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TUNA MARKING, A PROGRESS REPORT'
ROBERT C. WILSON

Marine Fisheries Branch, California Department of Fish and Game

INTRODUCTION

The past decade has seen the industry engaged in processing the tunas

become the largest fishery industry of the State and, dollarwise, the most

productive of any in the United States. This increase, with a consequent
increase in the rate of exploitation of the tuna resource, has made ever

more imperative the need for information upon which a stabilized yield

can be based.

The California tuna industry is primarily dependent upon four

species: yellowfin tuna {Neothunnus macropterus), skipjack {Katsu-
wonis pelamis), albacore {Thunnus germo), and bluefin tuna (Thunnus
saliens). Yellowfin tuna and skipjack are essentially tropical in their dis-

tribution, and are the objects of a single year-round fishery by the tuna

clipper and purse seine fleets. Albacore and bluefin tuna are mainly sub-

tropical and temperate in their distribution and each is the object of a

separate fishery.

It is a basic requirement to define the population units which are being

exploited. Do the tuna taken on the various fishing grounds comprise a

single intermingling unit, or are they composed of several partially inter-

mingling or nonintermingling units? The solution of this problem may
be approached in two ways. One approach is through comparison of body

proportions and meristic counts of fish from the areas in question.

Another is the marking of fish to determine migration patterns, if any.

Obviously the former is the least expensive of the two, but it does not

furnish the direct evidence that can be derived from marking.
The fishery for yellowfin tuna and skipjack has ranged increasingly

southward, and in 1950-51 the tuna fleet made another significant advance

to new grounds off the coast of South America. Consequently, it has be-

come of increasing importance to check the interchange between the

various fishing grounds and to obtain information concerning possible

migration patterns. Accordingly, it was determined to attempt to mark
tuna as the most direct approacli to the question of interchange between

the various fishing grounds.
The present experimental tagging program has developed a plastic

tubelike tag which has been retained by yellowfin tuna up to 253 days,

without observable damage to the fish.

EARLIER WORK
Morphometric

Goclsil (1948, page 6) has, on the basis of a comparison of the body pro-

portions of yeliowfin tuna, presented the following general conclusions:

"1. The stock of yellowfin tuna now exploited in the Eastern Pacific

by the California fleet, ranging from Southern California to the

equator, consists of a single intermingling population.
^ Submitted for publication June, 19.53.
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"2. The sample of yellowfin from Japan is, with a high degree of prob-

ability, separate and distinct from that of the Eastern Pacific.

"3. The sample of Hawaiian yellowfin indicates that this population
is likewise distinct from our local fish, but is intermediate between
the Japanese and American popidations.

"4. The relationsliip of the Hawaiian to the Japanese populations
cannot be determined from the present data, but the distribution

of individual values suggests that these two populations are more

closely related to one another than to the American stock.

"5. The Peruvian yellowfin are similar to the local population in four

of the five proportions, but a suggestive difference exists in the

fifth proportion. Until this apparent difference can be explored in

a larger sample, the two populations should be regarded as

distinct.
' '

Further work by Godsil (1951), Schaefer (1952), and Koyce (ms)
reinforce Godsil 's preliminary conclusion with respect to tlie differences

between Hawaiian and Eastern Pacific yellowfin tuna.

Godsil (1948, page 26) also presented the following conclusions based

upon a comparison of the body proportions of albacore :

"1. The local and Japanese populations ef albacore are probably dis-

tinct and nonintermingling. The Japanese albacore are character-

ized by a relatively shorter head and caudal region, and a longer
abdominal or central trunk.

"2. The Hawaiian albacore appear to resemble the Japanese more
than the local fish, but a larger sample of more comparably-sized
fish is needed to justify any conclusions."

So far, c(jnclusions based on tliL' body proportions or meristic counts of

skipjack or bluefin tuna have not been presented.

Marking

Methods used in the past to mar-k tunas have not been nolably suc-

cessful, and there has been mucli variation in the tags used.

l*rol)abl\' the first marking of 1un;i was done 1)\' Selhi, who in 1911

tagged 10 Meditei-ranean bluefin tuna, using a tag of copper chain around
the caudal pethnicle. Xo tat><z-ed fisli were i-ecovered. (Rounsefell and

Kask, 1945.)
Based on the obsei'\';it ion t h;it blue (in I una eapt u red soinel inies retained

the hook of a previous victorious encounter witli fishermen, Heldt in 1927

placed identifying marks on hooks used by Fi'ench fishei-men of the Isle

of Groix. (Ronnsefell and K'aslc, 1945.) .Sella (1929) reportetl uj)oii the

migrations of Atlantic blu<(iu i una, based U])on the recovery of 39 hooks
and leads lost by fislieiineu w hieh could be identified as to origin. Between
19:»1 and 1935, Frade and Dentinlio (1935^ taGged 107 bluefin tuna in

Portuguese waters, using two tags ar(nind the caudal i)eduncle, one a

leather strap with a bronze pla((ue, the other a bronze strap. A few

examples were marked also with a bi-onze tag affixed to the second dorsal

fin. The same workers, in 19:^5, disti-ibufed niai-ked hooks free to

fishermen.

The Japanese, in 1934-38, tagged 2,230 skipjack, chiefly with a celluloid

and silver wire tag affixed around the caudal peduncle. There were eight
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recoveries, all taken within 58 days of release. They also tagged an un-
known number of "small tuna," of which there w^ere seven recoveries,
but none of the fish were at libertv more than 6.4 davs.

Godsil. in 1984-38 (1938), tagged 4,000 yellowfin tuna and skipjack
and 70 albacore, using an opercular strap tag. A single yellowfin tuna was

recaptured, one day after release.

Westman and Neville (1942), tagged 23 bluefin tuna in the vicinity of

Long Island, New York. They used a pair of celluloid disks attached to

the gill cover. Two of these fish were recaptured within two months of

release. They did not discuss the effect of the tag on the fish recovered.

The Fisheries Research Board of Canada, in 1948, tagged 140 albacore
with a button-type celluloid tag, with a nickel pin through the tail. In
1950 the same organization tagged 355 albacore with a specially designed
hook tag. There have been no recoveries. (Scagel, 1949

; Partlo, 1951.)
The United States Fish and Wildlife Service, in 1950, tagged 397

albacore with a Peterson-type tag affixed throngh the base of the second
dorsal fin, and 35 albacore with a "plastic strip tag." There were no

recoveries, but one fish was taken subseciuently which bore indications of

a tag having been torn off. The same organization tagged 42 albacore in

1951 and 147 in 1952, all with an experimental type streamer tag. There
have been, to date, no recoveries. (Powell, et al., 1952; Schaefers, 1952;
Com. Fish. Rev., 1952.)

PRESENT TAGGING METHODS

It was concluded, at the time that the present tag development program
started in California (early 1952), that a suitable tag for marking tunas

probably was not developed.
Several criteria were established prior to an attempt at tag develop-

ment as follows :

1. The tag must be readily seen, preferably from either side while the

fish is Iving on deck. Tuna are generallv handled individuallv

several times before butchering and high visibility would keep
recovery efficiency at a maximum.

2. The tag should not damage the fish or impair its movements to a

point where its beha^•ior might be different from that of an untagged
fish.

3. The material of which the tag is made should be chemically inert and
nontoxic.

4. The tag should be easily and rapidly applied.

5. The tag should be retained by the fish for a long periotl of time.

The work of Alverson and Chenowith (1951), wlio conducted water

tunnel tests of fish tags on albacore, furnished a valuable foundation upon
which an experimental program of tag development could be based.

Subsequently, nine tag "ideas" were developed, using some plastic

materials not heretofore available to earlier workers (Figure 1). The
hook tag was not considered because it was felt that the tag caused

damage to the mouth parts of the fish, and the Peterson-type tag because

of excessive shedding. Nor did the
' ' ideas" include a strap or band around

the caudal ]:»cd uncle because the mackerel tagged in that manner by Sette,

using a poultry leg band, caused most of the fish to become severely
emaciated with bad chafing of the peduncle. (Rousefell and Kask, 1945.)
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45 L8. TEST BRAIDED NYLON

FIBRON PLASTIC TUBE

45 LB. TEST BRAIDED NYLON

BAKED RED ENAMEL

LVER

.FIBRON PLASTIC TUBE

45 LB, TEST BRAIDED NYLON

45 LB. TEST BRAIDED NYLON , FIBRON PLASTIC TUBE

STAINLESS STEEL WIRE ^FIBRON PLASTIC TUBING

"T"

FIBRON PLASTIC TUBING 45 LB. TEST BRAIDED NYLON

DURAN PLASTIC

<
/

123

45 LB TEST BRAIDED NYLON

456
y DURAN PLASTIC

_^^

FIGURE 1. The nine tag ideas developed prior fo the first field trial
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Proper In'draulic facilities were not available for experimental testing
of the proposed tags, nor were facilities available for a holding experi-
ment with the tunas. Therefore, field trials of the tags were deemed the

only feasible approach. At this stage, the number of experimental tags
was reduced to the four believed most promising, as follows :

Type A

FIGURE 2. The Type A tag used in the first field trial

Type A is the silver strap tag developed by Godsil, but without the
celluloid disk. Baked on the upper surface of the tag is red enamel. The
identification number is stamped on the basal portion. It is snapped on
the preoperculum with specially designed tagging pliers.

Type B

FIGURE 3. The Type B tag used in the first field trial

Type B is a tube of No. 14 Fibron, a polyethylene plastic manufactured

by the Irvington Varnish and Insulator Company, Irvington 11, New
Jersey. The plastic tube is formula XTE-30, outside diameter 0.098

inch, inside diameter 0.066 inch. The tube was cut in 30 em. hMigths.
Colors used were blue and yellow. Through the center is 45-pound test-

braided nylon fishing line, green in color, and tied in a double square
knot. A paper legend for identification was inserted in the tube.
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Type C

FIGURE 4. The Type C fag used in the first field trial

Type C is a No. 14 Fibron tube cut 20 cm. in leno-tli. Through the

center is type 302 stainless steel wire 0.032 inch in diameter. The wire is

a very malleable chrome-nickel stainless steel wire, obtained from the

Ducommon Metals Company, Los Angeles, California. The wire is tAvisted

as shown, and trimmed. A paper identification legend is inserted in the

tube.

FIBRON PLASTIC TUBING

Type D

45 LB. TEST BRAIDED NYLON

G
FIGURE 5. The Type D tag used in the first field trial

Type D is a streamer type tag using 45-pound test-braided nylon fishing

line. The nylon length, not counting the loop, is 22 cm. Over the end oppo-
site the loop is a 2.5 cm. piece of No. 14 P'ibron, blue in color. A paper

legend is inserted and the entire "tail assembly" is dipped in Cleroplast,

a lii|iiid plastic which sets hard, forming a single unit.

It was decided to affi.x all of the sti-eamer-type tags tlirongli the flesh

of the back jnst posterior to tlie second dorsal fin but anterior to tlie first

finlet. All alternative location, through the flesh of the ventral surface

just posterior to the anal opening, was considcnMJ. hut tlie dorsal surface

was selected because the tag could be attached more casilN- in that location.

The opercular strap tag was to be affixed through the i)reopercuium.
The first field trial consisted of two cruises by the department's research

vessel X. P>. ScoFiELD into Mexican waters in early 1!)52. Some of the fish

were caught by trollint:-, but most were taken using conventional tuna

bait-fishing methods. Tliere were four recoveries fi-om 350 tagged yellow-

fin tuna. Only one skipja(;k was tagged.
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TABLE 1

Summary of Releases end Recoveries, First Field Trial

Tag type and color
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il^CTURN CALir fISH S GAME SAN P£PRO AOQO )

tJRCTUHN CALIF nSH ffOAMF SA/v P/rORO ftOQO

-tRcruRr^ CM If riSH a ca.m€ sa^v pcdro /'ooqIj-

^ ^Hjl''' 'UK/^ i-ALIFrHH ffi^AM£ i/\N PIOKO AOQO

FIGURE 6. Steps in the manufacture of the Type E tag used in the second field trial
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Type E

Type E is a niodifieation of Type C. The tag is cuiistrueted of a piece
of number 20 wliite Fibrou tubing cut 7 cm. in length. Upon this is in-

scribed the legend in black vinylite ink, obtained from the California Ink

Company, Los Angeles, formula number 104N5A2. The tubing bearing
the legend is drawn into a piece of number 14 XTE-30 colored Fibron

tubing cut 30 cm. in length. The transjDarency of the colored Fibron per-
mits the legend to be read through the outside tube. Through the tubing
is then drawn a piece of type 302 stainless steel wire and the ends of the

wire are bent over 1 cm. at each end. The ends of the tag are then heat

welded, using an electric iron.

Type F

FIGURE 7. The Type F tag used in the second field trial

Type F is a modification of Type B, using the same style legend as Type
E. Through the tubing is run 27-pound test-braided nylon fishing line,
which is tied in a double square knot when applied.

Type G

FIGURE 8. The Type G tag used In the second field trial

The outside tubing of the Type G tag is number 14XTE-30 Fibron
cut 22 cm. in length. Through this is i-un a piece of number 20 white XTE-
30 Fibron tubing cut 46 cm. in length. The legend is printed at about the

center of the inside tubing. When applied, the white tubing is tied in a

double figure eight knot, drawn tight, and about 7 cm. trimmed off the

ends.

As of June, 1953, a total of 2.412 tunas of three species have been

tagged in the second field trial using the Type E, F, and G tags.
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TABLE 2

Summary of Releases and Recoveries, Second Field Trial
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FIGURE 9. Closeup of the tag insertion hole in a yellowfin tuna. The fish was at liberty 204

days before recapture. The tag has been flipped forward to better show the condition of the

hole. The shiny black area of the hole is new skin. The domage to the second dorsal fin was

caused by handling in recapture. Photograph hy Leo P'mkas, May, 1953.

TAG APPLICATION METHODS

Critical to any tagging program is the removal of the fish from the

water, affixing a tag, and return to the water witli a minimum of ensuing

mortality. Earlier workers have demonstrated that at least some of the

tuna that were tagged survived the process.
At the outset of the first field trial, it was considered necessary to obtain

a measurement of the length of the fish. A suitable scale for such measure-

ment was considered to be the nearest half-centimeter. The reason for

desiring a measurement is that the rate of growth of the Eastern Pacific

tunas has not as yet been worked out completely and the size change of

tagged fish might provide valuable information on this problem. In order
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to obtain a measurement, a tagging cradle of hollowed-out oak with a

metric scale set in the bottom was used in the first field trial. A later

improvement was a taggi]ig cradle with sponge rubber sides and a dural

scale with a rider set in the bottom. This decreases damage to the fish while

it is being held for measurement and provides more accuracy in measure-

ment. (Figure 10.)

FIGURE 10. Tuna tagging aboard M. V. N. B. SCOFIELD May, 1953. The yellowfm tuna has

been measured and the measurement recorded by the recorder in the background. Measurement

is effected by holding the nose of the fish against the head of the tagging cradle, and bringing

the rider on the scale in the "V" of the tagging cradle against the fork of the tail. The tag

has been inserted and the tog number checked against the number on the record. The tag has

been knotted and trimmed, and the fish is ready for release. Note the tag holder between the

tagging cradles. The fish when brought aboard are not dropped on deck, but dropped into the

canvas cradle just aft of the tagging cradles. The "fish holder" is holding his left hand lightly

over the eyes of the fish. Phofograph by C. R. Clofhier.

A i)l;isl
ic \;\<j: Imldrr w itli a capacity of TOO tags was developed. One can

be seen bctwrcn the tagging cradles in Figure 10. Using tag holders, the

tags for a cruise can lie pi-cloaded, and tlic ac('()ni|)anying data sheets set

up in advance. When a recorder is avaihd)le, as aboard M. V. N. B. Sco-

Fir:LD, the data slieets are of paper. Aboard commercial vessels no recorder

is available, and watei'in-oor ])lastic recording sheds are used.

A stainless steel tube is used as a needle for piercing the back of the fish.

The inside difimeter of the tube is such that the end of the tag rides inside

the tube. When the needle is inserted, the end of 1 he tag is carried through
with it.

A II n\' the t nnas are yryy \-igorous fish. Jind w hen one is In-onght aboard,

it will go into a flurry of xihi'ation which ends in a se\-ere hemorrhaging
from the tiills. However, if the fish are seized within a Few seconds after

being bi-oiii:lit ;ilio;ii'(l. most will lie. Tor ii t iiiie, (lexed in I he tagging cradle

without fighting, and c;im lie thus measured iind tagged without serious
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FIGURE 11. inserting a Type F tag on a small yellowtln tuna. The tog insertion needle shown
is too long when used on small fish, because the needle rides into the side of the cradle. The

tag insertion needles have since been made shorter. Pbofograph by C. E. Blunt, Jr., May, 1953.

damage. One liand held lightly over the eyes of the fish assists materially
in keeping the fish quiet. Yellowfin tuna are the easiest to handle of the

three species tagged. Skipjack are very hard to handle and the fish must
be tagged within a few seconds of capture, or be damaged severely. Alba-
core are more dif^eult to handle than are yellowfin tuna, but probably are

not so easily damaged as are skipjack.

FUTURE PLANS

It is planned to continue the second field trial until early 1954, at which
time it is hoped that enough long-range returns will be on hand to provide
a basis for diseontinuanee of the second field trial, and establishment of a

program to determine the migrations of the three tunas in question.
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CALIFORNIA-TAGGED ALBACORE RECOVERED OFF JAPAN

The first autlieiitie record of transpacific niigratioii by an albacore

{Thminus germo) was obtained by the California Department of Fish

and Game in July, 1953, through the return of a tag from Japan. Fisher-

men aboard Xo. 5, Chesho Maru of Mie Prefecture noticed the fish when
it was caught on hook and line at latitude 31° 30' N., longitude 149° 40'

E., 550 miles southeast of Tokyo, on June 23, 1953. This fish was one

of 215 albacore tagged by the Department of Fish and Game during the

month of August, 1952.

The fish was tagged on August 4, 1952, at latitude 33° 25' N., longitude
118° 15' W., 18 miles south of Los Angeles Harbor, California. It had
moved 4,900 miles west and had been out 324 days since the time of

tagging. (The great circle distance between Los Angeles and Tokyo is

4,650 miles.) A type "F" tag of blue vinylite tubing secured with nylon
line had been used (see AVilson, this issue, page 437) . The fish was 76 cm.

long when tagged. No valid information as to size or general condition

was obtained at the time of recapture.
There were two earlier recoveries, both off Morro Bay, California, from

the same group of 215. Both fish had traveled about 200 miles northwest

from the same point of release as the individual recaptured off Japan
and had been out 30 and 43 days, respectively.
The tag from Japan was returned to the Department of Fish and

Game through the courtesy of Dr. Toshizo Nomura of the Kanagawa
Prefecture Fisheries Experimental Station. Dr. Nomura forwarded the

tag to Pacific Oceanic Fishery Investigations in Honolulu and that

agency sent it on to California.—David Ganssle and Harold B. Clemens,
Marine Fisheries Branch, California Bepartnient of Fish and, (kinie,

July 10, 1953.
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THE USE OF MONOFILAMENT NYLON FOR
ATTACHING PETERSEN DISK

FISH TAGS'
PARKE H. YOUNG, JACK W. SCHOTT,- and ROBERT D. COLLYER -

Marine Fisheries Branch, California Department of Fish and Game

INTRODUCTION

The science of marking" fish lias been an important technique of fisheries

workers for many years. Many methods and materials have been tried,

but none have been entirely satisfactory. Petersen disks of cellulose

nitrate are at present favored for tagging work in California, but constant

experimentation with other t^^oes of tags and methods of attachment
are being carried on. In general, the Petersen tag is applied with a stain-

less steel pin.
The ]\Iarine Fisheries Branch instituted a study of the kelp bass (Para-

labrax clathrafus) in 1950. which included a tagging program. During
the years 1950 through 1952 results obtained from tags affixed with stain-

less steel and solid silver wire pins were discouraging. The wire materials

were adequate, as far as resistance to corrosion or galvanic action were

concerned, but the wire caught on kelp, rocks, or debris and bent badly.
In many instances the tags were torn from the soft flesh of the back.

In addition, water tunnel experiments and aquarium observations on

yellowtail (Seriola dorsalis) showed a serious tendency of the stainless

steel to bend sharph', presenting the broad surface of the tag to the flow

of water. In the attempt to eliminate these serious faults, monofilament

nylon was selected for trial during 1952.

In the early part of 1952, two marine research projects were activated,
both of which were made possible through funds provided by the Federal
Aid in Fish Restoration Act of 1950. These are the yellowtail study, proj-
ect California F-l-R. and the surf fishing investigation, project Cali-

fornia F-5-R.^

An important phase of each project was a study of tagging methods
so that a suitable one could be adapted to the species of fish involved. For
the yellowtail project many types of marking devices were tried. [Mono-

filament nylon and stainless steel were chosen for attaching Petersen

disks. Monofilament nylon has been used exclusively on the surf fishes.

The results of the tests conducted by these three investigations indicate

that under certain conditions, monofilament nylon is superior to stain-

less steel or silver as a tag attachment matei'ial.

^ Submitted for publication April, 195.3.
- Federal Aid in Fish Re.storation, Projects California F-.5-R and F-l-R, respectiv'ely.
* The major surf fishes concerned are the spotfln croaker (.Roncndor sternsl), yellowfin

croaker (Umbrina roncador) , corbina (Menticirrhus undulatus) , and barred perch
(Amphistichus argenteus) .
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AQUARIUM OBSERVATIONS

These tests were coiuliietocT at the Seripps Institution of Oceanogra-
phy, University of California, La Jolla. We are indebted to Seripps for

its cooperation, and to the aquarinm staff for its interest and care of the

tagged fish.

The first experiments were started March 7, 1952. ^NFonofilament nylon
was used to attach Petersen disks, at a point slightly anterior to and be-

low the insertion of the first dorsal fin on three yellowtail. The appear-
ance of the tags on the fish was not reassuring, as the knots in the nylon
were rather clumsy and allowance for growth was excessive. Petersen
disks were attached to additional yellowtail with stainless steel pins.
Periodic observations showed that nylon attachments were unchanged in

outward ai^pearance, but stainless steel pins were uniformly twisted to a

position at right angles to the flow of water (Figure 1 ). Yellowtail Avere

frequently observed rubbing their sides along the bottom of the aquar-
ium, which probably caused the twisted pins. On June 19, 1952, an

aquai'iuin accident terminated the experiment with the yellowtail.

«%^
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maining three Avere marked with Norwegian hydrostatic tags, substitut-

ing a nylon bridle for the stainless steel bridle. Except for the hydro-
static attachments, the tags again appeared poorlj^ spaced and UAvk-

wardly tied.

On July 13, 1952, all tags were intact, although tags placed through
the backs and tails of the bass were obviously secured too tightly, and
were causing marked localized irritation. In September, 1952, three back
tags and one hydrostatic tag remained attached. At the present time

(April, 1953), the three back tags are still in place. The experiment indi-

cated that as a tagging material, nylon had tentatively measured up to
the requirements of flexibility, nontoxicity and retained tensile strength
under salt water conditions. The i)i-ol)Iciii of knotting and spacing still

required solution.

On May 28, 1952, 12 croakers (seven s])()tfin and five yellowfin), were

tagged experimentally with concave Petersen disks attached with a dou-
hU'd strand of nylon; in addition conventional strap tags of metal were
attached to the opercle of five spotfin, and four yellowfin. The nylon at-

tachments were firmly anchored to the croakers by running the strands

through the supraoccipital crest of the head (Figure 8).

One week after tagging, three spotfin and tv;o yellowfin croaker had
died of tail rot, and two more yellowfin were returned to the sea in an

attempt to remove the source of contamination. After 10 months of

aquarium lilc four s]iotfin and one yellowfin and tlicii- Petersen tags
were in excellent condition. The opercular tags graduall,\- cut their w'ay
out of the operele and wei'e lost. (See Table 1 for details.)

OBSERVATIONS IN THE SEA

Kelp Bass

Tag recoveries foi' silvei' and stainless steel exhibited a sharp decline

throughout 1950, 1951 and 1952. For these two materials the recovery
rate was very similar and tlie (hda have been combined (Table 2). Over
88 percent of llie total metallic i-ecoveries occu)'2'ed within (iO days. For
the nylon-attached tags only 68 percent of the total were returned within
the same interval. The comparison between the recovery rates of nylon
and silver is subject to error because the bass were not tagged with both

TABLE 2

Tag Recovery Rate of Tagged Bass by Type of Attacfiment

Tag aUachnient
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at the same time and place. The recovery rates throughout a 180-day in-

ter^'al, however, show a marked difference. A ehi sqnare test of these

data ( Table 2) gave a highly significant P valne of less than 0.0001, indi-

cating that a higher percentage of recoveries can be expected from nylon-
attached tags over a greater period of time.
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FIGURE 2. The tagging wound on a yellowtail recaptured 172 days after tagging. The area is

clean with no evidence of infection. The tag is affixed with nylon.

Surf Fish

The tag-p-ing- work carried on b}^ tlie Surf Fisliinp project is compli-
cated by the several species involved. Two slightly different tagp-ino-

techniques have been used, both witli nylon, which are explained in

further detail under methods. Release and recovery data appear in

Table 4. The coiiditidn of tlie tags and tlic fisli liave been satisfactory

upon recovery.

TABLE 4

Tagging and Recovery of Surf Fishes From May, 1952, to March, 1953

Species
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TECHNIQUE

Knots

Nylons, particularly monofilaments, are famons for slipping their

knots. The knots described in the text have proven to be satisfactorily

free of slippage. The variety of knots that have been used and accepted
as satisfactory are arranged by name in Table 5.

The beginning knot is tied in the nylon before tagging takes place.
The finishing knot is used to complete the tagging process.

TABLE 5

Knots Used for Tagging Work

Name of knot
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RAPPING

FIGURE 3. The sequence used !n tying the blood knot when used as a beginning knot
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PULL*
(2nd STEP)

HOLD

PULL

FIRST STEP
PULL AND HOLD UNTIL KNOT
IS IN APPROXIMATELY THIS
POSITION.

SECOND STEP
PULL IN DIRECTION OF
ARROWS

CUT HERE-

-*PULL
(2nd STEP)

CUT HERE

FINISHED AND TRIMMED

FIGURE 4. Completing the beginning blood knot
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FIGURE 5. The sequence used in tying the turban knot
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C

BEGINNING KNOT

!'"

;;;!
DORSAL RIDGE OF FISH

t4-^

—m—'

START

WRAP
AND PULL

PULL IN DIRECTION OF ARROWS UNTIL KNOT IS FIRMLY TIED

FIGURE 6. The sequence used in tying the finishing blood knot
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Tagging Methods

For croakers and surfpercli a tag placed on the posterior dorsal part
of the head, with the njdon filaments passing through the high-crested

supraoccipital bone, offered the advantage of an excellent anchorage
and of being attached in a position of least possible muscular flexion.

The tag so anchored seemingly provides less tissue irritation and less

physical discomfort for the fish.

FIGURE 7. A Petersen disk secured with monofilament nylon to the supraoccipital
bone of a yellowfin croaker

Since the flat Petersen disk might have a tendency to cut into the

fish at the edges of the tag, thereby encouraging abnormal tissue groAvth,

fungi, and bacterial infections, a concave tag was used hoping to elim-

inate this source of trouble. Inasmuch as surf fish are comparatively
slow swimming, additional water resistance due to the concavity of this

tag should not adversely affect tlie point of attacliment.

The corbina, yellowtail, and kel]) l)ass are all taggi'd In-luw and

slighlly posterior to the insertion of llic first dorsal fin. These species
lack the high supraoccipital crest. l*'l;il Petersen disks have been used
on tlie yellowfjiil and kelp bass and eoneave disks on the e()fl)ina.

In tagging llie knotted nyh)n sli'aiids are li'iinined, a nniiibered i'elef-

sen disk is tlneadrd dn, and the I'l'ec ends inserted pai't way into a

hypodermic needle. The needle is then puslied completely through the

fish, leaving the free ends protnuliug on tlie side o])|)osite the numbered
disk. A second Petersen disk is then threaded over the free ends of the

nylon, and a fini.sh knot applied.
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It is desirable to allow a small amount of space between the tag and

the body of the fish. Space is not only for growth, but also for taking
care of the shrinkage that seems to occur with the nylon. Various plastic

spacing devices have been used. Figure 9 shows the tool used on surf

fish. This spacer was made from two thicknesses of 0.080-inch sheet Incite

and provides a spacing of 0.16 inch. Two spacers, each 0.045 of an inch

thick, were used on yellowtail, one on each side of the fish.

FIGURE 8. A Petersen disk in position on the supraoccipital bone of a spotfm croaker

-83.508
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FIGURE 9. Plastic spacing device. This tool closes automatically when pressure
is released from handles.

Considerable difficulty is experienced, particularly with the spotfin,
in forcing a tagging needle through the supraoccipital bone without a

suitable tool. Such a tagging needle tool has been designed and found
to be very satisfactory for this purpose. It accelerates the work and pre-
vents tissue injury due to erratic needle movement (Figures 10 and 11).
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FIGURE 11. The needle tool, with needle and tag in place ready for tagging

TEST OF MONOFILAMENT NYLON

The material used for the experiments was rated at 15 pounds breaking'

strength. Tensile strength tests on donhle strands of new nylon material,
knotted as it wonld be for tagging pnrposes, develo]ied a breaking- stress

at less tliaii .')() i)ouii(ls. The tests were expected to indicate which of two

eoiiini(»nly used knots caused the greatest loss in material tensile strength,
and whethei- or not material rccoNcrcd fi-oiii returned fish had dejireciated
in quality. The (h)id)l(' sr|uare knot and the blood knot compaiMMl (piite

closely in the tensile streiiglli tests. The blood knot appears to be slightly

su|)eri(»i'. although breaking figures for both knots averaged approxi-

mately 21 pounds. Two tests on n\lon I'ccovered from tagged fish gave

slightly diffei-ent results. Nylon from a yelhnvtail that had been lield in

an a(|nariuni for six weeks partt'd at a sti'ain of l2() pounds. This Avas

a matei-ial lailure. The second test produced a failure at the blood knot,

but this was at a 2(i-|)oun(l siraiii. The material for the second test was
taken from a yellowtail Ihat had been at liberly for 172 days following

tagging. In both cases the line was examined under a microscope and
found to be slightly sci-atehed, hiil other damage oi" weakness could not

be discovered.

DISCUSSION

.Monofilament nylon, properly handled in an a p|>i'opriate silnatioii,

may lia\-e real \aliie for tlii' fisheries worker inx-ohcd in a tagging pro-

gram, .\ylon is axailahle in a \iii-ii'1>- of forms, tensile strengths, diame-

ters, and decrees of fjexihilitw ( 'lianges are constanlly iak'ing ]ilace Avithin
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the plastic industry that may offer superior materials within a relatively

short time.

As yet there is no eyidence of corrosion, although there has not been
sufficient passage of time to say that it does not occur. The body fluids

of the fish tagged have had little if any effect to date. There has been

an alteration in the flexibility of some nylon materials. This might be

classified as deterioration.

There has been no indication of toxicity to the species of fish tested.

The application of tags attached with nylon is relatively slow in com-

parison with stainless steel or other metals. Not only do knots slow the

tagging process, but also proper spacing must be achieved before the

fish are released. The use of removable spacing devices causes a time loss.

A strand of nylon of sufficient length to be used for tag attachment
now costs about 1^ cents. A minute, more or less, is recpiired to cut the

strand from the coil, tie the beginning knot and trim the excess material

away.
The advisability of using nylon for a long term project cannot be

stated as there has been insufficient time to determine the effect of

extended exposure to sea water.

CONCLUSIONS

The selection of the nylon material for tagging purposes will vary
with individuals and with the habits and habitat of the fish involved.

A comparison of the requirements of a spotfin croaker with those of the

kelp bass offer a good example. A spotfin croaker provides a solid anchor-

age in the supraoccipital bone of the head. The nylon used here should

be sturdy enough to resist possible cutting action by the bone edges. This

region of the body would not produce the over-all increase in size through
growth that could be expected in the central portion of the body. Spac-

ing, then, is not the problem that would be present in the center of the

back. A silver or stainless steel attachment would probably be less de-

pendable, as the tagging Avound is rather near the dorsal ridge of the

body and a rigid material would tear out, through bone and all. A
metallic attachment might prove to be as efficient as the nylon, but the

writers do not think so at present.
The habitat of a spotfin croaker is in open areas near sandy beaches.

The chances that a spotfin would encounter semisolid resistance to the

tags, such as marine growths, are rather slim. If this should occur, a
flexible nylon attachment would probably suffer less stress than would
wire.

Kelp bass do not offer a solid point of attachment, must be tagged in

the center of the body, are freciuenters of kelp beds and rock outcrop-

pings, and are probably consistently more active than spotfin. Silver

and stainless steel attachments have been shown to be less efficient than

nylon, but the type of nylon that would be most effective is another prob-
lem. Experience would indicate that under the above circumstances a

moderately flexible nylon of approximately 20 pounds test would be best.

This material is doubled in use, so it would have a potential breaking
stress of 40 pounds. A lighter material may be just as efficient, but this
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^vill depend on the brand name and ])r()babl3' on the lot. Too nineh flexi-

bility may produce self cutting, particularly in the knots. Small diameter

monofilament is also subject to self cutting.
The use of nylon on yellowtail, or any such fish that attains such large

proportions and is extremely aetive, entails quite another problem. Yel-

lowtail probably grow quite rapidly and would exert considerable stress

as they are tagged in the center of the body. They are also fond of rocky
shores and beds of kelp. A properly spaced tag should stay quite well

until either growth of the fish or contact with kelp presented an obstacle.

Growth would probably force the tag up to the dorsal margin of the

body and eliminate it in that manner. It is doubtful that the nylon would

part under growth stress. Tf kelp or similar type of resistance should be

met, the power and speed of the fish would, cause the loss of the tag

through breakage of the tag or the nylon, or by its tearing out of the flesh.

The results of nylon in use as a method of tag attachment indicate that,

under some circumstances at least, nylon will be more efficient than either

stainless steel or silver wire. Furthermore, as the technique of application
is improved there should be even more favorable return from the tagging

programs.



CREEL CENSUS AT MILLERTON LAKE,

CALIFORNIA, 1945-1952'
DANA L. ABELL- and CHARLES K. FISHER

Inland Fisheries Branch, California Department of Fish and Game

INTRODUCTION

One of the objectives of the Uepartment of Fish and Game's warm-
water program is to discover why the large fiuctnating reservoirs in the

foothills of the Sierra Nevada prodnce so few game fish and to find

means of improving the quality of fishing in them. To help achieve this

goal, ]\Iillerton Lake (Fignre 1), a key feature of the U. S. Bureau of

Eeclamation's Central Valley Project, was selected some years ago as a

representative example for intensive study. Many of the conclusions

resulting from the Millerton Lake studies may also be expected to apply

FIGURE 1. Aerial view of Millerton Lake, California. Pbofograph by
Elden H. Vestal, Ocfober 10, 1951.

^ Submitted for publication .June, 1953.
2 Now National Science Foundation Fellow at the University of California, Berkeley.
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FIGURE 2. Map of Millerton Lake. Elevations are in feet above sea level.

to the other waters, and any means fonnd to im^ii-ovo an<>ling- at Miller-

ton Lake should also apply to these other lakes and thereby materially
increase the recreational resources of California.

Located in the foolliills of the Siei-ra Nevada approximately 20 miles

east of Fresno, Millerton Lake forms an important i-ecreational resource

for residents of the arid southern portion of llu' San Joaquin Valley of

Califoi-nia. Dill (1!>4()) described the lake and its basin in some detail

and it will suffice here to say that it is a canyon type reservoir formed

when complete control of the San Joacpun liiver was effected by Friant

Dam in February 1944. Tt is about Ki mih>s lonu' ami varies from 1,700

to 4,800 surface acres in area. Fluctuation of the sui-face level often

exceeds 100 feet a year, with late suiniiiiT hcini: the period of lowest

water. The averafje elevation is about 500 feet above sea level. The

presence of a single large, shadow bay, the South Bay in Figure 2, is

an advantage that most foothill reservoii's do not cnjo.w
A large shai'C of the work at Millerliui Lake has ceutered around a

long: range ci-eel census. This ceusus. coxcriiig the period l!)4r)-l})r)2, is

the longest and most complete e\-ei' made on a warmwater lake in (Nuiti-al

or Xorthern California.
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Primary jmrposes of the census were to provide as full a description

of tlie fishery as possible, to follow its trends throughout the years, and

to establish standards of comparison by which fisheries of similar Cali-

fornia waters could be evaluated. Such standards (fishing quality and

intensit}^ annual yield, etc.) are fairly well known for coldwater fish-

eries in California, but heretofore it has been necessary to use figures

from other states when comparing warmwater fisheries.

Dill (1946) reported upon the first year of angling and included a

careful description of the lake and many of its problems. The current

report presents the results of the following seven years of census and

provides, W'ith the above paper, a detailed record of the first eight years

of fishing. This information will be valuable for comparison in the future,

when possible changes resulting from the introduction of new species

of fishes and other fish management activities will have had an oppor-

tunity to have an efi^ect.

The fishery is primarily for largemouth black bass {Micropterus sal-

moides) and bluegill {Lepoiiiis macrocJiiriis), with green sunfish (L.

cyanellus) entering the catch in small numbers. A few smallmonth
black bass (Micropterus dolomieu) and rainbow trout (Salmo gairdneri)
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are taken each year, and brown bnllliead {Ameiurus tieluJosus) and

black crappie (Pouioxis nigro-iiwcKhifus) are seen on rare occasions.

The great fluctnationof :Millerton Lake is not conducive to high pro-

ductivity. Nevertheless, census records (Dill. 1946) and prevalent

opinions agree that fishing was good during 1945 and 1946. The Average
catch declined in 1947 and reached an extreme low in 1948, from which

it has now recovered to a level about half of that for the peak years. At

present, experienced anglers find fishing for both of the major species

generally satisfactory, but less expert fishermen usually find it poor.

Because large numbers of inexperienced fishermen visit the lake, Mill-

erton has a poorer reputation than it probably deserves.

METHODS

Millerton Lake has been accessible throughout most of the eight-year

census period at three points. Of these, Gate One has been the most

heavily used and, therefore, received most of the census effort. When-
ever possible, checks were also made at Gate Two, which is used primarily

by shore fishermen visiting the South Bay. The third entrance, a dirt

road leading to the upper end of the lake through the Sullivan Ranch,
has been used only briefly in the spring and early summer each year,

when the lake is high and the route passable. It has received only limited

attention in the census. In addition, the road to Winchell Cove was
checked occasionally during the part of 1952 when it was opened and

used.

At Gates One and Two cars were stopped as they left the lake and

information was obtained on the number of anglers, the number and

weight of fish taken, and the fishing methods used. Each species was

weighed in aggi'cgate for the entire party. Checks at Sullivan's and
AVincliell Cove consisted only of a count of cars.

The long range study of Millerton Lake fishiug may be divided into

three periods, according to the iutensity of Ihe census schedule, as

follows :

(1) The 1!)45 census consisted of daily counts of anglers and lish

caught dui-ing the open season made largely by Bureau of Reclamation
Guards and National Park Service Rangers. Dill (1946) estimates that

90 percent of the fishing effort was recorded that year.

(2) A tliree-yeai- period of occasional censuses by the Department of

Fish and Game followed. Creel counts wer-e taken on the following dates :

1946 : May 29 (opening day), June 2 (Sunday), July 4.

1947: May 29 (opening day).
194.S: May] (o])ening day). May 2 (Snnday), May 29 (Saturday),

July ''i (Saturday).

(3; During the four-year period uhieli followed (1949-1952) the

scope of the program was greatly intensified. Because counts were made
on a schedule of about two prv week (one weekday and one week-end

day, rotated or altei-nated to axoid bias) througliout this time, this pei-iod

is di.'signated tlie i)eriod of seiiii\veeUI\- censuses. Census effort was actu-

ally reduced to four or six days pei- month after -Inly III.")!, hnt the plan

of operation remained the same.

Estimates of the total number of anglers using ^lillerton Lake in

this four-year period are based on the assumption that total angling
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effort was proportional to the nuuiber of boats rented (see Fignre 3,

in which a close correlation is shown). In monthly units, proportions
were struck between numbers of censused anolers and rentals on censused

days. ^lontlily estimates Avere then computed from known rentals, and
total annual estimates followed, by summation. This system has been

extremely convenient, for boat rental records have been kept faithfully

hy the single boat livery except during part of 1951. During this period
it was necessary to derive the estimates directly from the semiweekly
and weekly censuses on the assumption that these counts were repre-
sentative of the uncensusecl days.
Annual estimates of total catch were obtained by summation of weekly

catch estimates. Weekly estimates were derived by applying catch data

for censused days to the estimated weekly fishing effort.

Census operations are summarized in Table 1.

TABLE 1

Census Operations at Millerton Lake, 1945-1952
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CENSUS RESULTS

Fishing Effort

Estimates of the total number of aii<ilers iisino- Millerton Lake have

been made for all of the years of study except those during- the period
of occasional censuses and are as follows :

1945 27,396
1949 (April through December only) 24,443
1950 35,851
1951 45,420
1952 36,700

Roughly two-thirds of the anglers at Millerton fish from boats, most

of the other third remaining on shore in the South I)ay.

Using 3,500 acres as the average surface area for ^lillerton, fisliiug

pressure in 1952 amounted to 10.5 fisherman days per acre. This rather

low figure could be expected to rise considerably if angling were to im-

prove. Because fishing and fish production are both limited in a lake

such as this to a narrow band close to the shore (the littoral zone)

totaling about 400 acres, fishing pressure actually amounts to about

!*2 angler davs per acre. Area relationships of effort and catch are shown
in Tal)]e 2.

Interviews in 11)50 and 1!)51 revealed that nearly half of all anglers
fish specifically for bluegill (all worm fishermen were assumed to be

seeking bluegill). Fishermen seeking bass and those seeking both species

(combination fishermen) each comprise about one-fourth of the total.

Presumably these proportions will vary rather widely in accordance

with tlie success being enjoyed for either species in any particular year.

Breakdowns of angler effort for each of the years in which data were
taken are summarized in Table 3.

1945
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Catch Composition

Species composition of the catch at ^MiHerton Lake is usually fairly

consistent, bhiegill comprising ai)proximately 80 percent and bass

making np nearly all of the remainder, as shown in Table 4 and Figure 4.

Notable exceptions to this generalization are indicated for the years
1947 and 1948. However, the blnegill slump in these years may have
been more apparent than real. It is emphasized that only one and four

censuses, respectively, were held during these two years and that these

censuses were centered" fairly early in the season, when bass fishing is

generally above average and blnegill fishing below average.
Green sunfish have never figured significantly in the catch, in either

numbers or size, in spite of the fact that 90.6 percent of the fish originally

planted were of this species. Dill (1946) reports that 317,750 green
sunfish, 82,440 largemouth black bass, and onlv :i75 blnegill were placed
in the lake in 1942 and 1943.

Blnegill are indisputably superior to green sunfish in utilizing this

type of reservoir environment, but may be subject to violent population
fluctuations.

The number of green sunfish taken each year is fairly constant, and
variations in the percentage of the total catch formed by them are actu-

ally due to fluctuations in blnegill abundance. The highest percentage
(8 percent) occurred during the first year of fishing. The only time

that this figure was again approached was in 1948, when blnegill appear
to have been extremely scarce. Green sunfish larger than one-fourth

j)()und are almost never seen at ^Nlillerton Lake, and as a consequence
these fish are not considered very desirable.

Estimates of Total Catch

Estimates of the total catch of the major game species at Millerton

Lake have been made for 1945 (by actual count, thought to have been

approximately i)0 percent complete by Dill, 1946) and for the period
of semiwcekly censuses, 1949 through 1952. They are shown in Table 5.

These figures indicate a rdalivcly liigh catdi of bass and blnegill for

the five-month season in 1!)45, a much lower catch for the late slum])

year of 1!)49 ( ])robahly 1 he beginning of recovei-y froni the slump ;
census

covered April through DecemlxM-), a notable increase as fishing improved
again in 1950 to 1951 . ;ni(l finii]]\- the begin iiinu' of a sliiiht decline in 1952.

TABLE 5

Estimated Total Catcti at Millerton Lake
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Fishing Quality

In a general M'ay, present fishing quality at ]\Iillerton Lake can best

be described as usually fair but occasionally good for those who know
the lake and its peculiarities and consistently poor for inexperienced
fishermen.

Three different measures of fishing equality have been derived from
the Millerton Lake data. They are (1) catch per unit of effort, (2)

catch per unit of area, and (3) percentage of fishermen catching noth-

ing (zero catches).
The unit of effort which was found to be most useful in this work is

the fisherman day. The collection of data in all cases at the end of the

angler's day makes this a simple unit to use and provides the same sort

of expression of success that is used by the anglers themselves. Average
fishing days for the various classes of fishermen in 1952 were :

All fi.shei-ineii 4.6 hours

Shore fi.shermen 3.0 hours

Boat fisherm<^n 5.5 hours

Bass fishermen 4.4 hours

Sunfish fishermen 4.0 hours

Bass and sunfish fishermen (combination fi.shermen) 5.1 hours

The record of catch per fisherman day taken from censuses since the

opening of fishing in 1945, shown in Table 6 and Figure 5, is typical

of the sequence of events in new warmwater impoundments. From
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FIGURE 5. Trends in fishing quality at Millerton Lake, measured in catch per fisherman

day by all anglers, 1945 through 1952
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an initial peak of around five and six fish per angler day in I'l-t.") and
1946, respectively, sunfisli fishing

^
dropped to an indicated 0.33 per

angler day in 1948. Recovery began in 1949 Miid a second peali; at 2.92

bluegill per fisherman day was reached in If).')!). Following this the catch

again declined through 1951 and 1952 to 1.33 bluegill per fisherman day
in the latter year.

Bass fishing has followed the same trend with a delay of a year or
less. The years 1945 and 194f) are generally acknoAvledged to have been
the peak yeai-s, with 1947 providing a good opening (hence the extreme

peak for the 1947 census, which was taken on May 29 only) followed by
a notable midseason drop. According to our census figures, which are

admittedly scant for 1948, 1949 was the poorest year for bass fishing,
whereas general notes, newspaper clippings, and angler opinions point
^ Es.sentially bluegill, since green sunflsh contribute only a small part of the catch untl

exhibit no significant changes.
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more toward 1948 as the worst year. Moderate recovery followed, with

changes in bass fishing quality exhibiting a definite one-year lag behind

the bluegill.

Monthly figures for fishing quality within the individual years (Fig-
ures 6-9) show a regular spring peak for bass coincident with the in-

itiation of bass activity at that time, a midsummer lull, and in some years
a notable fall peak as well. This fall peak failed to appear in 1952. By
middle or late November the fall fishing slacks off and the winter period
of inactivity starts for all but the largest fish. The few bass taken in

December, January, and February are nearly always large.

The tendency for the early season bass peak to be divided into two

parts may be correlated with periods of activity before and after the

bass spawning season, which usuallj- comes in ]\lay.
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In general, bluegill fishermen enjoy a single high peak of success in

midsummer, although occasionally, as in 1950, an early season peak
may occur. Such a peak is usually missed by the anglers because most

people, by tradition, are then seeking bass.

Figures for catch per acre during each of the five years of intensive

census are given in Table 2. Again, it is of interest to calculate on the

basis of both the total area and the littoral area. The estimated yield in

pounds of fish per acre of total surface varied from 2.6 during the low

year of 1949 to 7.5 in 1951. The 1945 yield was undoubtedly higher, but
no weights are available for that year. These values are extremely low,

partly because such a high percentage of the lake does not contribute

to fish production. Comparable figures for the littoral zone of about 400
acres show yields of from 28.8 to 82.8 pounds per acre for the same years.

Although the latter values are much more representative of true fish

production, they are still far short of the yield from shallow basin,
constant level lakes.

Data on zero catches provide another measure of fishing quality. The
annual calculations are shown in Table 6 and monthlv values for a single

representative year (1950) are shoAvn in Figure 10. Trends in zero

catches have an inverse relationship to catch per fisherman day but

100

FIGURE 10. Percentage of fishermen with zero catches at Millerton Lake during each month of

the sample year 1950; data segregated for shore and boat fishermen

reflect the same general differences in quality over and within the

years of census.

Weight Data

Information on the trends in weight over the years are not available

in precise terms. Notes with the original field data sheets indicate that

bass size was acceptable during the first four years, with many 12- to

17-inch fish being included in the catch. In 1949, somewhat more than

one year after the bass had begun their decline in numbers, the larger
bass virtually disappeared and the fishery has since been supported
primarily by two-year-old fish in tltc spring and by one-year-old fish in
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the suiHiuei" and fall. Older fisli appear only occasionally. Altlioiigli

•rro-wtli of the yearling fish is good, their size is still below even the most
lenient level of acceptability, and complaints about the small size of

the bass are frequent.

Weights of bluegill are much more ditficiilt to trace back than those of

bass because of their lesser importance in the eyes of the press and the

sportsmen. Bluegill four-tenths of a pound and larger are classed as

highly desirable by most anglers and are taken in considerable numbers

by the more skillful bluegill fishermen (Figure 11). Bluegill larger than

FIGURE 11. Some fishermen are able to find the schools of

large bluegill. These were token from 30 feet of water during
the sweltering late summer heat. Photograph by Dana L. Abell,

Sepfember 1, 1952.

six-tentlis of a pound are rnrely seen. lijirge uuiiibers of very small blue-

gill are present in 1lic calcli during tlic midsummei', howevei'. jind the

average size of this siiccics in the catch is iherefore small. The i)nil)hiii

in catching 1hc hii-'jc hliict:!! hns always been one of locating the schools.

These may ])e louiid in any part of tlie lalce a.nd, according to some of the

e.xpei-ieiicril aniilers. a1 any (jeptli iip to •'{() Feet. (!i\-eii a lake of limited

|ii-(Mliict ion with some 10 miles of shoreline, it is lit 1 le wonder that many
persons content themselves with the small ])lnegill, which usually fre-

f|iu'iit the shallow co\-es in large tiumbers.
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FIGURE 12. Monthly average weights of largemouth black bass taken at

Millerton Lake, 1949 through 1952
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Average weights of each of the two main species of fishes are shown in

Table 7 and Figures 12 and 13. The feature of most interest in the

moiitlily average weights is the consistent dip of the curve for both bass
and bluegill during the summer months. ^Yinter fish are nearly always
large. When angling improves, the weight drops off sharply, and as sum-
mer progresses it usually continues to decline for both species. After a

midsummer low, bluegill begin a gradual return to the high winter aver-

age. Bass weights are rather inconsistent in the fall but usually reach a
level somewhat higher than the earlier low.

TABLE 7

Average Weights in Pounds of Principal Species at Millerton Lake
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Regulations

On May 1, 1948, the year-round warmwater fishing season was initi-

ated in the southern half of the State, including Millerton Lake, and the

minimum size limit of nine inches for black bass was dropped. In order

to compensate to a certain extent for this potential increase in take, in

1949 the bag limit was reduced from 10 to 5 fish, but the total effect was
still one of liberalization and greater harvest because of the inclusion of

the full spring peak in bass fishing. Relativeh' few fishermen at Millerton

Lake ever take limits of bass, even at the lower limit, so the change in

bag limit probably did little to reduce the total harvest.

In general, the fluctuations in angling success at Millerton Lake do not

appear to be related to these changes. However, the decline in bass weight
may have resulted in part from liberalization of the laws. In spite of the

drop in fishing quality, bass weights apparently remained high until

1949, which was the first year when anglers could take full advantage of

the spring peak in fishing quality (because of the year-round angling sea-

son). It would be expected, though, that if the provisions for increased
harvest were to result in decreased size, a period soon after the relaxation
of the rules would show a noticeable increase in catch. This was definitel}'
not the -case. It therefore seems probable that some other factor, such as

lack of proper food, is responsible for the present small size of the bass.

It is hoped that the introduction of a forage minnow will help this con-
dition.

Everything considered, the present regulations appear to be satisfac-

tory. Reproduction of bass is not being hampered by the present bag limit

or by the taking of small fish. An increase in total harvest, especially

among the sunfishes, would probably be desirable. This might be accom-

plished by making a much larger portion of the lake accessible to shore

fishermen and by teaching the large numbers of inexperienced fishermen
how to locate and catch fish in this lake. Measures are being taken to ac-

complish both of these ends.
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SUMMARY

The fishery at Millerton Lake has been measured by creel census more
or less continudusly since this large, highly fluctuating foothill reservoir

was first ojoened to fishing in 1945.

An excellent initial fishery (0.72 bass and 5.20 sunfish per angler day
in 1945} lasted two years, following which fishing quality fell to an
extreme low in 1948 (0.33 sunfish and an estimated 0.2 bass per angler

day), but subsequently recovered in 1950 to about one-half the original

quality. Size of both bass and bluegill has declined also and remains at

a low h'vel (average bass in 1951, 0.67 pound; bluegill, 0.16 pound).
These changes seem to be related to the normal decline of fertility in new
lake basins, although cyclical population fluctuations may also be in-

volved.

.Monthly catch records for 1949 tliruugh 1951 show peaks in fishing

qualit.>' for bass in the spring and fall and for sunfish in midsummer.

Angling effort is frequently not well correlated with the qualitj^ of bass

angling, esjiecially in the fall, when fairly good bass fisliing is all but

ignored. .Sunfish effort and catch are better coordinated, probably be-

cause the peak is easily predicted.
A marked decline in weights of both bass and bluegill during the

summer is noted. Differential activity of the various year classes of fish

and, to a lesser extent, entry of yearlings into the catch are probably
both involved.

Green suiifisli have never been important eithei- in nunibers or size,
even though thei-e was a heavy initial stocking. They have never con-
tributed moi-e tlum 8 percent of tlie catch, and a\ei-age size is about
one-tenth pound.

Ill a typical j'ear (1950) the lake received 8.1 fisherman days per
surface aci'e a)id yielded 6.7 ])ounds of game fish. These are coiiccii1i-atc(l

uj)on a littoi'al zone of appro.ximately 410 sui'face acres. Applying total

effort and catch to the littoi-al zoni' alone gives [)i*o(luction figures of

87.4 fislieDiijiii (jjiys ;iii(l 72.-'> pounds per acre.

The decline of the Millerton Lake fishery is probably not related

to the liberalization of regidations on warmwater fishing, although the

two occur'i-ed at appi'oxinuitely the same time. Fishing (puility started

to fall befoi-e the rule changes could possibly have had any effect, and
it has recovcnMJ not ii'cjihjy since then.

It is concludcil that in ucnci-al the existing i-ei^ulat ions are adequate.
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THE 1950 LARGEMOUTH BLACK BASS AND BLUEGILL

TAGGING PROGRAM IN MILLERTON

LAKE, CALIFORNIA'
CHARLES K. FISHER

Inland Fisheries Branch, California Department of Fish and Game

In May, IDoO, an exploratory tagging study was initiated at Millerton

Lake by the Department of Fish and Game to estimate the rates of harvest

of larg-emonth black bass (Micropferns sahuoides) and blnegill (Lepomis
macrocliirus) . This project was one phase of a program to discover pos-
sible means of improving angling on waters of this type. This report
summarizes the results.

Millerton Lake is a 5,000-acre impoundment created by Friant Dam
on the San Joaquin River some 20 miles north of Fresno. It is subject
to extreme fluctuations in water level, with resulting adverse effects upon
the fish populations. The reservoir and the first year of its fishery have
been described by Dill (1946).

Valuable assistance was received on this project from many individuals

and organizations. William A. Dill gave valuable advice and Robert F.

Winter, Harold G. Brown, and John Baxter aided with field work. Mr.

Hugh Peyton, Ignited States National Park Service Custodian of the

recreational area and Mr. Jackson Saunders, boat concessionaire, actively

supported the project. Assistance with publicity was rendered by Messrs
G. W. Philpott and Cecil Phipps, local sportsmen. Particular thanks are
due the Millerton Lake Sportsmen's Club and the Fresno County Sports-
men 's Club for stimulating interest in the program by means of special

publicity programs.
Numerous prizes were furnished by local sporting goods firms to stimu-

late interest in the program and to encourage the return of tags. These
were awarded at a series of drawings from returned tags. A small token

prize and an official Department of Fish and Game Commendation Card
were awarded every angler returning a tag.
Between May 16 and June 16, 1950, 61 bass and 397 blnegill were

tagged in all parts of the lake and released immediately at the point of

tagging, as shown in Figure 1. Standard monel metal strap tags were

used, size No. 3 on the bass and No. 1 on the blnegill. They were placed on
the upper jaw over both the maxillary and premaxillary.

Only bass nine inches or longer and blnegill five inches or longer, total

length, were tagged, in order to avoid using fish smaller than those

ordinarily retained by anglers.

Practically all fish tagged were captured by shallow water seining.
Two bass were caught by hook and line. A majority was tagged in the

lower, expanded part of the lake, which is most suitable for seining.
1 Submitted for publication March, 19 53.
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FIGURE 1 . Map of Millerton Lake, showing points of tagging and recapture of

largemouth black bass and bluegill

During the remainder of the calendar year of 1950, after the spring
tagging period, tags from 12 bass and 19 blnogill were returned, amount-

ing to 19.7 j)ef('ent of the 61 bass tagged and 4.8 percent of the 397 blue-

gill tagged. Although tJie numbers involved are very small, these results

are at least an indication that rates of harvest are not excessive at Miller-

ton Lake.

CV)mparjd)le rates have been reported for other wat(M-s. For example,
in Xorris Ik'servoir, Tennessee, Manges (ID.IO) reported that the average
return on tagged largemouth black bass, diii-ing five years of tagging,
was 18.4 percent. This is not generally considei-cd ;m excessive rate of

harvest in such waters.

Tagged largemouth bass ami bluegill in .Millerton Lake move A-ery

little, judging fi-om tags returned in 1950. The average movement from
poiiil (if tagging was 1.2 miles for 12 bass and 1.4 miles for 19 bluegill.
These mileages represent the shortest distances by water to point of

recapture.
The longest journey of a bass Avas 8.8 miles, about half of the length

of llie I'eserxdif. ill a period of 88 days. The I)Iiiegi]] showing gi-eatest

nio\-emeiit 1 raveled 4.0 miles in 34 days. Four bass and 1 hree lilnegill IijhI

noi moved from point of tagging when captui'cd.

Even though these game fishes apparently mo\-e relativelv lilile in

Millerton Lake, anglei- concent rat ion is pi-obably insufficient in an\' one

area of the ivserxoii' to cause local depletion of tli<' populations.

SUMMARY

A limited tagging study on largemouth black hass and bluegill was
carried on by the California Dejiaii meni of Fish and Game at Millerton

Lake in 19o0. (Mit of (il bass and o97 bluegill tagged, retuiais were
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obtained on 12 bass (19.7 percent) and 19 bluegill (4.8 percent). Indi-

cations are that neither species is overexploited.
The average recorded movement from point of tagging to point of

reeaptnre was 1.2 miles for bass and 1.4 miles for blnegill.
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THE ELECTRIC FENCE AS AN AID IN FIELD STUDIES

OF RODENTS AND THEIR ECTOPARASITES'
RAYMOND E. RYCKMAN, KARL C. FISCHER, CHARLES T. AMES, and CHESTER C. LINDT

Deparlment of Entomology, School of Tropical and Preventive Medicine
Loma Linda, California

INTRODUCTION

The electric fence has been nsed in several modified forms to retain

or exclude certain animals. The following animals have been successfully
fenced with electricity: Antelope were excluded from feeding areas

in Yellowstone National Park (Grimm, 1938). Bears were prevented
from destroying apiaries in California and Pennsylvania (Storer et al.,

1938; Gerstell, 1938). Buffalo were excluded from overgrazed pasture in

Yellowstone National Park (Maynard Barrows, in litt. 1937). Co3'ote

nuisance was reduced in Texas (Nicholson, 1937). Deer were excluded

from cultivated fields and orchards in Utah and Wisconsin (Doman,
1938; Nicholson, 1937). Elk were prevented from raiding liaystacks
in AVashington (Nicholson, 1937). Fish have been excluded from irri-

gation ditches, canals and millraces by electrical fish stops (Burr, 1931
;

Meridian, 1928). Domestic livestock have been excluded from game
plantings (Stoddard, 1938). Babbits have been kept from vegetable

gardens (Nicholson, 1937). Raccoons have been prevented from raiding

grouse refuges (Darrow, 1938 in litt.). Pequegnat and Thomson (1949)
used an electric fence in the Mojave Desert to study rodent population
densities. They used voltage of sufticient strength to kill all animal

species from a 96-gram Dipodomys to ants when the.y came in contact

with the fence.

In 1952 the authors tested insecticides for control of ectoparasites on
California ground squirrels, Citellus heecheyi heeclieyi (Richardson)
and C. heecheyi fisheri (Merriam). In this study it was important to

know the number of animals per acre and to prevent migration of

squirrels from one test area to another. A fence was designed which
retained California ground squirrels and did not injure animals coming
in contact with the electrically charged wires.

A mechanical and electrical barrier 37 feet square was constructed
in the field and stocked with squirrels. After making certain changes, it

seemed practical to test the effectiveness of this type of barrier on a

larger scale. Five units were constructed during May and June, 1952
;

each unit enclosed an area of -14,100 square feet and was stocked with
150 ground squirrels. After nine niontlis, no squirrels have climlx'd over

the fence or dug under it.

1 Submitted for publication April, 1953. This research project was supported by a con-
tract (DA-4H-Ui)7-MD-lS5) from the Research and Development Board, Office of
the Surgeon General, Department of the Army.
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THE ELECTRIC FENCE AND ITS CONSTRUCTION

A trench 18 inches deep and 12 inches wide was dug around the pe-

riphery of each fiekl by a ditch digger. It is recommended that the fences

be placed in the ground to a depth of 86 inches if they are to be used
for one year or more or if other rodents such as gophers are present.
Three-inch angle iron corner posts with braces were then cemented in

post holes dug in the bottom of the treucli (Figure 1). A one-inch pipe

FIGURE 1. Cutaway of corner post. (1) corner post constructed of 3-inch

angle iron; (2) wire netting, 1-inch mesh; (3) 12-inch shelf bracket; (4) cir-

cular type insulator used in fence corners only; (5) 13-gage aluminum wire,

charged with electricity, is shown attached to the inside of the wire netting

fence; (6} roller, a 1-inch iron pipe.

six feet long served as ;i I'ollci- fFigiiiT 1. Xo, (>) nroiiiid wliicb the Avire

netting was pulh-d. Tiic roHcr was liehl in phice \)\ two ij-inch bolts bent

at right angles as shown in Figure 1. 'I'lic six-foot high wire netting

(oni'-iiicli mesh) was j)ulle<l Ihi-oiigh cjidi ol' thr I'dlicrs in the I'onr

cofners of t he field, h'or i';ii-li Icncc, si.x rolls of wire m '11 ing wim'c needed.

Jicfoi'c installation. I lie wii'i' \\assj)li('e(l by wea\iiig a strand of number
six wire thr(in;ih the (iNci-hipping ends oF the netting. Line posts seven

feet long were subsecpient ly (li-ixcn along the inside wall of the trench

at intervals of 15 feet (^Figures 2 and 4).
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Eartli dug from the trench was replaced, buryiug the fence 18 inches

deep. Twelve-inch shelf brackets were then bolted to the line post approx-
imately three inches from the top of the posts as shown in Figure 2.

These brackets served three purjioses; (1) a support for the wire netting

extending horizontally inward into the pena, (2) a support for the

uppermost insulators and (3) a secure attachment of the wire netting

FIGURE 2. Cutaway at fence post. (1) 7-foot steel line post; (2)

wire netting, 1-inch mesh; (3) 12-inch shelf bracket; (4) split-type

insulator; (5) 13-gage aluminum wire charged with electricity.

to the upper portion of the line post. Shelf brackets were fastened to

the corner rollers as indicated in Figure 1. In each fence corner a one-

foot vertical cut was made in the top of the fence to permit horizontal

folding of the fence in each corner. The fence was then folded over on
itself and pulled tight by attachment to the braces of the corner posts.
This procedure completed the overhang around the entire field.

Insulators were installed in the fence corners by attachment to the

roller as shown in Figure 1. Split-type insulators were attached to line

posts and shelf brackets by bolts as shown in Figure 2.

Smooth, single strand, 13-gage aluminum wire was stretched tight

and held by a Burncly solderless connector. Three 13-gage aluminum
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FIGURE 3. The fence charger is inside the fence and to the left of the corner post. Step lad-

ders were used by research personnel for entry and exit from fenced field. When not in use,

the ladders were removed to prevent squirrels from escaping.

FIGURE 4. A portion of three fenced fields is shown in the foreground. An electric fence

charger is visible in each fence corner. Lettuce crates used as observation posts for the squirrels

are shown to the right and left of the driveway.
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wires encircled the inside of each fence and were spaced as shown in

Figures 1 and 2. One standard electric fence charger was placed inside

each fenced field and connected to the insulated aluminum wires (Fig-
ures 3 and 4). This charger was powered by one six-volt dry-cell battery.

The electric fence chargers were placed inside the fields to prevent
unauthorized jDcrsons from turning the current off. Research personnel
entered the fields by step ladders as shown in Figure 3.



494 CALIFORNIA FISH AND GAME

diseonrap'ed by flooding the burrow "with water and plugging the en-

trances after exit of the squirrels present. "Wide-spread burrowing was
most active during the first weeks after squirrels were released in the

fenced fields
;
once colonies were established there was little exploratory

burroAving. (3) The electrically charged wire placed near the ground
(Figures 1 and 2) repelled squirrels attempting to dig burrows near
the fence.

CARE OF THE SQUIRREL POPULATIONS

Water was su]iplied to tlie squirrels in two-gallon chicken fountains

during the hot, dry summer period.
Discarded- green succulents were obtained from a local vegetable

dealer and fed to the scpiirrels daily. This material consisted principally
of lettuce and other greens. Seeds of several species of weeds and grasses
were present and the following were readily eaten by s(iuirrels : Ilordeum
murinum L., Brassica incana Meigen, and Chenopodium alljum L. Squir-
rels born in the laboratory have been reared to maturity without free

water, their diet consisting of lettuce, meat and grains.

Soon after release into the fenced fields, the squirrels' behavior indi-

cated that observation points were desired. Five such points were estab-

lished per acre. Each unit consisted of three lettuce crates stacked

together forming an elevated stand two feet high (Figure 4). When
danger was apparent squirrel "sentries" on 'the crates signaled to other

squirrels feeding in the vegetation. After estal)lishment of these obser-

vation points, the behavior pattern of the squirrel population appar-
ently became more psychologically secure and the desire to escape
seemed to bo markedly reduced.

BENEFITS DERIVED FROM THE ELECTRIC FENCE

The electric fence was developed to fill a need existing in insecticide

studies concerned with tlic control of ectoparasites on ground squirrels.

Results of tlic insecticide stndies have been accepted for i)nl)lication else-

where.

Continued use oi' the electric IV'uce in insecticide studies is indicated

by the following significant advantages :

1. Ecological field vaciables were reduced lo a niinimuiu with respect

to temperature, humidity, host food, soil type, soil ])11 and vege-

tation covei'. This was made possible by ei-ecting all the electrical

fences in a siinilai- ecological environment which was previously
inhabited by groinid sciuirrels.

2. High host-density has resulted in a high flea index. This high

parasite index was ideal I'oi- comparison of treated and untreated

I'odent populations.

.'). A sharp concise index was ol)laine(| ;it given intervals because a

lar-gc niindter of squirrels were examined in a relatively short period
oi' time.

4. (Ireater accuracy was possible in aj^jflying insecticides because the

bur-rows were not in brushy and inaccessible terrain. Ground squir-
rels IVefpiently inhabit ii'regular terrain which may be overgrown
with dense vegetation.
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5. Experimental squirrel populations were not disseminated or dis-

turbed by nonavian predators.

6. Squirrels were prevented from mip'rating into experimental fields

from surrounding untreated areas.

THE ELECTRIC FENCE AS A BARRIER TO RATS

Rattus rattits ratfus Linnaeus, Edttxf; norvegicns Erxleben, albinos

and hybrids were trapped from a local dump and used as experimental
animals. Eighteen rats were confined in a pen 15 feet square for a

continuous period of 24 hours
;
none escaped. This experiment was re-

peated twice with the same results.

Construction of this electric and wire netting fence was similar to

that of the squirrel pens. Principal differences were: (1) One foot of

the wire netting was turned inward horizontally at the ground level.

A light covering of earth held down and covered the turned-in lower

edge. (2) Eight inches of netting along the top of the fence was turned
inward horizontally with two additional inches turned down vertically
on the inner edge of the overhang. (3) An electric wire was placed in

the center of the overhang instead of at the edge as in the squirrel pens.
Two electric wires were attached to perpendicular sections of the fence

as shown in Figure 6. Few rats were successful in climbing over the

FIGURE 6. Rats trapped from a dump are retained below the lowest of three electrically-

charged aluminum wires. The rats soon became conditioned and were careful not to come in

contact with the charged wires.
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first electric wire and then for only a few seconds (Figure 6). Studies

are in progress to determine if the electric fence is a practical method
of protecting stored products which are susceptible to rat damage.

SUMMARY

A mctliod of constructing a mechanical and electrical fence has been

]ierf('cted to retain or exclude the California ground squirrel Citelliis

heecheyi heecheyi (Richardson) and C. heecheyi fisheri (Merriam).
Insecticide studies concerned witli ectoparasite control on the Cali-

fornia ground s(iuirrel have been greatly aided by confining the rodents

in fields fenced with electricity. This procedure has reduced field varia-

bles to a minimum with respect to temperature, humidity, soil type, soil

1)11, host density, host food and migration of sr|nirr(>ls between study
areas.

Rats of the genus Raff its liave been confined to a pen 15 feet square

l)y the use of a specially designed electric fence. Studies are in progress

to determine if the electric fence is a practical method of protecting

stored products which are susceptible to rat damage.
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RESPONSE OF BRUSH SEEDLINGS TO SPRAYS OF 2,4-D

AND 2,4,5-1 ON BURNED CHAMISE AREAS'
D. W. HEDRICK,- H. H. BISWELL, and A. M. SCHULTZ

School of Forestry, University of California, Berkeley

INTRODUCTION

In manipulatino' eliamise brush for game, the control of brush seedlings
on areas where fire is used may well be an important phase of manage-
ment. Following fires, seedlings usually appear in great abundance and
unless these are retarded they soon develop into a stand of brush too

dense for optimum utilization. Chemical sprays offer a possible means
of brush seedling control.

From 1948 through 1952 the use and effects of 2,4-D and 2,4,5-T
on brush seedlings in chamise areas in Lake County, California, were
studied. Although considerable experimentation has been done with

sprays on mature brush plants, relatively little attention has been given
to seedlings. Leonard (1952b), however, found that a few chamise seed-

lings usually remained on plots sprayed with less than four pounds per
acre of isopropyl ester of 2.4-D and 2,4,5-T with water and diesel oil

as the diluent. Only the plots he sprayed with 2,4,5-T at four pounds
per acre in diesel oil gave 100 percent kill of seedlings. Plots sprayed with
two pounds of 2,4,5-T with oil emulsions and oil as the diluents had less

than 10 percent as many chamise seedlings as the checks.

The economic feasibility of brush seedling control by hormone sprays
was not covered in this study. However, Leonard (1952a) has found the

cost of spraying chamise brushlands in fSouthern California to be about
$5 per acre.

Investigations by Biswell, et al. (1952), have indicated three other

possible means of brush seedling control : (1) Reseeding desirable forage
plants to produce a stand which will otter enough competition to choke
out many of tlie brush seedlings. (2) Reburning in two to four years
after a first fire to destroy most of the seedlings. (3) Management whereby
the area burned is not greater than that which can be fully utilized by
deer. Thus far, where fire is used, a ccnubination of reseeding and man-
agement has proven to be the most satisfactory way of controlling brush

seedlings.
RESULTS OF EXPERIMENTAL WORK

Treatments Started in 1948

In August, 1948, 65 mil-acre plots (6.6 feet x 6.6 feet) were established
in Lake County to study the eft'ects of 2,4-D sprays on chamise and asso-

ciated brush seedlings. All tlie plots were located on a burn of the pre-
1 Submitted for publication May, 19.53. Federal Aid in Wildlife Re.storation Act, Cali-

fornia Project W-31-R.
2 Now with Department of Animal Husbandry, Oregon State College, Corvallis.
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vious fall and the seedlings were of current year origin. Half of the plots
were in an area that was heavily utilized by sheep and possibly by some
deer until the first of July and, after that, used heavily by deer

;
the other

plots were located in an area that was lightly utilized by deer.

The plots were selected to obtain a large number of seedlings so that

all important species in this area might be amply represented. A total

of 19,427 seedlings were counted on the 65 mil-acre plots. Amine salts

of 2,4-D in water, and isopropyl ester of 2,4-D in both water and oil

were applied with a small hand spray gun at the rates of one, two, and
four pounds of parent acid in 10 gallons of water and five gallons of oil

solution per acre. It is thought that all seedlings were covered with the

spray solutions. Eecounts to determine seedling survival were made in

December, 1948, May, 1949, December, 1949, and August, 1950. The

original seedling count before spraying and the final recount are given
in Table 1. The natural survival of seedlings drops sharply the first year,
as much as 50 percent, and then levels off the second year. Likewise, the

mortality caused by the sprays was greatest in the first year and was less

noticeable in the second year. At the end of two years the survival of

some species on the check plots was less than 20 percent.
The figures giving the totals for all seedlings indicate that the 2,4-D

sprays reduced seedling survival in all cases. However, diesel oil spray
at the rate of five gallons per acre was totally ineffective in reducing
seedling survival. The amine of 2,4-D proved more effective than any
other mixture. In most cases the stronger concentrations of 2,4-D gave
the best kill. There seemed to be little or no correlation between the per-

centage of kill of seedlings by the sprays and the degree of utilization

by sheep and deer. In the case of yerba santa, however, a greater kill

was obtained on the lightly utilized plots where competition from other

species was greatest. This species is very sensitive to competition.

Treatments Started in 1949

In 1949, another study was started to further test the effectiveness of

sprays in destroying brush seedlings. All brush seedlings were counted
on 106 mil-acre plots. One set of 48 spray plots and five check plots were
located in a two-year-old burn that had been heavily used by sheep and
deer the first year after the fire. Another set of the same number was
placed in a one-year-old burn with seedlings of the current year. Sheep
had heavily used this latter area in the spring. Amine salts of 2,4-D,

isopropyl ester of 2,4,5-T, and a mixture with equal amounts of amine
salts of 2,4-D and isopropyl ester of 2,4,5-T were applied at per acre
rates of 0.75 pound, 1.5 pounds, 3.0 pounds, and 4.5 pounds of parent
acid. A total of 16 different combinations was used on each set of the 48

plots. These were applied in a solution consisting of four gallons of

water to one gallon of oil. This solution was used at the rate of 3| gallons
per acre, applied carefully with a small hand spray gun so as to cover
all seedlings. A small amount of detergent, about one ml. of 1 percent
solution of Unox per 60 mis. of spray, was added to the above to increase

the effectiveness of sprays containing amine salts of 2,4-D.

Spraying was done in July between 4 and 8 a.m. when there was little

air movement. To make sure that the correct application was given each

plot and to minimize the effect of drift, three plywood panels four by
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eig-lit feet were placed around each plot before spraying and left in place
nntil the spray had settled.

A summary of the results of the spraying is presented in Tables 2 and 3.

A total of 2.'i,079 seedlings was counted on 53 mil-acre plots on the one-

year-old burn and 12,946 seedlings on the same nuhiber of plots on the

two-year-old burn. The number of seedlings for each treatment is based
on three replications except for the checks, which consist of seedling
numbers from five plots.

The results of this test show the sprays to be much more effective on
one-year-old than on two-year-old brush seedlings. As with the first series

of treatments, kills were generally greater for the more concentrated solu-

tions. Delayed germination of brush seedlings on recent burns was ob-

served for all species. This fact indicates that if seedlings are treated the
first year, when treatment is most effective, new seedlings may still appear
the next year.

Treatments Started in 1950

Studies on the possible use of sprays in conjunction with reseeding
burned cliamise brushlands were started in 1950. Three blocks with dif-

ferent densities of grass cover were selected in an area of chamise brush
burned and reseeded with annual ryegrass in the fall of 194!). Ryegrass
was seeded at the rate of six pounds per acre and the resulting cover

consisted principally of ryegrass where the stand was most dense and of

wild annuiils, cliieflv foxtail fescue, where the stand was the least dense.

TABLE 4

Survival of Brush Seedlings of Chamise, Wedgeleaf Ceanothus, and Verba Santa Sprayed With a Combina-

fion of 2,4-D and 2,4,5-T Under Good {250o), Fair (15%) and Poor (5°o) Densities of Grass

on Reseeded Burned Chamise Brushland. Sprayed 1950, Recounts Made 1951
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One block liad an estimated grass density of less than 10 percent, one

varied from 10 to 20 percent, and the third was greater than 20 percent.
The areas selected were located on a chamise slope of a southeast exposure
and soils were comparable. Four ^oo-^cre strips measuring 3.3 by 33

feet w^ere laid out at random within each of these blocks and three plots
in each block were sprayed in July with a combination of 2,4-D and

2,4,5-T at the per acre rate of one pound of total acid in a 10-gallon
water-oil solution consisting of eight gallons of water to two gallons of

oil. One strip selected at random in each block served as a check and
recounts w^ere made to determine the effectiveness of the sprays in de-

stroying brush seedlings under different densities of grass cover. The
total number of brush seedlings recorded on these strips before and
after spraying is given in Table 4.

In these studies the relative survival of brush seedlings when sprayed
with a combination of 2,4-D and 2,4,5-T was greatest where the grass

density was highest, and was intermediate where the grass density was
lowest. The low kill of seedlings in the plots with the highest grass density

might have been due to some protection provided by the grasses, and
also to a drier soil moisture situation. However, these possible factors

were not evaluated. The differences in number of brush seedlings at

the start and end of the study for the check plots are in agreement with

other studies (Biswell, et al., 1952) showing that grasses in high densi-

ties suppress the establishment of brush seedlings regardless of other

treatment.

Treatments Started in 1951

Studies in 1951 were enlarged to include spraying xV-acre strips on
burned chamise brushlancls seeded to a 1:1 mixture of hardinggrass
and smilo at the rate of 8 pounds per acre. Strips 100 feet by 43.56 feet

with the long axis up the slope were used. The area of burned chamise
brushland extended over a small watershed w'ith both northwest and
southeast exposures. A strip on each exposure was sprayed in the middle
of ]\Iay, June, and July. At the time of spraying, five permanent
mil-acre plots were established on the sprayed strips as well as on ad-

joining check areas of the same size. The brush seedling counts from
these areas before and one year after spraying are included in Table 5.

Survival of brush seedlings w^as much lower when the spraying was
done early in the season. May applications gave the best results on both

exposures. June was satisfactory on the northwest but apparently too

late for the drier southeast slope. Spraying in July was equally un-

satisfactory on both exposures. Offord (1949), in working with Ribes,
found that this plant is more easily killed by sprays in May than in

July or xVugust. A striking feature of these results is the low survival

of brush seedlings in 1951-52 on the check plots. It is thought that frost

heaving accounted for much of this mortality, as is often the case wdth
reseeded grasses (Biswell, et al., 1953). Frost heaving is generally more
severe on the northerly exposures. The unusually heavy losses on the

check plot for the strip in June may have been caused by local variation

in aspect as it was on a more westerly slope than the areas sprayed in

May and July.
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TABLE 5

Summary of Effect of 2 4,5-T on Brush Seedlings Soroved at Different Dates (May 15, June 15, July 14)

on Northwest and Southeast Exposures. Sprayed at Rate of 1 lb. of Acid per Acre in 10 gals, of

Water: Oil Solution in Ratio of 4:1. Each Entry Based on Five Mil-acre Plots.
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SUMMARY AND CONCLUSIONS

In manipulating brush for game, the control of seedlings after fire

is an important phase of management. Brush seedlings usually appear
in great abundance after fire and without some means of control they
may develop into a stand of brush too dense for optimum utilization.

The control of brush seedlings with sprays of 2,4-D and 2,4,5-T on
burned chamise brushlands in Lake County was tested over a four-year

period. Many of the seedlings were killed by the sprays but some of

every species survived. The number surviving may be a small percent-

age of the original number but often these would be enough to produce
a full stand of brush at maturity. Other possible means of brush seedling
control have been reported by Biswell, et al. (1952).
The economic feasibility of brush seedling control by hormone sprays

was not covered in this study. However, Leonard (1952a) has found tlie

cost of spraying chamise brushlands in Southern California to be about

$5 per acre.

Principal results of the study may be summarized as follows :

1. Sprays were more effective on current year seedlings than on

two-year-old seedlings.

2. In all treatments new seedlings appeared the second year after

spraying current year seedlings, thus tending to mask the effect

of the sprays.

3. The higher concentrations of sprays were more effective than the

weaker ones.

4. Seedlings were more susceptible to sprays in early spring when the

soil was moist than later when the soil had dried.

5. Species were susceptible to sprays in this aiDproximate order : yerba
santa, chamise, wavyleaf eeanothus, manzanita, and wedgeleaf
ceanothus.

6. Results with sprays indicate that other means of brush seedling
control for game, such as reseeding and grazing management, are

more practical and effective than hormone sprays at this time. How-
ever, when sprays are used they should be api)lied to current year
seedlings, in the early spring after seasonal germination is com-

plete, and at the approximate rate of 4 pounds of acid per acre.
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REPORT ON SOUTHERN CALIFORNIA'S

JANUARY DEER SEASON'
JOHN LAUGHLIN

Game Management Supervisor, Southern California Region, Department of Fish and Game

INTRODUCTION

In Sontherii California approximately 2,000,000 acres of the best deer

range nsnally are closed to entry dnring reg'iilar deer hunting season
because of the high fire hazard existing during the drier portion of the

year. The topography of this part of the State is characterized by rather
flat valleys and abrupt, steep mountains. The low land is of high value

resulting from urban, suburban and agricultural development. The
brush-covered mountain ranges form watersheds of a critical nature. De-
struction by fire of the vegetative cover on these ranges has caused flash

floods and soil movements which at times have caused serious economic
loss on lands below.

The prohibition of deer hunting in fire closure areas has created prob-
lems for the Department of Fish and Game. Heavy pressures by an ex-

panding hunting population have built up on lands open to hunting
while the game on 2.000.000 acres of the most productive deer range in

Southern California remained unavailable except during occasional years
of unseasonable rains. As a result of year long protection, deer from
these closed areas increasingly haA'e pushed out to cause depredation to

adjacent orchards and vineyards.
In order to work toward a solution of this problem, conferences were

started in 1949 with the supervisors of the four national forests who ad-

minister federal watershed lands in Southern California. A plan was

proposed by which the Department of Fish and Game would maintain

checking stations and provide patrolmen if the Forest Service would
allow hunters on these ranges during regular hunting seasons. This plan
was not acceptable to the Forest Service. It was pointed out that if the

restrictions were removed for one class of user, other classes of users

(such as hikers, campers, anglers, erptestrians, miners) would demand
and be entitled to the same privileges. This situation would cause a com-

plete breakdown of the closures. It Avas stressed that secondary uses of

these watershed lands would have to be directed toward periods of low
fire hazard, which is limited to three or four wiuter months. The month of

Januar}- was suggested as a safe period to ])laii for a deer hunting season.

As a result of these conferences it became evident that there was no
chance for deer hunting in fire closure areas during regular deer seasons,
and no assurance of gaining entry to these lands prior to January 1st.

In mid-1950, preparations began for establishment of a deer season most
satisfactory to all interests concerned.

^ Submitted for publication May, 1953.
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There is a deep-seated but uiit'uuiidcd belief among' hunters in Califor-

nia that meat from deer shot during the rut, or several months after, is

unfit to eat. A post-rut hunt would be most acceptable from a meat stand-

point in May when deer meat is at its prinu^ in Southern California. l>ut

a May deer hunting season would find buck antlers in a poor state of de-

velopment and of little troph}^ value. Also, May falls in the fawning pe-

riod, at which time the disturbance of hunting would result in losses of

young animals. After an evaluation of all factors, it was decided there

would be better public acceptance of a deer season early in January than

during any other of the available months. Most of the bucks still retain

antlers at this time and the rutting period generally is culminated. It was
decided to schedule a two-Aveek season in early January as an expei-iment
to determine what recreational values could be salvaged from deer herds
in fire closure areas, from animals which otherwise would remain un-

harvested.

THE GAME REFUGE PROBLEM

By holding a deer hunting season during the Avinter period of low fire

hazard, the problem of fire closures would be solved. A far less flexible

barrier to extensive winter deer hunting in Southern California con-

sisted of the state game refuges Avhich embrace more than a million acres

in that part of the State. Because a system of inflexible legislative ref-

uges is no longer considered of value to the State's deer management pro-

gram, and because of the large acreage of deer range involved, it was

decided to wait until all, or most, of these refuges were opened to hunting
before proceeding with the experimental January deer hunt. A list of

these refuges with the countv of location is given below

Refuge numher
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primarily to benefit game but rather for waterslied protection was
pointed out. The advantages of flexible hnnting closures (with land
closed to hunting where needed and only so long as needed) over an in-

flexible refuge system was explained. The relation of the established

refuges to agricultural depredation by deer was demonstrated. The great
waste of game that results from locking up vast acreages as inviolate

preserves was stressed. As a result of this missionary work, sportsmen 's

organization petitioned the Fish and Game Commission to allow hunting
in the refuge areas in Southern California.

Although the game refuges involved were created by the State Legis-
lature, the power to open or close them has been given by the Legislature
to the Fish and Game Commission with other regulatory powers, which
are renewable at the end of each two-year legislative period. By mid-

1951, a review of requests for refuge openings received by the commis-
sion made it appear advisable to lay the groundwork for the winter deer
hunt. Letters were sent to the boards of supervisors of counties in which
the refuges lay. It was pointed out that there was a possibility the refuges
would be opened and it was suggested that existing firearms ordinances
be strengthened where needed to afford protection to settled areas. No
objections were received from Los Angeles, Orange, Riverside, San
Diego or Ventura Counties, but the response from San Bernardino
County was contradictory. Residents of some of the settled areas inside

Refuge 4A filled the press, and the county supervisors' chamber, with

protests. As a result, meetings were callecl with the Inland Council of

Conservation Clubs for the purpose of drafting a proposed ordinance
which would aiford protection to areas needing protection, but which
would not be unnecessarily restrictive. These meetings were attended by
representatives of sportsmen's clubs, resorts, the Campers Association,
the U. S. Forest Service, the San Bernardino County Board of Supervi-
sors, and the Department of Fish and Game. As a result, a map delineat-

ing what was believed to be an adequate restrictive area was prepared
and presented to the board of supervisors.

In California, the Fish and Game Commission must hold public
hearings in areas involved before issuing an order to open a game
refuge. The public hearings in regard to opening seven game refuges
(3D, 4A, 4B, 4D, 4E, 4F, and 4G) were held in January, 1952. Little

opposition was voiced at the hearings in Los Angeles, San Diego and
Ventura Counties

;
moderate opposition to opening Refuge 4D was

encountered in Riverside County; strong opposition to tlic jilan to open
refuges was met in San Bernardino County.
As the result of a united front by the sportsmen, the Farm Bureau,

the Forest Service, and the Department of Fish and Game all but one

refuge were ordered open by the Fish and Game Commission in January,
1952. The exception was the Bighorn Refuge, 4D, the opening of which
had the support of only one sportsmen's group. The way then seemed
clear to proceed with plans for a January" deer hunting season, a program
that had been started more than two years before.

THE JANUARY DEER SEASON

Before the Fish and Game Commission permits the taking of female
deer in an area it must hold a public hearing. It has been the policy of
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the commission to extend such hearing's to areas involved in any t^'pe

of special deer season. Hearings relative to ordering special winter deer

season in Southern California were held in the later part of March, 1952,

in each of the five counties involved. Only in San Bernardino County
was organized opposition encountered. In view of the general acceptance
of the proposal by the majority of sportsmen in the southern part of the

State the commission ordered the winter deer season set for January
3-18, 1953.

The regulations approved by the commission called for the issuance

of a linuted number of permits valid only in certain portions of specified

counties. The boundaries were drawn as closely as possible to coincide

with the fire closure boundaries. In a few instances, for the sake of

simplification or to protect winter deer concentrations, it became neces-

sary to exclude some fire closure areas or to include areas which had
been open during the regular hunting season. It was believed that

the short season and the limited number of permits would protect
those areas opened twice from being overharvested.

Sale of Permits

Buck permits for the January season were placed on public sale on

a first-come first-served basis at 8 a.m. on Saturday, July 19, 1952. They
were distributed as follows :

County No. of ix'niiit.s Phi ce of sale

Los Angeles 2,000 Pomona
San Bernardino 2,000 San Bernardino

Riverside 2,00(1 Riverside

Orange 500 Santa Ana
San Diego 500 Escondido

In addition, 250 permits were sold to tlie Marine Corps at Camp Pendle-

ton for distribution to Marine personnel for use on the base.

To assist in the control of deer damage to agr-iculture, three antlerless

deer zones were set up. Permits for antlerless deer were sold in con-

junction with the buck tags as follows :

Area No. of pcrmii.s Place of sale

fJlendora l<i San Bernardino 750 permits I'miidiia

Yiicaiiia to I'.anniiig 500 iicnnils S.in liernardino and
Riverside

Corona to MiinicKa 600 inMinils Riverside

People began lining up early the evening before the sale. In all cases

the crowd was orderly due to excellent assistance innw 1lie Reserve

Warden Patrol and to good cooperation from the assembled huntei's.

]\Tany bi-ongbt sl('c|)ing bags, camp stoves, thermos bottles, and lunches.

Some Icnts and one small sleeping ti-ailer appeai'cd in the lines. In some

cases hot eoU'ee and sandwiches were sold by enterprising sportsmen's
clubs. There was little complaint and little chiseling. In general the

Inmlers were coniplitiientary about the manner in Avhieh the sale was

conducted.

The sale started promptly at H a.m. The liunlers were sorted into

buck and doe lines and their applications were filled and checked before

they reached the sales desk. As a result tlu; long line of apidieants
moved forward at a comfortable walking speed, and by early alternoon

the lines were gone.
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All permits for Los Angeles, Orange, and San Diego Counties were
sold on the day of the sale. A few San Bernardino and several hundred
Riverside permits remained. These were sold over the counter in the

Los Angeles Office of the Department of Fish and Game. They were
sold out in less than three weeks.

At the time the hunters purchased their permits, each Avas supplied
with a map which delineated the area for which his permit was valid,
and which carried a complete set of regulations.

COUNTY ORDINANCES

The opening of the deer refuges did not cause major changes to be

2uade in the firearms ordinances of Orange, Riverside, Santa Barbara,
San Diego or Ventura Counties. About two weeks prior to the hunting
season Los Angeles County made minor changes in its ordinances to

protect developments at Mount Wilson and in residential areas in the

foothills. The pressure of opposition in San Bernardino County was

great enough to result in adoption of an extremely restrictive ordinance,
which in effect re-established Game Refuge 4A. The adoption of this

measure resulted in considerable reaction led by the Inland Council of

Conservation Clubs. About two weeks prior to opening of the winter
deer season, the ordinance was amended. One week later, the ordinance
was amended again. These amendments resulted in opening of some
additional areas to rifle hunting. They also led to confusion, not only
among hunters but also those who were to assist in enforcement of

the law.

MANAGEMENT OF THE HUNT

Every effort was made to keep the hunters informed as to the status

of open and closed lands. Despite the last minute additions to the Los

Angeles County ordinance, colored maps were prepared by the comity.
These were made available to hunters by Department of Fish and Game
field personnel and by stations operated by the sheriff's office, the Forest

Service, and the county department of forestry. Due to last minute

changes, current and useful maps of the San Bernardino closure were

not available.

Checking stations were set up on the key roads entering the hunting
areas. Additional copies of the regulations, maps, and local information

were available at these places. These stations were located as follows:

Los Angeles Vounti/ Orain/e Couuti/

1. Little Tujuuga Canyon Road 1. Silverado

2. Angeles Forest Highway 2. Urtega—later moved to Cajon
3. San Gabriel Canyon Road Pass, San Bernardino County
4. San Antonio Canyon Road

Sail tlt'iiKii'il ill') CuKiiti/

Riverside Count!/ 1. Ly tie Creek Road
1. Banning—Idylhvild Road 2. High Gear Road
2. Hemet—Idyllwild Road 3. City Creek Road
3. Temescal Canyon Road 4. INIill Creek Rciad

4. Santa Rosa Ranch Road 5. Cherry Valley— < (ak Glen Rn.-id

5. Murrietta—DeLuz Road—later

moved to Ortega Highway at ''^'"" '>"'•'/'> ^''^""'.V

Elsiuore 1-
J^"^^'"" ,

2. Lake Henshaw
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These stations were opened on the day prior to the hunt and were manned

continuously from G a.m. until 7 p.m. daily for the duration of the

fifteen-day season. The personnel manning these stations were,

wherever possible, selected for their local knowledge of the country.

They were issued written instructions as to their duties and were asked

to record all possible expressions of iiunters' opinions of the January

hunting season.

Regular and Reserve Wardens were sent into the liiinting areas to

supplement the resident wardens.

FIGURE 1. Successful hunter having his deer tag validated during v^^inter deer season.

Pho/o by Ted S\erk%.

THE DEER KILL

Dne to an oversight in |)riiiting tlie jx-rmits, a return address was

not i)r()vi(lc(l
on the kV-k'y tags. It is possible lliei-cfoi-c* that nuiiiy tags

wci-i' not turned in b\- validating officers and lor I his re;ison the known

1-jll |||;|\- |)(. less lh;in ihe iic1n;il kill. This is inilic;ile(l by ;i eonipjirison

of the known kill with the (l;it;i t;iken ti-oiii post-card (juesl ionnaires

sent to part ici|)ating hiintei-s. A labiihition of the kill as shown by deer

tag returns is given :

BUCKS

f'ountii J'cniiils 'I'oldl kniitvn kill

T.,s Anfr'.'los ____:__ ^.<»<'" ^^^

S.u, I'.cm.nli.H, ^••K'O 210

Kiv.Tsi.ic l^.'""' lf>l

()r:,MK..
•''<'<» 64

S:in Di.'Ku "J"-'*' 13'''

Totals 7,250 700
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ANTLERLESS
District Permits Total Known KiJl

Glendora-San Bernardino THO 211
Yucaipa-Banning 500 05
Corona-Murrietta 600 121

Totals 1,850 427

In order to supplement information on the deer harvest, a post-card
snrvey was made. Cards were sent to every tenth license buyer, a total
of 910 beinp- mailed. Of these, 378 cards were returned and tabulated.
Of the 378 hunters reporting, 104 (or 27.5 percent) indicated killing
deer. Using this percentage as an over-all snccess ratio for all hunters,
it is indicated that the 9,100 license bnyers took 2,502 deer. This is well
over the 1,153 figure based on tag returns.

In order to determine what hunters thought about the winter deer

season, cpiestions were asked on the post cards in regard to condition
of deer, palatability of meat, desirability of future winter hunts, and
general comments. A tabulation of the results is given below:

CONDITION AND PALATABILITY OF DEER TAKEN IN HUNT

Condition Buvlcs ((]9 ) Does (25)
Good 46 percent (.31) 48 percent (12)
Fair 46 percent (.'',1) 48 percent (12)
Poor 8 percent (6) 2 percent (1)
Not given percent (1)

PalataMliiy

Good 69 percent (48) 64 percent (16)
Fair 25 percent (17) 32 percent (8)
Poor 4 percent (8) 4 percent (1)
Untried 1 percent (1)

In regard to future winter deer seasons, 78 percent reported in favor,
19 percent were opposed, and three percent did not state their prefer-
ence.

COMMENTS ON JANUARY SEASON

The January hunting season proved ideal insofar as the weather and
the antler condition of the deer were concerned. Tliere were storms

during the period, but all three week-ends were warm and sunny. Few
deer with shed antlers were reported except from Orange and Los An-

geles Counties wdiere an earlier drop is known to occur. Even in these

counties the drop was not so advanced as to be a serious obstacle to buck

hunting.
At least 80 percent of the hunters interviewed at checking stations

and in the field were well satisfied with the January hunting season. It

was commonly stated that they enjoyed hunting Avlien the weather was

comfortable, when there was no fire hazard, and when there was Avater

in the canyons and springs. Many of the hunters expressed the idea

that regular deer seasons should be held in January due to the more

pleasant hunting conditions prevailing during that ]ieriod. A small

minority of the hunters contacted did not favor the January hunting
season. They complained of "skinny" deer. However, most of these ob-

jectors contacted in the field continued to hunt.
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The most bitter complaints from hunters revolved around the closure

ordinances in San Bernardino County. A few felt that there was collu-

sion between the Department of Fish and Game and the County in this

regard.
Another common complaint was about the poor access to huntino- areas.

The hunters felt that the Forest Service should have taken steps to see

that all possible roads were open for public use.

During the regular September deer Ininting season, it rained on the

opening week end. All the fire closures were opened to all liuiiters.

Many January permit holders were of the opinion that the areas which
were to be hunted in January zones sliould have been kept closed to

hunting during the earlier season.

Comments written on the post cards generally were favorable. Those

that expressed aj)proval of the hunt were agreed that a special late

season was the only way to open fire hazard areas to hunting. Most
hunters enjoyed getting out in the cooler weather of the winter season.

Those opposing the hunt mentioned the generally poor condition of the

deer and the lack of open territory. Many adverse comments were noted

about locked gates on access roads, poorly marked areas, and confusion

and last minute changes on what lands were open to the hunters, ^lany

thought that there was poor coordination between the Department of

Fish and Game, Forest Service, and county boards of supervisors regard-

ing open and closed areas.

The hunter comments on the condition of the deer indicate that most

of tlie deer were in fair to good shape with a small percentage reported
as poor. Also, over 90 percent of the hunters considered the meat to be

good to fair as to palatability. The post-card results were sur]n-ising

because of persistent and widespread beliefs among sportsmen that ]X)st-

rut venison is not of good quality. Cook et al. (1949) in palatability
tests on deer and antelope meat taken over the entire year indicated

that flavor remained fairly constant throughout the year even during
the rutting season. Tenderness Avas at its ]ieak Avhen deer were con-

sidered to be in ])i'ime condition, bnt meat was found to be tendei- in

deer reported to be in only I'aii- condition. Tlici-e was a general inci-ease

ill longhness during and immediately after tlic rut. l)ut not enough to

i-cndei- the aninuds unfit for (>ating. The gener-al attitude of most s]iorts-

]uen in this hunt is best sunimcd up by one successful hunter who com-

mented, "lie ain't fat. hut he'll sure tit iii\- frying pan."

PLANS FOR FUTURE HUNTS

In view of the fact that field contacts and the post-card survey both

show a four to one majority favoi'ing anotiier -lanuary hunt, it seems

logical to nuU^e it an aiiiiual progi-am. As a result of action by the 1953

Legislature, six of the nine Southei-n California r(»fuges, formerly

o|»ciic(| hy the h'isli jind (lame ('ommission. Iwivc been abolished. Two
refuges (4-E and 4-(i i have been closed to all hunting, and one refuge

r4-F) has been allowed to reiiuiin ojien at the will of the couuuission

iiiilil III days after ;idjoiiniiiiciii of the 1 !»55 Legislature. A proposal for

jiiiotlier such hiiiil will he preseiitetl to the h'isli and Game Connnission.

In gejieral, i-ecommendations for fntui-e hunts will closely ])ar<dlel the

pilot model with minor modification in boundaries.



JANUARY DEER SEASON 515

Closer liaison between Forest Service, Game Management, and Wild-
life Protection personnel will be necessary in the event of another winter
deer hunt. Joint meetings with the Forest Service will be held to coordi-

nate effort, and to assure the opening of as many roads as possible for

hunter access.

SUMMARY

Conferences and correspondence with high level Forest Service offi-

cials established the fact that harvesting the deer in much of the best
deer range in Southern California could not be permitted during estab-

lished seasons due to the fire risk to valuable watersheds. The only time
in which access to these areas can be assured is during a four-month
period starting January 1st.

In view of the fact that hunter access could not be guaranteed prior
to January 1st, and that the antler drop is generally at its peak in late

January, the dates of January 3d to 18th were selected for this experi-
ment. This gave the hunters three week-ends in which to hunt.

The permits were issued on a first-come, first-serve basis at locations
within the counties for which they were valid. This was done in order
to allow better distribution of the permits. This system worked very
well, and was generally satisfactory to the hunters.

During the hunt much confusion resulted in San Bernardino County
because of last minute changes in shooting ordinances. Otherwise, the

hunt proceeded in a generally satisfactory manner. Complaints were
voiced about unnecessarily closed Forest Service roads and there was
some concern expressed about allowing a double season on some areas.

A post-card survey was made after the hunt in order to determine the

reactions of the participating hunters. Return post cards were mailed

to a 10 percent sample of the permittees, and of these 42 percent were
returned. The survey indicated that over two-thirds of the hunters

thought the meat was good, one-fourth fair, and one-twelfth poor. The

survey showed a four to one majority favoring continuance of January
deer hunting seasons.
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A STUDY OF THE FOOD HABITS OF THE RING-NECKED

PHEASANT ON IRRIGATED PASTURE

IN CALIFORNIA'
HOWARD R. LEACH, CAROL M. FERREL, and ERNEST E. CLARK

Game Management Branch, California Department of Fish and Game

INTRODUCTION

One of the results of the state-"\vide survey of pheasant populations con-

ducted by California Pittman-Robertson Project 22R was the recogni-
tion that a heavy concentration of ring-necked pheasants (PJiasianus

colchicus) exists in an area in tlie vicinity of Oakdale. Stanislaus County,
California. Here a pheasant population, inhabiting an area of irrigated

pasture land nearly devoid of cereal grains, is ecpial to the density of

birds observed in the Sacramento Valley rice belt, a region considered to

be the best pheasant habitat in the State. This density of birds in the

Oakdale area in favorable years has been estimated to be 50 birds per
100 acres, which is evidence that the pheasant has established itself with
notable success on irrio-ated pasture land.

In North America the introduction of the ring-necked pheasant has
been most successful in the grain producing regions. Fried (19-10 ) con-

ducted a .study of the food habits of Minnesota pheasants and found that

grains made up 81.3 percent of the total annual food intake. Corn was the

predominant item followed in importance by oats, barley, and Avheat.

Food liabits studies conducted in Nebraska by Swenk (19:J0) ;
in Michi-

gan by Dalke (1937) ;
in Wisconsin by Gigstead (1937) ;

and in Pennsyl-
vania by Bennett and English (1939) all resulted in grain, notably corn,
being considered the number one item of importance in the diet of mid-
western and eastern pheasants. Cottam (1929) found that of 45 birds
collected in Utah, 33 pheasants had eaten grain, of which wheat was the
most important, followed by corn, barley, and oats. Ferrel, Twining, and
Herkenham (1949) analyzed 179 pheasant crops collected from the Sac-
ramento Valley, California, and found 56.1 percent of the yearly diet to

consist of field crops. Rice constituted 38.5 percent of the total food con-
sumed and Avas found in 61 percent of all crops examined. Barley, wheat,
and oats also were eaten. The introduction of pheasants into areas lack-

ing grain farming has met with varying degrees of success, but generally
speaking the highest concentrations of birds can be expected in agricul-
tural sections of the country producing grain crops.

DESCRIPTION OF STUDY AREA

Figure 1 is a map of that portion of Stanislans County lying east of

the San Joaquin River showing the location of the areas of high pheasant
1 Submitted for publication June, 1953. Federal Aid in Wildlife Restoration Act, Cali-

fornia Projects W-25-R, and "W-22-R.

(517)
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densities. The area covered by the study is located in Stanislaus County
between the Stanislaus and Tuolumne Rivers and situated roughly be-

tween the towns of Oakdale, Riverbank, and Waterford. To the north

and west of Oakdale, in the vicinity of Valley Home and Escalon, is an-

other area of high pheasant density Avhich, however, is not included in

SAN JOflOUIN CO

STANISLAUS CO

Oakdale- Waterford- Riverbank Study Area

Adjacent areas of high Pheasant Populations

10 MILES
=1

SCALE

FIGURE 1. Map of Stanislaus County, California, east of the San Joaquin River,

showing the location of the study area

this study hccaiisc cicc jiiid other liehl crops ai'c more pi'evahMit there than
ill the study ai-ea. Tlie land use of the study area is divided as follows:

irrigated jjastui-c 60 pei-ceiit ;
alfalfa 10 percent ;

corn (silage) and cereal

grains, mostly 1)arl('_\-, 10 ]ierceiit ; luisccllaneous crops, orchards, vine-

yards, wintci- pasture and some rice 15 percent; and Avaste laud 5 ]-)er-

eent. There are api)i-o\iinately 40,000 acres of irrigated pasture iti this

region.
Tlie Oakdah'-lJivei'l)aiik-Waterr()r(l study area, where birds were ac-

tually colleclcd, is almost solid irrigated ])asture land. The other crops

mentioned above became ninnerous oidy near the perimeter of the area.

Recognized as "iri-igated pasture" is ])asture acreage planted to ladino

clover, or ladino clover-alfalfa-grass mixtures (Jones and Browii, 1949).

The pasture mixture most widely usefl is applied 13 pounds per acre and
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FIGURE 2. The interspersion of cat-tail and tule-filled drainage ditches with irrigated pasture
land furnishes excellent pheasant habitat

FIGURE 3. A heavily weeded drain ditch adjacent to irrigated pasture and a field of barley
provides an abundance of dense cover as well as food
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consists of ladino clover 3 pounds, annual rye grass 2 ponnds, perennial

rye grass 2 ponnds, orchardgrass 4 ponnds, and alta fescne 2 ponnds.
The pastures are grazed by livestock and occasionally mowed in the early

spring for weed control. The method of irrigation most widely nsed is

b}' sti'ip checks, the irrigating being done every 7 to 10 days from April
to October. It is undoubtedly due to this method of pasture farming and,
in ])art. to the undulating nature of the topography, that an ideal habitat
for pheasants lias resulted. Accompanying the strip checks are extensive

drainage ditches filled with cattails and bulrushes. These ditch bank
coverts ai'e heavily vegetated with important sources of food such as

iiiamiagrass, watergrass, bristlegrass, panicum grass, knotweed, bur-

clover, and many other weeds. Where drainage is poor, the water at the
lower ends of the checks tends to "pouiul up," encouraging the growth
of water-loving plants like galingale, spike rushes, dock, and many of

the aforementioned food plants. This interspersion of pasture and heavily
Aveeded drainage ditches and sinks furnishes sufficient cover ami an
abinidance of food.

COLLECTING AND LABORATORY PROCEDURE

Pheasants wci-e collected by shooting in every month of the year so

that seasonal changes in diet could be recorded. The collections were
made coincidental with the morning and evening feeding periods of the

pheasants to insure collecting birds with full crops.
In tlu' laboratory, the crops were removed from the birds and the con-

tents of the individual crops emptied into Petri dishes and oven dried.

An indivi(lu;il analysis was made of each ri-op by separating out ami

identifying the food items with the use of a dissecting mici'oscopc. The

quantity of each item was measured in a graduated cylinder to determine
the percentage composition of the entire crop. Data were sunnnarized by
use of the aggregate percentage method described bv ^Martin, (iensch,
and P.rown (lf)4G).

RESULTS OF THE ANALYSES

Table 1 is a iii(»ntlily tahulalion in \(>liiiiie pei'eent of ;ill food items

eoiiipi'ising 0.1 pei'eenl or more of the djei (hii'ing one or more numths,
and also includes the yeai'l\- diet expressed in \-oluiiie percent and fi'e-

quem-y of occurrence in percent. Table 2 is a su|)plemeutary list giving
the frequency of occurrence of those food items comprising less than O.l

percent (»r the total yeai-ly diet. Figure 4 is a graj^liical representation
of the yearly diet showing seasonal disf i-ibut ion of the principal items

of food.

It is evident Iroin an e.xaininat ion of these data that the most impor-
tant single item of food was ladino clovei' leafage. It constituted 27.6 per-

cent by volume of the entii-e diet and was found in 84.2 ]iercent of the

crops examined. Althongli it was eaten every month of the year, highest

usage of this ro(Ml \\;is in llie wiiijei- moid lis. The consumjjtion of barley
was inidei'st ;iM(l;dtly low because of the low acreage of grain in the area.

Itoccni'i'ed ill i)iil r_l.I< pcrceiil of I he ci'ops and const ituted oidy ().;} ])er-

cent by \oliime of t he total diet. A |)ossil)le source of this barley was suji-

plemeiital reeding of livestock on the pasture areas. Considering, there-

fore, tli;it the leafage of ladino clox-er was the staple item of diet because



PHEASAXT FOOD HABITS 521

to

LLJ 'O

O >-

?i^

-iJ



522 CALIFORNIA FISH AND GAJIE

TABLE 2

A Supplemental List of Food Items Eaten by 101 Pheasants

Collected on the Oakdale Study Area, Stanislaus County, California, 1951-1952

Common name

Bur-reed
Arrow-head
Rescue Grass

Soft Chess

Ripgut Grass
Brome
Fescue
Dallas Grass

Canary Grass

Rabbit foot Grass

Grass

Galingale
Common Spike-rush.
Wire Grass
Knotweed
Dock
Amaranth
Red Maids
Buttercup
Mustard
Pepper Grass
Mustard
Mustard Family
Spanish Clover

Lupine
Bur Clover
Filaree

Red-stem Filaree

White-stem Filaree.-

Turkey mullein

Morning Glory
Amsinckia

Ground-cherry
Aster
Bur Marigold
Star Thistle

Bull Thistle

Brass Buttons
Dandelion

Chicory Tribe
Sunflower Family
Unidentified seeds

Pill Bugs
Spiders

Scientific name

Spargatiium sp

Sagittaria sp
Bromus catharticus

Bromus mollis

Bromus rigidis

Bromus sp
Fesiuca sp

Paspalum dilatatum

Phalaris sp

Polypogon monspeliensis .

(framineae

Cyperus sp
Eleockaris palustris

Polygonum aviculare

Polygonum lapathifolium..

Rumex sp
^4 maranthus sp
Calandrinia caulescens

Ranunculus sp
Brassica sp

Lepidium sp

Sisymbrium sp
Cruciferae

Lotus amcricanus

Lupinus sp

Medicago hispida
Erodium botrys

Erodium cicutarium

Erodium, m,oschatum

Eremocarpus setigerus

Convolvulus arvensis

Amsinckia sp

Physalis sp
Aster sp
Bidens sp
Centaurea sp
Cirsium lanceolatum

Cotula coronopifolia
Taraxacum vulgare
Cichoreae

Compositae

Oniscidae..

Arachnida.

Yearly frequency
of occurrence*

* Frequency of occurrence In percent on a yearly basis.

it ff)nti'il)iit(Ml most to tlic l)ulk of tlic food, the sensoiial utilization of the

seeds of llie wild plant foods siippieineiitiim' this ]eal'a<^e dit't is most

significant. >\ total of .")S dilVereiit species of weed seeds wei-e identified

in the cro])s, bnt of these only 14 eontribnted materiallv to the diet. The
seasonal consumption of these seeds is discussed below.

(Jvei- the winter montiis of .January and February the eonsuiiiplion of

Sreen leafage, piineipally that of ladino elover and grass and forbs, is at

its highest peak. This can pi'obably be attributed to the seareity of seeds
in danuary. IIo^ve\el•, in I^^'bi-iiary, the seeds of ehickweed and annual

bluegrass, which are nolable early seeders, made their first api)earaiu'e.
Chickweed constituted 10.5 percent of the February diet, 54.2 percent
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Spring
No. of Crops 27

.'v.'^v

Animal
( 1.7%)

Forbs (seeds)

25.4%

Barley
(6,3%)

Grass seeds

(35.2%)

Green leafage

(31.4%)

Summer
22

Winter Total of

23 Yeor

Green leafage consisted of Iodine clover (88.1%, gross (7.9%)
and forbs (4.0%).

FIGURE 4. The seasonal and yearly distribution of the principal food items of

pheasants on the Oakdole Study Area, 1951-52

of the March food intake, and continued as an important item of food

through May. The seeds of annual bluegrass made up 19.3 percent by
volume of the February diet and 24 percent and 21.3 percent, respec-

tively, of the April and May diets.

A substantial part of the spring and summer diet consisted of the

seeds of mannagrass. Next to ladino clover it was the most important
item of food, having contributed 14.1 percent of the total food intake.

Apparently the seeds of mannagrass ripen in April as it made up 30.7

percent of that month 's diet and continued to contribute heavily to the

pheasant's diet through September when it consisted of 47.5 percent of

the food eaten that month.
An important summer food are the rye grasses, whose seeds become

available in June and continue through August. July and August were
the months in which was recorded the heaviest consumption of rye grass,
57 percent and 42.8 percent, respectively, of the diets. Much of the rye
grass eaten can be considered to be "cultivated crops" as it is one of the

constituents in the mixture of cultivated seeds planted to ir-rigated

pasture.

Attaining predominance in the fall months are smartweed seeds, a])-

pearing first in September and making up over 44.3 percent of the Octo-

ber food. Another 21.3 percent of the October food was bristlegrass seed.

Other seeds contributing to the fall diet in lesser amounts were wild

barley, crabgrass, panicum, buckhorn, plantain, and prickly lettuce.

Black nightshade berries made up 55 percent of one pheasant crop col-

lected in November.
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The December diet, althons'li hip-h in ladino clover leafap:e (48.9 per-

cent), differed from the January and Febrnary diets in that the birds

apparently were still able to find smartweed seeds which contributed
41.4 percent of the December food. There were three occurrences of water
oak acorns in the crops, two in December, and the third in May. Grass

leafage, although occurring in 45.5 percent of the crops, made up only
2.5 percent of the total diet; the l)ulk of the grass having been eaten in

the winter.

Animal food eaten consisted of insects, pill bugs, spiders, and snails.

The highest intake of animal food was in May and June when insects

amounted to 3.3 percent and 14.3 percent of the respective month's diets.

This can be attributed to including in the May sample a three-week-old

chick, which had 39 percent of its crop contents made up of insects, and
a five-week-old chick in the June sample, whose food consisted entirely
of insect food. Chick pheasants in the wild normally take considerable

insect food until they reach the age of 13 to 16 weeks when their diet

becomes similar to the diet of adidt pheasants (Ferrel, et al., 1049).

CONCLUSION

It is evident that excellent pheasant habitat exists on the irrigated

pasture land in the vicinitj^ of Oakdale, California. AVeed lined drainage

ditches, sinks and weed patches resulting from this type of farming
practice provide abundant natural seeds to supplement the green leafage
available from tiie ladino clover. Also, sufficient cover is present through-
out 1he year. Experienced game bird breeders have recognized that a

balanced diet is needed for proper growth, maintenance, and repi'oduc-
tion of penned game birds. These requirements have been met on Cali-

fornia state game fai-ms by supplying cereal grains, pellet concentrates,
and green foods such as alfalfa and clover. The pheasant in the wild state,

provided that it has available a good choice of food nuiterials, will suc-

cessfully balance its diet naturally fNestler, 1939). This appeai-s to be

true of the pheasants on tlu' Oalvdale study area.

Aside from the apparent adequacy of the diet, there are other factors

which contribute to the well-being of pheasants in this area. The high
I'ate of ]u\sting success is evident from brood counts in 1950 which showed
that 80 percent of the hens obsei-ved had ciiicks with them. It is believed

that two factors contribute to this success: (1) irrigated pastui-cs, if

mowed at all, are usually mowed only once or twice a year to control

wer'ds; and (2) the fre(|uent ii-rigation of the pasture strip check's

jii-obably concentrates most of the nesting activity on ritlges and ditrh

banks.

Tile hunt lug pressure exerted on tlie pheasant populatiou existing in

the study ;ii-c;i is less than that exix'i-iciiced in other good plicasjint areas

of 1 1ll' Slate. Due to the reluctance of the fai'inei-s in the ( )ak(hde ai'ca to

peMiiit hunting in the vicinity of their grazing livestock, hunting activity

is kfpt to a minim mil wit ti the result that the an mud harvest of pheasants

by hunters in this ilisti-iet is Tai' below that which otherwise would be

possible.
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SUMMARY

A heavy population of pheasants inhabit the irrigated pasture land

in the vicinity of Oakdale, Stanislaus County, California. A total of 101

pheasants Avas collected from this area for food habits determinations.

Ladino clover leafage was the staple item of diet, eaten in every month
of the year, and making up 27.6 percent of all the food consumed. How-
ever, 66.9 percent of the yearly diet consisted of weed seeds. The pre-
dominant weed seeds were those of mannagrass, annual bluegrass, bristle-

grass, watergrass, chickweed, and knotweeds. Cultivated crops utilized

to a lesser extent were the annual and perennial rye grasses of the irri-

gated pasture and cultivated barley. It is significant that apparently
there are adequate supplies of weed seed the year round to supplement
the main diet of ladino clover leafage. The high nesting success and
limited hunting pressure further contributes to the success of pheasants
in this area.
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A STUDY ON THE POSSIBLE EXTENT OF PREDATION ON
HEAVY CONCENTRATIONS OF VALLEY QUAIL V^ITH

SPECIAL REFERENCE TO THE BOBCAT'
HOWARD R. LEACH and WALTER H. FRAZIER

Game Management Branch, California Department of Fisin and Game

INTRODUCTION

The major effort toward habitat improvement for upland game in

California has consisted of installation of a Avatering device known as

a "gallinaeeons guzzler" in the arid areas of the State where absence
or paucity of water was determined to be the limiting factor in the

production of game birds. Substantial populations of valley quail, Gam-

FIGURE 1. A "gallinaceous guzzler" showing use by California quail

bel quail, and in certain areas chukar partridges have been observed

about these sources of water, particularly in the late summer months.

Conceivably, this massing of game birds around the guzzlers and few

remaining water holes might result in their becoming more susceptible to

> Submitted for publication .June, 195.3. Federal Aid in \Vildlife Restoration Act, Cali-
fornia Project W-2.5-R. The author.s wi.sh to express their appreciation to the follow-
ing California Department of Fish and Game personnel : Mr. (^arol M. Ferrel and Mr.
Daniel F. Tillotson who as past project leaders were responsible for the analyses of
the supplementary stomachs incorporated in this report ; Mr. Wallace Macgrreg:or, Jr.,
who made available much of the field data : and to Dr. Starker A. Leopold of the
University of California for his comments f)n the oriKinal manuscript.

(527)
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preclation. Certainly, from all outward appearances these birds Avonld

appear to be liiuhly vulnerable to the attacks of predators in such

situations.

In order to investigate the possible extent of predation on quail

concentrated around water sources, David Selleck, Game Management
Supervisor, in May of 1951, requested the cooperation of the food habits

Inboratorv staff in analvzing the stomachs of mannnalian predators to be

TABLE 1

Trap Site Data

'
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collected in the vicinity of snch areas. Walter Frazier, hunter and

trapper for the Department of Fish and Game, was assigned the task of

trapping on concentration areas with known quail and chukar partridge

populations. The predator stomachs were sent to the laboratory for

analyses.
The study showed that adult quail are minor prey species, and it is

doubtful that predator control is necessary even in concentration areas.

FIELD DATA

The area selected for study lies along the Kern-San Luis Obispo
county line in the southeastern corner of that portion of the coastal

mountains known as the Temblor Range. It is a semi-arid, lower foothill

area of grassland formation. The dominant shrubs are allscale (Atri-

plex polycarpa) and goldenbush {Haijlopappus linearifolius) with a

scattering of California juniper trees [Juniperufi califoniica) and in-

terior live oak {Quercus wislizenii) .

The sites selected for trapping were water holes or springs and guzzler
installations. Table 1 is a tabulation of the trap sites showing the rela-

tive numbers of quail and chukar ])art ridges ])resent at the time of cen-

sus, and the numbers of predators which were collected at such sites and.

from which stomach contents were analyzed. A total of 10,644 sets were

made, resulting in the taking of 125 coyotes, 204 bobcats, 47 foxes, 66

skunks, two house cats, 13 raccoons, and 72 badgers. All trapping was
done by using scent bait. One hundred fifty-three stomachs were sub-
mitted to the laboratory for analyses, but only 93 of these contained
sufficient food to render an analysis.

LABORATORY DATA

Upon receipt of the stomach in tlie laboratory the material Avas acces-

sioned and prepared for analysis. Each stomach was opened and the

contents placed in a graduate to measure the volume of the stomach
contents by water displacement. The contents of the individual stomachs
were then oven-dried for analysis. The food items were separated and
identified macroscopically or by the use of a compound microscope.
Each food item was measured hj water displacement and the percentage
composition of the stomach determined on a volumetric basis. Eecorded
for each stomach analysis were the numbers of each prey species eaten
when more than one animal was distingnisliable.

DISCUSSION OF FOOD ITEMS

Table 2 summarizes the food items found in 93 predator stomachs

expressed in percentage of food by volume. Table 3 is a suininary of tlie

numbers of prey eaten, as enumerated in the stomach analyses. These
tables reveal that the bobcat, represented by 53 stomachs, was the

dominant predator within the sample obtained.
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TABLE 2

Items of P:ey Eaten by 93 Predators

Collected in the Kern-San Luis Obispo County Study Area Expressed in Volume Percent
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Due to tlie small sample, the food preferanees of individual species of

predators could not be determined Avitli confidence, and for the purpose
of this paper it was decided to consider the effects of predation by all

represented predators.

Rodents

The bulk of the prey eaten by the 93 miscellaneous predators con-

sisted of rodents which constituted 41.3 percent by volume of the col-

lective predator diet, a total of 96 rodents being eaten. Rodent species

contributing the most to the diet were the kangaroo rat, pocket mouse,
and deer mouse. Only three ground squirrels were eaten, which could
be attributed to the fact that although the ground squirrels are widely
distributed over the area, they are not especially abundant. Wood rats

and pocket gophers constituted a small portion of the prey.

Lagomorphs

From field observations it is readily apparent that cottontails are the

most abundant of the diurnal prey species. They are scattered in large
numbers throughout the range. Jackrabbits, although common in the

area, are not as abundant as cottontails. Forty-two lagomorphs found
in the stomachs made up 37.0 percent by volume of the diet of the

predators. It is considered significant that the bobcats proved to have
taken more cottontails than jackrabbits, whereas the opposite was true
of the coyotes.

Deer

One bobcat stomach, collected July 7, 1952, at trap site number 22 con-

tained the remains of a California mule deer. Deer are not common in

the study area
;
a few can be found in the higher, more wooded, portions

of the range. The circumstances under which this deer was eaten is a

matter of conjecture ;
it could have been carrion.

Pig

The remains of a domestic pig made up 84 percent of the contents of

one coyote stomach. The presence of numerous fly larvae indicated that

the pig was carrion.

Birds

In all, 12 birds were eaten by the 93 predators, making up but G.5 per-
cent of the total volume of their collective diet. Six were undetermined

passerines, three were valley quail, one was a chicken Avhieh had been

eaten by a coyote, and two were unidentified birds. No evidence of

chukar partridge remains was found in the stomachs. The three valley

quail consumed were adult birds, one having been eaten in July by a

coyote, and two having been eaten in August, one by a bobcat and the

other by a striped skunk. Although the period of study encompassed
the nesting season for both the valley quail and chukar partridge, there

were no egg remains in the stomachs. However, the likelihood of finding
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egg remains in the stomachs of ground predators is extremely doubtful.

As pointed out by Glading et al. (1945), egg contents are digested

rapidly, and in addition the egg shells, which could be recognized, often

are not consumed by the nest predator.

Reptiles

Three reptiles had been eaten. One of these, a fence lizard, was found
in a coyote stomach, and the other two, a whip-tailed lizard and an
unidentified lizard, were found in badger stomachs.

Insects and Other Invertebrates

The occurrence of insects was noted in all predator diets with the

exception of the bobcat. Insects were a major item in the diet of the

striped skunk, making up 62.8 percent by volume of their food intake.

The Jerusalem cricket {Sfenopelmatus loyigispina) w-as the most pre-
valent insect eaten, as it constituted 100 percent of the stomach contents

for three striped skunks, and 50 percent of another. An additional 12.2

percent by volume of the skunk diet consisted of the remains of trap
door spiders (Bothriocyrtium californicum). The stomach contents of

one kit fox consisted primarily of centipedes (Chilopoda) with a trace of

mole cricket and insect larvae.

Plant Food

Tliere w'ere 9 occurrences of juniper berries in the 93 stomachs ex-

amined. The stomach contents of two gray foxes and one spotted skunk
consisted of 100 percent of this vegetable food. There were six occur-

rences of green grass in the diet of the bobcat and coyote in large enougli

quantities to indicate that the grass must not have been eaten inci-

dentally.

COMPARATIVE FOOD HABITS OF BOBCATS ON THE STUDY AREA

WITH OTHER CALIFORNIA BOBCATS

It is a common brlicl' among s|)ortsmen and many wiltllife workers

that the bobcat is dangerously destructive to quail. Circumstantial

evidence seemingly iiulicated that large numbers of quail were being
taken at guzzler sites and tluit llie bobcat was tlie pi-inci])al cidijril. An
extensive predator control program designed to reduce the luuubors of

bobcats about guzzlers was tliought to be the answer to alleviate this

a|)|);ir('iit (jcprcihil ion on {|uail. However, llicrc is considerable ('\i(lence

based on stomacli analyses which shows that adult (|uail are not im-

portant in the diet of bobcats, and that a program of bobcat control

would not materially ])r()tect (|uail |)o|)ulations.

Grinn<'ll. Dixon, and Linsdide (]!>.')7) cite (lie results of laboratory
examination of 257 bobcat stomachs which contained the following

game: quail in .'*•''. deer in 18, brush i-abbit in 13, gray s(|uirrel in 7,

cottontail in 5. ;ind '^roiise in 2. McTj(>an (1934) (examined 15(1 bobcat

stomachs c()||ccted hy ( ';di I'oi-nia t rappers I'roni \ arious game i-efuges and

re])oi-ted tinding 5 (juail. Dixon (1925) found bird remains to const itute

about 4 ])ercent of the total food consumed by 218 California bobcats.
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FIGURE 2. A spot map of California showing county distribution of 166 trapped bobcats

A comparison of the food predilections of the bobcats collected from
the study area with those of the bobcats collected elsewhere in the State

is made possible by including in this paper the stomach anal.vses of 166

bobcats collected throughout the State. The localities from which these

bobcats were trapped is showm in Figure 2 which is a spot map showdng
the distribution of trapped animals by counties.

It is evident from an examination of Figure o, which is a gra|)hic

representation of the diet of the study area bobcats as contrasted with

that of the state-wide bobcats, that rodents and lagomorphs are the staple
items of food for the California bobcat. Those species of rodents which
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TABLE 4

Check List of Food Items Eaten by 166 Caiiiornis Bobcats Expressed in Volume Percent

and Frequency of Occurrence in Percent

Food items
Number of specimens

Volume
percent

158

Frequency of

Occurrence

I^ercent

166

Mammals
House cat

Belding ground squirrel— _

Golden-mantled ground squirrel

Beechey ground squirrel

Chipmunk
Gray scjuirrel

Pocket gophers
Pocket mice

Kangaroo rats

Heteromyid rodents (undetermined)
Harvest mice
White-footed mice
Wood rats

Cricetine rodents (undetermined)—
Meadow mice

Norway rat

Jumping mouse
Rodents (undetermined)
Cottontail and brush rabbits

Jackrabbit

Lagomorphs (undetermined)
Deer

Birds

\'alley quail
Red-shafted flicker —
Spotted towhee
Passerines (undetermined)
Duck (undetermined)
Bird (undetermined)

Reptiles

Gopher snake
Snake (undetermined)
Fence lizard

California whip-tailed lizard

Lizard (undetermined)

Miscellaneous Food Items
lasect

Green grass

1.3
1.9

1.0
5.2
2.0
3.6
7.6
5.0
2.2
0.6
trace

1.3

16.8
0.8
14.5
0.6
trace

1.3
14.2
3.0
9.1
5.0

0.4
0.8
0.6
0.2
trace

0.3

0.3
0.1
0.1

0.2
trace

trace

trace

1.2

1.9

1.2
7.2
2.4
4.2
14.5
11.4
6.6
0.6
0.6
3.6
19.9
2.4

21.7
0.6
0.6
4.2
16.9
3.0
9.0
6.0

1.2
1.2

0.6
3.0
1.2

2.4

1.2
1.8
0.6
0.6
0.6

1.2

1.2

It is apparent from these data, and from other food habits studies

as well, that the staple item of prey for the bobcat and likewise for the

coyote in California consists of rodents and lagomorphs. P^errel and
Leach (1953) reported on the examination of 2,222 coyote stomachs that

rodents and rabbits constituted 48.8 percent by volume of the food of

these coyotes. Quail were found to have occurred in only 10 stomachs.

Of the 221 bobcat stomach analyses included in tliis paper, rodents and
rabbits made up the bulk of the prey, quail having been found with but

three occurrences. Fifty-three of these bobcats were collected from trap
sites with known heavy populations of quail. It appears, there is no
evidence to support the widely accepted belief that ground predators,

especialh' bobcats, prey heavily upon adult cpiail.



536 CALIFORNIA FISH AND GAME
,

Unknown, however, is the possible effects of nest predation by these

mammal predators. Glading et al (1945) report 162 valley quail nests

under observation at Dune Lakes in 1941-1942 of which 49 or 30.2

percent were broken u]i liy mammal prodatoi's. Carnivores are not the

only mammals guilty of the destruction of nests. Horn (1938) reporting
on f)0 quail nests at the O'Neals Experimental Station, mentions that

30 nests were destroyed by ground squirrels, and 17 by carnivores. The

present study was not designed to measure nest destruction.

or possible benefit to quail is the })redation on the part of four-legged

picdiitors upon the rodent populations. Apparently there exists about
these favored watering holes a heavy concentration of rodents which

])f()h;dily aeeounts for the presence of the predators. There must exist

locally a heavy com])etition for food during certain periods of the year
between rodents and quail. For example, the ability of the giant kangaroo
rat as a liai-vester and storer of seeds is phenomenal (Shaw% 1934). Seeds
stored by this kangaroo rat, notably those of filaree, would become un-
available to (juail. Filaree is considered to be one of the most important
foods for (luail.

Unfortunately no feathered predators were taken and included in

this study. The possibility that there exists in the presence of the Cooper
hawk, sharp-shinned hawk, or great horned owl a predator species whose

staple diet is quail is not remote. Sumner (1935) mentions the Cooper
and sharp-shinned hawks as being the real enemies of quail. Glading
et al. (1945) in a study of two nesting Cooper hawks noted that of 64

food items brought into the nest, 32.8 percent consisted of quail. Of the

20 Cooper hawk stomachs analyzed b.y the food habits laboratory, 5 con-

tained (jiiail remains. Mr. Carl Twisselman, a rancher near McKittrick,
is of the o])inion that a migration of Cooper hawks occurs in August of

every year into the study area. These hawks seemingly remain for a

period of a month or two during which time he has observed several in-

cidents of (prnil being captured, and the presence of the hawks appears
to result in the reluctance of coveys of quail to leave the protection of

cover. Certainly an investigation of hawk predation under the same
circumstances that this study was conducted would be worth under-

taking.
As a result of this study it seems evident that adult fjuail are only a

minor incidental prey species to bobcats, coyotes, and probably other

gi-onnd |)redfitors. This casts doubt on the need for ju'cdator control to

protect (jnail, even on concentration areas, as in the vicinity of springs
or (ttlier soiii'ces ol' water.
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LIST OF MAMMALS, BIRDS, AND REPTILES MENTIONED IN TEXT

Mammals
California raccoon {Proci/on lotor)

Spotted .skunk i Spilof/ale c/racilis)

Striped sknnk {Mephiti.s mepJiifis)
California badj,'er (Tiiaidea taxus)
San Joaquin kit fox (Yulpes mncrotis)
California gray fox (rrocijon einereoargenteuft)

Coyote ( Ca n is hi t ra n h )

House cat (Felis doinesficiis)

California bobcat {Lynx rufus)

Beechey ground squirrel (Citellus heecheyi)

Belding ground squirrel (Citellus heldingi)
Sierra golden-mantled ground squirrel (CUclhis lafemlis)

Chipmunk { Eiitaniias sp.)
California gray squirrel {Sciurus griseus)
Pocket gopher [Thomomys hottae)
Pocket mice (Perogitafhus spp.)

Kangaroo rats ( Dipodomys sjip. I

Harvest mouse { Reithvodonioiiiys ineydlotis)
Deer mouse (Peromyscits maniculntits)
Desert wood rat {Neotoma lepida)

Dusky-footed wood rat {Neotoma fuscipes)
Meadow mice (Microtus spp.)

Norway rat {Rattus norvegicus)
House mouse (J/hs musculus)
Jumping mouse {Zapus pacificus)
California jack rabbit {Lepus californicus)
Cottontail { SylrihigHS uuduhoni and N'. niiltnUi)

California brush rabbit {Sylvilagus huchiiioiii)

Domestic pig {Sus sp.)

Deer {Odocoiteus hemioiius)

Birds

Cooper hawk ( Accipiter cooperi)

Sharp-shinned hawk {Accipiter striatus)

Valley quail (Lophortyx californica)
Gambel quail i Lophortyx gamheli)
Chukar partridge (Alectoris graeca)
Horned owl {Biiho virginianus) •

Red-.shafted flicker {C'ohiptes cafer)

Spotted towhee (Pipilo maciilattis)

Keptiles
Western fence lizard {Sceloponis occidcntulis)

Whip-tailed lizard {Cnemidophorus tesselatus)

Gopher snake I Pituophis catenifer)
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EXTENSIONS TO KNOWN GEOGRAPHICAL DISTRIBU-

TIONS OF SOME MARINE FISHES ON THE

PACIFIC COAST'
JOHN E. FITCH

Marine Fisheries Branch, California Department of Fish and Game

Of the 22 species discussed in this paper one genus, Taractes, and one

species, Euthynnus yaito, recently captured on the coast of California,

have never been reported from the Pacific coast of either North or South

America. Another species recently collected at the tip of Baja California,

Nomeus gronovi, has been recorded only from Panama on our coast. For
10 of the remaining species, the records presented in this paper represent
northward extensions, and for nine, southward extensions to the known

ranges. These vary from only a few miles {Typhlogohius californiensis)
to more tlian 2,100 miles {Alepisaurus horealis) . ]\Iost of the species were

caught from the California Department of Fish and Game research ves-

sels N. B. ScoFiELD and Yellowfin.

Dasyafis longus (Gorman)

A single ray of this species was taken at San Juanico Bay, Baja Cali-

fornia, during the night of April 18, 1948, and six more (three each at

Santa Maria and Almejas Bays, Baja California) during the nights of

November 26 and 28, 1952. All seven, taken on hook and line from the

N. B. ScoFiELD, were of nearly equal length and weight, eight feet and
100 pounds. One of those taken in November, 1952, was a pregnant fe-

male containing a single fully-developed young. This foetus was pre-
served and added to the fish collection of the University of California at

Los Angeles and one of the adults was presented, in a frozen state, to

Dr. Bruce Halstead, School of Tropical and Preventive Medicine, Loma
Linda. Beebe and Tee-Yan (1941) give the geographical distribution for

this species as Gulf of California to the Galapagos and state that it is

kno-s\ai to attain a length of 8 feet 9^ inches and a weight of 102 pounds.
The San Juanico specimen extends the known range northward on the

outer coast of Baja California some 270 miles.

Rhlnoptera steindachneri Evermann & Jenkins— Bat ray

During November, 1952. 34 bat rays were caught by the N. B. Scofield

in the ^Nlagdalena Bay area, Baja California. Two were collected in two-

inch mesh gill nets at Santa Maria Bay during the night of November
26th and the other 32 at Almejas Bay during the night of November 27th

(14 in two-inch mesh gill nets and 18 in eight-inch inner mesh trammel

nets). Beebe and Tee-Yan give the range of this species as Gulf of Cali-

fornia to the Galapagos Islands. The Santa Maria Ba}" specimens extend

1 Submitted for publication June, 1953.
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the knoAvn range northward on the outer coast of Baja California ap-

proximately 170 miles. Some of these have been deposited in the fish

collections of the University of California, Los Angeles, and the School
of Tropical and Preventive ^Medicine.

Myliobaiis asperrimus Gilbert— Eagle ray

Two eagle rays were caught by the X. B. Scofield at Almejas Bay,
Baja California, during the night of November 27, 1952. One was taken
on hook and line in 5.6 fathoms of water and the other in an eight-inch
inner mesh trammel net which had been set in five fathoms of water.

Beebe and Tee-Yan report this species only at Panama Bay. One speci-
men has been deposited in the fish collection of the University of Cali-

fornia, Los Angeles, and the other at the School of Tropical and Preven-
tive Medicine.

Urofrygon rogersi (Jordan & Starks)

A single ray of this species was taken by the N. B. Scofield in a two-
inch mesh gill net at San Juanico Bay, Baja California. The gill net had

TABLE 1

Measurements and Counts on Two Aiepsisaurus borealis

Lat. 04° 46' N.

Long. 89° 20' W.
February 17, 1953

10 mi. off W. end
Santa Catalina Island

September 20, 1952

Measurements'
Standard length
Total length
Head length

Fleshy orbit

Snout length

Maxillary length

Bony interorbital width
Pectoral fin length
Ventral fin length
Dorsal base
Anal base

Pectoral base

Tip of snout to dorsal insertion

Tip of snout to anal insertion

Tip of snout to ventral insertion

Tip of snout to pectoral insertion

Pectoral insertion to dorsal insertion

Counts
Dorsal rays .

Anal rays '.

Pectoral rays 1

Ventral rays
Gill rakers outer arch, total ._.

Ujiper liinV>

Lower limb
Total vertebrae

Sex

885
1035

18.5

7.1

17.3

34
17

15
8

30
5

25
51

fciniile

' Stiinijiird ami t(]|,il icnKtli^ In millimeters; all other lengths expressed as percentages of standard length.
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been set overnig'ht on November 24, 1952, in four fathoms of water.

Beebe and Tee-Van give the range for this species as the west coast of

Mexico and Panama. This specimen, w^hich extends the known range
northward some 270 miles on the onter coast of Baja California, has been

deposited in the fish collection of University of California, Los Angeles.

Alepisaurus borealis Gill— Pacific lancetfish

On Febrnary 17, 1953, a fonr-foot lancetfish w^as taken hy the N. B.

ScoFiELD on a set line which was fished at around 15 fathoms. This cap-
ture was made about 290 miles north of the equator (lat. 04° 46' N., long.

89° 20' W.) where the depth of the water was over 1,000 fathoms. The
set line, baited with dead sardines, had been put out at 6.30 a.m. and was

pulled at 2 p.m. The total catch comprised the heads of two other lancet-

fish (bodies presumably bitten off by sharks), three Pacific sailfish, Isti-

ophorus grei/i, and 13 sharks. The stomach of the lancetfish contained 81

hatchetfish, Sternoptyx ohscura, all of which were in excellent condition

and ranged from 1^ to 2j inches in length. Specific identification of the

hatchetfish was verified by Dr. Rolf L. Bolin, Hopkins Marine Station,

Pacific Grove. Previously, the Pacific lancetfish had been recorded from
northwestern Alaska south to "Monterey, Low^er California." Capture
of this species just north of the equator represents a southward extension

of the range of more than 2,100 miles.

Measurements and counts for the set line lancetfish and a second speci-
men caught on hook and line 10 miles off the west end of Santa Catalina

Island, California, are presented in Table 1. The Santa Catalina Island

fish was caught on September 20, 1952, by Mr. M. A. Burson, Los An-

g:eles, who was fishing for albacore with live anchovv bait at a depth of

20 feet.

Paralichfhys woolmani Jordan & Williams—Speckled halibut (Figure 1)

Two of these halibut were taken by the Yellowfin in eight-inch
inner mesh trammel nets on the night of April 17, 1950. These nets had
been set in five fathoms of water near Horseshoe Shoals, Magdalena Bay,

Baja California. The catch also included a large California halibut, P.

californicns. The larger of the two P. woolmani was 581 mm. standard

length (approximately 28 inches total length), and weighed slightly

more than five pounds. Ginsberg (1952) gives the geographic distribu-

tion of this species as Cape San Lucas, Baja California, south to Paita,

Peru, and states that the largest individual which appears to have been

actualh' measured was 17^- inches in total length. The present specimens
not only extend the known range northward on the outer coast of Baja
California some 150 miles, but both w^ere larger than the 17^-inch maxi-

mum length as stated by Ginsberg. The larger of the two specimens has

been deposited in the fish collection of the University of California, Los

Angeles.
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FIGURE 1. Speckled halibut, Paralichthys woo'.mani, 581 mm. standard length.

Photograph by Al Johns for Vernon M. Haden, San Pedro.

Nomeus gronovi (Gmelin)— Portuguese man-of-war fish (Figure 2)

Seven of these small fishes, rangino- in total length from two to three
inehes. Avere dipped under a light from the N. B. Scofield at Gorda Point,
B-d'yd California. The light had been suspended from the stern of the
vessel during the night of May 10, 1953, and these small fish were at-

tracted to it. AVhcii a Portuguese man-of-war fish would come within the

FIGURE 2. Portuguese man-of-war fish, Nomeus gronovi, 39.8 mm. standard length.

Photograph by Herb Phillips, San Pedro.
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beam of the night light, it would lie quite still at the surface of the water
with its very long black ventrals expanded. It is said to be one of the

most widely distributed and abundant of all pelagic fishes in the tropical
Atlantic and Indian Oceans. As many as 10 have been caught in a single

scoop of a dip net, all of which were swimming under a single Portuguese
man-of-war. This species has also been taken in the Philippines (Herre
& Herald, 1950) and once from the Pacific coast of Panama (Meek &
Hildebrand, 1925, p. 407) . The present specimens extend the known range
for this species on the Pacific Coast northward from Panama a distance

of over 2,000 miles. In view of the scarcity of these fish in Pacific waters,
one of the specimens was cleared and stained and the following counts
were made : dorsal XII, 27

;
anal II, 26

;
caudal 9-17-9

; pectoral I, 21
;

ventral I, 5 (rays fork near base and appear to be twice as numerous
as actual count) ; gill rakers on outer arch S-fl-f-lS (upper, center and
lower limb) ;

vertebrae 41, 14 precaudal plus 27 caudal including hypural
plate; a single row of 20 to 24 conical, inwartl-curved teeth in each jaw.
Most authorities ascribe three spines to the anal fin

; however, the stained

specimen shows what has been mistaken for a third spine is actually an
unbranched ray. The remaining Gorda Point specimens were placed in

the fish collection of the University of California, Los Angeles.

Paranih'as co'.onus (Valenciennes)—Southern Creole fish

A single adult southern Creole fish was taken on hook and line on
March 17, 1953, at San Benito Island, Baja California, by the Yellow^in.
This fish was caught on cut sardine bait in 90 feet of water, the surface

temperature of which Avas 58.1° F. AValford (1937) uses the name of the

Atlantic form F. furcifer and gives the geographical distribution on the

Pacific coast as Cape San Lucas to the Galapagos Islands. The present
specimen represents a northern extension of the range of over 450 miles
on the outer coast of Baja California. It has been placed in the fish collec-

tion of the University of California, Los Angeles.

Dermofo/ep/s puncfofus Gill—Leather bass (Figure 3)

A 214 -pound leather bass, 31 inches in total length, was caught on a
live mackerel in 120 feet of water off Pescadero Point, Baja California,

by Mr. Jack King of the boat U & I. This species has been given its common
name from the characteristic heavy, leathery membranes between the

fin rays. Walford gives the geographical distribution of this species as

Mazatlan to the Galapagos ; however, it has been taken at Cape San Lucas
and in the Gulf of California. The present specimen is believed to be the

first definite record from the outer coast of Baja California and extends
the range northward from Cape San Lucas some 30 miles. Figure 3

illustrates the general changes in body shape and proportions which take

place with age in this species.
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J

FIGURE 3. Leather bass, Dermatohpis puncfafus, showing changes in shape between young
(about 30 cm.; top figure) and old (about 68 cm.; lower figure) fish. Top phofograpb fay Herb

Phillips, San Pedro.

Diapferus aureo/us (Jordan & Gilbert)

Oil March 28, ]9r)2, a sinf>le speciiiicn of Diapterus aureolus was col-

lected will) explosives by the Yei^lowimn some two miles off ITowlands

JjIuH', Santa .Maria I>ay, Baja Calit'oriiia. Aleek and Ilildebraiid (l!)2r),

p. 594) give the fi'eooraphieal dislribution of the species as the coasts of

j'anainaand Colombia; however, ]>ei-s()ii;il (-oiiiinuiiication with Dr. I'.oyd

W. AValker. Tniversily of California, Los Anf.;(']es, who identified the

Santa Maria Jiay specimen, shows that he has collected I), (ucrcoius in

the Culf of California at J\raza11aii. the nioiitli of th(> Rio Mayo, and at

San Carlos Bay near Guaymas. The ])resent collection extends the known
range of this small mojaiT;i nort liw ard on the oilier coast of Baja Cali-

fornia some 170 miles.
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Icosteus aenlgmaticus Lockington—Ragfish (Figure 4)

Two small ragfish were turned over to the California State Fisheries

Laboratory for identification during the spring of 1953. The first of these

7%
.-•

FIGURE 4. Ragfish, Icosteus aenlgmaticus, 201 mm. standard length.

Photograph by Herb Phillips, San Pedro.

(Figure 4) was taken by the boat Giovanni in gill nets which had been
set over the night of April 23d in 50 fathoms of water, approximately
10 miles south of the San Pedro breakwater. The ragfish and a pelagic
octopus, which was also caught at the same place, were presented to the

Laboratory- by the fi.shermen Anthony and Xick Cresci. The octopus, a

female, was identified by Dr. S. Stillman Berry, Redlands, California,
as the third known California specimen of a world wide species, Ocythoe
inhercu'lata Rafinesque. In addition to the ragfish and the octopus, the

gill nets contained three California barracuda, Sphyraena argentea, and
several dozen small molas, 3IoIa mola.
The second ragfish was caught on hook and line ]\Iay 17 in shallow

water off San Onofre, California, by Mr. Xorman Barbre from the boat
Reel Fun. There are but two other records of this northern deep-
water species from Southern California, one taken near Cortes Bank
in 1913 and the second, a 57-inch specimen, taken off San Pedro in gill

nets during March, 1921. According to Clemens and Wilby (1946) this

ragfish attains a length of seven feet and large specimens have been
found commonly in stomachs of sperm Avhales during certain years.
The geographical distribution is generally given as Southern California

to southeastern Alaska. Cortes Bank lies approximately 100 miles off

San Diego and in latitude is 50 miles south of San Onofre. Therefore,
the San Onofre specimen, while not an extension to the north-south

geographic distribution of the species, does represent an inshore or

coastwise extension of some 40 miles from San Pedro. Both of these

ragfish have been placed in the fish collection of the L^niversity of Cali-

fornia, Los Angeles. Counts and measurements are presented in Table 2.
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TABLE 2

Measurements and Counts on Two Icosteus aenigmaticus

Measurements'
Standard length
Total length
Head length

Fleshy orbit ---

Bony interorbital

Dejjth at anal insertion

Depth of least caudal peduncle-.

Tip of snout to dorsal insertion. .

Tip of snout to anal insertion

Tip of snout to ventral insertion.

Tip of snout to pectoral insertion

Counts
Dorsal rays
Anal rays
Pectoral rays
CJill rakers, total

Upper limb

Center
Lower limb

10 nd. S. San Pedro



DISTRIBUTIONS OF MARINE FISHES 547

where it was preserved in a frozen state. A week later the specimen was
turned over to the California State Fisheries Laboratory for identifica-

tion. An exhaustive search of the literature revealed it to be a member
of the genus Taractes, and though seemingly specifically distinct, it agrees
in many respects with the description of a T. princeps (Table 3) which
had been taken in 1928 off the coast of Nova Scotia and reported upon
by Bigelow and Schroeder (1929). The apparent differences between
these fish may be resolved by the capture and examination of a greater
number of specimens from both coasts. T. princeps was described by
Johnson from adult fish 27 and 33 inches long taken at Madeira where
it is supposedly common enough to have a vernacular name. The genus
Taractes has not previously been reported from the Pacific coast of either

North or South America.

TABLE 3

Comparison of Corona Del Mar, California, Taractes With Taractes princeps

Johnson From Cape Sable, Nova Scotia

Corona Del Mar
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The Corona Del ]\Iar fish was approximately 30 inches in total length
and -weighed 18o pounds. It differed most noticeably from the Nova
Scotia specimen in the possession of a lateral line which curves ratlier

gently for two-thirds its length, drops abruptly to the mid-line and
continues straight for the posterior third of its length. This lateral

line is so poorly defined for its entire length that it could easily be over-

looked; however, for the Nova Scotia fish Dr. Schroeder (personal com-

munication, 1953) states, "Both Dr. Bigelow and I have re-examined
the 1929 specimen of princeps and failed to find a lateral line or any
pores." The dorsal and anal fins of the Corona Del Mar Taractcs are

made up of 31 and 25 rays respectively. The first 11 rays of both are

scaled nearly to their tips and are in close proximity to each other, form-

ing a high, falcate fin, which is followed by 20 rays in the dorsal and
14 rays in the anal. The bases of these latter rays are connected by a low

membrane which is covered with many small scales arranged in irregular
series

; however, the tips of the rays are free, naked, white in color and

appear almost to be finlets. The first two rays of the ventrals are tipped
with white, as is the posterior portion of the inside margin of the caudal.

The remainder of the fish, except for the pectorals which were pale,

was blackish in color when in fresh condition. Between the insertion

of the dorsal and anal fins there are 17 major scale rows which are

bordered by about three irregular rows of small scales at the base of each

fin, giving a total of about 23 rows.

The Pacific coast Taractes has been deposited in the fish collection of

the University of California, Los Angeles.

Luvarus imperialis Rafinesque Louvar

The louvar, a close relative to the tunas, has been taken at infrequent
intervals from most of the temperate seas throughout the world. In all,

less than 40 adult individuals have been recorded and these mostly from
the North Atlantic and Mediterranean, the Indian Ocean, and the Pa-

cific Ocean off the United States and Australia. On nine occasions, be-

tween 1906 and 1949, louvars have been captured along the Pacific coast

of North Amer-ica. All of these have occurred between Santa Catalina

Ishmd, California, to the south and Newport, Oregon, to the north. The
smallest of these for wliidi a dctiiiite measurement is reported was about

two feet in total length (520 mm. standard length) and the largest was
six feet and one inch in total length. No weight was recorded for the

smallest specimen; however, one taken at I't. .Miigu in 1939 weighed only

13| pounds. On the other hand, the weight of the six-foot one-inch louvar

was reported at 305 pounds.
On December 25, 1952, Mr. Oeoi-ge Pal. Hollywood. California, caught

and landed a 5i-foot louvar at Acapulco, Mexico. This fish was taken on

a trolled feather lure and was landed after a battle of more than an hour

and a half. Mr. Pal sent an excellent color transparency of this prize
to the California State Fisheries Laboratory foi- identification. Capture
of this specimen at Acapulco extends the known range southward from

Santa Catalina Island, California, a distance of over 1600 miles.

An eleventh Pacific coast capture was made the morning of May 17,

1953, by Mv. V. II. Wheat, Wasco, California. Mr. Wheat, while digging
clams at the foot of Los Osos Koad, Morro Bay, California, noticed a

six-foot louvar swimming feebly in the surf and proceeded to grab it
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by the tail and drag it ashore. By the time it was sent to the California

State Fisheries Laboratory, much of the faee and some of the bones of

the skull had been torn away from rough handling. Measurements and
counts were made as accurately as possible on the damaged fish and are

presented here to supplement the excellent detailed data of Bolin (1040 ) .

Measurements in millimeters : standard length 1672
;
head length 440

;

tip of snout to dorsal insertion 980 ; tip of snout to anal insertion 950
;

tip of snout to pectoral insertion 470
; tip of snout to ventral insertion 535

;

ventral length 57; greatest depth 560. Counts: dorsal 13; anal 13 (an-

terior, falcate portion of dorsal and anal is made up of two rays which
are considerably stouter than the rest) ; pectoral I, 18

;
functional gill

rakers 5 + 11
;
vertebrae 9 + 13 =: 22. Sex : female (with very large,

presumably ripe, gonads). "Weight: 290 pounds.

Gregory and Conrad (1943) present an excellent discus.sion of the

osteology and evolution of Liivarus imperialis.

Eufhynnus yaifo Kishinouye
— Black skipjack

On the night of September 23, 1952, a black skipjack, 361 mm. fork

length, was caught inside Los Angeles harbor in a bait net by the boat

Standard. This fish had been drawn to a light which had been set out

to attract bait fishes and was brought to the California State Fisheries

Laboratory by the owner of the Standard, Mr. ]M. L. Smith. The dorsal

pattern of this fish was not a series of nearly horizontal stripes as is

typical of E. lineaius, but consisted of a series of oblique, irregular, re-

ticulate bars and spots. Careful examination and dissection in conjunc-
tion with a direct comparison to specimens of E. yaito from Hawaiian
waters by Mr. H. C. Godsil, California Department of Fish and Game,
showed a similarity which leaves little doubt concerning the specific

identification of the Los Angeles black skipjack. ]\Ir. Godsil will publish
his findings in detail at some future date. E. yaito has never previously
been reported from the Pacific coast of North or South America.

Acanthocybium solandri (Cuvler)
—Wahoo

During early November, 1952, two wahoo were caught from the boat

Fatima by Mr. "Walter Kichards, San Pedro. Both were taken on a

trolled artificial squid, one at Moore Bank and the other at Uncle Sam
Bank, Baja California. Walford (1937) cites but a single record from
the outer coast of Baja California and tliat from 100 miles north of

Cape San Lucas. T^ncle Sam Bank and Moore Bank are respectively 250
and 280 miles north of Cape San Lucas and therefore represent a slight
northward extension in the geographical distribution of this species.

Hyperprosopon anale Agassiz
—

Spotfin surfperch

More than a dozen spotfin surfperch were taken in a beach seine by
the Yellowfin at Blanca Bay, Baja California, on the afternoon of

July 22, 1950. Tarp (1952) gives the geographical distribution of this

species as San Francisco to Pt. Conception, California. The capture of

these fish at Blanca Bay extends the known range southward some 450

miles.
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Hypsypops rubicunda (Girard)—Garibaldi

On November 27, 1952, Avliile ^v()l•killli to disentangle a fish trap from

a rocky reef just inside Hnghes Point, Santa Maria Bay, Baja Cali-

fornia, the author observed four garibaldi swinnning over and around

the reef, at times within four or five feet of the surface. The water at

this time was calm and quite clear, affording excellent visibility, and
there could be no ciuestion concerning correct identification of these

fish. H. ruhicunda liad been previously reported from San Jvianico Bay,

Baja California. Tlie Santa Maria Bay sight records extend the known
range of the garibaldi southward some 80 miles.

Sebasfodes serranoides Eigenmann & Eigenmann—Olive rockfish

Sebastodes dalli (Eigenmann & Beeson)—Calico rockfish

On September 13, 1952, a number of rockfish were caught by the

Yellowfin 10 miles southeast of Cape Colnett, Baja California. These

Avere taken on hook and line between 6.00 and 9.30 a.m. in water 110

feet deep wdth a surface temperature of 55.0° F. Four of these fish repre-

senting three species {S. serranoides, S. dalli and S. vexillaris) were
later identified by Mr. J. B. Phillips, California Department of Fish

and Game. The capture of these rockfish 10 miles southeast of Cape
Colnett represents a southward extension of the known range from
Point San Jose, Baja California, for ^. serranoides and S. dalli, a dis-

tance of some 1-3 miles. S. vexiUaris had iJi-cviously been reported from

Cape Colnett (Bamliart, 1936.)

Hexagrammos decagrammus (Pallas)—Greenling seatrout

A single greenling seatrout, 247 mm. standard length, was brought
to the California State Fisheries Laboratory for identification by Mr.

F. Luciene, San Pedro. It had been caught in a lobster trap at the east

end of the San Pedro breakwater by Mr. Luciene 's boat Sculpin during
the night of .T;inuai-y 11, 1953.

On March 1!), 1953, two smaller 11. (kcayrainnius (180 and 173.5 mm.
standard length respectively) were sent to the Laboratory by Mr. George
McClelland, Santa Monica, California. Tliey had been caught from the

Sajita .Monica piei- on liook and line hnited with mussels {Mytilus).
These nvr the first known records for this species south of Pt. (Concep-
tion and the San Pedi-o fisli repi'esents a coastwise extension of the range
by more tliaii 1 10 miles.

Zaniolepis lafipinnis Girard

A.single spci-iiiicn of /(iiiioh jils lafipinnis, seven inches in total length,

was taken by the \' ellow i

 

i x 1.5 miles southwest of San Martin Island,

Baja California, on Septemhci- 14, 1952. This fish was taken on hook and

line in 120 feet of water. Barnhart (1936) gives the geographical dis-

tribution for this species as San Diego to Pnget Sound. The present
recin-d Ihi'i-cForc i-cprcscn1s a sonthwjii'd cxicnsion of the Idiown range

by more t li;i n 115 miles.
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Typhlogobius californiensis Steindachner— Blind goby

A Single blind goby was caught by Fish and Game Warden Jack

Bedwell at Rincon Point, Ventura County, California, on April 12,

1953. This goby, 60 mm. in standard length, was about 12 inches beneath

the surface in coarse gravel mixed with an overlayer of cobble and

large boulders. Previously the blind goby has been recorded from Cedros

Island, Baja California, north on the mainland coast to Point Vicente,
near San Pedro, California, and offshore at the western tip of Santa

Cruz Island. Rincon Point in latitude is slightly more than 15 miles

north of the western tip of Santa Cruz Island and over 60 miles in a

northwesterly or coastwise direction from Point Vicente. The present

specimen therefore represents an extension of the known range on the

mainland coast of over 60 miles but an actual northward extension of

onlv 15 miles.

TABLE 4

Latitudes and Longitudes of Localities of Capture (Arranged From North to South)

Locality Latitude Longitu
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AGE COMPOSITION OF THE SOUTHERN CALIFORNIA

CATCH OF PACIFIC MACKEREL FOR THE

1952-53 SEASON'
JOHN E. FITCH

Marine Fisheries Branch, California Department of Fish and Game

This is the tliird report uii the a<^e eoiuposition of tlie Pacific niaclverel

{Pneumaiophorux iJicgo) catch and covers tlie,l!)52-.'38 season in which
some 18f million pounds of mackerel were landed. The methods of sam-

pling, age determination, and estimation of numbers of fish are the same
as those used in the previons reports (Fitch. 1 !•.")!, 195;^), whicli covered

the period 1989-40 throngh 19:)l-52.

Table 1 presents the length freqneney by age group for the mackerel,
from whicli otoliths were read during the 1952-53 season. Lengths of the
fish are given in quarter-centimeters. The 897 fish ranged in age from

through VII; of them. 101 or about one-fourth were of age gi'oup ill

and younger, while oidy lour were of age group VI and ohler.

Table 2 presents the calculated nund^er of fish landed for each age
group {) through VI-j-, together with the percentage each comprises of
the total number. Over 86 percent of the entire season's catch was con-
tributed by but two year classes, 1!)47 and 19-18.

Table 8 shows the number, by year class, of fish landed for each age
group through V for the seasons 1989-40 through 1952-58, and Table 4

presents the same information in pounds.

REFERENCES
Fitch. .John E.

19r»l. Ase composition of the Southern California catch of Pacific mackerel 1939-40
through 1950-51. Calif. Dejtt. Fish and Game, Fish Bull. S3, 73 p.

1952. The decline of the Pacific mackerel fishery. Calif. Fish and Came, vol. 3S.
no. 3, 1). 381-3S9.

1953. Age composition of the Southern California catch of Pucific mackerel for the
1951-52 season. Calif. Fish and Game, vol. 39, no. 1, p. 141-144.

1 Submitted for publication .June, 10.53.
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\TABLE 1

Length of Fish in Quarter Centimeters at Each Age for the 1952-53 Season Based on Otoliths Read \^

Ji cm.
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TABLE 1—Continued

Length of Fish in Quarter Centimeters at Each Age for the 1952-53 Season Based on Otoliths Read

M cm.
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NOTE

ADDITIONAL PACIFIC COD TAKEN OFF CENTRAL CALIFORNIA

A southern extension of the range of the Pacific cod, Gaclus macro-

cephalus, into Central California waters was first reported in California
Fish and Game, vol. 37, no. 3, p. 351. This was a 25i-inch specimen taken

off Point Sur, latitude 36°18'N., about 25 miles south of Monterey Bay.
Since that report, four additional specimens have been brought to the

Monterey markets by drag boat fishermen working in the ]\Ionterey area.

Two were taken by Captain F. M. Rhodes; one, 19| inches long and

weighing three pounds, was taken in December, 1952, and the other,

20-j inches long and weighing 3.2 pounds, on May 25, 1953. The first was

caught by Rhodes while he was operating the dragger Liberty, the second
while he was operating the dragger Midnight Sun. Both specimens were
taken in about 90 fathoms off Point Sur.

Captain Jack Favalora, operating the dragger St. ]\Iary, captured two

specimens on May 28, 1953, while dragging in 80 fathoms just south of

Point Pinos, the southern limit of Monterey Bay. These two were not

available for measurement, but the identifications were verified by the

marketman when shown one of the specimens that had been captured
earlier. Another marketman, who had worked in Alaskan waters, also

identified the specimens correctly. These specimens were estimated to

weigh three to four pounds each, which would place them in a size range
of approximately 20 to 24 inches.—J. B. Phillips, Marine Fisheries

Branch, Department of Fish and Game, June 1, 1953.
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IN MEMORIAM
CLARENCE W. CHANSLER

Clarence W. Chansler, fish liateliery foreman, passed away on Jnne

30, 1953, at Fillmore after an illness of about three months.

Mr. Chansler first entered state service as a part-time employee and
was a member of the fish car crew in 1920. He received his permanent
appointment in 1928, and later was promoted to fish hatchery foreman.

He served in this capacity at the Madera Hatchery, JMadera County ;

Yosemite Hatchery, Yosemite Valley ;
and Fillmore Hatchery, Ventura

County. A Marine veteran of World War I, he was active in American

Legion affairs. Only one week prior to his passing, Mr. Chansler was

presented with his 25-year certificate and pin for continuous, faithful

service with the State of California. He is survived by his wife, Agnes,
and son, William. Mr. Chansler 's fellow employees and many friends in

the Department of Fish and Game throughout the State deeply regret
liis passing.

—Earl Leitritz, t^npervisor of Fish Hatcheries.

( mo )



RETIREMENT

GEORGE McCLOUD

George McCloud, Assistant Supervisor of Fish Hatcheries, joined
the growing ranks of State Fish and Game employees in retirement on

May 1, 1953, after nearly 44 years of distinguished service. He first

started work at the Mt. Shasta Hatchery on December 24, 1907, at the

age of 15, and worked for the State of California in every year since

his first employment, except during the year of 1910, when he was em-

ployed by the U. S. Forest Service. He was a member of the first crew

assigned to Distribution Car 01 when it was put into service on the

railroads in 1908. In 1915, when Car 02 was placed in operation, he was

assigned to it.

In 1916, Mr. McCloud built a cabin and spawning station at Rae

Lakes, located on the western crest of the Sierra Nevada in Fresno

County, for the collection of golden trout eggs. The station was located

at the highest elevation of any spawning station ever operated in Cali-

fornia and perhaps in the United States. The altitude is close to 11,000
feet.

When the Mt. Whitney Hatchery was completed in 1917, George was
made its first foreman. In 1918, he was promoted to fish hatchery super-
intendent in charge of the Mt. AVhitney Hatchery and the golden trout

operations centered in the Cottonwood Lakes group, Inyo County. It

was under his supervision that spawning stations were installed at Rush

Creek, Gull Lake, Kirman Lake, Little Walker Lake, Walker River,
Blue Lakes, and June Lake. In 1926, he supervised the building and

operation of the Fern Creek Hatchery, Mono County, and in 1930 di-

rected the construction of the Alpine Hatchery near Markleeville.

He was transferred from the Mono-Inyo area to the Mt. Shasta

Hatchery in 1941, and in 1945 was appointed assistant supervisor of

fish hatcheries in charge of Shasta District No. 1, which position he
held until the time of his retirement.

His broad knowledge of fisheries problems in California and his vast

experience throughout the State made him one of the most valued

hatchery administrators in the department.

Having been an exceptional baseball player during his younger days
and an ardent fan throughout his life, George has moved to Sacramento,
where he will be able to sit in regularly during the summer ball games.
He now resides at 2212 W St.

The best wishes of the entire department go to him on his retirement.
—Earl Leitritz, Supervisor of Fish Hatcheries.

( rAn )



REVIEWS

Fresh-Water Invertebrates of the United States

By Robert W. Peunak ; Koualcl Tress Company, New York, 1958 ;
ix + 769 p. ;

470 figures ; $14.00.

Students and workers in all branches of fresh-water biology will welcome this well-

illustrated book with its balanced discussion of all the major fresh-water groups and

with keys to the genera and in some cases species. Nearly 35 years have passed since

the publication of "Fresh-Water Biology" by Ward and Whipple, the only other

reasonably complete reference on the fresh-water invertebrates in the English language.

During that time, our knowledge of these groups has increased greatly and the tax-

onomy of many of the groups has been changed drastically.

The style of this book is fresh and new, so that it is more than an up-to-date version

of the older standard reference. The most striking difference lies in the greater amount
and the organization of the general discussion or text material on each group, so that

the book lends itself very well for use as a text for teaching courses on fresh-water

invertebrates, while preserving its standing as a source book on the same subject.

Typical chapter headings, where applicable, are as follows : general characteristics,

special structures, locomotion, physiology, skeleton, musculature, respiration, feeding,

nutrition, digestion, excretion, reproduction, behavior, ecology, succession, dispersal,

eucystment, geographical distribution, taxonomy, collection, preservation, culturing,

and economic importance.
For a book to cover so large a field as both a text and reference requires some

rather strict limitations. As the title indicates, only those genera occurring in the

United States are treated and the algae, larger aquatic vegetation, and the aquatic

vertebrates, which were covered by AVard and Whipple, are also omitted. However,
this omission will not be felt very keenly, since much of the material is covered by

separate books such as the "Fresh-Water Algae of the United States" by Smith.

Also omitted are the parasitic cestodes, trematodes, and nematodes, which although

they occur in fresh water, are seldom found in the free-living state.

Further limitatiim and simplification was accomplished by submitting a check list

of 450 genera of free-living Protozoa to eight protozoologists. with the r('(|ucst that

they strike out the 150 genera least likely to be encountered in field collections. As
a result, only 303 genera are keyed.

In general, the keys are carried only to genera, but in the case of certain groups
whose taxonomy is (piite stable or whicli are small, the keys have l)eeii carried to

species. With the addition of the text material this results in considerably greater

page per sjiecies coverage for smaller groups (sometimes exceeding one page per

species) than for the larger groups. However, this does not seem like overemphasis,
since tliere is usually gi-eater iiilci'cst in llir iii:ij<ir la xniKnnic gniuiis wifli l)Ul few
fresh -water i'epresentati\<'s.

Of the 70(> jiages covering the discussion of the different phyla, 345 pages and 22

chapters are devoted to the Arthropoda. One chapter each is given to a general dis-

cussion of the Crustacea and Insecta, with eight chapters to cover major subclasses

or orders of Crust :ice!i .-md 11 chai)ters to cover each order of aquatic insects. Only
those forms wiiieli actually live in the water are keyed. If the adults or pui>ae are

not found in the water, they are sometimes mentioned in the text but are not keyed.
The families of the ordei's Hemiptera, Coleoptcrn. and Oiptera are discussed indi-

\ i<liiall \ .

Th<; intr<)(lucti<Mi contains an interesting section on the origins of fresh-water fauna

and a section on atypical fresh-water habitats. Appendix A contains pliotogra|>lis and

descriptions of the most commonly used field and laboratory equipment for collecting

and preserving aquatic invertebrates. Ajjpendix P. lists various reagents and solutions.

The work is well illustrated with 470 figures. Most are line drawings, but a large

number of excellful photographs is inchHlcd. .Many of liie figures consist of 10 to 20

( 562 )
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smaller drawings. They have been well selected from many sources. Some are redrawn

and some original. A very few are of inferior quality. An example is Figure 378, of

the aquatic beetle Ochthehius. The division between the head and thorax is omitted,

while the frontal suture is exaggerated, so that the eyes appear to be on the thorax.

Also, the transparent hind angles of the thorax are omitted, and the drawing is not

square with the page.
A number of references is included at the end of each chapter. About one page

with 30 to 40 references per chapter seems to be the average. These include classic

and recent works on taxonomy and other aspects of the group and seem entirely ade-

quate should one wish to find references with which to carry the identifications to

species when only generic keys are contained in the book.

The role of an author in the preparation of a book of this magnitude, as Dr.

Pennak states in the preface, consists largely of arrangement, organization, and
selection from a very large mass of published information. He is dependent upon
the large number of specialists to whom he submitted the various sections for criticism

to advise him of any bad selections. Similarly, the reviewer is seldom able to make*

detailed criticisms of more than a few sections.

In the lower phyla, the coverage of those groups with which the reviewer is fairly

familiar leaves little to be desired. The portions of the text dealing with those groups
with which he is less familiar are well illustrated and presented in an interesting

manner, so that it was a pleasure to read them. However, in the chapters on the

Insecta, wdth which the reviewer is more familiar and of which many of the larvae

are unknown or have not been associated with the adults, it was not hard to find

errors. The aquatic larva of the beetle Ectoparia in the family Psephenidae forms a

typical example. This has erroneously been identified as the larva of Helichus (Dry-
opidae) by previous American authors and most European authors. However, its

true relationship has been pointed out in European literature. Unfortunately, this

error has been perpetuated on Page 61G and in Figure 380 A.

Despite the fairly large number of such inaccuracies, which may readily be de-

tected, it may be said without qualification that the acquatic insect portion represents
the best illustrated and most usuable and comprehensive single work on the aquatic
insects that has yet been published in the English language.—Harry P. Chandler.

Valifornia Department of Fish and Game.

Fundamentals of Limnology

By Franz Kuttner ; University of Toronto Press, 1953; xi + 242 p., illus. $6.50.

This translation is of the second German edition (1952) and was made by F. E. J.

Fry and D. G. Frey. It is divided into two general parts, the first of which is a discussion
of water as an environment and the second a discussion of aquatic biotic communities.

The general impression given by this book is one of directness. This is very evident
in the section on dissolved substances, which, although a difficult one, is treated ade-

quately and without the irrelevancy found in other texts. Because limnology is a com-

plex of physical and biological factors it has been difiicult to find a book that would
show the interrelationships of these constituents in a clear and integrated way other
than a series of more or less unrelated subjects. Ruttner has achieved this and his

text is easily understood.

One disadvantage to Americans of Ruttner's book is the fact that most of the
waters and organisms used as examples are European or from areas other than the
western hemisphere. Very few of the references in the bibliography are available to

most Americans nor are they as plentiful as they could be. A useful table of German-
English equivalents is included as is a rather complete glossary of technical expres-
sions.

Disregarding the several relatively minor disadvantages listed above, this writer
is inclined to agree with the translators and say this is probably the best book

presently available on the principles of limnology.—./. B. Kimsey, California Depart-
ment of Fish and Game.

Resource Conservation: Economics and Policies

By S. V. Ciriacy-Wantrup ; University of California Press, Berkeley and Los An-
geles ;

1952
; 395 p., $6.50.

The scope of this book includes both inert and organic resources—timl)er, big

game, marine fisheries, oil, coal and hydroelectric power. As imijlicd in the subtitle.
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the planned use of any resource lies in the province of business management, and
it is this aspect of economics that forms the subject matter. The need for conservation

has been with man since historic times, for, always, when resources are used care-

lessly, iiniiiiverishment follows unless suitable iirotective measures are taken. Pre-

venting depletion of resources has been further complicated in coulemi)orary times

by three new factors. These are, says the author, a i)rofessor of agricultural economics

at the I'niversity of California, new technological techniques, population growth, and

changing social institutions. These factors necessitate the economic analysis of con-

servation policies.

The greater part of the book covers an analysis of the economic forces and social

institutions which affect policies for resource use. Because the book is written for

an audience with varying expei-ience in economic analysis, both general and technical

language is used. Several chapters are devoted to the definition of technical terms

used in conser\at ion. Th('S(> chapters also introduce a discussion of the forces affecting

business enterprise of individuals as well as the larger groups composed of corpora-
tions or nations. In the last part the author describes the formulation of conservation

policy and presents critiques of the objectives of that policy.

The text is easy to follow. References are those obtainable in a large library, and
the index is well designed. Any reader will be better equipped to appraise ipublic

programs for conservation and will have au increased appreciation of the significance

of research and management. Because of its excellent presentation of concepts funda-

mental in wildlife economics. Resource Conservation will form a basic trilogy with

Game Manuiicment and The Land and Wildlife.
—R. L. Eherhardt, California Depart-

ment of Fish and Game.

A Herd of Mule Deer

By Jean M. Linsdale and P. Quentin Tomich ; University of California Press,

'Berkeley, California, 1953 ; 567 p., 174 fig., $8.50.

As stated in the pi-eface. this report seeks to explain the place of deer (O. hemioniis

colunihianiis) in the biology of the Hastings Reservation. This natural history reserva-

tion, located 25 miles southeast of Monterey. California, has l)(>en free from artificial

disturbance since 11).">7. On this wild area and adjacent lands, observations ()n frei\

wild deer were made by Linsdale, Tomich and others, mostly between the fall (if

1937 and that of 19.50. This book reports their findings, along with much of the field

notes upon which the findings are based. The treatment is divided into cli;ii)ters on

structure, comnuuiication, mannerisms, relations fo olhei' animals, hahitat. activity,

food, reproduction and population.
Those interested in the management of deer will timl inncli of value in this \oluine.

A reading of the last six chapters. esi)ecially, will not only yit'ld additional confirma-

tion of findings reported elsewhere (such as the affinity of deer for rather snnill home
areas, deer activity i)eaks in early morning and late afternoon, deer i)reference for

green grasses and forbs in late winter and early s])i'ing, tlie eating of snow as a

SOUl'ce of water, sexual i)Ursuit of does by \('ai'liiig bucks, deiX'iideiK'c of dcei' fur

fond iiiaitil\- on i);irt iculai- jiarls of only :i few pl.ant six'cies), but the reader also will

glean findings of value in deer management not so well known (viz. that fawns are

s(!ver;il months old before regularly accompanying does to water, that most of the

deer brecdin-; on the Hastings area occurs in October with the fawns boiii in .May. that

deer a\oi(l direct suidight on warm days).
In the face of the intensity. th<> continuity, and the long ))eriod of study, it is

regrettable that the observers did not i);iy more attention to population dynamics.
With their interest centered chiefly on individual aii<l small group behavioi'. an op|)or-

lunity to delerniiiie liei'd i)rr>duct ion. moi-fjility. and sui-vival rates w;is missed. It is

true that (he ii:i(lcr lan |iiccc io;;ctli('r a fragment a r.\ i)iclure from Ilic rcporled
findings. I'.ut too often this attempt is frustrated, as foi- instance when on(> reads that

there was a ratio of 145 f.-iwns iier 100 does in .Tune. 1949. but I'e.ads further to find

that does willioiii fawns wei-c noi indndcd in Ihr ronnl.
Because of ihc seope of the sln(l\. (Iirrc is n<> information on incidence of breeding

in yearling does, percentage of xcarlin^s in the doc hcid. pciiod .ind cause of greatest
loss of fawns, the cliaTiginL; herd composition from moiilli lo month, the ncl uain or

loss ill I he herd in a yc;i r.

The inclhod of |ircsciil ;i I ion of the material in this hook will discourage the less

patient ic.-iilcr. The inofiision of specific field notes lends in spots to outrank and
overshadow I he lindings which they snpiiort. While the inclusion of such detail
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offers the possibility of new and different interpretations in the light of fuller knowl-

edge at some future date, it is most probable that the men who made the study, and
who were aware of the full background as it existed, and as it changed, from day to

day, were in the best position to analyze and interpret the data, and might well have
presented it in a more concise and readable manner.

Despite such criticism, however, this reviewer believes the authors did what they
wanted to do, and did it well. Those interested in the biology of the Columbian black-

tailed deer should read this book.—William P. Dasmann, California Department of
Fish and Game.

Advanced Fly Fishing

By Eugene Burns; The Stackpole Co., Harrisburg. Pa.. 1053 ; xiii + 268 p. ; photo-
graphs by Clyde Childress ; drawings by Firman Bradway. ST.nO.

Eugene Burns has written an interesting and useful hook on fly fishing for trout.

It is easy to read ; the explanations are clear
; the diagrams and photographs are

excellent. The general thesis is that "the difference between taking trout on a fly and
not taking them is slight." The book is designed to explain the refinements in tackle

and methods which will make the difference. In doing this Burns ex]ilodes some the-

ories and he proposes some new ones, which other men will probablv try to explode.
Most, if not all, of the chapters are derived from individual articles which orig-

inally appeared in outdoor magazines. While there is an attempt to tie the chapters
together by cross references, the book suffers from the fact that each chapter is still

an entity. The same names (well-known anglers) and allusions to the same set of

circumstances appear time after time. For example, we hear at least six times in six

different chapters that Burns was once a ranger on the Gray's River in Washington.
Many items of tackle are described by trade name, together with the name of the

manufacturer, and a number of resorts mentioned by both name and address. This
is useful to the reader, of course, as well as being good advertising.
The book is of special interest to westerners. Streams such as the Gallatin, the

Yellowstone, and the McKenzie, California's own Klamath, Pit, Feather, and Rising

Rivers, and the great anglers of these waters are described.—Wm. A. Dill. California

Department of Fish and Game.

Woodsmoke

By Ellsworth Jaeger, The Macmillan Company, New York. 1953, XI -f 228 p.,

illustrated. $2.95..

This little book brings out the author's long, outdoor experience and his years of

studying Indian lore and methods.
Like so many books and publications written by easterners, we find an almost

empty void in any reference to our own far west and Pacific Northwest. The Xavajo
country of Arizona is his westernmost source. He gives nothing of the sweathouses,
fish and meat smoking and other activities of the Indians in the far west and Pacific

Northwest. Because of either the high humidity or extreme dryness, the smoking of

fish and meats are definitely different.

As a whole, the book has many excellent suggestions and is definitely useful.

Chapter two on "Indian Larnin" is most interesting but one has a feeling of in-

completeness. This is perhaps due to an effort on the author's part to keep the book
small.

Chapter three on "Stalking, Lures and Calling" is one of the three best in the entire

publication.
The syllablizing of the calls of various birds and animals is good on the whole,

but he could have stated more often that calls were whistle-like or voice-like which
would have made it much easier for the beginner.
The personnel of this department who worked with waterfowl all agreed they had

never heard Lesser Snow Geese tinkle, but that it sounded more like a small dog
after his tail had been stepped on. They also agreed that a (lr;ike Pintail says whirp,

quirp or pwilp but not qua. These are of course the tricks of the human ear and

the human effort to put the calls into human syllables.

Chapter four on "Fishing" is on a par with third, with some excellent pointers

for the beginner. However, as mentioned above, the author's failure to cover the far

west and Pacific Northwest shows up in no mention of methods of cai)ture or species
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of auy of the Pacific salmon which are so important in that region. He fails to

mention the pitch pine fishing torch used by western Indians when spearing fish at

night.

Chapter five, on "Fire," is excellent and well worth while.

Chapter six, on "Shelter," is the best of all in that it covers shelter possibilities

in almost any circumstance, except on the open plains with no snow or tarpaulin to

shield one from frigid winds.

Chapter seven, on "Camping Tricks," is good but here again is the feeling of incom-

pleteness, probably due to the author's attempt to hold down the size of the book.

The last chapter, on "Ax Craft," is interesting, if short. Somehow at the very last

he got off on planting of seedlings and reforestation. The whole book is well illus-

trated by the author's most excellent drawings which depict bis points of demonstra-

tion very carefully.—Donald D. McLean, California Devartment of Fixit and Game.

On Eastern Empidonaces Wifb Parficular Reference fo Variation in E. traillii

Bv L. L. Snyder ; Royal Ontario Museum of Zoology and Palaeontology, Toronto,

"Canada, 1953; 26 p., 4 figs.

This is another in the series of scientific publications by the above museum dealing

with technical (juestions. This is primarily of use to the taxonomist and advanced

bird student. The material is well put together, thus following the pattern of others

in this series which now numbers 35 such contributions.—Donald D. McLean, Cali-

fornia Department of Fish and Game.

Studies of the Food Habits and the Habitat of Moose in Ontario

By Randolph L. Peterson; Royal Ontario Museum of Zoology and Palaeontology,

Toronto, Canada, 1953; 49 p., 7 figs.

This bulletin is the 3()th in the series, which includes several on moose by the same

author. It reports the results of a study of the hal)itat and food habits of this animal

principally as it occurs on St. Ignace Island in northern Lake Superior. The findings

are compared with those of the earlier study on Isle Royale in the southern portion

of that lake.

The study included direct field observations at all seasons, analysis of stomach

contents of 20 moose taken throughout the year, analysis of the conifer contents of

1.055 pellets from 211 group samples, and feeding experiments in the vicinity of salt-

licks. The composition of the vegetative cover was determined from 1,000 sample plots.

The studies indicate that "the actual amount of each fond species which moose will

consume is correlated and interrelated not only with palatability and availability of

that species, but also with the presence, availability or absence, in any given area,

of all other food plants of various palatability levels." In the discu-ssion, Peterson

states that the failure of low populations of moose to increase appears to be a result

of a low rate of reproduction correlated with food supply. "A great quantity of poor
foods or of only two or three species apparently will not maintain a healthy pop-

ulation."

Peterson's paper is a valuable addition to the literature oa nioose.^ -W illiniii P.

Dasmann, California Department of Fish and Game.

Posturrts

By Carl C. Ilarlman ;
liiiv. of Texas Press, Austin, 1952 ;

xiii + 174 p., H»4 black

and white plates ; $(>.

Dr. Ilartman is a zoologist and physiologist wlin rcixirts the results of his many years

of assembling authenticated and fai)led facts concerning marsupial life. In the introduc-

tion he r.'fers to this writing as a "* * * not too technical or too serious account * * *".

The i)ook includes 22 chapters, an appendix and an extensive bii)liograi)by. The sub-

ject mat 111- in<lM(les large quantities of historical matter and fables relating to mar-

supials, with abundant <iuotations and illustrations from early-day publications. This

material is certainly interesting, but very nearly dominates the book. There is a chap-

ter on bunting, one on reci!)es fur cduking, and an :i|(|iriHli,\ titled "I'ossum Rhymes
and I''olklore."

Life history and behavior of opossums are treated rathi-r generally with the excei>-

tion of embryonic development, i)irth, and marsupial gestation. The six chapters dealing

with these matters constitute the backbone of the book.
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A series of excellent photographs depicts stages of embryonic development from

conception to birth 12 days and 18 hours later. The process of parturition, the trip to

the pouch by the young and their establishment therein receive much detailed discussion.

These matters have been the subject of wild speculation through the years and many
false theories have been propounded up to present times. Hartman presents accurate
observational data that show conclusively what actually occurs.

Dr. Hartman's own work on the reproductive phases and his analysis of that of other

investigators leaves no question that he is primarily a competent scientist rather than
a historian.

The contribution of this volume to science is contained almost entirely in the chap-
ters on reproduction. Aside from this the book is well written and affords interesting

reading through the varied subject matter.—Fred L. Jones, California Department of
Fish and Game.



REPORTS

FISH AND GAME CASES

April, May, June, 1953

Deer \iol:iU()ii.s . _. 55
AVaterfowl violations 26

Upland Inrd violations 53
Inland fisliin;; violations 572
Or-oan si)oi-1 iishinjj violations.- 224
Commercial fishing violations 36
Violations for having loaded gun in a car 96
Violations for trespass on cooperative areas 17
Violations for angling without a license 521
Violations for hunting without a license 47
Miscellaneous 117

Total 1,7&4

Fines Imposed

April, 1953 $15,462.00
Mav, 1953 16,549.00

June, 1953 23,620.50

T.ital $55,631.50

(568)
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Acanifwcifhium soJandri. 549

Abel], D. L., and C. K. Fisher; Creel
census at Millerton Lake, Califor-

nia, 1945-1952, 463-484
Albacore ; tagging, 429-442

; movement
to Japan, 443

Alepisaiinis horealis, 541
Ameiurus nehiilosiis, 30-31

Ames, C. T.
;
see Ryckman et al.

AmphisUchus arc/enteiis, 445-462

Angling ; see fishing, sport

Aplin, J. A. ; New fishways on the Yuba
and Feather Rivers, 245-249

Artemia, 355-364

B

Bairdiella icistius, 265
Bass ; kelp, biology and fishery, 191-2()S,

tagging, 445-462
; largemouth.

11-15, 39-40, tagging, 485-4K7 ;

leather, 543-544 ; smallmouth,
150 : striped, fry, 279-299, tagging.
209-218

Baxter, J. L., and P. H. Young ;
An eval-

uation of the marine sportfishing
record system in California, 343-
353

Belaud, R. D. ; The effect of channeliza-
tion on the fishery of the lower
Colorado River, 137-139

; The oc-

currence of two additional cen-

trarchids in the lower Colorado

River, California, 149-151

Biswell, H. H., A. M. Schultz, and I). W.
Hedrick

;
A possible method of in-

creasing western mountain ma-
hogany on game ranges, 187-1 S9 ;

see Hedrick, Biswell and Schultz

Bluegill, 15-26, 40, tagging, 485-487
Bobcat

; predation of, 527-538

Bohlke, J. and J. C. Briggs ; The rare
cirrhitid fish genus Oa-i/cirrhites

in American waters, 375-380
Brant, black ; number and distribution,

95-101
Branta canadensis moffifii. 83-94, 385-

396, nigricans, 95-101

Briggs, J. C. ; see Bflhlke and Briggs
Brush control, 497-505

Bunker, N. C. ; see Halstead and
Bunker; see Hollf)way, Bunker
and Halstead

Calhoun, A. J. ; A(iuarium tests of tags
on striped bass, 209-218 ; Distribu-

tion of striped bass fry in relation

to major water diversions, 27'.t-

299; State-wide California an-

gling estimates for 1951, 103-113

(569

Cunis Uitruns, ZOl-Ml
Carp, 20-29, 40-41

Catfish, white, 31

Cercocarpus hetuloides, 187-189
Chamise control, 497-505

Chansler, C. W. : in memoriam, 560
Chaparral, 177-186
Citellus heecheyi, 489-496

Clark, E. E. ; see Leach, Ferrel and
Clark

Clark, F. N. ; California marine and fresh
water sport fishing intensitv in

1951, 115-125

Clemens, H. B. ; see Ganssle and Clemens
Cod, Pacific, 559

Collins, B. D.
; see Miller and Collins

Collyer, R. D. ; The bramble shark {EcU-
noihinus inicus) at Guadalupe
Island, Mexico, 266

; see Young,
Schott and Collyer

Collyer, R. D., and P. H. Young ; Prog-
ress report on a study of the kelp

bass, Paralahrax clathratus, 191-

208
Colorado River ; fishery, 137-139
Columba /. fasciata, 397-407

Coots, M. ; see Handley and Coots
Corbina ; tagging, 445-462

Corvina, orangemouth ;
in Salton Sea,

265

Cox, K. W. ; see Fry and Cox
Coyote ; food habits, 301-341
Creole fish, southern, 543
Croaker ; gulf, in Salton Sea, 265 ; spot-

fin, tagging, 445-462 ; yellowfin,

tagging. 445-462

Cusk-eel. spotted, 381-384

Cl/noscion iranthulus, 265

Cijprinns carpio, 26-29, 40-41

Dams ;
removal of, 365-374

Dnsyatis longus, 539

Daugherty, A. E. ; see Felin et al.

Decapterus hypodns. 64-65, poli/aspis. 64

Deer ;
black-tailed reproduction. 177-186

;

forage plants for. 163-175 ; Janu-

ary season, 507-515

Dempster, R. P.; The use of larval and

adult brine shrimp in a<|uarium
fish culture, 355-364

Bernuiiolepls punctatus, 543-544

Diaplerus aureolns. 544

Douglas, P. A. ; Survival of some fishes

recentlv introduced into the Salton

Sea, California, 264-265

Erhinorhiiiiis hruciis, 266

Electric fence, 489-496

)
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Eleotris pictn, (U)-76

Euthynnus yaito, 549

Explosion, underwater ; effect on fishes,

233-236

F

Felin, F. E., J. MacGregor, A. E. Daugh-
erty. and D. J. Miller ; Age and

length composition of the sardine

catch off the Pacific Coast of the

United States and Mexico in

lJ)r>2-53, 409-417

-Fence, electric, 489-496

Ferrel, C. M.
;

see Leach, Ferrel, and

Clark

Ferrel, C. M., H. R. Leach, and D. F.

Tillotson ; Food habits of the

coyote in California, 301-341

Fischer, K. C. ;
see Ryckman et al.

Fisher, C. K. ;
The 1950 largemouth

black bass and bluegill tagging

program in Millerton Lake, Cali-

fornia, 485-487; see Abell find

Fisher
Fishes ; creel census, warmwater, 463-

484 ; effect of explosion on, 233-

236 ; official names, marine, 251-

262 ; population estimates, 5-44 ;

range extensions, marine, 539-

552; Salton Sea introductions,

264-205

Fishing, commercial ; jack mackerel,

45-64

Fishing, sport; angling estimates. 1951,

10.3-113; Colorado River. 137-

139; kelp bass, 192-195; marine

and freshwater, 115-125; marine

records, 343-353; slmrU inid ray,

237-243
Fish tagging ; see tagging

Fishways, 245-249

Fitch, J. E.
; Age (•uiiipnsii imi n( I lie

Southern ('.•iliforni;i cnlcli of I'a-

cilic mackerel for the l!i51-52 sea-

son, 141-146 ; Age composition of

the Southern Ciilifornin cntch of

racific mackerel for llir r.C.2-53

season, .5.53-55S ; lOxtensjous to

known geographical distriliutions

of some niiirine fislics un tlic Pa-

cific Coast, .5.39-552

Food studies; bobcat. .527-538; coyote,

:',(»1':;il : marlin, 127 1.".1, plicas-

aiil. r(17ri25; pi'cd;itoi-s, 527-538

Fra/a<r, W. II.: see Leach and Frazier

Vvy. 1». II.. and K. W. Cox ; f )l»servations

on the effect of lihiel< lio\v<b'r ex-

]ilosioiison lisli life. 'S.V-'>-'.'A'>

Ondus marrnri'i)h<ihts, 559

Ganssle, !>., and 11. 1'.. Cleiuens; ("ali-

fornia-tagged .illiacore reco\ei-e(l

off .Tapaii. -1 i:'>

Garibaldi. 5.50

GUlichihys mirahilis, 265

Glover, F. A. ;
A nesting study of the

band-tailed pigeon (Coluinha f.

fasciata) in Northwestern Cali-

fornia, 397-407

(roby. blind, 551

Goe, D. R., and B. W. Halstead ; A pre-

liminary report of the toxicity of

the gulf puffer, Sphoeroides an-

nulatus, 229-232

Goose, Canada ; nesting study, 385-396 ;

production, 83-94

H

Hagen, H. L. ;
Nutritive value for deer

of some forage plants in the Sierra

Nevada, 163-175

Halibut, speckled, 541-542

Halstead, B. W. ; see Goe and Halstead ;

.see Holloway, Bunker and Hal-

stead

Halstead, B. W., and N. C. Bunker ;
The

effect of the commercial canning

process upon puffer poison. 219-

228

Handley, J., and M. Coots ;
The removal

of abandoned dams in the Ui)per

Klamath River drainage, Califor-

nia, .36.5-374

Hedrick, D. W., H. H. Biswell. and A. M.

Schultz ; Response of brush seed-

lings to sprays of 2, 4-D and 2, 4,

5-T on burned chamise areas, 497-

505; see Biswell. Schultz and

Hedrick

Herald, E. S. ; Spotted cusk-eel, the

strange fish that stands on its tail,

.381-384; The 1952 shark derbies

at Elkhorn Slough. Monterey Bay.

and at Covote Point, Siin Fran-

cisco Bay, 237-243

Tfr.inin'ODiDios dcca(ir(niuin(s. 5.50

Holl.nv.iy. .L E.. N. C. P.unker. aii<l I'.. W.
lialstead ; The viMiom of ih-oli(ilis

lidllrri I Cooper) , 77-82

IlolDihiniis riilifornicus, 238-241

Hubbs, C. L. ; Hh'olris picla .added to the

fisli fauna of California, <>!• 7C>

Hubbs. C. L.. .and K. T^ Wisner ; Food

of iiiarlin in 1!)51 off San Diego.

California. 127-131

Iliintiim : <leer. .505-515

II !ll)( rpiDsiifion finale. .549

II l/px!iP»l>'< nihicinidn, 550

I

li-<>sl< IIS III iiiiiiimUciis. 545-546

I rlnllll IIS all IIS, .31

K

hills II lion us pelnmin, 429-442

Khiin;itli Kiver: dam reniovids, .365-374
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Lancetfish, 541

Laughlin, J. ; Report on Southern Cali-

fornia's January deer season, 507-

515
Leach. H. R. ; see Ferrel, Leach and

Tillotson

Leach, H. R., C. M. Ferrel, and E. E.

Clark ;
A study of the food habits

of the ring-necked pheasant on

irrigated pasture in California,

517-525

Leach, H. R., and W. H. Frazier ;
A

study of the possible extent of

predation on heavy concentrations

of valley quail with special refer-

ence to the bobcat, 527-538

Leopold, A. S., and R. H. Smith ;
Num-

bers and winter distribution of Pa-

cific black brant in North Amer-

ica, 95-101

Lepomis machrochirus, 15-26, 40, 463-

487, microJophus, 149-150

Lindt. C. C. : see Ryckman et al.

Lophortyx spp., 527-538

Louvar, 548-549
Luvarus imperialis, 548-549

Lynx rufus, 527-538

M
MacGregor, J. ; see Felin et al.

Mackerel, jack, biology, 64-66 ; fishery,

45-64

Mackerel, Pacific; age of catch 1951-52,

141-146; 1952-53, 553-558; in

Gulf of California, 264

Mahogany, western mountain ;
187-189

Makaira mitsukurii, 127-131

Marking ; see tagging
Marlin ;

food of, 127-131

McCioud, George ; retirement, 561

Menticirrhus undulatus, 445-462

Micropterus dolomieu, 150, salmoides,

11-15. 39-40. 463-487

Miller, A. W., and B. D. Collins ;
A nest-

ing study of Canada geese on Tule

Lake and Lower Klamath Na-
tional Wildlife Refuges, Siskiyou

County, California, 385-396

Miller, D. J. ; see Felin et al.

Millerton Lake, 463-487

Mudsucker ; in Salton Sea, 265

Mylioiatis asperrimus, 540

N
Naylor, A. E. ; Production of the Canada

goose on Honey Lake Refuge, Las-

sen County, California, 83-94

Neothunnus macropterus, 429-442

Nesting studies ; band-tailed pigeon, 397-

407 ; Canada goose. 385-396

Nomeus gronovi, 542-543

'Soiemigonus crysoleucas, 31

Ocythoe tiiberculata, 545
Odocoileus hemionus, 177-186

Oppenheimer, C. H. ;
An unusual mor-

tality of California yellowtail

{Seriola dorsails) in a marine

aquarium, 133-135

Ofophidiiim taylori, 381-384

Oa-ycirrhites seftoni, 375-380

Paralabrax clathratus, 191-208, 445-462

Paralichthys woolmani, 541-542

Paranthias colonus, 543

Perch, barred ; tagging, 445-462
Phasianus colchiciis, 517-525

Pheasant ; food habits, 517-525

Phillips, J. B.
;
Additional Pacific cod

taken off Central California, 559 ;

Sleeper shark, Somniosus pacifi-

cus, caught off Fort Bragg. Cali-

fornia, 147-149

Pigeon, band-tailed ; nesting study. 397-

407

Plants, forage ; nutritive value for deer,

163-175

Platyrhinoidis triseriafa, 237

Pneumatophorus diego. 141-146, 264, 553-

558

Poison, fish; puffer, 219-232; stingray,

77-82

Pomfret, bigscale, 546-548

Predators ; food habits, 527-538

Puffer, poison of; Gulf, 229-232; Japa-

nese, 222-227

Q
Quail ; predation on, 527-538

Ragfish, 545
Rat. 495-496
Rattus norveqicus, rattus, 495-496

Ray, bat ; in 1952 derbies, 238-241

Reservoirs, 5-44, 463-487

Reviews ;
Advanced fly fishing, 565 ; An

angler's anthology, 419 ;
Between

Pacific tides, 154; Bob White.

421 ;
A field guide to shells of the

Pacific coast and Hawaii, 269-

270 ; Fish and fisheries of Austra-

lia, 155 ; Fly fishing for trout.

420 ; Freshwater fishery biology.

268-269 ;
Fresh-water inverte-

brates of the United States, 562-

563 ;
Fundamentals of limnology.

563 ;
Fun with trout. 422 ; A herd

of mule deer, 564-565 ;
How to

take trout on wet flies and

nymphs, 153 ;
Land for tomorrow,

1.53 ;
Life of the shore and shallow

sea, 154 ; The Miami conservancy

district, 267-268; Natural salt
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Rpvi^'ws—Continued
water fishing baits, 422

; New
handbook of freshwater fishing,

419 ;
The ocean river, 270

; On
eastern Enipidonaces, 566

;
Our

amazing birds. 270 ; Possums, 566-

567 ; Kesource conservation, 563-

564 ; The sage grouse in Wyoming.
420 ; Salt water fishing. 421 ;

Spearfishing, 421-422 ; Studies of

the food habits of moose in On-
tario. 566; Water, 422-423;
Woodsmoke, 565-566

Rhinopiera Ktehidachneri, 539-540
Koccus sa.raiiJh, 209-218, 279-299
Kockfish ; calico, olive, 550

Koedol, P. M. ;
The jack mackerel,

Trachunis symmetricus: A review
of the California fishery and of

current biological knowledge. 45-

68
;
Official cnminon names of cer-

tain marine fishes of California,

251-262
Noncador sieai-nsi. 445-462

Ryckman. R. E.. K. C. Fischer. C. T.

Ames, and C. C. Lindt ; The elec-

tric fence as an aid in field studies

of rodents and their ectoparasites,
489-496

Salt Springs Valley Resei'voir, 5-44

Salton Sea ; fish introductions, 264-265

Sardine ; catch composition 19.52-53, 409-

417; in Gulf of California, 263-

264

Hardinops caerulea, 263-264, 409-417

Scad, Mexican, 64-65

Schott, J. W. ; see Young. Schott. and

Collyer
Schultz. A. :\r.: see P.iswcll. Schultz and

Iledrick ; see lledrick, I'.iswell .-iiid

Schultz
Seat rout, greenling, 550
Hehfislodcx (lain. HcrruiioidcK. 5.50

Heriold darsdlis, 1.'>.')-1.'>.5. 4 15-462

Shark; bramble, 266; sleci)er, 147 ll'.>;

1952 derbies, 237-243

Shiner, golden ;
."'1

Shi'imp, l)rine ;
!is a(|ii;i riuiii fund. .'!.5.5 .".(14

Skipjack ; black, 549 ; l.iggiiig. 42'.l-142

Shsejier, sp(jtte(i ; 69-76

Smith, R. H. ; see Leo',>')ld .md Smiili

l^oiiniioxiix pacifiriix. 147-149

Spliofroidcx : (lull iilatiis. 229-232; ruh-

ripf'M, 222-227; rcniilfiihirix. 222-

227

Sportfisliiiig ;
see fisliiii;:. s|i(iii

Sciuirrej. ground. 4S9-19<i

StcriiopI !/.r iilixciini. .541

Stingray, round; imrt Ijitii |( cuid. 'l'.\~ :

venom, 77-S2

Sunfish. red-ear ; 149-150
Surf fishes

; tagging, 445-462

Surfperch, spotfin, 549

Taber, R. D. ; Studies of black-tailed deer

reproduction on three chaparral
cover types, 177-186

Tagging ; albacore, 429-143 ; bass, kelp,

196-200, 204-207, 445-462; bass,

largemouth, 485-487; bass,
striped, 209-218; bluegill, 485-

487 ; corbina, 445-462 ; croakers,

445-462; Millcrton Lake, 485-

487; monofilament nylon, 445-

462
; perch, barred, 445-462 ; skip-

jack, 429-442 ; tuna, yellowfin,
429-442 ; yellowtail, 445-462

7'f;/f(cfessp., 546-548

Thornback, 237
Thunnus gerino, 429-443, saliens. 429-

430

Tillotson, D. F. ;
see Ferrel, Leach and

Tillotson

Toxicity ;
of puffers, 219-232

Trachurus symmetricus, 45-68

Tuna; bluefin, 429-430; yellowfin. tag-

ging, 429-442

Typhlogohius californiensis, 551

u
T'niltriiin ronrador, 445-462

I'rohiiiis Iidlleri, 77-82, 237

Urotrygon rogersi, 540-541

W
Wahoo, 549
Walker. P. W. : New records of Pacific

sardine and P;icific mackerel in the

Gulf of California. 263-264

Wilson, R. C. ;
Tuna marking, a progress

report, 429-442

Wisner, R. L. ; see IIui)lis and Wisncr

Wohlschlag, D. E., and C. A. Woodhull :

The fish populations of Salt

Springs Valley Reservoir, Cala-

venis County, California. 6-44

WoodliuJl. C. A.; see M'uhlschlag and

\Vn<,(l]lull

Y

Yellowtail; a<|Uiii-iuin niorlality. 133-

135 ; tagging, 445-462

Young. P. II.: see P.axlei- ;iHd Young;
SCI- ("ujlxcr and ^Huiig

Young, r. II.. .1. W. Scholl. and K. 1».

Cdllvci': 'I'lir use uf nioniililaineiit

liyldli I'm- .-il I .-irliiiiL; I'l'lci'srn disl<

lisli l.-igs. 445-|(;2

Ziiii iulcpis liil ijiiii Ills. .5.50

83508 7-5.3 8M
tninlcJ in California state printing office





ANNOUNCEMENT

The California Department of Fish and Game is changing pub-
lication of Outdoor California from a weekly release to a monthly
bulletin which will contain information on conservation problems
and material of current interest. A copy of the first issue is being
mailed to each subscriber to California Fish and Game.

California Fish and Game will continue as a quarterly, but with

increased emphasis on technical reports and correspondingly less

emphasis on popular and semitechnical articles.

Because of increased costs, the subscription lists for both pub-
lications will be limited. Current subscribers to California Fish and
Game will, however, be retained on the list for one—but not both—
of the publications as long as they renew annually. Those renew-

ing for 1954 must indicate on the postcard which publication they
wish to receive.

Applications for new subscriptions can be considered only from

persons who can make professional use of the journal and from

libraries, scientific institutions and conservation agencies and

groups.


