The flake form makes a tastier, less pungent, more desirable pack.

Between the years 1936 and 1940 there was a large sport catch of yellowtail reported. During the war years there
was little if any marine

146
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sport fishing, and in 1946 when the gathering of records was resumed, the sport catch had diminished to an exceed-
ingly low level (see Table 26). The catch continued low in 1947, but the fact that the commercial catch in that year
approached the peaks of 1981 and 1936, would belie any claims to depletion. Apparently the yellowtail were not
available in those years to the local sportsman of Southern California

During World War 11 the commercial catch varied. When the government took over the larger boats in 1941 and
1942, the supply of tuna delivered to the canners decreased. The smaller live bait boats that remained had a good
market for their available catch of yellowtail, and the total catch in 1942 approached the 1918 record take. An in-
creased demand from the canners and higher prices paid in 1947 resulting from the end of the office of Price Admin-
istration regulations caused the increase in poundage that year. The price has varied and it no doubt affects the catch,
but to get a clear picture of the extent of its influence it would be necessary to take into consideration all economic
aspects. The price paid to the fisherman reached an extremely high point of $225 per ton during the war and postwar
years—Edward C. Greenhood.

References (see page 210): 62, 133, 139.

2.44. ALASKA COD

No California ships have gone north to fish for Alaska cod, Gadus macrocephalus, since 1937. During that year the
one California company sending ships north lost its packing plant by fire. The industry was at such alow point that
it was economically unsound to revive it in California. Seattle companies continued to send a few ships north each
spring until 1942 when the fishing grounds became a war theater and the fishing fleet was taken over by the govern-
ment for military service. Up to and through 1947 no ships have returned to the Alaska cod fishery.

Because Alaska cod were landed in Californiain a prepared state, salted, the amounts brought in do not appear in
Cdlifornia fresh fish catch figures. The accompanying graph was prepared from figures gathered by the "Pecific
Fisherman™ directly from the fish companies. Codfish landings are always shown in numbers of fish. Additional
scales of weights have been placed on the graph to facilitate comparisons with the other figures in this bulletin. The
size of the fish varies from year to year, but the average weight of the fresh fish is 12 pounds; average weight as
landed is about 3% pounds. Shortly before Californians left the fishery the average size of the fish became smaller
and smaller, and the companies had to set minimum size limits to eliminate even smaller fish from the catch.

The graph illustrates the declining success of the California fleet since 1919, the peak year of heavy wartime de-
mand. Various reasons have been suggested for this lowered productivity. First, competition for the available fish on
the fishing grounds increased as more and more Japanese trawlers either caught most of the fish or scattered the
schools to such an extent that our ships' dory fishermen, restricted to the use of hook-and-line, were unable to make
good catches. It finally reached the point where, in 1936, one California ship didn't even fish her fleet of dories, but
returned home with a 360-ton load of cod that had been purchased from Japanese trawlers. Second, the increased
competition,
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FIGURE 72. Alaska cod figures are not included in California commercial landing totals. Average weight 12
pounds per fresh fish when landed in Alaska, 3% pounds upon arrival in California cleaned and salted. See Table 17
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TABLE 17
ALASKA COD LANDED IN CALIFORNIA—1863-1937
coupled with adverse economics played an important part in curtailing California's Alaska cod fishery. The catch
had to be transported thousands of miles for processing and marketing, and because handling costs increased more
rapidly than retail prices, it became continually less profitable to handle Alaska cod. Finally it was more profitable
to process Atlantic cod, Gadus morrhua, a close relative of the Alaska cod, shipped from eastern Canada, and this
has been the condition in California since our fleet left the fishery after 1937.

A method of vacuum packing the salted cod in cans was introduced to the industry in 1936 and held promise of
reviving the demand for cod by making it more accessible to the retail trade. It was believed that canning would
overcome the handicaps of a perishable product, troublesome to transport and difficult to display effectively. Al-
though this vacuum pack did facilitate handling and displaying unfortunately canning did not prevent spoilage dur-
ing hot weather because no sterilization process was used. The freshly curred cod reached the market in more ac-
ceptable condition but canned cod did not gain much popularity among the discriminating buyers.
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While cod is thought of principally as a dry-salt fish, some is preserved as stockfish by air drying; some is made
into fillets and some sold in the fresh fish market to the north of California. Stockfish is used in making "lutfisk," a
favorite Scandinavian dish for the Christmas and New Y ear holidays.

Alaska cod is one of the few potential fishery resources remaining and the Pacific banks are estimated to be large
and capable of greater production. When plants are established near the fishing grounds and improved transportation
facilities become available, this resource may be more fully utilized.—Eldon P. Hughes.

Reference (see page 210): 45.

2.45. CRABS

The most important crab in Californiais the market crab, Cancer magister, sometimes called the white crab or Dun-
geness crab. The range of this speciesis from Alaskato Magdalena Bay, Lower California, but only occasional spe-
cimens are found south of Point Conception, California. This is the meatiest and best flavored of our crabs and the
only one that receives protection in this State. In Southern California, where the market crab is very scarce, three
similar but less desirable species, Cancer antennarius, C. productus, and C. anthonyi, collectively termed "rock
crabs," are caught locally and marketed to alimited extent. Previous to 1928, the landings of rock crabs were not im-
portant and did not appear on our statistical records. Even now the annual landings of these crabs are relatively un-
important. During the period 1932—-1947, the average annual poundage of rock crabs amounted to 8,800. During the
same period, the average annual poundage of market crab was 4,300,000. Quantities of the market crab, cooked and
iced, are shipped into the Southern Californiaregion from Northern California and Oregon ports.

Commercial fishing for the market crab is carried on from Monterey Bay northward into Alaskan waters. South of
Monterey Bay the market crab is not abundant enough for commercial exploitation. This crab is taken over a sandy
bottom for the most part, but also over a clay or mud bottom on occasions. The main fishing areas aong the Califor-
nia coast are: Crescent City to the mouth of the Eel River in the Crescent City-Eureka region; around Bodega Bay,
and Point Reyes to Halfmoon Bay in the San Francisco region; off Moss Landing in Monterey Bay in the Monterey
region. Fishing operations are conducted by one or two men, in power boats usually 20 to 40 feet long.

The first legidative protection given crabs was in 1897, when a law was enacted prohibiting the possession and
sale of female market crabs. The next step, in 1903, was a minimum size limit of six inches breadth, for males,
measured straight across the back from point to point. In 1911, the minimum size limit for males was increased to
seven inches, and this limit has remained in effect since that time. This greatly eliminated the possibility of females
being taken through inability to distinguish the sexes, because females seldom attain that size. It was required also
that crabs brought to shore or offered for sale be whole and in the shell so that they could be measured. In 1929, the
law was amended to permit the sale of crab meat not in the shell. The canning of market crabs captured in California
was not permitted commercially until 1941.
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FIGURE 73. For rock crab see Table 49
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Added to the ban on female crabs and the size limit on male crabs, there is a closed season on market crabs which
covers the main molting period. The first closed season, September 1st-November 1st, was established in 1903.
Since then the dates of the closed period have been changed several times. In 1929, different closed seasons were es-
tablished for the part of the State north of the Mendocino-Sonoma county line, as it was found that the crabs in the
north molted alittle later in the year than did crabs to the southward. For about 15 years previous to 1929, the closed
season for the whole State was July 31st-November 14th. This same closed season was retained for the portion of
the State south of the Mendocino-Sonoma county line until 1935, at which time the closed dates were changed to
August 16th-October 31st. Since 1929, the closed season for the portion of the State north of the Mendocino-
Sonoma county line has been August 31st-December 14th.

In Del Norte, Humboldt and Mendocino Counties, local county ordinances that curbed the export of crabs existed
until 1917, when a state law was passed which prohibited the shipment of market crabs outside of the coastal dis-
tricts between the Oregon state line and the Mendocino-Sonoma county line. In 1923, this regulation was amended
to prohibit holding crabs in live boxes in this area. The purpose of this latter regulation was to prevent fishermen
from accumulating large quantities of crabs at one time and to discourage smuggling, which was prevalent some
years ago. However, in 1938 the courts rendered a decision that crabs caught outside the three-mile limit are not sub-
ject to the state law which prohibited the shipment of crabs from the Del Norte-Humboldt-Mendocino district. In
1941, the state law was changed so that crabs caught anywhere in this district could be shipped out of this region. In
1947, legidlation prohibited possession of more than 500 pounds of crabs on a drag boat.

FIGURE 74. Crab hoop net. The trap on the left is collapsed, asit is when on the bottom of the ocean. That on the
right is extended, as it is while being hauled quickly to the surface. When the trap is on the bottom, the crabs are at-
tracted to the center of the net by the bait held in a small receptacle. Coarse mesh cotton webbing is attached
between the larger and smaller hoops. Photograph by J. B. Phillips, May, 1934
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FIGURE 75. A stack of five circular crab pots. The iron framework of each trap is covered with coarsely woven
wire mesh, leaving two entrance tunnels on the sides, one opposite the other, and a hinged lid covering half of the
top ring. A bait box or bag is hung between the two entrance tunnels. The crab, attracted by the diffusion of juices

from the bait, crawls through the entrance tunnel and fallsinto the trap. A retrieving line on each pot is attached to
a small buoy, which floats at the surface of the water. Photograph by J. B. Phillips, August, 1948

Crab hoop nets were used in the crab fishery from San Francisco to Crescent City until about 1938, at which time
the crab pot started replacing the hoop net in the Crescent City-Eureka region. (See Figs. 74 and 75). During the last
few years, about 90 percent of the crabs landed in this region have been taken in crab pots, the balance in hoop nets.
In 1943, severa crab fishermen were using pots at San Francisco. Since that time, an increasing number of fisher-
men in that area have turned to crab pots, and now the bulk of the crab catch is accounted for by thistype of gear. At
Bodega Bay, crab pots have been used exclusively for the past severa years. Gill nets have been used in Monterey
Bay for catching crabs since the early days of the fishery. Although hoop nets have been tried from time to time,
they have not been widely used in Monterey Bay, nor has the crab pot been given afair trial.

The annual crab landings for California for the period 1916-1947 are plotted in Figure 73. The lowest annual

landing was just under a
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million pounds in 1921, while the highest annual landing was nearly 11,000,000 pounds in 1947. The annual pound-
age trend has been upward during the entire period. During the first half of the 32-year period, 1916-1931, the aver-
age was about 2,000,000 pounds, while during the second half, 1932—1947, the annua poundage averaged a little
over 4,000,000.

Over the entire period, 1916-1947, an average of 75 percent of the state poundage was landed in the San Fran-
Cisco region, 22 percent in the Eureka region and 3 percent in the Monterey region. Until 1938 90 percent of the
state crab landings were made in the San Francisco region and only 6 percent in the Eureka area. Due to the court
decision that crabs taken outside the three-mile limit could be shipped from the Eureka region and the passage in
1941 of a state law legalizing the shipment of crabs caught anywhere in the Eureka region the Eureka percentage
rose to 36 percent for the period from 1938-1947, with 61 percent credited to San Francisco.

Although the San Francisco region percentage was lower for the 1938-1947 period, the actual poundage of crabs
landed had not been reduced. The trend line for the San Francisco landings has been slightly upward since 1925, and
in 1947 the total catch of 5,000,000 pounds topped any previous year. Eurekaregion first surpassed San Francisco in
1946 with a catch of close to 6,000,000 pounds, and it also topped San Francisco in 1947. The fishery in Monterey
Bay has always remained relatively poor because of the scarcity of crabsthisfar south.

The greatest increase in the annual catch since 1938 has occurred in the Eureka region, a region that had been but
partially exploited, previoudly. Shortly after 1938 an industry developed in "picked" crab meat. Crab meats are
packed in five-pound cans and shipped to large cities in the west and eastward to Salt Lake City.—Julius B. Phillips.

References (see page 210): 23, 43, 80, 89, 94, 95.

2.46. SPINY LOBSTER

The California spiny lobster, Panulirus interruptus, is now one of the most expensive products of our marine fisher-
ies. The lobster has enjoyed an unprecedented demand in the postwar years, and the landings, both from California
waters and from Mexico, are the greatest since records were first kept in 1918.

While the spiny lobster ranges from San Luis Obispo County as far south as Magdalena Bay, Lower California,
the commercial fishery is restricted to the coast and outlying islands from Point Conception southwards to central
Lower California.

Spiny lobsters are protected by a closed season between March 15th and October 1st. They are further protected
by a minimum size limit of 10%2 inches, and a maximum size limit of 16 inches. (1948.)

Box-like traps constructed of lath or wire are the chief means of capture of spiny lobsters. They are baited with
fish heads or other waste fish, and sunk into waters up to 35 fathoms in depth. Most traps are fished in less than 10
fathoms, especially toward the latter part of the season. The lobsters caught in the traps may be transferred and held
alivein receivers, anchored in the kelp, until aload is secured.

Lobster are marketed either fresh or frozen and are sometimes shipped alive to points not over 24 hours from the
point of landing. No
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FIGURE 76. Landings from California and Mexican waters. See Table 49
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lobsters are canned in the State. San Diego, Los Angeles, Newport and Santa Barbara are points of landing for spiny
lobsters. San Diego received twice as much as Los Angeles in 1947, chiefly because most of the Mexican imports
arereceived there.

As may be seen from Table 49, the imports from Mexico are two to three times as large as the landings from the
waters of this State. Formerly it was required that |obsters be alive when landed or delivered from Mexico, but now
lobsters may be, and are, imported in the cooked condition. No lobsters may be imported into the State during the
Cadlifornia closed season. Since the Mexican season conforms with the open season in California, thereisin effect a
uniformity of fishing season throughout the habitat of this species.

The 1946 and 1947 landings of lobster from waters of the State are the greatest since records have been kept.
This, possibly, may be attributed to greatly increased demand, and to the fact that some areas in the Channel Islands
were not fished during the war years. During thistime it is possible that the local populations were able to recuperate
from long continued exploitation, and yield now the reserve accumulated in the intervening years.

No direct index of effort applied to the Californiafishery can be readily derived from our records, but there are in-
dications that the number of lobster fishermen has greatly increased since 1945. The reaction of the lobster popula-
tion in California waters to this increased fishing pressure cannot be positively foretold, but in view of the more or
less stabilized condition of the fishery prior to the war, the outlook for afuture sustained high catch is doubtful.

Under the present regulations, lobsters to be held for sale during the closed season are marked with a punch. This
isamuch abused system, opening the way to poaching and other unlawful activities. It is doubtful if the State is get-
ting complete records of the catch.—Robert C. Wilson.

Reference (see page 210): 140.

247. SHRIMP AND PRAWN

The shrimp fishery of California centers in the San Francisco Bay area. The San Francisco fishery started around
1869, and except for a short lived fishery in Monterey Bay, has remained California's sole source of native shrimp.
Crago franciscorum and Crago nigricauda are the species taken and have no counterpart in other fisheries in the
United States. Monterey Bay shrimp men fished in about 150 fathoms of water for the prawn, Pandalus platyceros,
in the early 1930's, but, due to the destruction of most of their trapsin a heavy storm and the difficulty of working in
such deep water, this fishery was not continued. Experimental fishing (1920-1921) in Southern California found
both Pandalus and Peneus but not in commercial quantities.

The gear used in California has undergone very little change since the inception of the fishery. Italian fishermen
found that small-meshed seines worked for shrimping but could not compete with the Chinese shrimp net which was
introduced in 1871. The Chinese nets look very much like giant old-fashioned nightcaps. These are set and must be
lifted at each change of tide to keep them from becoming tangled. About forty-five years after the introduction of the
Chinese net, the shrimp
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FIGURE 77. Includes prawn from California waters, excludes importations of shrimp and prawn. See Table 49
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trawl, a type of beam trawl, was introduced. This trawl is drawn along the bottom to make the catch. The Chinese
nets have been used in south San Francisco Bay and the shrimp trawls make their catches in the northern part of the
bay. Monterey Bay fishermen found that the bamboo bottle-shaped octopus traps were quite efficient for the taking
of small catches of prawns. This trap with modifications made it possible to catch prawns more successfully, with
catches of up to 250 pounds per day being recorded.

Shrimping is carried on practically entirely with trawls throughout the shrimp fisheries of the United States. For
the most part, otter trawls have taken the place of the older beam trawls. A very recent development in the South At-
lantic fishery substitutes a specia type of mesh for the bag. The foundation of the mesh is hard laid twine in con-
junction with coextensive strands of soft long fibre cotton twine. The hard twine shrinks on contact with the water,
whereas the soft twine stretches. The shrimp, with forward pointing spines, become entangled in the soft twine,
while fish, whose spines point to the rear, are permitted to escape. The mesh measure, for the hard twine, is approx-
imately 1% inches and seven-eights of an inch for the soft twine. Tests have shown that not only are small fish re-
leased but that shrimpers who have used the new type of netting are completely satisfied.

There has been some experimenting with the electronic sounding devices which have recently been tried in so
many fisheries. One test in an area near the mouth of the Colorado River, Gulf of California, was quite successful.
This method of detecting shrimp beds by the variation in the return of high frequency sound signals sent to the bot-
tom of the ocean would reportedly save many hours of futile dragging operations along with the attendant costs for
operation of the gear.

The San Francisco Bay shrimpers are, by law, allowed to dry up to 50 percent of aload. In 1947 dlightly over
300,000 pounds of shrimp were dried and 540,000 pounds were sold fresh or frozen for shipment or for future sale.
Most of the dried shrimp meat product is exported to China, although part is utilized locally. Shrimp meal, com-
posed of ground shells and waste, is utilized in fertilizers and animal feeds.

Imported fresh and frozen shrimp find retail outlets in California. Arizona and California shrimp imports from
Mexico totaled well over 11,000,000 pounds for 1947. A separation for the two states is not available. All of the
Mexican imports, except 5,000 pounds of dried shrimp, arrived as fresh and frozen shipments. Since about 1941, a
large shrimp has been imported into California from Guaymas, Mexico. These are shipped in the frozen state,
without heads, and run 12 to 15 shrimps per pound. They are quite popular in the restaurants of the Los Angeles

TABLE 18

SHRIMP IMPORTS FROM MEXICO INTO ARIZONA AND CALIFORNIA—1947 *

Jamuary oo 994,843 | July_ . 300,386
February .. oo eeeecce oo 1,226,217 || August_________ .. 126,963
March_.__ | 1,517,088 || September__ . 354,319
April_____ 1,062,013 || Oetober_ .. _______________________| 1,273,141
May. oo | 344,452 || November__________________________| 1,723,432
JUN€ ool | 583,073 || December_________________________. | 1,712,605

Total pounds. ... l.. B | | 11,228,432

1 Record ill'[-\;’;'l U. S_ []u:r:n't.i.n:‘nt of Interior, Fish and Wildlife Serviee, Market News Service, 1947,
TABLE 18
SHRIMP IMPORTS FROM MEXICO INTO ARIZONA AND CALIFORNIA—1947
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and San Francisco areas. A comparison of the Mexican imports with the 1947 San Francisco total, some 800,000
pounds, indicates that a market exists in California which is far above our present ability to supply from California
waters—Parke H. Young and James W. Withycombe.

References (see page 210): 12, 56, 57, 60, 65.

2.48. ABALONE

The abalone is a marine snail that originally was an important item in the food supply of the Indians of the west
coast of North America. Between 1850 and 1900 abal ones were gathered in such quantities between tide lines by the
Chinese portion of the population that legal restrictions were imposed to curb the over-exploitation. The Chinese
dried the abalones and shipped them to China. They also exported the shells to that country. In the 'seventies there
was such ademand for curios and jewelry made of abalone shell that the shell was worth twice as much as the meat.
Thereislittle demand, at present, for abalone shell jewelry.

Having decimated the beaches of abalone and having been effectively curbed by legal restrictions, the Chinese
were practically eliminated from the fishery. The Japanese then introduced the diving suit and moved out into deep
water. They controlled the fishery until about 1930 when a number of Caucasians began diving at Morro Bay. At the
beginning

FIGURE 78. Importations not included. See Table 50

160



of World War I1, in 1941, there were about equal numbers of white and Japanese crews. During the war the Japanese
were not allowed to operate, and none of them have so far gone back into the fishery.

The Japanese divers received $1 a dozen for their abalones and this price had been increased to $2.50 by 1941.
The present price to the diver is about $6 a dozen for the red and $5 for the green abalone.

The present fishery is based chiefly on the red abalone, Haliotis rufescens, and is concentrated between Point
Conception and Monterey. During the war the divers went to Southern California and gathered gelidium, the marine
algae from which agar is produced. The southern area was opened to abalone diving at this time so that the divers
could supplement their incomes. South of Point Conception there are few red abalones. The southern green, H. ful-
gens, and the pink or corrugated, H. corrugata, which occur in this area are not as large or as plentiful as the redsto
the north but the divers could make a good living by moving to deep water for abalones when it was too rough close
to the beaches to collect gelidium, which grows in shallow water. With the end of the war, however, even this ar-
rangement was not profitable and most of the diving crews have moved back to Morro Bay and Monterey.

Other species found along the California coast but which seldom enter the commercial catch are the black aba-
lone. H. cracherodii; the threaded abalone, H. assimlis, which is taken in deep water and does not grow very large.
The northern green abalone, H. wallalensis, and the Japanese, H. kamschatkana, are taken along the beaches by
sportsmen in Northern Californiawhere there is no commercial diving.—Paul Bonnot.

Reference (see page 210) : 16.

249. CLAMS

The coastline of Californiais deficient in bay and estuary areas and the ocean beaches are also of limited extent. The
clam population is correspondingly scarce. Some bays which are suitable for clams have been rendered unproduct-
ive by extensive dredging and increasing pollution. The ocean beaches have also been so persistently maltreated by
over-digging and pollution that the annual clam harvest isavery minor affair.

The clams which can still be obtained in limited quanuty are:
Bean (Donax gouldii)
Cockle (Paphiastaminea; Chione sp.)
Gaper (Schizothaerusnuttalli)
Jackknife (Tageluscalifornianus)
Razor (Siliquapatula)
Softshell (Myaarenaria)
Washington (Saxidomus nuttalli)

The softshell clam is not a native species. It was acci dentally introduced from the east coast of the United States
with some of the first shipments of eastern oysters to San Francisco Bay. The clams have spread to the north and
will be found in al suitable areas. Productive beds can be maintained by the simple expedient of surrounding an area
of mud flat with a stake fence to exclude the stingrays, who effectively curtail the clam population. At one time
there were several such staked beds
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FIGURE 79. See Table 50
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FIGURE 80. See Table 50
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FIGURE 81. See Table 50
in San Francisco and Tomales Bays which supplied the local market. These beds are now all abandoned due to pol-
[ution.

Cockles are found inside the bays and also in protected places along the ocean shore. They do not ordinarily form
extensive beds. Paphia is the cockle taken in the northern part of the State, while from Point Conception south there
are three species of Chione. A Japanese cockle (Tapes semidescussata) has recently appeared in several placesin
San Francisco Bay. It undoubtedly came in with shipments of Japanese seed oysters in the 'thirties. During the de-
pression years many individuals collected cockles as a means of enhancing their incomes. The figures and graphs of
the commercia landings show the result. Most of the natural beds were over-exploited and a steady decline is
demonstrated.

The gaper and Washington clams are usually found together in the mud bottoms of bays and inlets. They are
highly perishable and are usually dug as required and consumed locally.

Razor clams live under the surf line on flat sand beaches in the northern part of the State. They have little com-
mercial importance but are dug extensively by sportsmen. The jackknife clam inhabits the ocean beaches and the
mud bottoms of estuaries in the southern part of the State. They are not used for food but a considerable quantity is
sold to sport fishermen for bait.

The little bean clams are gathered along the ocean beaches, where they are sometimes washed up in windrows.
These clams make a good chowder. Their occurrence and use islocal.—Paul Bonnot.

References (see page 210) : 11, 15, 134.
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2.50. PISMO CLAM

The Pismo clam, Tivela stultorum, is found on most of the flat sandy beaches of California south of San Francisco.
At one time these clams were as abundant in California as they are now on the Mexican beaches. At present the
greatest abundance occurs on the beach from which the clam gets its name. The clam population of Pismo Beach
represents one of the most thoroughly measured in the State of California. In 18 of the last 24 years a systematic sur-
vey has been made of the number and age of the clams on this beach. The clams can usually be aged by counting
growth rings on the shell.

In September of 1947 a law became operative which prohibited the taking of Pismo clams for commercial pur-
posesin California. Prior to that time the law forbade the shipment of California-produced Pismo clams. The sudden
decrease in the catch shown in 1942 was the result of closing the beach by the U. S. Coast Guard. The first clam
population survey made after World War 11, in 1946, showed alarge increase of clams on the beach. However, even
with the restriction on commercial digging, it is doubtful if the catch will ever increase much above its present level
as the number of sport clam diggers is increasing with the growing population of the State.

In 1935 a shipment of live Pismo clams was made from Mexico to Long Beach where they were shucked and
canned. As this venture was not entirely successful no more clams were imported from Mexico until 1941. Thistime
the clams were shucked on the beach where they had been dug and the meats shipped in refrigerated five-gallon
cans. At the cannery they were cooked, minced, and put into half-pound flat cans. This shipping of clam meat to
canneries in Cadlifornia developed into an industry of considerable importance. The weights reported from 1941
through 1947 were on clam meat only. To arrive at the figures for this table in round weights, the meat weight was
multiplied by eight to cover the loss in shucking. Table 50 shows this development which reached its peak in 1945.
Then with even more abruptnessit declined until now it appears to have about ended. This spurt was the direct result
of the tremendous demand put on all fishery products by World War I1.

There are many beaches along the coast of Lower California where Pismo clams are plentiful. Here a man can
gather and shuck enough clams at one low tide to produce from one to two hundred pounds of meats. However, a
number of factors have made it impractical to continue the canning of Mexican Pismo clams. Although the cost of
digging the clams was quite low, the expense of getting them to the cannery was considerable. Carrying the cans of
clam meats through the surf to a vessel anchored offshore was both difficult and dangerous. Shipment by truck was
also unsatisfactory due to the poor roads. Whether the clams were transported by land or water, refrigeration was al-
ways a problem. Combined with these difficulties was a tendency to include sand with the clam meats as they were
being shucked. This s the natural result of opening the clams on the beach without adequate equipment or supervi-
sion. The result was a product that did not compare favorably with canned clams of other kinds produced entirely in
the United States.

Under the present regulations an angling license is required to take Pismo clamsin California. The bag limit is 10
per day per person and the clams must measure at least five inchesin greatest diameter. The importer
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FIGURE 82. No California Pismo clams for commercial purposes after September 1947. Mexican Pismo clamsim-
ported for canning in California plants not included in graph. See Table 50
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of Mexican Pismo clams must file a report with the U. S. Custom Service and obtain a permit from the Division of
Fish and Game of California. All containers must be marked "Product of Mexico" and there is alimit of 24 clamsin
the shell or five pounds of meat to a container.—J. A. Aplin.

References (see page 210) : 4, 5, 29, 74, 103, 135.

2.51. OYSTERS
2.51.1. Native

An indigenous race of oysters, Ostrea lurida, is found in most of the bays of California. Considerable experimenting
with this species has shown that it is feasible to produce it in quantity (catch seed), but our local environmental con-
ditions are not conductive to the production of a commercial article. The ocean and bay waters of our coast do not
attain a sufficiently low temperature in the fall to cause the oysters to "harden up." The natives, Olympias, on the
local markets are shipped in from Olympia, Washington.

2.51.2. Eastern

Thefirst eastern oysters, O. virginica, which were brought to the West Coast about 1870 were full grown shell stock.
All of them could not be sold immediately so they were bedded in San Francisco Bay. As they responded favorably,
experiments were conducted with seed oysters which also flourished. About 1900 the importing and growing of
eastern oysters in San Francisco Bay was a million dollar a year business. After 1900 increasing population and in-
dustrial expansion gradually produced an adverse condition which was fatal to oyster culture and the industry was
eliminated. Several small beds of eastern oysters were maintained in Tomales Bay for a number of years after the
failure in San Francisco Bay. One Tomales Bay bed is still used to hold adult oysters, shipped in by the car load. Re-
cently, asmall holding bed for easterns has been established in Drakes Bay.

2.51.3. Pacific

Severa California bays do not have beds of native oysters. Why this is so is not apparent as conditions seem ideal
and Indian shell mounds demonstrate that at one time oysters were abundant. About 1931 the Division of Fish and
Game encouraged experiments with Pacific seed oysters, O. gigas, imported from Japan. Extensive beds of these
oysters had been established in the Puget Sound area. Test plants in California responded favorably to local condi-
tions, and severa individuals and companies started planting imported seed. These oyster beds, notably in Drakes,
Tomales, and Morro bays were successful and operators were gradually enlarging their stocks and markets when
World War 11 cut off the supply of seed. So far, this species of oyster has not reproduced locally in any quantity. An
irregular set is obtained in Washington and Oregon, and some seed oysters were imported from there during the war.
The demand for any form of protein food was so great at that time that the oyster companies sold practicaly all their
stock, and at the end of hostilities their beds were practically empty. Pacific seed oysters are now coming from Ja-
pan, and a small but steadily increasing local set is developing. In a few years there will be several sizable oyster
beds producing a considerable quantity of first class oysters.
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FIGURE 83. See Table 50
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FIGURE 84. See Table 50
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FIGURE 85. See Table 50

The usual task of a conservation agency is the imposition and enforcement of regulations to curb over exploitation
of an existing natural resource. In this case afishery is being created from which tons of protein food can be expec-
ted from areas which previously produced nothing. The chief problems of this growing industry are pollution, the
sometimes fallacious projects of local chambers of commerce, and the predacious machinations of real estate pro-
moters who advocate extensive dredging and so called improvements in our already curtailed inland waters.—Paul
Bonnot.

References (see page 210) : 13, 14, 64, 82, 83.

2.52. OCTOPUS

The commercial octopus catch is of little importance compared with most other California fisheries. Not in the least
among the factors influencing this fishery is the horror with which most Americans regard the much-maligned oc-
topus. To the Chinese, Japanese, Italians and Greeks, who comprise almost the entire market, the octopus is con-
sidered a rare delicacy, and the few Americans who have summoned the courage to try it say the taste is similar to
chicken. Regardless of this encouraging news, the general public has maintained a marked coolness towards accept-
ing the octopus as a member of its bill of fare.

Degpite his spectacular appearance, the octopus is actually a mollusk—a sort of second cousin to the snails, clams
and abalones. Although possessed of a pair of eyes as highly developed as our own, and a large, well functioning
brain, this does not, however, prevent him from being captured in a very simple trap, the "devilfish pot." These pots
are similar in appearance to deep, cone-shaped wicker baskets, with a mouth in the shape of a funnel opening at the
large end and tapering to a smaller opening in the center of the trap. A trap-door is located at the small end and is
used in baiting and removing the catch. The pots are lowered among the rocks in from 20 to 30 fathoms of water
about one-half to a mile off shore, and left down for a day or two. The octopus enters the trap for the bait, or out of
curiosity, and cannot find his way out. In addition to the traps, octopi are taken also by the various nets and lines
used in other fisheries, but the majority of the catch is captured in the devilfish pots.
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FIGURE 86. See Table 50
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Half adozen different species of octopi are found along the coast of California, but practically the entire commer-
cial catch consist of the big octopus, Paroctopus apollyon, formerly referred to Polypus hongkongensis, which
ranges from Alaska to San Diego and along the coast of China and Japan. It is reported to reach a spread of 16 feet
and a weight of 90 pounds. The average size of those delivered to the markets is between 20 and 30 pounds. From
San Pedro south to Panama, the small, two-spotted octopus, Octopus bimaculatus, is found inshore among the rocks.
Many of these are captured for food by the Orientals in Southern California who take them from the tide pools. A
large specimen of this species would span about 20 inches.

For over 25 years, until 1944, ailmost the entire catch was landed at Monterey, then for a year San Francisco be-
came the leading port, only to lose to Eureka in 1946. Since then Eureka has maintained the lead and in two years
(1946-1947), has received more octopi than had been landed there in the last 25 years. Over 50 percent of the entire
commercial catch isbeing landed now at Eureka.

The following recipe is given for the more adventurous gourmets, and to those driven to desperation by todays
high food prices: Remove the tentacles, pound them as with abalone to tenderize, and scald with hot water to loosen
the skin. Cook for 30 minutes in boiling salt water flavored with tomato sauce and garlic. After boiling, remove the
skin, dliceinto chunks and serve with vinegar sauce.

No discussion of octopi would be complete without some mention of the luckless divers, swimmers and fisher-
men who have been snatched to a horrible death by one of these monsters. Actually, most of these encounters are
difficult to verify, and while it is doubtless true that the giant octopus said to be encountered in southern seas is a
real menace, aggressive and cunning, the species found aong the California coast are timid and inoffensive—Keith
W. Cox.

Reference (see page 210) : 93.

2.53. SQUID

The most important squid in California is the common squid, Loligo opalescens, of the Pacific Coast, which has an
elongated body, with fins near the posterior end. The range of this squid is from Puget Sound to San Diego, and this
species of mollusk attains an over-all length of about 12 inches. It is pelagic and migratory to some extent. Although
afew squid are caught throughout the year, alarge percentage of the landings are made during the period from April
to July, which is considered the regular squid fishing season. At this time of the year large schools concentrate in
certain inshore areas for the purpose of spawning, and seem, as the fishermen term their habits, to "ball-up" and are
attracted by lights making their impounding by round haul fishermen very easy. Although there may be other areas
within the range of squid along the Pacific Coast, where there may be concentrated spawnings, one of the most ac-
cessible and dependable for many years has been in the southern portion of Monterey Bay adjacent to the sardine
canneries. The Los Angeles region accounts for most of the remaining small percentage of squid landings.

Several other species of squid are found in California waters but none of these are of commercia value. The
jumbo squid, Doscidicus gigas,
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FIGURE 87. Canned chiefly for export 1943-1947. See Table 50

173



which reaches a length of four and a half feet, appears in appreciable numbers in California waters only during cer-
tain years but as yet no use has been found for it either as food or bait.

The total annual squid poundage of Californiawas less than 1,000,000 pounds in 1916, when the first commercial
landings were tabulated. For the period 1916-1942 the annual poundage fluctuated considerably, but reached a peak
of about 11,000,000 pounds in 1930 and then dropped off again. In 1942 there were about 1,000,000 pounds landed,
but in succeeding years the annual landings increased to an all time peak of 38,000,000 pounds in 1946. In 1947 the
Cadlifornia poundage dropped to a little less than half of this amount. The ups and downs in the amount of squid
landed in California reflect economic conditions in the fishery rather than fluctuations in the availability of the sup-
ply.

According to producers of frozen squid, there is a demand of approximately 1,000,000 pounds of fresh squid a
year for domestic use. During the last 15 years a greater proportion of fresh squid has been frozen for shipment
along the Pacific Coast and across the continent. In 1946 two cold storage firms, freezing squid at Monterey,
shipped 30 carloads, or 1,000,000 pounds of the frozen product during the season. The frozen product brought 10
cents per pound.

All of the squid for freezing is bleached for four hours in a brine solution. The squid are then placed in 10-pound
heavy oblong cartons and frozen at —20 degrees F. The finished product is white and quantities are used for human
consumption, while someis used as a substitute bait in other fisheries.

Considerable amounts of squid were dried for export to the Orient during the period 1916-1932. This market was
not steady because it depended upon the stability of silver, the medium of exchange in China. The drying of squid in
large amounts was discontinued after 1932 because of the unstable market and also due to increased competition
from dried squid shipped into China from Japan. In 1946 about 70 tons of squid was dried at Monterey by a concern
using a dehydrator instead of the sun-dried method, traditional in previous years, but this was discontinued in the
following year.

The canning of squid in California has been of minor importance since 1919, except for the period 1943-1947
during which there was atemporary boom in the export market. Very little domestically canned squid is eaten in this
country. Previous to 1930, the normal annual pack was exported to Greece, mainly. However, near the end of World
War |l government orders for squid for export stimulated the activity along this line, which continued for a short
period after cessation of hostilities. Eleven plants at Monterey participated in the pack after the war while but four
plants canned squid in 1943, when the demand was limited. The huge total of 38,000,000 pounds in 1946 represents
alarge element of speculation and over-estimation of the needs of the Philippines, the main export market in recent
years.

Fishermen and plant operators were glad to have this pack to turn to as a partial substitute for a period of poor
sardine fishing and to fill a nonoperating gap during the closed sardine season.

No conversion of equipment is necessary in the plants because the same canning machinery used for sardines is
used in canning squid. It is canned whole, with salt in one-pound tall cans with enamel linings.
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FIGURE 88. Part of the Monterey squid fleet on fishing grounds off Monterey. Photograph by J. B. Phillips, May,
1946
No cleaning or eviscerating is necessary preparatory to canning. In earlier years the squid were pre-cooked before
canning and various sauces and oils were added, such as tomato sauce and cottonseed oil. A minced product was
also tried, and by labeling this sample pack "Calamerai," an Italian name for squid, a good reaction from the domest-
ic market was obtained.

In recent years squid fishermen have received as much as 8 cents a pound or $160 a ton (1947) for squid used for
freezing. However, this was during a short period when squid were scarce on the fishing grounds. The usua price
for squid for fresh use, including freezing, has been $80 aton in recent years. Squid for canning has been about $60
per ton. The canners have enjoyed a price differential because they take larger amounts than the fresh fish markets
and freezers. In earlier years before 1935, fishermen received $8 to $15 aton for squid to be dried and $25 a ton for
squid for fresh and freezer use.

Fishermen use three types of round haul nets in catching squid. The lampara net which can be operated from
either a power boat or skiff is the net most commonly used by the fishing fleet at Monterey. However, during the
past few years larger type vessels have been engaged in the squid fishery, using the half-ring and small purse seine
net. Most of the fishing is carried on during the earlier part of the morning and evening when the squid appear at the
surface of the water.—Ralph F. Classic.

References (see page 210) : 37, 44, 92, 114.
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2.54. MISCELLANEOUS SPECIES

At present the commercial fish catch approximates 800,000,000 pounds per year. This involves about 125,000 items
recorded on fish receipts which are collected each month from the fish markets and canneries. There are a number of
these items which, for various reasons, we are unable to classify by species, hence the classification "miscellaneous
fish." Since 1916 we have recorded from 100,000 to 1,242,000 pounds of fish per year as miscellaneous. Much of
this poundage results from illegible items on receipts and items called mixed fish, scrap, flatfish, roughfish, or bait.
Occasionaly, identified items too small to lend significance to the tables are relegated to miscellaneous.

In recent years, the tremendous growth of the market for fish liver as a by-product of Californias fishing industry
has given rise to the widespread use of the term "junk.” Fish whose livers yield the most desirable medicinal oils are
usually segregated by species, either by the fishermen before they sell their catch, or by the wholesale market men.
The livers of other fish are all thrown together in the cans and sold as junk liver. In 1947, for example, it was im-
possible to classify over 28,700 pounds of junk liver reported on the fish receipts. In the case of the shark boats, all
junk liver isreported in our records as unclassified shark.

Amounts of miscellaneous roe also enter the record. While this is probably barracuda or white sea bass roe, it is
difficult to separate, as the two species frequently appear together on the receipts, with the roe given as one item.

A small amount of fish is reported as fillet. Several species of flatfish will appear together on a receipt with one
item for fillet. Thisfillet may befish of illegal size, filleted at seato prevent identification.

Some dealers report items of bait on receipts. These may be sardines, anchovies, or a mixture of immature fish of
several species.

Occasionally a significant poundage of some unusual species has appeared in the statistical record. These species
are of dight commercial importance but should receive passing mention. Certain species are no longer fished be-
cause their sale has been prohibited by law, as in the case of the sturgeon and scallops. Statistical records are not re-
quired from dealers handling reptiles, such as terrapin, and frogs. The bulk of these landings are not listed on the
commercial fish receipts and the small amounts reported have little significance.

2.54.1. Fishes

Crevally—In December, 1941, 563 pounds of red crevally was reported on a San Pedro fish receipt. This fish was
taken on the west coast of Mexico. Crevally is not regarded as afood fish. This may have been some other species.

Croaker—In 1918 an item of 67,126 pounds of croaker appeared in the Los Angeles and San Diego receipts, and
again in 1921 there were 69,929 pounds reported. While kingfish, queenfish and white sea bass al belong to the
croaker family, Sciaenidage, they are not called croaker. Black croaker was legal commercialy at the time but the
landings of this species were always negligible—not enough for the above poundages. It has been illegal since 1915
to fish commercially for spotfin croaker, yellowfin croaker or California corbina, the remaining members of the
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family. Undoubtedly these large items were improperly identified but it is impossible to determine the species to
which this poundage should have been credited.

Dolphin—The name dolphin is applied to both a fish, Coryphaena hippurus, and a mammal. The catch reported
on the receipts is undoubtedly the fish.

TABLE 19
DOLPHIN
Year Pounds Year ; Pounds
1 T4 () 1936 ... ..___. 92
196 45 (1937 . 1,093
L 18 || 1943 - 168
TABLE 19
DOLPHIN

Eel—While afew pounds of eel are reported every year on the receipts, there is little commercial demand for this
fish. The Indians of Northern California use them for food, but the bulk of the catch does not appear in the record.
The moray, Gymnothorax mordax, always is taken in the southern part of the State. Two species of blenny, Cebidi-
chthys violaceus, and Xiphister mucosus, which are not true egls, are taken incidentally in the trawls in Northern
Cdlifornia. The lamprey, Entosphenus tridentatus, is taken both along the coast and inland. Thisis an extremely oily
fish, and recently in Oregon a fish reduction plant has been processing them for low potency fish oil and fertilizer.
(Table 48.)

Seelhead trout—Since 1927, it has been illegal to take steelhead trout commercially in the State. Prior to that
time, steelhead taken with salmon gear in certain districts during salmon season, could be sold.

TABLE 20
STEELHEAD
Year Pounds ‘ Year Pounds

1916 . .. B3 1921 3,605
1907 . 19706 (| 1922 _ . . ... e 2,400
918 ... 21,819 || 1923 e eeeceeeae 3,011
1919 ... 17,217 || 1924 . e . R | 87,088
1920 oo 6,999 || 1926 e j 222

TABLE 20

STEELHEAD

Surgeon—The sturgeon, Acipenser transmontanus, was once abundant in California waters. Threatened with ex-
tinction, the fish has been protected by law since 1917. Very little is known about these fish. They are slow growing
and reach a tremendous size. Recently an increase in abundance has been reported by observers but at present this
has not been verified. The record for 1916 shows 15,178 pounds and 1917—09,822 pounds.

Tai—In January, 1931, 1,165 pounds of tai was reported on a San Diego fish receipt. In April, 1931, 160 pounds
was reported on a San Pedro receipt. The fish was taken on the west coast of Mexico. This was Calamus brochyso-
mus, which is afood fish of some importance.

Tomcod—The tomcod, Microgadus proximus, is found from Monterey to Unalaska but has practically disap-
peared from the commercial

177



FIGURE 89. See Table 48
catch statistics. It has been reported that the landings of the San Francisco trawler boats included large poundages of
tomcod prior to 1916, but since catch records have been kept, the catch of this fish has gradually dwindled. No ap-
preciable landings have been made since 1930. The decline in the catch could have resulted from alack of demand
in the markets or from the tomcod being taken in mixed loads with not enough of them to make a separation worth
while. The kingfish, an entirely different species, is erroneously called tomcod in Southern California. (Table 48.)

2.54.2. Crustaceans

Barnacles—Barnacles, Mitella polymerus, appear only once in our commercial records. In 1916, 175 pounds were
recorded.

Crayfish—Crayfish, Astacus trowbridgei, was reported in the commercia record in 1916 and 1917. There are
many of these taken in streams and reservoirs but not sold through the usual commercial channels. The record shows
the following: 1916—2,478 pounds; 1917—210 pounds.

2.54.3. Mollusks

Limpets—This mollusk, somewhat like abalone, appears twice in our records, 1919—8,350 pounds; 1920—18,835
pounds.
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Mussels—Mussels, Mytilus californianus and M. edulis, were of considerable commercial importance at one time,
but a regulation of the California State Board of Health quarantines mussels during the summer months, alowing
none to be sold for human consumption and posting warnings against their use. Such closures have been in effect
since 1927 as the result of an outbreak of mussel poisoning.

The earliest record of mussel poisoning was published in 1793. Prior to the coming of the white man the Califor-
nia Indians had guards on the coast to warn against "red water.” A plankton organism, Gonyaulax, upon which mus-
sels and clams feed produces a toxin poisonous to man. When Gonyaulax and other planktonic forms multiply rap-
idly they color the ocean waters red. Mussels and clams feed on these minute animals and ingest enough of the toxin
to make the mollusks fatal when eaten by man. (Table 50.)

Scallops—Scallops, Pecten circularis, were gathered commercially in 1920 and 1921 in the vicinity of Anaheim
Landing, Orange County. Those reported in 1937 and 1939 were taken in the extreme northern part of the State and
Southern Oregon and are probably Hinnites giganteus. The record shows the following: 1920—759 pounds,
1921—1,371 pounds; 1937—100 pounds; 1939—300 pounds.

Shails—Sea snails have little commercial value and are not widely popular. They are observed in the markets and
on the docks from time to time, but the bulk of these landings do not reach our records.

TABLE 21
SNAILS
Year | Pounds Year ‘ Pounds
R 80| 1920 .. } 340
L 145 || 1935 ... 600
1918 _______ S 1461 | 19400 . 225
L 653 |
! ———
TABLE 21
SNAILS

Whelk—This small mollusk is also observed on the wharves and occasionally in the markets, but we do not get
the records on commercial receipts. The fishermen and their families apparently consume them. They appear twice
in our records, in 1935—485 pounds and in 1936—250 pounds and probably belong to the genus Kellettia.

2.54.4. Reptilesand Amphibians

Frogs—Frogs, Rana sp., are raised commercially on frog farms and occasionally appear on fish receipts.
Terrapin—Most of the terrapin caught, probably genus Malaclemys, was handled by dealers not in the fish busi-
ness. They are found in inland waters but taking them has been illegal since 1945.

TABLE 22
TERRAPIN
Year Pounds ‘ Year r Pounds Year [ Pounds
N — | ___ .i
1016 . 3,216 || 1020 ... 144 ‘
1917 0456 (| 1921 oo 120 || 1924__. 312
1918, e 648 || 1922 . ______._. 360 || 1928 . | 168
1919 . | 4272 || 1023 _____.___ 1328 || 1930 .. 58
TABLE 22
TERRAPIN
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Turtles—Severa years ago, significant poundages of turtle, Chelonia mydas, appeared in our records. The fishery
was concentrated along the coast of Lower California. This fishing is now controlled by the Mexican government.
Occasionaly, turtles are taken in Southern California waters—Helen L. Nelson.

References (see page 210): 15, 133.

TABLE 23
TURTLE
Year ‘ Pounds Year Pounds Year Pounds
|
e 4,057 || 1932. 5,728
I 51 || 1933 2,901
) 21 |[ 1934-- 3,661
o 5,504 || 1935. 1,722
2,216 || 1936 T 2,638
| 580 || 1940. ..o 70
[ 6,657 || 1941 0T TC 33
TABLE 23
TURTLE

2.55. MARINE SPORTFISHING

The marine sport catch is a major drain on the supply of some of our choicest ocean fish. Since sportsmen and com-
mercial fishermen are actively pursuing many of the same species of fish, statistics of the sport catch are pertinent in
this bulletin.

The importance of ocean sportfishing became apparent many years ago. Preliminary work started in 1932 to de-
termine the magnitude of the sportsman's catch. The 1935 Legislature enacted a law making it mandatory that all
boats carrying fishermen for hire shall keep daily records of their operations and of all fish taken. The basic law has
not changed. At the beginning of each calendar year, or prior to the sportfishing season, every boat operator must re-
gister his boat and obtain a permit from the Division of Fish and Game. There is a fee of $1 for the permit. Every
vessel engaged in fishing operations must carry Fish and Game boat plates in plain sight on either side of the boat's
superstructure. These plates are obtained free with the first registration and become a permanent fixture on the boat.

In 1947 alaw was enacted, making it unlawful to sell any fish taken under the privileges of a sportfishing license
or to sell fish taken on any vessel which carries anglers. Prior to thisit was the practice of the operator of the boat to
purchase a market fisherman's license and sell the excess catch of the sportsmen. There are a few other state regula-
tions which govern the manner in which the daily records are to be kept in order that accurate reports may be ob-
tained.

At the time the boat is registered the operator isissued a book of printed forms for keeping daily records, postage-
paid envelopes for mailing records to the Division of Fish and Game at the end of each month, a chart with coastal
areas blocked off and numbered so that the operator may record the areas where the fish are caught, and a copy of
the regulations.

A report sheet must be completed for every trip the boat makes, showing an accurate count of the number and an
estimated total weight of each species taken. These reports must be filled out between the time
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TABLE 24
MARINE SPORT AND COMMERCIAL CATCH
Comparison of Catches Made in California Waters (Pounds)
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FIGURE 90. Leading speciesin marine sport catch compared with commercial landings. Average for 7 year period,
19361940, 1946, and 1947. See Tables 24, 26 and 48

fishing is over and before the boat docks or lands its passengers. At least 80 percent of the sport fish landed are

taken on these boats. Thus, the records give us a good picture of ocean sportfishing.

It is impractical, if not impossible, to obtain adequate records of fish caught by surf fishermen, pier fishermen,
and from private boats. However, we do recognize that a great many pounds of fish are taken and much recreation is
afforded to sportsmen by the above fishing methods. The corbina, other members of the croaker family and various
species of perch commonly taken by surf fishermen are not recorded. Our salmon records show only those fish
caught on the boats which carry fishermen for hire. Many more salmon are taken by skiff fishermen and sportsmen
fishing along the river banks. Some marlin are reported every year, but most are taken by private boats for which no
records are available. The striped bass, which is much prized by sportsmen in the San Francisco region, is under spe-
cial investigation by the Bureau of Fish Conservation and therefore is not discussed in this article.

The sportfishing boats operate throughout most of the year from nearly every pier or harbor from Eureka to San
Diego. A few run all winter. During 1947, 286 boats reported their catches. Most of these boats operate in Southern
California between Santa Monica and Newport Beach. This accounts for the predominance of Southern California
species in the catch. The following table shows where the sportfishing boats were located in 1947, the types of fish-
ing done, and the varieties most commonly taken.

This system for collecting marine sport catch statistics had been in operation seven years, 1936-1940 and
1946-1947. During the war, the program of necessity was abandoned. Some surprising facts have been revealed by
the records. The catches of about 350,000 fisherman days have
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TABLE 25
been reported each year, which show that the sportsmen averaged approximately 20 pounds of fish per day. Two of
the most prized fish in the sport catch, barracuda and rock bass, have consistently exceeded the commercial catch
made in California waters. In number of pounds taken, barracuda holds number one position of importance in the
sport catch every year. In second position are the rock basses, better known to the sportsmen as kelp bass and sand
bass. In addition a large percentage of the total catch of yellowtail, California halibut and white sea bass are taken
each year by sportsmen.

During 1947, the fare on the sport fishing boats ranged from $2 per person on the barges to $7.50 on the regular
day boats. Prices for charter boats ranged from about $35 to at least $100 per day for the larger vessels. A million
and a half dollars is a conservative estimate of the amount spent by sportsmen for boat fare alone. In addition, an
enormous amount of money was spent for fishing tackle, transportation, and food. Thus marine sport fishermen take
a considerable quantity of fish each year and their expenditures for recreation means a great deal to the economy of
the State—Robert D. Collyer.

References (see page 210): 51, 133.

2.56.LIVE BAIT FISHERY

Fishing for live bait, as it exists today, evolved from fishing methods locally introduced in 1910 by Japanese aba-
core fishermen. The original nets used were known as "blanket" nets. The term "blanket" is descriptive of the shape
of the net. Such nets were made to agree with the length of the boat from which they were to be used. Two long
poles, one at each end, were lashed securely to the net to facilitate operation. Two operators, one at each end of the
boat, would lower the "blanket" into the water and hold it below and as nearly paralel to the surface as the poles
would allow. Bait fish were chummed over the net and, when a sufficient school had been attracted, each operator
would raise the pole at his end of the net, concentrating the fish in the bag between the two poles. This method was
not able to supply the amount of bait needed by either the
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TABLE 26
MARINE SPORTFISH LANDINGSIN CALIFORNIA
Pounds
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FIGURE 91. Catch of boats fishing for live bait to be used chiefly in the marine sport fishery. Bait caught and used
by commercial fishing vessels not included. See Table 27
commercia or the sport fishing interests. In 1912, the present lampara or round haul net was first used for bait haul-
ing. Alert sport fishing boat operators quickly adapted their boats to haul live bait in the early morning hours, devot-
ing the remainder of the day to sport fishing. Modification of the lampara was found to be necessary as some fishing
locations demand special shallow nets due to obstructions on the bottom, or because of shallow waters. Open coast
lines require longer and deeper nets.

There has been some change in the number of boats engaged in fishing live bait. However, the years in which the
greatest number of boats were operating did not necessarily produce the greatest landings of bait. The number of
boats in operation ranged from a high of thirty in 1940 to alow of ninein 1942

As sport fishing became increasingly important, the demand for live bait forced a greater degree of specialization
into the bait industry. Boats came into existence that had no function other than furnishing live bait. Each year more
efficient methods of hauling bait have been instituted and have recently led to the installation of fathometers for de-
tecting subsurface bait schools. The use of fathometers makes it possible for bait to be taken in areas and at times
that would have formerly been unproductive. Bait boat operators have become so skillful in the interpretation of the
signals relayed by a fathometer that the species of fish may be determined, although there may be no indication of
such fish on the surface.

Most of the fishing for bait is conducted during the early morning hours. At this time, scattered fish will congreg-
ate and usually will rise to the surface where "flips' reveal the presence of fish to the patrolling bait fishermen. In an
area that is protected by a breakwater, floating gas or kerosene lanterns are sometimes anchored at night so that
scattered fish will be attracted to the school under the lights. A haul around the floating lanterns will be successful
unless the moon destroys the effectiveness of the glowing light.
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TABLE 27
LIVE BAIT CATCH FOR SPORTFISHING
Pounds
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FIGURE 92. Fishing for bait with a lampara net. A weighted float attached to one end of the net is thrown fromthe
boat, the boat moves continually in a circle as the net is payed out and the ends of the net are brought together at
the float encircling the fish. Photograph by R. D. Collyer, August, 1948

FIGURE 93. Pulling in the net. The bait is trapped between the walls of the net, and will be brailed into the opening
of the bait tank (center of photograph) and held there until sold. Photograph by R. D. Collyer, August, 1948
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FIGURE 94. Brailing live bait from the bait boat into the tank of the sport fishing boat. Photograph by R. D. Colly-
er, August, 1948

Holding live bait for future use is not an easy problem. The usual method is to place bait fish in floating wooden
boxes or receivers. The dimensions of these boxes vary from a 6- to a 10-foot cube and are so constructed that fresh
sea water is constantly washing through the lattice walls and bottom. Cement receivers have been devised that are
capable of floating without benefit of additional support. Cement has a much longer life under conditions that would
destroy wooden construction. Buoyancy is achieved by utilizing extremely light aggregates instead of conventional
rock and sand.

Southern California, specifically from Santa Barbarato San Diego, is the home of the live bait industry. North of
Point Conception, sport fishermen are compelled to use salted bait, clams, mussels and inanimate tidbits. However
the varieties of fish taken north of Point Conception are primarily bottom fish and do not require live bait. South of
Point Conception, the prized fish are pelagic, swiftly swimming species and are attracted by movement and life.
Dead bait is very likely to receive little or no attention.

A reliable method for keeping bait records was instituted for the first time in 1939. These records are made out
daily by the skippers of the various bait boats. All catches are reported as number of scoops taken, and converted to
pounds by the factor 17 pounds per scoop. This conversion factor has been used for computing catches for al years
except 1947. Individual scoop weights for as many bait boats as possible were determined for this year and different
factors used for different regions.

of the six species of fish commonly found in the live bait net, anchovies are by far the most important. For the few
years for which bait records are available, they comprise approximately 75 percent of the total catch. Sardines rep-
resent 20 percent, and queenfish, kingfish,
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smelt and pompano make up the remaining 5 percent of the landings. Bait caught in excess of the amount required
by sport boats is often sold to fresh fish markets for salting or to canners to be ground into chum. Bait fish disposed
of either to markets or canners is not included in the totals as shown on the accompanying graph. Such fish is in-
cluded in the totals for the particular speciesto be found elsewhere in this bulletin.

In 1947, live bait sold from $1 to $1.50 per scoop, depending on scoop size, availability of bait, and other factors.
Most of the bait men contract to supply bait for a fixed percentage of the sport boat proceeds. There is considerable
competition for the good contracts that are to be had. Similarly, there is competition among the sport boat owners to
secure dependable bait haulers, and a boat carrying many passengers, as a rule, has the edge in securing good
haulers. Bait suppliers are busiest in the very early hours of the morning, seven days aweek, and from five to nine or
more months of the year. The winter months usually bring bait hauling to a complete close—Parke H. Young.

Reference (see page 210) : 3

2.57. WHALES

In 1931 an international treaty, designed for world-wide regulation of whaling, was signed at Geneva by representat-
ives of 26 maritime powers. As aresult of this convention the Whaling Treaty Act of May 1, 1936, was approved by
the United States Congress. This act, closely following the Norwegian law, provided protection for whales. Sub-
sequently two conferences were held in London in 1937 and 1938 where amendments were drafted. Plans were
made to collect biological and statistical data concerning whales, closed seasons and refuges were set up, protection
was given females with suckling calves, and minimum sizes varying according to species were established to save
the immature calves. There were regulations established whereby crews and gunners would be paid on awage basis
rather than on the number of whales killed and provision was made for license fees and fines for violations. The Sec-
retary of Commerce, the Coast Guard and Bureau of Customs were named as record collecting and enforcement
agencies.

Maritime Industries of Fields Landing in Northern Californiais unique in that it is the only whaling station oper-
ating in the continental United States. Weather permitting, operations begin as soon as the season opens. The open-
ing date is optional with the company, it may open April 1st to close October 1st, or it may open May 1st but must
close November 1st. Two converted naval vessels, approximately 100 and 135 feet long, put to sea in search of mi-
grating whales. Both vessels are diesel powered and are manned by crews of from five to seven men.

Each vessdl is equipped with a gun of approximately 3%2-inch bore, mounted on traverse gear and trunnionsin the
foremost point of the bow. A four-barbed harpoon weighing 165 pounds, attached to a heavy nylon line, is the pro-
jectile. The head of the harpoon is charged with a delayed action "head bomb" which explodes after the harpoon has
penetrated the body of the whale. The gun is loaded from the muzzle in the manner of early type cannon. The exact
amount of the powder charge used for propelling the harpoon is a trade secret with the individual gunner but approx-
imately 14 ounces of black powder isthe usual charge. It is necessary
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to experiment to determine the correct charge and maintain a margin of safety. The method of measuring the powder
charge is interesting. The usual procedure is to pour the powder into a can to obtain the approximate amount. The
powder is then placed in a paper bag and firmly rammed into the gun. To anyone familiar with the complications
resultant from a few grains of overcharge, the system leaves much to be desired. Fortunately slight variants in
charge are not as critical for black powder as for the modern smokeless types. A cork or rubber plug is next rammed
home over the sacked powder charge. This plug serves the same purpose as wadding in a shotgun, sealing the
powder gases to assure complete combustion and maximum power. The harpoon shaft is next inserted into the gun.
The weapon is fired by a .32 caliber blank cartridge contained in a firing mechanism in the breech end of the gun.
Excessive recoil from this heavy chargeis absorbed by the familiar recoil cylinder used in modern artillery.

Upon sighting the whale the killer boat must approach to within 100 feet to insure a kill. Usually the distance is
closed as much as possible before the gunner fires. If the wind is favorable and clears the dense cloud of powder
smoke, the harpoon may be seen curving out toward the quarry and then disappearing into the body of the whale.
There is a short delay and then the head bomb compl etes the destruction of the whale. If the range is too long, the
harpoon may pay out al of the nylon line, halt abruptly and appear to head back for the ship. The muzzle velocity is
so low, however, that the harpoon falls harmlessly into the sea.

If no complications arise, and the whale has been killed, the carcass is hauled alongside the ship where a pipe is
driven into the animal and compressed air is pumped into the abdominal cavity to give the body buoyancy and pre-
vent it from sinking. The sperm whales are less apt to sink since they are buoyed up by the huge oil reservoir con-
tained in the skull cavity. Experiments with a harpoon head charged with compressed carbon dioxide gas were made
in an attempt to kill and inflate the whale at the same time, thus preventing the loss of whales that would sound or
dive when wounded. So far technical difficulties have prevented the success of this method.

If there is evidence of other whalesin the vicinity, a careful record is made of the location of the first kill, and the
dead whale is marked with a flag on along pole which is thrust into the floating carcass, and the hunt continues. It is
interesting to note that the 66 whales taken during the 1947-1948 seasons were all killed within an area 117 nautical
miles long by 48 nautical miles wide.

When hunting operations are compl eted the whale is secured by a chain around the base of the tail, aholeiscut in
the tail and a safety line secured. The whale is then towed to the shore station and pulled ashore by a power winch.
Here the animal is measured from the tip of the upper jaw to the fork of the tail and the weight is estimated at a ton
per foot of length. Age, condition and variety cause some variation in weight and the experienced plant manager
makes allowances for these factors.

At the plant the butchering, located in the open air near the beach, is done on an asphalt base with a surface of 2 x
4 planks set on edge. A crew armed with long handled flensing knives swarm aboard the whale, cut the oil-rich
blubber into strips which are peeled from the carcass and cut into blocks for processing. Care must be exercised to
prevent the
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TABLE 28
WHALES LANDED IN CALIFORNIA
July 12-November 1, 1947

Number Average
Male ! Female Length, feet | Weight, tons
I'inback (Balaenoptera veliferay_____________________________ ! 7 10 63 54
Humpback (Megaptera versabilis)_ ________ | 5 8 43 42
Sei or Japanese (Balaenoptera borealis) - ... .| 3 58 47
N 45 36

Sperm (Physeter macrocephalus) - ... o oo . ... |

12 | 1 61 48

l{umpback,,",,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,i,,,,,,,,,,,, 5 44 41

Sperm. . ... I s ; R | 10 |- S 48 42

TABLE 28
WHALESLANDED IN CALIFORNIA
loss of the free oils which run in small streams from the blubber asit is removed from the carcass.

The process varies dlightly in the case of sperm whales. A hole is cut in the top of the skull and the pure sperma-
ceti, the finest of al qils, isbailed from areservoir at the back of the head. Sperm whales have been landed at Fields
Landing which contained as much as 200 gallons of pure spermaceti. The amount varies with the size and age of the
animal. Spermaceti has a waxy consistency when taken from the whale. It becomes fluid at a low temperature.
Sperm whale oil must be processed and stored separately asit does not mix with other whale ails.

After refining, whale oil is suitable for any of the purposes for which vegetable and other animal oils are used. It
is manufactured into salad and cooking oils and oleomargarine. Sperm oil is noted for its fine qualities as a tenacious
and anticorrosive lubricant because it does not congeal with cold or break down under heat; it leaves no gum upon
evaporation. Many of the better firearm lubricants and rust preventives have a sperm oil base. In the manufacture of
fine cosmetics, spermaceti is the substantial ingredient of subtle compounds alleged to bring the bloom of youth to
the cheeks of women from 18 to 80.

The dark, coarse meat is next removed and stored. The meat has a strong odor when raw but is reported to be
quite palatable and very tender when properly prepared for human food. It is purchased in quantities by domestic fur
farmers and is used in the manufacture of dog and cat food and has had a good market in lieu of the currently higher
priced feeds.

The viscera and other nonsalable parts of the meat and the huge bones of the skeleton are reduced to meal for
poultry feed and fertilizer. The stomach content is sometimes reduced, but because of its extremely offensive odor
this practice has been discontinued lately and this material is used in its raw state as fertilizer by the neighboring
farmers.

Approaching Fields Landing the motorist is informed of attractions ahead by the odor and by signs which read
"See a Real Whale." Despite the fact that ambergris, derived from whales, is an ingredient of costly perfumes, it was
necessary to build a special platform for spectators on the seaward side of the plant where a brisk wind makes it ten-
able. For an admission fee the visitor may view the entire butchering operation while
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aguide gives a suitable lecture on the biology of whales and methods of capture. As atourist attraction the company
has built up a side-line business in the sale of sperm whale teeth as souvenirs at $5 each. Baleen (whalebone) which
was formerly used as a valuable aid to milady in maintaining a trim figure is sold in pieces for 25 cents and
up.—LedlieE. Lahr.

References (see page 210) : 8, 17, 108, 110, 126.

2.58. SEAWEED AND KELP

Seaweed and kelp are common names applied to marine algae. Seaweed usually designates the smaller littoral zone
species while kelp is applied to the large varieties that form great offshore beds. There are many species of poten-
tially valuable marine algae on the California coast but few of them are used.

One littoral zone algae, Porphyra perforata, is gathered for human food. It is an annual which liberates spores be-
fore the winter storms eliminate the current year's growth. The Chinese, who collect it for export to their native
country, burn extensive areas of flat rock surfaces, in suitable places, to obtain clean areas for the spores to develop.
The wet weed is sun dried until rubbery (dries 5 to 1) and is shipped in 200-pound sacks. In 1929 the local price of
the dry weed was 12 cents per pound. This dropped to 5 and 7 cents during the economic depression of the '30s.
There was no harvesting of Porphyra during the war, but during 1947 several camps were again taking small quantit-
ies. Available records show:

1928 135,000 pounds (dry)
1929 267,500
1930 109,300

Along the Southern California coast is found a marine algae, Gelidium, from which agar is produced. Previous to
World War 11, practicaly all the agar used in this country (about 50,000 pounds annually) was imported from Japan.
Agar is an indispensable component in bacteriological techniques. It supplies the only known jelly which does not
break down under the heat and pressure necessary for sterilization. About 4,000 pounds of agar are used annually for
scientific purposes. Agar is used as afiller and stabilizer inice cream, candy and pastries, and as a sizing for cloth.

There is a sufficient quantity of Gelidium on the Southern California coast to supply the bacteriological needs of
the country. However, it can be collected only by divers, and it is not financialy profitable to harvest it under a
peacetime economy. A single company now manufactures agar from "weed," most of which is from Lower Califor-
nia. Some agar is again being imported from Japan.

The kelp of the Southern California coast, Macrocystis, is found in great beds over rock bottomsin from 20 to 60
feet of water. During the first World War great quantities were used to obtain potash and iodine and a number of re-
lated chemical products which were in short supply. During 1917, there were 20 companies and a number of indi-
viduals harvesting kelp. Under a war economy it was profitable to work the kelp beds, but with the return of peace
the industry languished. Some experimenting continued however, and with the advent of World War Il a
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comparatively simple process had been developed for the extraction of alginic acid from kelp. This versatile material
has many industrial uses. It is a satisfactory substitute for agar in many substances, and processes requiring a colloid
and several new uses for it were developed during the war. As an ingredient in camouflage paint, it provides a ma-
terial which is more easily applied than ordinary oil paint, has insulating properties, and is fire resistant. Paper con-
tainers impregnated with an algin solution can be used to ship and store liquids.

There are two concerns harvesting kelp at the present time. One manufactures alginic acid and the other grinds
and dries the kelp and incorporatesiit in a stock feed. In the 11-year period 1937-1947 about 57,000 wet tons of kelp
were harvested each year.

There has been considerable opposition to kelp harvesting by individuals and societies who feared depletion of
the kelp beds and a consequent undesirable unbalancing of ecological conditions. Their apprehensions are not war-
ranted. No dire results have materialized. Our present knowledge indicates that judicious kelp harvesting is benefi-
cial to the beds—Paul Bonnot.

References (see page 210): 10, 91, 100, 115.

2.59. VALUE

The California Division of Fish and Game has since 1939 published tables showing the value of the commercial fish
catch. These values are an estimate of the total amount of money received by the fishermen for the initial sale of
their catches. The record system in effect in California, whereby the purchaser makes out a receipt in triplicate
showing price, as well as species, pounds, and other data, is the original source of information. One copy of each re-
ceipt is sent the Division of Fish and Game, the other copies being retained by the fisherman and the purchaser. If

FIGURE 95. See Tables 6068
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all receipts showed price, there would be no problem in determining total value. Unfortunately price is often omitted
despite continued effort on the part of the Division to have the receipts made out in full. With cannery fish, thisis
not too serious because the boats operate at a price which is generally uniform throughout the State or at least within
aport, and which is usually in force for a considerable length of time. Hence the value of the cannery catch can be
determined with reasonable accuracy regardless of the omission of price on some receipts.

The situation is different for fresh fish market sales. The demand of the markets may fluctuate widely even in the
course of aday, and it is necessary to estimate the value of unpriced deliveries on the basis of the average price re-
ported for the species in the area during the month. If for a given species, no priceis quoted in an area for alength of
time, the value is estimated from prices prevailing in adjoining regions, from prices paid in the area before or after
the time period in question, or from prices paid in the area during the same time interval in the preceding or follow-
ing year. This latter circumstanceisrare.

Almost al of our fish are caught by independent fishermen who sell to a market or cannery. Part of the trawl
catch is, however, made by company-owned boats which make up a fifth to a third of the trawl fleet. These fisher-
men are now paid by the company on the basis of existing prices set by union contract for both independent and
company-owned boats; in earlier years, the value was estimated from the prevailing price to independent fishermen
in the area or, if independents did not handle the species, from estimates made by the companies as to a fair valu-
ation. The oyster industry is completely company-owned as is most of the shrimp. Values for these varieties are ob-
tained from firms.

Loads or parts of loads of cannery fish are occasionally condemned by the California Department of Public
Health. Such fares are used by the canner for reduction but the fisherman is not paid. The poundage is included in
our landing tables.

The value of the catch has increased each year since 1939. In 1947, the total reached $60,457,000, about
$15,000,000 over 1946. (Fig. 96). Thus value has continued to go up even though the poundage caught has de-
creased considerably in the past few years. Rising prices coupled with good fishing for the high-priced tunas have
far more than offset the drop in catch which reflects the poor landings of |ow-priced sardines.

The tunas (albacore, yellowfin, bluefin, and skipjack) accounted for 62 percent of the total 1947 value and for
most of this year's increase over 1946. The value of the yellowfin catch alone rose nearly $9,000,000 to a total of
over $23,000,000. Eight of the 10 most valuable species are cannery fish. Salmon, little of which is canned in Cali-
fornia, ranks seventh, while shark, used chiefly as a source of vitamins, ranks tenth. The leading invertebrate is crab
in eleventh place.

With the tunas dominating the price picture, it is to be expected that the Los Angeles and San Diego regions
should outshadow those to the north. From 1939 through 1946, L os Angeles was the leader, but in 1947, San Diego
surpassed it by a small margin. Within these two regions over $50,000,000 worth of fishery products were handled
out of the state-wide total of $60,000,000. Their lead has not always been so pronounced, though it has always been
substantial.—Phil M. Roedel.

Reference (see page 210): 46.
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FIGURE 96. The tunas dominate the Los Angeles and San Diego regional totals. The increased fleet of trawlersin
the Eureka region isresponsible for the rise in pounds and value. See Tables 29 and 6068
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TABLE 29
VALUE OF CALIFORNIA'S COMMERCIAL FISH CATCH
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2.60. COMMERCIAL FISHING FLEET

The commercial fishing fleet has expanded over the years at about the same rate as the number of market fishermen
has increased in California, and as has the population of the State. The numbers of fishing boats in the different size
groups have maintained about the same proportions since 1934, except that during World War 11 the numbers of
large boats, 85 feet in length and over, dropped off sharply as these vessels were requisitioned by the armed forces.
However, the proportion is now back to what it was before the war, with a slight increase in the maximum length in
the group of largest vessels.

One of the greatest changes of the last 10 or 15 years has been shown by the trawler fleet. From about 10 pairs of
boats, using paranzella nets in 1940, the fleet has expanded to 80 or more boats in 1947, all using stern-set otter
trawls. Thisincludes alarge influx of boats which come down from the north in the off-halibut season and change to
trawl gear. The size of the boats has increased from a maximum of 50-55 feet to 6070 feet, with afew even larger
(the largest is the Dennis Gayle, 103 feet over-all). Manila towing lines have been replaced by steel cable. At
Eureka, the development in 1943 and 1944 of the balloon trawl, a modified otter trawl which fishes a little off the
bottom, has created a considerable rockfish fishery. Local industries there have built up a big business in rockfish
fillets, first to fill army contracts during the war, now for shipping to various localities. Trawlersin very recent years
have

FIGURE 97. A representative of the modern purse seine fleet. These vessels fish seasonally for sardines, mackerel
and tuna. The larger ones are depending increasingly on tuna and are, therefore, adapting their refrigeration plants
to carry part of their load in brine. Photographed by Kent Hitchcock, Balboa, California, 1947
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been equipping with heavier gear and longer cables, enabling them to fish in much deeper water and farther offshore
than before. This has resulted in increased catches of flatfishes. From fishing at 30-95 fathoms, a number—perhaps
20 boats at Eureka—are fishing down to 300 fathoms and more, and as much as 15-20 miles offshore. Although
they may stay out for several days at atime, only three are known to be refrigerated.

As sardine fishing has become poorer and as the local and southern tuna fishing has increased, boats in the seiner
fleet are being built larger and equipped to go farther afield. These boats may go as far as Central America and the
Galapagos Islands. Most still fish tuna only part of the year, but a small number have become year-round tuna boats.
The most marked development toward this end has been the installation of brine tanks for carrying fuel and, later,
refrigerated fish. These make longer trips possible, make the stowing away of the fish when caught easier and more
rapid, and preserve the fish in better condition. There has been an increase in size, with the two largest vessels 128
and 136 feet over-all length. Nets also are correspondingly larger. Four boats have been built with all-steel hulls.
Seine skiffs are being motorized.

Smaller boats, around 40 to 50 feet, without the turn-table but carrying more or less typical purse seines, have be-
come fairly popular during the last 10-15 years. These boats represent a smaller investment and require a smaller
crew, and so in spite of their more limited cruising range and carrying capacity may pay off aswell or better than a
larger boat. While mainly limited to local fishing grounds, they are well adapted to succeed under cannery restric-
tions on amount of daily landings or in times of scarcity of fish, and can fish both cannery and market species with a
purse seine, or shift to alamparafor the market fishing, or even change to abacore fishing with hook and line during
the summer.

In the tuna bait fleet, the type of boat has remained essentially the same. The raised-deck type is now universal
among the larger boats. Sizes remain about the same with an average of 95-98 feet. The maximum size has in-
creased to 156 feet over-all for the Scarlet Queen. The larger boats are now al brine-refrigerated, this trend having
preceded that in the seiners by a number of years. Probably at least 15 or 20 of the boats have all-stedl hulls.

The salmon trollers have remained about the same in average size. Hand-trolling north of San Francisco has been
replaced almost 100 percent by use of mechanized gurdies. Lines are now mostly stainless steel. At San Francisco,
about 80 percent have converted to gurdies. At Monterey lines are still brought in mostly by hand.

Shark gill net boats have increased in size as have the nets operated. Pulling is practically all done by means of a
mechanized net gurdy. Shark boats have mostly converted from hook and line to gill nets, though at Monterey and
south a few small Monterey and other type boats still use hook and line. The smaller vessels are found mostly in
Southern California; larger ones fish throughout the year up and down the entire coast. The average size is about 65
feet, with 85 feet the largest. As in the trawl fishery, the fleet is augmented during part of the year with boats that
come down from the north.

The abacore trolling and mackerel scoop fleets continue to be made up of a heterogeneous assortment of boats of
many sizes, shapes, and origins—"anything that will float."
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The war and subsequent years brought many additions to the fleet. When U. S. Coast Guard restrictions stopped
pleasure boats from going outside of the harbors, and war duties of the owners prevented their giving the necessary
time to keep the vesselsin good repair, many were sold at relatively cheap prices and converted for use in mackerel
scooping or abacore trolling. At the end of the war, a number of army and navy vessels were bought and converted
into fishing boats. The 117-foot Y Ps, of which some 30 were built and which had been designed with this ultimate
end in mind, are particularly prominent in the fishery at present; one is fishing tuna as a seiner, the rest as bait boats.
Occasionally, the waterfront observers are astounded by ex-landing craft which turn up as fishing vessals. Amphibi-
ans or DUKWSs were used to catch white sea bass with beach nets in the vicinity of Pismo Beach for a short time,
until the practice was prohibited through legislation. They are now used to a limited extent in a harpoon fishery for
basking shark.

In addition to the usual losses by accident, a small number of boats, particularly seiners, have been sold to various
foreign countries, where the interest in building up the fisheries along modern lines has been growing rapidly.

Many new improvements to make running a boat easier and fishing more successful have come into usage. Radio
telephones got their first extensive use on the seiners. In 1939-40, they were just beginning to be appreciated on
boats in general, then during most of the war years were not allowed. Since the war, they have become very popular.
Practically al the seiners have them. Bait boats have installed radio telephones in addition to their wireless, as the
development of more powerful sets has made them useful for long-range broadcasting. Trawlers have added them
since the war.

Airplanes have been tried on several bait boats and one seiner, but due to difficultiesin handling were given up as
impractical on all except one vessel.

The trawlers started putting on fathometersin about 1942, the seinersin 1944. Since then, they have become prac-
tically universal on both types of boats, where they are used for fishing as well as navigational aids. Bait boats, shark
boats, and others also have fathometers, though largely or entirely for navigation. Many boats have installed auto-
matic steering devices. The YPs came equipped with radar, and it has been installed in a few other vessels. Now
there is talk of using sonar equipment for locating and identifying fish, and a recent newspaper article predicts that
this and other modern devices will help take the luck out of fishing. This somehow depressing prediction will,
however, probably never be realized.—Anita E. Daugherty.

References (see page 210): 40, 41, 58, 59, 60, 66, 85, 116, 117, 118, 121.
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TABLE 30
COMMERCIAL FISHING FLEET

Under 40 feet

Seasan 40 feet and over Total
1,848 605 2,453
___________ 2,660
___________ 2,843
___________ 3,057
857 3,110
944 3.454
871 3,202
701 2,965
797 3,726
930 3,782
1,042 4,145
1,299 4,857
1,403 5,042
TABLE 30
COMMERCIAL FISHING FLEET
TABLE 31
COMMERCIAL FISHING FLEET—1947-1948
TABLE 32
FISHING PARTY VESSELS—1947
Boat owners with market fishermen's licenses_ ... ... 368
Boat owners with party permits only_ __ 310
Total party permit oF “SPort™ BOats. - - - - oo oo oo | 6?3_

TABLE 32
FISHING PARTY VESSELS—1947

2.61. COMMERCIAL FISHERMEN

The number of licensed commercial fishermen in the state has multiplied almost five times over the period 191617
through 1947-48. of these, alarge percentage are foreign-born, from over 20 countries, or are first or second genera-
tion Americans of foreign-born stock. However, the number actually born outside the United States has dropped
from two-thirds, in earlier years, to about one-third (1947). Over the years, natives of the United States have been
the most numerous group, with Italians second, Jugoslavs third, Japanese fourth, Norwegians fifth, and Portuguese
sixth. Since the beginning of World War |1, foreign-born Japanese have almost dropped out of the picture—they
were for atime entirely excluded from fishing—but the other groups have maintained their same relative positions.
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FIGURE 98. Fishermen pulling in the bag of a purse seine. Photograph by John E. Fitch, August, 1948

The war brought a number of changes. No Japanese, either United States or foreign born, was permitted to fish.
Other foreign nationals were required to become naturalized citizens before they were eligible for a commercial
fishing license. A number of the younger fishermen were drafted as the war continued. To replace these and to help
fill the increased demand for fish, many new fishermen appeared. Some were older men who had retired from fish-
ing; some were young boys, particularly from fishermen's families, but many were men from eastern and midwest-
ern states who had had no previous contact with fishing. Dazzled by tales of the big money to be made in fishing and
tiring of their shipyard
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or other defense jobs as the war progressed, they invested their savings in small boats and took to mackerel scooping
or abacore fishing.

Fishermen have tended to concentrate by nationalities and subdivisions of nationalitiesin various localities: Sicili-
ansin San Francisco and Monterey, Dalmatians and Neapolitans in San Pedro, Portuguese and Italians in San Diego,
with other smaller colonies in various regions. This has occurred as the result of early arrivals settling, possibly by
chance, in one or more places along the coast, then as they prospered sending for their relatives and friends to join
them. In addition to residents of the State, a number of out-of-state fishermen, chiefly of Norwegian and United
States nativity from the Pacific Northwest, take out licensesin California and fish here part of the year.

The fee for a market fisherman's license is $10, and the license year runs from April 1st of one year through
March 31st of the following year.—Anita E. Daugherty.

TABLE 33

LICENSED COMMERCIAL FISHERMEN

. Number of . Number of
License year fishermen License year fishermen
1916-17 e 2,663 4,955
1917-18_ . 2,152 4,991
1918-19. 4,522 5,323
1919-20. 5,087 6,007
1920-21___ 5,269 6,081
1921-22___ 4,462 7,665
1922-23___ 4,472 7,703
1923-24 . __ 4,123 8,724
1924-25___ 4,671 9,047
1925-26___ 5,072 0,344
1926-27___ 5,078 9,043
1927-28___ 5,206 11,804
1928-29___ 5,340 10,871
1929-30 6,014 11,747
1930-31 6,179 12,312
1931-32 5,651 12,804
TABLE 33
LICENSED COMMERCIAL FISHERMEN
TABLE 34
NATIVITY OF LICENSED FISHERMEN
License Year 1947-1948
Number of Number of
fishermen fishermen

United States..___________________________ 9,058 57
Ttaly . o 1,362 56
Jugoslavia. oo 782 53
NOTWAY - oo oo i 454 al
Portugal . ________ ... 378 38
Great Britain_ S, 172 38
Sweden . P, 96 21
Finland. . .. s 63 157

Denmark. ..o 58
Total licensed fishermen. . .. |emmmomannen 12,804

TABLE 34
NATIVITY OF LICENSED FISHERMEN
License Year 1947-1948
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TABLE 35
CITIZENHIP
1947-1948 Licensed Commercial Fishermen

TABLE 36
CALIFORNIA COMMERCIAL FISHERMEN, LICENSE YEAR 1947-1948
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2.62. COMMON NAMES

Many of our important fishes are called by different names in different places. Sometimes one fish has severa
names in one area and often one name may refer to two or more entirely different species, depending on to whom
you are speaking. This confusion in names led to confusion in catch statistics when the Division of Fish and Game
first began compiling records. In 1931, the Division published an official list of names for the more important fishes,
crustaceans and mollusks of the State (Walford, 19314) in the hope that these names would be used by the fishing
industry. Whenever possible the names adopted were those in current uses although a number of popular names
could not be accepted because they were applied to severa kinds of fishes. Such alist is obviously a compromise
and complete agreement could not be reached and the use of all the names could not be expected. However, there
was a marked improvement in the record during the ensuing years because many of the official names came into
greater use and some of the unauthorized names were forgotten. Within the past year, the list has been revised inso-
far as it pertains to marine bony fishes (Roedel, 1948a). There have been a number of changes and these, together
with the reasons for them, are discussed in the paragraphs which follow.

Certain of the original official names met with no popular favor. The fishes to which they were applied have reas-
onably well established vernacular names, and we have adopted several of them to conform with usage. In a few
cases, other considerations prevented our accepting awidely used name. Those which were changed:

New official name Old official name Scientific name

Lingcod Pacific cultus Ophiodon elongatus
English sole Pointed-nosed sole Parophrys vetulus
Petrale sole Round-nosed sole Eopsetta jordani

Sand sole Fringe sole Psetti chthys melanosticus

A number of the names apply to fishes not generally separated by our fishermen or not often caught. Several of
these were changed either on grounds of appropriateness or to make them conform with names used in other areas or
by other agencies. Theseinclude:

New official name Old official name ientific name

Bonefish Ladyfish Albulavulpes

Round herring Japanese herring Etrumeus orthonops
Scad Mackerel scad Decapterus hypodus
Slough anchovy Southern anchovy Anchoa delicatissima
Top smelt Bay smelt Atherinops affinis
Curlfin turbot California turbot Pleuronichthys decurrens
C-O turbot Mottled turbot Pleuronichthys coenosus

The first three are not fished in California. The others, when caught, are included in records of the anchovy, smelt
and turbot catches, respectively.

The remaining changes were made for a variety of reasons: 1. Jack mackerel from horse mackerel, Trachurus
symmetricus. This change was made official by the California Division of Fish and Game at the request of the can-
ning industry in the summer of 1947. The United States Pure Food and Drug Administration gave its permission to
use the name on labelsin May, 1948. With the vast expansion of the fishery in 1947, need for the change for market-
ing purposes became apparent.
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2. Sierrafrom Spanish mackerel, Scomberomorus sierra. " Spanish mackerel" proved confusing because it is often
misapplied to the jack mackerel. Further, the name is used elsewhere in the world for other members of genus
Scomberomorus. We therefore substituted sierra, a name which has been used in reference to this species.

3. Pile perch from fork-tail perch, Damalichthys vacca. This speciesisrarely if ever separated from other perches
by commercial fishermen. The name pile perch has some standing among sportsmen, while fork-tail perch is mis-
leading in that several close relatives have as deeply forked tails.

4. Priestfish from black rockfish, Sebastodes mystinus. We have given names to several species of rockfish not
previously listed. In discussing the group, it developed that "black rockfish" should be applied to Sebastodes melan-
ops, a species heretofore unnamed. "Priestfish" has appeared in biological literature and is the official name for the
fishin Canada.

5. Greenling seatrout from California sea-trout. This new name was selected after considerable discussion and is
definitely a compromise. The fish, Hexagrammos decagrammus, is known as "greenling” in the Pacific Northwest.
In Central and Northern Californiait is universally called "seatrout," though it is not, of course, atrout. In Southern
Cdlifornia, "seatrout" may mean any of severa other species. Academically, "greenling" aone would be the better
name, but because of usage in that part of the State where the speciesis found it was not thought practical to elimin-
ate "seatrout."

6. Moray from moray eel, Gymnothorax mordax. Thisis not a true eel and the name "moray" aone has consider-
able usage.

7. Pacific halibut from northern halibut, Hippoglossus stenolepis. This has aways been the Pacific halibut in the
Pacific Northwest, where it is of major commercia importance.

8. Dover sole from dlippery sole, Microstomus pacificus. This fish, also known as the slime sole and the Chinese
sole, has only recently become of commercial importance. "Dover sole" is now in general use, and is, needless to
say, amuch better trade name.

9. Sand bass from rock bass. This fish Paralabrax nebulifer, is caught in bays or on a sandy bottom and is usualy
"sand bass" to sportsmen. The name "rock bass' is used collectively in the markets for the three species of this genus
comprising the commercial catch and we use it in this sensein the catch records.

10. Spotted sand bass from spotted rock bass, Paralabrax maculatofasciatus. This change follows the one above on
logical grounds. The fish, which is not commonly caught, is generally called "spotted bass' but that name is reserved
officially for afresh-water species.

The Bureau of Fish Conservation has changed the names of three fresh-water fishes which enter the commercial
catch. These are:

New official name Old official name Scientific name

Greaser blackfish Hardhead Orthodon microlepidotus
Western sucker Sacramento sucker Catostomus occidentalis
Sacramento squawfish Sacramento pike Ptychocheilus grandis
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Mr. Leo Shapovalov, of that bureau, in a letter dated August 13, 1948, writes as follows with regard to these
changes: “"The name 'Greaser Blackfish' was chosen for O. microlepidotus on the basis of two common names now
in wide local use for the species: 'Greaser' in the San Joaquin Valley and 'blackfish' in the vicinity of Clear Lake.”
“"Western Sucker' was chosen in preference to 'Sacramento Sucker' for C. occidentalis because more than one spe-
cies of sucker is present in the Sacramento River system, and also because "Western Sucker' is more descriptive of
the scientific name of the species.” “'Sacramento squawfish' was chosen in preference to ‘Sacramento pike' for P.
grandis because the name 'pike' leads to confusion in regard to relationships of this genus."” We are retaining "pike"
as atrade name because of its universal use by commercial fishermen. The greaser blackfish isincluded in the "hard-
head" catch.

In compiling catch records, a number of species are often grouped under one name, even though each species may
have its own "official" name. This may be because the species are so alike in general appearance that little or no ef-
fort is made to separate them in the markets, because little reliance can be placed on the market identification or be-
cause only part of the total catch can be assigned accurately to the several species. The trade name, in a few cases,
includes members of two or more families. For example, "smelt," includes the true smelts of family Osmeridae and
the silversides (jack smelt, top smelt and grunion) of family Atherinidae, and "perch" includes not only the true salt-
water perches but also a number of fishes superficially perch-like which actually belong to other families. In the list
which follows, specieswill be found under the appropriate trade name in such circumstances—Phil M. Roedel.
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2.63.LIST OF COMMON AND SCIENTIFIC NAMES OF FISHES, CRUS

TACEANSAND MOLLUSKS

Common name
Anchovy
Deep-bodied
Northern

Slough
Barracuda

Bass, striped
Bonito, Cdifornia
Cabezone
Cabrilla

Carp

Catfish

Forktail
Squaretail

Cod, Alaska
Corbina, Mexican
Eel

Blenny-eel
Blenny-eel
Moray

Flounder, starry
Flying fish, Cdlifornia
Grouper

Hake

Halibut, California
Halibut, Pacific
Hardhead
Greaser blackfish
Hardhead
Herring, Pecific
Kingfish
Kingfish
Queenfish
Lingcod
Mackerel, jack
mackerel, Pacific
Marlin, striped
Mullet

Perch

Blacksmith
Halfmoon
Opaleye
Salt-water perch

Pike (Sacramento squaw-

fish)

Pompano, California
Pompano, Mexican
Rock bass

Kelp bass

Sand bass
Rockfish

Sablefish

Salmon

King

Silver

Sand dab

Sardine, Pacific
Sculpin

Sea bass, black
Sea bass, white
Seatrout, greenling
Shad

Scientific name

Anchoa compressa
Engraulis mordax

Anchoa delicatissima
Sphyraena argentea

Roccus saxatilis

Sarda lineolata
Scorpaenichthys marmoratus
Epinephalus analogus
Cyprinus carpio

Ictalurus catus
Ameiurus nebulosus
Gadus macrocephalus
Cynoscion orthonopterus

Cebidichthys violaceus
Xiphister mucosus
Gymnothorax mordax
Platichthys stellatus
Cypselurus californicus
Species of Mycteroperca
Merluccius productus
Paralichthys californicus
Hippoglossus stenolepis

Orthodon microlepidotus
Mylopharodon conocephalus
Clupea pallasii

Genyonemus lineatus
Seriphus politus
Ophiodon elongatus
Trachurus symmetricus
Pneumatophorus diego
Makaira mitsukurii
Mugil cephalus

Chromis punctipinnis
Medialuna californiensis
Girellanigricans

Members of family Embiotocidae
Ptychocheilus grandis

Palometa simillima
Trachinotus kennedyi

Paralabrax clathratus

Paralabrax nebulifer

All species of Sebastodes and Sebastolobus
Anoplopoma fimbria

Oncorhynchus tshawytscha
Oncorhynchus kisutch
Citharichthys sordidus
Citharichthys stigmaeus
Sardinops caerulea
Scorpaena guttata
Stereolepis gigas

Cynoscion nobilis
Hexagrammos decagrammus
Alosa sapidissma
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Shark

Basking shark
Dogfish

Gray smoothhound
Leopard shark
Soupfin

Varying amounts of other

species

Sheepshead, California
Sierra

Skate

Big

Cdifornia

Longnose

Varying amounts of other

species
Smelt
Grunion
Jack smelt
Surf smelt
Top smelt

Small amounts of other
Osmerids

Sole
English
Dover
Petrale
Rex

Varying amounts of other

species

Split-tail

Sucker, western
Swordfish, broadbill
Tomcod

Totuava

Tuna

Albacore

Bluefin tuna
Oriental tuna
Skipjack

Y ellowfin tuna
Turbot

Curlfin

Diamond
Sharpridge

Sma!l amounts of other
species

Whitebait

Whitefish, ocean
Yellowtail

Cetorhinus maximus
Squalus suckleyi
Mustelus californicus
Triakis semifasciata
Galeorhinus zyopterus

Pimelometopon pulchrum
Scomberomorus sierra

Raja binoculata
Rajainornata
Rajarhina

Leuresthes tenuis
Atherinopsis californiensis
Hypomesus pretiosus
Atherinops affinis

Parophrys vetulus
Microstomus pacificus
Eopsetta jordani
Glyptocephalus zachirus

Pogonichthys macrolepidotus
Catostomus occidentalis
Xiphias gladius

Microgadus proximus
Cynoscion macdonal di

Thunnus germo
Thunnus thynnus
Thunnus orientalis
Katsuwonus pelamis
Neothunnus macropterus

Pleuronichthys decurrens
Hypsopsetta guttulata
Pleuronichthys verticalis

Allosmerus attenuatus
Spirinchus starksi

Y oung of several other species
Caulolatilus princeps
Serioladorsalis

208



Crab, mar-
ket

Cancer magister

Crab, rock  Cancer antennarius
Cancer anthonyi
Cancer productus

Lobster, Panulirus interruptus

spiny

Shrimp Crago franciscorum
Crago nigricauda

Abalone

Pink Haliotis corrugata

Red Haliotis rufescens

Southern Haliotis fulgens

green

Clam

Cockle Paphia staminea

Species of Chione

Gaper Schizothaerus nuttalli

Pismo Tivelastultorum

Softshell Myaarenaria

Washington ~ Saxidomus nuttalli

Mussel Mytilus californianus

Mytilus edulis

Octopus Paroctopus apollyon

Oyster

Eastern Ostreavirginica

Native Ostrea lurida

Pacific Ostrea gigas

Squid Loligo opalescens

—~Phil M. Roedel
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2.64. REFERENCES

For the benefit of anyone interested in pursuing further the course of any California fishery, particularly with refer-
ence to statistics of the catch, the following list of publications has been compiled. Some of these references have
been cited in the text, others are of general interest in connection with specific fisheries, and in a few will be found
bibliographies for individual species. In selecting this list, specia attention was given to the fishes of minor import-
ance, about which little has been written and for which no complete bibliographies are available.
of general interest and upon which the authors have drawn heavily in preparing the historical accounts and the sci-
entific identification of species are the publications of the Division of Fish and Game, which are identified below.
Biennial Reports of the CaliforniaFish and Game Commissioners.
CaliforniaFish and Game. (quarterly)
Circulars, Bureau of Marine Fisheries, nos. 1 through 22.
Fish and Game Code. (biennial)
Fish Bulletins, Bureau of Marine Fisheries, nos. 1 through 73.
For statisticsand history, bulletinsno. 15, 20, 30, 44, 49, 57, 58, 59, 63and 67.
For identification of species, bulletinsno. 4, 28, 45, 54 and 68. -
Attention is also directed to the followi ng publications by authors who have covered the California speciesin a
broad manner:

Barnhart, Percy Spencer 1936. Marine fishes of Southern California. Berkeley Univ. of Calif. Press, 209 p., 290 figs.
Clemens, Wilbert A. and Wilby, G. V. 1946. Fishes of the Pacific coast of Canada. Canada Fish. Res. Board, Bull., no. 68, 368 p., 253 illus.
Pacific Fisherman. (Monthly and annual)

Pacific Marine Fisheries Commission 1948. Coordinated plans for the management of the fisheries of the Pacific coast. Pacific Marine Fish.
Comm., Bull. 1, 64 p., 10figs.

U. S. Fish and Wildlife Service, Statistical reports.

Walford, Lionel A. 1937. Marine game fishes of the Pacific coast from Alaska to the equator. Berkeley Univ. of Calif. Press, 205 p., 38illus., 69
plates.
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1. Anderson, A. W., and Power, E. A. 1948. Fishery statistics of the United States. 1944. U. S. Fish and Wildlife Serv., Statistical Digest no. 16,
283 p., 1fig., 5tables.

2. Aplin, J. A. 1939. The occurrence of sauriesin Southern California. Calif. Fish and Game, vol. 25, p. 343-344.
3.1942. Bait records. Calif. Div. Fish and Game, Fish Bull. 58, p. 20-23, 2 figs., 1 table.

4. 1947. Pismo claim increase. Calif. Fish and Game, vol. 33, p. 129-131, 2 tables.

5. 1947. Pismo clams of San Quintin, Lower California. Cdlif. Fish and Game, vol. 33, p. 31-33, 2 figs.

6. Barnhart, Percy Spencer 1932. Notes on the habits, eggs and young of some fishes of Southern California. Scripps Inst. of Ocean., Bull., Tech.
ser., vol. 3, no. 4, p. 87-99, 11 figs.
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7. Bell, F. Heward, and Gharrett, John T. 1945. The Pacific coast blackcod, Anoplopoma fimbria. Copeia, p. 94-103, 1 fig., 2 tables.
8. Bonnot, Paul 1929. The whales of California. Calif. Fish and Game, vol. 15, p. 203-215, 10 figs.

9. 1930. The Californiawhitebait fishery. Calif. Fish and Game, vol. 16, p. 130-136, 5 figs.

10. 1931. California seaweeds. Calif. Fish and Game, vol. 17, p. 4044, 4 figs.

11. 1932. Soft shell clam bedsin the vicinity of San Francisco Bay. Calif. Fish and Game, vol. 18, p. 64-66.

12. 1932. The California shrimp industry. Calif. Div. Fish and Game, Fish Bull. 38, 20 p., 11 figs.

13. 1935. The Cadlifornia oyster industry. Calif. Fish and Game, vol. 21, p. 65-80, 6 figs.

14. 1937. Setting and survival of spat of the Olympia oyster, Ostrea lurida, on upper and lower horizontal surfaces. Calif. Fish and Game, vol.
23, p. 224-228, 2 figs., 2 tables.

15. 1940. The edible bivalves of California. Calif. Fish and Game, vol. 26, no. 3, p. 212-239, 17 figs.
16. 1948. The abaones of California. Calif. Fish and Game, vol. 34, p. 141-169, 17 figs.
17. Brandt, Karl 1940. Whale ail: an economic analysis. Food Research Institute, Stanford Univ. Press, 264 p., 30 charts, 32 tables.

18. Brock, Vernon E. 1943. Contribution to the biology of the albacore, Germo alalunga, of the Oregon coast and other parts of the North Pacific.
Stanford Ichthylogical Bull., vol. 2, p. 199-248, 19 figs., 18 tables.

19. Byers, Robert D. 1940. The California shark fishery. Calif. Fish and Game, vol. 26, p. 23-38, 5figs., 1 table.
20. Cdlifornia Fish Commission 1870-1871. Report of Commissioners of Fisheries of the State of Californiafor 1870-71.
21. Chapman, Wilbert McLeod 1942. The latent fisheries of Washington and Alaska. Calif. Fish and Game, vol. 28, p. 182-198, 5 tables.

22. Chute, George Roger 1928. The totuava fishery of the California Gulf. Transdesert trucking of Mexican eaught fish. Calif. Fish and Game,
vol. 14, p. 275-281, 8figs.

23.1929. The crab fishery of Monterey Bay, California. Calif. Fish and Game, vol. 15, p. 28-33, 3 figs,, 1 table.

24. Clark, Frances N. 1925. The life history of Leuresthes tenuis, an atherine fish with tide controlled spawning habits. Calif. Fish and Game
Comm., Fish Bull. 10, 51 p., 6 plates.

25. 1928. The smelts of the San Pedro wholesale fish markets. Calif. Fish and Game, vol. 14, p. 16-21, 4 figs., 2 tables.

26. 1929. Thelife history of the Californiajack smelt, Atherinopsis californiensis. Calif. Div. Fish and Game, Fish Bull. 16, 22 p., 12 figs.
27. 1930. Proportions of king and queen fish in the San Pedro wholesale fish markets. Calif. Fish and Game, vol. 16, p. 187-188.
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TABLE 37
YEARLY LANDINGSIN POUNDS—COMMERCIAL FIH
Exclusive of Mollusks and Crustaceans

TABLE 38
YEARLY LANDINGSIN POUNDS—TUNA
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TABLE 38
YEARLY LANDINGSIN POUNDS—TUNA
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TABLE 38
YEARLY LANDINGSIN POUNDS—TUNA
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TABLE 39
YEARLY LANDINGSIN POUNDS
Sardines

TABLE 40
YEARLY LANDINGSIN POUNDS
Mackerel
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TABLE 41
YEARLY LANDINGSIN POUNDS
Salmon
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TABLE 42
YEARLY LANDINGSIN POUNDS
River Fish
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TABLE 43
YEARLY LANDINGSIN POUNDS
Rough Fish
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TABLE 44
YEARLY LANDINGSIN POUNDS
Flatfish
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TABLE 45
YEARLY LANDINGSIN POUNDS—CABRILLA AND GROUPER
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TABLE 46

YEARLY LANDINGS IN POUNDS—MEXICAN CORBINA AND TOTUAVA

TABLE 47
YEARLY LANDINGS IN POUNDS
Swordfish
. Unclassified . . Total
Year swordfish Marlin Broadbill pounds
18,442 20,717
,,,,,,,,,,,,,,,, 18,252
................ 12,513
________________ 14,803
................ 23,256
________________ 11,691
________________ 31,833
................ 27,045
________________ 45,543
,,,,,,,,,,,,,,,, 130,288
................ 426,001
________________ 693,081
_________________ 562,729
340,769 381,849
661,470 687,381
850,699 857,558
263,958 328,754
669,283 (188,345
577,402 594,047
625,307 629,356
722,478 722,478
594,360 594,360
887,168 887,168
916,739 016,739
445,908 445,008
336,386 336,386
751,506 751,506
363,003 363,003
863,494 863,404
1,009,957 1,009,957

TABLE 47

YEARLY LANDINGSIN POUNDS

Swordfish
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TABLE 48
YEARLY LANDINGSIN POUNDS
Fishes
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TABLE 48
YEARLY LANDINGSIN POUNDS
Fishes
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TABLE 48
YEARLY LANDINGSIN POUNDS
Fishes
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TABLE 49
YEARLY LANDINGS IN POUNDS—CRUSTACEANS
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TABLE 50
YEARLY LANDINGSIN POUNDS
Mollusks
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TABLE 50
YEARLY LANDINGSIN POUNDS
Mollusks
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4. TABLES

COMMERCIAL FISH LANDINGSIN CALIFORNIA DURING 1947
POUNDS

STATE-WIDE

REGIONAL POUNDSAND VALUE

STATE-WIDE
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TABLE 51
ORGIN OF COMMERCIAL FISH LANDINGSIN CALIFORNIA DURING 1947
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TABLE 52
MONTHLY COMMERCIAL FISH LANDINGSIN CALIFORNIA DURING 1947
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TABLE 52—Cont'd.
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TABLE 53
COMMERCIAL FISH LANDINGSIN THE EUREKA REGION DURING 1947
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TABLE 53—Cont'd.
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TABLE 54
COMMERCIAL FISH LANDINGSIN THE SACRAMENTO REGION DURING 1947
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TABLE 55
COMMERCIAL FISH LANDINGSIN THE SAN FRANCISCO REGION DURING 1947
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TABLE 56
COMMERCIAL FISH LANDINGSIN THE MONTEREY REGION DURING 1947
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TABLE 57
COMMERCIAL FISH LANDINGSIN THE SANTA BARBARA REGION DURING 1947
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TABLE 58
COMMERCIAL FISH LANDINGSIN THE LOSANGELESREGION DURING 1947
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TABLE 58—Cont'd.
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TABLE 59
COMMERCIAL FISH LANDINGSIN THE SAN DIEGO REGION DURING 1947
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TABLE 59—Cont'd.
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FIGURE 99. See Table 60. For value array see Figure 95
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TABLE 60
COMMERCIAL FISH LANDINGS—1947
Leading Species by Pounds and Value
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TABLE 61
POUNDSAND VALUE OF COMMERCIAL FISH LANDINGSIN CALIFORNIA DURING 1947
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TABLE 61—Cont'd.
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TABLE 61
POUNDSAND VALUE OF COMMERCIAL FISH LANDINGSIN CALIFORNIA DURING 1947
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TABLE 61—Cont'd.
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TABLE 62
CALIFORNIA COMMERCIAL FISH LANDINGS—1947
Valuesfor Eureka Region, I ndicating Leading Ports, Species and Pounds
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TABLE 63
CALIFORNIA COMMERCIAL FISH LANDINGS—1947
Valuesfor Sacramento Region, Indicating Leading Ports, Species and Pounds
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TABLE 64
CALIFORNIA COMMERCIAL FISH LANDINGS—1947
Valuesfor San Francisco Region, I ndicating Leading Ports, Species and Pounds
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TABLE 65
CALIFORNIA COMMERCIAL FISH LANDINGS—1947
Valuesfor Monterey Region, I ndicating Leading Ports, Species and Pounds
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TABLE 66
CALIFORNIA COMMERCIAL FISH LANDINGS—1947
Valuesfor Santa Barbara Region, Indicating Leading Ports, Species and Pounds
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TABLE 67
CALIFORNIA COMMERCIAL FISH LANDINGS—1947
Valuesfor Los Angeles Region, I ndicating Leading Ports, Species and Pounds
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TABLE 67
CALIFORNIA COMMERCIAL FISH LANDINGS—1947
Valuesfor Los Angeles Region, I ndicating Leading Ports, Species and Pounds
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TABLE 68
CALIFORNIA COMMERCIAL FISH LANDINGS—1947
Valuesfor San Diego Region, Indicating Leading Ports, Species and Pounds
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INDEX
All species taken in commercia quantities during 1947 are listed in the tables of landings, pages 237-263, inclusive.

Abalone, 160-161, 233

Agar, 161, 192

Airplanes, 19, 63, 126, 199

Alaska cod, 148-151

Albacore, 22-25, 184, 194, 220

Anchovy, 89-90, 186, 188, 204, 229

Atlantic cod, 150

Bait, 18, 60, 80, 89, 99, 101, 103, 108, 136, 164, 174, 183-189

Bait nets, see lamparas

Barnacles, 178

Barracuda, 917-93, 181-184, 229

Bass, see .
Black seabass -
Kelp bass -
Rock bass -
Sand bass -
Shortfin sea bass -
Striped bass -
White sea bass -

Beach seines, 39, 126, 140 .

Black cod, see sablefish

Blackfish, see hardhead

Black sea bass, 80, 124-126, 230

Blacksmith, 108, 110

Bluefin tuna, 25-27, 194, 221

Boats, see fishing fleet

Bocaccio, see rockfish

Bonefish, 204

Bonito, 93-96, 229

Bottom fish, 63-75, 226

Broadbill swordfish, 84-88, 228

Butterfish, 111

Cabezone, 96, 229

Cabrilla, 80-82, 227

Canning, 19-20, 29, 35-36, 45, 51, 89, 95, 101, 120, 122, 146, 150-151, 165, 174

Carp, 57-63, 225

Catfish, 53-57, 224

Chilipepper, see rockfish

Clams, 161-167, 233 .
Bean, 161, 164 -
Cockle, 161, 163-164, 233 -
Gaper, 161, 164 -
Jackknife, 161, 164 -
Pismo, 165167, 233 -
Razor, 161, 164 -
Softshell, 161-162, 233 -
Washington, 161, 164, 233 -

Cleaning loss, 54, 56, 82, 83, 116, 126, 128, 131, 148, 165 .

Cockle, see clams

Cod, see .
Alaska cod -
Atlantic cod -
Lingcod -
Tomcod -

Common names, 57, 204-209 .

Corbina, 83-84, 126, 176, 228

Crabs, 151155, 194, 232

Crayfish, 178

Crevally, 111, 176

Croaker, 126, 176

Crustacean, see .
Barnacles -
Crabs -
Crayfish -
Prawn -
Shrimp -
Spiny lobster -

Cultus, Pacific, see lingcod -

Devilfish, see octopus

Dip nets, 142, 144

Dogfish, see shark

Dolphin, 177

Drag nets, see trawls

Ecrevisse, see crayfish

Eel, 177,229 .
Blenny, 177 -
Lamprey, 177 -
Moray, 177, 205 -

Fathometers, 30, 80, 159, 185, 199 .

Fillets, 66, 68, 70, 80, 81, 119, 120, 124, 133, 151

Fishermen, 53-56, 60, 180, 200-203

Fishing fleet, 2, 18, 30, 40, 51-52, 64, 86, 118, 126, 175, 182, 189, 197200

Flatfish, 63-80, 226

Flounder, starry, 70-72, 226

Flying fish, 98-99, 229

Frogs, 179

Fyke nets, 55

Gelidium, 161, 192

Gill nets, 3942, 51, 84, 129, 131, 140

Greaser blackfish, see hardhead

Greenling seatrout, 128-129, 205

Grouper, 80-82, 227 :

Grunion, see smelt 265



Hake, 99, 144, 229

Halfmoon, 108, 110

Halibut .
California, 75-78, 181-184, 226 -
Pecific, 77-80, 205, 226 -

Hardhead, 57-59, 205-206, 225 .

Harpoons, 86, 189-190

Herring, 103 .
Pacific, 101-102, 229 -
Round, 204 -

Hoop nets, 59, 153 .

Horse mackerel, see mackerel, jack

Importations, 81, 83, 88, 113, 122, 150, 157, 159, 165, 167, 192

Introduced species, 49, 51, 53, 57, 161, 164

Japanese oysters, see oysters, Pacific

Jewfish, see black sea bass

Kelp, 192-193

Kelp bass, see rock bass

Kingfish, 103-104, 178, 186, 229

Lamparas, 29, 187

Limpets, 178

Lines, see .
Set lines -
Trolling -

Lingcod, 103-106, 181-182, 184, 204, 229

Live bait fishery, 18, 60, 89, 103, 183-189

Livers, 87, 120, 129-134, 176

Lobster, spiny, 155-157, 232

Mackerel, 222 .
Jack, 3133, 204, 222 -
Pacific, 33-37, 184, 222 -

Marlin, 84-88, 99, 182, 228 .

Meal, 27, 62, 63, 89, 101, 133, 159, 191

Miscellaneous species, 176-180, 231

Mollusks, see .
Abalone -
Clams -
Limpets -
Mussels -
Octopus -
Oysters -
Scallops -
Snails -
Squid -
Welk -

Mother ships, 19 .

Mullet, 106-107, 230

Mussels, 179, 234

Northern halibut, see halibut, Pacific

Octopus, 170-172, 234

Qil, 27, 89, 101, 129-134, 177, 191

Opaleye, 108, 110

Oriental tuna, 221

Oysters, 167-170, 234 .
Eastern, 167, 169, 234 -
Native, 167, 168, 234 -
Pecific, 167, 170, 234 -

Paranzella, seetrawls .

Perch, 108-110, 205, 230

Petrale, see soles

Pike, Sacramento, 57, 205-206, 225

Pismo clams, 165-167, 233

Pompano, 111-113 .
Atlantic, 111, 113 -
California, 186, 230 -
Mexican, 230 -

Prawn, 157-160 .

Priestfish, 205

Purse seines, 17, 27, 30, 83, 89, 197

Queenfish, 103-104, 186

Radio telephones, 30, 45, 126, 199

Rays, 138-140

Reduction ships, 29, 222

References, 210-216

Rock bass, 113-115, 181-183, 184, 205, 230

Rock cod, see rockfish

Rockfish, 66, 96, 116-120, 184,230

Roe, 51, 176

Rough fish, 57-63
Seeaso
Carp
Hardhead
Sacramento pike
Split-tail
Western sucker

Round haul nets, see .
Lamparas -
Purse seines -

Sablefish, 66, 120-122, 230

Salmon, 3749, 182, 184, 194, 223 .
King, 37,39 -
Silver, 37, 39 -

Sand bass, see rock bass .

Sand dab, 72, 226

Sardine, 27-31, 186, 188, 222

Sargo, 108 .

Saury, Pecific, 122
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Scallops, 179

Scientific names, 207-209

Scoops, 36

Scorpion, see sculpin

Sculpin, 96, 116, 122-124, 230

Sea bass, see
Black sea bass -
Shortfin sea bass -
White sea bass -

Seatrout, see .
Greenling seatrout -
Sablefish -
White sea bass -

Seaweed, see .
Agar -
Kelp -

Set lines, 72, 119 .

Shad, 49-51, 224

Shark, 129-134, 194, 231

Sheepshead, 134-136, 231

Shortfin sea bass, 126

Shrimp, 157-160, 232

Sierra, 80, 136-138, 205, 231

Skates, 138-140, 231

Skipjack, 11-22, 194, 220

Smelt, 140-142, 186, 204, 231 .
Grunion -
Jack -
Surf -
Top -

Snails, 160, 179 .

Soles, 66-70, 204, 205, 226

Soupfin shark, see shark

Spanish mackerel, see .
Mackerel, jack -
Sierra -

Split-tail, 57, 225 .

Sportfishing, 46, 51-53, 70, 77, 84, 87, 91, 103, 106, 113-115, 116, 122, 126, 128, 136, 144, 146, 148, 164, 165, 180, 183, 185, 186

Squawfish, see pike, Sacramento .

Squid, 172175, 234

Steelhead, 129, 177

Striped bass, 51-53, 182, 224

Sturgeon, 177

Sucker, western, 57, 205-206, 225

Swordfish, see .
Broadbill -
Marlin -

Tables of yearly landings, 1916-1947, 8, 9, 13, 46, 64, 219-234 .

Tables of landings, 1947, 237-263 .
Pounds, 237-250 -
Value, 193, 251-263 -

Tai, 177 .

Terrapin, 179

Tomcod, 103, 177-178, 231

Totuava, 81-84, 126, 228

Trammel nets, 40, 75, 84

Traps, 61, 154, 155, 170

Trawls, 63-75, 77, 118, 159, 197

Trolling, 22, 42-45, 198

Tuna, 11-27, 219-221
Seealso
Albacore
Bluefin
Oriental
Skipjack
Yellowfin

Turbot, 72-75, 204, 226 .

Turtle, 180 .

Value, 31, 33, 37, 53, 57, 59, 60, 61, 63, 84, 87, 88, 93, 96, 103, 108, 111, 113, 124, 129, 148; 161, 175, 189, 192, 193-196, 251263

Weirs, 39 .

Whales, 189-192

Whelk, 179

Whitebait, 142-144, 231

Whitefish, ocean, 99, 144-145, 231

White sea bass, 126-128, 181-184, 230

Yearly landings, see tables

Yellowfin tuna, 11-22, 194, 219

Yellowtail, 146-148, 181-184, 231
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