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THE GENERAL SITUATION AND THE BIOLOGI-
CAL EFFECTS OF THE INTRODUCTION OF

ALIEN FISHES INTO CALIFORNIA
WATERS '

By Brian Curtis

Bureau of Fish Conservation

California Division of Fish and Game

The introduction of exotic species into any area is an abrupt and
artificial extension of a natural process. All animals are continually

trj'ing to expand their range. They are constantly pressing against the

limits of their habitat, moving outward slowly or swiftly according to

their nature from their centers of origin until they meet an impassable
barrier. "Without the interposition of such barriers all species would

eventually be of worldwide distribution.

Man alone is capable of transporting animals across almost any
distance and over practically all barriers. "Wliat are his reasons for

bringing species into areas w^here they do not naturally exist ? Various
as they may be, they all have one common objective—to provide him
with some form of satisfaction which the indigenous species do not.

Utilitarian satisfactions come first to mind but esthetic and sensory
satisfactions are also important. Commercial fishes belong in the first

category; they provide the necessities of life. Game fishes belong in

the second category; they provide pleasure, and without some form of

pleasure most men do not find life worth living.

Aside from the two foregoing, a third incentive plays a part in

almost all of man's efforts to transplant species—his immense and

unquenchable curiosity, his uncontrollable desire to "see if it will

work." This phenomenon has manifested itself in waves of varying
intensity throughout the history of the subject under discussion, and
one of its modes, if not indeed its all-time high, occurred in the last

half of the last century. At the same time the exploitation of Califor-

nia was at its zenith, and the pull of these two forces coincided to bring
a veritable tidal wave of exotic fishes flowing into the State. In 1874

alone, according to Evermann and Clark (19.31), seven different species
were brought in, and from 1871 to 1894 at least 25. The total number
of attempted introductions given in their paper is 32, and Smith (1896)
lists three which they do not include. Of these fishes, four came to us
from other continents—the Loch Leven or brown trout, the carp, the

goldfish and the tench. The remainder came from our Atlantic sea-

board and middle western states.

' This paper was presented at the symposium, "Introduced fishes in waters of
the Pacific Coast," at the meetings of the "Western Division, American Society of
Ichthyologists and Herpetologists, held In Pasadena, California, June 18, 1941.
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INTRODUCTION OF ALIEN FISHES INTO CALIFORNIA WATERS 6

111 tills epidemic of transplantations, there seems to have been little

realization of the possible attendant dangers. The unfortunate lessons

of the rabbit in Australia and the mongoose in Haiti had not yet been

learned, and the only effort appears to have been to increase the num-
ber of species, to find a place where the exotic would prosper, regard-
less of the effect.

A great many of these strangers failed to establish themselves. In
some cases ignorance of natural history was to blame—some unrecog-
nized condition essential to the completion of the life-history was
wanting. No one at present would make repeated attempts to intro-

duce the Atlantic eel to the Pacific Coast, but in 1874 Johannes Schmidt
had not yet shown that this eel must get to the Sargasso Sea in order
to reproduce. In some cases no unoccupied niche existed to which the
exotic was adapted. This may account for the failure of the Atlantic

salmon; all suitable waters were so filled and overflowing with Pacific

species that there was no room for the newcomer.
Another outstanding failure was the Great Lakes whitefish, Core-

gunus elupeaformis. The desire to establish them in Tulare Lake and
in Clear Lake, where a total of 45,000 was planted to no avail in the

early 70 's, is not incomprehensible. But what they were expected to

contribute to Lake Tahoe and Domier Lake, where 250,000 were planted
in 1877, is a mystery, in view of the large population of the Rocky
Mountain whitefish {Prosopium williamsoni) at that time present in

those w^aters.

Fig. 1. Striped bass fishing on San Francisco Bay. The introduced striped
bass furnishes sport for many thousands of enthusiastic anglers in
central California. San Quentin Point, July, 193 8.

Let us turn now to the biological effects of these aliens. By this
we mean the effect upon other forms of life already in the region, and
it may be said at the start that few transplantations of species have
ever actually increased the welfare of the native fauna, however much
they may have increased the welfare of human beings. For every
introduced species, if it is to establish itself, must either find an empty

2—S016



4 CALIFORNIA FISH AND GAME

ecological niche or shoulder its way into the niche already occupied by
some other animal. In the first case it may do no direct harm but may,
freed from the natural controls which kept it in check in its own land,
overrun the new territory to the detriment of other animals. In the

second case, the infringement of the alien upon the native may be

considered under two headings :

1. The direct effect, either as predator or competitor.

2. The indirect effects—introduction of parasites; alteration of

the habitat; modification of the life-historj^ of the introduced fish or

the native.

Obviously the aliens which failed to estabish themselves in our
waters had no permanent direct effect. As to their indirect effect, it is

conceivable that they might have introduced some parasite before

perishing, but no case of this kind has been reported.
That the fishes which did succeed in establishing themselves have

all had at least some effect upon the natives is probable. In some cases

it lias been so trifling as to be negligible ;
in others the native affected

has not been of interest to man
;
and in others the introduced popula-

tion is still too small to have had any noticeable influence. The follow-

ing species, however, seem to demand consideration in detail:

1. The shad (AJosa sapidissima) . No detrimental effects are

reported for this fish, in spite of the great abundance which it has at

times attained in the Sacramento River system. It seems to be possible
to point to this species as the one case of an introduction which has
caused no complaint from arn' quarter. It has apparently found an

ecological niche which was not only completely unoccupied but also

large enough to accommodate an enormous population.

2. Striped bass {Roccus saxafilis). For many years this was

thought to be a purely beneficial introduction, but in 1936 Shapovalov
found young salmon and steelhead in striped bass stomachs in the

lagoon mouth of "NVaddell Creek, a small coastal stream in Santa Cruz

County. In an effort to throw light on the part played by striped bass

in the depletion of salmon, Hatton (1940) examined 224 striped bass

stomachs in 1939 in the Sacramento River near Pittsburg when the

young salmon were descending to the sea and found not one single
identifiable salmon. This is not proof, however, that in the clearer,

shallower waters farther up the river the striped bass does not feed

on both salmon and trout. The striped bass is known to feed upon the

bay smelt.

3. Small-mouthed black bass (Micropferua dolomku) and large-
mouthed black bass (Huro salmoides) : California authorities, aware of

the incompatibility of black bass and trout, have endeavored to confine

the former to waters unsuitable to the latter. For that reason detri-

mental effects have been limited. Partly through unauthorized trans-

plantations, black bass have gained access to some trout waters with
bad results. Notable is Lake Britton in the Pit River drainage. Condi-
tions here are in many ways excellent for trout, but the large-mouthed
bass have taken over the lake, and although they furnish good fishing
trout are rarely caught any more. It appears that where conditions
are more or less equally suitable to both fish, the bass dominate the

trout through greater adaptability, predaciousness, and all-around
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hardiness. It is only where conditions definitely favor the trout that

it seems able to prevail over the spiny-rayed intruder.

The black bass lias been found to feed on down-stream salmon

migrants (Hatton, 1940). From its habits it may be guessed that it is

at least a competitor with, if not also a predator on, its near relative,

the native Sacramento perch (Archoplites interruptus) .

4. Sunfish. Two species are known to be well established in Cali-

fornia, the bluegill (Lepomis machrochinis) and the green (Lepomis

cyanellus). In some parts of the State they are called fresh-water

perch. They furnish much excellent minor fishing but their biological

H*-y4.-*>-'^T

f  

i
Fig. 2. A typical scene on a .«!outliern California lake.

^Many municipal and private reservoirs and flood con-
irol lake^ have been .'-tocked with black bass, sun-
fish and cnippie and furnish excellent sport to

throngs of fishermen. Lake W'ohlford, May, 1939.

effect seems to be largely limited to their relationship with another

introduced fish, the black bass, on w^hose eggs they prey to some extent

and for whom their young furnish an abundant food supph^
5. Crappie, white and black (Pomoxis annularis and P. nigro-

maculatns). Both species have been introduced. They are known to

prey upon the young of the black bass, sometimes to the extent of
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greatly decreasing their numbers. They are not known to have detri-

mental effect upon any of our native fishes of value.

6. Catfish, fork-tail {Icfahirus catus) and square-tail (Ameiurus
nebulosus). These are scavengers and to some extent predators upon
the eggs and young of many other fish. They are believed by some

people to be responsible for the decrease in number of the native Sacra-
mento perch. They liave been introduced to some extent by unauthor-
ized and uninformed persons to high mountain waters, where they
become so stunted as to be of no value to man, and where they none the

less sometimes become so numerous that they inhibit the trout popula-
tions through competition and sheer force of numbers.

7. Carp (Cyprinvs carpio). This has become the most unpopular
fish ever brought into California. It stands as Public Enemy No. 1 on
the fisherman's books. It is accused of preying on the spawn of other

species, including the Sacramento perch; of making the water it

inhabits muddy; of digging up plant life; and of being a general nui-

sance to fishermen. The last three points are undoubtedly true. In

competing with game fish its rapid growth, its high fertility, its

adaptiveness and its hardiness give it the advantage. Its young, on
the other hand, undoubtedy furnish food for valued fishes. Sentence
seems to have been passed upon it for determined efforts are being made
to control or eradicate it in all parts of the United States.

8. Loch Leven or brown trout {Salmo trutta). There is a feeling

among some fishermen that this trout is more cannibalistic than the
other members of the genus, but no evidence exists to support the

theory. It is true, however, that this species is more difficult to catch
than the others, especially in lakes

; that, therefore, individuals survive
to a greater size and age; and that large trout, regardless of species,
are more apt to be fish eaters than small ones through sheer force of

necessity, the smaller forms of food being insufficient to sustain them.
As biological credit for this trout must be placed the fact that it

lives contentedly in the slower, weedier portions of trout streams not
favored by rainbow and thus brings about a more complete realization
of the biological potentialities of the habitat.

9. Eastern brook trout (Salvelinus fontinalis) . Little can be
said against this trout on the purely biological side. In its favor—
it seems to do well in high mountain lakes with very cold water and
short summers, and it is able to spawn more successfully than i^ainbow

trout in spring seepages in the bottoms of such lakes, thus maintaining
itself naturally where the rainbow has difficulty. Like the Loch Leven,
therefore, it utilizes a portion of the trout habitat which would other-

Avi.se be wasted.

10. Mackinaw trout {Cristivomer namaycush). This species is

a center of controversy. It has reached its greatest abundance in

Lake Tahoe where it is now maintaining itself without any artificial

aid. Since the practical disappearance of the native cut-throat it has
become the mainstay of the Lake Tahoe fishery. Many anglers look

upon it as a great asset
; many others have no use for it and blame

its depredations for the depletion of the native trout. The mackinaw
undoubtedly subsists largely on fish. Examinations of several hun-
dred Lake Tahoe mackinaw stomachs over the past three years have
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sliowii rciiiaiiis of iiiiuiy siickors, minnows and senl]iins, but only a

single iilentiliabic troul. Tliis is not coiieiusive pro(jl' lliat iiiackinaw

do not pre}' upon troul hut its deep water habits woiiM not tend to

bring it into contact willi tlie ^ouu<• of the other trouts in Lake Tahoe,
and it is entirely possible that the rise of the niackinaw population, at

the same time that tiie native trout were decreasing in number, is not a

case of cause and effect but of coincidence.

Fig. 3. Black bass fishing on Havasu Lake, formed by Parker Dam on the
Colorado River between Arizona and California. Introduced fishes,
particularly black bass, catfish, sunfish and crappie furnish prac-
tically all the fishing in the lakes of Arizona, Nevada and southern
California. Photographed January, 19 11.

From the foregoing pages it can be seen that the introduced species

may be arranged in three general groups by biological effect :

A. Those entirely harmless, at least in so far as we now know, to

the native fishes. The only eligibles for this category are the shad
and perhaps the sunfish.

B. Those accused—although by no means always convicted—of

offenses of varying degrees of importance. The following are ranked
in increasing order of criminality, that is, with the least guilty at

the top:
Eastern brook trout

Crappie
Loch Leven or brown trout

Mackinaw trout

Striped bass

Black bass

Catfish

C. Criminals of the deepest hue. Some i)eople would include cat-

fish in this group but the only unanimous choice would be the carp.

3—8016
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This groiipinj,' ai)poars to emphasize tlie debit side of the biological

ledger, \\\\h the threatened extim-lion of llie Sacramento perch the

most .serions ci-ime on the docket. However, it must be remembered
that the evidence is by no means conclusive and that evils of various

kinds are bhuned on introduced exotics which are really due to quite
different causes. Draining of the tule fields and overfishing may have
as much to do with depletion of our native perch as alien depredations.

Also, it must be remembered tliat this appraisal has deliberately

excluded, because of their assignment to a later place on the program,
the compensating circumstances—the increases in human welfare

brought about by those same exotics which are accused of decreasing
the welfare of our native fishes.

The fact is that Nature left a real scarcity of game fishes in the

warmer fresh waters of California. Man has done away with this

scarcity. Entirely aside from the catfish, much sought after in some

parts of the state, our latest data show that over 35 per cent of all

our licensed anglers fish for species which were brought into our waters
from outside our boundaries.
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ALIEN FISHES IN THE WATERS OF THE PACIFIC
NORTHWEST '

By WiLBERT McLeod Chapman

Washington State Department of Fisheries

The present report is a list of the species of fishes which have been

introduced into the fresh and marine waters of the Pacific Northwest,
the history of their introduction where known, the manner in which

each species has been acclimated in the new habitat, the present distribu-

lion as far as known, and the relative importance of the various species
in the sport and commercial fish catches at the present time. The
data for British Columbia are fragmentary and are not intended to

be complete. Such data as are available have been furnished by Dr.

Ferris Neave, Fisheries Board of Canada, and Dr. W. A. Clemens,

University of British Columbia. The Province of British Columbia

has regulations against the introduction and dispersion of spiny-rayed
fishes. The data for Oregon are felt to be complete as far as known
for the presence of the various species, but information on the relative

abundance and dispersion within the State is fragmentary.

Through the kindness of Mr. Clarence Pautzke, Chief Biologist,

Washington Department of Game, the statistics of the game catch of

fish in Washington have been made available and most of the notes on

the present distribution of alien game fish in AVashington are traceable

to him. Because of the active research of Pautzke and his associates

in recent years, the notes on the alien fishes in Washington are felt

to be fairly complete, although it will probably be found when the fish

fauna of Washington becomes fully known, that other species of cen-

trarchid fishes than those mentioned will be found. The figures which

are cited on the relative abundance of the various species in the sport
catch of AVashington are taken from the state-wide creel census of

the AA^ashington Department of Game. Since this census is more

complete for the lake fisheries than the stream fisheries and does not

include the considerable marine sport fisheries of the State, the figures

are skewed to the lake-dwelling species in an amount not known.

AVhat little is known of the history of the introduction of the

various species in the northwest is taken from H. M. Smith's (1896)

report. Until 1933 the game fishes of the State of Washington were

under the regulation of county game commissions. Little is known
of the activities of these independently operated bodies. The policy

on introducing new fishes varied from county to county and was under-

taken by the county commissions, the United States Bureau of Fish-

eries, sportsmens' organizations, aud often independently interested

sportsmen.

I This paper was presented at the symposium, "Introduced fishes in waters of
the Pacific Coast," at the meelinprs of the Western Division, American Society of

Ichthyologists and Herpetologlsts, held in Pasadena, California, June 18, 1941.

(9)



10 CALIFORNIA FISH AND GAME

At least 25 species of fish have heen introduced, more or less suc-

cessfully, into the waters of Orejicon, Washington niul British Columbia,
as follows:

1. Alosa sapidissima. Shad: Tlit' sliad was introduced into the Sacra-

mento Kivcr as early as 1871 (Smith, 1896) and was first definitely
recorded from the Columbia River in 1880 (Jordan, 1916). In 1885
shad fry were planted in the Snake River near its entrance into the

Cojnnibia and in the Willamette River at Portland, Oregon. In 1896

])lants were made in the Willamette at Albany, Oregon, and in the

Columbia at Wallula Junction, Washington. A total of 910,000 fry
was ])lanted in these two years, and so far as is known these were the

onl}' plantings of shad in the Northwest.

At present shad have been recorded from Coos Bay, Rogue River
and Yaquina Bay in Oregon; they support a commercial fishery in the

Columbia River
; they have been taken this year in the pilchard purse

seines on the Wasliington coast between Destruction Island and
Umatilla Lightship ; they are taken occasionally in Willapa Bay, Grays
Harbor, lower and upper Puget Sound in Washington and in the

Fi-aser River, British Columbia. They have been recorded from Rivers

Inlet, British Columbia, Stikine River, Alaska (Smith, 1896), and
Kodiak Island, Alaska (Welander, 1940).

The first report of shad being taken commercially in the Columbia
is that of the United States Commission of Fish and Fisheries (1892),
in which is noted that in 1888 there was a total catch of 10,000 pounds
valued at $500. The shad fishery was badly neglected for many years
because of the cheap price of the fish and the abundance of the more

preferred salmon. Immense quantities were destroyed incidental to

the salmon fishery. At present the catch is increasing yearly. On
the Washington side alone there were taken: in 1937 a total of 37,606

pounds; 1938, 52,734 pounds; 1939, 86,984 pounds; and in 1940,

111,103 pounds. The total catch of both Oregon and Washington was

171,300 pounds in 1938 and 351,318 pounds in 1939. Nowhere else

ill the Northwest does the species support a commercial fishery.

2. Salmo clarkii letvisi, Montana Black-Spotted Trout: This sub-

species of cut-throat trout has been widely planted in lakes all over

Wa.shington and has established itself in many of them. The stock

fame from ]\Tontana and Yellowstone Lake. It apparently does best in

the liigher lakes and in the more alkaline lakes of eastern Washington.
It is not segregated from other species of trout in the records of game
fisli catches in Washington.

3. Salmo trutta. Brown Trout: The brown trout has been widely
l)lanted in the lakes and streams of Oregon and Washington. It has

done well only in restricted localities. It has been recorded from
Baker Lake and Big White Salmon River, Washington; Clackamas
River and Sucker Lake, Oregon. In Washington it maintains itself

in abundance only in certain warm lakes (such as Slide Lake) in

Klickitat and Yakima counties. It is found in the Natches River, Deep
Lake, King Lake, etc., but is not thought to reproduce naturally in

these localities. In British Columbia it has been introduced and has

established itself, although not in abundance, on Vancouver Island in
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the Cowichan River system. In Oref?on it is said to have established

itself in the upper reaches of the Deschutes drainage.

4. Salmo salar, Atlantic Salmon: An attempt was made to introduce

this species in the Cowichan River, Vancouver Island, British Columbia,
hut the attempt was unsuccessful.

5. Cristivomer namaycush, Mackinaw or Lake Trout: This species

has been Avidely introduced into the lakes of both eastern and western

Washington. Although taken but rarely in the lakes of western Wash-

ington, it is firmly established and abundant in certain lakes in Fend

Oreille, Ferry and Spokane counties in northeastern Washington ;
and

in these lakes it forms a valuable game fish resource.

6. Salvelinits fontinalis, Eastern Brook Trout: This species has been

introduced widely throughout Washington, Oregon, interior British

Columbia and in the Cowichan River system on Vancouver Island. As

manj^ as 20,000,000 eggs per year have been imported into the State of

Washington alone in recent years. In 1938, 8.0 per cent of the sport
fish catch checked by the Washington Department of Game consisted

of eastern brook trout, and in 1939, 14.1 per cent. Although common
throughout Washington, it reproduces abundantly only in rather

restricted localities, in particular such streams as the Spokane River

and lakes of Okanogan, Chelan and Kittitas counties. As a result of

recent research the Washington Department of Game has been able to

concentrate its plantings of eastern brook trout in those localities where
it thrives and reproduces itself naturally. As a consequence, although
the areas of planting have been restricted, the total abundance of the

species is increasing.

7. Salmo agua-bonita. Golden Trout: This species was introduced by
the United States Forest Service in three or four small, high mountain
lakes of the Skykomish River drainage in northwestern Washington
in 1936. The species has thrived, is reproducing naturally, and is now
producing a sport catch in these formerly barren lakes.

8. Coregonus clupeiformis, Common Whitefish: In 1889 this species
Avas planted by the IJnited States Bureau of Fisheries in Klamath Lake,
Kullaln' Lake, Chetaw Lake and Laddis Lake in Oregon and in Lake

Washington, LaCamas Lake and Silver Lake in Washington. In addi-

tion plants were made in the Columbia River drainage in Idaho at

Coeur d'Alene Lake, Pend Oreille Lake and Hayden Lake. So far as

known none of these plants was successful. I have been told by
hatchery men, in whom I have some confidence, that very large white-

fish had been taken in past years in lakes Sammamish and Washington
and a possibility exists that the oi-igiiial plants lived but did not

reproduce.

9. Cyprinus carpio. Common Carp: So far as is known this species
was first introduced into Idaho, Oregon and Washington by the United
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States Bureau of Fisheries in 1882 (Smith, 1896) and there were many
subsequent inti-oduetions. It is at present one of the most widespread
fishes of the Northwest. It occurs everywhere that it' can get to or has
been taken. In the Columbia River it is very abundant in the sloughs
and inlets of the lower river and is more or less abundant in all its

tributaries, even up into British Columbia. There is a small commer-
cial fishery on the "Washington side of the Columbia centering on Lake
Vancouver. In 1937, 126,705 pounds were produced; in 1938, 90,785
pounds; and in 1939, 104,487. Although the species can usually be
found in the Seattle and Portland markets, its use as food is restricted

to certain national groups and it is noted as at least a mild pest rather
than as a food fish. In some of the alkaline lakes of eastern "Washing-
ton, such as Moses Lake, the abundance is tremendous. In Moses Lake
a small commercial fishery exists whose product is dried carp meal,
which is sold for fish food.

10. Tinea tinea, Green or Golden Tench: The first known intro-

duction of tench into the Northwest was plantings made by the United
States Bureau of Fisheries in small lakes of Spokane County, "Washing-
ton, and Washington County, Oregon, in 1895 (Smith, 1896). It is

now found in the Columbia River, in certain streams and lakes of the

Puget Sound drainage (especially Lake "Washington and communicating
lakes), and on Vancouver Island. In some places, particularly lakes in

northeastern "Washington, it is fairly abundant, but it is nowhere as

abundant nor is it as widespread in occurrence as its relative, the carp.
In eastern "Washington it is fished to a slight extent as a sport fish, but
it is not highly regarded and is generally ignored by sportsmen.

11. Carassins aiiratns, Goldfish: In the mild climate of western Wash-
ington it is possible to raise goldfish in outdoor ponds and those found
in the wild state are probably domestic pets which have escaped, or fish

which were used for bass bait and escaped. The goldfish has been taken
in the Columbia River at its mouth and at Kalama. It has apparently
become established in Lake Washington in western Washington and
Moses Lake in eastern Washington, but it is not common anywhere.

12. Ameiurus nebulosus, Catfish: When the catfish was introduced
into the Northwest is not a matter of record. It was recorded from
Silver Lake, Cowlitz County, as early as 1888 (Smith, 1896). It is

widespread in the lakes and streams of Oregon and Washington on both
sides of the mountains, and is especially abundant in the sloughs and
slack water of the lower Columbia. It is also found in several lakes

on Vancouver Island and in Shawnigan Lake, British Columbia. Its

abundance is not well reflected in the sport catch because the sedentary
nature of the method of fishing for them is not to the liking of people
accustomed to trout and salmon fishing. Nevertheless, in 1938, 2.5 per
cent of the recorded catch of game fish in Washington was catfish, and
in 1939, 2.3 per cent. There is no commercial fishery in the Pacific

Northwest.

13. Ameiurus melas. Black Catfish: This species has been recorded
from the Columbia (Smith, 1896) but has not otherwise been noted in
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the literature. It is quite possible that this species is more common
than realized and is confused with the more common nehulosus.

14. Esox Indus, Pike: It is recorded (Smith, 1896) that the U. S. Fish

Commission made a plantinf? of pike near Boise, Idaho, in 1892. No
specimens have ever been recorded from the Northwest.

15. Esox vermiciilatus. Pickerel: There is no record of the introduc-

tion of the pickerel. It is found in the streams of southeastern Wash-
injrton, chiefly in the Snake and Walla Walla drainages and in some
lakes near Spokane. It is not abundant, does not reach a large size,

and there is no record of its occurrence elsewhere in the State. It is

possible that this species resulted from the above noted planting of

E. luciiis which was made farther upstream in the Snake and that the

species planted was misidentified.

16. Perca flavescens, Yellow Perch: In 1890, 1891 and 1892 (Smith,

1896) perch were planted in Loon Lake and Lake Colville near Spo-
kane, in the South Palouse River, in Lake St. Clair near Tacoma, and in

Silver Lake, Cowlitz County, in Washington. Subsequent introduc-

tions and distribution between different county game commissions and

sportsmen's clubs have probably been plentiful. It is now present in

practically all lowland lakes of Washington and Oregon. Aside from
the land-locked sockeye, or silver trout, it is the most abundant fish in

the creels of the Washington sportsmen. In 1938 and 1939 it made up
22.5 per cent of all the fish in the creel census of the Washington
Department of Game. The combined statistics of the lake fisheries of

King County showed in 1937, 37 per cent cutthroat trout, 33 per cent

perch, 18 per cent rainbow trout and the remaining 12 per cent were

steelhead, eastern brook, silver trout, crappie and small-mouthed bass.

Some lakes are tremendously productive. In Fisli Lake, Chelan County,
about one-third of the sportsmen's catches are recorded. This is a

small, shallow body of water about three-quarters of a mile long. In

1938, the 2,631 fishermen checked had 30,610 perch; in 1939, 2,768
fishermen checked had 40,925. In that year, the lake must have pro-
duced something like 120,000 perch. Other species are less plentiful in

the lake. In 1940 partial statistics showed 24,094 perch, 54 crappie,
25 catfish, 22 large-mouthed bass, 19 small-mouthed bass, 2 silver trout,
1 rainbow trout and 1 sunfish. Silver Lake, Cowlitz County, is famous
as a bass lake but 1938 checks of the Department of Game showed that

the sportsman's creel contained 42 per cent perch, 30 per cent catfish, 16

per cent crappie, 14 per cent large-mouthed bass, 1.5 per cent cutthroat

trout, and 1.5 per cent sunfish. The perch is the family sportsmen's
fish. Everybody can catch them. They are not highly regarded as

are the trout, salmon and bass but they are much more widely caught
than those species. In a number of small pot-hole lakes in King County
where no one used to fish, the Department of Game introduced rainbow
trout with great success. People now swarm to the lakes to catch rain-

bow and come home happily with a creel full of perch, for which they
would not bother to fish before, and a couple of trout.
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17. Hiiro salmoides, Large-mouthed Black Bass; and 18. Micropterus
dolomieu, Small-mouthed Black Bass: Jn 1890, 1891, 1893 and 1895

(Smith, 1890 ) aii<l iJiobably in many subsequent years, bass were

planted widely in Oregon and Washington by the United States Bureau
of Fisheries and they have since been spread even more. They support
a valuable sport fishery in the lowland lakes of both states and in the

backwaters of the lower Columbia River. Their abundance is appar-
ently limited by the lack of native minnows in quantity for food and
Ihe relatively small number of lakes suitable for bass.

19. Chaenobryttus gulosus, Warmouth Bass: This species has been
taken at Kalama on the Columbia River (Chapman and DeLacy, 1933)
but is not recorded elsewhere in the Northwest. They were introduced
in Loon Lake, Washington, and in the Boise River, Idaho, 1892 (Smith,

1896) but have not since been recorded from these localities.

20. Helioperca incisor, Bluegill Sunfish: This species has been taken
at Kalama on the Columbia Kivei- (Chapman and DeLacy, 1933).

Although it has not been recorded from elsewhere, it is probably more
widespread. It is quite possible that other Centrarchidae, accidentally

introduced, will be found in the Northwest, especially in the sloughs of

the lower Columbia River. There has been little scientific collecting
done there, and the species of Centrarchidae in this region are much
confused hj the fishermen, to whom they are either sunfish or crappie.

21. Lepomis cyanelhis, Green Sunfish: Doubtfully recorded from
southern Oregon.

22. Lepomis gibbosns, Pumpkinseed Sunfish: Common in the Puget
Sound drainage, Columbia River drainage. Goose Lake, Oregon drain-

age, and elsewhere in the lowland lakes of Oregon and Washington on
both sides of the mountains. In many of the small lakes of King
County the pumpkinseeds are very abundant but never become more
than a few inches long. It is characteristic of the species in western

Washington to remain small. In Kahlotus Lake in Franklin County,
Washington, however, the species reaches as much as Ih pounds in

weight. They comprise about 0.8 per cent of the sport catch recorded

by the Washington State Department of Game.

2 3. Pomoxis annularis, White Crappie; and 24. Pomoxis nigro-

maculatiis, Black Crappie: The two species of crappie were planted
in lakes near Spokane in 1890 and 1892 (Smith, 1896), but since then
must have been planted widely in both Oregon and Washington because

they are at present widespread in the lowland lakes of both states on
both sides of the mountains. They are also abundant in the lower

Columbia, lower Willamette and in other smaller, slow moving streams
in both states. The two species are confused by the s])ortsmen and in

the catches. They form a little more than 4 per cent of the total sport
catch recorded by the Washington Department of Game and thus take
sixth place in relative abundance in the sportsman's creel, well ahead
of bass, catfish, Dolly Varden trout, whitefish, etc.
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2 5. Rocciis saxatilis. Striped Bass: Allliou^li iho striped bass were
introduced into San Franeiscct Bay as early as 1870, tlicn-e is no record

of them ever being introduced into the Northwest. Tliey have spread

up the coast as far as southern or central Oregon, however, and are

fairly abundant in Coos Bay. Fiedler (1!M1) gives the comnierical

catch of striped bass in Oregon in 1938 as 44,100 pounds valued at

$2,192. Stanley Jewett, Columbia River Pollution Commission, advises

nie that one specimen has been taken from the Columbia River at The

Dalles, Oregon, and two or three specimens have been taken at the

mouth near Astoria. There is no record of their capture in Washington.

The above list does not take into consideration the numerous and
extensive transplantations of foreign stocks of native species which
have taken place in the past and are being carried on at present.
Instances of this were the importation of even-year pink salmon from
Alaska into Puget Sound, where this species runs only on odd years,
and the heavy importation of rapidly growing, deep-bodied rainbow
trout from Idaho and Wisconsin, where the form has been developed,
into Washington, where the species is native.

Of the 25 species, 21 have succeeded in establishing themselves and
are more or less abundant. One, the shad, is fairly important in the

commercial fishery of the Columbia River and two others, the carp and

striped bass, support small commercial fisheries. It is as game fish,

however, that the introduced species have become of greatest impor-
tance. In a state such as Washington, which is famous for its trout and
salmon fishing, it is interesting to note that of the fresh-water game
fish catches recorded by the Department of Game in 1938 and 1939,
44 per cent were of introduced species. No matter what one's opinion
of the introduction of spiny-rayed fishes into salmon and trout waters,
or of the great nuisance that carp can become, it is clear that the

introduced fishes have come to occupy an important place in the fish

fauna of the Northwest.
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ECONOMIC APPRAISAL OF INTRODUCED FISHES
IN THE WATERS OF CALIFORNIA '

By G. H. Clark
Bureau of Marine Fisheries

California Division of Fish and Game

Tlie fish introduced into California waters have been of immense
economic benefit to the people of the State and have afforded fresh-
water anglers much pleasure. In fact, angling for the species which
have been introduced into California is equally as important as the
fisliing for all of the native fresh-water and anadromous fishes. Conse-
quently, the introduction of these foreign species has doubled the
amount of fish tliat may be taken by sportsmen. Some of these intro-
duced species have attained commercial importance, although they have
contributed only a minor part to California's very large commercial
fishery.

Some harm may have been done to native species by these intro-
ductions, but there is no evidence that the damage has been extensive.
Perhaps carp should be classed as harmful for they are generally con-
sidered a nuisance. However, taken as a whole, it would seem that
the introductions were a good investment. The cost was only a few
thousand dollars and from all available information the returns have
been worth many millions of dollars.

A literal definition of "economic appraisal" as it pertains to
fishery resources is understood to mean the potential value, based upon
the income derived from the fishery resources over a period of years,
plus the annual income from the fishery. The actual valuation of a
fishery in all its aspects has always been a difficult problem and one
which has occasioned considerable dispute in recent years.

In the economic appraisal of the introduced species which are or
have been fished commercially, the procedure is as follows, in order to
show two totals of potential value and annual value.

1. An appraisal of the potential value of the basic stock calculated
on the basis that the fisheries will yield, if well managed, an annual
return in poundage and dollars over at least a 50-year period. (Fifty
years are used to compare with the length of usefulness of many water
uses such as dams and irrigation systems.)

2. The average annual amounts paid to
"

fishermen, based on
recorded market prices, plus a 33 per cent increase over fishermen's
value to cover the wholesale costs, plus a 50 per cent increase over
Avholesale values to account for retail worth.

3. To the preceding item is added an estimated value of allied
industries or capital improvements necessary to carry on the fishery.

fv,» T>Vil«^ ^n^'^^'l .^^!
presented at the symposium. "Introduced fishes in waters of

Tohi^vnWi.?'"'^V TT
* the meetmgs of the Western Division. American Society of

Ichthyologists and Herpetologists, held in Pasadena, California, June 18, 1941.

(16)
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Tliose include pfasolino and oil
;
boats and boat roi)aifs, i-oplafcmcnt and

(Icprcciation ; fonstrnclion, ropair and iinpi-ovcnicnt of ]>la]its; and tlio

a('(|uisition and mainlcnanec of fisliing <4oar- all based on the size of

each commercial fishery.
The ajipraisal of the introduced species which ai'e taken by anjrlers

is a much more dit^cult task than the determination of the value for a

species taken commercially, basically, the value of the sport fishery
is entirely commercial for there is value or gain to many types of

business as a result of the sport of angling. Tackle dealers, boat

renters, small motor dealers, sport clothing manufacturers, gasoline

companies, hotels, tourist camps, restaurants and resorts, all do a large
amount of business with sport fishermen.

The U. S. Chamber of Commerce together with the U. S. Fish
and Wildlife Service have estimated from statistics gathered from
all of the States that an average of $87 per year is spent on fishing

by each holder of a fishing license. On that basis the entire sport
catch of fish in California in 1938, during which 346,661 angling
licenses were sold, had a commercial value of approximately $30,160,-
000. This figure may be compared to the value of the commercial fish-

eries in California for the same period of approximately $75,000,000.

Fig. 4. Shad fu-hiiig on Suisuin Bay. In recent yeai's shad fishermen have
received approximately $50,000 annually for their catches. The retail
value of the fish is several times this figure. As the California shad
fishery has been carried on for about sixty years, the small original cost
of introducing the fish to our waters has proved to be a good invest-
ment. Photograph by H. B. Nidever, April 21, 1936.

Based on the calculated numbers (26,068,000) of sport fish taken
in the State from the analysis of Brian Curtis (manuscript) on the

reported sport catch for 1938, the value per fish would be $1.15.
This figure seems excessive for some species of fish, such as striped

bass and catfish, which are easily accessible to a large fishing popula-
tion. On the other hand, trout, salmon and perhaps black bass might
be valued higher than the average. It may be noted here that it is

obviously impossible to even estimate the value to the anglers of the

physical and recreational benefits derived from fishing.
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Tlio ])i-oet'dure used in tlio appraisal of the introduced species
taken by aiifjlei's is as follows, to show hoili ixtfciilial value as well as

today's aniuial value:

1. An appraisal ol" Ihc potential value of the stock as a whole
of noncommercial species, based on the assumption that the annual

yield to anglers will continue foi- a 50-year period.
2. The total average annual cost of fish to sport fishermen in terms

of money spent on fishing trips and fishing equipment.
Some of the introduced species in California are both sport and

commercial fish. The economic appraisal of these species has been

arranged in the following table :

Shad.

striped Bass :

Sport
Commercial.

Total

Catfish :

Sport
Commercial.

Total

Carp

Spiny-rayed Fishes-

Trout

Grand Totals

Potential value

of the fishery

over 50-year

period

$6,727,500

113,275,000
400,000

113,675,000

200,100,000
3,667,500

203,767,500

370,500

172,500,000

154,330,000

$651,370,500

Annual commercial
value of the

fishery

$134,550
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The spiny-rayed fishes (large-mouthed, small-mouthed and spotted
black bass, bluegill and green sunfish, white and black crappie) are of

great importance to anglers because of the amounts taken and the

sport they furnish. It is illegal to take any of them commercially.
The calculated anglers' catch for 1938 is 3,340,000 spiny-rayed fish,

although a small amount of the native Sacramento perch (Archoplites)
is included in the catch record of introduced species.

The most discussed species of fish taken by anglers are the various

kinds of trout. Of the 13,420,000 trout taken during 1938 in Cali-

fornia, it is estimated by A. C. Taft, Chief of the Bureau of Fish Con-

servation, Division of Fish and Game, that not more than 20 per cent

consisted of the introduced trout. For lack of a better figure, 20

per cent of the total trout catch has been used to represent the take of

introduced trout, which consist largely of Loch Leven and eastern

brook trout. This would be approximately 2,684,000 fish.

From all the information at hand, an economic appraisal of the

introduced species of fish in California results in an annual figure of

more than $13,000,000, but with a potential value over a 50-year period
of more than $651,000,000.

Of the introduced species, catfish has the highest total value, fol-

lowed in descending order by the spiny-rayed fishes, trout, striped

bass, shad and carp.

Pig. 5. A typical striped bass fishing resort near Martinez, California.
Approximately fifty resorts in the bay and river region, each with from
10 to 75 fishing skiffs, depend almost entirely on the striped bass.
Hastings Slough, March, 1936.

In addition to food and game fishes, there are other instances of

successfully introduced animal life which are of interest to anglers,
commercial fishermen and others. Tlie.se include the mosquito fish, the
ornamental gold fish, the Ja])ane.se and eastern oysters, and the bull-

frog. No attempt has been made to estimate the value of these.

Other papers presented have pointed out the possibilities of eco-

nomic loss to native or other introduced species because of the introduc-

tion of a particular fish. Loss in value due to food competition or
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predacious habits of an introduced species is almost impossible to

estimate for little data liave been assembled on the subject.
The loss of youuj,^ salmon and trout eaten by striped bass and black

bass is not known, although it must be considerable in certain localities.

Have the introduced species been the cause of the almost complete
destruction of the sturgeon in California? The sturgeon began to

decline in abundance shortly after so many species were introduced.

One might cite other cases, but it seems useless because of the lack

of real evidence. For instance, how many young wild ducks are eaten

each year by the introduced l)ullfrog? Does the value of the frog
overshadow the damage it does/

The methods employed in the past to evaluate a fishery have been
rather nebulous. Economists and some fisheries people have side-

stepped the issue and beat about and around the bush, so to speak.
Most people admit that a fishery has value but they seem reluctant to

put it into figures. Fish constitute a basic food resource, an important
and necessary item of the diet, which is just as vital in many instances

as agricultural products.
In addition to the continual dispute over whether or not a fishery

is more valuable as a sport or commercial fishery, discussion has arisen

pertaining to the value of fresh-water and anadromous fisheries in

comparison with other uses of water.

The use of water for irrigation and power developments has over-

shadowed in almost all cases the value of any affected fishery. If we
properly appraise a fishery in all its aspects, as is done for many other

industries, which unlike a fishery have no intrinsic value, I think we
will find that the fishery may be far more important to the people than
has ever been realized. Proper long-term planning of water use for all

purposes might produce an entirely different viewpoint as far as fish-

eries are concerned.

I, for one, am not satisfied with the present methods of fishery
evaluation. One is able to ascertain from accurate sources the price

paid to a commercial fisherman for a commercial species of fish. How-
ever, it seems to many of us that the value of the fishery does not end
with the first transaction, i.e., money received by the fisherman. What
of the business that is created by the delivery of a load of fish to the

pier? What of wages to fish cleaners, truckmen, bookkeepers and plant

operators ?

Certainly the value of the product is enhanced in its preparation
by the wholesaler for the retail market. Likewise, the fishery product
increases in value in the retailer's hands, for he in turn creates

employment, has overhead in rent and cold storage facilities as well as

delivery service. Also, what of the industries related to fishnig and

marketing, such as net companies, ship chandlers, boat works, engine

companies, and suppliers of ice and cold storage? Do they not con-

tribute indirectly to a commercial fisheries value?

Another point which is rarely considered in the evaluation of a

fishery is its potential production. Here we have a natural resoui'ce

which reproduces itself, so that the stock should be considered a capital
investment and one which, if properly handled, does not depreciate
in value but continues to yield food and money value for an indefinite

period of years. In this respect, it is very different from resources
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such as oil, gold or other minerals. These are destroyed by utilization,
but a fishery resource is like the s'oose that lays the golden eggs, and
it will continue to reward mankind as long as he does not kill the

goose. As in all forms of business, a fishery's usefulness, economically,
is good only as long as it is well managed and is able to produce a

sustained crop year after year.

Capital improvements, as well as investments in new or better

equipment, are considered by most enterprises to increase the value
of the property or business and are absolutely essential in order to

carry on a business and create a product and wealth. Farm buildings
and farm equipment, new or better factory machines, as well as

increased working space are capital improvement and as such increase

the value of a farm or business. Is it not common sense then to con-

sider fishing boats, fishing gear, fish canneries and plants and their

improvements from time to time as a "capital improvement?" Such

improvements are directly comparable to those mentioned for farm
and business and their value certainly should be considered in any
appraisal of a fishery.

It seems to me that there is a real need for fisheries workers to

crystallize their ideas on the economic appraisal of fishery resources.

With an ever increasing population and more and more demand for

the use of water for irrigation and electric power, we will have diffi-

culty in maintaining our fresh-water and anadromous fisheries, that is,

unless we can demonstrate their value and importance as an irreplace-
able and necessary food resource.



PROBLEMS ARISING FROM THE TRANSPLAN-
TATION OF TROUT IN CALIFORNIA^

By Osgood R. Smith and Paul R. Needham
U. S. Fish and Wildlife Service

Trout liave been transplanted all over the world in efforts to

improve anjrlinp;, especially by Englishmen, who have attempted to take

their trout fishing with them wherever they have gone. The trout and
salmon fishing in New Zealand is a famous example. Similar efforts

have been made in Avestern North America, where eastern brook trout

and European brown or Loch Leven trout have been introduced on a

broad scale. Native western species, in addition, have been trans-

planted into barren waters and are badly mixed up in all the major
drainage basins. The entire east slope of the Sierra Nevada from
Mono Lake south and most of the higher lakes all along the crest of the

Sierra Nevada were originally barren of trout. Much of the high
altitude fishing in the Cascades and the Rocky Mountains is also the

result of man's incurable habit of carrying trout to every remote stream
and lake. All this redistribution of trout has been for the sole purpose
of producing angling and therefore the problems arising from the trans-

plantation of trout are all related to the practical one of producing
fishing.

Though the transplanting of trout to new or so-called barren

waters has been highly successful, the results from transplantations to

waters where trout are already established have been quite inconsistent.

Sometimes an introduced species will establish itself and dominate a

stream, sometimes it will exist along with the native species, but more
often it will never show up at all. If the success of transplantation is

measured by improvement of fishing and immediate returns to the

angler from the actual fish planted, it has been uniformly disappointing.
This has been true of eastern and European species introduced into the

west, of Avestern species introduced in the east, and even true of western

species transferred to western streams. Squaw Creek in northern

California, for instance, has had both Loch Leven and eastern brook

trout planted in it, yet these species rarely appear in anglers' creels

(Randle and Cramer, 1941). On the other hand, experiments with

marked native rainbows in Squaw Creek have proven that even native

species, when planted, do not materially affect the angler's catch.

Natural spawning has maintained 97 per cent of the angling.
Once in a while an introduced species does crowd out an estab-

lished native species. Furnace Brook in Vermont is a good example.
Here, cai-eful chofks have sliown that naturally spawned rainbows are

doing much better than the native eastern brook trout (Lord, 1935).
Yet the eastern brook liout seems to be able to look after itself, even

1 This paper was presented at the symposium, "Introduced fishes in waters of
the Pacific Coast." at the meotinps of the AVestern rMvision, American Society of

Ichthyolo^sts and Herpetologists, held in Pasadena, California, June 18, 1941.
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out. ol its iionnal i-aiisT". tor there iire sti-eiiius in the Ai'apalio Xatioiial

Forest of Colorado in wliicli tliese exotics liave crowded out native

species of cut-throat trout. Locli Ijeven trout frequently become estab-

lished at the expense of othei- sjieeies. A creel census eari-ied on by
tlie Tnited States Forest Service in New Mexico showed deiinitcly that

naturally spawned Loch Leven were replacing native cut-throat in one
stream. They seem to be able to maintain their numbers in the face

of heavy fishinp: better than most other species because they are harder
to catch. Tliis cluiracteristic has made this exotic generally disliked

111 California, though many eastern anglers stock Loch Leven in prefer-
ence to all other species.

The Loch Leven does not seem to do as well as native rainbow and
eastern brook trout in cold lakes and streams, but this does not explain
its failure to become established in some streams which are apparently
ideal. Squaw Creek itself appears to be perfectly suited to Loch Leven,
for it is not a cold stream, and spawning conditions appear ideal; yet
this species has not established itself in spite of frequent plantings.
The same story is true of many California coastal streams, but does
this mean that conditions are not suitable for Loch Leven, or merely
that planted trout have not overcome environmental resistance, and no
'other species would do any better?

Fig. fi. Lal%e Porotliy, Mono County, California, did not have a fish in it until it

was stocl<efl witli trout. The angling in this lalie, as in many others in the high
Sierra, will always be depeiident upon artificial stocking because there is no
suitable tributary in w-hich trout can spawn.

Creel census work throughout the country has shown that artifi-

cially planted trout, regardless of species, have a low survival, and that
natural spawning, also regardless of species, is j)rodueing most of the

angling. Exotic species have been stocked repeatedly in the Rocky
Mountain region, yet in most places the original native cut-throat is

still supplying most of the angling (Needham, 1938.2).

-S016
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Wherover the fish being planted can be distin<ruished from those

already establislied, whether they are native or not, the immediate
results have been disappointin*;. It Avould seem lopfical that the fre-

quent failure of exotic fish to establish themselves, even after long

periods, might be caused by the failure of the initial planting rather

than by a specific lack of adaptability. In many eases the failures

seem to be related to planting methods, unknown pln-siological condi-

tions developed by life in hatcheries, or to the environmental resistance

in the particular waters in which they are planted.
One factor which might contribute to many planting failures is

that practically all of the hatchery stocks are of mixed or of unknown
origin. This is true for the obviously foreign Loch Leven and eastern

brook, and also for the so-called native species. It has been caused by
a failure to keep accurate records in the early days of fish culture, and
the meddling nature of man, which has led him to cross almost all

species of trout, usually just to see if it would work. As a consequence,
rainbow trout planted in a stream may have inherited a migratory
tendency which will lead them, downstream to polluted waters or into

diversions from which there is no return. Or, again, these hatchery
hybrids may mix with native stocks and produce offspring of low-

fertility. Embody (1934) pointed out that "Few species show such a

wide variation in the quality of the eggs as do our eastern rainbow
trout. Thev may have started as pure Shasta rainbows, but now we
find them badly mixed with Oregon steelhead and other races of the

migratory steelhead-rainbow aggregation. In many cases where these

hybrids are kept as breeders, the eggs are below standard." The
western hatchery stocks are about as badly mixed up as the eastern

ones, partly due to the fact that some of the rainbow brood stocks have
been imported from eastern hatcheries.

It seems evident that a careful study of the hereditary background
of hatchery brood stocks should be undertaken in order to plant the

offspring in waters to which thej^ are adapted. Selective breeding of

trout has already greatly increased the possibilities of hatchery produc-
tion, but the adaptability of domestic strains to hatcherj'- life does not

necessarily prove that their offspring will be equally well suited to

stream life. A start was made on the development of a pure strain in

1937 when the United States Bureau of Fisheries brought Salmo nelsoni

north from ]\Iexico (Needham, 1938.1).
Even if we started with a pure strain, we would not be sure of the

best places to plant them, for little is known of the ecological or physio-

logical requirements. Sometimes fish from one hatchery will not sur-

vive in a cei'tain stream where the same species, from another hatchery,
will do well. Obviously, something other than species characteristics

is involved in these cases.

Introduced fish may fail to establish themselves or show up in

anglers' creels because they migrate out of the area j)lanted, and this

is one of the weak points in much of the creel census data. Trapping
studies on Convict Creek in California and catch records elsewhere

indicate that there are occasionally pronounced downstream movements
of fish, apparently not associated with spawning migrations. Both Loch
Leven and rainbows do this, and it seems quite likely that such a ten-

dency might cause planted fish to leave a given stream.
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Crool e't'iisus stiulii'S hy Sliotlci- ;iiitl ll;iz/,<inl (1!)41) iiidicHtc 1li;il

rainbow trout tend to niif-ruto more llian oitlici- Locli Leven or eastern

l)rook. This, to be sure, occurred in ]\Ii(;lii<;an, Avhere tlie rainbow is

one of tlie exotic species, but Ibis species behaves tlie same way in

California. In this respect, at least, the inti'oduced species might be

more valuable.

An all too connnon lack of care in planting trout may account for

some of the low returns or the failure of exotics to become established.

Usually large numbers of fish are dumped in one, or at least relatively

few, spots along a stream because there is neither time nor man power
enough to distribute them evenly. This practice may cause enormous
losses because it is verv different from the natural method of restock-

"^

Fig. 7. The Convict Creek Experiment Station, north of Bishop, California, where
field experiments on trout planting and otlier problems are being conducted by
the U. S. Fish and Wildlifr- Service, in cooperation with the V. S. Forest Serv-
ice and the California Division of Fish and Game.

mg Naturally spawned fish come out of the gravel well distributed

along the average stream and, furthermore, they do not all come out at

one time. Preliminary observations on natural spawning at the Con-
vict Creek Experiment Station near Bishop, California, indicate that

the fry from one pair of spawning trout come out of the gravel over a

period of about ten days, and, since the adults do not all spawn at the

same time, the fry start life well distributed both in time and space.
It is possible that planted fish do not improve the fishing to any

great extent merely because the numbers planted are very small in

proportion to those alread3' present, as Curtis (1941) pointed out. Low
returns do not mean that the planted fish necessarily have a lower sur-

vival than the wdld fish present. Foerster (1936), working with sock-

eye salmon, found a survival rate of 1 to 3 per cent from natural

spawning, and for hatchery-produced fry a survival of 1.7 to 4.5 per
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cent. Heavy mortalities should l)o L-ousidered iiornuil. and there is no
reason to suppose that ])ianle(l tish, once turned out to fend for them-

selves, Avould fare any hellci-. AVith an expected mortality of almost
99 per cent, it Avould take a great many planted lisli to atfect the

angling; and, for the same reason, introduced exotic fish might easily
fail to become established if any accident should -wipe out the few sur-

vivors.

Accurate records have been kept for a few trout streams, notably
Squaw Creek in California and Furnace Brook in Vermont, mentioned

above, the St. Mary River in Virginia (Surber, 1940), and various
streams in the Pisgah National Forest of North Carolina. Sample
records have been taken on many other streams both east and west.

The angling returns from planted fish have ranged from an extreme

high of 70 per cent for large catchable sized fish planted during the

lishing season in New Hampshire (Hoover and Johnson, 1938) to

around 1 per cent or nothing at all for the smaller 1^ or 3-inch fish

usually planted. Returns from large fish planted during the season
have usually been around 20 \)er cent or less, and for fingerlings,
returns have usually been less than 1 per cent.

Plantings in lakes generally have been more successful than in

streams. Experiments in upper Angora Lake, near Lake Tahoe, Cali-

fornia, have shown returns to the angler of 25.6 per cent when 5-inch

eastern brook trout were planted (Needliam, in press). In one year
77 per cent of the fish caught were marked fish. Fishermen report sim-

ilar high returns from an intensive stocking program with rainbows

by the California Division of Fish and Game in June Lake, Convict
Lake and other accessible waters which can be stocked with large quan-
tities of fair sized fish. The experiences indicate that artificial stock-

ing can produce fish for the anglers if stocking is intensive enough.
In other words, fishing for either native or exotic fish can be improved
artificially, but it is going to take more fish and more money than we
have planned on.

Planting larger fish reduces the loss from mortality, but it does not

supply the complete answer to stocking problems. The larger the fish,

the more they cost to raise. A higher survival should balance the cost.

Furthermore, Hoover and Johnson (1938) and Hazzard and Shetter

(1939) have found that heavy plants of large fish during the fishing
season tended to increase fishing i^ressure which depleted wild brood
stocks to low levels. The planting of large catchable trout during the

season is effective, but in streams, at least, it appears to be a sort of

"shot in the arm," to be applied in cases of extremeh' heavy fishing,

where wild fish can not be expected to survive and to spawn. In brief,

we may (1) stock for the creel or (2) stock for reproduction. In the

first instance, large fish are planted in the course of the fishing season

with the expectation that practically all of them will be caught out in

a short time. In the second instance, usually small fish are planted
with the expectation that some will survive to build up spawning stocks

for natural reproduction, or to maintain stocks where there is no
natural reproduction, as in high mountain lakes.

The answers to trout planting problems can be secured only by a

continuing program of experimental field investigations made on
selected streams and lakes. Creel census work on both introduced and
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native species, coupled with studies of the efficiency of natural spawn-
ing and studies of survivals of planted fish in controlled streams, will

eventually lend to hotter stockiiip- mid management of trout waters.
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CARP CONTROL WORK IN LAKE ALMANOR, 1941 '

By J. H. Wales
Bureau of Fish Conservation

California Division of Fish and Game

Lake Alnianor, wliich is situated on the north fork of the Feather
River in Plumas County, is at present the largest artificial lake in

California. Conditions in this reservoir were formerly more conducive
to the production of native rainhow trout than they seem to be at

present. In addition, the number of carp in the lake has been much
greater in the past few years and many people feel that the carp are

probably responsible for the decrease in the supply of trout. Although
no facts are at present available to support this view, carp do have an
adverse effect upon the more desirable fish in some bodies of water,
and it was felt that control methods could be experimented with in Lake
Almanor to advantage.

The most effective methods of carp control are netting and poison-

ing. Tliere is no question but what trapping or seining of carp is

superior to poisoning when the fish are to be used for food. Not that

the poison will render them inedible but the markets frequently require
the carp to be alive or very fresh, and in addition shipments to market
can be delayed when the fish are trapped whereas this is not possible
if they have been killed by poison. However, if the carp are to be

processed nearby they may be poisoned, collected and used successfully.
Both trapping and poisoning were tried on Lake Almanor.

In the fall of 1940, a carp trap was built on a spring-fed stream

entering the north end of the lake at a point known as Gould's Swamp
wliere the carp spawji in the spring of the year. The trap consisted of

two strong woven-wire fences built across the main channel of the

stream, about 200 yards apart. In the lower fence was a V-shaped
opening through which the carp could enter the enclosed section. The
upper fence of course was fish-tight. Lighter fences were built across

side channels to prevent the fish from migrating around the trap
section. The plan was to seine out the carp which would become

trapped betAveen the two main channel fences during their spawning
migration to the shallow swamp above.

The level of tlie lake was higher during the spawning period of

3941 than was anticipated and most of the carp swam around the trap
fences and could not be caught. However, the trapping of carp in

Lake Almanor, at least, is entirely feasible providing one knows the

approximate height which the lake will reach during the spawning
period. The trap should be made with angle-iron posts and heavy
woven-Avire fencing. It could consist of two parallel fences across a

channel or a circular corral-like structure, depending on its location.

1 Submitted for inihliciition, September, lOll. Photo^aph.s by author. Note:
All pensons are advised against attempting any kind of fi.sh control by poison or any
other method, as sueh action constitutes a violation of State law. Call on the nearest
representative of the California Division of Fisli and Game if you think control
measures arc necessary.

(28)
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It is necessary to fold the wire in at the bottom to make an apron.
This apron should then be staked securely so that the carp can not

root under it. One or more V-shaped openings should be located so

that the fish migrating toward their spa^vning area will enter readily.

Fig. 8. Gould's Swamp, Lake Alnianor, May, 1941. The carp trap
wa.s located on thi.s sfream, and poisoning was carried on in
the shallow areas in the right background.

The use of powdered derris or timbo root has been described by
several fisheries biologists but usually it is employed in waters which
are to be completely poisoned. Thus, relatively small lakes or stretches

(jf stream, even ocean tide-pools, can be completely freed of fish life.

The present description is of a method of controlling an undesirable

species wdthout affecting the more desirable ones. Selective poisoning
with powdered derris root was reported by Greenbank- for a Michigan
lake. Greenbank also reports selective poisoning of Fish Lake, Utah, in

1938, by Stillman Wright.
Lake Almanor is not particularly well adapted to the control

poisoning of carp but certain swamps and shallow indentations in its

shore line are frequented by the spawning fish and here they can be

poisoned with great ease. Long, narrow, shallow inlets in a lake shore

-Greenbank, John. Selective poisoning of fish.

Transactions, vol. 70, 1940, pp. 80-86, 1941.
American Fisheries Societj-.
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are ideal, providing: of course that the earp are present in large num-
bers and that the water temperature is high. In Avork at Lake Almanor
it was found that temperatures ranging from 75° to 85° F. were
suitable for poisoning. Some spawning may occur in waters cooler

than 75° but the fisli would be more easily frightened and it would

require more poison to stop them before they could escape into the

open lake.

To illustrate the method let us suppose that Ave have a cove in

the lake shore which is 300 to GOO feet long, 100 feet across the mouth
and about 3 feet deep. The water temperature ranges from 75° to 85°
F. and there are hundreds or even thousands of carp spawning in the

Fig. 9. Carp spawning- in sliallow water of Lake Almanor's north shore, May, 1941.
Note the fish thrashing about in the spawning act. Control work, both trapping
and poisoning, can be carried on most readily when the carp move into shallow
water to spawn.

cove. The object is to kill all the fish before they can take alarm and

tlepart for the open lake.

Floating a tub full of thin "mud" made of timbo or derris powder
ahead of him, the operator sloAvly wades across the mouth of the cove,

thoroughly spreading a "curtain" of the poison from one side to the
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oilier. Then by Avurkiiiy l);i('k and lorth across llic iiioutii, cacli time a

little farther into the cove, a liea\ily ])oisoiie(I sti-ip is formed wliieh

may be about 50 feet wide. Tlieii the operator proceeds directly

through the center of the cove broadcasting- tlie thin "mnd" on either

side of him. Tliose fish -whicli are near the mouth will try to escape
but before they have passed through the curtain of poison across the

mouth the.y will have absorbed enonph to kill them on the spot, or if

they do reach the lake the}' soon die. The strength of the poison in

this so-called curtain formed across the mouth was not determined in

the work at Lake Almanor, but it should be strong enough to make
the water distinctly roily as though it contained a heavy suspension of

actual mud. When the water is warm a carp can not, or at least does

not, swim through it rapidly enough to avoid being killed. This system
can be used in shallow bays or even along the open shore if a large
semicircular curtain of the poison is first laid down.

However, under such conditions the results are ordinarily not

commensurate with the costs. Poisoning was attempted when the water

temperature was 68° F. but the fish became frightened and escaped

tlirough the poison without heavy losses. In practice we found that

when conditions were good the carp became groggy in five minutes
and died in fifteen.

In some of the coves in Lake Almanor we succeeded in killing from
1000 to 1500 carp at each operation. The number of carp killed by
poisoning in Lake Almanor in 1941 was estimated at between 10,000
and 12,000. With conditions fairly opportune and wdth the experience
gained in the past season it should be possible to poison at least 15,000
adult carp each year. This work can be done by two men, and about
300 pounds of powdered timbo or derris w'ould be used.

Tlie best results can be secured between May 1 and June 15 in

Lake Almanor, though even after the fish have finished spawning and
while they are up in the shallow areas feeding they can be poisoned. At
such a time the young carp, which would be about one-half inch long,
could be killed. Effective poisoning might be continued throughout the

summer, at least well into July.
It was found that all the carp could be killed in a cove and even

if they were left to decay, more carp would come into that same cove

later in the season to spawn. Perhaps three weeks would elapse before

fish would enter a previously poisoned cove, but they could be expected
to use it again for spawning if the first poisoning was not made too

late in the season.

It should be remembered that it takes much longer to collect and
pile large carp or otherwise dispose of them than it does to kill them.

Therefore, if the fish must be removed from the water the number
poisoned may have to be limited. Large carp decompose quite thor-

oughly in three wrecks and if they are not too offensive it is best to let

nature dispose of them. In Almanor the areas of poisoning were so

situated that few fish floated to sections of the lake shore where they
w'ould be disagreeable.

There were few desirable fish in the shallow, warm areas of Lake
Almanor which were poisoned. Most of the fish, other than carp,

6—8016



32 CALIFORNIA FISH AND GAME

wliicli wrvv killed wci'c red-sided iiiiiiiiows {Iiic/KinlsoiUKs cgrcgins).
Aside i'roiii lliese wece ;i very few bliie^ills, catfish and chubs {Sipha-
teles). ( >nly (iiie truiil liii^crlin^ was known to have been killed by the

poison and we liave no reason to tliiidv lliat more, young or old, were
affected. The poison becomes greatly diluted as it spreads out into the

lake and can then do no injury.
Two interesting observations were made during the operations in

this lake. One was that a large part of the carp eggs which become

P'IG. 10. Poisoned carp collocted in piles, Gould's Swamp, Lake Almanor, May, 1941.
Over 10,000 adult carp were poisoned during the control work in 1941.

fastened to marginal grass or to floating wood become fungused and
die. The proportion of eggs so affected probably ranges around 50

per cent, running as high as 75 per cent in some areas observed. The
second fact is that remarkably few immature carp were observed.

Not over ten yearlings and three two-year-old carp were known to

have been killed by poison. It might be thought that fish of these

ages, being immature, simply were not in the spawning areas. This

is more or less true, no doubt, but resort owners on the lake all say
that they have seen none or almost no young carp in the past few years,
whereas large numbers were seen previously. It would appear that

some destructive natural control is operative and we may soon have a

period when carp are much less abundant than they have been.
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From scale cxamiiial ions it appears llial, lirst iiialiiril\' is in llic

third year for most females iiiid that the spawn in*;- population is made

up of tliree-, four- iiml (ive-year-ohl fisli. We saw no ear]) whieli would

weij^h over If) ])(iuii(ls ;in(I the averajre was ;i])ont seven ])oiiii(ls. There

was remarkable uuifuriuity in size and neitlier sex seemed to predomi-
nate.

In spawning it was customar}' for three to five males to follow a

female about until she was ready to eject her eggs, then one male would
rush beside her and they would thrash about, ejecting milt and eggs.
When spawning occurred in the areas filled with floating dead trees,

the fish would try to spawn the eggs on or alongside these trees so that

the eggs could become attached to them.

It seems probable that by systematically poisoning the carp in

Lake Almanor, the number of these fish can be noticeably reduced.

This method of destruction of course is nothing more than a control

measure but occasionally it may be that partial eradication is more
desirable than total extermination. This would be true where a fish

with some forage value has become too abundant and endangers the

desirable species either by eating them or by eating their food.



ROUGH FISH CONTROL IN GULL LAKE, MONO
COUNTY, CALIFORNIA^

By Elden H. Vestal

Bureau of Fish Conservation

California Division of Fish and Game

INTRODUCTION
The Gull Lake rough fish control experiment had its inception in

August, 1939, when investigations were begun by the writer to deter-

mine tlie stat>is of rougli fisJi in Gull Lake in relation to that of trout.

Gull Lake once furnished excellent eastern brook trout fishing and
was utilized by the California Division of Fish and Game as a highly
profitable source of eggs for trout culture. The lake chub (Siphateles

ohcsHs), a minnow native to the Lahontan Basin, was introduced into

the lake about 1934 as bait. Very prolific and not subjected to fishing

drain, it increased until it had almost crowded the trout out. Some
individuals reached a length of nine inches, and in midsummer schools

of young chubs up to two and one-half inches long blackened the

shallows. Angling i^racticalh- ceased and the taking of trout eggs
was abandoned.

Of the different plans suggested for control of the rough fish, the

most practical, in view of the economical results obtained in eastern

waters, appeared to be chemical treatment with rotenone, a poison
derived from certain tropical plants. Since powdered timbo {Loncho-
carpus vrvcu) from Brazil, with warranted rotenone content of 5 per
cent, had been used successfully in other States and was considerably
lower in price than other commercial plant derivatives containing the

same amount of rotenone, it was decided to use this preparation.

Although the immediate ]nirpose of the experiment was to elim-

inate the rough fish from Gull Lake, its wider and more generalized
intent was to demonstrate to California sportsmen the latest method
for effective, quick and economical reclamation of waters once valuable

as producers of trout and other game fish.

Tlie present paper reports the ]-esults of three phases of the Gull

Lake fisheries project: (1) ])reparatory stages, chemical treatment and
elimination of rough fish; (2) observations and tests made during the

period required for natural recovery, with ultimate restocking of the

lake; and (3) yield of trout to the angler in the first season after

stocking.
The project was a success as all the chubs in the lake were

believed to have been killed, and following restocking with trout,

excellent fishing was had the following season (1941).

1 Submitted for publication, December, 1941.

Note.—All persons are advised against attempting any kind of fish control by
poison or any other method, as such action constitutes a violation of State law.
Call on the nearest representative of the California Division of Fish and Game if you
think control measures are necessary.

(34)
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Fig. 11. "View of Gull Lake looking southwest toward Mt. Lyell (extreme right of
distant horizon). Photograph by author, July 24, 1940.

I am indebted to a number of persons for miicb help in the Gull
Tjake project and I am pleased to record their names. Mr. Theodore
I Tookway assisted with sounding's and pacing- of the Gull Lake shore

during: survey work in 1939. My wife, Ethel Vestal, recorded and
otherwise assisted with detailed soundinjjs, preparation of individual
instruction maps and lake mapping during survey work on Gull Lake
in ]94(). ^Messrs. Gerth of June Lake contributed freely of time,

private equipment of a wide variety, and assistance in person to the

project and greatly speeded up preparations before and return of

equipment following the rough fish control experiment. Mr. George
Conn, also of June Lake, granted the use of June Lodge for meetings
of personnel and loaned equipment and persons in his employ to assist

in the pi-oject. To all the residents and townspeople of June Lake
and of Horseshoe Valley, who loaned various and sundry equipment
for use in the Gull Lake project, I express my sincere thanks.

For the earnest help given me by all llie personnel in the Gull
Lake project T am indeed grateful and include in this category the

following persons: Messrs. Robert Gerth, Sr., Claude Walborn, "Wal-

lace Gerth and L. L. Tatum, leaders in the project ; and George
McSweeny, Hercel P. Clouse, Robert Gerth, Jr., IT. Byrnes, Ru.s.sell C.

r.rinley. ''Walter T'ttcr, Edward TT. Gnlm. Georg.' AV. Conn. Richard
Conn. Sheridan ^leadows. X'crnon Mcacliam. .1. 1). Unmiston. Robert
Tlankins, R. C. Combes, Frank "Wright, Robert ]\ralioney, Robert Coudy,
Dick Almour. Tlugli ^Forris, Ralph Cook. George Pniitt, Jack Miexsell.
IF. 1>. llitchcns. Lnd Lanham, 11. E. Rider, John ^Far(|nette. Claude
Claudel, Thomas ."\b'I\pc, R. C. Lewis, Charles Cuddigan, Leon Talbott,
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I. H. Hussey, Georg:e McCloiul, Douglas Condie, Sydnej' Griggs, and
Fish and Game "Wardens Car] "Walters. "Webb Talbott and Al Crocker.

I am grateful to the ]\Iono Natioiuil Forest for the loan of some
equipment and the following men from the Civilian Conservation

Corps to the project : "Walter Let.scher, Zenon Holody, "Walter Ramanko,
Francis Tobin, Benjamin Johnson, "William Poos, Boyd Minto, Louis
Percoski, James Romanelli. and Edward AVszalek.

To Supervisor "Walter Dombrowski of Homer Township and to

Mono County I am indebted for important assistance from both men
and equipment.

To the Ignited States Fish and Wildlife Service station at Convict
Creek experimental stream I am indebted for the loan and use of some

equipment to aid in the project.
For much help in the revision for publication of the original

report to the Bureau of Fish Conservation, I am indebted to Mr.
Brian Curtis, Supervising Fisheries Biologist, of the Division.

Finally, to all others who helped in various ways to make the

])roject a success, I express my gratitude.

PREPARATIONS FOR THE EXPERIMENT

Survey of Gull Lake

Hydrographic and Physical Features

Gull Lake is located at an elevation of 7,588 feet. It is one of four

glacial lakes in the Reverse Creek recreation area of central Mono
County, California. The lake is roughly medallion-shaped with a large

granite promontory rising in the center of the south margin.
The principal inlet stream is derived from June Lake, which is

located about one-fourth mile north, and enters Gull Lake in nearly
the center of the north shore. The inlet stream reaches a maximum
flow of about one cubic foot per second in winter and early spring.
Other inlet streams originate from springs on the east side of the lake

and flow up to TOO gallons per minute with little annual fluctuation in

volume. Small trickles, varying from one-half to two gallons per min-

ute, flow from springs located on the west side of the lake margin.
Seepage and surface runoff are major supplies of water to the lake.

The outlet of Gull Lake is located in the southeast corner and gives
rise to Reverse Creek proper. Measurements of flow by the writer have
shown extremes from 0.25 cubic feet per second on July 5, 1940, to 3

cubic feet per second on January 17, 1941.

Soundings and measurements of Gull Lake, combined with study
of a hydrographic map prepared by the Department of Water and
Power of the Citv of Los Angeles, revealed the following data. (See
also Fig. 12.)

Maximum depth 63 feet, 8 inches

Average depth (125 soundings) 37^ feet

Area of water surface 68.6 acres

BetAveen date of measurement (August 11, 3940) and date of chemical

treatment, the water level had declined about six inches. Therefore the

total volume of Gull Lake as of September 11, 1940, was computed at

2,537 acre-feet, or 826,041,950 gallons.
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The north shore of Gull Lake is mostly beach of granite sand
;
the

beach grades into a more abrupt and rocky shore of glacial till along
the west side

;
a marsh occurs in the extreme western portion of the lake

and gives way to an abruptly rocky margin along the south side
;
and

finally, the east margin is mostly abrupt and wooded. Well over half

of the entire shore line is bordered by willows. AVillows, with their

dense root mass, tend greatly to preserve the identity of the shore line

in lakes and streams.

GULL LAKE

SHORELINE AT

7588 FT.

N
i

OUTLET

Pig. 12. Hydrographic nir.]) of Cull Lake, Moiin County, Califuniia. From a map
l)repared by the Department of Water and Power of the City of Los Angeles.
Compare with figure 13.
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The bottom consists mostly of mud and silt
; large areas are made

up of decomposed pumice ash, probabl.y from the eruption, in prehis-
toric times, of the Mono Craters.

Gull Lake freezes in -winter, usually to a depth of 8 inches. Cer-
tain temperature readings are given below:

August 7, 1939, 10.80 a.m. surface 68° F.

July 11, 3940, ;j p.m., surface 72° F.

September 17, 1!)40, 8 p.m., surface 'i^.')" F.

September 17, 1940, at 60-foot depth 49° F.

Dui-iug the summer months and into the fall of the year Gull
Lake is usually calm in the early inorning and until about 9 a.m., when
a breeze rising in the south ripples the lake surface. By late afternoon
the lake is frequently in snudl whitecaps as the wind reaches its maxi-
mum velocity for the day ;

this is usually from 20 to 25 miles per hour.

AVinds of high velocity across the lake are infrequent, but are known
to reach about 75 miles per hour.

In its present character, Gull Lake is a product of the last or Tioga
glacial period.

Biological Features

Especially along the west and southwest margins and in the south-

east corner. Gull Lake has a good growth of emergent aquatic plants.
The ivy-leafed duckweed (Lemna trisulca) is common, and a dense

growth of rushes and reeds (genera and species undetermined) forms
a marsh extending over five acres along the west side and in the west

corner of the lake. Submerged plants also form a good stand in the

lake and again occur mostly in the western and southeastern sections.

The most common submerged plants are Potamogeton, Myriopliyllum,

Spirogyra, Nitella, and Isoetes or quillwort.
Some information on available fish foods in the lake was gained

from the analyses of stomach contents of 14 eastern brook trout (Sal-

velinus fontinalis), 9 to 14 inches long, taken in two six-hour gill net

sets during the days of October 22 and 23, 1939, The results of the

analyses are incorporated in table 1.

TABLE 1

Foods Eaten by Fourteen Eastern Brook in Gull Lake in October, 1939

Items eaten
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Other food oi-yauisins observed i'roiu plankton samples, bottom

samples, in or about the aquatic plants in the lake, or along the rocky
shores included water striders, back swimmers, water boatmen, numer-
ous small lim]ipts, olifiocliaetes, ('oriflird, m'u\>xo larvae, [)ui)ae, and
adults, and adult dragontiies, damseltlies and maytiies. Predominant

jilankton organisms in Gull Lake are the eladocerans (Daphnia and

Ceriodaphnia) and the copepod Cyclops; others observed include the
rotifer (Avuraca cocJtlcaris) and No^ioc.

Originally, Gull Lake was stocked with cut-throat trout (Salmo
hcnshawi). These were soon replaced with Loch Leven (Salmo trutta).
Eastern brook trout were later planted and became the predominant
species of fish in Gull Lake until their numbers were superseded by
lake chubs. An occasional rainbow trout {Sahiio (/(tirdncrii) was taken

up to 1939. Although suckers and sticklebacks (Gasterosteus
acidc(ifus) were said to be present, none w^as observed by the writer.

Vertebrates, other than fishes, which were observed in or about
the lake included frogs (two species), toads (one species), garter
snakes (one species), and a number of fish-eating and aquatic birds,

including western belted kingfishers, American egrets, a great blue

heron, a Farallon cormorant, common loons, pied-billed grebes, eared

grebes, one American bittern, California gulls, Canada geese, greater

scaup, ruddy ducks, cinnamon teal, redhead ducks, and pintail ducks.

Experiments with Derris and Timbo Powders

Properties of Rotenone

Rotenone, with the formula CgsHooOu, is present in derris, cube
and timbo roots, of which it is the most effective constituent, although
deguelen and tephrosin are also active ingredients. The powders are

dispensed commercially. They resemble breakfast cocoa in texture
but in color are light tan to buff.

Regarding the toxic properties of derris root (and the same
applies to timbo), W. M. Hoskins, Associate Professor of Entomology
at the University of California, had this to say in a letter of August
25, 1939: "The toxic constituents of derris root are very slightly
soluble in water and hence when concentrated extracts are desired they
must be made in an organic solvent. The concentrations effective

versus insects are not harmful to man or animals."

Experiments on Fishes

In order to determine the action of rotenone on fish, a number
of experiments was performed with these vertebrates during the period
of preparation foi- the major Gull Lake experiment. Rainbow trout,
lake chubs from Gull Lake, and sticklebai-ks Avere used. Most of the

earlier experimental work was done with derris powder but little, if

any, difference at all was noted when later experiments gave ample
opportunity to compare the action of both derris and timbo powders
under similar conditions.
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A few ol" the earlier experiments are summarized below:
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Sticklebacks seemed to be more resistant to the action of the

chemical tlian eitlier tlio cliubs or tlie trout and Avitlistood various con-

centrations for nearl}- twice the length of time required by the other

fish to cease movement. Extension of the spines in rigid fashion

seemed to be a characteristic end-movement in sticklebacks at the

time of deatli.

The finding from the ex])crimciit.s tiiat chubs or trout could be

rescued, presumably before the action of the rotenone had injured the

majority of gill surface, suggested that during the major experiment
in Gull fjake many trout might ho saved, provided live cars or aeration

equipment and fresh water were at lumd. Accordingly, preparations
were made for the rescue of as many trout from the lake as it was

possible to net.

Experiments on Higher Vertebrates

Using a concentration of derris and water (1:100,000) a garter
snake about 20 inches long w^as repeatedly immersed in the solution

for 3i hours. At the end of the trial the snake was released and
seemed not the slightest affected by the solution.

Fresh solutions of derris and water (1 :66,000 and 1 :100,000) were
force-fed with an eyedropper to a Brewer blackbird, two sagebrush
chijmiunks, a golden-mantled ground squirrel and a domestic sheep.
No distress and only the apparent discomfort of being force-fed was
observed in the animals used.

The writer himself on one occasion drank a cupful of the treated

solution, derris and water (1:2.000,000). In another trial nearly a

cupful of solution at 1 :1,500,000 was swallowed. Neither ill effect nor

discomfort whatsoever was noted from the mixtures. In fact, no
difference could be distinguished between the taste of treated and
untreated water from Fern Creek where the tests were made.

Experiments on Aquatic Plant Life

"Water plants {Niiella, Potamogeton, Spirogyra and some other

green algae) were allowed to remain in a hatchery trough of derris

and water (1:100,000) for four days. Meantime, two lots of chubs,

totaling 15 fish, placed in the trough were quickly killed. At the end
of four days, microscopic examination of sections of the plants (in

addition to observation of their general appearance) showed them to

be alive and apparently in good condition. Only minor changes within

the plant cells were noticeable.

Experiments with Mixing and Distributing Chemical

In order to determine the most effective mixture and means for

distribution of derris and timbo in a large body of water, a number
of tests was made in the laboratory and in Gull Lake wnth the powders.
In order to economize chemical, tests on distribution were also made
with fine clay in a suspension that most n(Mi'ly resembled that of

derris or timbo mud.

Dry derris aiul limbo powder llii-own bi-oadcast on the surface of

the water and tlien churned, distributed poorly and Avith uncertain

results. It was impossible to treat a particular section of water well
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in this manner. More often Avind carried the powder at random over

the surface of the water.

In the laboratory experiments two methods of preparing- the

powder for distribution on a small scale proved effective. In the first

method exact amounts of the chemical were weighed out and stored

ill stoppered vials for later use. When ready to use, the vial was
filled two-thirds full with fresh water, stoppered and the contents

shaken vigorously until all the chemical was in suspension. The solu-

tion was then added to a larger quantity of fresh water in an experi-
mental container. In the second method, to an exact amount of the

I)owder in a teaspoon or tables])oon, drops of water were added
sufficient to make a paste of moderate consistency. The mixture in

the spoon was then gradually stirred into the larger quantity of fresh

water in the experiment al tank. In both instances repeated stirring

gradually gave a uniform distribution.

In the laboratory a consistency most suitable for immediate dis-

semination through a cloth or burlap container was found when water
was added to the powder in approximately the proportions 2 :1 by
weight. The materials were then mixed until all particles of the

l^owder were moistened.
It was found in Gull Lake that such a mud of derris or timbo,

when trolled in a cloth or burlap container in the propeller wash
of an outboard motor, gave out an expanding cloud of chemical in

the wake of the boat. Thin mixtures, resembling the consistency of

liotcake batter, s})read too rapidly and it was necessary to thicken
them with more powder to enable greater uniformity in spreading
the chemical through the water. Following the spreading of the

well-mixed mud, the chemical would descend vertically much as a

fog through the water and, even without further churning- of the

water, currents and wind would soon effect a complete distribution.

The latter result suggested that in the distribution of the chemical
in the major experiment there might be considerable latitude.

In the mixing of relatively large amounts of the powders it was
found that water was absorbed Avith surprising rapidity at first and
the whole batch of mud seemed to swell slightly. To guard against
scattering and inhalation of the powder, addition of powder and
mixing were done slowly until all the powder was dampened.

There Avas no greater concern in the trolling experiments than
the tests on penetration of chemical into marginal Avater and the

dense reed and marsh areas at the south and west ends of Gull

Lake Avhere great numbers of young chubs Avere seen. Together
with llobert Gerth, 8r., the Avriter used a large tAvin outboard motor
1o test penetration in such areas by means of propeller Avash. The
mixture tried Avas of fine clay and Avater to make a thin mud. The
mixture remained in suspension A'ery Avell and it Avas possible to

FolloAv the progress of the pi'0]ieller Avash in forcing the colored

Avatei- into I lie iiiai'sli. At first it av;is tlioiiglit ])0ssil)l(» to control

tlu' wiisli hy anchoring the boat, witli one large anclior on each side.

When the anclioi-s Avonld not hold, repeated turns at particular
locations Avere made Avith the boat traveling at high speed. Little

by little muddy Avater Avas forced to a considerable distance into

the reed beds. But the uncertaint\^ of results Avith this method
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jllniic sii^'.l;<'sI rd In the wi'itci' lli;il ;i ciiiii hi ii;i 1 inn of scx'cr.'il iiirtliods

of (listlMhlltioii would |ir(il);il)l y crrccl ;i iiiorc niiiroriii ;iii(| coiMplcto

(lispcrsiil of cliciiiicjil t lu'oui^lioiil sucli crilical jircjis. I^(|ui|)iin'nt \v;i.s

not available prior 1o llic major cxpcriiiicnt to test the lull coiiihina-

lioii of nictliods planned t'oi* tho actual expcriiiicnt .

GULL LAKE

^v^ Spring

2

® MARGINAL SUPPLY STATION

O SUPPLY STATIONS

N

Seal* of Fe«t

500 1000 1500

Fig. 13. Map oi Gull I-.n.l\e, showing .stations and lanes useil in rough ti.sh control
experiment, September, 1940. Dotted line mark.s the marginal zone; xxx note
location of emergent rushes. Similar maps, with field notations, were supplied
to the men participating in the experiment.

Periodic Testing of Stored Timbo Powder

Timbo powder for use in the major experiment, encased in licavy
brown bags and, in turn, packed in protective wooden cases, was
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shipped to j\I1. Wliitiicy Ilatcliory iic;ii- liidependence, Inyo County,
California, and sf()ic<| uiMil llic date set for its use in Gull Lake.

Periodically small saiiii)l('s were taken at random from the different

cases for lestinjj: to determine whether any loss in strength of

ingredients had occurred while the material was in storage. All tests

were made with chubs at Gull Lake and concentrations from 1 :100,000
to 1 :3,000,000 Avere tried. , Up to the final series of tests on the day
prior to the chemical treatment of Gull Lake, no loss in strength of

ingredients was detected, as judged by the time required in different

concentrations for the action of rotenone on the fish. Moreover, no
difiPerence was found between the action of timbo during the tests

and the action of the derris as used in earlier experiments in the

laboratory. It should be noted that both timbo and derris powder
stored in stoppered vials for laboratory use turn dark and collect

mold unless the vials are thoroughly dried after cleaning.

Plan of the Major Experiment

Subdivision of Gull Lake

In order to effect a more uniform distribution of timbo mud. Gull

Lake was subdivided w'ith comparatively uniform allotments of chemi-

cal set aside for each subdivision. The open water of the lake was
divided into 16 sections (see Fig. 13), each of which was to receive

chemical treatment in two directions : One two-man power boat was to

operate west to east in each of the lanes A, B, C, D ;
and one boat north

to south in each of the lanes 1, 2, 3, 4. The lake was further divided

into a marginal zone of four sections in which one two-man power boat

was assigned to troll chemical while three two-man large boats, equipped
with mechanized portable pumps, in three overlapping zones pumped
the supertreated marginal water back into the extreme marginal areas,

paying particular attention to inlet streams, springs, and to all reed

and marsh areas. The marginal zone for trolling consisted of a strip of

water averaging 25 feet wide, extending from section A4, where the

station for supply of chemical was located, completely around the

lake margin to section Al (see again Fig. 13). The three overlapping
zones for pumping heavily treated marginal water consisted of (1)

the marginal zone from center west to center south, (2) from center

south to center east, and (3) from center east back to center west.

On shore, six men were assigned to treat the critical marginal areas

in coordination with the marginal troller and the marginal pumping
crew, using five-gallon back pumps loaded with timbo solution. The

back-pumpers on shore were assigned also to give special treatment to

all inlet streams, springs, and to the outlet. In addition to treatment

with back pumps, it was planned to treat inlet streams continuously

by staking well up into them small sugar sacks filled with comparatively
thin timbo mud.

Nine stations of two men each, for the mixing and supply of chem-

ical and fuel, were planned at strategic locations on shore for the eight

open water lanes and for the zone of marginal trolling mentioned

above.

A concrete boat-landing on the east side of the lake, in Gull Lake

Public Camp, was selected as the central station for fish rescue. From
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tilis |)()int a paved road nearby made il possilile I'or Jiateliery li'iieks

witli aerated fisli plant in*;- e(piij)nH'nt to transport rescned fisli rapidly,
either to Fei'ii Creek Ihdeliery or to \\;der suitable for li'oiit bnver
down in l\everse Creek. Three two-iii;ni jxiwer boats each e(|nij)ped
with a long-liandled dip net, a fish paek ean and a fialvanized ^vater

pail, were assigned to cruise systematically about the lake and to rescue

trout as they appeared. "When several trout had been gathered in the

])aek can, they were then to be rushed to the central station and quickly
transferred to aerated fresh water on the hatchery truck. Later when
the trollers had completed the work of spreading chemical, it was

planned to press these units into fish rescue but to rescue only from the
zones and lanes oi-iginally assigned to them.

All subdivisions and plans, in so far as possible, were located on
a large "master" field map of the project drawn nearly to scale. From
this map were drawn 50 smaller individual maps for special instruction

to personnel assisting in the project.

Organization and Instruction of Personnel

With the exception of assistance from employees of the Division
of Fish and Game and from the Mono National Forest (CCC men),
the personnel for the chemical treatment of Gull Lake consisted of vol-

unteers from the village of June Lake and vicinity. All the help
solicited by the writer was given gladly and with much interest in

taking part in the chub removal program.
All persons desiring to help in the project were asked to sign a

form headed by the following statement: "I will take part in the proj-
ect for one day according to plans formulated by the California Divi-

sion of Fish and Game
;
I also volunteer the use of such equipment as

is needed and such that I have available, provided reasonable care is

executed in the use of such equipment." When signatures had accu-

mulated to the point where definite organization could be undertaken,

posters were placed announcing meetings of the Gull Lake volunteers

to be held at June Lodge in the village of June Lake.

Two meetings of a half-hour each, for organization and instruction,

were held at June Lodge and a third, for final instructions and trial of

equipment and men, at Gull Lake on the afternoon preceding the major
experiment. In the first meeting the folloAving subjects were discussed :

A review of Gull Lake with some information on hydrography and lake

biology, the rise of the rough fish population and the decline of the Gull
Lake fishery, the use of rotenone as a measure for the control of rough
fish wuth examples of its use elsewhere, and tests made by the writer
with derris and timbo powders on fish. The latter subject was dis-

cussed briefly while a rapid experiment, using timbo powder in a con-

centration of 1 :],000, was performed with five small chubs from Gull
Lake for the benefit of the group.

In the second and more detailed meeting, the volunteers were
organized and given thorough instruction in the theory and practice
of the major experiment. INIen were assigned to teams according to the

plans for the experiment. Tiie teams included an open water trolling
team of eight men, the marginal trolling and pumping team of eight
men, the inshore back-pump team of six men, the mixing team of 18

men, and the fish rescue team, whicli tentativelv consisted of four men.
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Leaders "were a])j)(iiiiir(l to cacli Icam. j\Iixin<^' uT tlie cliciuical ami the

prei)arati(iii <>[' liiiila|> l)a<rs for tiolliiifi' were discussed. Distribution of

the cheiuical was tlisciisscd and iiiiii-li ciiiiiliasis was placed on uinform
distribution.

«-

Fig. 14. Open-water trolling of chemical, west to east in lane A ; the men are
starting out after obtaining re-fiil of timbo mud from supply station in fore-

ground. Note flags marking the lanes. Priotograph by George S. Myers,
September 11, 1940.

In SO far as possible the open water trollers were instructed to

move abreast in their parallel lanes. In the north-to-south lanes the

trollers assigned to the west half of the lake were instructed to begin
the distribution on the west side of their lanes and work eastward,
whereas the trollers assigned to the east half of the lake were instructed

to begin distribution on the east side of their lanes and gradually work
westward. In the west-to-east lanes the trollers were instructed to

begin the spreading of timbo to the windward (prevailingly south)
and work to the lee. Using the project field map, specific plans were
reviewed in detail before the group, so that all volunteers would clearly

understand the positions assigned. A special meeting was held with

the leaders of the several teams and instructions were further discussed

with them.

The final meeting, held in the afternoon at Gull Lake, comprised a

complete review of the project with teams and leadei's, and individual

maps with specific instructions for each participant in the project were
distributed and explained where necessary. Following the meeting,
the teams proceeded to tune up motors and to make trial runs across

the lake in the lanes and zones assigned. Individual trollers timed
other trollers in complete round trips, from the onshore supply stations

to the opposite end of the lanes and return. Due to high wind and a

rough lake during the afternoon a complete "dress rehearsal," so
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termed by some of the volunteers, was not accomplislied. However, the

men were given an opportunity to familiarize themselves with equip-

ment and with the various subdivisions of tlic bike.

Preparation of Gull Lake for Chemical Treatment

Warning Against Donnestic Use of Water from Gull Lake

Despite the fact that the experimental work with derris and timbo

powders indicated that the concentrations effective against fishes were

nonpoisonous to man and higher animals, it was essential to take pre-

cautions against the chance of susceptibility to the poison. All users of

the water for domestic purposes w^ere interviewed two weeks in advance

of chemical treatment of the lake. "Where necessary the writer made

special arrangements during the interviews for users to obtain fresh

water from convenient sources elsewhere during the period of restric-

tion on the use of water from the lake. Signatures were obtained from

the persons interviewed under the following heading: "We, the under-

signed, agree not to use water from Gull Lake for any purpose until

notified by the California Division of Fish and Game following the

rough fish control project on said lake."

On the day of the Gull Lake experiment, a warden of the Division

of Fish and Game posted notices in conspicuous places around Gull

Lake notifying the people not to use the water until advised to do so.

Gathering and Arrangement of Equipment

The gathering of properties and equipment loaned foi- use in the

Gull Lake project was carried out over a period of about one month

prior to the experiment. Truckers of produce, resort owners, residents

of June Lake, the Gull Lake volunteers, sportsmen, Joseph's ]\Iarket in

Bishop, the California Division of Fish and Game, the United States

Bureau of Fisheries, the United States Forest Service, and the State

Division of Highways at Crestview were the principal sources from
which the properties and equipment were gathered.

On the day prior to the major experiment, the full amount of

timbo required for the experiment, totaling 3,300 pounds, was trans-

poi-ted to Gull Lake from Mt. Whitney ILitehery. Boats, motors and
all other equipment, except portable pumping and aeration equipment
for fish rescue, were made ready at Gull Lake on the same day. The

portable pumping and aeration equipment was at hand early the

next day.

Early on the morning of the major experiment quantities of chem-

ical, together with mixing and trolling equipment, were placed at each

of the nine onshore supply stations. The mixing equipment consisted

of a wooden paddle, a large galvanized wash tub. and two water pails

per station. The trolling equipment, in addition to the power boats

and accessories, consisted of four burlap sacks, and three lengths of

stout cord, each 25 feet long, per station.

Flagging or Marking the Lake

Two days before the ])r()jt'ct iiull Lake w;is marked witb orange
snow stakes obtained from the Slate Division of lli'jliways. To the top
of each stake was attached a triangular flag of yellow cambric. Twelve
such conspicuous nuirkers were driven around the edge of the lake.
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These, together with nine others fastened upriglit in rowboats securely
anchored fore and aft in the open water, clearly designated the lanes for

distribution of clieniieal (see Figs. 14 and 15). The preparation and

placement of flags in the lake required a full day.

Excavation of a Pit for Disposal of Dead Fish

Two da^'s' work with a bulldozer were required by laborers from
Mono County to excavate a pit for the disposal of dead fish. The burial

site was 25 feet long, 15 feet wide and 4 feet deep, and was located
near the north shore of Gull Lake.

Fig. l.T. Open-water trolling- of chemical, west to east in lane A; the trollers are
about 200 yards out. Note expanding cloud of timbo mud in wake of boat.

Photograph by George S. Myers, September 11, 1940.

Closure of Outlet of the Lake

Late in the afternoon of the day before the project, laborers from
Mono County completely closed the outlet of Gull Lake, using planking
and several truckloads of earth. By the following morning the outlet

stream was no longer flowing. This move scarcely affected Reverse
Creek below Gull Lake as springs, starting about 120 yards below the

outlet, provided a flow adequate for the fish life downstream. The
outlet was kept closed for the duration of the period required for

natural recovery of the lake and until check screens and dams above
and below the lake were in.stalled.

The period of seasonal intermittent flow for the inlet stream, at

this time of year obviated a problem with this tributary.
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CHEMICAL TREATMENT OF GULL LAKE

Application of the Poison

On September 11, liJ40, at 6.00 a.m., all volunteers in the Gull Lake

project met witli the writer at tlie north end of the lake. Usiup: the

project field map, the team assignments were rapidly reviewed again
and some last minute changes in the personnel of some teams were made.

Following a demonstration of mixing of the timbo mud and the filling

and fastening of a burla]i bag of the chemical, teams proceeded to

assigned starting places and awaited the signal from the waiter to begin
chemical treatment. At 8.03 a.m. two shots from a pistol directed all

participants in the experiment to get ready and two minutes later a

single shot began the chemical treatment of Gull Lake.

Mixing of Chemical on Shore

At each supply station two men mixed chemical for the trollers in

the power boats. Early in the mixing the men found it necessary to

thicken the timbo mud for tlie trollers spreading chemical over a longer
distance; the troller found that his bag of chemical was exhausted
before he had completed a round trip. At first small .slits were cut in
the burlap bags, but these were abandoned when the timbo mud was
found to spread in an excellent manner directly through tlie wet burlap.

Mixers freciuently interchanged from the task of stirring mud to

the addition of poAvder and water; the stirring procedure rapidly
became tiresome and fine particles of powder were often scattered

toward the face accidentally. The mixers had earlier been cautioned
to stand to the windward, while pouring and mixing powder. Even
so, three "casualties" were recorded during the day. One mixer, a

CCC boy, caused inflammation and profuse watering of his eyes by
rubbing his face with hands wet with timbo mud. Cold water and
2 per cent argyrol were copiously applied, and by late afternoon he
liad fully recovered. Another mixer, similarly atfec'ted, recovered by
llie following morning under similar treatment. A third mixer coughed
and suffered from an inflamed throat when he accidentally breathed
some of the powder ;

later he reported a dull headache, possibly result-

ing from the irritation by the timbo powder. Free gargling Avith cold

water materially hastened recovery by the next day. But with the

great majority of mixers and those handling the chemical, no discom-
fort at any time was reported. Most of these persons frequently
washed their hands with water during the experiment.

When all the timbo powder placed at supply stations liad ])een

used, mixers washed into the lake any remaining mud and powder
that had been scattered about the station during the day.'p>

Open-Water and Marginal Distribution of Chemical

Light brown to butl' rjouds of timbo extended out behind the

boats trolling chemical as they proceeded on their courses, (see Figs.
14 and IT).) p]ai"ly in the day the ojicn-water trollers found that

ti-olling the bag of chemical alongside the boat on a short cord not
over four feet long accomplished better spreading than wlien the bag
was towed at greater length directly in the wash of the propeller
behind the boat.
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Some trollers used two bags of chemical at a time, fastening
tliem Avitli short lines one on each side of the boat. This method

})r()ved exceptionally good when used with a more highly powered
outboard motor on the boat.

Although trolling teams, excepting the marginal team, had been
instructed to troll chemical at the surface and at 15- and 30-foot levels

in their sections, for the most part trolling at the surface was adequate.

Deeper trolling was found to be extremely difficult and hazardous and

greatly slowed chemical treatment as a whole. Trollers used the 25-

p(»uiid anchors to troll at the deeper levels. Advance instruction of

trollers in securely fastening the trolling lines to bags of chemical

before starting prevented the loss of all but one bag of chemical. In
that instance the towline had not been securel}'' fastened to the boat

before starting out.

Fig. It). The marginal troller takes on a re-till ot chemical at the marginal supply
station. Note Ijurlap l)ag of timbo mud ready for spreading and commercial
pacl<age of timbo powder on pier at right. Open-water trollers and two supply
stations are seen in the background. Photograph by George S. Myers, Sep-
tember 11, 1940.

Several open-water trollers combined a zig-zag course with the

straight course in trolling chemical in the lane assigned to them; the

zig-zag course was overlapped on the return trip across the lake. This

method of distribution from all appearances was excellent and strength-
ened the original contention by the writer that a combination of several

ways and means of distribution would best accomplish the desired

uniform spreading of the chemical throughout the entire lake.

Where i:)ossible, large outboard motors were used to create a greater
wash behind boats and to speed uj) and more thoroughly disperse the

limbo 11111(1 in the water.
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On Hearing- marginal zones llic 1 rollers in the open water Janes

juatle every ell'ort. to overlai) tlieir spreading ol' tiiiilx) with the team

trolling the chemical marginally.

Working ahead of the marginal ])ninping team was the troller of

timbo mud in the marginal zone (see Figs. l(i and 17). Using a

14-foot metal boat, powered by a large outboard motor, a dense cloud

of timbo was spread especially well near the thick reed and marsh

areas and where small inlets and springs entered the lake. Frequently,

the troller would double back .several times in front of such critical

areas before continuing in the course around the lake. Where possible,

the waves and heavy wash produced by the big motor were used to

create currents which would carry the chemical deep into the area

under treatment.

iff^^.

Fro. 17. The marginal troller returns after a trip around the lake ; note large
outboard motor used and trolling line extending out behind boat. Open-water
trolling of chemical in the background. Photograph by George S. Myers, Sep-
tember 11, 1940.

Streams of treated water shot out from 60 to 00 feet as the portable

pumps, in power boats following the marginal troller, rained the

heavily treated water deep into the marginal zone (see Figs. 18 and 19).

Xothing was left untreated along the margin of the lake by the

])nm])ers and extra streams of the supertreated water were pumped
into questionable areas, sneli as tlie marshes and small inlets. Use

of the portable pump in this manner was continued in overlapping
fashion throughout the day in the marginal zone and for some time

al'tei' :!,:^0 p.m., by which time the last of the timbo jvuvder at the

mixing stations was distributed.
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Distribution of Chemical Inshore and in Inlet Streanns

A supervised crew oi" six nieii e(iuii)i)ed Avitli five-gallon back

pumps worked in coordination with the marginal troUer and pumpers.
These men, when not in tlie vicinity of a mixing station, mixed their

own solution in the back-pump reservoir. This was done by filling the

reservoir with water and adding about three handfuls of timbo powder,
then vigorously shaking the entire contents after replacement of the

metal cap. Wearing hip-length gum boots, the back-pumpers treated

assigned areas along the shore and gave special treatment well up into

the inlet streams and to springs. Small sugar sacks of timbo mud
were staked well up into inlet streams and provided continuous treat-

ment of these waters during the experiment. In fact, the springs and
inlet streams were given two additional treatments with a back pump
by the writer on separate days, immediately following the major
experiment. Approximately 50 pounds of chemical were distributed

by the crew of back-pumpers.

} :

iS?^.--vi:'-^-»r^r-: ,... ^

m Mttiif.

Fig. 18. A marginal pumper rains hf-avily treated marginal water into a section
of aquatic plants and marsh. Note how stream of water and spray reaches
the extreme margin of the lake. In such areas thousands of small chubs were
killed by this treatment. Photograph by George S. Myers, September 11, 1940.

Results of Chemical Treatment

The first chubs to be effected by rotenone began to appear within

30 minutes after treatment of the lake was begun. These included

large numbers of chubs up to one and a half inches long. It was

significant that the first fish to be affected were observed near one of

the stations for mixing chemical. The fish had already lost equilib-

rium and were darting in helter-skelter fashion near the surface of

the water, frequently flashing their bright sides in the sunlight. In

a little over three liours, chubs up to eight inches long were seen

darting in crazy fashion among, by this time, literally thousands of



ROUGH FISII CONTROr. IX GULL LAKE 53

smallcf Hsli. 'I'lic latter, aNcra^iii^- iicai- tlircc iiiclii's Uni^s:, were over-

I'ome and (lyiiiji' as llicy were di-il'tcd toward tlic iioi'tli shore ol" tlie

lake by a lij^lit south wind.

By tlie end of the (hiy, the slioi-es of (Jidl Lake, pai-t icidarly the

north and east banks, were lined rows deep with dead and dying lake

chubs from one-half to nine inches ]()i\<;. No count was made on
chubs under two inches (of which shore estimates indicated earlier in

excess of 300,000), but of chubs two to nine inches an estimated ;>!)2,r)00

were killed by the chemical treatment. (Estimate was made by
sampling 100-foot sections).

Fig. 19. A marginal pumpci- repeats treatuient >i the section shown in Fig. 18.
Note open-water trolling in the distance. Photograph by George S. Myers,
September 11, 194 0.

Some eastern brook trout, following pursuit and capture of the

helpless and affected small chubs in the marginal zone, were them-
selves overcome within the first hour and necessitated fish rescue some-
what in advance of schedule. Trollers of chemical soon afterward

reported trout appearing at widely separated points over the lake, and
rescue of trout with dip nets fnmi power boats and frmu shore rapidly
got underway. ]\Iany trout Avere rescued by laymen viewing the

project along shore and some trout were lost when they were crowded
in rescue containers. With the exception of a few, most of the trout

rescued were taken in aerated trucks to troughs set aside in Fern
Creek Hatchery in which cold, abundantly aerated water soon checked
the action of the chemical on the gills. Following their complete recov-

ery, which occurred after several hours, the trout were placed in an
exhibition pool at the hatchery for observation. Of a total of 2o4 trout

observed or rescued from CtuH Lake, ten were Loch Leven, the remain-
der being eastern brook. Seventy-eight trout survived to be replanted
lower down in the drainage in Silver Lake. It is the writer's belief that
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had all trout Ikhmi rescued entirely by the experienced fish culturists

who participated in the experiment, many more rescued trout would
have survived.

TABLE 2

Fish Removed from Gull Lake by Poison

Lake chubs under 2 inches . 100,000 (estimated)

Lake chubs over 2 inches 392,500 (from counts made of

sample shoreline

sections)
Chub total 492,500

Trout, eastern brook 244

Trout, Loch Leven 10

Trout total 254

On the next day, together with Alan C. Taft, Chief of the Bureau
of Fish Conservation, Division of Fish and Game, the writer exam-
ined a gill net set as the last event in the previous day, and carefully
examined the marginal zones of the lake. The gill net contained 45

chubs, all dead. Some appeared as though they had merely drifted

into the net and were caught during weak struggle. Around the lake

large numbers of dead minnows and a few dead eastern brook trout

were seen at various depths. Except for several chubs five to six

inches long, belly up and almost dead, no living fish were found.

Careful examination deep in reed and marsh areas revealed a number
of dead chubs about one-half inch long.

Dead dragonfly and damselfly larvae and enormous numbers of

dead leeches were seen.

Scuds, amphipod crustaceans and valuable fish food organisms,
of which dozens were seen, seemed to be unaffected by the timbo treat-

ment. Moreover, there was no indication whatsoever, that any plant
life in the lake had been affected by the chemical treatment.

Concentration of Timbo Used in Treatment of Gull Lake

From the hydrographic information obtained during the survey
of Gull Lake it was found that the lake, at the time of chemical treat-

ment, contained 2,537 acre-feet of water weighing approximately 6,894,-

000,000 pounds. The total weight of the timbo powder used in the

chemical treatment was 3,300 pounds, hence 0.48 p.p.m. was the con-

centration of timbo used in the control of rough fish in Gull Lake.

PERIOD OF RECOVERY OF GULL LAKE

Removal of Dead Chubs

During the week following chemical treatment of Gull Lake, dead
chubs came to the surface rapidly and light winds sweeping the lake

from the south drifted them on shore. Men and equipment loaned by
Mono County on September 14 and 17 raked u}) and hauled to the

disposal pit an estimated 4^ tons. Most of the dead chubs, however,
were left to decompose in the lake and for a time a noticeable odor from
the dead fish was observed. By October 1, 20 days later, there was

only a slight odor at various places about the lake, and finely pulver-
ized bits of fish, pounded and broken by winds striking the lake, could
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be seen in the water. On the latter date, comparatively few entire

fish were to be seen.

Contrary to expectation, few seagulls and other aquatic birds

helped to clear Gull Lake of dead fish immediately after chemical treat-

ment. Not until September 2.'5, .12 days after the poisoninpr, were

aquatic birds noticed on the lake in any number. On this date at

2.50 p.m. the writer observed 19 California gulls, at least 12 coots, 2

pied-billed grebes, 3 American egrets and 1 American bittern.

Although the gulls and the grebes ate dead chubs, the other birds

apparently did not relish the decomposing fish.

Observations and Tests During Natural Recovery

During the three-day period immediately following chemical

treatment, three sets with a 125-foot graduated mesh gill net in the

deepest part of the lake (60 to 63 feet) failed to reveal any sign of

living fish. Examinations in the lake, carefully repeated at intervals,

especially in the marginal and inlet areas, also failed to reveal any sign
of fish life. On September 15, four days after the poisoning, a com-
mittee of sportsmen, George McSweeney, E. T. Mahoney, William A.

Abbott, H. A. Wallis, H. Byrnes, and H. P. Burger, headed by Wal-
lace Gerth of June Lake, accompanied the writer in a comprehensive
examination of Gull Lake. Special attention was given to marshes and
inlet and outlet areas. The lake was found by the group to be devoid

of fish life. Gratifying was the discovery of abundant scuds and
small damselfly larvae alive and apparently healthy. A gill net, set

19 hours earlier, was dra^vn before the group and found empty.
Several tests were made on living fish; these are summarized in

table 3.

TABLE 3

Tests of Toxicity of Gull Lake Water during Recovery Period

No. of

days
elapsed
since

poisoning
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As early as October 15, a peculiar drift of green debris was seen

along the west side of the lake. The material floated mainly on the sur-

face when the lake was calm and seemed to drift slowly. When the lake
was disturbed by wind, tlie greenish raft of material would become dis-

persed through the lake and fine particles in suspension were noticed

throughout. Close examinations revealed the material to be decompos-
ing timbo powder, and the suspension of trout in live ears in the floating
debris indicated it to be exhausted and quite harmless. The maximum
accumulation of the timbo powder debris at the lake surface seemed to

occur by November 10, when the mass appeared to cover an estimated
five acres. From that time on the debris began moving through the

outlet and downstream.

Fig. 20. The use of modern fish-planting equipment assured rapid and efficient

restoclcing of Gull I^ake from Hot Creek State Fish Hatchery. Photograph by
author, November 2, 1940.

Restocking

Prior to restocking of Gull Lake it was deemed advisable to make
a small test plant from the hatchery and note the effects of the lake

conditions on the experimental trout. This was done on October 24,
43 days after poisoning, when 2,080 eastern brook trout, averaging 1.3

per ounce, were introduced into Gull Lake from Hot Creek State

Hatchery. The trout were part of a general lot cultured for restocking
the lake. For the next seven days Gull Lake was observed closely and
at no time were any of the experimental trout seen affected in any sec-

tion of the lake. Particularly in the morning and in the evening indi-

vidual trout were seen to rise to the surface here and there, possibly
for surface foods.

Judging mainly from the survival in apparently good condition

of the experimental trout and from the appearance of Gull Lake after

repeated examinations for food organisms and condition of plant life,
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conditions seemed favorable for restock iii<i: of the lake on November 1,

51 days after the treatment of the lake with timbo powder. The use

of modern fish planting equipment assured completion of the restocking

prop'ram in four days, from November 1 to 4, in which a total of

7n,'200 eastern brook (5 inches long), averaging 1.1 per ounce, were

planted in the lake from Hot Creek State Fish Hatchery. The day
after restocking was begun, the newly planted trout were noticed

"working" near the edges of reed beds and marshes in the lake.

Repeatedly thereafter, the newly planted trout were noticed all around
the lake until December 14, when the lake became icebound for the

winter.

Removal of Restrictions on Domestic Use of Water

On the third day following chemical treatment of Gull Lake, the

writer, in the presence of two men assisting in the project, drank a pint
of the lake water. There seemed to be no bad taste to the water and
no ill effect whatsoever was experienced. However, due mostly to the

manj^ dead and decomposing fish which littered the shores and drifted

about Gull Lake, no use of water from the lake for domestic consump-
tion was allowed for the first seven days. But, following this time

Fig. 21. Du^ln^ liie period of lake i.. ..w, ^, j.. i inaiient barriers Wtre installed
above and below Gu'l T^ako to prevent migration of fish to and from tlie lake.
The one here shown is in the inlet of the lake. Photograph by author, Novem-
ber 2, 1940.

restrictions on such use were discontinued. LTse of the lake water for

drinking purposes was not generally resorted to for about a month

following the chemical treatment.

Construction of Permanent Barriers

Midway during the period of natural recovery, plans, excavation

and construction of permanent barriers above and below Gull Lake
were accomplished. The barriers of reinforced concrete and equipped
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with 16-gauge, one-fourth inch mesh screens, were so designed that

migration of rough fish into Gull Lake, other than the smallest stickle-

backs perhaps, would not reoccur naturally. In designing the barriers,

the writer sought to eliminate by means of sufficient vertical drop and
an inclined concrete apron on the downstream side, any chance for

fish to leap over the dam (see Fig. 21). The screens, in addition, were

fitted as closely as possible in the ports of the dams to prevent the

possible migration around the ends of the screens of fish moving down-
stream.

Permanent dams and screens were installed immediately above and
below Gull Lake in the inlet and outlet and upstream about one-quarter
mile at the outlet of June Lake. Adequate precautions have thus been

taken against natural reinfestation of Gull Lake by rough fish. As to

their reintroduction by anglers, a new law has been passed which it is

hoped will be effective. It reads as follows:

"Sec. 622. It is unlawful to use for bait or to release or to plant any
freshwater or anadromous fish other than trout in any inland or tidal waters

or portion thereof in which trout have been planted by the commission or which

have been designated and posted as trout waters by the commission ; provided,

however, that fish other than trout may be used for bait or released in the

same waters wherein taken, and they may be planted under a written permit
issued by the commission when in its discretion the productivity of trout

waters will not be reduced thereby."

FISHING RESULTS IN FIRST SEASON AFTER
CHEMICAL TREATMENT

From November 1 to 4, 1940, there were planted 76,200 eastern

brook trout in Gull Lake, which averaged 1.1 per ounce (about 5 inches

long), in addition to the experimental plant of 2,080 eastern brook on

October 24, 1941. The lake was opened to fishing on May 30, 1941.

The catch as recorded at the only boat concession on the lake is shown

in table 4.

TABLE 4

1941 Gull Lake Catch from Rented Boats Only

Month
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t'wo iuul tliri'(> limes ns <i'i'ea1. iis llic bojil cjildi. Scvoii fislicrmen are

known to Inive canjilit 1,4()() tront, belweon llimi during' llie eoni'se of

tlie season. It is safe to estimate that the tot;il cnlch of troni Tr-om

Gull Lake cliirini.;' IDll was at least 10,OOO nnd iii;i\ have ajjpi'oaelied

15,000.
Growth of the fish in Gull Lake is shown by the following measure-

ments, made on fish caught in gill nets on the dates recorded :

Date
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APPENDIX

Materials and Equipment Used

In the course of the Gull Lake experiment a considerable variety
of materials and equipment was used. In the compilation of such items
for the present report these were divided, according to the purpose for
which used, into several categories as follows :

A. Publicity and Instruction
1. Posters, announcing closure of lake.

2. Individual outline maps and directions for teams and participants in the project.
3. Key map showing plan of entire project.

B. Marking of Lake
1. Flags of yellow cambric.
2. Orange snow stakes from State Highway Maintenance Station at Crostviow.
3. Rowboats for use with flags and stakes as markers in open water.
4. Necessary anchors, anchor rope, stay lines, etc.

C. Closing Outlet of Lake
1. 1 dump truck for half a day and 5 cubic yards of earth.

D. Distribution of Chemical
1. Mixing of chemical on shore. At each of the nine mixing stations were located :

1 large galvanized washtub
; 2 galvanized water pails ; wooden mixing paddle ;

4 burlap sacks and extras as needed; 3 lengths of heavy cord (each 25 feet)
for use in trolling burlap bags of chemical ; and apportioned amounts of timbo
powder totaling 3,250 pounds.

2. Open-water trolling of chemical. Items included : 8 each of rowboats ; twin
outboard motors and fuel cans ; anchors for deep trolling ; and sets of oars
for emergency.

3. Marginal trolling of chemical. Items included : a large rowboat ; a four-

cylinder outboard motor and fuel can ; and a set of oars for emergency.
4. Marginal pumping of chemically treated water. Items included : 3 motorized,

portable pumps ; short suction and discharge lines ; and adjustable nozzles for

spraying treated marginal water into marsh areas and small marginal spring
inlets ; 3 launches with twin outboard motors for use with portable pumps
(such boats were used to lessen the danger of capsizing when employed with
the portable pumps and to provide ample room for two-man operation) ; 3 sets

of oars for emergency use.

5. Inshore and inlet stream distribution of chemical. Items included : 10 back

pumps, 5-gallon capacity, of U. S. Forest Service type ; 5 pairs rubber boots,

hip size ; 1 dozen 5-pound sugar sacks for stationary placement of timbo mud
in springs and small inlet streams to insure constant treatment, supplementing
back-pump treatment ; 24 feet binding cord in 2-foot lengths, for fastening
small sacks of timbo mud ; 1 dozen stakes, used in staking the small sacks of

chemical ; and 50 pounds timbo powder.

E. Fish Rescue. Items included : 1 forty-can aerated fish-planting truck ; 1 aerated

pick-up fish-planting truck; 4 fish-planting buckets; 2 six-foot hand sienes ; 2
pairs gum boots, hip length ; at least 25 short-handled dip nets ; 3 rowboats ; 3 out-

board motors ; 3 sets oars for emergency use ; 3 sack-covered pack cans of type
used by California Division of Fish and Game in back country fish-planting.

F. Removal of Dead Lake Chubs. Items included : Long-handled shovels ; garden
rakes ; a 30-horsepowcr caterpillar tractor with bulldozer, for excavation of dis-

posal pit near Gull Lake ; a dump truck ; and a short-handled dip net.

G. Construction of Permanent Barrier Screens at Inlet and Outlet. Items included:

14 sacks cement, with necessary sand-reinforcing, concrete mixer, forms and tools ;

5-inch hardware cloth for screens.

H. Miscellaneous : Gasoline ; oil ; tools ; metal tags and crayon for marking equip-
ment for identification.
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Cost of Experiment

As the <;'i"('at niajorily ol' in.ilcrials jiml tM|iiipment used in the Gull

r^ake rouo-h fish control experiment was borrowed and most of the

assisting personnel was volunteer, it is difficult to estimate the exact cost

of the experiment. Conseqnontly, the followiiifr table contains both

actual and estimated costs.

Actual and Estimated Costs in Gull Lake Rough Fish Control Experlnnent

Item Amount Cost

Actual Costs:

Timho root powder 3,300 lbs. $709.09
Oil, frrade 40, quart cans G ffals. 4.94

Gasoline 100 gals. 13.93
Yellow cambric for flags 10 yds. 1.03

Binding cord 400 ft. 2.32

Cement for permanent barriers 14 sacks 11.54

Galvanized wire screen, 16 ga. i" mesh 48 sq. ft. 14.40

Eight-penny common nails 7 lbs. .72

Hauling of form lumber for concrete barriers 4 man and
truck hrs. 3.00

Estimated Cost of Contributions in Kind :

Men at average of $5 per day 45 22.").00

Rowboats, anchors, chains, etc., 1 day 18 3G.0O

Outboard motors and accessories, 1 day 11 27.50

All other equipment, rental, 1 day 50.00

Estimatetl total cost $1,100.37



Editorials and Notes

INTRODUCTION OF EXOTIC ANIMALS

Nowhere on earth are the fauna and flora the same as they were a

hundred years ago, thanks to the activity of man. Not only does man
destroy, as witness widespread deforestation and the extinction of many
animals, but he introduces new plants and animals into the areas where
his own migrations take him.

The Pacific Coast States have been particularly blessed—or cursed
—with importations of exotic plants and animals, some accidental, many
deliberate. The Spanish padres brought with them domestic animals

which soon "went wild," and their garden and grain seeds contained the

seeds of many European weeds which are now a familiar part of the

western landscape. Ever since then we have had many liberations of

exotic mammals, birds and fishes.

Perhaps most notable of the introductions to the West have been

the importations of foreign and eastern fishes. Except for trout and
salmon there were originally very few useful food and game fishes in

western streams and lakes. To remedy this scarcity many plantings of

exotic fishes have been made, starting about 1870. Some of these were

Fig. 22. The introducton of chinook salmon, brown trout and rainbow trout to

New Zealand was a success comparable to the introduction of striped bass and
shad into California waters. This fine catch of trout was made near Tim^ru,
New Zealand. Photog-raph courtesy of R. G. Slade.

(62)
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]ii}4-lily successful, perhaps too
sucyessful ior the "^ood oi' certain valu-

able native fishes. Because of the great interest in these introductions

and in view of continued requests for further importations, members
of the "Western Division of the American Society of Ichthyolojrists and

Ilerpetoloo^ists decided that a thorough discussion of fish plant in<?s

Avould clarify the issue. Consequently, a symposium on the subject was
held in Pasadena, California, on June 18, 1941, under the auspices of the

society. The history, extent, value and danp:ers of introductions to

Pacific Coast States were discussed in five papers prepared by outstand-

ing fisheries biologists. The papers presented were deemed worthy of a

wider audience and four of them are presented in this issue of "Cali-
fornia Fish and Game" by special arrangement with the society. Publi-

cation of the fifth, on the history of fish introductions in California, has
been delayed because the author has uncovered some new facts which

require further verification. This article will appear in an early issue.

As proof that some introductions have been too successful, we can

refer the reader to another article in this issue—on carp control work in

Lake Almanor. The carp is probably the most unpopular of all our
introduced fishes and control of this overabundant fish is a real problem
in California.

Transplantation of fish from one drainage system to another is also

attended with dangers. Fishermen often carry live bait with them, in

ignorance of the laws that forbid such action, and undesirable fishes

become established in waters formerly free of them. The article on

rough fish control in Gull Lake, which appears in this issue, shows how
much trouble such transplantings can cause.

Because of the dangers attendant on promiscuous introductions,
California laws forbid all unsupervised shipments of live animals into

the State. However, many species of birds, mammals and invertebrates

have entered the State in the past and have become established.

The California fauna contains a long list of exotic mammals, vir-

tually all introduced accidentally or at least by unauthorized persons.

Among the first to arrive were the domestic goats and pigs, which now
run wild and furnish considerable hunting on the islands off southern
California and in the Coast Range. Other early arrivals were the brown
rat, black rat, roof rat and house mouse, and unwelcome arrivals they
were. Possums are now found in many parts of the State and the

European boar has become established in parts of the central Coast

Range. Many wild burros, progeny of those that have escaped from

prospectors, roam our deserts where they are endangering the bighorn
sheep by despoiling water holes and overgrazing. Perhaps the most

amusing liberation was the release of the camels once employed to carry
iTiail over the deserts. However, these animals failed to become estab-

lished. Aided by many transplantings, the muskrat, which was native

only to restricted localities on the eastern edge of the State, is now
abundant in many parts of California.

The California Division of Fish and Game has made efforts to intro-

duce various kinds of old-world game birds into California. Several

kinds of pheasants, particularly the ring-necked variety, are abundant

enough to provide good shooting in certain localities. The chukar part-

ridge is gradually becoming establi-shed also, particularly in 1lie wiUler,
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more barren mountains of the south. The Hungarian partridge has
failed to adapt itself in California, although it does well in other west-
ern States. Two other species of foreign game birds are to be found in
California—the ring dove and the Chinese spotted dove. Both birds
have escaped or have been liberated from aviaries and are abundant in
suburban areas of southern California. Most common and most heartily
disliked of the foreign birds is the European or English house sparrow,
which is apparently here to stay in spite of sporadic efforts at eradi-
cation.

The bullfrog of the eastern and southern States is now common in
the lowland waters of California and furnishes food and sport to many
people. A Japanese salamander is also to be found in the wild state
in the Sacramento Valley.

Many efforts have been made to establish Atlantic and Japanese
oysters in California but all have failed

;
it is still necessary to import

the spat annually. However, Japanese oysters now reproduce to a
limited extent in the Puget Sound area. The Atlantic soft-shell clam
Avas accidentally introduced to San Francisco Bay with shipments of
eastern oyster spat many years ago. The clams thrived where the

oysters did not, crowding out native clams, and soon were abundant
enough to support a fair sized industry which still exists. Of great
importance to agriculturists, foresters and gardeners are the many for-

eign insect pests that have found their way into the State. The
Atlantic oyster drill is another unwelcome ''foreigner." But to most
of us the most heartily detested alien of all is the common garden snail,

which was once imported from Europe by people who wished to sup-
plement a barbaric western diet with this old-world delicacy.

Thus, it can be seen from this partial list that, for better or worse,
we have with us to stay a host of exotic animals of all kinds. From the

highest mountains out into the ocean we can see the effects of man's
inclination to tinker with Nature.—Richard 8. Croker, Editor, Cali-

fornia Fish and Game.

TWENTY-FIVE YEARS AGO IN "CALIFORNIA
FISH AND GAME"

The leading article of the January, 1917, issue of "California Fish
and Game" was the "History of the introduction of food and game
fishes into the waters of California," by W. H. Shebley, who was for

many years in charge of California's fish-cultural activities. This

article, similar in its subject to several articles in the current issue,
lists the various kinds of fish that had been introduced into California,
the dates of introduction in so far as they could be ascertained, and
the success of the introductions. The liberation of striped bass, shad,
black bass, catfish and other species was very successful and has been
the subject of much discussion and study by fisheries biologists. How-
ever, as these fish seem so much at home in our waters, most fishermen
assume they are native and it is part of the purpose of Shebley 's article,

as well as those in the current issue, to acquaint fishermen with the

story of these introductions and their results.

Other articles told of nature study in public schools, trout hatchery
operations during 1916, the food of roadrunners, and many other
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subjects. A summary of tlie Twcnty-i'ourtli Biennial Keport (1914-
1916) of the California Fish and Game Commission was inchuled.

During that biennium, 783,000 acres of game refuge were created.
The Department of Commercial Fisheries and the Bureau of Education,
Publicity and Research were established and studies of the State's fish

and game resources were conducted. During 1915 bounties were paid
for 162 mountain lions and during the first six months of 1916 pay-
ments were made on 111. Sixty-eight deputies carried on patrol work.
Sufficient fish were liberated from the hatcheries to furnish every
resident of the State with 16 fish. It was also during the 1914-1916
biennium that "California Fish and Game" was founded.—Richard S.

Croker, Editor, California Fish and Game.

STRIPED BASS SPAWNING AREAS IN CALIFORNIA

During the course of the study of the downstream migration of

salmon as a part of the Central Valley fisheries investigation by the

California Division of Fish and Game, opportunity was afforded for

continuing the search for striped bass spawning grounds. Free striped
bass eggs were taken during the middle of May, 1940, in several locali-

ties in the lower Sacramento-San Joaquin Delta region : Piper Slough,
Three Mile Slough, and in the San Joaquin River between Three Mile

Slough and the Big Break. ^ These egg samples constitute the first

definite information as to the spawning areas of this species in Cali-

fornia. The eggs were collected at night in set plankton nets and,
with but few exceptions, within four or five feet of the bottom. The

eggs were approximately 12 hours old when taken.

At no time were the eggs taken in abundance, which may indicate

that the major spawning areas are to be found elsewhere or that the

main spawning season occurs somewhat earlier in the year.
The habitat in which these eggs were found differs markedly from

the knowTi spawning areas of this species on the Eastern Coast. The

sloughs of the Delta are simply waterways between reclaimed tracts of

land, bounded on either side by tule-covered levees. For several feet

above the bottom, a mass of decayed vegetable matter, or peat, is sus-

pended and the water is murky at all times. Except during periods
.of high water, the only water movements are those caused by the tides.

Pearson- states :

"
It appears probable that the most important spawn-

ing ground for this species, at least along the Atlantic Coast, is in the

upper Roanoke River, where there occurs a fall of 50 feet in about
six miles and that in the rapids, where the current is exceedingly
strong and rendered erratic by islands, boulders, and rocks, the striped
bass prefers to spawn."

The water at the point where the eggs were taken and for nearly
15 miles downstream was strictly fresh

;
the temperatures encountered

ranged between 66° and 68° F.—S. Boss Hatton, Bureau of Marine

Fisheries, California Division of Fish and Game, Novemher, 1941.

1 The author is indebted to Mr. John C. Pearson, of the United States Fish and
\Vildlife Service, for identification of the eggs collected.

^ Pearson, John C. The life history of the striped bass, or rockfish, Roccus
saxatilis (Walbaum). United States Bureau of Fisheries. Bulletin, vol. 4 9, no. 28,
pp. 825-851, 1938.
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THE 1941 PISMO CLAM CENSUS

The annual census of Pisnio clams {Tivela stulforum) on Pismo
Beach was taken on November 17 and 18, 1941, by staff members of the

Bureau of Marine Fisheries, California Division of Fish and Game.
The survey disclosed that for the fourth consecutive year the set of

3'ounfr clams was nep'ligible. Further, the total number of clams found
w^as the lowest in many years.

Older clams, particularly survivors of the successful 1935 set,

remain fairly abundant on that portion of the beach closed to digging.

Though virtually no clams under six years of age were found there,

the situation does not seem unduly serious. It should be a matter of

years before the existing reserve of adult clams diminishes to a danger-

ously low level, and records of past years indicate that a fair set is

likely to occur before that level is reached. This assumes that the area
will remain closed and that adequate patrol Avill continue. Meanwhile,
it is apparently fulfilling its function of preserving a supply of mature
individuals.

On the portion of the beach where digging is permitted, different

conditions prevail. There is no reservoir of older clams similar to

that found in the closed area. Most of the clams reaching legal size

are removed immediately; the 1935 year-class is now virtually gone.
A good set occurred in 1937, but it suffered an unusually high mortality
and clams of that year are now rare. This, combined with the succes-

sion of poor sets, precludes .any sizeable addition to either the mature

(over three-years old) or legal-sized groups for several years to come.

Years ago the intertidal zone, in which the census is made, was the

region of greatest abundance. Now diggers find it necessary to go
into waist-deep water on a very low tide in order to find any numbers
of large clams.

It must not be assumed that the clam population is beyond recall

because of its present low ebb. In the mid 1920 's, unsuccessful sets

were likewise the rule and the number of spawners was greatly reduced.

Further, the area now closed was not restricted at that time. Despite
all this, a series of good sets followed and clams became relatively

abundant for a few years. The possibility of a heavy set or sets then

remains and with it the chance of at least temporary natural repopu-
lation under existing conditions. To bring about permanent improve-

ment, it may be necessary to introduce legal measures. One which has

received consideration is closing and opening sections of the beach

alternately, thereby allowing the population to build up in one section

and then be removed while another area is given protection. A more
drastic measure, which may yet prove necessary, would be the pro-
hibition of commercial digging or possibly even the complete closing
of llie beach for a period of years.-

—Phil M. Boedel, Bureau of Marine

Fisheries, California Division of Fish and Game, November, 1941.
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Return to the River: A Story of the Chinook Run

By Ivoderick Tj. Ilaig-Browii; illustrated by Charles De Fee. New
York, William Morrow & Co., 1941. 250 pp., 16 illus., map. $3.00.

Although written with the narrative skill and suspense that is

found in a good novel, this biography of the ehinook salmon is not

only accurate but contains more information about the ehinook than

any other one book, including strictly scientific papers. Not only is it

the story of the salmon, told as it has never been told before, but it is

also the storj^ of the food on which the salmon lives, from its early life

in the river to the long ocean years; the birds, the fish and the

mammals which prey on the salmon throughout its life
;
the hazards of

seaward migration through polluted water, past open ditches and over

dams; and the return through the gauntlet of nets and dams and
hatchery racks. This is no Peter Rabbit kind of book, however; the

conversation is left up to the human bystanders as they watch the

salmon. Return to the River, although written with the vividness and
conviction of an eyewitness to the salmon's life from beginning to end,
is rather hazy about the numbers of eggs usually produced by the

salmon, especially those of the Columbia, which is the scene of the book.

The 10,000 eggs mentioned is almost twice the average for Columbia
River fish. The illusti^ations are a bit too stylized for this reviewer's

taste, and the pectoral fins seem undersized in all the drawings. But
these are minor defects

;
this book deserves a place in the library of every

reader of "California Fish and Game," not only for its fine handling
of a difficult subject but for its timeliness, for this is not a senti-

mental lament for the great runs of the ehinook as they once were—
it is the story of the salmon today on the Columbia, the ladders of

Bonneville and the work at Grand Coulee. The author evidently
believes that the restoration of ladders on little dams and the installa-

tion of efficient screens are the best things that can be done and offer

more hope than salvage by hatcheries and transfers. Certainly this

will have to be done in California to offset the loss of spawning grounds
behind Shasta and Friant dams, spawning grounds to wiiich more
tlian 170.000 chinooks migrated during 1940.—Joel W. Hcdgpcth.

A Field Guide to Western Birds

By Itoger Torv Peterson. Boston, Houghton ]\Iifflin Co., 1941.

240 pp., illus. $2.75.

Long awaited by western ornithologists and nature lovers, Peter-

son's Field Guide io Western Birds has been published and by this

time many well-worn copies have accompanied their owners through
the fields and mountains of the West. For this is actually a field

guide, to be taken into the field and used for identifying birds seen

but not collected. Tt is so designed as to simplify sight-identification

(67)
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and is i'ur the use oi' bej^iniiers and experts alike. It was planned as a

supplenient to existiiij;' bird books and is not intended to replace more
pretentious volumes.

This book is the counterpart of the same author's Field Guide to

the Birds, which covei-ed the bii'ds oi' the eastern United States. The
Guide to Western Birds includes the birds to be found from the Rocky
Mountains to the Pacific as well as those along the western edge of the

Great Plains and in western and southern Texas.

The illustrations are the most important part of the book. The
author recommends using them as the primary guide and suggests
referring to the text only to ascertain what features to look for in the

drawings and to verify the identifications. The drawings show birds
in typical situations—flying, sitting on the water, perching—and in

male, female, juvenile, summer and winter plumages. Where color

pla.ys a part, colored drawings are presented. With these pictures,
almost any one can identify any bird he encounters.

Subspecies, of which there is a multitude in the West, are treated
in a novel way which should meet with much approval. Only those

subspecies which can be readily identified by sight are included in

the text and illustrations; the ranges given are for the species as a
whole. All the confusing subspecies are listed at the back of the book,

along with their ranges. There is a complete index of common and
scientific names.

This book should be in the hands of every Western bird lover.—
Richard S. Croker, Editor, California Fish and Game.
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STATEMENT OF REVENUE

For the Period July 1, 1941, to September 30, 1941, of the Ninety-third Fiscal Year

Revenue for Fish and Game Preservation Fund:

License rovcnue:

1941 series—
Angling . $323,538 50

Hunting _.. 177,218 50
Commercial hunting club 125 00
Commercial hunting club operator 20 00

Trapping - 164 00
Fish packers and wholesale shellfish dealers 735 00
Deer tags 63.235 00
Fish tags - - 1,337 01

Game tags 97 89
Market fishermen 32,830 00

Fishing party boat permits - 114 00
Fish breeders 15 00

Game breeders - 85 00
Game management... 170 00
Game management tags 53 04

Kelp licenses 10 00

Total 1941 series $599,747 94

1940 series—
Angling _.. $868 00

Hunting 8,537 00
Fish packers and wholesale shellfish dealers 5 00
Deer tags 399 00

Market fishermen 100 00

Total 1940 series.... 9,909 00

Total licenses, 93d fiscal year $609,656 94

Other revenue:

Court fines. $13,381 58

Fish packers tax 54,991 07

Kelp tax 188 69

Miscellaneous 1,128 85

Salmon packers tax 7,364 77

Total otherrevenue 77,054 96

Total revenue, 93d fiscal year $686,711 90

Prior year, 92d fiscal year:

1941 series revenue —$2 00
1940 series revenue —01

Fish packers tax —54 74

Miscellaneous revenue 01

Total prior year, 92d fiscal year
—$56 74

Grand total revenue all years. Fish and Game Preservation Fund $686,655 16

(00)



70 CALIFORNIA FISH AND GAME

STATEMENT OF EXPENDITURES

For the Period July 1, 1941, to September 30, 1941, of the Ninety-third Fiscal Year

Function
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STATEMENT OF EXPENDITURES—Continued

For the Period July 1, 1941, to September 30, 1941, of the Ninety-third Fiscal Year

Function
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FISH CASES

July, August, September, 1941

Offense
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SEIZURES OF FISH AND GAME

July, August, and September, 1941

Fish:

Abalones, pink 5o

Abaloiics, red - 7

Albacore, pounds - 300

Barracuda - **

Bass - 9

Bass, black-- - - 34

Bass, striped -.- 164

Bluegill, pounds - - 6

Carp - 1

Claras, cockle - - — 620

Clams, Pismo - - — 266

Corbina..- -- 7

Crabs - 8

Crappie --- -
]

Frogs --- i*

Lobster traps - 5
Lobsters -- --- 125

Perch — --- 8

Salmon - 26

Skipjack, pounds -- 19,182

Runfish -- 31

Sunfish, bluegill - - -- 9*

Sunfish, bluegill, pounds - 6

Trout — - 117

Trout, rainbow 30o

Tuna, bluefin, pounds - - 3,000

Tuna, yellowfin. pounds -- 240,440

Game:
Antelope, pounds - --- 80

Bear head -- 1

Bear hide --- --
i

Deer --- - - - -- - *

Deer head 1

Deer hide - - 1

Deer meat, pounds 'o?o
Doves 2o8

Ducks -— - — - 40

Geese - - 2

Meadowlarks - - --- - 2

Mudhens -

Pheasants - - 72

Quail -— - 24

RaiL. - -- 1

Rabbits - - --- -

J
Rabbits, brush -- - »

Rabbits, cottontail - -- 69

Rabbits, jack --. --- --- - 2

Robins --- -
5

Sagehen - -.- --
'^

Yellowlegs --- ^

8016 2-42 4M





In the ^erDicc of 'Cheir Qountru

Now serving with the armed forces of the United States are

the following 26 employees of the California Division of Fish

and Game. Byron Sylvester was killed while on active duty.

James F. Ashley

Arthur Barsuglia

Henry Bartol

Ralph Beck

J. William Cook

Donald De Spain

Edward Dolder

John E. Fitch

Paul Gillogley

John A. Gray, Jr.

Lloyd Hume

E. R. Hyde

John F. Janssen, Jr.

A. E. Johnson

William Jolley

Albert King

Richard Kramer

E. L. Macaulay

Charles McFall

George Metcalf

Jacob Myers

James Reynolds

Merton Rosen

William Sholes, Jr.

Edson J. Smith

Rudolph Switzer



BUREAU OF ENGINEERING
JOHN SPENCER, Chief San Francisco

Clarence Elliger, Assistant Hydraulic Engineer San Francisco
Byron "Wittorff, Assistant Red Bluff
Samuel Kabakov, Civil Engineering Draftsman San Francisco

BUREAU OF LICENSES
H. R. DUNBAR, Chief Sacramento

L.. O'Leary, Supervising License Agent Sacramento
R. Nickerson, Supervising License Agent Los Angeles
Emil Dorig, License Agent San Francisco

ACCOUNTS AND DISBURSEMENTS
D. H. BLOOD, Departmental Accounting Officer Sacramento

BUREAU OF PATROL

E. L. MACAULAY, Chief of Patrol (absent on military leave) San Francisco
L. F. CHAPPKLL. Chief oi Patrol San Francisco

CENTRAL DISTRICT (Headquarters, Sacramento)
C. S. Bauder, Inspector in Charge Sacramento

Northern Division

A. A. Jordan, Captain Redding
Jos. H. Sanders, Captain I-Sacramento
A. H. Willard, Captain Nevada City
E. O. Wraith, Captain Susanville
L. B. Mercer, Warden, Butte County Chico
Chester Ramsey, Warden, Butte County

"
Oroville

Taylor London, Warden, Colusa County Colusa
Albert Sears, Warden, El Dorado County Placerville
E. C. Vail, Warden, Glenn County Willows
Jack Sawyer, Warden, Lassen County Westwood
Don Davison, Warden, Modoc County Alturas
Earl Hiscox, Warden, Nevada County Nevada CityWm. La Marr, Warden, Placer County Tahoe City
Nelson Poole, Warden, Placer County Auburn
E. J. Johnson, Warden, Plumas County Quincy
George Shockley, Warden, Plumas County Portola
H. S. Vary, Warden, Sacramento County Sacramento
Eugene Durney, Warden, Sacramento County Sacramento
Charles Siljeck, Warden, Sacramento County Sacramento
Earl Caldwell, Warden, Shasta County Burney
Chas. Love, Waraen, Shasta County Redding
Don Chipman, Warden, Siskiyou County Dunsmuir
Brice Hammack, Warden, Siskiyou County Yreka
Louis olive, Wai'clen. Siskiyou (^)u^ty :l Tule Lake
Fred R. Starr, Warden, Siskiyou County Dorris
R. E. Tutt, Warden, Sierra County Downieville
J. E. Hughes, Warden, Solano County Dixon
A. Granstrom, Warden, Sutter County Yuba City
R. W. Anderson, Warden, Tehama County Red Bluff
Harold Erwick, Warden, Tehama County Corning
C. L. Gourley, Warden, Trinity County Weaverville
C. O. Fisher, Warden, Yolo County Woodland
R. A. Tinnin, Warden, Yuba County Marysville

Southern Division
S. R. Gilloon, Captain Fresno
John O'Connell, Captain Stockton
R. J. Little, W^arden, Amador County Pine Grove
L. R. Garrett, Warden, Calaveras County Murphys
F. A. Bullard, Warden, Fresno County Reedley
Paul Kehrer, Warden, Fresno County Fresno
Lester Arnold, Warden, Kern County Bakersfield
C. L. Brown, Warden, Kern County Kernville
C. S. Donham, Warden, Kern County Taft
Ray Ellis, Warden, Kings County Hanford
H. E. Black, Warden, Madera County Madera
Gilbert T. Davis, Warden, Mariposa County Mariposa
Hilton Bergstrom, Warden, Merced County Los Bancs
H. Groves, Warden, Merced County Merced
R. J. Bullard, Warden, San Joaquin County Tracy
Wm. Hoppe, Warden, San Joaquin County Lodi
Geo. Magladry, Warden, Stanislaus County Modesto
W. L Long, Warden, Tulare County Visalia
Roswell Welch, Warden, Tulare County Porterville
F. F. Johnston, Warden, Tuolumne County Sonora



COAST DISTRICT (Headquarters, San Francisco)

Will. J. Harp, Inspector in Charge San Francisco

Northern Division

Scott Feland, Captain Eurel<a
J. D. Dondero, Captain Lalceport
Henry Ijencioni, Captain Santa Roaa
Ray Diamond, Warden, Del Norte County Crescent City
Walter Gray, Warden, Humboldt County GarberviUe
John Hurley, Warden, Humboldt County Eureka
W. F. Kaliher, Warden, Humboldt County Fortuna
Laurence Werder, Warden, Humboldt County Eureka
Kenneth Langford, Warden, Lake County Lakeport
M. F. Joy, Warden, Marin County Tiburon
R J. Yates, Warden, Marin County San Rafael
Ovid Holmes, Warden, Mendocino County Fort Bragg
Floyd Loots, Warden, Mendocino County Willits

Leo Mitchell, Warden, Mendocino County Point Arena
R. Remley, Warden, Mendocino County Willits

J. W. Harbuck, Warden, Napa County Napa
Bert Laws, Warden, Sonoma County Petaluma
Victor Von Arx, Warden, Sonoma County Santa Rosa
George Johnson, Warden, Sonoma County Cloverdale

Southern Division

O. P. Brownlow, Captain Alameda
C. L. Bundock, Warden, Alameda County Oakland
Ed Clements, Warden, Contra Costa County Martinez
Owen Mello, Warden, Monterey County Pacific Grove
Henry Ocker, Warden, Monterey County King City
F. H, Post, Warden, Monterey County Salinas
J. P. Vissiere, Warden, San Benito County HoUlster
Lee C. Shea, Warden, San Francisco County San Francisco
F. W. Hecker, Warden, San Luis Obispo County San Luis Obispo
Orben Philbrlck, Warden, San Luis Obispo County Paso Robles
C. R. Peek, Warden, San Mateo County San Mateo
M. S. Clark, Warden, Santa Clara County Palo Alto
C. E. Holladay, Warden, Santa Clara County San Jose
F. J. McDermott, Warden, Santa Cruz County Santa Cruz

SOUTHERN DISTRICT (Headquarters, Los Angeles)

Earl Macklln, Captain In Charge Los Angeles
E. H. Ober, Captain, Special Duty Los Angeles

Western Division

L. T. Ward, Captain Escondido
Fred Albrecht, Warden, Los Angeles County Los Angeles
Walter Shannon, Warden, Los Angeles County Los Angeles
Walter Emerlck, Warden, Los Angeles County Palmdale
Theodore Jolley, Warden, Orange County Orange
E. H. Glidden, Warden, San Diego County San Diego
Chester Parker, Warden, San Diego County Julian
A. R. Ainsworth, Warden, Santa Barbara County Santa Maria
R. E. Bedwell, Warden, Santa Barbara County Santa Barbara
W. Greenwald, Warden, Ventura County Fillmore
John Splcer, Warden, Ventura County Ojal

Eastern Division

H. C. Jackson, Captain San Bernardino
Leo Rossler, Warden, Imperial County El Centro
W. S. Talbott, Warden, Inyo County Bishop
C. J. Walters, Warden, Inyo County Independence
A1 Crocker, Warden, Mono County Bridgeport
James Loundagln, Warden, Mono County Leevining
Charles Mayfleld, Warden, Riverside County Idyllwild
W. C. Blewett, Warden, Riverside County Indlo
W. L. Hare, Warden, Riverside County Hemet
R. C. O'Conner, Warden, Riverside County Banning
A. L. Stager, Warden, San Bernardino County Upland
W. C. Malone, Warden, San Bernardino County San Bernardino
Erol Greenleaf, Warden, San Bernardino County Big Bear Lake
Otto Rowland, Warden, San Bernardino County Vlctoi-v-Ule
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MARINE PATROL
C. H. Groat, Inspector In Charge Terminal Island
Ralph Classic, Captain Monterey
Lars Weseth, Master, M.V. N. B. Scofield Terminal Island
Walter Engelke, Master, M.V, Bluefin Monterey
Howard V. Shebley, Warden, Cruiser Bonito Newport Harbor
A. Wallen, Assistant Warden, Cruiser Bonito Newport Harbor
Kenneth Webb, Warden, Cruiser BroadbUl San Diego
Phillip Westcott, Assistant Warden, Cruiser BroadbUl San Diego
Niles Milieu, Wartlen, Cruiser Perch . Antioch
Kenneth Hooker, Warden, Cruiser Quinnat III San Francisco
Richard Hardin, Assistant Warden, Cruiser QuUmat III San Francisco
K. Lund, Warden, Cruiser Rainbow III Martinez
G. Whitesell, Assistant Warden, Cruiser Rainbow III Martinez
Otis Wright, Assistant Warden, Launch Sturgeon Monterey
C. L. Savage, Warden, Cruiser Tuna Santa Monica
D. Ward, Assistant Warden, Cruiser Tuna Santa Monica
John Barry, Warden, Cruiser YeUowtail Santa Barbara
Allen C. Swenson, Assistant Warden, Cruiser YeUowtail Santa Barbara
Ellis Berry, Warden Morro Bay
W. J. Black, Warden Monterey
J. R. Cox, Warden Watsonville
Donald Glass, Warden Terminal Island
Lester Golden, Warden Arroyo Grande
N. C. Kunkel, Warden Terminal Island
Leslie E. Lahr, Warden Terminal Island
Ralph Miller, Warden San Francisco
Tate F. Miller, Warden Terminal Island
T. W. Schilling, Warden Terminal Island
G. R. Smalley, Warden Richmond
T. J. Smith, Warden San Diego
L. G. Van Vorhis. Warden Terminal Island
E. L. Walker, Warden Terminal Island
Frank Felton, Assistant Warden San Diego

POLLUTION DETAIL
Paul A. Shaw, Chemical Engineer San Francisco
John A. Maga, Sanitary Engineer San Francisco
C. L. Towers, Warden Los Angeles
Don Hall, Warden Stockton
H. L. Lantis, Warden Long Beach
Jack McKerlle, Warden Oakland
R. L. Schoen, Warden Terminal Island
Walter R. Krukow, Assistant Warden Santa Barbara
J. A. Reutgen, Assistant Warden Valleja
Clarence Whaley, Assistant Warden San Diego

CALIFORNIA JUNIOR GAME PATROL
George D. Seymour San Francisco

MARINE PATROL AND RESEARCH BOATS
Motor Vessel N. B. Scofield, Terminal Island

Motor Vessel Bluefin, Monterey
Cruiser Bonito, Newport Harbor
Cruiser BroadbUl, San Diego

Cruiser Perch, Antioch
Cruiser Quinnat III, San Francisco

Cruiser Rainbow III, Martinez
Cruiser Tuna, Santa Monica

Cruiser YeUowtail, Santa Barbara
Launch Sturgeon, Monterey
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